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Introduction

The value of improving performance on interventions for diabetes and coronary artery
disease has been recognized for several decades. Beginning in the early 1990's NCQA
developed a set of performance measures called HEDIS. Since then they have been
widely used by health plans and others to measure and compare performance. The
process for developing performance measures includes a search for evidence to insure
that each activity that is promoted by a performance measure improves health
outcomes. However it has been very difficult to determine the magnitude of the benefit
caused by improved performance, either to a person who is a candidate for a
performance measure, or to the population as a whole. Without this information it is
not possible to determine the relative importance of improving performance on the
measures, or the priority each measure should receive. This paper outlines the methods
used to analyze the benefits of improving performance on the HEDIS measures relating
to coronary artery disease and diabetes.

Methods — general

The analysis was conducted using data from the Third National Health and Nutrition
Evaluation Survey (NHANES Ill) and the Archimedes model.

NHANES Ill. NHANES lll is a detailed survey and examination of a representative sample
of the U.S. population conducted from 1988 to 1994 (1) It provides person-specific data
on approximately 40,000 persons. It over sampled certain populations, but includes
weights to enable reconstruction of a true random sample of the U.S. population.

Archimedes. The Archimedes model is a person-by-person, object-by-object simulation
written at a relatively high level of biological, clinical and administrative detail using
object-oriented programming and run on a distributed computing network (2, 3, 4). The
core of the model is a set of differential equations that represent the physiological
pathways pertinent to diseases and their complications. Currently the model includes
diabetes and its complications, congestive heart failure, coronary artery disease, stroke,
hypertension, obesity, and the metabolic syndrome in a single integrated model. Use of
a single model enables Archimedes to address co-morbidities, syndromes that span
multiple organ systems, drugs that have multiple effects, and combinations of drugs.
Examples of biological variables and outcomes in the model relating to cardiovascular
disease (CVD) and diabetes include cholesterol (LDL, HDL, total), triglycerides, blood
pressure (systolic and diastolic), gradual stenosis of coronary and cerebral arteries,



sudden occlusion (e.g. plaque rupture and thrombosis) of coronary and cerebral
arteries, myocardial viability, arrhythmias, stroke volume, pulse pressure, arterial
compliance, peripheral resistance, basal hepatic glucose production, insulin amount,
insulin resistance (efficiency of insulin use), fasting plasma glucose, hemoglobin Alc,
glucose tolerance, retinopathy (ETDRS levels), urine protein, creatinine, peripheral
neuropathy, foot ulcers, amputations, and many more. The use of differential equations
preserves the continuous nature of biological variables as well as the interactions
between them. The model is continuous in time with the rate of change of each
biological variable being continuously dependent on the values of other biological
variables, and any event occurring at any time. Diseases and clinical outcomes are
defined in terms of the underlying biological variables, which enables the model to
incorporate different definitions and changes in definitions. Interventions, both to
prevent CVD and diabetes and to manage it when it occurs, are modeled at the level of
the underlying biology. Further details about the model and equations are available
upon request.

To create simulated populations that meet specific inclusion, exclusion and other
criteria, we used person-specific data from surveys to identify individuals who meet the
criteria and then create copies or "clones" of them at the highest level of detail
permitted by the data set. For the reference population we use the U.S. population as
represented by the National Health and Nutrition Evaluation Survey (NHANES) datasets.
These are detailed cross-sectional surveys and examinations of representative samples
of the U.S. population at various times. The methods for creating clones are described in
a technical report available upon request. Other populations could be created based on
other datasets.

People develop symptoms as functions of the underlying biological variables and
progression of diseases. For example, chest pain and S-T depressions on EKG are
functions of myocardial ischemia. Timing of clinical events is continuous; any event can
occur at any time, and the timing can be as condensed or drawn out as occurs in reality.
Patients’ responses to symptoms and behaviors in seeking care vary depending on
individual characteristics and random factors. Test results are functions of the
underlying variables being measured. For example, CK-MB test results are functions of
the enzyme levels, which are functions of myocardial ischemia. Tests can have
systematic and random errors. Interventions are modeled through their effects on the
underlying biological variables. For example one of the effects of metformin in the
model is to reduce basal hepatic glucose production and thereby lower FPG. Other
effects include impact on lipid levels (5) and weight.

The model includes care delivery events such as telephone calls, office and ED visits,
admissions, tests and treatments, clinical protocols, practitioner performance, logistics
and utilization, personnel and facilities. Care processes and protocols are based on
guidelines of national organizations such as the American Diabetes Association and



American Heart Association. Where there are no national guidelines, practices followed
at Kaiser Permanente are used for the reference case, but can be tailored to other
settings.

To calculate the effects of interventions on quality of life the model continuously tracks
the time each person spends with various symptoms or other conditions that affect
quality of life. We then apply weights to calculate the total amount of “quality adjusted”
time a person spends with each condition. Any set of quality weights can be assigned.
For the reference case we used the results of a survey of about 40,000 people reported
by Sullivan et al. (6). Weights for people with co-morbidities were obtained from the
calculator provided by the same authors. (7)

We test the model for internal consistency and bugs by a variety of methods that
include face validity, use of inputs with known outputs, independent duplicate
programming of parts, and simulation of studies and trials that have empirically known
results. Each of the equations in the model was estimated by fitting functions to data.
We confirm the fits by comparing the resulting functions to the data from which they
were fitted. To prevent over fitting we chose functional forms with the smallest higher
order derivatives (the smoothest curves), and we confirmed each fit visually. Over fitting
of curves is also prevented by conducting simulations that involved dozens of equations
or spanned long durations of time, and by conducting independent validations that
involved data points never used to fit any of the equations. We then validate the overall
model by simulating epidemiological studies and clinical trials and comparing the
model’s results with the results actually observed in the trials (4). Thus far the model
has been validated against 19 clinical trials that are particularly pertinent to this
application (4, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25).
Eighteen of the trials were chosen by an independent committee appointed by the
American Diabetes Association, based on their quality and ability to collectively span the
full spectrum of the natural history of the disease, its complications, and its treatments.
Counting the individual arms and outcomes of the different trials, a total of 74 validation
exercises have been published (4). Overall, the correlation between the model's results
and the trials’ results was 0.99. Ten of the 18 trials were not used to build the model,
and provide independent validations. The correlation of the model’s results and the
trials’ results for these independent validations was 0.98.

The validations cover whatever outcomes were observed in the trials, including the
incidence of diabetes, myocardial infarctions, strokes, retinopathy and end stage renal
disease. The validations also cover whatever follow-up times were observed in the trials,
ranging from about 3 years to 15 years. Finally, the validations span several decades in
the progression of the disease, from normal, to high risk, to newly diagnosed diabetes
(which itself spans more than a decade, from the time a person first meets the biological
definition at FPG > 7 mmol/L [126 mg/dI] to the occurrence of symptoms at FPGs of



about 10 mmol/L [180 mg/dl]), to late complications such as myocardial infarctions and
end stage renal disease.

Methods -- Specific

We analyzed 13 different HEDIS measures or variations of HEDIS measures for CAD and
Diabetes. Specifically, we analyzed

The proportion of adults age 18 to 85 who were candidates for at least one
HEDIS measure

The proportion of people who were candidates for each particular measure

The performance levels in 1988-1992, before HEDIS was introduced

The number of people who are candidates for each measure, scaled to the
approximate current size of the U.S. population

The effect of achieving 100% performance on each measure, taken together, and
considered individually. This provides information about the maximum possible
benefit achievable by improving performance on any particular measure or on all
of the measures together

The effect on the U.S. population of achieving an increase in performance of 10
percentage points, for each particular measure

The effect on the U.S. population of achieving the median and 90th percentile
levels of performance of the health plans that reported to HEDIS in 2005 through
NCQA (26).

The effect on individuals of improving performance on each measure

The details are listed in Table 1.

For each measure we calculated the 30 year rates of fatal and non fatal myocardial
infarctions (Ml), strokes, end stage renal disease (ESRD), and eye surgery and blindness.



Table 1 - Description of HEDIS Measures

HEDIS Measure

HEDIS
Population

Treatment Target

Treatment effects
assumed for analyses

Method used to identify
people who are HEDIS-
improvable in NHANES

Controlling Blood
Pressure (CBP)

Adults age 46 —
85 with
hypertension

SBP<140 and
DBP<90

If SBP>140, then treat to
SBP=140. If DBP > 90,
then treat to DBP=90

People who had SBP>140 or
DBP>90 in NNAHES

Beta Blocker Treatment
after a Heart Attack
(BBH)

Persistence of Beta
Blocker Treatment after a
Heart Attack (PBH)

Cholesterol Management
after Acute
Cardiovascular Event
(CHM)

Cholesterol Management
after Acute
Cardiovascular Event
(CHM)

Over age 35,
discharged
following Ml

Over age 35,
discharged
following Ml

Age 18 - 75,
discharged in
previous year for
MI

Age 18 — 75,
discharged in
previous year for
MI

Prescription for beta

blockers at
discharge

Treated with beta
blockers for at least
6 months after
discharge

LDL<100 mg/dI

LDL<130 mg/dl

Treated for 6 months

Treated forever

If LDL>100 mg/dI then
treat to LDL=100 mg/dl

If LDL>130 mg/dI then
treat to LDL=130 mg/dl

There are no fields in

NHANES that identify people

who had just been
discharged following an MI.
Candidates for this measure
(i.e. were discharged
following an MI) were
specified by running the
Archimedes simulation and
identified people who in the
simulation who just had an
MI.

Comprehensive Diabetes
Care (CDC)-HbAlc
Control < 9%

Comprehensive Diabetes
Care (CDC)-HbAlc
Control < 7%

Comprehensive Diabetes
Care (CDC)-Eye Exam

Comprehensive Diabetes
Care (CDC)-LDL Control
100

Comprehensive Diabetes
Care (CDC)-LDL Control
130

Comprehensive Diabetes
Care (CDC)-Kidney
Screening

Age 18 — 75, with
type 1 or type 2
diabetes

Age 18 — 75, with
type 1 or type 2
diabetes

Age 18 — 75, with
type 1 or type 2
diabetes

Age 18 — 75, with
type 1 or type 2
diabetes

Age 18 — 75, with
type 1 or type 2
diabetes

Age 18 — 75, with
type 1 or type 2
diabetes

HbA1c<9%

HbA1c<7%

Eye exam

LDL<100 mg/dl

LDL<130 mg/dI

Tested for micro-
albuminuria in last
year

If HbA1c>9% then treat to
HbA1c=9%

If HbA1c>7% then treat to
HbAlc=7%

Annual eye exam for
people on insulin or if
HbA1c=8%. Eye exam
every two years for all
others.

If LDL>100 mg/dI then
treat to LDL=100 mg/dl

If LDL>130 mg/dI then
treat to LDL=130 mg/dl

Give annual exams

The fields used from
NHANES included people
who were either told by a

doctor that they had diabetes
or their FPG was >126.

If the
person was age <25, then
they were classified as

having type 1 diabetes. If the|

person was >25, then they
were classified as having
type 2 diabetes.

Medical Assistance with

Quit

Medical Assistance with
Smoking (MSC)-
Medications

Age 18 or over,

Smoking (MSC)-Advice to smoker

Age 18 or over,
smoker

Seen by MCO
practitioner and
given advice to quit
Seen by MCO
practitioner and
recommended
medications

Give advice to quit
annually

Give advice to quit and
recommend medications
annually

The fields used from
NHANES included people
who smoked at least 100
cigarettes in life and had

smoked in the last 30 days,

OR smoked cigarettes more

than 15 days during the last
30 days

Design. Our objective was to estimate the benefits that would occur if performance
were improved on each of the measures. We did this by using the Archimedes model to
conduct a series of simulated clinical trials. In all, 17 simulated trials were conducted.
Thirteen addressed the HEDIS measures one-by-one. Four addressed the effects of
improving performance on all of the measures at the same time under different
assumptions about performance, to be described below.




In each simulated trial a group of people (called a “HEDIS-improvable population” for
reasons that will be described below) was either given the intervention applicable to the
measure, or was not given any intervention applicable to HEDIS measures, followed for
30 years, and observed for the outcomes of interest.

With one exception, the populations for each scenario were created by randomly
selecting from the NHANES Ill database individuals who met the criteria for
improvement in performance of the interventions specified by the HEDIS performance
measures. For example, to estimate the effects of improving performance on the HEDIS
blood pressure measure, which calls for people age 46 — 85 who have a diagnosis of
hypertension to have their BPs controlled to <140/90, we created a simulated
population of people with hypertension age 46 — 85 whose SBP>140 or DBP>90.
Because these people would benefit from better control of their BPs, they are called
“HEDIS-improvable”. It is important to understand that the HEDIS-improvable
populations as just defined are different from the people who form the denominators of
the HEDIS measures. Using the blood pressure measure as an example again, the
denominator for that measure is people ages 46 — 85 who have hypertension. We will
call these the “HEDIS-denominator” group. Some of these people are already being
treated to BP < 140/90, and their care would not be affected by any further
improvements in performance on the measure. On the other hand, some of the people
with hypertension still have SBP > 140 or DBP > 90. These people would benefit from
further improvements in performance. Because we are interested in the benefits that
would derive from improving performance, it is the latter group in which we are most
interested for this analysis, and it is the latter group — which we are calling the HEDIS-
improvable group — that formed the populations for the simulated trials we calculated.
Another way to conceptualize the HEDIS-improvable groups is that they are the
complements of the numerators for the corresponding HEDIS measures.

With information about the current level of performance on any given measure, we can
use the benefit to the HEDIS-improvable group for that measure to estimate the overall
benefit to the entire HEDIS-denominator group, or to the adult population as a whole,
that would occur if performance on the measure were improved to any designated new
level. The equation is

AB = ((Pnew - Pold)/(l' Pold))*Br

where AB is the increase in benefit to the HEDIS-denominator group, such as the
number of myocardial infarctions (Mls) prevented in a health plan, P,y is the new level
of performance on the measure, P, qis the old or current level of performance, andB is
the benefit of treating the HEDIS-improvable people. This approach assumes that



individuals are chosen at random for improved performance from within the HEDIS-
improvable populations®.

Wherever possible, we obtained information on the original performance levels for each
measure from the NHANES IIl database. Where this was not possible, we used the
baseline levels of performance provided by HEDIS. The rates from NHANES Il and NCQA
are shown in Table 2.

We used NHANES IIl because it was conducted in 1988 — 1994, just before the NCQA
HEDIS measures were introduced, and therefore represents the distributions of risk
factors, and the proportion of people who might benefit from improved performance, in
the “pre-HEDIS” setting. We also used this database to determine the prevalence rates
and distributions of characteristics, risk factors, and biological variables in real HEDIS-
improvable populations, as will be described below.

Because NHANES Ill, properly weighted, is a representative sample of the U.S.
population this method also provided information about the proportion of the U.S.
population that were candidates for improvement in performance of each HEDIS
measure, prior to the introduction of the measures by NCQA.

Each HEDIS-improvable population was then subjected to two or more interventions,
analogous to the arms of a real controlled trial. One arm was always a "status quo" arm,
in which the chosen population was allowed to progress with no changes in any aspects
of their care relevant to the HEDIS measures. They would however receive treatment for
any symptoms or health outcomes that might develop. For example, if the measure
being studied was control of LDL levels to <100 in people with history of myocardial
infarctions (Ml), then the population for that scenario would be people with a history of
Ml and LDL > 100, and for the status quo arm the LDL levels would be allowed to
progress gradually as occurs with age, without any treatment. If such a person should
develop symptoms of coronary artery disease they would be treated appropriately, but
they would receive no prevention interventions.

The status quo arm then served as a comparison for the intervention, in which the
HEDIS-improvable population would be treated with the intervention called for by the
HEDIS measure. In the example just given, for the intervention arm the people would
have their LDL levels treated to 100. In this arm, everyone would also be reexamined at
annual intervals and retreated as needed to maintain control. For example if their LDL
levels rose to > 100, then they would be re-treated to < 100. In this arm we caused
everyone in the HEDIS-improvable population to be treated to the goal. This information

L If in reality people are more likely to be controlled if they are already close to a HEDIS performance
target, then this assumption will cause our estimates of benefit to overestimate the actual degree of benefit.
Conversely, if people are more likely to be controlled if they are far above the treatment goal, then this
assumption will cause our estimates to underestimate the degree of benefit.



could then be used in the equation given above to calculate the effect of any new level
of performance.

Because the purpose of this project was to learn the effects of achieving the goals set
for the various HEDIS measures, we constructed artificial treatments that achieved the
goals precisely. They can be thought of as magic pills. In reality, patients would be
treated according to algorithms often with a progression of drugs and dosages. Because
people start at different levels of a risk factor or variable (e.g. different LDL levels) and
respond differently to drugs, in order to achieve 100% performance where everyone is
driven to the goal, inevitably some people would be “over-treated” to levels beyond the
goal. The magic pills created for this project avoided that effect and the biases it would
have in overstating the benefits of achieving the stated HEDIS goal.

To create each HEDIS-improvable population we created simulated copies or “clones” of
people in the NHANES Il population, where each clone matched the corresponding real
person with respect to all the important variables. The method for creating clones
ensured that the distributions of all the variables, and the correlations between the
variables, were the same in the simulated population as the real U.S. population. For
example, in the HEDIS-improvable population for the hypertension measure, while
everyone has a BP > 140/90, some would be only slightly above that threshold, perhaps
SBP = 143, whereas others would be far above that threshold, perhaps SBP = 168. The
method for creating the HEDIS-improvable populations ensured that the simulated
populations would have the same distributions of BP levels as the actual NHANES Il
population. Similarly, people with only slight increases in BP might have a different
likelihood of being a smoker, or have a different distribution of weight, than people with
much higher BPs; the method we used to create the simulated population preserves all
the pertinent correlations measured in the real NHANES Il population.

The approach just described for creating the populations for the simulated clinical trials
had to be modified for the performance measures relating to beta-blockers on discharge
after an MI; whether such patients were given a prescription on discharge and whether
they were still taking beta blockers at least 6 months after discharge. The number of
people in the NHANES IIl database who were recently discharged following an Ml is
extremely small. Consequently, to analyze performance on measures and guidelines
relating to this measure we identified a group of people who were at an exceedingly
high risk (approximately 90%) of developing an Ml in the coming year. We then tracked
them and noted the occurrence of any Mls. Because of the nature of this measure it is
not possible to calculate the number of people affected by it over a long time horizon
using NHANES IIl data. To estimate the number of people alive today who would benefit
from improved performance on a beta blocker post-MI measure, we counted the
number of people in the NHANES IIl database who had had an Ml in the past.

Perspectives. We calculated the effects of improved performance from two
perspectives: the individual and the population. For the first, we looked at each



measure one by one and calculated the effects on individuals who could benefit from
better performance on that measure — that is, people who are actually in the HEDIS-
improvable populations. An example is HbAlc control in people with diabetes; to
calculate the benefit of this measure from the individual’s perspective we identified
people who had diabetes and had HbAlc levels > 9%, and then treated them to reduce
their HbAlc to 9%. This focuses on people who stand to benefit from improved
performance on the measure, because their current level of HbAlc is greater than the
target for treatment. People with diabetes whose HbA1c level was already below 9%
would not benefit from a measure that lowered HbAlc to 9%. We did this for all 13
measures listed in Table 1.

For the population perspective we performed the same type of calculation for each
measure, but kept track of the proportion of the total adult population (18 — 85) that
stood to benefit from better performance on each measure. This enabled calculation of
the number of people who stand to benefit from a measure from within a general adult
population of any size, such as a 50,000 member health plan, the state of California, or
the U.S. population as a whole. For example, NHANES Il indicates that approximately
1% of adults age 18-85 have diagnosed diabetes and HbA1lc levels > 9%. Therefore in a
health plan with 500,000 adults 18-85, there will be approximately 5000 such people.

Interventions

The interventions were the treatments called for by the HEDIS measures shown in Table
1. Each of these was analyzed one-by-one in its own scenario. But as already stated, for
the population perspective we also looked at several combinations of measures when
applied to the entire group of people who stand to benefit from improvement in
performance for at least one performance measure or guideline -- the “sum” of all the
individual HEDIS-improvable populations. For this population, which we will call the
“HEDIS-improvable super-population”, we calculated the effects of the following
combinations of measures:

e Achieving 100% performance on every measure, where treatment targets are
interpreted aggressively. For example, if smokers can either be given advice to
quit, or be given advice to quit and recommendations for medications, the latter
option would be considered the more aggressive.

e Achieving 100% performance on every measure, where treatment targets are
interpreted conservatively. For example, if smokers can either be given advice to
quit alone, or be given advice to quit plus recommendations for medications, the
former option would be considered the more conservative.

e Achieving the level of performance of the median health plan.

e Achieving the level of performance of the 90" percentile health plan.



NCQA provided the assumptions to be made about the level of performance for each
intervention for the median health plan and the 90" percentile plan. They are in Table 2.

Table 2 - Performance Levels for Each Measure

Measure Porportion of Performance levels

Pre-HEDIS NHANES 3 HEDIS Median Health goth percenti]e
population baseline | Planin 2005 | Health Plan in
improvable 2005
by measure

Controlling Blood Pressure (CBP) 13.6% 28% 67.51% 75.35%

Beta Blocker Treatment after a 0.3% Not available in 86% 97% 100%

Heart Attack (BBH) [1] NHANES 3

Persistence of Beta Blocker 0.3% Not available in 86% 69.05% 79%

Treatment after a Heart Attack NHANES 3

(PBH) [2]

Cholesterol Management after 1.6% 35% 69.38% 78.33%

Acute Cardiovascular Event

(CHM) (Goal <130)

Cholesterol Management after 1.1% 10% 51.59% 61.25%

Acute Cardiovascular Event

(CHM) (Goal <100)

Comprehensive Diabetes Care 1.0% 15% 29.93% 20.90%

(CDC)-HbAlc Control 9% (%

NOT controlled to < 9%)

Comprehensive Diabetes Care 2.4% 38% not available | not available

(CDC)-HbAlc Control 7% (%

NOT controlled to < 7%)

Comprehensive Diabetes Care 3.2% Not available in 50% 50.35% 66.18%

(CDC)-Eye Exam NHANES 3

Comprehensive Diabetes Care 3.2% 52% 65.78% 73.24%

(CDC)-LDL Control (<130)

Comprehensive Diabetes Care 51% 20% 40.40% 47.45%

(CDC)-LDL Control (<100)

Comprehensive Diabetes Care 3.1%  |Notavailable in 50%|  51.58% 65.45%

(CDC)-Kidney Screening NHANES 3

Medical Assistance with Smoking 30.9% |Not available in] not available 69.50% 77.20%

(MSC)-Advice to Quit NHANES 3

Medical Assistance with Smoking 30.9% |Not available in] not available 37.80% 46.70%

(MSC)-Medications NHANES 3

[1] BBH data is based on 3-month treatment with beta blockers
[2] PBH data is based on 6-month treatment with beta blockers

A general note is that it was not possible to analyze the effects of testing for LDL, HbAlc,
eye pathology or kidney pathology without making some assumptions about the care




that would be provided for people who had abnormal test results. Nor was it possible to
analyze the effect of controlling a person’s LDL or HbAlc without assuming that they
had been tested and found to be candidates for control. Thus for the eye and kidney
screening measures we assumed that appropriate care would be given to any cases
found, and for LDL and HbAlc we combined the “testing” and “control” measures into a
single “testing and control” measure.

Outcomes
For each of these interventions we estimated a large number of outcomes, including the
following:

e myocardial infarctions, both fatal and non fatal

e survival following a myocardial infarction

e repeat myocardial infarctions

e strokes, both fatal and non fatal

e retinopathy and blindness (diagnosed legal blindness for all calculations except
retinopathy exams, for which actual legal blindness was calculated

e nephropathy and end stage renal disease

e Revascularization (PTCA/CABG) with the understanding that use of these
procedures varies widely from setting to setting. We do this for a typical
managed care setting, but there is no guarantee that the results will be accurate
for all settings. In fact, they won’t.

e Hospitalizations from CHF, with the understanding that criteria for deciding who
should be hospitalized can vary across settings.

e Incidence of chest pain (if possible) with the understanding that the criteria for
reporting chest pain as an outcome in trials varies from setting to setting. We do
the best we can with the available data.

e Lifeyears

e Quality adjusted life years



Quality of Life
For the reference case we used quality of life weights shown in Table 3, drawn from
Sullivan et al. (6,7).

Table 3 - QALY Weights

Condition Weight

Diabetes and
MI -0.18
Angina -0.18
Stroke -0.167
CHF -0.2
ESRD -0.2
Foot amputation -0.105
Partial foot amputation -0.105
Foot ulcer -0.17
Serious eye disease -0.19
No complications -0.04

No Diabetes and
MI -0.05
Angina -0.05
Stroke -0.037
CHF -0.07




Time horizon
We estimated outcomes over a 30-year period, reporting both clinical and economic
effects at annual and five-year intervals.

Statistical methods

The results were calculated by two methods. First, we calculated the cumulative
probabilities that a person who is alive at the start of the simulated trial will have
various outcomes. We also calculated the sum of the risks of an event during the coming
year faced by people who are alive at the beginning of the year (annual hazard rate).
This is sometimes called the integrated hazard rate. It is equivalent to a Kaplan Meier
calculation where observations are made at annual intervals.

The two numbers are calculated as follows. To calculate the cumulative probability of a
health outcome, take the cumulative number of outcomes that have occurred through
the years to the population, and divide by the number of people alive at the beginning
of the calculation. For the integrated hazard rate, first calculate the annual hazard rate
for each year; that is the number of outcomes in that year divided by the number of
people alive at the beginning of that year and at risk of having the event in that year.
Then to get the integrated hazard rate, add up all the annual hazard rates. The
calculation methods are illustrated in Table 4.

Table 4 - Calculation Methods

Year 0 1 2 3 4 5
Number of people alive and without the outcome 1000 930 864 786 731 677
Number of people dying of other causes in the

year 20 23 24 21 10 23
Number of people getting the outcome in the year 50 43 54 34 44 53
Cumulative number of outcomes 50 93 147 181 225 278
Number of people alive and without the outcome at

the end of the year 930 364 786 731 677 601
Cumulative probability of outcome 0.05[1] [0.093[2] 0.147] 0.181 0.225] 0.278
Annual hazard rate of outcome 0.05|0.0462[3] | 0.0625| 0.0433( 0.0602| 0.0783
Integrated hazard rate 0.05]0.0962[4] | 0.1587] 0.202| 0.2622( 0.3405

[1] 50/1000 = 0.05

[2] 43/1000 + 0.05 = 0.093
[3] 43/930 = 0.0462

[4] 0.05 + 0.0462 = 0.0962

Additional notes on methods



For all the calculations we based the starting or pre-HEDIS performance levels on the
performance levels seen in the NHANES IIl population when possible. These rates are
shown in Table 2. For smoking we assumed that all smokers were open to responding to
advice to quit and information about medications.

There are two beta blocker measures for which we created separate simulations. For
beta blocker use after a heart attack, the measure specifies an ambulatory prescription
for beta-blockers rendered within seven days after discharge. The measure for
persistent beta blocker use specifies a 180-day course of treatment with beta-blockers.
Because the beta blocker measures together have the effect of measuring if beta
blockers are used for 6 months, we created a simulated trial in which we assumed that
the beta blocker would be given for 6 months and then stopped. Because the intention
(even if not the actual process being measured) is for beta blockers to be used forever,
we also created a simulated trial in which they are given forever.

For the U.S population, we assumed 210,000,000 adults age 18 — 85.

For the HEDIS measures that call for reductions in LDL, we used simulated treatments
that had the sole effect of reducing LDL to the desired goal (either 130 mg/dl or 100
mg/dl). We did not assume that statins would be used, because the measure asks only
about the LDL level, and not statin use. If statins were used, the effect would be larger
than reported here.

For the smoking measure calling for advice to quit and information about medications,
we assumed that smokers exposed to this intervention would quit at a rate starting at
10.5% in year 1 and tapering uniformly to 1.05% in year 30. These quit rates were
assumed to occur on top of the spontaneous quit rates. For the smoking measure calling
for advice to quit, we assumed that smokers exposed to this intervention would quit at
a rate that begins at 5.86% in year 1 and tapers uniformly to 0.586% in year 30. These
quit rates were assumed to occur on top of the spontaneous quit rates. These quit rates
were provided by NCQA.*’

Because our methodology was to conduct simulated controlled trials, the results have
confidence limits determined by the sample sizes of the simulated trials and the rates of
the outcomes, just as occurs in real clinical trials. Because of this, small effects can be
due to sampling error. Confidence intervals were calculated.

The results will be shown as cumulative probabilities. Many of the interventions cause
people to live longer, extending the time they are at risk of other outcomes. This can
cause what appear to be paradoxical results, where an effective treatment actually
increases the risk of outcomes. The interpretation of these paradoxical results is further
confounded by the fact that the interventions are selective in their effects, causing shifts
in the prevalence of various risk factors in the surviving populations. The shifts in risk
factors can selectively affect the rates of other outcomes that are not directly affected



by the particular intervention being applied. To some extent these effects can be
reduced by looking

Other apparently paradoxical results arise as artifacts of the subject selection process.
For example, it appears that more Mls were prevented when testing the complete set of
HEDIS guidelines than the sum of the numbers prevented from each of the guidelines
alone. But the single-measure trials start with a subject pool entirely composed

of people who are already candidates for the given treatment, while the composite
intervention includes all these people but additionally will treat anyone else in the
"HEDIS super-population” who develops a need for the treatment over the trial's 30-
year course.
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