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F or a quarter of a century, Medicare has risk adjusted its pay-
ments to private plans that accept at-risk contracts and par-
ticipate in Part C of the Medicare program, now known as 

Medicare Advantage (MA). Risk adjustment means Medicare pays 
plans more for enrollees who are expected to use more services and 
less for enrollees who are expected to use fewer services, thereby bet-
ter matching enrollee reimbursement to expected use and, most im-
portant, minimizing plan incentives to select against the sick. For 
example, Medicare pays more for a beneficiary with cancer than for a 
beneficiary with no chronic disease.

Medicare’s initial risk adjustment system, introduced in 1985, ac-
counted for only the enrollee’s age, sex, county of residence, institu-
tional status, Medicaid eligibility (for the noninstitutionalized), and 
whether a working beneficiary had employment-based insurance that 
was primary. Although Medicare paid plans more for enrolling older 
beneficiaries than younger beneficiaries, reflecting their greater medical 
spending, the risk adjustment system at that time included no direct 
measures of health status.

Without adequate risk adjustment, a plan could make money by at-
tracting low-cost healthy beneficiaries with a tightly managed low-pre-
mium product, whereas a plan enrolling high-cost beneficiaries would 
not be paid commensurately more and could lose money.1 In particular, 
if expected profitability varies with the health status of the beneficiary, 
plans have incentives to manage care for different services more or less 
aggressively. Services that are predictable by the beneficiary (and can 
be used as a device for selection), that are predictive of total medical 
costs, and that are less profitable are the services a plan would cut back 
on or manage aggressively to deter enrollment by enrollees who want 
those services, and conversely.2 Ellis and McGuire2 provide evidence 
that service-level selection is operative in Medicare.

Because plan reimbursement was set by Congress in 1985 at 95% 
(later 100%) of predicted spending in traditional Medicare (TM) in the 
beneficiary’s county, the enrollment of those whose utilization was less 
than this amount resulted in increased overall spending by Medicare.3-7 
For example, the Congressional Budget Office4 estimated in 1994 that 

Medicare was paying 8% more to 
private plans than it would have 
paid had the same beneficiaries 
instead been enrolled in TM. In 
2006, Medicare changed from 
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Medicare bases its risk adjustment method for 
Medicare Advantage plan payment on the relative 
costs of treating various diagnoses in traditional 
Medicare. However, there are many reasons to 
doubt that the relative cost of treating different 
diagnoses is similar between Medicare Advan-
tage plans and traditional Medicare, including 
the varying applicability of care management 
methods to different diagnoses and the varying 
degrees of market power among suppliers of 
services to plans. We use internal cost data from 
a large health plan to compare its cost of treating 
various diagnoses with Medicare’s reimburse-
ment. We find substantial variability across diag-
noses, implying that the current risk adjustment 
system creates incentives for Medicare Advan-
tage plans to favor beneficiaries with certain 
diagnoses, but find no consistent relationship 
between the costliness of the diagnosis and the 
difference between reimbursement and cost.

(Am J Manag Care. 2011;17(6):e231-e240)

For author information and disclosures,  
see end of text.

In this article
  Take-Away Points / e232
 Published as a Web exclusive
  www.ajmc.com



e232 n www.ajmc.com n JUNE 2011

n policy n

paying plans a take-it-or-leave-it price to a bidding system, 
but the bids were for an average risk mix, and the actual mon-
ies paid to the plans continued to be adjusted for the risk mix 
of the plan’s actual enrollees. Therefore, to the degree the risk 
adjustment system remains inadequate, the MA program con-
tinues to be vulnerable to selection problems.

In response to recommendations of the Prospective Pay-
ment Assessment Commission and the Physician Payment 
Review Commission (the predecessors of the Medicare Pay-
ment Advisory Commission), the Balanced Budget Act8 
mandated that Medicare introduce a risk adjustment meth-
od that would account for the beneficiary’s health status in 
addition to demographic variables, such as age and sex, that 
it already used. In response, the Centers for Medicare and 
Medicaid Services (CMS [née Health Care Financing Ad-
ministration]) contracted for the development of a risk ad-
justment method that became known as CMS–Hierarchical 
Condition Categories (CMS-HCCs). In addition to most of 
the demographic factors that the prior risk adjustment sys-
tem had used, this method also adjusted plan reimbursement 
on the basis of diagnoses recorded on claims from the prior 
year.

In 2000, an initial version of this method, based solely on 
diagnoses from inpatient claims, was implemented.9 This ini-
tial version was used through 2003, but to avoid an incentive 
to hospitalize a beneficiary simply to record a diagnosis and 
obtain higher reimbursement, the method initially applied 
only to 10% of the reimbursement to plans; the remaining 
90% was based on the prior system that did not use diagnostic 
data. Starting in 2004, diagnostic data from outpatient claims 
were considered reliable enough to use to reimburse, and a 
transition began such that the new system of CMS-HCCs, 
which used diagnoses recorded in both the inpatient and 
outpatient settings, by 2007 applied to 100% of the Part C 
payment.10 Although the developers initially distinguished 
189 categories of conditions, the final set of CMS-HCCs that 
CMS implemented had only 70 categories, which balanced 
concerns about coding feasibility, adequate sample size, and 
predictive accuracy.

The principal task of the new risk 
adjustment method was to distinguish 
how much more or less expensive ben-
eficiaries with a given diagnosis or di-
agnoses were to treat (in terms of total 
Medicare-covered services) relative to 
beneficiaries with other diagnoses. A 
key problem that CMS and its contrac-
tor faced in answering this question was 
that the data to determine the relative 
costliness of those with various diagno-

ses were available only from TM. Using data on relative costs 
in TM to pay for treatment in MA presumes that the relative 
cost of diagnoses in the managed system has the same struc-
ture as TM (ie, any reduction in cost from care management 
is equiproportionate across all diagnoses or CMS-HCCs).

The equiproportionality assumption is unlikely to hold for 
several reasons. We have known for many years that between-
area variation in rates of procedures is related to the degree 
of physician discretion in treating the condition.11-15 For diag-
noses with less discretion in choice of treatment, there is less 
variation across areas. This finding seems likely to carry over 
into managed care as well, meaning that diagnoses with little 
discretion will be treated similarly to TM and those with more 
discretion may be treated in a less costly fashion. For example, 
plans could selectively contract with those physicians and hos-
pitals that are more conservative in their management of con-
ditions with more physician discretion or could place them in 
a favorable tier such that patients would pay less to use them.

In addition, health plan interventions in the care pro-
cess, such as integration of care, utilization management, 
and prior authorization, almost certainly affect different 
conditions differently. For example, in the case of chronic 
problems, long-term compliance with a treatment regimen 
is often important, and health plans can influence compli-
ance with prescribed medication for a chronic disease, such 
as diabetes mellitus, through benefit design and disease man-
agement.16 Such interventions are unlikely to be appropriate 
or used for emergency treatment, such as that of an aortic 
dissection. In general, acute problems tend to be less ame-
nable to care management than chronic problems because 
rapid action by the physician on the scene may be important 
in treating an acute problem and no intervention by a third 
party may be feasible.

Furthermore, the number and effectiveness of potential 
treatment options vary across medical conditions, limiting 
the ability of any plan to achieve gains through more ef-
ficient care or better contracting. At one extreme, if there 
is only a single treatment option available nationally from 
a single manufacturer, the cost of this option may not vary 

Take-Away Points
The Centers for Medicare and Medicaid Services–Hierarchical Condition Categories (CMS-
HCC) system that Medicare uses to reimburse health plans establishes relative prices for 
different diagnoses based on fee-for-service system data. This makes the implicit assump-
tion that health plans reduce costs equiproportionately across diagnoses. This article tests 
that assumption.

n	 We overwhelmingly reject that the relative cost of diagnoses in the health plans in our 
sample is the same as that in the CMS-HCC.

n	 The magnitude of the errors is large, exceeding 100% for some HCCs.

n	 This is particularly true for uncommon conditions for which certain providers have 
substantial market power but Medicare uses lower administered prices.
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METHODS
We studied more than 300,000 Medicare beneficiaries en-

rolled in risk contracts in a large MA-HMO plan during 2006 
and 2007. This MA-HMO insurer offered multiple types of 
benefit arrangements to its beneficiaries. The MA risk adjust-
ment system does not adjust for differences in benefit arrange-
ments between MA and TM, and neither do we. Data from 
2005 provided prior year diagnoses for 2006. We included 
beneficiaries who had aged into Medicare eligibility by the 
beginning of the study year; we excluded the institutional-
ized because of small numbers. The 2006 cohort consisted of 
322,237 persons, and the 2007 cohort comprised 336,507 per-
sons, as the plan gained enrollment over this period.

Per our protocol, we have masked the identity of the plan. 
As is generally the case, the hospitals and physicians in the 
MA-HMO we studied treat both Medicare and commercially 
insured enrollees; therefore, the mix of providers and capital 
equipment are configured to treat both types of enrollees. In 
other words, Medicare reimbursement is not the only influ-
ence on the choices of inputs and in turn on the cost structure 
by disease.

We included all Medicare beneficiaries in the MA-HMO 
who were enrolled throughout the year before the study year 
and throughout the study year (2006 or 2007), as well as those 
who died during a study year. We allowed up to a 2-month gap 
in membership in a calendar year because we conjecture that 
such gaps represent data processing errors rather than true 
changes in membership status. However, we believe that any 
medical claims from this gap are included in our utilization 
data. For the decedents, we replicated the methods by Pope 
et al10; we annualized the decedent’s spending by multiplying 
by 12, divided by the number of months eligible, and then 
weighted the observation by the reciprocal of that ratio. We 
excluded the small number (3%-4%) who did not have cover-
age for both Parts A and B or who left the plan in the middle 
of the year. Excluding the nondecedents with less than a full 
year of eligibility avoided the issue of how best to annualize 
spending for beneficiaries who disenrolled because they left 
the service area or changed plans in the middle of a calendar 
year and had missing spending data.

We obtained internal cost accounting data for the services 
the plan provided to beneficiaries; these data approximate (or 
are proportional to) total allowed charges. We then replicated 
the methods that Pope et al10 used to derive the CMS-HCC 
weights, substituting the plan’s cost accounting data at the 
beneficiary level for the TM spending data that Pope et al 
used. We compared the resulting coefficients of the HCCs 
with the coefficients of the CMS-HCC from the model by 
Pope et al that CMS used to reimburse plans. To simplify 

substantially. At the other extreme, when there are mul-
tiple treatment options with comparable effectiveness (eg, 
diuretic prescription drugs), plans could obtain favorable 
prices through negotiation and encourage greater use of the 
highest-value option through care management programs. 
Even if there is only 1 standard treatment option, its cost 
may vary among local providers (eg, procedures performed 
at teaching vs nonteaching hospitals). Furthermore, if the 
degree of improvement in compliance that managed care 
can achieve and the resulting reduction in cost varies across 
chronic conditions, as is surely the case, the equiproportion-
ate assumption would also fail.

One dramatic, but dated, demonstration of differences 
in treatment patterns between managed and “unmanaged” 
care comes from the RAND Health Insurance Experiment,17 
which randomized families of beneficiaries younger than 
65 years to a staff model health maintenance organization 
(HMO) in the 1970s and others to an indemnity insurance 
plan like TM that had no utilization management features 
(but had cost sharing similar to the staff model HMO). 
Those assigned to the HMO had similar ambulatory visit 
rates but 40% lower hospitalization rates and, using the same 
set of price weights for specific services to impute spending, 
28% less spending.17,18 Therefore, for diagnoses that do not 
customarily result in hospitalization, the CMS-HCC weights 
that one would have estimated using data on the cost in-
curred by the staff model HMO probably would have differed 
little from the weights estimated using data from those with 
indemnity insurance, whereas for many of the diagnoses 
with nontrivial proportions hospitalized, the weights would 
have differed substantially simply from the lower frequency 
of hospitalization.

Finally, health plans contract with providers who have 
varying degrees of market power. Particularly for rare or un-
usual diagnoses, there may be only 1 local or even only 1 
regional provider. That provider can probably obtain higher 
reimbursement from managed care plans relative to Medi-
care’s administratively set reimbursement compared with 
other diagnoses for which there are more numerous local 
providers, thus giving plans a stronger negotiating position.

In short, the relative price structure that Medicare uses to 
reimburse at-risk MA plans almost certainly contains errors, 
because the cost structure of health plans across persons with 
various diagnoses likely differs substantially from that of TM. 
The aim of this study was to determine how different the 
structure of the risk adjustment scheme would be if it were 
based on health plan costs rather than data from TM and 
whether the scheme creates incentives to select the healthy 
and avoid the sick. We do not examine actual selection by 
plans or beneficiaries.
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comparison of the distribution of MA-HMO values with the 
values in the study by Pope et al, we rescaled the distribution 
of MA-HMO values to have the same mean as the distribu-
tion of the values estimated from TM. Rescaling (ie, normal-
izing the weights) corrects for any factor that affects all HCCs 
proportionately. 

Because the MA-HMOs’ geographic distribution of ben-
eficiaries differs from the national TM distribution that Pope 
et al used in their calculations, absolute spending levels (and 
hence absolute values of weights) could differ for reasons that 
are incidental to our purposes herein, such as variation in 
nominal wage levels.  Moreover, it is well known that there 
are geographic differences in the treatment of various condi-
tions,19 an additional reason why there could be differences in 
relative costs by geography. We make no effort to reweight our 
data to match the TM geographic distribution but note that, 
from the point of view of Medicare policy, any geographic dif-
ferences in relative costs simply add to any distortions in the 
current structure because the structure of the CMS-HCC is 
the same across all regions.

We proceeded by following the specification by Pope et al.10 
We regressed the annual accounting cost for each beneficiary 
in the MA-HMO sample on the following dummy variables: 
age and sex (24 categories), Medicaid-×-sex-×-disability (4 
categories), HCC (70 categories), HCC-×-disability (5 cate-
gories), and HCC interactions (6 categories). This gave a total 
of 81 HCC-related coefficients that we compared with those 

in the study by Pope et al. After initial 
estimation, we constrained several of 
the MA-HMO coefficients such that 
categories with a higher ranking in 
the disease hierarchy would have at 
least as high predicted costs. Specifi-
cally, we constrained the coefficients 
of the following HCCs to be equal: 
hcc008 = hcc009, hcc067 = hcc068, 
hcc081 = hcc082, hcc107 = hcc108, 
hcc075 = hcc154, and hcc161 = 
hcc177. These coefficients should be 
monotonically ordered but were not 
in our sample, presumably because 
of small numbers. Our specification 
differed from that by Pope et al in a 
minor aspect: because we were unable 
to determine which of the older ben-
eficiaries may have been eligible for 
Medicare before age 65 years because 
of disability, we did not estimate in-
tercept terms corresponding to older 
beneficiaries who were disabled be-

fore age 65 years and those who were not. Specifically, Pope 
et al included interaction terms for originally disabled and 
sex (originally_disabled–×-female and originally_disabled–×-
male). Instead, our estimates effectively are the average inter-
cept over all older persons. Because most older beneficiaries 
were not eligible before age 65 years for reasons of disability 
(about 15% of all Medicare beneficiaries are younger than 65 
years at any point in time) and because those who were eli-
gible because of disability rather than by becoming 65 years 
old are distributed throughout the HCCs, any bias from this 
difference should not materially affect our results.

We compared our results for 2006 with the relative risk 
scores from the 2004 version of the CMS-HCC software, 
which CMS used for payment in 2006 and are based on the 
values by Pope et al.10 The values that CMS used in 2005 and 
2006 were based on a 5% sample of 1999 and 2000 data from 
TM. We similarly compared our 2007 results with the results 
from the 2007 CMS-HCC software.

As a descriptive comparison of the risk adjustment struc-
ture derived from the MA-HMO data with that derived from 
the TM data, we computed the percentage differences be-
tween the values derived from the MA-HMO data and from 
the TM data for those HCCs whose values in the MA-HMO 
data were estimated with a sufficient degree of precision (spe-
cifically, whose standard error was <20% of the absolute differ-
ence between the weights from TM and from the MA plans, 
divided by the mean of these 2 values). For this purpose, we 
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n Figure 1. Histogram of Percentage Differences in Traditional Medicare vs 
Medicare Advantage Coefficients, 2006a

aThe differences shown are for the 46 hierarchical condition categories whose standard error was less 
than 20% of the absolute difference between the weights from traditional Medicare and from the Medi-
care Advantage plan, divided by the mean of these 2 values. The bin width is 20 percentage points.
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rescaled the MA-HMO values to have the same mean as the 
TM values over all 81 coefficients.

We adopted the one-fifth cutoff for the descriptive statistic 
to represent a compromise between having enough HCCs to 
obtain a meaningful distribution of differences between MA-
HMO and TM values but also to be sufficiently precise that 
we did not show large deviations simply from sampling error, 
especially in the MA-HMO estimates; 46 HCCs in 2006 and 
45 HCCs in 2007 satisfied this criterion.

If the equiproportionate assumption held, these differ-
ences would bunch around zero. Some differences could arise 
from differences in relative input prices that led to a differ-
ent mix of inputs in MA-HMO treatment; other differences 
could arise from varying distributions of the demographic 
variables or illness severity within HCCs between TM and 
the MA-HMO sample. There is also a negligible discrep-
ancy because the means of the TM and MA-HMO distri-
butions were adjusted to be equal across the 81 coefficients 
rather than across the 46 (in 2006) and 45 (in 2007) used in 
the descriptive analysis. Nonetheless, it seems unlikely that 
differences from these causes would be large. However, dif-
ferences in treatment patterns owing to utilization manage-
ment could be large. Some of those differences could arise 
from input price or demographic differences, but most of 
them probably arise from differences between the incentives 

that full capitation offers and those 
of an unmanaged fee-for-service re-
imbursement environment, as well 
as differences in market power in 
contracting with providers.

As already noted, some differ-
ences between the 2 sets of weights 
would be expected from sampling er-
ror; even with more than 300,000 ob-
servations, some of the HCCs have 
only a few hundred observations in 
the MA-HMO data, and the values 
by Pope et al10 have a sample only 
about 6 times as large (Pope et al used 
a 5% sample of 2 years of data), so 
that sampling error is also relevant to 
the values by Pope et al. We describe 
herein a formal test across all the co-
efficient values of whether the rela-
tive price structures are similar.

RESULTS
Figure 1 and Figure 2 show the 

results of the percentage differences 
between the weights derived from TM and from the MA-
HMO sample for those HCCs in which the standard error of 
the MA-HMO values is less than 20% of the difference be-
tween the TM and MA-HMO coefficients (46 HCCs in 2006 
and 45 HCCs in 2007). Table 1 and Table 2 give values for 
these HCCs.

Ignoring sampling error for the moment, if there were good 
agreement between the weights, almost all of the mass in the 
2 histograms would be concentrated near zero because each 
distribution has approximately the same overall mean. As 
is readily apparent, this is not the case; there are substantial 
deviations between the MA-HMO cost accounting data and 
Medicare reimbursement in both years.

We want to formally test the hypothesis that the vector of 
the CMS-HCC coefficients equals the corresponding vector 
of values for the same HCCs estimated on MA-HMO data, 
and we must account for the sampling error to do so. Unfor-
tunately, we only have the published CMS-HCC weights and 
their published standard errors from the study by Pope et al10; 
we do not have the covariance terms with the demographic 
variables for the CMS-HCC weights. (The HCCs themselves 
are orthogonal.) Because we do not have raw TM claims data, 
to carry out a formal test, we must make the following 3 as-
sumptions that are known not to hold exactly but may hold 
approximately: (1) The MA-HMO and TM coefficients are 

n Figure 2. Histogram of Percentage Differences in Traditional Medicare vs 
Medicare Advantage Coefficients, 2007a

aThe differences shown are for the 45 hierarchical condition categories whose standard error was less 
than 20% of the absolute difference between the weights from traditional Medicare and from the Medi-
care Advantage plan, divided by the mean of these 2 values. The bin width is 20 percentage points.
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n Table 1. Differences Between Traditional Medicare and Medicare Advantage Coefficients in 2006a

HCC Description No. TM MA TM – MA % Difference

HCC002 Septicemia/shock 2246 0.890 0.664 0.226 29.09

HCC007 Metastatic cancer and acute leukemia 3069 1.464 1.037 0.427 34.14

HCC008 Lung/upper digestive/other severe cancer 2234 1.464 1.037 0.427 34.14

HCC009 Lymphatic/head/neck/brain/major cancer 3555 0.690 0.631 0.059 8.99

HCC010 Breast/prostate/colorectal/other cancer 21,914 0.233 0.228 0.005 2.11

HCC015 Diabetes with renal manifestation 16,874 0.764 0.359 0.405 72.09

HCC016 Diabetes with neurological/peripheral circulatory manifestation 11,820 0.552 0.248 0.304 76.02

HCC017 Diabetes with acute complications 616 0.391 0.767 –0.376 –64.97

HCC025 End-stage liver disease 371 0.900 1.514 –0.614 –50.86

HCC026 Cirrhosis of liver 1055 0.516 0.601 –0.085 –15.30

HCC031 Intestinal obstruction/perforation 2378 0.408 0.496 –0.088 –19.56

HCC032 Pancreatic disease 1962 0.445 0.479 –0.034 –7.42

HCC038 Rheumatoid arthritis/inflammatory connective tissue 9371 0.322 0.430 –0.108 –28.72

HCC044 Severe hematological disorders 1367 1.011 0.710 0.301 34.99

HCC051 Drug/alcohol psychosis 1108 0.353 0.672 –0.319 –62.23

HCC054 Schizophrenia 1136 0.543 0.662 –0.119 –19.82

HCC055 Major depressive, bipolar, paranoid 9533 0.431 0.476 –0.045 –9.90

HCC067 Quadriplegia, other extensive paralysis 333 1.181 1.208 –0.027 –2.29

HCC068 Paraplegia 331 1.181 1.208 –0.027 –2.29

HCC071 Polyneuropathy 19,814 0.268 0.257 0.011 4.02

HCC073 Parkinson and Huntington disease 3718 0.475 0.565 –0.090 –17.26

HCC074 Seizure disorders and convulsions 4186 0.269 0.405 –0.136 –40.29

HCC077 Respirator dependence/tracheostomy status 174 2.102 3.300 –1.198 –44.35

HCC079 Cardiorespiratory failure and shock 3678 0.692 0.698 –0.006 –0.82

HCC080 Congestive heart failure 25,814 0.417 0.434 –0.017 –3.90

HCC081 Acute myocardial infarction 3731 0.348 0.318 0.030 8.99

HCC082 Unstable angina/other acute ischemic heart disease 3046 0.348 0.318 0.030 8.99

HCC083 Angina pectoris/old myocardial infection 27,112 0.235 0.153 0.082 42.23

HCC092 Specified heart arrhythmias 29,081 0.266 0.323 –0.057 –19.46

HCC096 Ischemic or unspecified stroke 6096 0.306 0.361 –0.055 –16.62

HCC100 Hemiplegia/hemiparesis 6702 0.437 0.253 0.184 53.40

HCC104 Peripheral vascular disease with compensation 3681 0.677 1.058 –0.381 –43.89

HCC105 Peripheral vascular disease 16,873 0.357 0.360 –0.003 –0.92

HCC107 Cystic fibrosis 4 0.376 0.345 0.031 8.46

HCC108 Chronic obstructive pulmonary disease 29,854 0.376 0.345 0.031 8.46

HCC130 Dialysis status 2048 3.076 8.391 –5.315 –92.70

HCC131 Renal failure 10,407 0.576 0.514 0.062 11.45

HCC148 Decubitus ulcer of skin 2294 1.030 1.445 –0.415 –33.56

HCC149 Chronic ulcer of skin, except decubitus 3359 0.484 0.899 –0.415 –60.01

HCC157 Vertebral fracture without spinal cord injury 4855 0.490 0.311 0.179 44.56

HCC158 Hip fracture/dislocation 3504 0.392 0.324 0.068 19.05

HCC161 Traumatic amputation 17 0.843 0.638 0.205 27.73

HCC164 Major complication of medical care/trauma 5657 0.262 0.390 –0.128 –39.32

HCC174 Major organ transplant status 265 0.722 2.341 –1.619 –105.72

HCC176 Artificial openings for feeding/elimination 1478 0.790 0.844 –0.054 –6.59

HCC177 Amputation status/lower limb/amputation complete 1304 0.843 0.638 0.205 27.73

HCC indicates hierarchical condition category; MA, Medicare Advantage; TM, traditional Medicare.
aThe 46 HCCs shown are those HCCs whose MA–Health Maintenance Organization standard errors are less than 20% of the difference between the 
TM and MA-HMO coefficients.
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n Table 2. Differences Between Traditional Medicare and Medicare Advantage Coefficients in 2007a

HCC Description No. TM MA TM – MA % Difference

HCC002 Septicemia/shock 2247 0.887 0.517 0.370 52.66

HCC007 Metastatic cancer and acute leukemia 3414 1.648 1.027 0.621 46.45

HCC008 Lung/upper digestive/other severe cancer 2306 1.648 1.027 0.621 46.45

HCC009 Lymphatic/head/neck/brain/major cancer 3838 0.771 0.596 0.175 25.69

HCC010 Breast/prostate/colorectal/other cancer 24,367 0.258 0.222 0.036 15.04

HCC015 Diabetes with renal manifestation 20,154 0.608 0.320 0.288 62.06

HCC016 Diabetes with neurological/peripheral circulatory manifestation 11,478 0.452 0.223 0.229 67.78

HCC025 End-stage liver disease 456 0.996 1.695 –0.699 –51.94

HCC026 Cirrhosis of liver 1178 0.519 0.545 –0.026 –4.97

HCC032 Pancreatic disease 2255 0.383 0.391 –0.008 –2.00

HCC037 Bone/joint/muscle infection/necrosis 1381 0.550 0.602 –0.052 –9.01

HCC038 Rheumatoid arthritis/inflammatory connective tissue 10,591 0.363 0.329 0.034 9.93

HCC044 Severe hematological disorders 1604 1.136 0.763 0.373 39.22

HCC045 Disorders of immunity 729 0.841 1.064 –0.223 –23.45

HCC052 Drug/alcohol dependence 3263 0.250 0.337 –0.087 –29.73

HCC054 Schizophrenia 1263 0.515 0.517 –0.002 –0.35

HCC055 Major depressive, bipolar, paranoid 11,460 0.370 0.396 –0.026 –6.74

HCC067 Quadriplegia, other extensive paralysis 361 0.961 1.235 –0.274 –24.96

HCC068 Paraplegia 404 0.961 1.235 –0.274 –24.96

HCC071 Polyneuropathy 22,218 0.324 0.254 0.070 24.35

HCC073 Parkinson and Huntington disease 4061 0.547 0.481 0.066 12.85

HCC074 Seizure disorders and convulsions 4922 0.280 0.261 0.019 7.01

HCC079 Cardiorespiratory failure and shock 4406 0.629 0.512 0.117 20.43

HCC080 Congestive heart failure 28,187 0.395 0.307 0.088 25.07

HCC081 Acute myocardial infarction 3531 0.349 0.295 0.054 16.73

HCC082 Unstable angina/other acute ischemic heart disease 3753 0.332 0.295 0.037 11.76

HCC083 Angina pectoris/old myocardial infection 31,384 0.231 0.099 0.132 79.62

HCC092 Specified heart arrhythmias 32,771 0.295 0.290 0.005 1.60

HCC100 Hemiplegia/hemiparesis 7503 0.410 0.215 0.195 62.27

HCC104 Peripheral vascular disease with compensation 3967 0.645 0.794 –0.149 –20.74

HCC105 Peripheral vascular disease 20,465 0.324 0.371 –0.047 –13.39

HCC107 Cystic fibrosis 7 0.398 0.304 0.094 26.70

HCC108 Chronic obstructive pulmonary disease 33,575 0.398 0.304 0.094 26.70

HCC111 Aspiration/specific bacterial pneumonias 1068 0.761 0.547 0.214 32.80

HCC119 Proliferative diabetic retinopathy/vitreous hemorrhage 1519 0.278 0.336 –0.058 –18.96

HCC130 Dialysis status 2114 1.432 8.064 –6.632 –139.68

HCC131 Renal failure 20,153 0.389 0.332 0.057 15.67

HCC148 Decubitus ulcer of skin 2617 1.167 0.764 0.403 41.72

HCC149 Chronic ulcer of skin, except decubitus 3940 0.463 0.751 –0.288 –47.51

HCC157 Vertebral fracture without spinal cord injury 5527 0.501 0.247 0.254 67.81

HCC161 Traumatic amputation 91 0.736 0.619 0.117 17.23

HCC164 Major complication of medical care/trauma 6566 0.299 0.339 –0.040 –12.65

HCC174 Major organ transplant status 318 1.073 2.129 –1.056 –65.97

HCC176 Artificial openings for feeding/elimination 1709 0.758 0.691 0.067 9.27

HCC177 Amputation status/lower limb/amputation complete 1486 0.653 0.619 0.034 5.30

HCC indicates hierarchical condition category; MA, Medicare Advantage; TM, traditional Medicare.
aThe 45 HCCs shown are those HCCs whose MA–Health Maintenance Organization standard errors are less than 20% of the difference between the TM and 
MA-HMO coefficients.
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independent. (2) The estimated variances have no sampling 
error; that is, we use the published standard errors as if they 
were true. (3) The covariances between the demographic 
variables and the HCC dummy variables are ignorable.

Each CMS-HCC coefficient estimate (and corresponding 
MA-HMO coefficient estimate) is proportional to a condi-
tional mean of the cost for a group of patients with a given 
diagnosis configuration and, by the central limit theorem, 
is approximately normally distributed. After adjusting the 
means of the 2 distributions of estimated coefficients to be 
equal, we calculate the difference between each of the cor-
responding HCC coefficients (eg, the coefficient for HCC1 
from the study by Pope et al10 and the coefficient for HCC1 
from the MA-HMO data). The distribution of the difference 
between the 2 vectors of means is also normally distributed, 
and each element has a mean of zero under the null. Assuming 
independence, the variance of the difference in each element 
of the HCC and MA-HMO means is simply the sum of the 
variance of each mean. Therefore, dividing each estimated 
difference in the 2 means by the square root of the sum of 
the variances gives a standardized N(0,1) variable. The sum of 
those variables squared over the 81 coefficients for 2006 (and 
similarly for 2007) is then distributed as c2

81.
In symbols, let the estimated coefficient for HCCi in the 

MA-HMO sample be ai and the corresponding estimated co-
efficient in TM be bi (i = 1 – 81). Rescale the distribution of 
the ai to have the same mean as the distribution of the bi. The 
distribution of each (ai – bi) / [sqrt(sai

2 + sbi
2)] is approximately 

N(0,1), so Σi,1 – 81[(ai – bi) / sqrt(sai
2 + sbi

2)]2 = c2
81.

The resulting test statistics for the 2006 and 2007 distribu-
tions have c2 statistics of 2546 and 5299, respectively, both of 
which have P < .005. In short, subject to the approximations we 
have made in assuming that the statistics we calculated are dis-
tributed as c2, we can overwhelmingly reject the null that the 
relative price structures of the MA-HMO and TM are the same. 
Eighty-one is the number of estimated coefficients, including 
the interaction terms that use HCC dummy variables. The crit-
ical value for a c2

81 distribution at P = .005 is 126, more than 
an order of magnitude less than the test statistics we obtained.

Although there are some appreciable differences between 
the TM relative prices and the MA-HMO relative prices, it 
should not be surprising that there is nonetheless a strong re-
lationship between the absolute levels of the 2 prices across 
the HCCs. Diagnoses that are expensive to treat in TM are 
also generally expensive to treat in MA-HMOs. The correla-
tion coefficient between the 2006 TM and MA-HMO relative 
prices is 0.87 and between the 2007 TM and MA-HMO rela-
tive prices is 0.55. However, despite the seemingly different 
appearance of the 2 figures, the differences shown in Figures 
1 and 2 are stable between the 2 years; the correlation coef-

ficient (r) of the differences using the 41 HCCs that are in 
common between the 2 years is 0.98.

The foregoing is strictly statistical, but there is also eco-
nomic content in the results. One HCC that appears sub-
stantially more expensive in the MA-HMO sample is renal 
dialysis, HCC130. Patients who require renal dialysis often re-
ceive their dialysis in centers specializing in dialysis and from 
physicians in these centers who manage a range of the pa-
tients’ conditions. Most important for our purposes, the renal 
dialysis industry is concentrated into a small number of com-
panies, which have market power in local markets. The MA-
HMO pays the market rate for these patients. We see a similar 
phenomenon with major organ transplants (HCC174), which 
also tend to be concentrated in a few major centers in the 
United States. As with renal dialysis, major organ transplant 
centers have market power. Therefore, these diagnoses seem 
expensive in the MA-HMO compared with the TM, where 
market power is not relevant.

We also tested whether the old adage that entities paid by 
capitation had incentives to select against sicker people still 
held with the new risk adjustment system. To do so, we com-
puted the correlation between the difference of the TM and 
MA-HMO coefficients and the level of the TM coefficients. 
This correlation was −0.668 (P <.01) in 2006 and −0.281 
(P = .05) in 2007 for the 46 and 45 HCCs listed in Tables 1 
and 2. In other words, CMS-HCC with higher values seem 
unprofitable, appearing to suggest that the old adage con-
tinues to hold. However, closer inspection revealed that the 
values are driven by the outlier value for renal dialysis. If 
renal dialysis is omitted, the correlation for 2006 changes 
from −0.668 to −0.155 (not significant) and for 2007 from 
−0.281 to 0.171 (not significant). In other words, while the 
risk adjustment scheme has substantial errors for individual 
HCCs, there is no detectable pattern with respect to the size 
of the HCC weight, implying that the old adage likely no 
longer holds. In that sense, the CMS-HCC must be regarded 
as a success.

DISCUSSION
Medicare bases its reimbursement to MA health plans on 

the relative costliness of treating various maladies, but it com-
putes that relative costliness using data from TM. Such data 
are likely to be in error when applied to health plans for many 
reasons, including that the treatment of some conditions is 
more amenable to the medical management techniques used 
by the plan than the treatment of other conditions and that 
plans face providers and suppliers with varying degrees of mar-
ket power across diagnoses. Our results suggest not only that 
there are likely errors in the pricing structure Medicare uses 
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but also that those errors may well be large. Most important, 
these errors do not seem to be correlated with predicted risk, 
suggesting that simple strategies aimed at selecting lower-risk 
patients would not result in favorable selection.

Particularly notable are HCC130 (renal dialysis) and 
HCC174 (major organ transplants) because they are expen-
sive in the MA-HMOs in our sample compared with TM. 
Whereas TM pays for renal dialysis and major organ trans-
plants with administratively set take-it-or-leave-it prices, 
MA-HMOs pay market prices for these services. We believe 
that these diagnoses are unprofitable for the HMO because 
Medicare can exploit its ability to set prices to a greater degree 
for these diagnoses than for other diagnoses for which plans 
face a more competitive supplier market.

Crude selection strategies based simply on predicted risk (ie, 
skim the healthy) are unlikely to yield favorable selection not 
only because of the poor correlation between predicted risk and 
the payment distortions that we found but also because older 
persons often have multiple concurrent conditions. In other 
words, a plan enrolls the whole person, and for a beneficiary 
with multiple conditions, the reimbursement may be too gener-
ous for one condition but too skimpy for another.

Despite the mitigation that comes from having to enroll an 
entire patient, our results imply that the risk adjustment struc-
ture used by Medicare makes beneficiaries with certain condi-
tions more or less profitable for MA plans than beneficiaries 
with other conditions. These distortions create incentives for 
plans to specialize in certain conditions, that is, to select for 
and against certain conditions in how they structure their net-
works and formularies with the objective of attracting or not 
attracting beneficiaries with specific types of conditions.

One can ask whether specialization by MA plans in cer-
tain conditions could be desirable in the sense that it might 
minimize social cost. There are at least 3 problems with this 
reasoning. One, as just mentioned, many Medicare beneficia-
ries have multiple conditions, and it does not seem optimal 
to have relatively good service or access for one condition 
but not for another. Second, a beneficiary may develop a new 
condition, in which case the beneficiary may want to change 
physicians or drugs and would need to change plans in the 
extreme case. This also does not seem optimal. Third, social 
cost is not the same as budget cost; in other words, to the 
degree that Medicare uses the same real resources to treat a 
condition but simply pays less because of its monopsony pow-
er, there is no necessary desirability in having TM special-
ize in that diagnosis. Inferences about economic efficiency 
in health care markets, however, are problematic for many 
reasons.20

Our work is subject to the obvious limitation that it comes 
from a single MA insurer, and we do not know to what de-

gree these results would generalize to other insurers. However, 
even if on average MA plans replicated TM, any heteroge-
neity among insurers would leave problematic incentives for 
individual plans to engage in selection.

A second limitation is that we cannot exclude the pos-
sibility that some of the differences we found between MA 
costs and TM costs are attributable to diagnostic coding be-
cause coding has an element of endogeneity. Song et al21 re-
cently showed that TM beneficiaries who moved to regions 
with greater intensity of services than their region of origin 
had substantially greater increases in CMS-HCC risk scores 
(ie, more coded diagnoses or higher-weighted diagnoses) than 
beneficiaries who moved to regions with the same or lower 
intensity and suggested that more diagnostic testing in regions 
of higher intensity led to additional diagnoses being recorded. 
Plans have an incentive to code diagnoses more completely 
than physicians treating TM beneficiaries (although less in-
centive to use a large number of tests to do so) because their 
reimbursement depends on the CMS-HCC score, whereas 
physician reimbursement in TM does not turn on a benefi-
ciary’s diagnoses. However, hospital reimbursement in TM, 
like health plan reimbursement, does depend on the coding 
of diagnoses, and this should serve to lessen any coding differ-
ences between TM and MA.

A third limitation is that the hypothesis test of the null 
that the MA coefficients computed on MA data are the same 
as the TM coefficients had to make some assumptions that are 
known not to hold; these assumptions can be relaxed, and one 
can compute an exact test with TM claims data. Nonetheless, 
the violations of the assumptions seem sufficiently weak (giv-
en the degree to which the test statistics reject the null) that 
it seems unlikely an exact test would overturn these results. 
Finally, CMS required that the risk adjustment through 2006 
remain budget neutral (ie, the total MA pie did not decrease 
because of the phase-in of the CMS-HCC risk adjustment ap-
proach), whereas starting in 2007, more of the MA pie re-
flected the actual risk of enrolled beneficiaries. This budget 
neutrality phase of the risk adjustment implementation could 
have mitigated some of the incentives to the extent that ben-
eficiaries enrolled in MA differed from those enrolled in TM.

Part C of Medicare has the advantage relative to TM that 
CMS does not have to set thousands of prices for individual 
services that inevitably will diverge from cost, which is bur-
densome and subject to the political process. Rather, private 
plans negotiate prices with providers. Such prices will, of 
course, reflect the market power of the providers that treat pa-
tients with various HCCs in the plan’s local market (and the 
plan’s market power if it has a large market share), as indeed 
they appear to for renal dialysis and major organ transplants. 
Nonetheless, on balance, the negotiated prices between plans 
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and providers may be closer to cost than the administratively 
set prices in TM are, a potential strength of Part C relative 
to TM. However, this work emphasizes that there is also an 
element of administered pricing in Part C because risk adjust-
ment is a form of administratively set prices. Our results also 
suggest that the current methods for risk adjustment share a 
common problem of administratively set prices in that they 
can substantially depart from cost.
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