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Abstract: Beginning in 2014, individuals and
small businesses are able to purchase private health
insurance through competitive Marketplaces. The
Affordable Care Act (ACA) provides for a program
of risk adjustment in the individual and small group
markets in 2014 as Marketplaces are implemented
and new market reforms take effect. The purpose
of risk adjustment is to lessen or eliminate the
influence of risk selection on the premiums that
plans charge. The risk adjustment methodology
includes the risk adjustment model and the risk
transfer formula.

This article is the second of three in this
issue of the Review that describe the Department
of Health and Human Services (HHS) risk
adjustment methodology and focuses on the risk
adjustment model. In our first companion article,
we discuss the key issues and choices in developing
the methodology. In this article, we present the
risk adjustment model, which is named the HHS-
Hierarchical Condition Categories (HHS-HCC)
risk adjustment model. We first summarize the
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HHS-HCC diagnostic classification, which is the
key element of the risk adjustment model. Then
the data and methods, results, and evaluation of
the risk adjustment model are presented. Fifteen
separate models are developed. For each age group
(adult, child, and infant), a model is developed for
each cost sharing level (platinum, gold, silver, and
bronze metal levels, as well as catastrophic plans).
Evaluation of the risk adjustment models shows
good predictive accuracy, both for individuals and
for groups. Lastly, this article provides examples
of how the model output is used to calculate risk
scores, which are an input into the risk transfer
formula. Our third companion paper describes the
risk transfer formula.
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Introduction

Beginning in 2014, individuals and small
businesses are able to purchase private health
insurance through competitive Marketplaces.
Issuers must follow certain rules to participate
in the markets, for example, in regard to the
premiums they can charge enrollees and also not
being allowed to refuse insurance to anyone or
vary enrollee premiums based on their health.
Enrollees in individual market health plans
through the Marketplaces maybeeligible toreceive
premium tax credits to make health insurance
more affordable and financial assistance to cover
cost sharing for health care services.

This article is the second in a series of three
related articles in this issue of Medicare & Medicaid
Research Review that describe the Department of
Health and Human Services (HHS)-developed
risk adjustment methodology for the individual
and small group markets established by the
Affordable Care Act (ACA) of 2010. The risk
adjustment methodology consists of a risk
adjustment model and a risk transfer formula.
The risk adjustment model uses an individual’s
demographics and diagnoses to determine a risk
score, which is a relative measure of how costly
that individual is anticipated to be. The risk
transfer formula averages all individual risk scores
in a risk adjustment covered plan, makes certain
adjustments, and calculates the funds transferred
between plans. Risk transfers are intended to offset
the effects of risk selection on plan costs while
preserving premium differences due to factors such
as actuarial value differences. This article describes
the risk adjustment model. See our companion
article (Pope et al., 2014) for a description of the
risk transfer formula. Another companion article

(Kautter, Pope, and Keenan, 2014) discusses the
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key issues and choices in developing the ACA risk
adjustment methodology.'

HHS will use this risk adjustment methodology
when operating risk adjustment on behalf of a
state. In 2014, the HHS methodology will be used
in all states except one (Massachusetts), and it will
apply to all non-grandfathered plans® both inside
and outside of the Marketplaces in the individual
and small-group markets in each state.

The organization of this article is as follows.
We first summarize the Hierarchical Condition
Categories (HCC) diagnostic classification used for
the risk adjustment model, which we designate the
HHS-HCCdiagnostic classification to distinguish it
from the Centers for Medicare & Medicaid Services
(CMS) HCC, or CMS-HCC, classification used in
Medicare risk adjustment (Pope et al., 2004). Then
the data and methods, results, and evaluation for
the risk adjustment model are presented. Finally,
we provide examples of how the model output is
used to calculate risk scores, which are an input

into the risk transfer formula.

HHS-HCC Diagnostic Classification

The basis of the HHS-HCC risk adjustment model
is using health plan enrollee diagnoses (and
demographics) to predict medical expenditure
risk. To obtain a clinically meaningful and
statistically stable system, the tens of thousands of
ICD-9-CM codes used to capture diagnoses must
be grouped into a smaller number of organized
categories that produce a diagnostic profile of
each person. The diagnostic classification is key in

determining the ability of a risk adjustment model

! For general background on risk adjustment, risk transfers (“risk
equalization”), and risk selection, see van de Ven and Ellis (2000),
van de Ven and Schut (2011), Van de Ven (2011), and Breyer,
Bundorf, and Pauly (2012).

? Grandfathered plans are those that were in existence on March
23,2010, and have not been changed in ways that substantially
cut benefits or increase costs for enrollees. Grandfathered plans
are exempted from many of the changes required under the
Affordable Care Act.
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to distinguish high from low cost individuals. The
classification also determines the sensitivity of the
model to intentional or unintentional variations in
diagnostic coding, an important consideration in
real-world risk adjustment.

The starting point for the HHS-HCCs was
the Medicare CMS-HCCs. The CMS-HCCs had
to be adapted into the HHS-HCCs for ACA risk

adjustment for three main reasons:

1. Prediction Year—The CMS-HCC
risk adjustment model uses base year
diagnoses and demographic information
to predict the next year’s spending. The
HHS-HCC risk adjustment model uses
current year diagnoses and demographics
to predict the current year’s spending.
Medical conditions may have different
implications in terms of current year costs
and future costs; selection of HCCs for
the risk adjustment model should reflect
those differences.

2. Population—The CMS-HCCs were
developed using data from the aged
(age > 65) and disabled (age < 65)
Medicare populations. For some
conditions, such as pregnancy and
neonatal complications, the sample size
in the Medicare population is quite low,
whereas sample sizes in the commercially
insured population are larger. HCCs
were re-examined to better reflect salient
medical conditions and cost patterns for
adult, child, and infant subpopulations in
the commercial population.

3. Type of Spending—The CMS-HCCs are
configured to predict non-drug medical
spending. The HHS-HCCs predict the sum
of medical and drug spending. Also, the
CMS-HCCs predict Medicare provider
payments while the HHS-HCCs predict
commercial insurance payments.
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Risk Adjustment Model HHS-HCCs

There are 264 HHS-HCCs in the full diagnostic
classification, of which a subset is included in
the HHS risk adjustment model. The criteria for
including HCCs in the model are now described.
These criteria were sometimes in conflict and
tradeoffs had to be made among them in assessing
whether to include specific HCCs in the HHS risk

adjustment model.

Criterion 1—Represent clinically-significant,
well-defined, and costly medical conditions
that are likely to be diagnosed, coded, and
treated if they are present.

Criterion 2—Are not especially subject
to discretionary diagnostic coding or
“diagnostic discovery” (enhanced rates of
diagnosis through population screening not
motivated by improved quality of care).

Criterion 3—Do not primarily represent
poor quality or avoidable complications of
medical care.

Criterion 4—Identify chronic, predictable, or
other conditions that are subject to insurer
risk selection, risk segmentation, or provider
network selection, rather than random acute
events that represent insurance risk.

Following an extensive review process, we selected
127 HHS-HCCs to be included in the HHS risk
adjustment model (see Appendix Exhibit Al for a
listing of the 127 HHS-HCCs). Finally, to balance
the competing goals of improving predictive
power and limiting the influence of discretionary
coding, a subset of HHS-HCCs in the risk
adjustment model were grouped into larger
aggregates, in other words “grouping” clusters of
HCCs together as a single condition with a single
coefficient that can only be counted once. After
grouping, the number of HCC factors included in
the model was effectively reduced from 127 to 100.
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Data and Methods

In this section we describe the data and methods
used for development of the HHS-HCC risk
adjustment model. We first discuss the choice of
prospective versus concurrent risk adjustment.
We then discuss the definition and data source
for the concurrent modeling sample. Model
variables, including expenditures, demographics,
and diagnoses are defined. Finally, the model

estimation and evaluation strategies are discussed.

Model Type

The HHS-HCC risk adjustment model is a
concurrent model. A concurrent model uses
diagnoses from a time period to predict cost
in that same period. This is in contrast to a
prospective model, which uses diagnoses from
a base period to predict costs in a future period.
While a prospective model is used for the Medicare
Advantage program, we developed a concurrent
model for the HHS risk adjustment methodology
because, for implementation in 2014, prior year
(2013) diagnoses data will not be available. In
addition, unlike Medicare, people may move in
and out of enrollment in the individual and small
group markets, so prior year diagnostic data will

not be available for all enrollees even after 2014.

Data
The calibration

adjustment model consists

sample for the HHS-risk
of 2010 Truven
MarketScan® Commercial Claims and Encounter
data. The MarketScan® data is a large, well-respected,
widely-used,  nationally-dispersed  proprietary
database sourced from large employers and
health plans. Employees, spouses, and dependents
covered by employer-sponsored private health
insurance are included. The MarketScan® sample
includes enrollees from all 50 states and the

District of Columbia. Although MarketScan®
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represents the large employer rather than the small
group/individual market, we know of no evidence
that the relationship between diagnoses and relative
expenditures differs significantly in the two markets,
holding constant the generosity of plan benefits
(essential health benefits and metal level). We
compared the age, sex, and regional distribution
of the MarketScan® sample to the expected ACA
risk adjustment
Claxton, Levitt, & Garfield, 2011; Buettgens,
Garrett, & Holahan, 2010). We found that overall
they are similar, although the MarketScan® data has

more children and fewer young adults, and more

population  (Trish, Damico,

sample members in the South and fewer in
the Northeast and West than the expected risk

adjustment population.’

Sample

An enrollee is included in the concurrent
modeling sample if the enrollee has at least
one month of 2010 enrollment, is enrolled in
a preferred provider organization (PPO) or
other fee-for-service (FFS) health plan,* has
no payments made on a capitated basis, has
prescription drug coverage, and has integrated
mental health/substance abuse coverage.” The
primary goals of the sample selection criteria
were to ensure that 1) enrollees had complete
expenditure and diagnosis data, 2) enrollees
included those entering (e.g., newborns) and
exiting (e.g., decedents) enrollment during the

year, and 3) enrollees had health care coverage

* As discussed below, we develop separate models for adults, children,
and infants, which avoids any influence of the larger proportion of
children in the MarketScan® data on model parameter values for
adults. Weighting the calibration data to improve correspondence
with the risk adjustment population will be revisited in future
recalibrations of the model as actual data on the age-gender and
other characteristics of the ACA risk adjustment population
become available.

* Other fee-for-service health plans include, for example, indemnity,
consumer-directed, and high-deductible health plans.

® Additionally, mothers with bundled newborn claims, and
newborns with no birth records, were excluded.
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comparable to the essential health benefits under
the ACA.

Expenditures

The HHS-HCC risk adjustment model predicts
health care expenditures for which plans are
liable, which exclude enrollee cost sharing. This
is termed a plan liability risk adjustment model,
which has been used in other payment systems,
such as Medicare Part C and Part D (Pope et al.,
2004; Kautter, Ingber, Pope, & Freeman, 2012). We
considered predicting total expenditures and then
adjusting to plan liability with a multiplicative
plan actuarial value factor. However, this approach
may not accurately capture plan liability levels
due to the non-linear relationship of plan liability
to total expenditures. Although alternative plan
cost sharing designs exist, we define a standard
benefit (plan liability cost sharing) design for
each cost sharing level (platinum, gold, silver, and
bronze metal levels, as well as catastrophic plans®)
using the following elements. Plan liability is zero
percent of total expenditures below the deductible,
one minus the coinsurance percentage of total
expenditures between the deductible and the
out-of-pocket limit, and one hundred percent of
total expenditures above the out-of-pocket limit.
Thus, the standard benefit for each metal level is
completely specified by a deductible, coinsurance
rate, and out-of-pocket maximum.

Using the 2010 MarketScan® inpatient,
outpatient, and drug services files, we summed
total payments (submitted charges minus non-
covered charges minus pricing discounts), which
includeenrollee costsharing. Wethen trended the
2010 expenditures to 2014 by applying a constant
annual growth rate. Once expenditures were

trended, the standard benefit design parameters

® While technically metal levels (platinum, gold, silver, bronze), and
catastrophic plans differ, for purposes of this article, references to
metal levels will include catastrophic plans.
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(deductibles, coinsurance rates, out-of-pocket
limits) were applied to simulate plan liability
expenditures for each metal level. Plan liability
expenditures were then annualized by dividing
them by the fraction of months in 2010 that each
beneficiary is enrolled in the plan (i.e., by the
eligibility fraction). Annualized expenditures
are the “per member per month” amount
multiplied by 12. Annualized expenditures were
not truncated.

Finally, plan liability expenditures were
converted to relative plan liability expenditures,
which are defined as plan liability expenditures
divided by a denominator. A relative plan liability
expenditure of 1.0 corresponds to the average
plan liability expenditure for the calibration
sample. The denominator was calculated as
follows. For the entire calibration sample, we
calculated the mean plan liability for each
metal level and then took a weighted average of
these means, where the weights were based on
a forecasted distribution of enrollment in 2014
across the five metal levels. Going forward, we
use the term “plan liability” to mean “relative
plan liability”

In short, we simulated plan liability
expenditures for each metal tier from total
expenditures for each sample member (that is, we
applied different benefit structures to the same
sample). An alternative approach would have
been to model actual plan liability (payments) for
enrollees in MarketScan® plans grouped into ACA
metal tiers by the plans™ actual actuarial values.
However, MarketScan® provides sufficient plan
benefit information to calculate plan actuarial
value for only a small fraction of its sample.
Also, grouping plans by actuarial value would
have led to different samples of individuals for
each metal level model estimation, which would
have reduced sample sizes for each model and

led to differences in unmeasured factors across
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metal level samples. Simulating plan liability on
the full sample for each metal also means that
(as intended) the model estimates do not reflect
differential induced demand (moral hazard)
across metals. For this reason, induced demand
is accounted for in the risk transfer formula, as

discussed in our companion article.

Demographics and Diagnoses

The HHS-HCC risk adjustment model uses
2010 beneficiary demographics and diagnoses
to predict 2010 (trended to 2014) plan liability
expenditures for each beneficiary. The
demographic factors employed are age and
sex. Age is measured as of the last month of
enrollment, which in general results in infants
aged 0 having been born in 2010.” Age ranges
were determined by the age distribution of the
commercial population, as well as consideration
of post 2014 market reform rules for the individual
and small group markets. There are 18 age/sex
categories for adults and 8 age/sex categories for
children. How age and sex are incorporated into
the infant model is described below. Adults are
defined as ages 21+, children are ages 2-20, and
infants are ages 0-1. The age categories for adult
male and female are ages 21-24, 25-29, 30-34,
35-39, 40-44, 45-49, 50-54, 55-59, and 60+. The
age categories for children male and female are
ages 2-4, 5-9, 10-14, and 15-20.
ICD-9-CMperson-level diagnosesfrom2010
were used to create diagnosis groups (HCCs) for
each beneficiary in the sample. Only diagnosis
codes from sources allowable for risk adjustment
when HHS is operating on behalf of a state are

included in the diagnosis-level file. The goal

7 More specifically, MarketScan® includes age on the first day of
enrollment for that month, and this is how age is measured. Note
that if age for an infant is measured as zero and the infant has no
birth records (in the 2010 MarketScan® database), we excluded the
infant from the sample.
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of the restrictions on source of diagnoses is to
improve the quality, accuracy, and auditability
of diagnoses used for risk adjustment. For
example, clinical laboratory diagnoses, which
include “rule outs” and diagnoses not verified by
a clinician, were excluded. Allowable diagnoses
include those from inpatient hospital claims,
outpatient facility claims (hospital outpatient,
rural health clinic, federally qualified health
center, and community mental health clinic),
and professional claims (diagnoses are
generally not available on prescription drug
claims, including for the MarketScan® data).
In addition, diagnoses from outpatient facility
claims and professional claims are restricted to
those with at least one CPT/HCPCS procedure
code® corresponding generally to face-to-face

encounters with a clinician.

Subpopulations

Due to the inherent clinical and cost differences
in the adult, child, and infant populations, we
developed separate risk adjustment models for
each group. The adult and child models have
similar specifications, with age/sex demographic
categories and HCCs (individual HCCs and
aggregate HCC groupings) predicting annualized
plan liability expenditures.

However, infants have low frequencies
for most HCCs leading to unstable parameter
estimates in an additive model. Because of this,
the infant model utilizes a categorical approach
in which infants are assigned a birth maturity
(by length of gestation and birth weight) or Age
1 category, and a disease severity category (based
on HCCs other than birth maturity). There are

four Age 0 birth maturity categories—Extremely

8 CPT® is the Current Procedural Terminology maintained by the
American Medical Association, and HCPCS is the Healthcare
Common Procedure Coding System maintained by the Centers for
Medicare and Medicaid Services.
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Immature; Immature; Premature/Multiples;
Term—and a single Age 1 Maturity category.
Age zero infants are assigned to one of the four
birth maturity categories and age one infants are
assigned to the Age 1 Maturity category.

There are 5 disease severity categories based
on the clinical severity and associated costs of the
non-maturity HCCs: Severity Level 5 (Highest
Severity) to Severity Level 1 (Lowest Severity).’

Examples of severity level assignments are:

o Level 5—HCC 137 (Hypoplastic Left Heart
Syndrome and Other Severe Congenital
Heart Disorders);

o Level 4—HCC 127 (Cardio-Respiratory
Failure and Shock, Including Respiratory
Distress Syndromes);

o Level 3—HCC 45 (Intestinal Obstruction);

» Level 2—HCC 69 (Acquired Hemolytic
Anemia, Including Hemolytic Disease of
Newborn); and,

o Level 1—HCC 37 (Chronic Hepatitis).

All infants (age 0 or 1) are assigned to a disease
severity category based on the single highest
severity level of any of their non-maturity
HCCs. HCCs not appropriately diagnosed for
infants—such as pregnancy and psychiatric
HCCs—were excluded from the infant disease
severity categories. Infants with no severity
HCCs are assigned to Level 1.

When

categories and 5 severity categories define 25

cross-classified, the 5 maturity
mutually-exclusive categories. Each infant is
assigned to 1 of the 25 categories. Finally, there
are two additive terms for sex, for age zero males

and age one males."

° In assigning HCC:s to infant severity levels, the HCC hierarchies
are maintained. If two HCCs are in a hierarchical relationship, the
higher-ranking HCC is assigned to the same or a higher severity
level than the lower-ranking HCC.

' Male infants have higher costs than female infants due to

increased morbidity and neonatal mortality.
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Model Estimation

All risk adjustment models are estimated by weighted
least squares regression.'’ The dependent variable is
annualized, simulated, plan liability expenditures,and
the weight is the person-specific, sample eligibility
fraction. Annualization and weighting—which
are equivalent on an annual basis to predicting per
member per month expenditures weighting by the
number of months each individual is eligible for the
sample—appropriately adjusts for months of enrollee
eligibility in the sample. Independent variables for
the adult model include 18 age/sex demographic
categories, 114 HCC diagnosis groups, and 16
disease interactions (discussed below), and for the
child model, 8 age/sex demographic categories and
119 HCC diagnosis groups. For the infant model,
independent variables include 25 categories defined
by birth maturity for age 0, age 1, and diagnostic
severity, and 2 age/sex demographic additive terms.

In each adult and child regression model, we
includeabinaryindicatorvariable for eachindividual
HCC that is not included in an aggregate HCC
grouping. In addition, we include a binary indicator
for each aggregate HCC grouping. In the latter case,
it indicates whether or not the enrollee had at least
one HCC in the aggregate HCC grouping.

In addition, we impose coefficient constraints
to ensure that the principle that higher-clinically-
ranked HCCs in an HCC hierarchy have at least
as large incremental predicted expenditures as
lower-ranked HCCs is met. Constraints generally
have the effect of averaging two or more groups
together when, unconstrained, there is a violation

of clinical logic.

! We investigated various non-linear approaches to model
estimation that might have been better able to account for the
non-linearities in plan liability. However, these models suffer from
several important shortcomings, including complexity, lack of
transparency, and not predicting mean expenditures accurately for
all diagnostic and demographic subgroups, or even for the overall
sample. We concluded that, evaluated against a broad range of
criteria for real-world risk adjustment, weighted least squares is the
preferable estimation method.
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Disease Interactions

For the adult models, the inclusion of disease
interaction terms better reflected plan liability across
metal levels and improved model performance."
Based on empirical findings, as well as clinical
review, we developed a set of eight diagnostic
markers of severe illness: HCC 2 (Septicemia,
Sepsis, Systemic Inflammatory Response Syndrome/
Shock); HCC 42
Perforation/Necrotizing Entercolitis); HCC 120
(Seizure Disorders and Convulsions); HCC 122
(Non-Traumatic Coma, Brain Compression/Anoxic
Damage); HCC 125 (Respirator Dependence/
Tracheostomy Status); HCC 126 (Respiratory
Arrest); HCC 127 (Cardio-Respiratory Failure and
Shock, Including Respiratory Distress Syndromes);
and HCC 156 (Pulmonary Embolism and Deep Vein

Thrombosis). A severe illness indicator variable was

(Peritonitis/Gastrointestinal

defined as having at least one of the eight diagnostic
markers of severe illness."

The severe illness indicator was interacted with
individual HCCs and aggregate HCC groupings.'*
The disease interactions that met minimum
sample size and incremental predicted expenditure
thresholds were included in the model. The
incremental predicted expenditures for the disease
interactions were categorized into medium and
high cost categories. For each category, we included
a binary indicator variable in the regression model
for whether or not the enrollee had at least one
disease interaction in the category. Finally, a
hierarchy was imposed such that if an enrollee was
in the high cost disease interaction category, he/

she was excluded from the medium cost category.

12 Disease interactions were empirically unimportant in the child
model and were not included. The infant model is a categorical
model.

13 The diagnostic markers of severe illness are also included in the
model not interacted with other diagnoses (HCCs).

“When we examined a comprehensive set of interactions, high
frequency, high incremental expenditure disease interactions
tended to include severe illnesses.
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In sum, a person can have, at most, one disease

interaction  coefficient/incremental  predicted
expenditure. This constraint was imposed because
clinical reasoning and empirical evidence indicated
that a single one of the diagnostic markers sufficed
to distinguish the most severely ill patients among

those with the underlying interacted diagnoses.

Predicted Plan Liability Expenditures

For an enrollee in a given metal level plan, the
total predicted plan liability expenditures is the
sum of the incremental predicted plan liability
expenditures (coefficients) from the relevant metal
level model. For adults and children, this is the
sum of the age/sex, HCC, and disease interaction
coefficients.”® For infants, this is the sum of the
maturity/disease-severity category and additive
sex coefficients.

Recall that plan liability expenditures were
converted to relative plan liability expenditures,
resulting in a relative plan liability expenditure
of 1.0 for the average plan liability expenditure in
the calibration sample. Converting “actual” plan
liability expenditures to relatives automatically
converts “predicted” plan liability expenditures
to relatives. Going forward, we use the term
“predicted plan liability” to mean “predicted

relative plan liability”

Model Evaluation

The predictive accuracy of a risk adjustment
model for individuals is typically judged by the
percentage of variation in individual expenditures
explained by the model (as measured by the
R-squared statistic). To test the performance of the
HHS-HCC risk adjustment models for subgroups,
we calculate the expenditure ratio of predicted to
actual weighted mean plan liability expenditures,

which is commonly termed the “predictive ratio.”

15 The child risk adjustment models do not have disease interactions.
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If prediction is perfect, mean predicted will equal
mean actual expenditures, and the predictive ratio
is 1.00. As a rule of thumb, predictive ratios with
a margin of error of 10 percent in either direction
(0.90 < predictive ratio < 1.10) indicate reasonably

accurate prediction (Kautter et al., 2012).

Results

Sample Exclusions

As shown in Exhibit 1, the 2010 data included
45,239,752 enrollees. After all exclusionary criteria
were imposed, the concurrent sample comprised
20,040,566 enrollees, which is 44.3 percent of the
original sample. Adults, children, and infants
comprise, respectively, 71.0 percent, 27.1 percent,

and 1.9 percent of the concurrent sample.

Plan Liability Expenditures

Mean simulated plan liability expenditures
(annualized, weighted) per enrolled beneficiary
ranges from 1.369 (36.9% higher than average)
for the platinum cost sharing level to 0.877 (12.3%
lower than average) for the catastrophic cost
sharing level (shown in Exhibit 2, decomposed by
adult/child/infant as well as by metal level). The
median ranges from 0.216 for platinum to 0.000 for
silver, bronze, and catastrophic.'® The percentage
of individuals with $0 plan liability increases
from 16.9 percent for platinum to 83.2 percent for
catastrophic. Mean plan liability expenditures are
highest for infants (e.g., 2.232 for silver mean plan
liability), which is not surprising given infants have
costs related to hospitalization at birth and can

have severe and expensive conditions that do not

!¢ Every enrollee will have a positive plan liability risk score,
regardless of whether he/she has a positive plan liability
expenditure (the one exception is for children ages 2-9 without a
risk adjustment model HHS-HCC and enrolled in a catastrophic
plan—these enrollees will have a plan liability risk score of 0—see
section below “Child Risk Adjustment Models” and Exhibit 5 and
Appendix Exhibit A2).
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Exhibit 1. Exclusions to Create HHS-HCC Risk Adjustment Concurrent Modeling Sample’

Percent Enrollees, Percent Enrollees,

Category Enrollees before Exclusions after Exclusions
Eligible in 2010, before exclusions 45,239,752 100.0 —
Exclusions':

not PPO or other FFS plan 6,088,382 13.5 —

any capitated services 1,910,994 4.2 —

no mental health/substance abuse coverage 15,714,418 34.7 —

no prescription drug coverage 10,498,693 23.2 —

mothers with bundled newborn claims 32,158 0.1 —

newborns with no birth claims 79,551 0.2 —
Concurrent sample 20,040,566 44.3 100.0

adult sample (age 21-64) 14,220,503 31.4 71.0

child sample (age 2-20) 5,439,645 12.0 27.1

infant sample (age 0-1) 380,418 0.8 1.9

NOTE: 'Exclusions not mutually exclusive.
SOURCE: Authors’ analysis of 2010 MarketScan® Commercial Claims and Encounters Database.

Exhibit 2. Distribution of Relative Plan Liability Expenditures' by Metal Tier and Age Group

Platinum Gold Silver Bronze Catastrophic
Adult (age 21+)
Mean 1.662 1.497 1.329 1.148 1.097
Median 0.304 0.216 0.000 0.000 0.000
% with $0 22.0 32.9 53.1 72.0 79.2

Child (age 2-20)

Mean 0.532 0.454 0.357 0.273 0.252
Median 0.087 0.007 0.000 0.000 0.000
% with $0 27.2 48.5 76.1 90.1 93.6

Infant (age 0-1)

Mean 2.706 2.518 2.232 1.918 1.842
Median 0.714 0.596 0.257 0.000 0.000
% with $0 5.2 10.0 31.7 70.4 83.0

NOTES: 'Expenditures are 2010 expenditures trended to 2014. Expenditures include inpatient, outpatient, and prescription expenditures.

Total expenditures include all of these expenditures. Simulated plan liability expenditures reflect standardized benefit designs by metal level.
Expenditures are annualized by dividing by the eligibility fraction, and expenditures statistics are weighted by this same eligibility fraction.
Plan liability expenditures are converted to relative plan liability expenditures. A relative plan liability expenditure of 1.0 represents the average
plan liability expenditure in the calibration sample (adult + child + infant).

SOURCE: Authors’ analysis of 2010 MarketScan® Commercial Claims and Encounters Database.

occur in adults or children. Adults have close to than children (e.g., 1.329 vs. 0.357 for the Silver

four times higher mean plan liability expenditures metal level), which, again, is not surprising given

Kautter, ], Pope, G. C., Ingber, M., et al. E10



MMRR

that the onset of most chronic conditions are

highly correlated with age.

HHS-HCCs

As shown in Exhibit 3, in the adult concurrent
modeling sample, only 19.2 percent of enrollees
have at least one HCC, with the vast majority (79.2
percent) of these having only one HCC. This result
does not suggest, however, that the HCCs are
unimportant in the risk adjustment model. To the
contrary, while a minority of the adult sample has
HCCs, the majority of expenditures correspond to
enrollees with HCCs. Depending on metal level, the
percentage of adult expenditures corresponding to
enrollees with at least one HCC ranges from 63.4
percent (platinum) to 75.9 percent (catastrophic).
Health care expenditures are concentrated in a
small proportion of enrollees with serious medical
problems, while the majority of the commercial

population is relatively healthy. Finally, there is

2014: Volume 4 (3)

substantial variation by age group in the number
of HCCs, with 19.2 percent of the adult sample
having at least one HCC, but only 9.1 percent of
the child sample. Almost half of the infant sample
has at least one HCC, which is to be expected given
approximately half of that sample are newborns
with associated birth maturity HCCs.

Adult Risk Adjustment Models

The model for each of the metal levels is
calibrated on the same adult concurrent sample.
Each model includes the same independent
variables: 18 age-sex cells, 114 HCCs,"” and
16 disease interaction terms. Predicted plan
liability for each enrollee is the sum of one
age-sex coefficient, from zero to many HCC

coefficients (individual HCCs and aggregate

17 Because of HCC groupings, the effective number of HHS-HCCs
for the adult risk adjustment model is 91.

Exhibit 3. Distribution of HHS-HCC Concurrent Sample by Number of Payment HHS-HCCs'

% of Plan Liability Expenditures

% of
Count of HCCs Enrollees Enrollees  Platinum Gold Silver Bronze Catastrophic
Adult (age 21-64)
0 11,492,635 80.8 36.6 34.9 31.2 25.8 24.1
1 2,160,220 15.2 32.1 32.0 32.8 334 33.5
2+ 567,648 4.0 314 33.0 36.0 40.8 42.4
Child (age 2-20)
0 4,942,586 90.9 52.0 48.6 41.0 31.9 28.9
1 446,308 8.2 28.0 29.0 31.6 33.3 33.7
2+ 50,751 0.9 20.0 22.3 27.4 34.8 37.4
Infant (age 0-1)
0 209,116 55.0 15.3 13.8 9.8 5.7 4.7
1 148,663 39.1 28.6 27.6 25.4 20.0 18.3
2+ 22,639 6.0 56.1 58.6 64.8 74.3 77.0

NOTES: 'HHS-HCCs is Department of Health and Human Services (HHS)-Hierarchical Condition Categories (HCCs). HHS-HCC:s are based on
ICD9-CM diagnosis codes from valid sources (including inpatient, hospital outpatient, and physician). There are 264 HHS-HCCs, among which
127 HHS-HCC:s are used for the risk adjustment models. These 127 HHS-HCCs incorporate 23.8% (3,439) of the 14,445 ICD9-CM codes.
SOURCE: Authors’ analysis of 2010 MarketScan® Commercial Claims and Encounters Database.
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HCC groupings) subject to HCC hierarchies and
constraints/groups, and zero or one severe illness
disease interaction term. The model coefficients
represent the incremental, not total, predicted
plan liability expenditures of each risk marker
in the model, given the other risk markers
characterizing an individual. The dependent
variable for each model is the annualized plan
liability expenditures simulated according to a
standard cost sharing design for that metal level.

Exhibit 4 shows selected results for the adult
risk adjustment models by metal level (for the
full results, see Appendix Exhibit A1). The model
R-squares range between 36 percent for the
platinum model to 35 percent for the catastrophic
model. The sample size for each model is

14,220,503, with each age/sex category having

2014: Volume 4 (3)

between 0.5 million and 1 million observations.
Given such large sample sizes, all coefficients are
statistically significant at conventional significance
levels. The age/sex demographic coefficients are
monotonically increasing with age, and higher for
females in every age group, but especially in the
latter child-bearing years (ages 35-44). These are
the total predicted plan liabilities for enrollees
without (model) HCCs. In addition, for each age/
sex category, the age/sex coefficients are decreasing
from platinum to catastrophic. For example, for
females age 55-59, the age coefficient decreases by
more than half, from 1.054 for the platinum model
to 0.443 for the catastrophic model. The lower
coefficient reflects the higher enrollee cost sharing
and, thus, lower plan liability, moving from the

platinum to catastrophic plans.

Exhibit 4. Selected Incremental Relative Plan Liability Results From the HHS-HCC Risk Adjustment
Models—Adult age 21+ (for full results, see Appendix Exhibit A1)

R-squared = 0.3602 0.3553 0.3524 0.3505 0.3496
Platinum Gold Silver Bronze Cata-
Plan Plan Plan Plan strophic Plan
Liability  Liability  Liability = Liability Liability
HCC
Number Variable Label Count Estimate  Estimate  Estimate Estimate Estimate
Demographics, Male

Age range 21-24 538,648 0.258 0.208 0.141 0.078 0.062

Age range 25-29 606,608 0.278 0.223 0.150 0.081 0.064

Age range 30-34 687,832 0.338 0.274 0.187 0.101 0.079

Age range 35-39 745,699 0.413 0.339 0.240 0.140 0.113

Age range 40-44 796,828 0.487 0.404 0.293 0.176 0.145

Age range 45-49 858,862 0.581 0.487 0.365 0.231 0.195

Age range 50-54 884,086 0.737 0.626 0.484 0.316 0.269

Age range 55-59 821,612 0.863 0.736 0.580 0.393 0.339

Age range 60+ 830,119 1.028 0.880 0.704 0.487 0.424

Demographics, Female
Age range 21-24 569,087 0.433 0.350 0.221 0.101 0.072
Age range 25-29 674,034 0.548 0.448 0.301 0.156 0.120
(Continued)
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Exhibit 4 Continued. Selected Incremental Relative Plan Liability Results From the HHS-HCC Risk Adjustment
Models—Adult age 21+ (for full results, see Appendix Exhibit A1)

2014: Volume 4 (3)

Platinum Gold Silver Bronze Cata-
Plan Plan Plan Plan strophic Plan
Liability Liability Liability  Liability Liability
HCC
Number Variable Label Count Estimate  Estimate  Estimate Estimate Estimate
Age range 30-34 749,938 0.656 0.546 0.396 0.243 0.203
Age range 35-39 798,475 0.760 0.641 0.490 0.334 0.293
Age range 40-44 863,256 0.839 0.713 0.554 0.384 0.338
Age range 45-49 954,659 0.878 0.747 0.583 0.402 0.352
Age range 50-54 991,782 1.013 0.869 0.695 0.486 0.427
Age range 55-59 931,270 1.054 0.905 0.726 0.507 0.443
Age range 60+ 917,708 1.156 0.990 0.798 0.559 0.489
Top 10 HCCs by Count
HCCO021 Diabetes without 645,595 1.331 1.199 1.120 1.000 0.957
Complication
HCC088 Major Depressive 401,377 1.870 1.698 1.601 1.476 1.436
and Bipolar
Disorders
HCC161 Asthma 364,019 1.098 0.978 0.904 0.810 0.780
HCCO020 Diabetes 159,961 1.331 1.199 1.120 1.000 0.957
with Chronic
Complications
HCC160 Chronic 155,494 1.098 0.978 0.904 0.810 0.780
Obstructive
Pulmonary
Disease,
Including
Bronchiectasis
HCCO012 Breast (Age 50+) 145,403 3.509 3.294 3.194 3.141 3.121
and Prostate
Cancer, Benign/
Uncertain Brain
Tumors, and
Other Cancers
and Tumors
HCC142 Specified Heart 122,300 3.363 3.193 3.112 3.063 3.046
Arrhythmias
HCC130 Congestive Heart 102,163 3.790 3.648 3.587 3.591 3.594
Failure
(Continued)
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Exhibit 4 Continued. Selected Incremental Relative Plan Liability Results From the HHS-HCC Risk Adjustment
Models—Adult age 21+ (for full results, see Appendix Exhibit A1)

Platinum Gold Silver Bronze Cata-
Plan Plan Plan Plan strophic Plan
Liability Liability Liability  Liability Liability
HCC
Number Variable Label Count Estimate  Estimate  Estimate Estimate Estimate
HCCO056 Rheumatoid 100,032 3.414 3.135 3.009 2.987 2.982
Arthritis and
Specified
Autoimmune
Disorders
HCC209 Completed 82,077 3.778 3.285 3.134 2.931 2.906
Pregnancy with

No or Minor
Complications

NOTES: 1. N = 14,220,503.

2. Mean plan liability expenditures for platinum, gold, silver, bronze, and catastrophic, respectively: 1.653 1.489, 1.321, 1.142, and 1.091.

3. Expenditures are 2010 expenditures trended to 2014. Expenditures include inpatient, outpatient, and prescription expenditures.

Total expenditures include all of these expenditures. Simulated plan liability expenditures reflect standardized benefit designs by metal level.

Plan liability expenditures are converted to relative plan liability expenditures.

A relative plan liability expenditure of 1.0 represents the mean for the overall calibration sample (adult + child + infant).

Expenditures are annualized by dividing by the eligibility fraction, and regression models are weighted by this same eligibility fraction.
4. HHS-HCCs is the acronym for Department of Health and Human Services (HHS)-Hierarchical Condition Categories (HCCs).

5. All coefficient estimates are statistically significant at the 5% level or lower.

SOURCE: Authors’ analysis of 2010 MarketScan® Commercial Claims and Encounters Database.

For the adult silver model, HCC coefficients
range from 0.521 (HCC 113, Cerebral Palsy,
except Quadriplegic) to 78.175 (HCC 41, Intestine
Transplant Status/Complications). For the five
most prevalent HCCs, the coefficients are 1.120
(HCC 21, Diabetes without Complications),
1.601 (HCC 88, Major Depressive and Bipolar
Disorders), 0.904 (HCC 161, Asthma), 1.120
(HCC 20, Diabetes with Complications), and
0.904 (HCC 160, Chronic Obstructive Pulmonary
Disease, including Bronchiectasis)."® As for the
disease interactions, the severe illness high cost
and medium cost category coefficients are 12.427
and 2.714, respectively. These amounts are added
to the predicted plan liability of individuals who

'8 The diabetes HCCs were grouped into a single cluster (aggregate
HCC grouping) with the same coefficient. Thus, diabetes with and
without complications have the same coefficient.

Kautter, ], Pope, G. C., Ingber, M., et al.

have both a qualifying underlying disorder and
one of the diagnostic markers of severe illness.
HCC coefficients decrease by metal level
when moving from the platinum model to
the catastrophic model, but typically not by a
substantial amount, with the majority decreasing
by less than half the sample average expenditure
(i.e, by less than 0.500). For example, the
coefficient for “HCC 130, Congestive Heart
Failure” decreases only from 3.790 for the
platinum model to 3.594 for the catastrophic
model.”” The differences in the HCC coefficients

across metal levels are not as pronounced as

¥ Some HCCs—those associated with lower expenditures—do
show larger coefficient changes across metals. For example,
the coefficient of the diabetes group (HCCs 19-21) falls from
1.331 in the simulated platinum plan to 0.957 in the simulated
catastrophic plan.

El4



MMRR

the differences in the age/sex coefficients. This
occurs because the age-sex coefficients represent
the entire predicted liability for persons without
HCCs, who are relatively healthy. The plan’s
liability for their lower expenditures is greatly
reduced by the increase in the deductible across
the simulated metal level plans. In contrast,
much of the spending for persons with HCCs,
especially the more expensive ones, occurs above
the plan deductible and even above the plan out-
of-pocket maximum, and thus is less affected by
the change in cost sharing when moving across
metal levels. The upshot is that predicted plan
liability, and hence the risk score, are more stable
(proportionately) across metal levels for very sick
individuals, while predicted plan liability/risk
score for healthy individuals is much lower in the
bronze or catastrophic plans than in the platinum
or gold plans.?**! In other words, plans will incur
a significant liability for very sick people even
if they have higher lower-end cost sharing; but
their proportionate liability for relatively healthy
people will be much lower.

Child Risk Adjustment Models

Each of the five metal level models is calibrated
on the same child concurrent sample. Each model
includes the same independent variables: eight age-
sex cells and 119 HCCs.* Disease interactions were

empirically unimportant for the child model and

» All individuals, including very sick ones, receive an age-sex
coefficient as part of their predicted plan liability. Thus, their
predictions are subject to the same absolute changes in plan
liability when moving across metal levels. However, because HCC
coefficients comprise the largest portion of the predicted liability of
very sick individuals, proportionately (percentage-wise) their total
prediction is less affected by metal level.

! The severe illness disease interaction coefficients are fairly stable
across metals, but rise slightly with greater cost sharing. This may
occur because the individual disease (HCC) and aggregate disease
(HCC) grouping coefficients decline across metals, and the severe
illness interactions are picking up more of the costs of the very
expensive people in the metals with higher cost sharing.

2 Because of aggregate HCC groupings, the effective number of
HHS-HCCs for the child risk adjustment model is 100.
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were not included. The dependent variable for each
model is the annualized plan liability expenditures
simulated according to a standard cost sharing
design for that metal level. Predicted plan liability
for each child is the sum of one age-sex coefficient
and zero to many HCC coefficients, each of which
represents an incremental expenditure.”

Exhibit 5 shows selected results for the child risk
adjustment models by metal level (for the full results,
see Appendix Exhibit A2). The model R-squares for
each of the 5 metal levels range between 31 percent for
the platinum model to 30 percent for the catastrophic
model. These R-squares are approximately 5
percentage points lower than the R-squares for the
adultmodels. Thiscanbe explained partiallyby noting
that less than 10 percent of the child sample has any
HCCs, which are the main predictors of individual
variation in plan liability expenditures. The sample
size for each model is 5,439,645, with each age/
sex category having between 362,777 and 921,236
observations. Given such large sample sizes, except
for the youngest age/sex categories (age 2—4, age 5-9)
for the lowest metal levels (bronze, catastrophic), all
coefficients are statistically significant at conventional
significance levels.

The age/sex demographic coefficients have
a U-shaped pattern, unlike the monotonically
increasing coefficients of adults. For example, for
males in the silver model, the age/sex coefficients
are 0.106 for age 2-4, 0.064 for age 5-9, 0.110 for
age 10-14,and 0.191 for age 15-20. Female children
are less expensive than male children until ages
15-20, which is perhaps when reproductive health
expenses begin to become more pronounced.
Similar to the adult model, the age/sex coefficients

decrease from platinum to catastrophic.**

# The risk score for each child is the sum of his/her relative
coefficients. See above for details.

* The zero coefficients for ages 2-9 in the catastrophic model
indicate that the model predicts negligible expenditures above
the deductible for children of these ages without any of the risk
adjustment model HCCs.
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For the child silver model, HCC coefficients
range from 0.354 (HCC 161, Asthma; and HCC
160, Chronic Obstructive Pulmonary Disease,
including Bronchiectasis) to 106.991 (HCC 41,
Intestine Transplant Status/Complications). For
the five most prevalent HCCs, the coefficients
are 0.354 (HCC 161, Asthma), 1.453 (HCC 88,
Major Depressive and Bipolar Disorders), 1.882
(HCC 120, Seizure Disorders and Convulsions),
2.198 (HCC 21, Diabetes without Complication),
and 1.372 (HCC 102, Autistic Disorder). Three of

2014: Volume 4 (3)

the five most prevalent HCCs are the same in the
adult and child samples. However, the incremental
predicted expenditures are markedly different,
illustrating the clinical and cost differences among
the two populations, which were a major reason
for developing separate adult and child models.
The child silver model coefficient for “HCC 161,
Asthma” is less than half the adult coefficient
(0.354 vs. 0.904); the child coefficient for “HCC 21,
Diabetes without Complications” is almost double

the adult coefficient, perhaps reflecting the greater

Exhibit 5. Selected Incremental Relative Plan Liability Results from the HHS-HCC Risk Adjustment
Models—Child age 2-20 (for full results, see Appendix Exhibit A2)

R-squared = 0.3067 0.3024 0.2993 0.2962 0.2950
Platinum Gold Silver Bronze Cata-
Plan Plan Plan Plan strophic Plan
Liability ~ Liability  Liability = Liability Liability
HCC
Number Variable Label Count Estimate  Estimate  Estimate Estimate Estimate
Demographics, Male

Age range 2-4 380,841 0.283 0.209 0.106 0.019 0.000

Age range 5-9 688,499 0.196 0.140 0.064 0.005 0.000

Age range 10-14 749,982 0.246 0.189 0.110 0.047 0.033

Age range 15-20 955,972 0.336 0.273 0.191 0.114 0.095

Demographics, Female

Age range 2-4 362,777 0.233 0.165 0.071 0.019 0.000

Age range 5-9 660,717 0.165 0.113 0.048 0.005 0.000

Age range 10-14 719,621 0.223 0.168 0.095 0.042 0.031

Age range 15-20 921,236 0.379 0.304 0.198 0.101 0.077

Top 10 HCCs by Count

HCC161 Asthma 260,435 0.521 0.458 0.354 0.215 0.175
HCC088 Major Depressive 67,738 1.779 1.591 1.453 1.252 1.188

and Bipolar

Disorders
HCC120 Seizure Disorders 30,366 2.188 2.012 1.882 1.702 1.644

and Convulsions
HCC021 Diabetes without 14,042 2.629 2.354 2.198 1.904 1.799

Complication

(Continued)
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Exhibit 5 Continued. Selected Incremental Relative Plan Liability Results from the HHS-HCC Risk Adjustment
Models—Child age 2-20 (for full results, see Appendix Exhibit A2)

Platinum Gold Silver Bronze Cata-
Plan Plan Plan Plan strophic Plan
Liability ~ Liability  Liability = Liability Liability

HCC
Number Variable Label Count Estimate  Estimate  Estimate Estimate Estimate
HCC102 Autistic Disorder 12,355 1.673 1.500 1.372 1.177 1.112
HCC138 Major Congenital 11,217 2.257 2.143 2.018 1.870 1.828
Heart/
Circulatory

Disorders

HCC103 Pervasive 9,852 0.963 0.850 0.723 0.511 0.441
Developmental
Disorders, Except
Autistic Disorder

HCC139 Atrial and 9,017 1411 1.319 1.206 1.078 1.047
Ventricular
Septal Defects,
Patent Ductus
Arteriosus, and
Other Congenital
Heart/
Circulatory

Disorders
HCC062 Congenital/ 6,978 1.536 1.410 1.311 1.211 1.183

Developmental
Skeletal and
Connective
Tissue Disorders

HCCO030 Adrenal, 6,974 6.177 5.867 5.696 5.642 5.625
Pituitary, and
Other Significant
Endocrine
Disorders

NOTES: 1. N = 5,439,645.

2. Mean plan liability expenditures for platinum, gold, silver, bronze, and catastrophic, respectively: 0.532, 0.454, 0.357, 0.273, and 0.252.

3. Expenditures are 2010 expenditures trended to 2014. Expenditures include inpatient, outpatient, and prescription expenditures.

Total expenditures include all of these expenditures. Simulated plan liability expenditures reflect standardized benefit designs by metal level.
Plan liability expenditures are converted to relative plan liability expenditures.

A relative plan liability expenditure of 1.0 represents the mean for the overall calibration sample (adult + child + infant).

Expenditures are annualized by dividing by the eligibility fraction, and regression models are weighted by this same eligibility fraction.

4. HHS-HCCs is the acronym for Department of Health and Human Services (HHS)-Hierarchical Condition Categories (HCCs).

5. All non-zero coefficient estimates are statisticaly significant at the 5% level or lower.

SOURCE: Authors’ analysis of 2010 MarketScan® Commercial Claims and Encounters Database.
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severity of Type I versus Type II diabetes (2.198
vs. 1.120); and the child coefficient for “HCC
88, Major Depressive and Bipolar Disorders”
is relatively similar in magnitude to the adult
coefficient (1.453 vs. 1.601). Some other notably
higher child versus adult silver coefficients are:
“HCC 112 Quadriplegic Cerebral Palsy” (5.223
child vs. 1.681 adult); “HCC 159 Cystic Fibrosis”
(12.743 child vs. 9.957 adult); and “HCC 102
Autistic Disorder” (1.372 child vs. 0.974 adult).
Finally, like the adult model, the HCC coefficients
in the child model decrease when moving from
the platinum model to the catastrophic model, but

often not by a substantial amount.

Infant Risk Adjustment Models

As described previously, the infant model utilizes a
categorical approach in which infants are assigned
a birth maturity (by length of gestation and birth
weight) or Age 1 category, and a disease severity
category (based on HCCs other than birth maturity).
Exhibit 6 shows the estimated infant risk adjustment
models by metal level. The model R-squares are 29
percent across the five metal levels in the infant
model, which are slightly lower than the child
model R-squares. The sample size for each model is
380,418, with 90 percent of observationsin the “Term
x Severity Level 1” category (n=121,841) or the “Age
1 x Severity Level 1” category (n=219,105). The
remaining categories (except for the Male Additive
terms) each have fewer than 10,000 observations. In
fact, sample sizes for a handful of categories are less
than 100, which required coefficient constraints to
improve statistical precision. Predicted plan liability
for each infant is the coefficient of his or her single
category [(maturity) x (disease severity)] plus, if
male, the coefficient of the Age 0 or Age 1 Male
Additive Term.”

% The risk score for each infant is the sum of his/her relative
coefficients. See above for details.
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For the infant silver model, predicted plan
liability for age 0 female infants ranges from 391.387
for the “Extremely Immature x Severity Level 5”
category, to 0.998 for the “Term x Severity Level 1”
category. Thus, the predicted plan liability for an
extremely immature infant with the highest disease
severity level is almost 400 times the predicted plan
liability for a term infant with the lowest disease
severity level. For age 1 female infants, predicted
plan liability ranges from 61.217 for the “Age 1 x
Severity Level 5” category to 0.333 for the “Age 1 x
Severity Level 1”7 category. The “Age 0, Male” and
“Age 1, Male” Additive Terms are 0.574 and 0.094,
respectively. Within each maturity level, predicted
plan liability is increasing in severity (or is equal
when small sample sizes require severity levels to
be combined in estimation). Also, for age 0 infants,
within each severity level, predicted plan liability
increases with greater immaturity.

The infant model predicted plan liability,
the (maturity) x (disease severity) coefficients,
decrease with greater plan enrollee cost sharing
(moving from platinum to catastrophic plans). But,
proportionately, the reduction is much larger for the
less expensive categories. For example, the (Term) x
(Severity Level 5) predicted plan liability falls only
from 132.588 (platinum) to 130.292 (catastrophic).
But the (Term) x (Severity Level 1) predicted
plan liability falls from 1.661 (platinum) to 0.188
(catastrophic). This can be explained by the large
difference in deductibles in the standard benefit
designs used to simulate plan liability expenditures,
which have a much larger proportionate effect on

the lower-expenditure categories.

Evaluation

In evaluating the models” performance we look at
both explanatory power at the individual level and
under- and over-prediction for subgroups of the
population. We evaluate model predictive accuracy

using our MarketScan® calibration sample. While
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Exhibit 6. HHS-HCC Risk Adjustment Models—Infant (age 0-1) Relative Plan Liability Results

R-squared = 0.2916 0.2893 0.2884 0.2885 0.2885
Cata-
Platinum Silver Bronze strophic
Plan Gold Plan Plan Plan Plan
Liability Liability Liability Liability Liability
Variable Count Estimate Estimate Estimate Estimate Estimate
AGE 0 (all age 0 infants are assigned to exactly 1 of these 20 mutually-exclusive categories)
Extremely Immature * 178 393.816 392.281 391.387 391.399 391.407
Severity Level 5
Extremely Immature * 513 225.037 223.380 222.424 222.371 222.365
Severity Level 4
Extremely Immature * 55 60.363 59.232 58.532 58.247 58.181¢
Severity Level 3
Extremely Immature * 2 60.363 59.232 58.532 58.247 58.181¢
Severity Level 2
Extremely Immature * 121 60.363 59.232 58.532 58.247 58.181¢
Severity Level 1
Immature * Severity Level 5 144 207.274 205.589 204.615 204.629 204.644
Immature * Severity Level 4 1,638 89.694 88.105 87.188 87.169 87.178
Immature * Severity Level 3 243 45.715 44.305 43.503 43.394 43.379
Immature * Severity Level 2 69 33.585 32.247 31.449 31.221 31.163%
Immature * Severity Level 1 1,264 33.585 32.247 31.449 31.221 31.163¢
Premature/Multiples * 213 173.696 172.095 171.169 171.111 171.108
Severity Level 5
Premature/Multiples * 2,205 34.417 32.981 32.155 31.960 31.925
Severity Level 4
Premature/Multiples * 634 18.502 17.382 16.694 16.311 16.200
Severity Level 3
Premature/Multiples * 371 9.362 8.533 7.967 7.411 7.241
Severity Level 2
Premature/Multiples * 9,189 6.763 6.144 5.599 4.961 4.771
Severity Level 1
Term * Severity Level 5 377 132.588 131.294 130.511 130.346 130.292
Term * Severity Level 4 4,146 20.283 19.222 18.560 18.082 17.951
Term * Severity Level 3 3,818 6.915 6.286 5.765 5.092 4.866
Term * Severity Level 2 3,440 3.825 3.393 2.925 2.189 1.951
Term * Severity Level 1 121,841 1.661 1.449 0.998 0.339 0.188
AGE 1 (all age 1 infants are assigned to exactly 1 of these 5 mutually-exclusive categories)
Agel * Severity Level 5 432 62.385 61.657 61.217 61.130 61.108
Agel * Severity Level 4 2,509 10.855 10.334 9.988 9.747 9.686
Agel * Severity Level 3 3,638 3.633 3.299 3.007 2.692 2.608

Kautter, ], Pope, G. C., Ingber, M., et al.
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Exhibit 6 Continued. HHS-HCC Risk Adjustment Models—Infant (age 0-1)

Cata-
Platinum Silver Bronze strophic
Plan Gold Plan Plan Plan Plan
Liability =~ Liability  Liability  Liability  Liability
Variable Count Estimate Estimate Estimate Estimate Estimate
Agel * Severity Level 2 4,273 2.177 1.930 1.665 1.320 1.223
Agel * Severity Level 1 219,105 0.631 0.531 0.333 0.171 0.137

AGE 0 Male Additive Term (all age 0 males have this term added to their associated age 0 category coefficient)

Age 0 Male

77,642 0.629

0.587 0.574 0.533 0.504

AGE 1 Male Additive Term (all age 1 males have this term added to their associated age 1 category coefficient)

Age 1 Male

117,666 0.117

0.102 0.094 0.065 0.054

NOTES: 1. N = 380,418.

2. Mean plan liability expenditures for platinum, gold, silver, bronze, and catastrophic, respectively: 2.706, 2.518, 2.232, 1.918, and 1.842.

3. Expenditures are 2010 expenditures trended to 2014. Expenditures include inpatient, outpatient, and prescription expenditures.

Total expenditures include all of these expenditures. Simulated plan liability expenditures reflect standardized benefit designs by metal level.

Plan liability expenditures are converted to relative plan liability expenditures.

A relative plan liability expenditure of 1.0 represents the mean for the overall calibration sample (adult + child + infant).

Expenditures are annualized by dividing by the eligibility fraction, and regression models are weighted by this same eligibility fraction.
4. HHS-HCCs is Department of Health and Human Services (HHS)-Hierarchical Condition Categories (HCCs).

5. Regression model coefficient constraints were applied as follows:

C1: The Extremely Immature interactions for Severity Levels 3 and 2 were constrained to Severity Level 1.

C2: The Immature interaction for Severity Level 2 was constrained to Severity Level 1.

6. All coefficient estimates are statistically significant at the 5% level or lower, except for:

i) age 1 male additive coefficient for all models,

i) term * severity level 1 coefficient for the catastrophic model, which is statistically significant only at the 6% level (p-value = 0.0536).

7. Severity level 5 is the highest severity level, and severity level 1 is the lowest.
SOURCE: Authors’ analysis of 2010 MarketScan® Commercial Claims and Encounters Database.

we believe that the evaluation results from this
very large and nationally dispersed database are
informative and representative on average, our
evaluation results do not necessarily generalize
perfectly to each individual state’s ACA risk
adjustment population or plans.

To evaluate the predictive accuracy of the
models for individuals, we examine the models’
R-squared statistics. These were between 35 and
36 percent for the adult models, between 30 and
31 percent for the child models, and 29 percent
for the infant models (Exhibits 4, 5, & 6). In
comparison, the predictive power of demographic-
only models is relatively low, generally less than

2 percent. Adding information about diagnoses

Kautter, ], Pope, G. C., Ingber, M., et al.

substantially improves the predictive power of
the models. Further, the predictive power of the
concurrent diagnosis-based models presented
here substantially exceeds the predictive ability for
individuals of prospective diagnosis-based models
(e.g., the Medicare CMS-HCC risk adjustment
model), which typically have R-squared statistics
of 10-15 percent.

The R-squared statistics of the HHS-HCC
models are within the range of R-squared
statistics of other concurrent models predicting
expenditures for commercial insurance enrollees
(Winkelman & Mehmud, 2007). However,
although predictive accuracy is an important
goal in model development, the HHS-HCC
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models are not developed purely to maximize
the value of the R-squared statistic. Instead,
the HHS-HCC models are intended to balance
high predictive ability with lower sensitivity to
discretionary diagnostic coding. The latter is
primarily achieved by including only a subset of
less discretionary HCCs that identify chronic or
systematic conditions subject to insurance risk
selection rather than being random acute events.
In addition, HCCs that primarily represent
complications of or poor quality of care (e.g.,
pressure ulcers) are excluded.

It is also important to assess aggregate
predictive accuracy for defined subgroups of
health plan enrollees. This analysis evaluates
whether the model predicts liability accurately
for plans enrolling different types of people,
and whether once the model is implemented,
plans have any incentives to avoid or enroll
certain types of individuals, for example, those
with high health care costs or certain medical
conditions. In the calibration sample, the
models predict mean plan liability expenditures
perfectly (predictive ratio = 1.00) for each of the
age group subpopulations (adult, child, infant)
for each level of plan cost sharing (platinum,
gold, silver, bronze, catastrophic). Not only
that, prediction is perfect for each of the
included demographic (age/sex categories) and
diagnostic factors (HCC diagnosis groups) for
each subpopulation. This is expected, given the
specification and statistical techniques used to
estimate the model. However, given their clinical
and cost differences, predicting accurately on
average for these subpopulations is important.
For example, the model accounts for the very
high incremental health care costs of children
with hemophilia (45.551—relative incremental
plan liability estimate in child silver model).
Basing risk transfer payments and charges on

accurate estimates of the differential costs by
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subpopulation will help ensure that plans in
the individual and small group markets receive
adequate payments to treat enrollees with high
expected costs.

We also tested the predictive accuracy of the
models using enrollee groups sorted into predicted
expenditure percentile ranges (0-40%, 40-80%, 80—
100%, top 10%, top 5%, top 1%). This set of ratios
determines whether the model predictions are
accurate at various levels of predicted expenditures;
that is, it determines whether expenditures the
model predicts to be low are in fact low on average,
and whether expenditures the model predicts to be
high are in fact high on average. We chose this set
of percentile ranges (which we refer to simply as
“percentiles”) not only to cover the entire range
of predicted expenditures, but to emphasize
the higher percentiles that capture the small
proportion of high-cost individuals in which most
medical expenditures are concentrated. Accurate
model prediction is especially critical for these
high-cost cases.

For the adult sample, Exhibit 7 presents
predictive ratios for percentiles of enrollees created
by sorting predicted plan liability expenditures.
The adult platinum model predicts well for these
predicted expenditure groups. There is less than a
10 percent prediction error in either direction for
each of these groups, ranging from lower-cost to
very-high-cost individuals. The lower percentiles,
0-40% and 40-80%, are somewhat under-predicted,
whereas the highest percentiles (80-100%, top 10%,
top 5%, top 1%) are somewhat over-predicted.

The adult models perform adequately across
all metallevels, doing especially well for the critical
highest percentiles. For example, for the 80-100%
percentile, the predictive ratios range from 1.04
(platinum) to 1.07 (catastrophic). The mean
actual plan liability expenditures for enrollees in
the 80-100% percentile range from 5.012 to 3.944
across metal tiers, which represents, respectively,
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Exhibit 7. Predictive Ratios by Percentiles of Predicted Expenditures—Adult Models

2014: Volume 4 (3)

Percentiles (sorted by predicted $)

0-40% 40-80% 80-100% top 10% top 5% top 1%
Platinum

Predicted $ 0.467 0.927 5.218 8.280 12.572 31.630
Actual $ 0.517 0.988 5.012 7.886 11.860 30.531
Predictive Ratio 0.90 0.94 1.04 1.05 1.06 1.04
% of Overall 11.8 24.2 64.0 50.8 38.1 19.1

Actual $

Gold

Predicted $ 0.385 0.791 4.847 7.794 11.998 30.813
Actual $ 0.437 0.857 4.628 7.368 11.241 29.658
Predictive Ratio 0.88 0.92 1.05 1.06 1.07 1.04
% of Overall 11.1 23.3 65.6 52.7 40.1 20.5

Actual $

Silver

Predicted $ 0.274 0.625 4.571 7.473 11.634 30.337
Actual $ 0.330 0.693 4.339 7.035 10.859 29.120
Predictive Ratio 0.83 0.90 1.05 1.06 1.07 1.04
% of Overall 9.5 21.3 69.3 56.7 43.7 22.7

Actual $

Bronze

Predicted $ 0.160 0.431 4.296 7.206 11.396 30.188
Actual $ 0.227 0.505 4.035 6.752 10.618 28.983
Predictive Ratio 0.71 0.85 1.06 1.07 1.07 1.04
% of Overall 7.5 17.9 74.6 62.9 49.4 26.2

Actual $

Catastrophic

Predicted $ 0.130 0.376 4.216 7.131 11.328 30.148
Actual $ 0.200 0.452 3.944 6.671 10.545 28.947
Predictive Ratio 0.65 0.83 1.07 1.07 1.07 1.04
% of Overall 6.9 16.8 76.3 65.1 514 274

Actual $

NOTES: 1. Predicted $ are mean relative predicted annualized plan liability expenditures for percentile group.

2. Actual $ are mean relative actual annualized plan liability expenditures for percentile group.

3. Predictive ratio is predicted $ divided by actual $.

4. % of overall actual $ is weighted sum of actual $ for percentile group divided by weighted sum of actual $ across entire adult sample, for each

metal tier.

5. For a given model, percentiles are sorted by predicted $ for that model.

6. Adults are age 21+.

SOURCE: Authors’ analysis of 2010 MarketScan® Commercial Claims and Encounters Database.
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64.0 percent to 76.3 percent of overall mean
actual plan liability expenditures. Since most
of the dollars are in the highest percentiles, it is
most important for the model to perform well for
these high cost subgroups.

The adult models perform less well for the
lowest percentiles, especially for the lower metal
levels. For example, for the 0-40% percentile,
the predictive ratio for the catastrophic
model is only 0.65. However, the enrollees
comprising the 0-40% percentile represent
only 6.9 percent of overall actual expenditures
for the catastrophic metal level. Moreover, the
absolute amount of the under-prediction, 0.130
for predicted expenditures versus 0.200 for
actual expenditures for a difference of 0.070,
is small. The predictive ratio is low, in part,
because the denominator of the ratio, 0.200
(1/5 of the average predicted expenditures for
the calibration sample), is small for these low-
cost beneficiaries, magnifying the absolute
prediction error when expressed as a ratio. For
the catastrophic metal, as for the other metals,
the HHS-HCC model predicts a wide range
of plan liabilities across groups, from 0.130 to
30.148 (0-40% percentile vs. top 1% percentile),
corresponding to a similar range of actual plan
liabilities ranging from 0.200 to 28.948.

The predictive ratios for the child models
(Exhibit 8) exhibit the same qualitative patterns
as for the adult models, except that the predictive
ratios denote less predictive accuracy. For the child
platinum model, there is less than a 20 percent
error for each percentile (except for the top 1%
percentile). Like the adult models, the child model
performs less well for the lowest percentiles,
especially for the lower metal levels. However,
it is important to consider the amount of actual
(relative) dollars these percentiles represent. For
example, for the catastrophic model, while the

0-40% percentile has a predictive ratio of 0.08,
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the absolute difference of predicted and actual
(relative) expenditures is only 0.049 (predicted
expenditures 0.004; actual expenditures 0.053),
and only 8.4 percent of overall expenditures of the
catastrophic metal level is incurred by the lowest
percentile group.

Finally, the infant models perform quite
accurately on the predictive ratios for predicted
expenditure percentiles (Exhibit 9). In general,
there is a 5 percent prediction error or smaller
across all percentiles and all metal levels. The
two exceptions are the 40-80% percentile for
the bronze model (predictive ratio = 0.90) and
the 0-40% percentile for the catastrophic model
(predictive ratio = 0.80). But again, the dollar
amounts of the under-predictions are modest and
these percentiles comprise a small share of total
actual expenditures, 7.3 percent for the 40-80%
percentile for bronze, and 4.2 percent for the

0-40% percentile for catastrophic.

Risk Score Calculation

Below we provide several examples of how
empirical risk adjustment model output is applied
to calculate an individual’s “plan liability risk
score (PLRS)”. We then define the plan average
PLRS, which is used in the calculation of transfer
payments and charges. In the HHS methodology;,
the risk score for an enrollee is defined as the
predicted relative plan liability expenditure for the
enrollee based on the HHS-HCC risk adjustment
model for the enrollee’s plan metal level. The
predicted relative plan liability expenditures are
calculated as follows. For an adult (age 21+),
it is the sum of the age/sex, HCC, and disease
interaction risk factors in Appendix Exhibit A1;
for a child, it is the sum of the age/sex and HCC
risk factors in Appendix Exhibit A2; and for
infants, it is the sum of the appropriate maturity/
disease-severity category and age/sex Additive
Term in Exhibit 6.
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Exhibit 8. Predictive Ratios by Percentiles of Predicted Expenditures—Child Models

Percentiles (sorted by predicted $)

0-40% 40-80% 80-100% top 10% top 5% top 1%
Platinum
Predicted $ 0.200 0.302 1.632 2.801 4.817 13.928
Actual $ 0.243 0.339 1.477 2.455 4.087 11.049
Predictive Ratio 0.82 0.89 1.10 1.14 1.18 1.26
% of Overall Actual $ 18.2 25.4 56.4 48.5 41.1 22.3
Gold
Predicted $ 0.144 0.238 1.487 2.589 4.514 13.467
Actual $ 0.187 0.275 1.331 2.242 3.776 10.502
Predictive Ratio 0.77 0.87 1.12 1.16 1.20 1.28
% of Overall Actual $ 16.4 24.1 59.5 51.8 44.4 24.9
Silver
Predicted $ 0.069 0.151 1.325 2.377 4.264 13.155
Actual $ 0.114 0.188 1.165 2.020 3.514 10.176
Predictive Ratio 0.61 0.80 1.14 1.18 1.21 1.29
% of Overall Actual $ 12.7 21.0 66.3 59.5 52.6 30.7
Bronze
Predicted $ 0.014 0.076 1.175 2.157 4.005 12.955
Actual $ 0.066 0.114 0.995 1.781 3.222 9.955
Predictive Ratio 0.21 0.66 1.18 1.21 1.24 1.30
% of Overall Actual $ 9.7 16.8 73.6 68.4 63.1 39.2
Catastrophic

Predicted $ 0.004 0.058 1.134 2.095 3.931 12.897
Actual $ 0.053 0.097 0.951 1.715 3.139 9.889
Predictive Ratio 0.08 0.60 1.19 1.22 1.25 1.30

8.4 154 76.2 71.3 66.6 42.2

% of Overall Actual $

NOTES: 1. Predicted $ are mean relative predicted annualized plan liability expenditures for percentile group.

2. Actual $ are mean relative actual annualized plan liability expenditures for percentile group.

3. Predictive ratio is predicted $ divided by actual $.

4. % of overall actual § is weighted sum of actual $ for percentile group divided by weighted sum of actual $ across entire child sample, for each
metal tier.

5. For a given model, percentiles are sorted by predicted $ for that model.

6. Children are ages 2-20.

SOURCE: Authors’ analysis of 2010 MarketScan® Commercial Claims and Encounters Database.

Based on lower income or certain other addition to premium subsidies. An adjustment
qualifying factors, some enrollees in Marketplace will be made to the risk score for enrollees in
plans will be eligible for reduced cost sharing in individual market cost-sharing plan variations in
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Exhibit 9. Predictive Ratios by Percentiles of Predicted Expenditures—Infant Models

Volume 4 (3)

Percentiles (sorted by predicted $)

0-40% 40-80% 80-100% top 10% top 5% top 1%
Platinum
Predicted $ 0.667 1.246 12.568 20.732 38.300 123.514
Actual $ 0.675 1.281 12.461 20.738 38.209 123.716
Predictive Ratio 0.99 0.97 1.01 1.00 1.00 1.00
% of Overall Actual $ 12.2 17.0 70.9 65.7 57.7 36.2
Gold
Predicted $ 0.563 1.090 12.276 20.732 37.294 122.116
Actual $ 0.570 1.127 12.164 20.713 37.202 122.314
Predictive Ratio 0.99 0.97 1.01 1.00 1.00 1.00
% of Overall Actual $ 11.0 16.2 72.8 67.9 60.3 38.5
Silver
Predicted $ 0.363 0.759 11.339 19.212 36.663 121.304
Actual $ 0.369 0.797 11.232 19.209 36.571 121.500
Predictive Ratio 0.98 0.95 1.01 1.00 1.00 1.00
% of Overall Actual $ 8.1 12.7 79.3 75.0 66.9 43.2
Bronze
Predicted $ 0.191 0.354 10.791 18.767 36.307 121.218
Actual $ 0.194 0.392 10.695 18.765 36.218 121.415
Predictive Ratio 0.98 0.90 1.01 1.00 1.00 1.00
% of Overall Actual $ 49 7.3 87.8 85.3 77.1 50.2
Catastrophic

Predicted $ 0.147 0.248 10.638 18.632 36.199 121.194
Actual $ 0.183 0.247 10.546 18.629 36.113 121.391
Predictive Ratio 0.80 1.01 1.01 1.00 1.00 1.00
% of Overall Actual $ 4.2 5.7 90.2 88.2 80.1 52.3

NOTES: 1. Predicted $ are mean relative predicted annualized plan liability expenditures for percentile group.

2. Actual $ are mean relative actual annualized plan liability expenditures for percentile group.

3. Predictive ratio is predicted $ divided by actual $.

4. % of overall actual § is weighted sum of actual $ for percentile group divided by weighted sum of actual $ across entire infant sample, for

each metal tier..

5. For a given model, percentiles are sorted by predicted $ for that model.

6. Infants are age 0-1.

SOURCE: Authors’ analysis of 2010 MarketScan® Commercial Claims and Encounters Database.

Marketplaces (Patient Protection and Affordable
Care Act, 2013). Individuals who qualify for

cost sharing reductions may utilize health care

Kautter, ], Pope, G. C., Ingber, M., et al.

services at a higher rate than would be the case
in the absence of cost sharing reductions. The

adjustment for induced demand due to cost sharing
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reductions will be multiplicative and applied to
the risk score.”® Because premiums for all cost-
sharing reduction plan variations are required to
be the same, despite the increased actuarial value
of coverage, we account for the induced demand
associated with cost-sharing plan variations as part
of the risk adjustment model and not as part of the
risk transfer formula.

Exhibit 10 provides illustrative examples of
the PLRS calculation, assuming a silver metal level
plan. Enrollee 1 is male and aged 56, with two
chronic conditions, diabetes with complications
and congestive heart failure. Predicted relative
incremental plan liability expenditures for these risk
factors in the adult silver model are 0.580, 1.120, and

% For silver plan variant recipients with the 94 percent and 87
percent plan variations, the induced utilization factor in 2014 is
1.12; for zero cost sharing recipients in gold, silver, and bronze
plans, the induced utilization factor in 2014 is 1.07,1.12, and 1.15,
respectively; otherwise, the induced utilization factor in 2014 is
1.00 (Patient Protection and Affordable Care Act, 2013).

2014: Volume 4 (3)

3.587, respectively. Therefore, his predicted relative
plan liability expenditure is 5.287, and since he does
not have cost sharing reductions (induced utilization
factor is 1.00), his PLRS is 5.287. Enrollee 2 is female
and aged 11 with asthma. Her predicted relative
plan liability expenditures from the child silver
model is 0.449 (0.095+0.354). However, she is also
a zero cost sharing recipient, so her total predicted
expenditures is multiplied by her induced utilization
factor 1.12, resulting in a PLRS of 0.503. Enrollee 3
is male and aged 0, with a term birth and severity
level 1. His predicted plan liability expenditure from
the infant silver model is 1.572 (0.574+0.998), and
since he doesn’t have cost sharing reductions, it is
his PLRS as well.

Finally, the plan average PLRS, which is used in
the calculation of transfer payments and charges, is
defined as the plan’s weighted average of individual
PLRSs, where the weights are enrollment months.

When the plan average PLRS is calculated, all

Exhibit 10. Plan Liability Risk Scores for Silver Metal Level Plan—Illustrative Examples

Predicted Relative Induced Plan Liability
Plan Liability Demand Risk Score
Expenditures Factor
Enrollee 1
Age 56 and Male 0.580
Diabetes with Complications 1.120
Congestive Heart Failure 3.587
Total 5.287 1.00 5.287
Enrollee 2
Age 11 and Female 0.095
Asthma 0.354
Total 0.449 1.12 0.503
Enrollee 3
Age 0 and Male 0.574
Term and Severity Level 1 0.998
Total 1.572 1.00 1.572

NOTE: Plan liability risk score equals predicted relative plan liability expenditures based on the HHS-HCC risk adjustment model for the
enrollee’s plan metal level, multiplied by the induced demand factor due to cost sharing reductions.
SOURCE: Author’s analysis of Appendix Exhibits A1-A2, Exhibit 6, and the Patient Protection and Affordable Care Act (2013).

Kautter, ], Pope, G. C., Ingber, M., et al.
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plan enrollees are counted in the numerator, but
only billable plan enrollees (parents and the three
oldest children) are counted in the denominator
(for details, see our companion article on the risk

transfer formula).

Conclusion

As discussed in our companion overview article,
the key program goal of the ACA risk adjustment
methodology developed by HHS is to compensate
health insurance plans for differences in enrollee
health mix so that plan premiums reflect differences
in scope of coverage and other plan factors, but not
differencesin health status. Thisarticle discusseshow
we developed an empirical risk adjustment model
using demographic and diagnostic information
from plan enrollees and plan actuarial value (metal
tier) to determine a risk score that reflects expected
plan liability for enrollee medical expenditures.

This article shows that the HHS risk adjustment
model takes into account the new population and
generosity of coverage (actuarial value level) in a
number of ways. We used private claims data to
develop the HHS-HCC diagnostic classification,
which is the key component of the risk adjustment
model. We developed fifteen separate concurrent
plan liability risk adjustment models reflecting
three age groups (adult, child, and infant), and five
actuarial value tiers (platinum, gold, silver, bronze,
and catastrophic). Evaluation of the models showed
good predictive accuracy, both for individuals and
for groups.

This article also provides several examples of
how to calculate risk scores. An enrollee’s “plan
liability risk score” is a relative measure of the
actuarial risk to the plan for the enrollee. It reflects
the health status risk to the plan of the enrollee,
the actuarial value of the plan, and the induced
demand of the enrollee due to plan variation cost

sharing reductions. Plan average risk scores are
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then calculated from the enrollee risk scores and
used as an input in the risk transfer formula.

In a companion article in this issue of the
Medicare ¢ Medicaid Research Review, we discuss
the risk transfer formula. We describe how the risk
score at the plan level is combined with factors
for a plan’s allowable premium rating, actuarial
value, induced demand, geographic cost, market
share, and the statewide average premium in a
formula that calculates balanced transfers among
plans. Then we discuss how each plan factor is
determined, as well as how the factors relate to

each other in the transfer formula.

Disclaimer

The authors have been requested to report any funding
sources and other affiliations that may represent a
conflict of interest. The authors reported that there are
no conflict of interest sources. This study was funded by
the Centers for Medicare & Medicaid Services. The views
expressed are those of the authors and are not necessarily
those of the Centers for Medicare & Medicaid Services.

Correspondence

John Kautter, Ph.D., RTT International, 1440 Main Street,
Suite 310, Waltham Massachusetts 02451, jkautter@rti.
org, Tel. (781) 434-1723 Fax. (781) 434-1701.

Acknowledgment

We would like to thank several people for their
contributions to this article. These include John
Bertko, Richard Kronick, and others from the HHS
“3Rs” advisory group; RITs clinician panel, which
included John Ayanian, Bruce Landon, Mark Schuster,
Thomas Storch, and other clinicians; and RTT computer
programmers Arnold Bragg, Helen Margulis, and
Aleksandra Petrovic.

References

Breyer, E, Bundorf, K., & Pauly, M. V. (2012).
Health Care Spending Risk, Health Insurance,
and Payment to Health Plans in M.V. Pauly,
T.G. McGuire, and P.P. Barros, eds. Handbook

E27



MMRR

of Health Economics, Volume 2. Amsterdam:
North Holland, Elsevier.

Buettgens, M., Garrett, B., & Holahan, J. (2010,
December). America Under the Affordable Care
Act. Urban Institute and Robert Wood Johnson

Foundation, 1-16.

Kautter, J., Ingber, M., Pope, G. C., & Freeman,
S. (2012). Improvements in Medicare Part
D Risk Adjustment:
and Payment Accuracy. Medical Care, 50,
1102-1108. PubMed http://dx.doi.org/10.1097/
MLR.0b013e318269¢b20

Beneficiary = Access

Kautter, J., Pope, G., & Keenan, P. (2014). Affordable
Care Act Risk Adjustment: Overview, Context,
and Challenges. Medicare & Medicaid Research
Review 4(3).

Patient Protection and Affordable Care Act; HHS
Notice of Benefit and Payment Parameters for
2014, 78 Fed.Reg. 47 (March 11, 2013).

Pope, G. C, Bachofer, H., Pearlman, A., Kautter,
J., Hunter, E., Miller, D., & Keenan, P. (2014).
Risk Transfer Formula for Individual and Small
Group Markets Under the Affordable Care Act.
Medicare & Medicaid Research Review 4(3).

Pope, G. C., Kautter, J., Ellis, R. P, Ash, A. S,
Ayanian, J. Z., lezzoni, L. I, . . . Robst, J. (2004).

Kautter, ], Pope, G. C., Ingber, M., et al.

2014: Volume 4 (3)

Risk Adjustment for Medicare Capitation
Payments Using the CMS-HCC Model. Health
Care Financing Review, 25(4), 119-141. PubMed

Trish, E., Damico, A., Claxton, G., Levitt, L., &
Garfield, R. (2011, March). A Profile of Health
Insurance Exchange Enrollees (Publication No.
8147). The Kaiser Family Foundation.

Van de Ven, W. P. M. M. (2011). Risk Adjustment
and Risk Equalization: What Needs to Be
Done? Health Economics, Policy, and Law, 6,
147-156. PubMed http://dx.doi.org/10.1017/
S$1744133110000319

van de Ven, W. P. M. M., & Schut, E (2011).
Guaranteed Access to Affordable Coverage
in Individual Health Insurance Markets. in S.
Glied and P.C. Smith eds. The Oxford Handbook
of Health Economics. Oxford, United Kingdom:
Oxford University Press.

van de Ven, W. P. M. M., & Ellis, R. P. (2000). Risk
Adjustment in Competitive Health Plan Markets
in Anthony J. Culyer and J.P. Newhouse eds.
Handbook of Health Economics, Volume 1A.
Amsterdam: North-Holland, Elsevier.

Winkelman, R., & Mehmud, S. (2007). A Comparative
Analysis of Claims-Based Tools for Health Risk

Assessment. Schaumberg, IL: Society of Actuaries.

E28


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22922436&dopt=Abstract
http://dx.doi.org/10.1097/MLR.0b013e318269eb20
http://dx.doi.org/10.1097/MLR.0b013e318269eb20
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15493448&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21344707&dopt=Abstract
http://dx.doi.org/10.1017/S1744133110000319
http://dx.doi.org/10.1017/S1744133110000319

2014: Volume 4 (3)

MMRR

(ponunuo))

Yooys/owoapuAig asuodsay

6TS€l €0S°€T 6TH €l 90S°€T 969°€1 S099T Aroyewrureyuy o1wa)sAg ‘sisdag ‘erwaondag T00DDH
6VL¥ ovLY obL w6y S8F's 9€6°0C SAIV/AIH 10000H
6870 6550 8640 0660 9ST'1 80L°L16 a[ewd, +09 d8uer a3y
€PF 0 L0S°0 97,0 S06°0 vS0'T 0LT°1€6 alewd 65-56 A8uer 33y
LTHO 98%°0 $69°0 698°0 €10'T 78L166 afewd S-0g d3ues 33y
75€°0 2070 €850 L¥L0 8/8°0 659756 afewd] 6F—c¥ 28uer 388y
8€€°0 ¥8€°0 ¥SS°0 €140 6£8°0 957‘c98 a[ewd F—0F 28ues 33y
€67°0 PEE0 0670 1%9°0 09L°0 SL¥86L alewd 6¢-G¢ ddues 33y
€0T°0 €vT0 96€°0 9%5°0 959°0 8€6°6¥L a[ewd F¢-0¢ dduer a3y
0T1°0 9ST°0 10€°0 8¥H°0 8750 PE0FL9 arewd 67-S¢ A8uer 33y
TL0°0 101°0 122°0 0S€°0 €70 £L80°69S alewd 7-1¢ d8ues 33y
VT o L8V0 v0L°0 088°0 870' 61108 e +09 d3uer 93y
6€€°0 €6£°0 085°0 9¢L°0 €98°0 719128 [N 65-5S d8ue1 33y
692°0 91€°0 7870 9790 LELO 980788 e\ $S—0S d8ues 3By
S61°0 1€2°0 S9€°0 L8V0 185°0 798858 AN 67-S¥ 5uer 38y
SPT0 9LT°0 €67°0 v0¥°0 L8V0 878°96L e Fh—0F 8ues 238y
€110 0v1°0 0¥T0 6£€°0 €170 669°SHL [eIN 6¢-5¢ 8uer 3By
6L0°0 101°0 L8T°0 vLT0 8€€°0 T€8°£89 [N F€-0¢ d8uer a3y
$90°0 180°0 0ST°0 €770 8LT°0 809909 [N 65T 8uer 33y
7900 8L0°0 #1°0 80T°0 85T°0 879°8€S eI\ $7-1¢ 8ue 3By
Jjewn)sy Jjewn}sy Ijewrn)sy Jjewn)syq Jjewn}sy uno) TQNA oﬁaﬁﬁ&\w .—QQESZ
O0H
Amqeryueg  Anpqery Aymiqery Lmqery  Lipqery ueig
uEn_obwﬁwU ue[d 9Zuo1g ue[J IAJIS ue[d pioo wnune[q
96¥<°0 S0S€°0 vTse0 £55€°0 T09€°0 = parenbs-y
(+1Lz 9b€) 3 Inpy—sjapoy Juaunsnipy sty IDH-SHH °LY 3qiyx3
Xipuaddy

E29

Kautter, ], Pope, G. C., Ingber, M., et al.



(penunuo))

/M\ 250°C 1£40°C 0€T'C 861°C qee’e G€eTT s1soua30241H) pue sasoprdry LZO0DOH
S 50T 1£0°C 0£T'T 861°C SE€T PP sisoprreypdesfjodooniy  97000H
W. €881 9871 98L¥1 06L%1 06271 PISTI uonrnnuyey SLIofe)-urjold €200DH
M |89 LS6°0 000°T 0CI'T 6611 €€’ S6S°ST9 uonedrdwo) noyym $333qer( 1200DOH
A 1D LS6°0 000°'T 0Cr'I 6611 1¢€'T 196651 suoned1dwo)) dS1uoIy) YIM s)2qeI( 0200DH
LS6°0 000°'T 0CI'T 6611 1¢€'T 8L0°8 suoned1dwo) 1oy YIm $339qeI(] 6100DOH
6€7°6 TEV'6 11v°6 LLY'6 €696 16S suonjedrdwo)/snyeyg juerdsuel], searoued 81000H

sIoWn], pue s10Ue)) DY} pue
SI¢T €ae’l 9971 65S°'1T LTl evviLE ‘SISOJRWIOIQIOININ] ‘BWOURRIN F90Ue)) PIOIAYT, €10DDOH

SIOWN], pue SIDUE))

IS} pue ‘SIOWN], UTeIg Ure}Iaoup) /udruag
Icre 1§48 ¥61°¢ ¥6T'¢ 60S°¢ €OV Sv1 0URD) 3)eIS01J PUE (+0S 93Y) Isearg CI10DDH

S190UBD) 10
€8¥'S 00<°S 4850 6L9°S 196 ¥78°ss pue £oupny ‘(0s > a8y) IseaIq [e30910[0D TT0DDOH

SIOWN], pue s190ue)) YO
0L6°S €86 8109 0S1'9 Y9 9/8°ST pue sewoydw4T s un{SpoH-uoN 0T0DDH

BT naT proydwAT aynoy

suerped Surpnpuf ‘s1eoue))
SETTI j4Aan! 16T°11 LLE'TT T16L°T1 ¥€0°st 21243 193 pue ‘urerq ‘Sung 60000H
9CSvT 16¥'¥¢ 9LEVT LT9VT qLI'ST 9¢eCe I9due)) dnelsedN 8000DH
11S°6 80S°6 105°6 6VS°6 ¢L9°6 L9€°S suonodyu] dpstunyroddQ 9000DOH
0SSV 9SY 129 €Ly 9667 620°c sIBUIUI payroadsup) 10 [eIIp ¥00OOH

strdurua TerrA 3dooxy
6CT°L LIT'L €80°L ovI'L LLTL 8867 ‘SUONOYU] W)SAG SNOAION] [eUDD) €0000H
Jewnsy aewnsy Jewnsy Jjewnsy aewnsy juno) [°qeT d[qerrep TPqUIMN
ODOH

Aqeryueid  Aqery Aqery Anpqery  Aipqery uegg

srydoxseje) ue[d dzuoag

ued I9ATIS

ue[d prod

wnurye[q

MMRR

(+12 96%) }Inpy—s|apoy 3uaunsnipy sty DDH-SHH "PANURU0) LY HqIyx3

E30

Kautter, ], Pope, G. C., Ingber, M., et al.



2014: Volume 4 (3)

MMRR

(panunuo))

SIOPIOSI(] SUNUITUIOINY

786'C L86'C 600°€ Ser'e vIve T€0°001 payadg pue SLIYITY Projewnayy 95000H
€9 65S°L SHS'L 80S°L 9L 8L8°L 88661 SISOID3N/SUOLIIRJU] S[ISNIN/JUL0[ /U0 SS0ODOH
€D 65S°L SHS'L 80S°L oL 8.8°L SIL snIdse SUIZJOIIN ¥S00OH

SS€T 86€°C L1ST 0¥9°C ¥68'C 7679 aseasi(J [omog Arojeururefyuy 87000H

uorndIosqefely [eUNSAU] pue SIOPIOSI(T

veTe ShTe 18T°¢ 08¢°€ v19°€ T1LLE dneaIdUR] 1Y)Q/SHEIIdUR] ANOY L¥0DDH

67€°9 60€°9 699 8¢9 7899 159°S speaIdURd dIUOIYD) 9%000H

7989 89 68L°9 7T6'9 LST'L 96L°9C uonoNNsSqQ [eunsayu| SY000H

ST)I[02013)Uf SUIZI}OIdIN/UOTILIOJId]

voLT1 €vLTI 189°C1 €78°T1 PPICT 12,6 [EUNISIJUIOI)SEE) /SHIUOILID] F0DDH

S61°8L 681°8L SLT'8L 0I1'8L SH6'LL IS suoneoridwo)/snyelg juefdsues], sunsayuy 1¥000H

snnedoy [e1euoaN
0SS¥ L¥ST 8FSF vE9d ve8y 960F Surpnpuy 9seasI(J/2IN[1e] IAIT ANOY 8¢0D0H
901 1£0°1 TSTT 87Tl et 691°1C snneday sruory) LE0ODOH
STIT LET'T LLTT SSTT €hHT €0L6 T9ATT JO SISOYLIID) 9¢0D0H
7109 1009 vL6'S 2019 19 TE0°L 9seasI(] JOAIT 93eIS-puy S€0D0OH
881°81 S9T'81 SOT'8T L61°81 SPH'81 €TTT suoneorjdwo)/snyels yuefdsuel], 1A ¥€0DOH
SISPIOSI(J SULIDOPUY

(43) 50T 1£0°C 0€1°C 861°C Se€T 8T8F yuredyrusig Y10 pue Areymyid euaipy 0£0DDH
SIIPIOSI(J OI[OqeIN

(43} T80T 1£0°C 0€1°C 861°C SE€T €vee 1O pue ‘erkydiod ‘sisoprojdury 62000H
PpayIsse[D) 219YyMas[q 10N

V/N VIN V/N V/N VIN V/N ‘S12pI0SI(] JI[OQEIIN [eITUZU0) 8C000OH

djewrn)sy djewnsy drewrnsy drewun)sy djewrnsy juno)H [PqeT s[qeriep IoqunN

D0H

Amqeryueg  Aiqery Ayiqery Annqery  Apiqery uerq

srydomseie) ueld ozuorg ue[J IIATIS

ue[d proo

wnune[d

(+1Z 96®) ynpy—sjapo 3uaunsnipy %std DDH-SHH ‘P3NURU0) LY HqIyx3

E31

Kautter, ], Pope, G. C., Ingber, M., et al.



2014: Volume 4 (3)

MMRR

(panunuod)

TH v79T L¥9T T€LT vS8'T e €0T11 eruarydozrydg L80D0H

VLTS 70€°€ 68€°€ LIS’E 9LL°€ €EHET auspuadaq 3niq 78000H

69 vLTE z0€°€ 68€°€ LISE 9LL°€ LLO°8 sIsoydAsd Snui 18000H
SI9pIOSI(] [ed130[0JeWd

8T 088°C 668°C 656'C 080°€ 86L‘H pay2ds 12YIQ pue $199§2(] uone[n3eo) SLOOOH

89 €TH'S 61¥%°S 0¥'s 68¥%°S 889°G 879°01 WSTUBYDIA SUNWWI] Y} JO SIIPIOSI ¥L000OH
SaUIDJopounIW]

89 €TH'S 61¥%°S 0¥'s 68¥%°S 889°¢ 00% 912A3§ 191 pUE paUIqUIO)) €L000H

LD 680°L 060°L 660°L 861°L SO¥'L 0 TofefA eruuasseey], 1£000H

L5 680°L 060°Z 660°L 861°L e\ L£6 (SS-qH) erwauy [[2D 3PPIS 0L0DDOH
UIOQMAN] JO 9SeasI(] JNAJOWIL]

LD 680°L 060°L 660°L 861°L SO¥'L 98T Surpnpuy ‘erwauy d>n4joway paxmboy 69000H

99 yTTsI VITST 781°ST €STST POPST €TLT erwauy onse(dy 89000H
SISOIQIJO[RAIA

99 yTTsI vITST 781°ST €5T'ST YOP'ST 191°C pue sawoipuAg onse[ds&poPA L90DDH

67€6¥ 0€€ 6 12€°6¥ 96¥ 6% €T8°6¥ 8¢ errydoway 99000H
7 > 98y ‘sndeydosy pue e [eurwiopqy

V/IN V/IN V/IN V/IN V/IN VIN ‘weryder jo sarewouy [enuaduo)) 1ofepy ¥9000H

€6L1 SI8°1 1681 8L6'1 891°C 65¢€ ae[ed Ja[D/drT YO £9000H
wu@ﬁhoﬂa INSSIT, 9ATIOUUOD)

49} LOT'E 9TI'€ ¥8I°€ 00€°€ vese 6£1F pue [e1a[s [eruawdopasq/rerrusiuo) 79000H
sarydons£poalsQ

43} LOT'E 9TI°€ ¥8I°€ 00€°€ vTse 0L YO pue epddgraduy s1souad02IsQ 19000H
SI9PIOSI(J dUNWIwiony Id3YyiQ0

126'0 ¥56°0 150'T 740 €971 889°€S pue snsojewayif1g sndn oruwaisdg LSODDH

Jjewrn)sy Jjewun}sy djewrn)sy Jjewrn)sy Jjewn}sy uno) [oqeT] 2[qerrep JoqunN

OOH

Amqeryueg  Anpqery Aymqery Anpqery  Aipqery uegg

srydomseje) ue[q ozuolrg ue[ IIAJIS

ue[d proo

wnuneld

(+12 96%) }Inpy—s|apoy 3uaunsnipy sty DDH-SHH "PANURU0) LY HqIyx3

E32

Kautter, ], Pope, G. C., Ingber, M., et al.



2014: Volume 4 (3)

MMRR

(panunuod)

SOIEWOUY [eITUIZU0)) UI)SAS

6¥%°0 L9¥0 TS0 0650 LTLO 67€°€ snoazaN/[eurdg/urerg 1y3Q pue epyrg eurds PIIOOH
80%°0 LEVO 1250 965°0 6TL0 97T o13sqdurpeny) 1deoxq 4sed [e1qa1a) €1TOOH
6851 019'T 189'1 018'T £50°T €1¥ As[ed 1e1qa1a) o13ardupend TITODH
9SeISI(J [[°D WIOH IOLIUY
616C LT6'T L96'T 760°€ 6LE°€ SLV'T IYIQ Pue sIS012[0S [e1d3e] drydonofury I11D0H
9¢8°G €¥8°S 198°S 696°S €179 ST1°8 saum(uy/s1apiosiq proD [eurds 011OOH
I11°01 11101 80T°01 S0T°01 TIF01 SSET erdo[dered 601D0H
p10) reurdg
1853} I11°01 11101 80T°01 S0T°01 TIF01 99 [es10(] uoIsaT A[dwo)) onewned], 80IDOH
11D 6VF 11 SYH11 G4 LESTT 8TL 1T LE6'T erdodupend LOTOOH
pioD reurds
01D 6VF 11 SPF11 G| LESTT 8TL 1T 79 [e21A19D) UOISaT 939[dwo) onewmnely, 90100H
I9pI0sI(T onsuny 3dooxyg
1)) 0640 9¢8°0 vL6°0 S90°1 L8T'T PLO‘T ‘SI9pI0SI(] [BIUIWAO[RAI(] IAISEAId] €01D0H
TH 0640 9¢8°0 V.60 S90'T L8T'T S10°T 19pI0SI dBSHNY T0100OH
SOWOIPUAS UOTJRULIOJ[EIA]
[e3ruaduo)) pue ‘SIA[BWOUY [EWOSOWOIYD)
TH $86°0 S10°T 660°1 IL1'T voTT €LLT PO X der] dwWoIpuis umo( L60DOH
SOWOIPUAS U0
160°S 101°S WIS 61T°S L8€°S 68C [eWOSOINY PUE ‘SpIRMPY ‘Nejed ‘MM -Iopeld 96000H
1€9°C LS9T T€LT 678°C 010°€ 128°¢ BSOAION] BIWI[NE/RIXIIOUY ¥6000H
0640 9€8°0 vL6°0 S90°1 L8T'T 705°s s1opI0sI( Ayfeuosiag 06000H
SIopIOSI(] TeuoIsnP
TH 9¢H'1 9/¥'1 109'T 8691 0L8°1 901°9 ‘SIsOYPAsq paywadsun pue andeRy 68000H
TH 9¢H'1 9L 109'1 8691 0L8'T LLETOR sxopaosi( Tejodrg pue aarssaxda( 1ofey 88000H
drewnsy ewnsy drewnsy djewrn)sy drewrn)sy juno) [oqeT d[qerrep JoquinN
O0H
Amqeryueg  Anpqery Aymqery Anpqery  Aipqery uegg

srydomseje) ue[q ozuolrg ue[ IIAJIS

ue[d proo

wnuneld

(+12 96%) }Inpy—s|apoy 3uaunsnipy sty DDH-SHH "PANURU0) LY HqIyx3

E33

Kautter, ], Pope, G. C., Ingber, M., et al.



2014: Volume 4 (3)

MMRR

(panupuo))

SIOPIOSI(T T8I [eIUIFUOD) 919G

V/N VIN V/IN V/N VIN VIN YO pue SWoIpuAg 11eay 137 dnse[dodAy LETODOH
sryewnay 3dooxy
8759 0€5°9 LES'9 1199 0LL'9 PIETT “UOTJRUITR[JU]/UONOJU] JTeF] SEIDDH
9SBISI(J }TBIL] OTWIAYDS]
Ge6'S c16's 198°¢ 1009 69¢9 69¢€€ ANOY JYIQO pue euISUY d[qeIsu) C¢IODH
8LV'11 €TV'I1 8GT'TI ISP'1T 706'I1 LELST UOTDIBJU] [BIPIEIOAN MDY T€TIOOH
¥6S°¢ 16S°¢ L8G°¢ 8¥9°¢ 06L'¢ €91°01 aIn[re 31edH 2A1SIZUOD) 0€TODOH
y10°€e 8L6°C¢E LL8'TE ge0ce CLEEE ISO‘T juerdsuesy, jreo 6CIODH
1459 y10°¢ce 8L6°C¢E LL8'TE geoce cLEEE 681 3TeoH [eIOU1IY /901A9(J SANSISSY JIedH 8CIDOH
SOWOIPUAS ssaxISI(] A10jeardsay Surpnpuy
[40) 8CLCI 669°CI c19°?l £0L°C1 c16’cl 79¢°LE “oyg pue ainyre] L1o0jerdsay-orpre) LTTDOH
€ID 8¢LCl 669°CI c19°Cl L0L°Cl €16°C1 8¢8 15311y K1orexrdsay 9CIODOH
€1 1€ 0v q01°0% [440N\i4 Ge0'0¥ 750°0% 81TC snyeg Awojsoaypdei] /eouspuada( z03eardsay SCTIDDOH
aeure(q orxouy /uorssardwon)
s20'6 970’6 ce0'6 016 S9T'6 89¥°S urelrq pue ‘ewo)) dneuwnel] -uoN [44500)5!
€6¥'L ov'L 987°L °sS’L 889°L 919°¢ sneqdasorpAH IZIOOH
6611 67C1 12€°1 %1 8/5°1 11T SUOIS[NAUOD) PUE SIOPIOSI(] JINZIDS 0ZIDDH
SIOPIOSI(] SATJRISUIFIPOININ
I} pue Osedsi(] Je[aqa1adourdg
VL1 ILL°T 878’1 8761 8I1°C €9.°6 pue ‘s uojdununy ‘s uosunyIeq 61TDDH
719 0S89 0£8'9 ¥9L'9 1£6'9 15L 669°€€ sisoPS I[N §1TDDH
SYLT 1401 8¥8' 876'1 81T°C 65T Aydonsdq remosny  LITOOH
AyyedoinaN orxog,
pue AI0JeWWEJU]/QWOIPUAS d1Ieq-UTe[[IND)
(48] 1687 0067 126V 6667 VLTS 98¢‘el PUE SI9PIOSI( [eINIUOKN/SIARIE) BIUSYISEAIN STTODOH
Jjewnsy Jewnsy ewnsy Jjewnsy Jewnsy juno)H [°qeT d[qerrep IqunN
O0H
Anpqeryued  Anpqery  Amqer  Amqert - Aipiqery ueid

srydomseje) ue[q ozuolrg ue[ IIAJIS

ue[d proo

wnuneld

(+12 96%) }Inpy—s|apoy 3uaunsnipy sty DDH-SHH "PANURU0) LY HqIyx3

E34

Kautter, ], Pope, G. C., Ingber, M., et al.



(p3nunuo))

8701 €9%°01 (4540 9L5°01 ¥96°01 S0%°8 snyeis Juefdsuely, Loupny €81DDH
= suonoayur Sung
3 9I9A3§ IOY) PUE SETUOWNIUJ
M ¥26'8 €16'8 €88'8 7€6'8 750°6 ¥8S11 [err2)08q paynadg pue uonerndsy €9IDDH
M 966°C §98°C 96S°C LS9°C 66L°C 861°9C sI9pIOSI Sun] 1YIQ pue SunT Jo SIS0IQLY 79IDDH
M 0820 0180 ¥06°0 8L6°0 8601 61079¢ BUISY I19TO0DH
STSe}OdTYoUOIg Surpnpuy
SO 0820 0180 $06°0 8L6°0 8601 v6v°GS1 ‘seasi(q Areuowng dAIONIISGQ dIUOIYD 09TODH
SO 796'6 096°6 LS6'6 [44%0]! 01501 €Tel sIs01qr o1sAD 6SIDDH
19T°1€ I€T' 1€ 0€0°1€ 19T°1¢ LSY'TE §ss suoneordwo)/snjels yuedsuery, Sung 8STODH
SISOQUIOIY T, UTOA
LEST 6€SY 6¥SY [4CH% €987 sceiey dasq pue wsrjoquiyg Areuowrng 9S1D0OH
€6'L 6’ 968°L 966°L 8CT'8 9%9°01 suonesrdwo)) yIim aseasi(q Ie[nosep ¥STODH
suaiduer) 0 UONRIN[N
9/8'T1 TP8'I1 SYLTI 108°TT I76°11 880F UM SaNTWRNXY 9] JO SISOI[S0IYIY ¢SIOOH
I€6°¢ 8€6°¢ 6S6'€ 7207 9LT'Y VLLT sawoIpu4g ondered 19y3Q ‘erdsdouopy ISTODH
188°S 868°S ¥6L'S 9¥8'S 6L6°S v6€°8 stisaredrwapy /erdardrusy 0STODH
UOTJRULIOJ[BIA
6S8'F L98'F 068% 000°S €97°S 0vsy SNOUIAOLID}Y PUE WSAINAUY [BIGRID) 6V1O0DOH
96TV Ty SITYy y0¢v 8YS'v LIT°0T aoxng paymadsun) 10 STWAYIS] 9Y1IDOH
6S6'6 €v6'6 L06°6 79001 0Z¥'01 0S0°2 93eYLIOWNSH] [eIUBIORIIU] SYIODH
9%0°¢ €90°€ Ire €61°¢ €9¢°¢ 00€CTI seruyAyary 311esH paynadsg [441010)51
SIOPIOSI(T A103eNOIT) /118 [e3uaSuo))
IY)Q PUE ‘SNSOLIdMY SNION(J Judjed
VIN V/N VIN VIN V/N V/N ‘s399J2(J [e3daS JB[NOLIUA pUE [eLIy 6€T1ODH
V/IN V/IN VIN V/IN VIN V/IN SI2PIOSI(] A10JR[NOID)/11ESH [e)uddu0)) Iofey 8¢IDDH
ewnsy ajewn)sy ewnsy Jjewnsy Jewnsy juno)H [°qeT d[qerrep IqunN
O0H
Anpqeryued  Anpqery  Amqer  Amqert - Aipiqery ueid

srydomseje) ue[q ozuolrg ue[ IIAJIS

ue[d proo

wnuneld

MMRR

(+12 96%) }Inpy—s|apoy 3uaunsnipy sty DDH-SHH "PANURU0) LY HqIyx3

E35

Kautter, ], Pope, G. C., Ingber, M., et al.



(ponunuo))

sweIs 667 1-0001 JYSPMYRIIY

W V/IN V/N V/N V/N V/N V/N Surpnpuy ‘suI0qMaN Injewald SYCOOH
m SWeID) 666-05. YSPMYMIG
%. V/N V/N V/N V/N V/N V/N Surpnpou ‘SUIOGM3N dInjew ] APWIIIXY YWZOOH
= sweln 6¥£-00S WSomyIIg
- V/N V/N V/N V/N V/N V/N Surpnpu ‘SUIOGMIN dInjew] APWAIXY [344010)5|
sweIn 00 > WSPmyIg
V/IN V/N V/N V/N V/N V/N ‘SUIOqMAN] dInjewr] APuanxy (4440 0)5!
snrswng] 1o ‘drpy
0791 8¥9°1 qeL’l S08°'L LT6°1 6TEc QRIQIIIA Jo 3daoxy ‘sarmyoei] [ed13ojoyred LTTOOH
Saanjder Snreuwny
9¢S°6 1256 0876 04576 8826 088‘¢c 10 [eIQ3}I9A Ted130[0y3eq pue saamoer] diy 9CCOOH
¥0€'C 70€C ¢Iee 14€°C qIS'C 191°9¢ 2amssa1q 330Xy UDS JO 1] d1U0IYD LITOOH
suorjeordwo))
81D 906'C 1€6°C YET'E G8T’¢ 8LL'E LLOC8 IourjA 10 ON yim Aoueudaid pajsdwo) 60CO0OH
81D 906'C 1€6°C Ter'e S8T°¢ 8LL¢ 9LSVL suonedrdwo) Yy Loueudaig parsdwo) 80COOH
suonyeordwo))
81D 906'C 1€6°C Ter'e 98T°¢ 8LL¢ €209 10feN Y Loueudaig pajordwo) LOTOOH
LID 8780 160 0Cr'I 61C'1 LLET 961°0¢ suoned1dwio)) J0UI 10 ON Y3m dFeLLIRdSIIA S0ZOOH
LID 8780 160 0CI'T 61CT'T LLE'T 96L°1 suoneordwo) yim s8errredsty ¥0COOH
wisijoquiyg 10 Yo0ygs ‘aInjre] feuay
L1D 878°0 7160 021’ 61T'T LLET 050°S im 3dooxyg Loueudaig rejoy pue srdoyog €0¢ODH
91D 266’1 0661 S66°1 8%0°C 681°C 1119 (¥ 98e35) 91243G ‘aseasi(] Ldupry druoIy) 881O0OH
91D 266°'1 066°1 S66°1 8¥0°C 681°C 96L°¢ G 983§ ‘aseasi(] Ldupry] druoIy) L8TDOH
€0¥'LE [4°TWA col'LE 96¢°LE VILLE $7801 aseasi(] [euay 28el§ puy ¥8TDDOH
Jjewrnsy Jjewrnsy drewn)sg drewnsy Jrewinsyg Juno)n [°qeT d1qeLIep Joqunp
O0H
Amqeryueg  Anpqery Aymqery Anpqery  Aipqery uegg

srydomseje) ue[q ozuolrg ue[ IIAJIS

ue[d proo

wnuneld

MMRR

(+12 96%) }Inpy—s|apoy 3uaunsnipy sty DDH-SHH "PANURU0) LY HqIyx3

E36

Kautter, ], Pope, G. C., Ingber, M., et al.



(panunuod)

= ¢n Surdnoi8 DHH
M LLNI §sSTl LTST1 LTHTL LTETT $60°C1 THIT 9)e3a133e X J0JEIIPUL SSIU[[T 149G
S 90 Surdnoid DHH
S LLNI §sSTl LTSTL LTVTL LTETT $60°C1 06C°T a3e3o133e X 10JedIPUI SSIU[[T 1249
m LLNI SSs°TI LTSTI LTVTL LTETT 760°C1 876°C SPIDDH X I0JedIpUT SSIU[T 2I9AIS
- LLNI §Ss°Tl LTSTI LTVTL LTETT ¥60°C1 Te0°c SETOOH X I0JedIPUIT SSIUJ[T 21943
LLNI §6STl LTSTL LTVTL LTETT $60°C1 0LT1 STIDOH X I01eJIpUI SSIUT 194G
LLNI SSs°TI LTSTI LTVTI LTETT 760°C1 P65 0T00DDH X I0JEITPUT SSAU[[T 212495
LLNI §Ss°Tl LTSTI LTVTL LTETT ¥60°C1 809F 600DDH X 10JedIPUT SSIU[[T AIIAIS
LLNI §6STl LTSTL LTVTL LTETT $60°C1 €6€°L 800DDH X 10JedIPUI SSIUJ[T 31949
LLNI SSs°TI LTSTI LTVTI LTETT 760°C1 LIET 900DDH X I0JedIPUT SSIUJ[T JIIAIS
suonyeordwo)

€L0°L 950°L 600°L L80L LLTL 698°T uonendury /quiry 1omoT ‘snjeyg uonendury ¥STOOH
Gcﬁwﬁﬁaﬂm

S96°01 €v6°01 T80T 6£6°01 €601 L85°6 10 3urpad] 1oj s3uruad(Q [epyYnRIY €STODOH
wcoﬁmu:mEoU /snjeis Eﬁ%zﬁh

876°0€ L16°0€ £68°0€ 806°0€ ¥¥6°0¢ 068°T ‘MOLIBIA U0y SUIpNU] 2D WIS [STOOH
1y3romyrg YSIH 10 [ewioN

V/N V/N VIN V/N V/N V/N ‘UIOGMIN U0JI[3UIS ULIR],-}SOd 10 WLI3], 6¥COOH
SUIOqMIN YiIg S[dnnIA I0 PIaysSLINOUe

V/N V/N VIN V/N V/N V/N YBPMYMIG MOT DInjewdid 1PYI0 87COOH
swers) 6657-000¢ JYSLPMYLIIY

V/N V/N V/N V/N V/N V/N Surpnpu ‘SUIOGMIN] INJEWAI] L¥TOOH
sweIs) 6661-00S T JYSPMYRIIY

V/N V/N VIN V/N V/N V/N Surpnpuj ‘SUIOQMIN dInjewaig 9%CO0OH

drewnsy ewnsy drewnsy djewrn)sy drewrn)sy juno) [oqeT d[qerrep JoquinN

OOH

Amqeryueg  Anpqery Aymqery Anpqery  Aipqery uegg

srydomseje) ue[q ozuolrg ue[ IIAJIS

ue[d proo

wnuneld

MMRR

(+12 96%) }Inpy—s|apoy 3uaunsnipy sty DDH-SHH "PANURU0) LY HqIyx3

E37

Kautter, ], Pope, G. C., Ingber, M., et al.



2014: Volume 4 (3)

MMRR

"aseqee(] SIJUNOdUY pUe SWIE[) [BIDISWWO)) ,UBISIIRIA 0T0T JO SIsA[eue sioyny :gDYNOS
“I9MO] 0 [9A3] %G a3 Je Jueoyyrudis A[ed1sIie)s aIe $JeWsd JUSIDIFI00 [[V '8
*2IMIPUIAX? [BIUSWIOUL/JUIIILJI0D UOTJIBISIUT ISELISIP SUO JSOW J© JABY UBD I[[OIUD UY
*SUOI}OBIUI [ENPIAIPUIL S PaJeaI} A[9AI}O9JJ 218 YO pue [edIdIeIdry a1k 7 NI pue [ NI sdnoid uonoserajur DDH X SSOU[[] 919A3S °/
‘Surdnoid DO 9reSaord8e ue uryym 2rMyIpudxad [BIUIWAIOUI/JUIDIFI0 DD U0 JSOUT J& dARY U I[[OIUS UY
*DDH [eNPIAIPUT UE st pajean) A[9A1309J)2 axe Jey) sDDH Jo 19s & st Surdnoid Do aredar38e uy 9

1500 Aq padnoid suoroerayur 103ed1pur AJ112A9s [ed1ydIRIaTY jedarSSe ajesrpur NI I, LNI SIUTRIISUOD) ‘¢

*SJUTRIISUOD UOTIB[OIA AYdIRINIY DDH-SHH 3ed1pul ZH - H SIUTRNSUO)) 7

'syuren)suod Surdnoid DOH-SHH 21e32133e ajeorpur g1H—15) SHUTRIISUOD) '|
:smof[o se pargdde a1om SJUTEIISUOD JUIIDIJJOO0D [9POW UOISSAITY °G
“(SDDH) $21108938)) UONIPUOD) [EITYIIRIANH-(SHH) $91AI9S UBWNE pue yI[edl] jo yuauniedsq st sDOH-SHH ¥
‘uornyoery L1qrdipe aures sty £4q payySrom are spppouwr uorssardar pue ‘uoryoexy Aqidie ay) Aq Surpiarp 4q pazijenuue are sarnjpuadxy
‘(3UeIUT + PIIYD + Jnpe) d[dures UOILIQI[ed [[BI9A0 dy) 10§ ueawr 3y} syuasaxdar o1 Jo axmyrpuadxa Lypiqery uerd sane[ar v
‘sornypuadxa Ayipiqer] uerd sAnje[a1 03 PajI2Au0d are saxnypuadxs Ayiqer] uerd
‘[oAd] [e3ow £q suSisap Jyouaq paziprepue)s Joa[5a1 sarnypuadxa Ayiqer) uerd pajenuurg ‘sarmyrpuadxe 253y Jo [[e apnpour sarmrpuadxa [e3o],
‘soxmyrpuadxa Snap uonduosaid pue quanedino quanjedur sapnpurt saanyipuadxy “F10g 03 papusi) sarnyipuadxa 010z 21 saanyrpuadxy ‘¢
1601 PUBTHI'T ‘TTE T 68F T £€59°T :A[oanoadsax orydoxyseles pue 9zuoiq a2A7ts “prod ‘wnunerd 1oy saxnyipuadxs Ayiqer] uerd ueajy 'z
€05°0TTY1 = N 'T :SHLON

¢o Surdnois DHH
TINI 1¥8°C €18'C VIL'T 8%9'C 86¥'C 209C 91e32133e X J0JEIIPUL SSIUJ[I 212A3S
TINI 1¥8'C €18°C VILT 8%9'C 86%°C 0S€C €STOOH X J0JeJIPUI SSAUJ[T 91949
TINI 1¥8°C €18°C VILT 8¥9°C 86%'C ¥89°¢ €9TDDH X I0JeJIPUI SSIU[T JIIAIS
TINI 1¥8°C €18'C VIL'T 8%9'C 86%°C STET PSTODH X 103edIPUL SSIU[[T 919A9G
TINI 1¥8'C €18'C VIL'T 8%9'C 86%'C 206 €STOOH X J0JEJIPUI SSIUJ[T 919435
TINI 1¥8°C €18°C VILT 8¥9°C 86%'C €€8 8€0DDH X J0JedIPUI SSIUJ[T JIIAIS
TINI 1¥8°C €18'C VIL'T 8%9'C 86%°C SLTT SEODOH X J0JBJIPUI SSAUJ[T 1943

djewrnsy djewrn)sy djewrnsy drewrnsy drewun)sy uno)H [PqeT d[qeriep IdoqumpN

O0OH

Amqeryueg  Anpqery Aymqery Anpqery  Aipqery uegg
sorydomseje) ue[q dzuolg Ue[J IA[IS  Ue[J P[OD wnune[q

(+12 96%) }Inpy—s|apoy 3uaunsnipy sty DDH-SHH "PANURU0) LY HqIyx3

E38

Kautter, ], Pope, G. C., Ingber, M., et al.



2014: Volume 4 (3)

MMRR

(panuyuo))

sIowmy, pue s1adue)) Y10
pUe ‘sI0WN], Urelq urejraoun) /udruog

69L°C yI8'T ¥S6'C ¥80°¢ 80¢°¢ 8FHC aaoue)) 9JeIs01d pue (+0G 8Y) Isea1d  TI0DOH
sI190UR)) 1Y} pue
evle 881°¢ LECE 08¥°¢ 689°¢ 909 Aaupny ‘(0s > 28y) Isearq ‘e30210[0D  1T0DDH
SIOWN], pue SI0UL))
VLLS 908'8 806'8 1£0'6 ¥S€6 81T YO pue sewoydwdT s un{SpoH-UuoN  0T1000H
erwayno proydwAy
9Inoy dLeIpad Surpnpuy
Veell 8G¢'II 9eV'I1 81911 6€6°11 9sTE ‘$190UBD) 2I9A9G JOYIQ pue ‘urerq SunT  60000H
00€v¢e 90¢TE L0€VE LLYV'VE 16L7%¢ 888 TIadue) d1eIseld|N - 800DDH
681°0¢ 10T°0¢ (4444 c97°0¢ 89¢°0C SLY suonodyuy dnstunyroddg  900DDOH
c0L'C 062'¢ 968°'C ¥00°€ c0T'e 606 sISuIuBIA payadsun 10 [e1IA  $00DOH
snrduruapy TerrA 3dooxy
61¢'CI creel 96C°C1 60¥°CI 9€9°CI 116 ‘SuOnOPUT W)SAG SNOAIIN [BNUD  €00DDH
Yooyg/owoIpu4ig ssuodsay
880°LI 180°LI 190°LT [44 VAN 60¢°LT €v6°l Axojewrureqyuy orwaysAg stsdag erwaondsg  Z00DOH
991°C 8CC'T 1r'e €19°C 966°C 96¢C SAIV/AIH  T00DOH
£L0°0 101°0 861°0 ¥0€°0 6L¢°0 9¢C1T6 Sewd 07-G1 dBuer 38y
1€0°0 00 S60°0 891°0 €CC0 12961L aewag $1-01 8ue1 38y
9V TV 000°0 S00°0 8%0°0 ¢IT'0 So1°0 LIL099 sewag 6-¢ duer ARy
SV 1V 000°0 610°0 1£0°0 So1°0 €€T0 LLLTIE o[ewd] H—¢ duer 3y
$60°0 YIT0 161°0 €LT0 9¢€0 TL6°SS6 e 07-S1 d8ue1 38y
€€0°0 Lv0°0 0110 681°0 Sigal 786°67L e #1-01 28ue1 38y
AANA 00070 S00°0 ¥90°0 ovIo 961°0 667889 BN 6-6 28ue1 38y
€V IV 000°0 610°0 901°0 6020 €870 1¥808¢ S[eN ¥ 28ue1 38y
Jjewnsy ajewnsy Jyewnsy Jgewnsy ajewnsy juno) PqeT J[qerrep
Amqeryueg  Anpqery Aymiqery Amqery  Arpqery ueg
srydoxseje) ue[d 9ZUoIg Ue[J JOAI[S UR[d P[0D  Wnune[q
0S6C°0 2967°0 €66C°0 ¥ao€0 £90€°0 = parenbs-y
(0z-t 3be) pjiyd>—s[apow 3uawisnipy ysty IDH-SHH TV HqIyx3

E39

Kautter, ], Pope, G. C., Ingber, M., et al.



(panupuo))

uondiosqe[eA [eunsaju] pue

45y 1L¥'€ ¥86°¢ S89°¢ €F8'¢ 00L% SI9PIOSI(] djEadURJ IPYIQ/SHIEdDUR] IOV LF0DDH
< 991°91 €91°91 8F1°91 SIE91 76991 LLY snneanduRd JIUOIYD)  9F0D0OH
m 8LT'S 01T'S L0E°S IS¥'S SIL'S vE6°C uonONNsSqQ [eunsUL  SFOODH
Ww STII[00013UY SUIZI)OIdIN
¥ 6L1°91 1L1°91 951°91 09€°91 ¥8L°91 989 /UOTJRIO0)ISd [BUNISIIUIONISLD/SHIU0NI  TFODOH
8 7T LOT 081°£01 166'901 $0L901 691901 0T suonedrdwo)/snje)s yuerdsuesy, sunsajul  1$000H
snredary [e1eUOIN
996°'S 7L6'S €009 7609 SST9 261 Surpnpuj ‘9seasiq/am[re] AT AMY  8¢0DDH
H SLLO L08°0 026°0 LT0°T LLTT v snnedoy oruory)  LE0DOH
IH £€8°0 1£8°0 026°0 L20°1 LLT'T 8¢ T9AIT JO SISOYII)  9€0DDH
P19°CI 79Tl 059°CI vsLTl 096°C1 081 aseasi(] 12AI'T 93eIS-pUY  SE0OOH
888°L1 868°L1 76’ L1 87081 TTe8l 1§44 suonjedrjdwo)/snyeys Juefdsues], AT - $€0DOH
mhoﬁ.HOwMD OCEuOﬁEm
(43) §79's w9's 969°G L98°S LLT'9 vL69 yedyrudis Y10 pue Areymiid TRUAIpY  0€0DDH
mh@ﬁHOw_Q u:OANHME
(49) §79's w9's 969°G L98'S LLT'9 088 RO pue ‘eudydiod ‘sisopodwy  62000H
_uoﬂ_wm.m_U ohoﬂguﬂm
(43) §79's w9's 969°G L98°S LLT'9 1691 JON ‘SI9PI0SI(] JI[OQERN [eHUZU0)  8Z0DDH
(43) §T9's w9's 969°S L98°S LLT'9 95T s1s0ua80249) pue sasopidrT - £Z0DOH
(43) §79°'s w9's 969°S L98°S LLT'9 0L sisopreyodesAjodooniy - 970DOH
6SL°€T ISLET 9zL€l v6L €l 0€6°¢T SOT°T uonINNU[EA SLI0[eD)-UIOId  £Z0DDH
1£9) 66L'T Y061 861°C vseT 679'C THOF1 uonedrdwo) oYM s332qerq  1200DH
[89) 66L'1 $06°'1 861°C vseT 679'C 1881 suopedrdwo) d1uoIyD) YIM saRqeIq  020DDH
|53} 66L°T $06'1 861°C pseT 679'C 659°T suonedrdwo) AMOY YIM $ARQRIT  610DDH
IS 68781 6,781 $9T'81 9L¥'81 €€6°81 8 suonedrdwo)/snje)s Juefdsuesy, seaued  §10DOH
sIownf, ﬁcw sIaoue)) .Hoﬂuo @Cm
990'T PITT vsT1 89¢'1 0€S'T 86L°T ‘SISOJRWOIqIJOINAN ‘BWOURPIA I90UR)) PIoIAYL,  ¢10DDH
djewin)sy djewnsy Jjewrn)sy djewin)sy djewnsy juno)H Pqe1 dIqerrep
Anpqeryuerd  Apqery Aqery Lymqery  Aipqery ueiq
srydomseje) ue[d dzuolg ue[d IDAIS  Ue[J P[OD wnuneq

MMRR

(0Z-Z 96%) pIy>—s[oPo 3uaunsnipy sty DIH-SHH PINURU0) ZY 3qIYX3

E40

Kautter, ], Pope, G. C., Ingber, M., et al.



(panupuod)

65 996°¢ 965°¢ £69°¢ 918'¢ L90F 8971 SIsOYAsq SnIq  18000H
D s19pIOSI(J [ed130[0)eWH
m 116% €vsy 0S9% YSLY 606'F% v0F pay»adg 12YIQ pue 109§ uonenseo)  SL0DOH
ww 89 LYT'S 0LT°S 6£€°S SSh's 069°S 090°¢ WSIUBYDIA dunwiw] 3y} Jo s19p10sid  $L0DDH
< SadUIDIJopOUNIW]
S 89 LYT'S 0LT°S 6£€°S SSh's 069°S IS¢ 212498 1YIQ pue paulquio)  ¢L0DDH
LD €0T'L 6TTL 80€°L 9LV'L 16L°L 0 Jofepy erwasseey ],  1L000H
LD €0T'L 6TTL 80€°L 9L 16L°L 026 (SS-qH) erwpuy [[90 9PPIS  0L0D0H
UIOqMAN] JO 9seasI(] ONA[OWH
LD €0T'L 6TTL 80€°L 9LV'L 16L°L €€e Surpnpuy ‘erwauy dnAjowsy paxmboy  69000H
95 8L0°6C SL0'6T £90°6C 891°6C L8E°6T 90% erwouy onseidy  89000H
95 8L0°6C SL0'6T £90°67 891°6T L8E'6T 9L SISOIQIO[AIN pue sawoIpu4g onse[dsApopPAIN  £9000OH
SES'SH 7SS 1SS°S¥ 6£8'SH 88€°9% LLY errydowsy  99000H
7 > 98y ‘sndeydosyq pue e [eurwiopqy
V/N VIN V/N V/N VIN VIN ‘wideryder( jo sarewouy [eyuaduo) 10l $9000H
87T'1 1871 S5 €LS°T S8LT L19T ajered YW[O/AIrT YD €9000OH
SI9PIOSI(] ANSSL], JAN)IIUUO))
0] €81°1 1171 11€°1 01¥'1 9¢5°T 8169 pue [e13[S [ejuawdopPAd/[eNuaduo)  Z9000H
sarydons£poaisQ
0] €81°1 1121 1€’ 01¥'1 9¢5°1 1857 YO pue epgredu s1saua0)sO  190D0H
SI9PJIOSI(J sunuwrrony
156°0 9660 6€T°T 6¥C'1 L6€T 9961 Y3 pue snsojewayArg sndnorwaisds  L60DDH
mhoﬁHOwMD unwruIrony
e TL1°T LT€T €LVT 689°C 0LT°S payIadg pue SHLIYIITY projewnayy  9S0D0H
€D T6T°S 81€°S 86€°S 155°S 678'S 187°C SISOIDIN/SUOTIIPU ASNIA/AUTO[/5u0g  SSODOH
€D T6TS 81¢°S 86€°S 15S°S 678°S 8¢ spioseq SuZnooaN  ¥S0O0H
1LT% 0Te¥ 1LV €L9F 6%0°S 785°s aseasi(] [pmog Arojewrwregu]  §50DDH
drewrnsy drewrn)sy drewnsy djeurnsy drewrn)sy juno) Pqe1 d[qerrep
Anpqeryuerd  Apqery Aqery Lymqery  Aipqery ueiq

orydoxseje) ue[d dzuoag Ue[J IIAI[S

ue[d prod

wnune[q

MMRR

(0Z-Z 96%) pIy>—s[oPo 3uaunsnipy sty DIH-SHH PINURU0) ZY 3qIYX3

E41

Kautter, ], Pope, G. C., Ingber, M., et al.



2014: Volume 4 (3)

MMRR

(panupuo))

SOI[eWOUY [BJIUAZU0)) WdISAS

795°0 7650 989°0 G8L°0 €%6°0 LS8 snoATaN/[eurdg/urerq 19y)1Q pue epyrg eulds  $11D0OH
(AL Vigd! LSS'T w91 6681 €T6F o18srdupeny) 1daoxy Asfed [e1qa12D  €1TOOH
79T'S 1ST'S €7T’S L9E€'S LIL'S 0¥9°T Asreq Terqora) o1dodupend  Z11D0H
9seISI(J [[°D WIOH JIOLINUY
vS6'¢l 856°¢1 S66°¢1 SSTHI £l 12¢ IO pue s1so13g [exdje] orydonodwy  111DDH
0ST¥ 181°F L8TY 9I¥¥ 899% 6711 saumfuy/s1aprosiq pio) [eurds  0ITOOH
CHIID 8CT'81 0181 951°81 vTT8l P6¢°81 6% edojdered  60100OH
CHIID 87T'81 0181 951°81 vTT81 v6£'81 L pa0D [eurdg [esioq uorsa] aRdwo) onewnel],  §0IODH
€HOID 87T'81 01’81 961°81 Y8l P6¢81 69¢ edordupend  L01DOH
pioD eurds
¢HOID 87T'8I 01’81 951°81 jaa] v6£'81 €T [e21AI2)) UOISaT 23a[dwo)) dnewnel],  90TDDH
19pIosI(q onsuny 1dooxg
LH 1550 1150 €2L°0 0$8°0 €960 7586 ‘s1op10sI(] [eyudwdoPAd( dAISBAIRd  €0TODH
art LLT'T (5| 00S°T €L9'1 SSeTI Idprosig ousuny  Z01DOH
SOWOIPUAS UOTIRULIOJ[BIA
[e3ruaduo)) pue SIAEWOUY [BWOSOWOIY))
€h6'l 861 €60'C €0T'C €0P'C 519 BYO X dider] dwoIpuikg umod  L600OH
SOWIOIPUAS UOTIIP(
681°¢ 10T°€ 6£T°€ L¥E'E 909°¢ LL6 [ewosony pue ‘sprempy ‘nejed NIM-1peid  96000H
111°¢e 91T °sTT TLET §95°T VSTT BSOATON] BIWI[Ng/eIX2I0UY  $600DH
LH 5440} 1150 €2L°0 7€8°0 S€6°0 TLIT s1opI0sIT AN[EUOSIdd  06000H
whoﬁuoﬂa ~Nﬁo_m5~va
H 881°T STl €SHl 1651 6LL'T €Il ‘SISOYDAsd paypadsun pueaandey  68000H
H 881l STl €SH'1 165°1 6LLT 8€LL9 sxoprosi( rejodrg pue aarssaxdo(y JofeN  880D0H
0€LY SLLY 916 LTT°S 9¢6°S 8LT1 eruarydoziyds  £8000H
69 996°¢ 965°€ £€69°¢ 918°¢ L90¥ 85T‘C oudpuadoq Snig  Z80DOH
Jjewn)sy Jjewn}sy Ijewrn)sy Jjewn)sy Jjewn}sy uno) Pqe1 0~n~&m.~ﬁ>
Anpqeryuerd  Apqery Aqery Lymqery  Aipqery ueiq

orydoxseje) ue[d dzuoag Ue[J IIAI[S

ue[d prod

wnune[q

(0Z-Z 96%) pIy>—s[oPo 3uaunsnipy sty DIH-SHH PINURU0) ZY 3qIYX3

E42

Kautter, ], Pope, G. C., Ingber, M., et al.



(panunuo))

_ 8781 0L8°'1 810°C 544 LSTT LITTT SI9pI0SI( A103B[NOIID/1IedH [ejudduo)) JofeN 8¢ 1DDH
/Mx SIOPIOSI(T 3183 [e3uaduo)) a19A9G
W 08%'9 8¢S9 8999 €789 610°L L88 IYIQ pue swoIpu4g yresy o1 onseidodAy  LETODH
= onewnaYy
M L6S°C1 06S°CI €L9°C1 S69°Cl w8l VLL 1daoxq ‘uonewwrRjUl/UONOJU] e SETDDH
o 3sBaSI(] }1B3]
YH 8Y¥'v €ery (U587 €Sv'y 89¢°% 08 STWAYIS] ANOY JYIQ pue eUISuy d[qeIsu)  ZEIOOH
YH SY¥'v vy (U774 €Sv'y 89¢ ¥ 8¢ uondIRIU] [BIPIBIOAN MY [€1DDH
766°S €109 €209 6519 629 6LET aampreq 3rea 2ansagu0)  0€1DOH
40 STAAT4 681°9¢ £50°ST (L4214 ¥€L°ST 11¢ juerdsuei] 31e9  6ZIDOH
1459 §TTse 681°69¢ £50°SC [L4°14 ¥€LST i4 JTeOH [BDYIY /201AS(J 2ATISISSY JB9H  8CIODH
SOWOIPUAS ssansI(] A1ojerrdsay
€I 96971 16971 69971 CLLYI 86671 4304 Surpnpuy Yooys pue ainyre] A103endsay-opre)  LZIODH
€10 96971 16971 69971 CLLYI 866F1 9L ysa11y Aroyertdsay  971D0H
899°¥¢ €9¥¢ VA 43 cesve LILVE 6SS snyeyg Awojsoaypdel] /pouspuada 0jexdsay  STIODH
afewre(y orxouy
GEL'8 €9L'8 888 88’8 €L0°6 LT9°1 Juotssardwio)) urerg pue ‘ewo) dHewnel-uoN  ¢ZIDOH
€199 1259 0559 0€9°9 1649 018°C snfeydodorpAH  12IODOH
7o'l c0L'T 881 c10°C 881°C 99¢‘0¢ SUOIS[NAUOTY) pUe SISpIOSI(J 2InzZIdS  0CIDOH
SIOPIOSI(T
aanreIaua3opOINaN I PUe DSBISI(T
(48] 699°C 869'C 008°C S16'C re L0L Ie[[aqa1aoourdg pue s uoydununy ‘s uosupjred  611ODH
Ly 69LF 9087 9667 0L¢°9 96¢ sisorPS o[dumN - 8TIDODH
(489 699°C 869°C 008'C G16'C wre V18 AydonsAq remasny  Z1TDOH
Aqyedoma)N orxof,
pue £10)eWIWR[JU]/QWIOIPULS d1Ieg-UTR[[IND)
(4304 198% 056'% 1£0°S 10€°S 708 pue SI3pI0SI( [BINJUOKN/SIARID) eTUayIseA]N  STTOOH
ajewnysy Jjewnsy Jjewnsy Jjewnsy Jjewnsy juno) °qeT J[qerrep
Anpqeryuerd  Apqery Aqery Lymqery  Aipqery ueiq

orydoxseje) ue[d dzuoag Ue[J IIAI[S

ue[d prod

wnune[q

MMRR

(0Z-Z 96%) pIy>—s[oPo 3uaunsnipy sty DIH-SHH PINURU0) ZY 3qIYX3

E43

Kautter, ], Pope, G. C., Ingber, M., et al.



2014: Volume 4 (3)

MMRR

(panupuo))

91D 0FE 11 PLETT UVl 18S°TT PSLTT 06 (¥ 98e1g) 21049 ‘Oseasi(] Adupry druoryD  §81DDH
91D 0P Tl PLETT U1 186°11 PSLTT 6S G a8e)g ‘eseasi( Loupny d1wory)  L8TDOH
808°CH SLLTH 659°TH 918°Th 8ST°¢h Tl aseasi(] [euay a3e1s pug  FYIDDH
IS 68781 6LT°81 $9T'81 9/¥'81 €€6'81 €€ sme)g juefdsuery, A>upny  €81D0OH
SuoTIOYUT JUNT 919495 IS pue
14501 995°01 6%S°01 S19°01 0€L°01 LSOT sefuowmnau{ [eLa)deg payads pue uonerdsy  ¢91DDH
0S¥'S wUuv's 656°'S LS9'S 718's G8¢ET sxopiosiq Sung 1BYy3Q pue Sunmjo sisoiqr]  79TODOH
SO SLT°0 SIT0 vS€0 85%°0 125°0 SEP09C ewryisy  19100OH
sIse}daIYOUOIg urpnpouy
S1O SLT'0 SIT0 vS€0 85%°0 1250 6L9C ‘aseasi(q Areuowng 2ARONNSQ dIUOIYD)  091DDH
THLTL 6€L°T1 €PLTI 900°¢T 0€S°€T 90€°T s1so1qLy o3k 6STOOH
677001 099001 T1¥°001 £6€°001 €1%°001 6T suonesrdwo)y/snje)s Juefdsuesy, Suny  8SIOOH
sIsoquIodayJ,
v09°€l 165°€1 LSS'ET 199°€1 768°¢1 89/ urA doa pue wsroquiy Areuowng  9STODH
UTT1 09T'T1 LSTT SSE'TT ILS'T1 S0¢ suoneordwo) yim aseasiq renoses  $SIODH
suasduer) 10 UOTIRI[)
9H 1%9°6 889'6 66L'6 L£6'6 AN 11 UIIM SINIWRIIXH Y} JO SISOIPSOIRYY  ¢STODOH
SH 01¢'S SIES vee's Pov'S 195°S 76T sawoIpuAg ondered 1y1Q ‘erdordouoy  [SIDDH
SH 01€'S SIES vee's YO¥'S 195°S 87T sisoredrwopy/erdadiwsy  0STOOH
GOU&EHO,ENE
0ST¥ 08CT¥ Prey Yovy YOLY 12 SNOUIAOLIAMY PUE WSAINAUY [eIqQa13) 6V 1DOH
£9¢'8 09¢'8 vTe's €L£8 8678 €43 aong payradsun 10 dTWAYdS]  9FIDDOH
819°0C L19°0T 919'0T LSL'0T LSO'TT 98¢ aBeyrIowdy [erueenu]  SHIDOH
920°% 750F Wy 9LTY €8F'¥ 95€‘c seruyAyLIy Jesy payoads  tFIDOH
wu@—uaOm_Q %uouﬁﬁuﬁﬂu \twwm
TwﬁﬁwmﬁoU ‘HQQHO ﬁﬁw .msmoioa‘jﬂ snmpdng
L¥O'T 8L0°T 90T'1 61€T 11 L106 Judled ‘s309jo(J [e3dog JBMOLIUIA pue [BLY  6€1DDH
djewin)sy djewnsy Jjewrn)sy djewin)sy djewnsy juno)H Pqe1 dIqerrep
Anpqeryuerd  Apqery Aqery Lymqery  Aipqery ueiq

srydoxseje) ue[d dzuoig

ue[d 19AT[S

ue[d prod

wnune[q

(0Z-Z 96%) pIy>—s[oPo 3uaunsnipy sty DIH-SHH PINURU0) ZY 3qIYX3

E44

Kautter, ], Pope, G. C., Ingber, M., et al.



(panunuo))

sweIn 6677-000C WSemyIg

@
m V/N V/N V/N V/N V/N V/N Surpnpuy ‘suroqmaN dmewdld  LFZOOH
Ww SwreID 6661-00S T IYSPMYIY
¥ V/N V/N V/N V/N V/N V/N Surpnpuj ‘surogmaN amjewdald  9¥ZOOH
& sweIn 66¥1-0001 IYSPMYMIG
V/N V/N V/IN V/N VIN V/IN Surpnpou ‘surogmaN aanjewdald  SFZOOH
swrerD 666-05. Y3omylg
V/N V/N V/N V/N V/N V/N Surpnpuj ‘suroqmaN amjewrw] APwanxy  FHOOH
swelD 6i£-00S WSemyIg
V/N V/N V/N V/N V/N V/N Surpnpou] ‘suroqmaN aanjew] ApWanXy  €§7ODH
sweIn 00s > ySemylIg
V/N V/N V/IN V/N VIN V/IN SUIOqMIN axmewr] ApWanNxy  ¢FcOOH
snrawng 1o ‘diy
Ti61 S96'1 8T1'C A €5€T vL9 ‘9r1qa}IAA JO 3daoxy ‘sampoery [edrdofoyied  LTCOOH
Saanjydel snruwny 1o
89 7889 0L VLIL 68€°L L6T [e1q9119 [ed130[0yreq pue samder] di  92zOOH
68C'1 PIET veel 6L%'1 0LS'T PSSl ainssa1q 3daoxy ‘uny§ Jo 1[N dwOIYD)  L1TOOH
suonjestdwo))
81D LEV'T 867°C 8LLT 956'C 61¥%°€ PLIS Toury 10 ON yim Loueudaid pajoidwo)  607OOH
81D LEV'T 86%°C 8LLT 956'C 61%°¢ PS8T suoneordwo) Y Loueusaig pajerdwo)d  80zOOH
suoryesridwo))
81D LEV'T 86%'C 8LLT 956'C 61%°¢ 80¢ TofeN yum Aoueudaig paedwod  L0zOOH
LTD 065°0 ¥2£9°0 L16°0 o'l 16T°1 LLVT suonedI[dwo)) JOUIy 10 ON YHM dFeLLIEISIN  SOZDOH
L1D 065°0 ¥29°0 L16°0 o'l 161°1 011 suoneordwo) ym s8eLedsty - F0ZOOH
WIST[OqUIF I0 Y0y ‘QInjre] [euay]
L1D 065°0 ¥2£9°0 L16°0 o'l 16T°1 80¢ im 3daoxy Loueudard refoy pue ordopy  €0zOOH
djewrn)sy drewun)sy djewrnsy djewrn)sy drewun)sy juno)H PqeT J[qerIep
Anpqeryuerd  Apqery Aqery Lymqery  Aipqery ueiq

orydoxseje) ue[d dzuoag Ue[J IIAI[S

ue[d prod

wnune[q

MMRR

(0Z-Z 96%) pIy>—s[oPo 3uaunsnipy sty DIH-SHH PINURU0) ZY 3qIYX3

E45

Kautter, ], Pope, G. C., Ingber, M., et al.



2014: Volume 4 (3)

MMRR

"3seqRIR(] SIUNOOUF PUE SWIL]D) [BDISWUWI0)) ,UBISINIBIA 0TOT JO SISA[eUE s1oyIny :gDYNOS
"TOMO] IO [2AJ] %G A} JB JUdTUSIS A[[EO1ISTIL)S ATB SIJBWITISD JUSIDIJJI0D OIAZ-UOU [[Y “L
-Surdnoad HpH 91eSa133e ue uryIImM 21MyIPULdXa [BJUSWAIIUI/JUSIDNFI00 DD AUO JSOUT I JABY ULD I[[OIUS UY
*DDH [ENPIAIPUT UE st pajean) A[2A1309JJ2 axe Jeyy) sDDH Jo 19s & st Surdnoid Do aredar3fe uy 9
*A[uo uerd orydoxysejes 10y axe 9y—¢y pue A[uo sue[d 9zuoi1q 10j d1e 7y pue TV 'SJUTEIISUOD [[20 Xas/23e 9)edIpUl 9y —[ Y SIUTRIISUOD) “F
JuTeI}Su0d paywads DDH-SHH S2IBdIpUT [§ JUTRIISUOD) ¢
*SJUTRIISUOD WOTR[OIA AUDIRISTY DDH-SHH 23edIpul L~ H SIUTeIISU0D) "7
'syuren)suod dnoid DDH-SHH 23edTpul §1H—T5 SJUTEIISUOD) 'T
:sMo[[0J st parjdde a1om sjUTEIISUOD JUIIDIJJP00 [opOoW UOIssAITNY °S
"(SDDH) $a1105218)) UOT)IPUOD) [BITYDIRITH-(SHH) SI9TAISS UBWUNE] pue YI[ed] jo jusunieda st sDOH-SHH ¥
‘uonoery L[1qiSip aures sty Aq paydrom axe spppow uolssardar pue ‘uondey ANMqrdi ay) 4q Surprarp £q pazijenuue are sarnjrpuadxyg
*(JueyUT + P[IYO + J[npe) s[dures uonjeIqI[Ed [[BI2A0 3]} J0J UBaW Y} sjuasaidar (0’1 jo axnyrpuadxs Aypiqer uerd aanepr v
'saxmjrpuadxa Liqer] ueld 2AT)e[2I 0) Pa)I2AUO0D a1k sarnjipuadxa AIqer] uefd
"[oA9] [e3oW Aq SUSTSAP Jiouaq pazipIepuels 103ja1 sarnjrpuadxa Ayqiqer] uerd pajernuig ‘sarnjpuadxa asay) jo [[e apnpour sarnyipuadxa [e30],
"sarmyrpuadxa Snup uondrosaxd pue quanedino quanjedur spnpur saxmyipuadxy “F10g 03 papuan) sarnypuadxa (107 1€ sarmyrpuadxy ¢
"TSTO PUR‘CLT0‘LSE 0 VST'0 ‘TESO “Emzuum%m.ﬂ ,uE&omeau pue 9Zu0Iq TIATIS REow .Escﬁwa 10J ww\_:ﬁw:o&mm EJENE cﬂm UBIIA T
SP96€¥'S = N'T *SHLON

suoryesridwo))

9H 1%9°6 8896 66L'6 L£6'6 PLI01 S6 uonendury /quiry 1omoT ‘snjeig uonendwy  $STOOH

€871 0FEF1 L6TF1 LYTHI 0T #1 900C uoneurw[g 10 Surpas, 1oy sduruadQ [epYNIY  €STOOH
suoneorjdwo)/snyelg juejdsuery,

8€S°0€ TTs0¢g 99%°0¢ S81°0¢ 855°0¢€ v ‘MOLIRIAl duog SUIpNPU] [PD WRYS  [STOOH
wSemypag ysiy 1o

V/N V/N V/IN V/N V/N V/N [PULION ‘UIOGMIN] UOJI[SUIS UWLIAL-IS0d 10 W],  6¥COOH
SWIOqMIN arg opdnniy 10

V/N V/N V/IN V/IN V/N V/N ‘PaYSLINOUTEI WYSIOMYMIIY MOT UMBWRI YO 8¥COOH

djewrn)sy drewun)sy djewrnsy djewrn)sy drewun)sy juno)H PqeT J[qerIep
Anpqeryuerd  Apqery Aqery Lymqery  Aipqery ueiq

orydoxyseje) ue[d dZuolg Ue[J JIOAI[S Ue[ P[0D  Wnune[qd

(0Z-Z 96%) pIy>—s[oPo 3uaunsnipy sty DIH-SHH PINURU0) ZY 3qIYX3

E46

Kautter, ], Pope, G. C., Ingber, M., et al.



	The HHS-HCC Risk Adjustment Model forIndividual and Small Group Marketsunder the Affordable Care Act
	Introduction
	HHS-HCC Diagnostic Classification
	Risk Adjustment Model HHS-HCCs

	Data and Methods
	Model Type
	Data
	Sample
	Expenditures
	Demographics and Diagnoses
	Subpopulations
	Model Estimation
	Disease Interactions
	Predicted Plan Liability Expenditures
	Model Evaluation

	Results
	Sample Exclusions
	Plan Liability Expenditures
	Exhibit 1. Exclusions to Create HHS-HCC Risk Adjustment Concurrent Modeling Sample1
	Exhibit 2. Distribution of Relative Plan Liability Expenditures1 by Metal Tier and Age Group
	HHS-HCCs
	Adult Risk Adjustment Models
	Exhibit 3. Distribution of HHS-HCC Concurrent Sample by Number of Payment HHS-HCCs1
	Exhibit 4. Selected Incremental Relative Plan Liability Results From the HHS-HCC Risk AdjustmentModels—Adult age 21+ (for full results, see Appendix Exhibit A1)
	Child Risk Adjustment Models
	Exhibit 5. Selected Incremental Relative Plan Liability Results from the HHS-HCC Risk AdjustmentModels—Child age 2–20 (for full results, see Appendix Exhibit A2)
	Infant Risk Adjustment Models
	Evaluation
	Exhibit 6. HHS-HCC Risk Adjustment Models—Infant (age 0–1) Relative Plan Liability Results
	Exhibit 7. Predictive Ratios by Percentiles of Predicted Expenditures—Adult Models
	Risk Score Calculation
	Exhibit 8. Predictive Ratios by Percentiles of Predicted Expenditures—Child Models
	Exhibit 9. Predictive Ratios by Percentiles of Predicted Expenditures—Infant Models
	Exhibit 10. Plan Liability Risk Scores for Silver Metal Level Plan—Illustrative Examples

	Conclusion
	References
	Appendix
	Exhibit A1. HHS-HCC Risk Adjustment Models—Adult (age 21+)
	Exhibit A2. HHS-HCC Risk Adjustment Models—Child (age 2–20)


