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Abstract

Prescription drugs play an ever-increasing role in medical care by improving 

health outcomes and quality of life, replacing surgery and other invasive treatments, and 

quickening recovery for patients who receive these treatments.  Medicare covers only 

limited medical services for seniors and prescription drugs are not currently covered.  The 

Medicare Prescription Drug, Improvement and Modernization Act of 2003 provides 

prescription drug coverage for virtually all seniors.  The cost estimates of the Medicare 

prescription drug coverage are based on the expected per beneficiary utilization, 

however, do not take into account the potential offset by savings on other medical 

services such as hospitals and physicians because the relationship between prescription 

drug use and use of other medical services is still unclear in the literature. 

This dissertation, first, estimates the effects of Medigap prescription drug benefit 

on elderly prescription drug spending, Medicare Part A spending and Medicare Part B 

spending.  The dissertation compares spending and service use for beneficiaries who have 

Medigap insurance which sometimes covers prescription drugs and sometimes does not, 

and uses variation in state regulations of the individual insurance market—including 

guaranteed issues and community rating—as instruments for prescription drug coverage.  

The dissertation also employs a novel discrete factor model to control for individual-level 

heterogeneity.  The results show that Medigap prescription drug coverage significantly 

increases drug spending by $170 or 22%, and reduces Medicare Part A spending by 

$277-348 or 10-13%.  The results also indicate that Medigap prescription drug coverage 

reduces Medicare Part B spending, but the estimates are insignificant.  The estimates 
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imply that a $1 increase in prescription drug spending is associated with $1.63-2.05 

reduction in Medicare spending. 

Instead of studying prescription drugs in general, this dissertation, then, considers 

the lifetime effects of a specific class of prescription drugs—anti-hypertensives—on

health outcomes and healthcare expenditures.  Assuming that the beneficial effects of 

treating hypertension found in randomized clinical trials can be successfully extended to 

the general population, controlling hypertension significantly improves both morbidity 

and mortality, and reduces annual healthcare spending but has little effect on lifetime 

healthcare expenditures.  The results suggest that controlling hypertension in the elderly 

could be very cost-effective. 
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Chapter 1: Introduction and Research Questions 

1.1 Background 

Prescription drugs play an ever-increasing role in medical care by improving 

health outcome and quality of life, replacing surgery and other invasive treatments, and 

quickening recovery for patients who receive these treatments.  Prescription drug 

spending accounted for 15.3%1 of total national health expenditures in 2002.  Prescription 

drugs have been and will continue to be the fastest growing health sector (Heffler et al., 

2004).

Medicare covers only limited medical services for seniors and prescription drugs 

are not currently covered.2  Supplemental Medicare was designed to fill in this gap.  

Beneficiaries can get prescription drug coverage from their former employers or 

Medicaid or other public programs, or by enrolling in Medicare HMOs3 or purchasing 

Medigap4.  The Omnibus Budget Reconciliation Act (OBRA) of 1990 requires that 

Medigap plans be standardized in as many as 10 different benefit packages offering 

varying levels of supplemental coverage.  All policies sold since July 1992 (except in 

three exempted states: Massachusetts, Minnesota and Wisconsin)1 have conformed to 1 

of these 10 standardized benefit packages, known as plans A to J.  Plans H, I and J have 

prescription drug benefit.  A high-deductible option is also available for plans F and J.

1 Outpatient prescription drug spending accounted for 11% of national health care expenditures in 2002. 
2 Medicare does cover physician-administered drugs and a small number of self-administered drugs. 
Examples of Medicare-covered self-administered drugs include blood clotting factors, epoetin alfa for 
dialysis patients, immunosuppressive drugs after a Medicare-covered transplant, certain oral cancer drugs, 
and certain oral anti-emetic drugs. 
3 HMO is the short name for Health Maintenance Organization.  Most Medicare HMOs have prescription 
drug benefit. 
4 Medigap is the short name for “Medicare Supplement Insurance” that is designed to fill some of the “gaps 
in coverage” left by Medicare. 
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Policies sold prior to July 1992 are not required to comply with these 10 standard 

packages (Table 1.1).

Though many beneficiaries had some sources of drug coverage, 37.7% still had 

no coverage at all in 1999 (Laschober et al. 2002).  Studies found that many Medicare 

beneficiaries who do not have prescription drug coverage have difficulties getting the 

drugs they need and incur much higher out–of-pocket spending for prescription drugs, 

and they use fewer prescription drugs, forgo filling their prescriptions, skip doses, or use 

lower doses than prescribed because of the cost of medication (Rector et al. 2004; Craig 

et al. 2003; Mojtabai et al. 2003; Safran et al. 2002; Steinman et al. 2001; Adam et al. 

2001).  Federman et al. (2001) found elderly Medicare beneficiaries with coronary heart 

failure who lack drug coverage have lower use rates of statins, a class of relatively 

expensive drugs that improve survival.  More than one quarter of seniors without 

coverage who have congestive heart failure, diabetes, or hypertension report not filling 

prescriptions because of their cost and about one third report skipping doses to make their 

medicine last longer (Altman, 2004).  Furthermore, classifying beneficiaries as either 

having coverage or not misses major differences in depth of coverage, with some sources 

of coverage only marginally better than no coverage (Safran et al., 2002).  Dor and 

Encinosa (2003) found that an increase in the coinsurance rate from the 25th to the 75th

percentile results in the share of those who never comply to increase by 27% and reduces 

the share of fully compliant persons by 10.9%; an increase in the co-payment from the 

25th to the 75th percentile results in a 13% increase in the share of non-compliant persons 

and a concomitant 10.6% reduction in the share of fully compliant persons. 
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The Medicare Prescription Drug, Improvement, and Modernization Act of 2003 

established Medicare Part D which will provide prescription drug coverage for virtually 

all seniors at a predicted 10-year cost of $558 billion as estimated by the Congressional

Budget Office.  Medicare Part D will provide premium and cost-sharing subsidies to 

assist low beneficiaries.  Table 1.2 shows the standard Medicare Part D drug benefit for 

year 2006. 

The cost estimates are based on the expected per beneficiary utilization, however, 

do not take into account the potential offset by savings on other sources of health care 

such as hospitals, physicians and nursing homes.  Thus, through this substitution effect, 

Medicare prescription drug coverage may not increase total Medicare spending as much 

as current estimates suggest.  Question also remains on how the new Medicare Part D 

will affect health outcomes of Medicare beneficiaries.  

To date, attention has been focused on the costs of providing drugs.  However, as 

prescription drugs have become increasingly integral to the treatment of many illnesses 

and are combined with other inputs to produce better health, it is important to study the 

relationship between prescription drug use and use of other medical services in treating 

illness.  

1.2 Literature Review 

It is well established in the literature that prescription drug coverage increases and 

cost sharing decreases the utilization of prescription drugs.  The Rand Health Insurance 

Experiment (HIE) found the cost-sharing response to prescription drugs is similar to the 

response to all ambulatory medical services with an elasticity of –0.27 (Newhouse 1993) 
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in the non-elderly population.  Joyce et al. (2002) found that doubling the co-payments 

for each prescription can reduce drug spending by 22-33% among working age adults.  

Coulson et al. (1995) found that supplemental insurance for drugs increases the number 

of prescriptions filled by about 27% among the elderly.  Lillard et al. (1999) found 

prescription drug coverage increases prescription drug spending, on average, about $83 

(in 1990 dollars) or 20% for Medicare beneficiaries. 

It is unclear, however, how prescription drug coverage would affect the use of 

other medical services.  On one hand, people with prescription drug coverage may be 

more likely to have doctor visits to get the drugs they need, and inpatient care and 

outpatient care are often combined with prescription drugs in the treatment of many 

illnesses.  In that sense, prescription drug and other medical services are complements.  

On the other hand, some diseases can be treated by either prescription drugs or inpatient 

and outpatient care.  Furthermore, prescription drugs can improve health outcomes, and 

reduce future illness and thus demand for medical care.  In that sense, prescription drugs 

and other medical services are substitutes.  There are generally three types of research 

currently in the literature related to this issue.   

1. Studies of how specific drugs or classes of drugs affect the use of other health 

care services:  In a double-blinded placebo control trial, SOLVD (1991) found that the 

addition of Enalapril (an angiotensin-converting-enzyme inhibitor) to conventional 

therapy significantly reduces mortality and hospitalizations for heart failure in patients 

with chronic congestive heart failure and low ejection fractions.  Bozzette et al. (2001) 

found the total cost of care for adults with HIV infection has declined since the 

introduction of highly active antiretroviral therapy with an estimated annual savings of 
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16%.  Expenditures have increased for medications by 33% but have declined for hospital 

care by 43%. 

2. Studies of how improving access to prescription drugs (through insurance 

coverage) by defined population changes the use of other health care services:  Tamblyn 

et al. (2001) found in the year following a cost-sharing increase5 for prescription drugs in 

elderly persons and welfare recipients, use of essential drugs decreased by 9.12% in 

elderly persons and by 14.42% in welfare recipients; use of less essential drugs decreased 

by 15.14% and 22.39% respectively.  Serious adverse events associated with reductions 

in use of essential drugs were doubled for both groups and emergency room (ER) visits 

associated with reductions in use of essential drugs were increased by 43% and 78% 

respectively.  Goldman et al (2004) also found significant reductions in use of both 

essential and less essential medications after doubling co-payments by examining claims 

data from 30 employers and 52 health plans.  Motheral et al. (2001) found that switching 

from a two-tier (generic and brand) prescription co-pay system to a three-tier (generic, 

formulary brand and Non-formulary brand ) prescription co-pay system reduces drug 

costs without evidence of change in use of other medical resources in the year following 

implementation among working age adults.6  Instead of a one-year follow-up, Gaynor et 

al. (2005) followed privately insured employees and their dependents for two years after 

the changes in drug prices and found a 1$ increase in co-payment for drugs results in 

$9.71, $6.46, $3.39 and $20.39 decreases in drug spending, outpatient spending, inpatient 

spending and total spending respectively in the first year after the changes in drug prices.

However, in the second year after the changes in drug prices, inpatient spending, 

5 From free medication to a deductible and a 25% co-insurance 
6 Switching from two-tier prescription co-pay system to three-tier prescription co-pay system only increases 
drug spending by about 10%. 
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outpatient spending and overall spending rise by $10.71, $13.03 and $22.85 respectively 

while drug spending falls by $8.35.  Questions remain for periods after the second year.  

Would they be more like the first year or the second year or neither? 

3. Studies of how the use of more or newer prescription drugs by defined 

populations affects their use of other health care services:  Lichtenberg (1996) found the 

number of hospital days, bed days, and surgical procedures declined most rapidly for 

those diagnoses with the greatest increase in the total number of drugs prescribed and the 

greatest change in the distribution of drugs, by molecule. The estimates imply that an 

increase of 100 prescriptions is associated with 1.48 fewer hospital admissions, 16.3 

fewer hospital days, and 3.36 fewer inpatient surgical procedures. A $1 increase in 

pharmaceutical expenditure is associated with a $3.65 reduction in hospital expenditures, 

but may also be associated with $1.54 increase in expenditures on outpatient care.  As 

noted by Gaynor et al (2005), Lichtenberg’s estimates can be best interpreted as 

“biological” or “technological” substitution between drugs and other medical inputs in 

the production of health.  Here we are interested in the substitution between drugs and 

other medical inputs in consumption.  The difference between substitution in production 

and substitution in consumption is that the latter also includes an income effect as a result 

of changes in drug prices.  Yang et al. (2004) used Medicare Current Beneficiary Survey 

(MCBS) and a discrete factor model to estimate the effects of prescription drug coverage 

on health outcomes and health care spending.  However, Yang et al. did not distinguish 

prescription drug coverage of different sources, for example, employer-sponsored drug 

coverage, Medigap drug coverage and Medicare HMO drug coverage.  More importantly, 
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Yang et al. did not hold the generosity of non-drug coverage the same between 

beneficiaries who have prescription drug coverage and beneficiaries who do not. 

Most prior research that studied the effect of drug coverage looked at the effect of 

the extent of coverage among people with coverage, i.e. the intensive margin.  The 

Medicare drug bill, however, is interested in the extensive margin – what happens when 

beneficiaries without drug coverage get coverage.  Notably, the Congressional Budget 

Office’s cost projections did not take into account the effects of prescription drug use on 

the use of other health care services, because, according to the Congressional Budget 

Office,

“None of those approaches exactly address the question of how Medicare 

coverage for drugs might alter the use of other Medicare services.  Moreover, the 

findings of those studies are conflicting and, in some cases, difficult to interpret.” 

1.3 Research Questions 

Prescription drug coverage increases prescription drug utilization which directly 

substitutes for inpatient and outpatient care and/or reduce future inpatient and outpatient 

care because of improved health of beneficiaries.  On the other hand, prescription drug 

coverage may promote more use of inpatient and outpatient care if prescription drugs and 

inpatient and outpatient care are complements.  This dissertation first will investigate the 

contemporary or short-term effects of prescription drug coverage on prescription drug 

spending, Medicare Part A spending and Medicare Part B spending and aim to answer the 

research question: 
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How much increase/decrease in Medicare Part A and Part B spending would 

result from a one-dollar increase in prescription spending? 

This static analysis, however, does not address the long-term effects of 

prescription drug coverage on healthcare spending.  With prescription drug coverage, 

beneficiaries consume more prescription drugs.  If prescription drugs simply replace 

other more invasive procedures with no extra health benefit, prescription drugs will have 

no long-term effects on health outcomes and spending.   If beneficiaries achieve better 

health outcomes with prescription drugs, they will have larger health stock thereafter than 

they otherwise would.  This increased health stock will in turn reduce prescription drug 

utilization, and inpatient and outpatient care in the future periods.  At the same time, 

beneficiaries will live longer and eventually enter health states with co-morbidities.  It is 

therefore unclear how prescription drug coverage would affect lifetime healthcare 

spending.  If prescription drug coverage increases lifetime healthcare spending, the 

question arises to whether the increase can be justified by the improvement in health.  

There are few studies in the literature on this issue.  Yang et al. (2004) and Gaynor et al. 

(2005) are two welcome attempts.  Gaynor et al. (2005) studied how prescription drug 

spending, inpatient spending and outpatient spending change in the two years after an 

increase in coinsurance for prescription drug coverage.  Yang et al. (2004) simulated the 

effects of Medicare supplemental drug coverage on prescription drug spending, Medicare 

Part A and Part B spending over a five-year period, and found that prescription drug 

coverage increases prescription drug spending by 12-17% with little effect on other 

healthcare spending and improves mortality.  We will, instead, look at how prescription 

drug utilization for a particular disease—hypertension—affects health outcomes and 
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lifetime healthcare spending taking into account morbidity and mortality dynamics over 

time. 

1.4 Organization of Dissertation 

The remainder of this dissertation is organized as following: chapter 2 introduces 

our data: Medicare Current Beneficiary Survey 1992-2000; Chapter 3 presents our model 

and results on how prescription drug coverage affects prescription drug spending, 

Medicare Part A and Medicare Part B spending; Chapter 4 describes our simulation 

model and reports the results on how hypertension treatments affect health outcomes and 

lifetime healthcare spending; Chapter 5 concludes with discussion. 
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Table 1.1: Medigap Plan Options
7

Benefit A B C D E F G H I J 

Basic Benefits X X X X X X X X X X 

Skilled Nursing Co-Insurance     X X X X X X X X 

Part A Deductible   X X X X X   X X X 

Part B Deductible     X   X       X 

Part B Excess         
X

100%
X

80%
X

100% 
X

100% 

Foreign Travel Emergency     X X X X X X X X 

At-Home Recovery      X    X   X X 

Basic Drugs             
X

$1250 Limit
X

$1250 Limit 
X

$3000 Limit

Preventive Care       X         X 

All plans include the Basic Benefits: 

Hospitalization: Part A coinsurance ($210 per day from 61st to 90th day and $420 from 
91st to 150th day) plus coverage for 365 additional days after Medicare benefits end. 

Medical Expenses: Part B coinsurance (generally 20% of Medicare-approved expenses) 

Blood: First three pints of blood each year 

Plans F and J also have an option called a high deductible Plan F and high deductible Plan J. 
These high deductible plans pay the same or offer the same benefits as Plans F and J after one has 
paid a calendar year $1,650 deductible. Benefits from high deductible plans F and J will not begin 
until out-of-pocket expenses are $1,650. 

Out-of-pocket expenses for this deductible are expenses that would ordinarily be paid by the 
policy. These expenses include the Medicare deductibles for Part A and Part B, but do not 
include, in plan J, the plan's separate prescription drug deductible or, in plans F and J, the plans' 
separate foreign travel emergency deductible. 

7 Source: http://insurance.mo.gov/consumer/senior/medsupp/options.htm 
 http://www.medicare.gov/Publications/Pubs/pdf/02110.pdf 
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Table 1.2: Overview of Part D Benefits (2006) 

Low-Income Subsidy Levels Monthly premium Annual deductible Co-payments 

Full-benefit dual eligible; 
Income up to 100% FPL 
($9,570/individual in 2005) 

$0 $0 $1/generic; $3/brandname; 
No copays after total drug 
costs reach $5,100 

Full-benefit dual eligible; 
Income greater than 100% FPL 

$0 $0 $2/generic $5/brandname; 
No copays after total drug 
costs reach $5,100 

Income less than 135% FPL 
($12,920/individual in 2005) and 
assets less than 
$6,000/individual; $9,000/couple 

$0 $0 $2/generic $5/brandname; 
No copays after total drug 
costs reach $5,100 

Income 135%–150% FPL 
($12,920–$14,355/individual in 
2005 and assets less than 
$10,000/indiv; 20,000/couple 

Sliding scale up to 
$37 

$50 15% of total costs up to 
$5,100 catastrophic limit; 
$2/generic $5/brand-name 
thereafter 

All others (non-subsidy eligible) $37 $250 25% up to initial coverage 
limit; 100% up to $3,600 
out-of-pocket spending 

Source: Kaiser Family Foundation summary of Part D low-income subsidies in 2006. 
FPL: Federal Poverty Line 
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Chapter 2: Data 

The data source for this study is the Medicare Current Beneficiary Survey 

(MCBS) 1992-2000.  MCBS is a nationally representative sample of aged, disabled and 

institutionalized Medicare beneficiaries. The MCBS attempts to interview each 

respondent twelve times over three years, regardless of whether he or she resides in the 

community, a facility, or transitions between community and facility settings. The 

disabled (under 65 years of age) and oldest-old (85 years of age or older) are over-

sampled. The first round of interviewing was conducted in 1991. Originally, the survey 

was a longitudinal sample with periodic supplements and indefinite periods of 

participation. In 1994, the MCBS switched to a rotating panel design with limited periods 

of participation. Each fall a new panel is introduced, with a target sample size of 12,000 

respondents and each summer a panel is retired.  Institutionalized respondents are 

interviewed by proxy.  The MCBS contains comprehensive self-reported information on 

the health status, health care use and expenditures, health insurance coverage, and 

socioeconomic and demographic characteristics of the entire spectrum of Medicare 

beneficiaries.

-  Measuring spending 

Our primary dependent variables are Medicare Part A spending8, Medicare Part B 

spending9 and prescription drug spending by Medicare beneficiaries.  Medicare Part A 

8 Medicare Part A covers care in hospitals as an inpatient, critical access hospitals (small facilities that give 
limited outpatient and inpatient to people in rural areas), skilled nursing facilities, hospice care, and some 
home health care. 
9 Medicare Part B covers doctor’s services, outpatient hospital care, and some other medical services that 
Part A does not cover, such as the services of physical and occupational therapists, and some home health 
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and Part B spending is based on Medicare claims data, linked to the MCBS.  Spending in 

different years is adjusted using Consumer Price Index and is in 2000 dollars.

Prescription drug spending is based on respondent self-reports and may be under-

reported.  The CMS Office of the Actuary compared self reporting of expenses associated 

with physician office visits with Medicare claims records, and found underreporting of 

33%. This result has led the Congressional Budget Office (CBO) and others to assume 

drug expenditures are underreported by a similar amount. Drugs are more salient (and 

regular) than physician office visits, however, and so are less likely to be underreported. 

Subsequent analyses by CMS staff suggest drug expenses are probably underreported by 

10% to 15%. This estimate is based on an examination of records from people who were 

known to have accurate self-reported data—i.e., people who reported the same patterns of 

Part A and B utilization as indicated claims records. Using this sub-sample, CMS 

developed an imputation scheme for drug expenses. A comparison of imputed 

expenditures for the entire MCBS sample with actual reported expenditures yields the 10-

15% estimate. As such, we assume that total drug expenses are underreported by 15% in 

all analyses (Goldman et al. 2002). 

-  Measuring insurance coverage 

Medicare and Medicaid coverage is based on administrative records.  In addition, 

up to 5 plans are reported with questions on plan type (private employer-sponsored, 

Medigap, private unknown, private HMO or Medicare HMO), start and end date, number 

of people covered, annual premium, prescription drug benefit, and nursing home care.  

care.  Medicare Part B helps pay for these covered services and supplies when they are medically 
necessary. 
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The exact benefit structure is unavailable and all insurance measures are dummy 

variables.

-  Measuring health 

For health status measures, this dissertation focuses on major disease conditions, 

functional status, and risk factors that have strong effects on both health and health care 

spending.  The disease variables include dummies of ever having diabetes, cancer 

(excluding skin cancer), heart disease (myocardial infarction, heart attack, angina, 

coronary heart disease, congestive heart failure, or other heart condition), hypertension, 

stroke, lung disease (emphysema, asthma, or chronic obstructive pulmonary disease), 

Alzheimer’s disease, and osteoarthritis.  Functional status is typically measured by 

limitations in Activities of Daily Living (ADLs) and Instrumental Activities of Daily 

Living (IADLs) in empirical studies.  ADLs are defined as any difficulty (or bedridden) 

dressing, eating, bathing, getting in/out of chair, walking and using toilet.  IADLs are 

defined as any difficulty using phone, doing light housework, doing heavy housework, 

making meals, shopping or managing money.  Risk factor measures include ever-smoked 

and obesity (defined as BMI over 30).  Self-reported overall health is rated from 1 to 5 

(1= excellent, 2=very good, 3=good, 4=fair and 5=poor).  Other variables included in our 

analysis are age, gender, race, education, metropolitan area (urban), and income.   
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Chapter 3: Prescription Drug Coverage and Elderly Healthcare Spending 

3.1 Introduction 

To estimate the effects of Medigap prescription drug coverage on prescription 

drug spending, Medicare Part A spending and Medicare Part B spending, it is critical to 

solve the endogeneity problem of drug coverage, in the sense that healthier people exhibit 

behaviors that will make them more (or less) likely to purchase insurance in ways that are 

not always observed.  Equally important is to control the generosity of insurance 

coverage in dimensions other than drug benefit because, otherwise, the direct price effect 

is likely to dominate the cross-price effect.  Tamblyn et al. (2001), Goldman et al (2004), 

Motheral et al. (2001) and Gaynor et al. (2005) compared prescription drug use and use 

of other medical services immediately before and after arguably exogenous changes in 

drug coverage.  Lillard et al. (1999) used an instrumental variable approach (instrumental 

variables include employment history for employer-sponsored coverage, measures of 

permanent income and wealth, the urbanicity of area of residence, lagged health status 

and lagged measures of presence of private health insurance for Medigap coverage) to 

estimate the effect of drug coverage on drug spending.  Atherly (2002) estimated the 

effects of supplemental coverage on Medicare spending using unemployment rate and 

proportion of jobs in manufacturing, government, self-employed, construction and white 

collar as instrumental variables for employer-sponsored coverage and community rating 

regulations as instrumental variables for Medigap coverage. 

In this dissertation, we focus on Medicare beneficiaries with Medicare Part A and 

Part B, and a Medigap supplemental plan with/without drug benefit.  We dropped 
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beneficiaries who were under 65, had partial or no Medicare coverage, were in Medicare 

HMOs or Medicaid, resided in nursing home facilities, were currently employed, had 

multiple supplemental insurances.  Medigap plans with prescription drug benefit and 

without prescription drug benefit, on average, have similar coverage for non-drug 

medical care.  We use state reforms in the individual health insurance market10 as 

instrumental variables to address the endogeneity problem of prescription drug benefit.

More importantly, this dissertation provides an example to use exogenous shocks in the 

health insurance market to study the relationship between different components of 

medical care in health production.   

 Table 3.1 shows the descriptive statistics of beneficiaries by Medigap plan type 

(with/without prescription drug coverage).  Medicare beneficiaries without drug coverage 

are older, less educated, less likely to be in an urban area and poorer.  They are sicker in 

term of both self-reported overall health and histories of chronic diseases with 

significantly higher prevalence of diabetes, cancer and stroke.  They have less 

prescription drug spending but more Medicare Part A spending.  The observed 

differences between these two groups indicate that sicker beneficiaries may self-select 

themselves into prescription drug coverage in some unobserved manner, and this self-

selection problem needs to be addressed explicitly to obtain consistent estimates of the 

effects of prescription drug coverage on prescription drug spending, Medicare Part A 

spending and Medicare Part B spending.  The literature provides strong evidence in the 

presence of moral hazard in the Medigap market.  The results on self-selection, however, 

are mixed.  Wolfe and Goddeeris (1991) estimated health care utilization for Medicare 

beneficiaries and found that those with large past expenditures were more likely to hold 

10 Sometimes it is also called non-group health insurance market. 
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private supplemental insurance.  Ettner (1997) found that respondents who purchase 

private supplemental insurance use more physician services and have higher Medicare 

reimbursement, even after controlling for moral hazard.  Hurd and McGarry (1997) found 

there was little relationship between observed health measures and the propensity to hold 

or purchase private insurance and argued that the differences in health care services 

reflect moral hazard rather than adverse selection. 

However, the observed difference in health status between those with and without 

prescription drug coverage can also be due to the improvement in health as a result of 

increased prescription drug use for people who have prescription drug benefit.  If that is 

the case, the model with health measures as covariates would underestimate the reduction 

in Medicare Part A and Medicare Part B spending and overestimate the increase in 

prescription drug spending. 

3.2 Theoretical framework 

Following the two-stage model by Gaynor et al (2005), an individual, as both the 

consumer and producer of health, obtains utility from the consumption of health H and 

other goods X.  H is a function of health inputs such as inpatient care, outpatient care and 

prescription drug as well as life style and generics.  The consumption of H and X is 

constrained by current production technology and total available income Y.  The 

individual maximizes his utility by optimally allocating Y between H and X subject to the 

two constraints.  Assume that the individual has a quasi-concave utility function: 

),,( 1

iiii HXUU
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Where 1 denotes the individual specific preference. 

 An individual produces H by the consumption of medical care which include 

inpatient care, outpatient care and prescription drugs.  It is assumed that health inputs 

only enter the individual’s utility function through H and there is no joint production.

The individual’s health production function can be described as the following: 

),,,( 2321

iiiii hhhHH

Where 1h , 2h  and 3h  denote the consumption of inpatient care, outpatient care and 

prescription drugs respectively; 2 denotes unobservable individual specific health 

endowment and other health factors such as life style which either have a direct effect on 

health or affect the marginal productivity of other health inputs.

 In the first stage of the two-stage problem, the individual produces a given level 

of H with minimal cost given the available production technology and prices of health 

inputs:
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Where 1p , 2p  and 3p  are the market prices for inpatient, outpatient and prescription 

drugs without insurance respectively; 1c , 2c  and 3c  are the corresponding co-payment 
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rates and are between 0 and 1.  The first order conditions (FOC) for this minimization 

problem is: 
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For optimal production of health, the ratio of marginal product of input and out-of-pocket 

price should equal across all health inputs.  Factor demands can then be derived from the 

FOC:
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The cost function is: 
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 In the second stage, the individual maximizes his utility by the consumption of H 

and X given the budget constraint: 
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The price of X is normalized to be 1.  The FOC for this maximization problem is: 
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Optimal consumption is achieved when relative marginal utility from the consumption of 

health and other goods equals their relative marginal cost.  And the demand for health can 

be derived from solving the equations: 

),,,,,( 21

332211 YpcpcpcHH

Substituting the above solution into the factor demand equations, we get the reduced form 

of factor demand which is a function of insurance coverage, market prices of health 

inputs, production technologies, household income and individual preference: 

)),,,,,,(,,,( 221
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Market prices of health inputs are approximately the same for all consumers.  There may 

be regional differences, but inclusion of state fixed effects and AAPCC (Adjusted 

Average Per Capita Cost) by county should mitigate the difference.  All consumers are 

facing the same health production technologies.  We include income as a covariate in our 

empirical specification and employ a discrete factor model to address heterogeneity in 

individual preference.  We restrict our study sample to the elderly with a Medigap plan 

with/without drug coverage to ensure that they have similar coverage for inpatient care 

and outpatient care.11  Otherwise, the direct price effect would be most likely to 

denominate the cross price effect. 

The cross price derivatives show how factor demand responds to changes in the 

prices of health inputs.  In this paper, we are particularly interested in how factor demand 

11 In 1999, around 40% of Medicare beneficiaries had policies sold before federal law required the 
standardization of benefits in July 1992 or were in one of the three states in which insurers are exempt from 
offering the federally standardized plans.  As long as plans with prescription drug coverage are at least as 
generous as plans without prescription drug coverage in the coverage of non-drug medical services, our 
estimates would be downward biased. 
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changes with respect to insurance coverage on prescription drugs, holding everything else 

fixed.
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When j=1, this derivative measures the cross price effect between inpatient care and 

prescription drugs; when j=2, this derivative measures the cross price effect between 

outpatient care and prescription drugs; when j=3, this derivative measures the demand 

response of prescription drug to its own price.  Again these cross price derivatives are a 

function of insurance coverage, market prices of health inputs, production technologies, 

household income and individual preference.  In our empirical specifications, we hold 1c ,

1p , 2c , 2p , 3c  and 3p  constant and 
3c

h j

 only varies with income Y and individual 

preference 1  and 2 .  We therefore include the interaction term between prescription 

drug coverage and income in one of our specifications. 

 We are particularly interested in the cross price effect between prescription drug 

use and use of inpatient and outpatient care.  Under optimal level of health: 
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Plug in the FOC from cost minimization problem: 
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This equation implies that the ratio of change in inpatient and outpatient spending and 

change in prescription drug spending is a function of relative co-payment rates between 

inpatient and outpatient care and prescription drugs, and the ratio of overall health 

improvement and health improvement as a result of change in prescription drug 

consumption.  When the overall health improvement is small relative to the health 

improvement from change in prescription drug consumption, this ratio approximates 

marginal rate of technological substitution between prescription drug and inpatient and 

outpatient care. 

Figure 3.1 shows how Medicare fits into this framework.  X-axis denotes 

prescription drug spending and Y-axis denotes Medicare Part A and B spending.  There 

are 4 isoquants of health: H1, H2, H3 and H4, and H1<H2<H3<H4.  We also draw the 

corresponding 45-degree lines tangent to the isoquants.  The tangent points imply that the 

marginal rate of technological substitution is 1 where health inputs are used most 

efficiently.  “A” denotes elderly who do not have insurance coverage (c1=1; c2=1; c3=1).  

Because Medicare provides universal coverage for people aged 65 or above, no elderly is 

in this group.  If we assume that market prices of health inputs efficiently allocate 
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resources in the production of health, “A” denotes an efficient allocation.  “B” denotes 

elderly who have both Medicare Part A and Part B, but do not have any supplemental 

coverage  (c1<1; c2<1; c3=1).  Partial coverage distorts the efficient allocation and results 

in disproportionately more consumption of inpatient and outpatient care.  This is not 

socially optimal because the same health outcomes can be achieved with less health care 

spending.  “C” denotes elderly who have both Medicare Part A and Part B and also a 

Medigap plan without prescription drug coverage  (c1<<1; c2<<1; c3=1).  Medigap plans 

without drug coverage drives the consumption of inpatient and outpatient care even 

farther from optimal allocation.  “D” denotes elderly who have both Medicare Part A and 

Part B as well as a Medigap plan with drug coverage (c1<<1; c2<<1; c3<1).  Medigap 

drug coverage increases prescription drug spending and reduces Medicare spending, and 

brings the consumption of health care closer to the efficient allocation.  c1d1 is the 

resulted increase in prescription drug spending from the drug coverage and c2d2 is the 

corresponding change in Medicare Part A and Part B spending.  Income and prescription 

drug coverage may interact with each other in determining the optimal allocation of 

healthcare consumption.  c2d2/c1d1 represents the substitution effect between prescription 

drug use and use of other medical services.  The model also implies that the substitution 

effect decreases as drug coverage gets more generous or as inpatient care and outpatient 

care get less generous.  We are unable to test these hypotheses because the generosity of 

drug coverage, inpatient care and outpatient care is fixed in our data.  We expect to find 

large substitution effect because Medigap has less generous drug coverage and, combined 

with Medicare, has rather generous coverage on inpatient and outpatient care. 
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3.3 Empirical specification 

Medicare beneficiaries make their choice between Medigap plans with and 

without prescription drug coverage by maximizing their indirect utility.  The utility index 

d* is a function of socio-demographic characteristics, health status, exogenous shocks on 

Medigap market and an individual unobserved component: 

1210* ZXd

We do not directly observe d*.  Instead, we observe individuals with drug coverage when 

d*>0 and without drug coverage when d* 0.

0*if0

0*if1

d

d
d

Where X denotes individual socio-demographic characteristics and health status; Z 

denotes for exogenous shocks; d is a dummy variable for prescription drug coverage.

Socio-demographic characteristics include age, gender, race (white or nonwhite), marital 

status, college education or higher, urbanicity, and income.  Health measures include 

ever-smoked, obesity, general health index12 and chronic diseases including cancer, heart 

disease, hypertension, stroke, lung disease, Alzheimer’s disease, and osteoarthritis.  We 

also include Adjusted Average Per Capita Cost (AAPCC) by county to control for 

regional difference in medical care utilization.  We also include state and year fixed 

effects in our model. 

12 The construction of the health index is similar to Dor et al. (2003).  The health index is a summary of 
self-reported overall health (1-5), number of Instrumental Activities of Daily living (0-6) and number of 
Activities of Daily living (0-6).  All three components are coded so that lower values indicate better health. 
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The distribution of medical expenses has two characteristics (Duan, Manning, 

Morris and Newhouse 1982).  First, there are many zero expenses.  Second, the 

remaining positive expenses are highly skewed, but the positive expenses are 

approximately log-normally distributed through most of their range.  The econometric 

and statistical literatures provide a number of models for dealing with this kind of data.

We adopt a typical two-part structure in modeling spending.  The first part models the 

probability of having positive spending and the second part uses a log-linear specification 

to model spending conditional on positive spending.  The any spending equation is: 

2210* dXp

0*if0

0*if1

p

p
p

Log spending conditional on positive spending: 

3210 **)0|ln( dXYY

Where Y denotes Medicare Part A spending, Medicare Part B spending, or prescription 

drug spending.  Here we also include a variable for whether people have nursing home 

coverage to control for the generosity of their insurance coverage. 

-  Identification 

We use state reforms on the individual health insurance market as instrumental 

variables to address the endogeneity of prescription drug benefit.  These state reforms 

were aimed at reducing the number of uninsured and increasing the availability and 
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affordability of individual health insurance.  These reforms include rate rating, pre-

existing condition restrictions, guaranteed issues, guaranteed renewal, reinsurance and 

minimum loss ratio and were mostly passed in the early- to mid-90s.   Here we focus on 

the two most dramatic measures: rate rating and guaranteed issue: 

- Guaranteed issue requires health plans to offer coverage to all individuals 

regardless of their health status or claims experience.  

- Rate rating includes rating bands, very tight rating bands and community rating.

Rating bands restrict health plans’ use of experience, health status or duration of 

coverage in setting premium rates for individuals.  Very tight rating bands allow 

very limited adjustment for experience, health status and duration.  Community 

rating prohibits health plans’ use of experience, health status or duration of 

coverage in setting premium rates for individual coverage.  Some community 

rating laws also prohibit use of demographic factors. 

The impacts of these reforms are mixed.  In states that adopted the most 

comprehensive reforms  guaranteed issue often combined with other reforms such as 

guaranteed renewability, rate rating and strict limits on exclusions for pre-exiting 

conditions  insurance became more widely available though comprehensive reforms 

generally resulted in some carrier departures from individual health insurance markets 

and less choice of insurance products (Swartz 2000).  That is, fewer policies were 

available for people to purchase.  Studies indicate that access to individual insurance 

policies for people at high-risk clearly increased in the comprehensive reforms states of 
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New Hampshire, New York, New Jersey, Vermont and Washington.13  The research thus 

provides some evidence that guaranteed issue of all policies assumes the availability of 

policies to anyone regardless of risk factors, such as health status and prior use of health 

services.

 Average premiums generally increased in states with community rating.  Swartz 

(2000) found that average premiums declined for the first two years after reforms were 

enacted in New Jersey, but then increased.  As expected, premiums also went down for 

high-risk individuals, and up for low-risk enrollees.  Community rating resulted in higher 

premiums on average, lower premiums for higher-risk individuals, and higher premiums 

for lower-risk enrollees.  Hall (2000) found that, in New York, individual premiums 

increased overall for comprehensive indemnity policies and somewhat more moderately 

for managed care policies.  Kirk (2000) found average premiums also increased in 

Washington.

States with more comprehensive reforms experienced a decrease in overall 

coverage rates.  Zuckerman and Rajan (1999) used aggregated CPS data to examine the 

impact of small-group and individual health insurance market reforms, and they found 

that individual insurance market reforms resulted in higher levels of uninsured and lower 

level of individual insurance coverage.  Using individual level CPS data, Percy (2000) 

found that strong state reforms, rate rating combined with guaranteed issue provisions, 

were associated with less private coverage for low-income groups.  Sloan and Conover 

(1998) found that the likelihood of being insured declined in states that required 

13 Institute for Health Policy Solutions, “State Experiences with Community Rating Reforms,” Prepared for 
the Kaiser Family Foundation, September 1995; Maine Department of Professional and Financial 
Regulation, “White Paper: Maine’s Individual Health Insurance Market,” Prepared by the Staff of the 
Maine Bureau of Insurance, January, 2001 
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community rating.  Marsteller et al. (1998) found that guaranteed issue together with 

premium rating restrictions worked together to decrease private coverage as well as 

overall coverage rates.  On the other hand, Buchmueller and DiNardo (2002), looking at 

how coverage rates changed in a comprehensive reform state, New York, compared with 

two states that did not enact such reforms, Pennsylvania and Connecticut, found that New 

York’s community rating law was not responsible for changing the rate of coverage but 

was responsible for changing the nature of individual insurance from largely indemnity to 

HMO coverage. 

In New York, the risk pool changed  claims and average age increased (Hall 

2000).  In New Jersey, the evidence suggests a more complicated picture: one in which 

age increased but the health status of enrollees remained relatively good.  Swartz and 

Garnick (2000) compared self-reported health status, age and other risk characteristics of 

enrollees in individual policies compared with the state’s uninsured and employer-

covered populations after the New Jersey reforms were implemented.  They found that 

enrollees with individual coverage were more likely to be older than the uninsured but 

also more likely to be healthier.  Lo Sasso and Lurie (2003) analyzed data from the 

Bureau of Census survey of Income and Program Participation (SIPP) and concluded that 

community rating reforms make healthy people less likely to be insured and unhealthy 

people more likely to be insured by individual polices, and as a result, the enrollees with 

individual policies in community rating states were sicker. 

Although these reforms may not achieve their goal of reducing the number of 

uninsured and making health insurance more affordable, they nevertheless generate some 

exogenous shocks to the individual health insurance markets from both the supply side 
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and the demand side.  Past studies have exclusively focused on the effects of state 

reforms on coverage rate, premiums and change in risk pool and found that sicker 

individuals are more likely to purchase health insurance in states with reforms.  The 

empirical evidence is consistent with economic theory that sicker individuals would buy 

more insurance with more risk pooling, and we speculate it would be also true that sicker 

individuals are more likely to purchase health plans with more comprehensive coverage, 

such as plans with prescription drug benefit.  While federal regulations in the Medigap 

market are very limited14, state reforms in the individual health insurance market further 

limit health plans’ ability of risk adjustment  denying coverage and/or setting high 

premiums for the sicker elderly.  Elderly who did not get Medigap coverage can purchase 

it later and can postpone the decision of purchasing a Medigap plan.  Elderly also can 

easily switch to another Medigap plan as they wish after the initial enrollment period.  In 

this paper, we will explore the fact that state reforms reduced coverage rates through both 

the demand side and supply side, and that state reforms changed the risk pool of 

enrollees.

Guaranteed issue and rate rating are unlikely to operate independently because, 

with guaranteed issue but not rate rating, health plans can simply charge prohibitive 

premiums to drive risky individuals out of the market.  Likewise, with rate rating but not 

guaranteed issue, health plans can just refuse to offer a policy to potentially risky 

14 Federal law provides Medicare beneficiaries with guaranteed access to Medigap policies offered in their 
state of residence during an initial 6-month enrollment period, which begins on the first day of the month in 
which an individual is 65 or older and is enrolled in Medicare Part B. During this initial open-enrollment 
period, an insurer cannot deny Medigap coverage for any plan types they sell to eligible individuals, place 
conditions on the policies, or charge a higher price because of past or present health problems. Additional 
federal Medigap protections include guaranteed issue rights, which provide beneficiaries over age 65 
access to plans A, B, C or F in certain circumstances, such as when their employer terminates retiree health 
benefits or their Medicare + choice plan leaves the program or stops serving their areas. Individuals must 
apply for a Medigap plan no later than 63 days after their prior health coverage ends for these guarantees to 
apply. During the guaranteed-issue periods no pre-existing conditions exclusion period may be applied. 
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individuals.  In states with guaranteed issue requirements, some kind of rate rating was 

also enacted.  Therefore there are three types of states in our analysis: states with both 

guaranteed issue and rate rating; states with only rate rating15; and state with no reforms. 

For state reforms to be valid instruments, two conditions have to be met.  First, 

they need to be a strong predictor of prescription drug coverage.  Second, they need to be 

independent of unobserved determinants of health care spending.  The first condition is 

testable and we report the Wald statistics for joint significance of state regulations in 

predicting individual prescription drug coverage.  The second condition cannot be tested 

directly.  Individuals have little influence at an individual level on state polices.

Furthermore, these reforms were primarily targeting the individual health insurance 

market for people under age 65 to reduce the number of uninsured.  But these do not 

guarantee the exogeneity of state reform because it may be a proxy for something else at 

the state level which is correlated with both state reforms and determinants of individual 

health care spending.  We include state and year fixed effects in the model.  Furthermore, 

if this is the case, then it should hold not only for Medigap coverage, but also for 

employer-sponsored coverage.  Table 3.2 shows the predictive power of state reforms on 

prescription drug benefit for both Medigap and employer-sponsored coverage.  States 

reforms strongly predict prescription drug benefit for Medigap coverage, but not for 

employer-sponsored coverage.  This only explores the fact that state reforms, on average, 

reduce the amount of insurance purchased in the Medigap market.  But this clearly 

indicates that state reforms are not approximating other state level variables, otherwise, 

state reforms should also predict employer-sponsored drug coverage.  It is also worth 

15 Minnesota, North Dakota, Nevada, Oregon and West Virginia have rating regulations but do not have 
guaranteed issue. 
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noting that the effects of state reforms on prescription drug benefit in our analysis are 

identified across states and over time because state reforms were enacted after 1992, the 

first period of our data. 

-  Unobserved individual heterogeneity 

Miss-specifying a continuous distribution for unobserved individual heterogeneity 

would result in inconsistent parameter estimates.  Discrete factor models have been 

widely used in the study of the effects of endogenous dummy variables on a continuous 

outcome with unobserved individual heterogeneity (Bhattacharya et al. 2003, Cutler 1995 

and Goldman 1995).  Heckman (2001) and Mroz (1999) found that when the true model 

has bivariate normal disturbances, estimators using discrete factor approximations 

compare favorably to efficient estimators in terms of both precision and bias; these 

approximation estimators dominate all the other estimators examined when the 

disturbances are non-normal.  Discrete factor model also significantly simplifies the 

likelihood function and reduces the computational burden of the estimation. 

We adopt a modified version of the model in Mroz (1999) and assume all error 

terms have an unobservable heterogeneity component :

111

222

333



- 32 - 

We assume that 1 , 2 3  and s' are independent, that 1 and 2 are standard normal 

errors and that 3 has mean zero and variance 2 .  Because the prescription drug benefit 

equation and any spending equation are binary choice models, the variances are not 

identified.  We adopt a semi-parametric approach to model the correlation among error 

terms and assume that 1 , 2  and 3  can each take one of three values ( 11 , 12 , 13 ),

( 21 , 22 , 23 ), ( 31 , 32 , 33 ) with probability 1p , 2p and 3p =1- 1p - 2p  respectively.  This 

implies that there are three types of people.  The effect of being each type has different 

effects on drug coverage and health care utilization, ( 11 , 12 , 13 ) for drug benefit, 

( 21 , 22 , 23 ) for probability of any health care spending, and ( 31 , 32 , 33 ) for health 

care spending conditional on positive spending.  For example, there is a 1p  probability 

for someone to be type 1, which would imply realization of 11  for drug benefit, 21  for 

probability of any spending, and 31  for spending conditional on positive spending.  

Reasons for the difference among three types of people can be contributed to unobserved 

health characteristics, risk preference, discount rate and life-style preference et al. 

Since all three equations have intercept terms, we normalize the mean of each 

heterogeneity component to be zero16.  This model allows non-zero covariance across 

three error terms with the following variance-covariance structure: 

                                                
16 For example, the third support in the prescription drug benefit equation can be written as a function of the 
other two supports and probabilities of each support: 
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Then it is straightforward to write the likelihood function for individual i by integrating 

over the distribution of the unobserved error components: 
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And the log likelihood function is: 
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N is the sample size and iw  is the individual weight.  Robust standard errors are reported 

for our coefficient estimates.  

Simulation

Because we adopt a two-part model structure for our spending equations, it is 

difficult to interpret the magnitude of the parameter estimates directly.  Furthermore, the 

net effect is unclear when the coefficient on the first part of the two-part model has the 

opposite sign from the coefficient on the second part.  We simulate the average effects of 

prescription drug benefit on prescription drug spending, Medicare Part A and Medicare 
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Part B spending.  The probability of having positive spending is straightforward except 

we need to integrate over the discrete factor.  
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We use the non-parametric smearing estimates (Duan et al. 1983) to retransform the 

spending conditional on positive spending from log term to normal term. 
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This calculation is done by percentiles (1st, 5th, 10th, 25th, 50th, 75th, 90th, 95th, 99th) of the 

residuals to better account for heteroscedasticity and the predicted values well re-produce 

the mean spending. 

Then the expected spending is: 
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3.4 Results 

 The descriptive statistics which do not adjust for any observed or unobserved 

difference between elderly with drug benefit and elderly without drug benefit shows that 

those with drug benefit incur $139 more prescription drug spending, $238 less Medicare 

Part A spending and $65 dollars more Medicare Part B spending.   

Table 3.3 shows the results from a simple two-part model which adjusts for 

observed differences between elderly with drug benefit and elderly without drug benefit.

The estimates show that those with drug benefit are less likely to have positive drug 

spending ( =-0.038, insignificant), but incur more drug spending conditional on positive 

spending ( =0.223, significant).  They are less likely to have positive Medicare Part A 

spending ( =-0.038, insignificant) and incur less Medicare Part A spending conditional 

on positive spending ( =-0.019, insignificant).  They are less likely to have positive 

Medicare Part B spending ( =-0.048, insignificant), but incur more Medicare Part B 

spending conditional on positive spending ( =0.025, insignificant).  The net effect of 

prescription drug coverage on Medicare Part B is about $36 (Table 11), i.e. Medigap 

prescription drug benefit, on average, increases Medicare Part B spending by about $36.

We then use state reforms in the individual insurance market as instrumental 

variables to address potential self-selection and use a discrete factor model to account for 

unobserved individual heterogeneity.  Results are shown in Tables 3.4-3.6 for 

prescription drug, Medicare Part A and Medicare Part B respectively.  In our model, we 

include interactions between state reforms and health measures such as age and overall 

health measure to model changes in health status mix among Medigap enrollees in states 
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with reforms.17  In the insurance choice model, state regulations and its interactions with 

age significantly predict prescription drug coverage.  Guaranteed issue increases the 

likelihood of prescription drug coverage for younger elderly and reduce the likelihood of 

prescription drug coverage for older elderly (Figure 2).  The likely explanation is that 

when health plans are prohibited from using health status and history of claims in their 

decision of offering insurance and in setting premium, age is the best alternative available 

to sort the elderly by their health status.18  Rate rating alone reduces the likelihood of 

prescription drug benefit, but it does not vary much with age, which is consistent with the 

view that, with rate rating but not guaranteed issue, health plan simply deny offering 

insurance to sicker elderly and therefore there is no need to use age as an indicator of 

health status. 

Elderly who are better educated, live in an urban area or have higher income are 

more likely to have prescription drug benefit.  General health does not affect the 

probability of having prescription drug benefit.  Elderly with cancer and stroke are less 

likely to have prescription drug benefit.  The fact that Medicare has rather generous 

inpatient coverage for cancer treatments and stroke is less treatable by prescription drugs 

may explain the difference.  Overall, our estimates do not indicate either favorable or 

adverse selection into prescription drug benefit in the Medigap population. 

Older people are more likely to have positive spending, but conditional on 

positive spending, they tend to spend less.  This is consistent with the fact that older 

                                                
17 We also tested model with full interactions between regulations and health status.  Those interactions 
which have little effects are not shown in the final results and including them would not change the results 
at all. 
18 Under pure community rating, the carriers cannot discriminate on the basis of age.  However, under 
modified community rating, carriers actually can use demographic factors to adjust their premiums, such as 
age and gender. This dissertation grouped pure community rating, modified community rating and rating 
bands all together to avoid having too small groups. 
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people are less healthy and the findings that doctors are less aggressive in treating older 

patients.  Non-whites are less likely to have positive prescription drug spending and 

Medicare Part B spending and incur more prescription drug spending and Medicare Part 

B spending conditional on positive spending.  Elderly who are better educated, live in an 

urban area and have higher income are more likely to have positive prescription drug 

spending and Medicare Part B spending and have more prescription drug spending and 

Medicare Part B spending conditional on positive spending.  But it is not the case for 

Medicare Part A and the likely reason is that Medicare, combined with Medigap, is most 

generous on Part A.  General health significantly as well as most disease measures 

increases the probability of having positive spending and spending conditional on 

positive spending.  Smoking and obesity either have no effect or decrease the probability 

of having positive spending and spending conditional on positive spending.  There are 

two potential reasons.  First, we control for general health and chronic diseases through 

which smoking and obesity affect spending.  Second, those who survive to old age and 

are obese or current smokers are more likely to be genetically stronger and healthier in 

some unobserved way.  

Medicare beneficiaries with prescription drug benefit are less likely to have 

positive drug spending ( =-0.021, insignificant), but incur more drug spending 

conditional on positive spending ( =0.201, insignificant).  They are less likely to have 

positive Medicare Part A spending ( =-0.119, insignificant) and incur less Medicare Part 

A spending conditional on positive spending ( =-0.030, insignificant).  They are less 

likely to have positive Medicare Part B spending ( =-0.031, insignificant) and incur less 

Medicare Part B spending conditional on positive spending ( =-0.034, insignificant).
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The substitution effect may vary with income and we include the interaction term 

between prescription drug coverage and income in our model.  Tables 3.7-3.9 show the 

results on prescription drug, Medicare Part A and Medicare Part B respectively.  We find 

the effect of prescription drug coverage on the probability of having any prescription 

drug spending increases with income and the effect of prescription drug coverage on 

prescription drug spending conditional on positive spending decreases with income.  

These two effects are either too small or cancel each other out and the net effect of 

prescription drug coverage on prescription drug spending does not vary with income 

(Figure 3), though prescription drug spending increases with income.   

The effects of prescription drug coverage on probability of having any Medicare 

Part A spending and on Medicare Part A spending conditional on positive spending 

increase with income (Figure 4).  The effects of prescription drug coverage on probability 

of having any Medicare Part B spending and on Medicare Part B spending conditional on 

positive spending increase with income (Figure 5).  The results imply that a $10,000 

dollar increase in income is associated with $47 decrease in the substitution effect 

between prescription drugs and Medicare Part A, and that a $10,000 dollar increase in 

income is associated with $35 decrease in the substitution effect between prescription 

drugs and Medicare Part B. 

Table 3.10 shows simulation results from various model specifications.  A 

comparison of the descriptive statistics, the simple two-part model and the discrete factor 

model shows that adjusting for both observables and unobservables are important in the 

estimation of the effects of Medigap prescription drug benefit.  Estimated increase in 

prescription drug spending from the simple two-part model which only adjust for 
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observables is 18% higher than estimated increase from the descriptive statistics.  The 

discrete factor model, adjusting for both observables and unobservables, brings the 

estimated increase back to 6% higher.  The estimated reduction in Medicare Part A 

spending from the simple two-part model is 48% less than the estimated reduction from 

the descriptive statistics while the estimated reduction in Medicare Part A spending from 

the discrete factor model is 180% higher than the estimated reduction from the simple 

two-part model.  The simple two-part model shows Medigap prescription drug benefit 

increases Medicare Part B spending by $36, 45% less than the estimated increase from 

the descriptive statistics, while estimates from the discrete factor model actually indicates 

that Medigap prescription drug benefit reduces Medicare Part B spending by $71.

Our results show that prescription drug benefit significantly increase prescription 

drug spending by about $148 or 22%.  After adjusting for under-reporting of prescription 

drug spending in MCBS, our estimates suggest that prescription drug benefit increases 

drug spending by $148*(1+15%)=$170.   Prescription drug benefit significantly reduces 

Medicare Part A spending by $277-$348 or 10-13% and reduces Medicare Part B 

spending by $71 or 4% though the estimates are not statistically significant. 

3.5 Conclusion 

Our estimates imply that a $1 increase in drug spending is associated with $1.63-

2.05 decrease in Medicare Part A spending and $0.42 decrease in Medicare Part B 

spending.  Our results indicate that prescription drugs and Medicare Part A covered 

medical services—mostly inpatient care—are substitutes.  But because health status is not 

held constant in our analysis—health status with/without prescription drug coverage may 
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not be on the same isoquant, our estimates—substitution in consumption—should be less 

than substitution in production (Gaynor et al. 2005).  Our estimates are consistent with 

the findings by Gaynor et al. (2005), Tamblyn et al. (2001) and Lichtenberg (1996).19

Contrary to the findings by Lichtenberg (1996), our results indicate that prescription 

drugs and Medicare Part B covered medical services—mostly outpatient care—are either 

independent or substitutes in health production which is consistent with the findings by 

Gaynor et al. (2005).  The difference in the findings can be partially explained by the fact 

that we have an older population who has generous coverage on inpatient and outpatient 

care and very limited prescription drug coverage. 

The reduction in inpatient and outpatient spending increases with the generosity 

of prescription drug coverage and inpatient and outpatient coverage.  This may partially 

explain the no finding by Motheral et al. (2001) and the significant finding by Tamblyn et 

al. (2001).  Switching from a two-tier prescription co-pay system to a three-tier 

prescription co-pay system only reduces prescription drug spending by about 10% in 

Motheral et al. (2001), but changing from free medication to a deductible and a 25% co-

insurance is a significant reduction in drug benefit.  The substitution effect measured by 

the offset ratio, however, decreases with the generosity of prescription drug coverage and 

increases with the generosity of inpatient and outpatient coverage.  Medicare combined 

with Medigap has rather generous coverage for inpatient and outpatient care, and very 

limited coverage for prescription drug.  Therefore the substitution effect tends to be large.  

                                                
19 Lichtenberg’s estimates imply that a $1 increase in pharmaceutical expenditure is associated with a $3.65 
reduction in hospital expenditures, but may also be associated with $1.54 increase in expenditures on 
outpatient care.  Gaynor’s estimates imply that, in the second year of follow-up, a $1 decrease in 
prescription drug spending is associated with $1.28 increase in inpatient spending and $1.56 increase in 
outpatient spending, assuming that the year after the second year of follow-up will look like the second 
year.  If we consider two years together, a $1 decrease in prescription drug spending is associated with 
$0.24 increase in inpatient spending and $0.53 increase in outpatient spending. 
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When Medicare beneficiaries face health plans with different generosity levels in 

prescription drug, inpatient care, and outpatient care, the substitution effect may differ 

considerably. 

We found that prescription drug spending and Medicare Part B spending operate 

through spending conditional on positive spending rather than the probability of positive 

spending, and Medicare Part A spending operates through probability of positive 

spending rather than spending conditional on positive spending.  One likely explanation 

is that about 85% of Medicare beneficiaries have some drug spending and about 90% of 

beneficiaries have some Medicare Part B spending, but only 20% of beneficiaries have 

some Medicare Part A spending in a given year.

This dissertation only includes beneficiaries who had Medigap coverage.

Beneficiaries with employer-sponsored coverage or in Medicare HMOs may have more 

or less need for prescription drugs and we may not generalize our results to the entire 

Medicare population.  On the other hand, most beneficiaries with employer-sponsored 

coverage or in Medicare HMOs have prescription drug coverage and this dissertation is 

more interested in the substitution effect for those who currently do not have drug 

coverage.  In that sense, this dissertation is getting exact the estimate for the targeted 

population.  Even if some of the beneficiaries later join Medicare Part D because 

employers drop drug coverage, it will be a pure transfer as long as their current drug 

coverage is comparable to Medicare Part D in terms of generosity. 

We find that the substitution effect decreases with income.  The simple 

explanation is that prescription drug spending increases with income and the substitution 
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effect decreases with prescription drug use.  The increase in prescription drug use from 

prescription drug coverage for people with higher income is more likely to be from 

increased use of non-essential drugs, and therefore has less effect on health and inpatient 

and outpatient care.
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Figure 3.1: Medical Care, Insurance and Health
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Table 3.1: Descriptive Statistics 

Variable With drug benefit Without drug benefit Difference 
Age 75.142 75.611 -0.469 ***
Male 0.385 0.387 -0.002
Nonwhite 0.035 0.035 -0.000
Married 0.565 0.567 -0.002
College or above 0.139 0.097 0.043 ***
Urban 0.674 0.647 0.027 ***
Income/1,000 30.543 25.364 5.179 ***
Self-reported health   
      Excellent 0.195 0.167 0.028 ***
      Very good 0.297 0.287 0.010
      Good 0.292 0.323 -0.031 ***
      Fair 0.158 0.162 -0.003
      Poor 0.057 0.061 -0.004
Number of IADLs 0.531 0.509 0.022
Number of ADLs 0.593 0.630 -0.036
Diabetes 0.135 0.152 -0.016 **
Cancer 0.185 0.205 -0.020 ***
Heart disease 0.382 0.385 -0.003
Stroke 0.090 0.106 -0.015 ***
Alzheimer’s 0.019 0.019 -0.000
Hypertension 0.533 0.540 -0.007
Arthritis 0.579 0.581 -0.002
Lung disease 0.135 0.137 -0.002
Died 0.033 0.033 -0.000
Ever smoked 0.582 0.578 0.004
Current smoking 0.109 0.115 -0.005
Obese 0.151 0.153 -0.002
Under weight 0.092 0.090 0.002
Nursing home coverage 0.237 0.180 0.057 ***
Log AAPCC 5.917 5.921 -0.004
Prescription drug spending 817 678 139 ***
Medicare Part A spending 2,537 2,775 -238
Medicare Part B spending 1,852 1,788 65
N 3,394 15,218 

*: Significant at 10%; **: Significant at 5%; ***: Significant at 1% 



- 45 - 

Table 3.2: Prescription Drug Benefit and State Reforms in Individual Insurance 

Market

Medigap Drug Coverage 

Employer-Sponsored Drug 

Benefit

Variable Coefficient Std. Error Coefficient Std. Error 

Age -0.005 ** 0.003 0.003 *** 0.003

Male -0.004 0.032 0.031 ** 0.032

Nonwhite -0.012 0.066 0.066 ** 0.059

Married -0.057 ** 0.028 0.028 *** 0.029

College and above 0.182 *** 0.041 0.041 0.038

Urban 0.098 ** 0.038 0.038 *** 0.041

Income/1000 0.001 *** 0.000 0.000 0.000

Guaranteed Issue -0.086 0.060 0.060 0.065

Rate rating -0.363 *** 0.133 0.133 0.148

Health Index -0.001 0.004 0.005 0.005

Diabetes -0.030 0.043 0.035 0.037

Cancer -0.064 ** 0.036 0.031 0.033

Heart Disease 0.033 0.026 ** 0.028

Stroke -0.107 *** 0.040 0.046

Hypertension 0.006 0.025 * 0.027

Lung Disease 0.002 0.035 0.039

Arthritis 0.021 0.026 ** 0.027

Alzheimer’s 0.092 0.080 0.097

Current Smoking -0.056 0.041 0.043

Obese -0.020 0.036 0.038

Died 0.046 0.064 0.064 0.071

AAPCC (log) -0.055 0.078 0.078 *** 0.089

Year fixed effects Yes Yes

State fixed effects Yes Yes

Constant -0.735 ** 0.347 0.346 *** 0.367

*: Significant at 10%; **: Significant at 5%; ***: Significant at 1%
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Table 3.3: Estimates from Simple Two-Part Model 

Any Drug Spending Log Drug Spending Any Part A Spending Log Part A Spending Any Part B Spending Log Part B Spending 
Variable Coefficient Std. Error Coefficient Std. Error Coefficient Std. Error Coefficient Std. Error Coefficient Std. Error Coefficient Std. Error

Age 0.009 *** 0.004 -0.009 *** 0.002 0.012 *** 0.003 -0.033 *** 0.004 0.013 *** 0.004 -0.024 *** 0.003 

Male -0.237 *** 0.038 -0.149 *** 0.027 0.079 ** 0.031 0.065  0.046 -0.193 *** 0.041 -0.018  0.032 

Nonwhite -0.221 *** 0.082 -0.083  0.055 -0.090  0.064 0.123  0.094 -0.161 ** 0.075 -0.110 * 0.063 

Married 0.099 *** 0.035 0.005  0.023 -0.016  0.028 -0.034  0.044 0.131 *** 0.038 0.028  0.028 

College or above 0.026  0.053 0.084 ** 0.037 0.014  0.043 -0.008  0.077 0.201 *** 0.060 0.041  0.043 

Urban 0.044  0.049 -0.083 *** 0.031 -0.042  0.038 -0.012  0.059 -0.033  0.051 -0.070 * 0.040 

Income/1,000 0.001 ** 0.001 0.001 *** 0.000 0.000  0.000 0.000  0.000 0.003 *** 0.001 0.002 *** 0.000 

Health Index 0.076 *** 0.009 0.080 *** 0.004 0.116 *** 0.005 0.050 *** 0.006 0.045 *** 0.008 0.116 *** 0.005 

Diabetes 0.400 *** 0.061 0.353 *** 0.025 0.218 *** 0.032 0.048  0.047 0.367 *** 0.062 0.267 *** 0.033 

Cancer 0.297 *** 0.043 0.098 *** 0.024 0.211 *** 0.028 0.073 * 0.042 0.490 *** 0.052 0.492 *** 0.028 

Heart Disease 0.556 *** 0.038 0.456 *** 0.021 0.355 *** 0.025 0.152 *** 0.039 0.414 *** 0.038 0.453 *** 0.025 

Stroke 0.070  0.063 0.098 *** 0.030 0.218 *** 0.037 0.000  0.051 0.105  0.065 0.092 ** 0.037 

Hypertension 0.719 *** 0.033 0.573 *** 0.022 0.085 *** 0.025 0.022  0.040 0.367 *** 0.034 0.078 *** 0.026 

Lung Disease 0.456 *** 0.058 0.354 *** 0.027 0.171 *** 0.033 -0.066  0.048 0.284 *** 0.058 0.282 *** 0.035 

Arthritis 0.224 *** 0.031 0.082 *** 0.022 0.048 * 0.026 -0.064  0.040 0.285 *** 0.034 0.188 *** 0.026 

Alzheimer’s -0.115  0.116 -0.164 *** 0.063 0.060  0.080 -0.083  0.088 -0.143  0.126 -0.306 *** 0.081 

Current Smoking -0.158 *** 0.045 -0.128 *** 0.036 -0.094 ** 0.042 -0.107  0.074 -0.322 *** 0.046 -0.169 *** 0.045 

Obese 0.004  0.049 0.047 * 0.028 -0.027  0.035 -0.191 *** 0.060 -0.176 *** 0.048 -0.014  0.036 

Died -0.770 *** 0.080 -0.841 *** 0.065 1.585 *** 0.070 0.439 *** 0.059 -0.108  0.101 0.683 *** 0.063 

Nursing Home Coverage 0.049  0.041 0.017  0.026 0.048  0.031 0.037  0.050 0.074 * 0.044 0.068 ** 0.032 

AAPCC (Log) 0.171 * 0.101 0.256 *** 0.069 0.114  0.078 0.655 *** 0.122 0.337 *** 0.105 0.996 *** 0.080 

Prescription Drug Benefit -0.038 0.041 0.223 *** 0.028 -0.027  0.032 -0.019 0.049 -0.048  0.043 0.025  0.033

Year Fixed Effects Yes  Yes  Yes  Yes  Yes  Yes   

State Fixed Effects Yes   Yes    Yes   Yes    Yes   Yes   

Constant -1.534 *** 0.434 4.363 *** 0.294 -3.415 *** 0.341 7.071 *** 0.559 -2.684 *** 0.437 1.387 *** 0.350 

*: Significant at 10%; **: Significant at 5%; ***: Significant at 1% 
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Table 3.4: Discrete Factor Estimates on Prescription Drug Spending 

Drug Coverage Any Spending Spending | Any 

Variable Coefficient Std. Error Coefficient Std. Error Coefficient Std. Error 

Age -0.003 0.003 0.009 ** 0.004 -0.012 *** 0.002

Male -0.005 0.027 -0.293 *** 0.037 -0.085 *** 0.019

Nonwhite -0.012 0.059 -0.242 *** 0.079 -0.047 0.041

Married -0.053 * 0.024 0.100 ** 0.034 0.011 0.017

College and above 0.179 *** 0.034 0.023 0.048 0.082 *** 0.026

Urban 0.100 *** 0.034 0.013 0.047 -0.029 0.024

Income/1000 0.001 *** 0.000 0.001 ** 0.000 0.001 *** 0.000

Guaranteed-issue 1.063 *** 0.295       

Rate-rating -1.504 * 0.788       

Age*Guaranteed-issue -0.015 *** 0.004       

Age*Rate-rating 0.013 0.010     

Health Index*Rate-rating 0.035 0.024     

Health Index -0.002 0.005 0.091 *** 0.008 0.067 *** 0.003

Diabetes -0.033 0.032 0.466 *** 0.054 0.253 *** 0.020

Cancer -0.063 ** 0.027 0.324 *** 0.042 0.083 *** 0.018

Heart Disease 0.033 0.023 0.654 *** 0.036 0.315 *** 0.016

Stroke -0.109 *** 0.038 0.086 0.061 0.089 *** 0.023

Hypertension 0.003 0.023 0.869 *** 0.032 0.313 *** 0.017

Lung Disease 0.002 0.032 0.521 *** 0.054 0.260 *** 0.021

Arthritis 0.022 0.023 0.241 *** 0.031 0.061 *** 0.016

Alzheimer’s 0.098 0.080 -0.170 0.125 -0.113 ** 0.053

Current Smoking -0.056 0.035 -0.179 *** 0.043 -0.104 *** 0.026

Obese -0.021 0.031 0.028 0.045 0.005 0.021

Died 0.048 0.061 -0.905 *** 0.079 -0.608 *** 0.044

Nursing Home Coverage 0.078 * 0.038 -0.004 0.019

AAPCC (log) -0.048 0.071 0.245 ** 0.097 0.207 *** 0.050

Prescription Drug Benefit -0.021 0.039 0.201 *** 0.024

Year Fixed Effects Yes Yes  Yes 

State Fixed Effects Yes Yes  Yes 

Constant -0.988 *** 0.300 -1.338 *** 0.997 5.052 *** 0.207

First Support 0.064 0.062 3.532 *** 0.514 -3.089 *** 0.077

Second Support -0.078 * 0.037 2.860 *** 0.543 -1.172 *** 0.059

Third Support 0.007
†

-0.548
†

0.303
†

Probability of First Support 0.040 ***         

Probability of Second Support 0.113 ***       

Probability of Third Support 0.847
‡         

Standard Error         0.712 *** 0.010

*: Significant at 10%; **: Significant at 5%; ***: Significant at 1% 
†: Computed as the following: )1/()( 2112211113 pppp
‡: Computed as the following: 3p =1- 1p - 2p
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Table 3.5: Discrete Factor Estimates on Medicare Part A Spending

Drug Coverage Any Spending Spending | Any 

Variable Coefficient Std. Error Coefficient Std. Error Coefficient Std. Error 

Age -0.003 0.003 0.015 *** 0.003 -0.032 *** 0.004

Male -0.005 0.031 0.091 ** 0.037 0.059 0.040

Nonwhite -0.055 0.028 -0.015 0.034 -0.066 0.039

Married -0.011 ** 0.066 -0.103 0.077 0.087 * 0.085

College and above 0.179 *** 0.041 0.013 0.052 0.017 0.066

Urban 0.098 ** 0.038 -0.054 0.046 0.012 0.052

Income/1000 0.001 *** 0.000 0.000 0.000 0.000 0.000

Guaranteed-issue 1.068 *** 0.327

Rate-rating -1.515 * 0.798

Age*Guaranteed-issue -0.015 *** 0.004

Age*Rate-rating 0.013 0.011

Health Index*Rate-rating 0.035 0.027

Health Index -0.001 0.005 0.153 *** 0.011 0.064 *** 0.006

Diabetes -0.034 0.035 0.240 *** 0.040 0.038 0.042

Cancer -0.065 ** 0.031 0.254 *** 0.039 0.073 ** 0.037

Heart Disease 0.034 0.026 0.417 *** 0.033 0.128 *** 0.034

Stroke -0.109 *** 0.040 0.280 *** 0.049 0.020 0.045

Hypertension 0.005 0.026 0.089 *** 0.031 0.035 0.034

Lung Disease 0.002 0.035 0.195 *** 0.043 -0.061 0.041

Arthritis 0.023 0.026 0.057 * 0.031 -0.027 0.035

Alzheimer’s 0.099 0.081 0.140 0.107 -0.079 0.076

Current Smoking -0.056 0.041 -0.119 ** 0.052 -0.059 0.062

Obese -0.019 0.036 -0.023 0.043 -0.103 ** 0.049

Died 0.047 0.065 3.037 *** 0.600 0.588 *** 0.058

Nursing Home Coverage 0.060 * 0.038 0.029 0.042

AAPCC (log) -0.048 0.078 0.111 0.096 0.651 *** 0.108

Prescription Drug Benefit -0.119 0.082 -0.030 0.045

Year Fixed Effects Yes Yes  Yes 

State Fixed Effects Yes Yes  Yes 

Constant -0.993 *** 0.348 -4.502 *** 0.482 6.566 *** 0.476

First Support 0.056 0.049 0.876 *** 0.207 0.356 *** 0.060

Second Support 0.008 0.172 0.195 0.234 -3.211 *** 0.168

Third Support -0.158
†

-2.487
†

 -0.414 
†

Probability of First Support 0.703 ***         

Probability of Second Support 0.046 ***       

Probability of Third Support 0.251
‡         

Standard Error         0.926 *** 0.013

*: Significant at 10%; **: Significant at 5%; ***: Significant at 1% 
†: Computed as the following: )1/()( 2112211113 pppp
‡: Computed as the following: 3p =1- 1p - 2p
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Table 3.6: Discrete Factor Estimates on Medicare Part B Spending 

Drug Coverage Any Spending Spending | Any 

Variable Coefficient Std. Error Coefficient Std. Error Coefficient Std. Error 

Age -0.003 0.003 0.015 *** 0.004 -0.025 *** 0.002

Male -0.004 0.031 -0.233 *** 0.045 0.057 ** 0.028

Nonwhite -0.011 0.066 -0.182 ** 0.085 -0.072 0.063

Married -0.055 ** 0.028 0.146 *** 0.042 -0.010 0.025

College and above 0.180 *** 0.041 0.216 *** 0.066 0.002 0.037

Urban 0.098 ** 0.038 -0.028 0.057 -0.064 * 0.036

Income/1000 0.001 *** 0.000 0.003 *** 0.001 0.001 *** 0.000

Guaranteed-issue 1.053 *** 0.326

Rate-rating -1.512 * 0.795

Age*Guaranteed-issue -0.015 *** 0.004

Age*Rate-rating 0.013 0.011

Health Index*Rate-rating 0.033 0.026

Health Index -0.002 0.005 0.052 *** 0.010 0.112 *** 0.004

Diabetes -0.031 0.035 0.403 *** 0.068 0.197 *** 0.031

Cancer -0.064 ** 0.031 0.560 *** 0.057 0.396 *** 0.026

Heart Disease 0.033 0.026 0.474 *** 0.042 0.335 *** 0.023

Stroke -0.110 *** 0.040 0.129 * 0.071 0.046 0.034

Hypertension 0.007 0.026 0.403 *** 0.038 0.012 0.023

Lung Disease 0.002 0.035 0.345 *** 0.065 0.210 *** 0.031

Arthritis 0.021 0.026 0.346 *** 0.037 0.077 *** 0.024

Alzheimer’s 0.097 0.081 -0.181 0.140 -0.229 *** 0.078

Current Smoking -0.057 0.041 -0.373 *** 0.052 -0.074 * 0.042

Obese -0.021 0.036 -0.183 *** 0.053 0.017 0.032

Died 0.046 0.065 -0.045 0.113 0.664 *** 0.057

Nursing Home Coverage -0.050 0.078 0.085 * 0.049 0.053 * 0.028

AAPCC (log) 0.443 *** 0.119 0.803 *** 0.070

Prescription Drug Benefit -0.031 0.053 -0.034 0.053

Year Fixed Effects Yes Yes  Yes 

State Fixed Effects Yes Yes  Yes 

Constant -0.971 *** 0.347 -3.000 *** 0.484 2.845 *** 0.309

First Support -0.064 0.047 0.536 *** 0.136 -0.841 *** 0.049

Second Support -0.003 0.061 4.504 *** 1.389 -3.395 *** 0.060

Third Support 0.034
†

-0.611
†

 0.693 
†

Probability of First Support 0.332 ***         

Probability of Second Support 0.045 ***       

Probability of Third Support 0.623
‡         

Standard Error         0.911 *** 0.015

*: Significant at 10%; **: Significant at 5%; ***: Significant at 1% 
†: Computed as the following: )1/()( 2112211113 pppp
‡: Computed as the following: 3p =1- 1p - 2p
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Table 3.7: Discrete Factor Estimates on Prescription Drug Spending (with Income 

Interaction)

Drug Coverage Any Spending Spending | Any 

Variable Coefficient Std. Error Coefficient Std. Error Coefficient Std. Error 

Age -0.003 0.003 0.010 ** 0.004 -0.012 *** 0.002

Male -0.005 0.031 -0.293 *** 0.042 -0.086 *** 0.022

Nonwhite -0.012 0.066 -0.238 *** 0.093 -0.046 0.045

Married -0.053 * 0.028 0.096 ** 0.039 0.011 0.019

College and above 0.179 *** 0.041 0.012 0.060 0.081 *** 0.032

Urban 0.100 *** 0.038 0.011 0.055 -0.030 0.026

Income/1000 0.001 *** 0.000 0.001 0.001 0.001 *** 0.000

Guaranteed-issue 1.063 *** 0.326

Rate-rating -1.504 * 0.793

Age*Guaranteed-issue -0.015 *** 0.004

Age*Rate-rating 0.013 0.010

Health Index*Rate-rating 0.035 0.026

Health Index -0.002 0.005 0.091 *** 0.010 0.067 *** 0.003

Diabetes -0.033 0.035 0.466 *** 0.066 0.254 *** 0.020

Cancer -0.063 ** 0.031 0.326 *** 0.048 0.082 *** 0.020

Heart Disease 0.033 0.026 0.650 *** 0.042 0.316 *** 0.017

Stroke -0.109 *** 0.040 0.085 0.069 0.089 *** 0.024

Hypertension 0.004 0.026 0.870 *** 0.038 0.313 *** 0.020

Lung Disease 0.002 0.035 0.521 *** 0.066 0.260 *** 0.022

Arthritis 0.022 0.026 0.237 *** 0.035 0.061 *** 0.018

Alzheimer’s 0.098 0.081 -0.172 0.128 -0.112 ** 0.054

Current Smoking -0.056 0.041 -0.175 *** 0.052 -0.105 *** 0.031

Obese -0.021 0.036 0.032 0.054 0.005 0.022

Died 0.048 0.065 -0.902 *** 0.099 -0.610 *** 0.054

Nursing Home Coverage 0.077 * 0.046 -0.003 0.021

AAPCC (log) -0.048 0.078 0.240 ** 0.113 0.207 *** 0.057

Prescription Drug Benefit -0.146 ** 0.069 0.221 *** 0.031

Interaction with income/1000 0.004 ** 0.002 -0.001 0.000

Year Fixed Effects Yes Yes  Yes 

State Fixed Effects Yes Yes  Yes 

Constant -0.988 *** 0.347 -1.342 *** 0.488 5.046 *** 0.241

First Support 0.065 0.073 3.542 *** 0.525 -3.086 *** 0.077

Second Support -0.078 * 0.043 2.773 *** 0.505 -1.172 *** 0.059

Third Support 0.016
†

-0.890
†

0.460
†

Probability of First Support 0.040 ***         

Probability of Second Support 0.194 ***       

Probability of Third Support 0.766
‡         

Standard Error         0.712 *** 0.010

*: Significant at 10%; **: Significant at 5%; ***: Significant at 1% 
†: Computed as the following: )1/()( 2112211113 pppp
‡: Computed as the following: 3p =1- 1p - 2p
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Table 3.8: Discrete Factor Estimates on Medicare Part A Spending with Income 

Interaction

Drug Coverage Any Spending Spending | Any 

Variable Coefficient Std. Error Coefficient Std. Error Coefficient Std. Error 

Age -0.003 0.003 0.016 *** 0.003 -0.032 *** 0.004

Male -0.004 0.031 0.092 ** 0.037 0.059 0.040

Nonwhite -0.011 0.066 -0.104 0.077 0.087 0.085

Married -0.055 ** 0.028 -0.014 0.034 -0.066 * 0.039

College and above 0.179 *** 0.041 0.014 0.053 0.017 0.066

Urban 0.098 ** 0.038 -0.054 0.046 0.012 0.052

Income/1000 0.001 *** 0.000 -0.001 0.001 0.000 0.000

Guaranteed-issue 1.070 *** 0.328

Rate-rating -1.517 * 0.799

Age*Guaranteed-issue -0.015 *** 0.004

Age*Rate-rating 0.013 0.011

Health Index*Rate-rating 0.035 0.027

Health Index -0.001 0.005 0.153 *** 0.011 0.064 *** 0.006

Diabetes -0.034 0.035 0.238 *** 0.040 0.038 0.042

Cancer -0.065 ** 0.031 0.256 *** 0.039 0.073 ** 0.037

Heart Disease 0.034 0.026 0.416 *** 0.033 0.128 *** 0.034

Stroke -0.109 *** 0.040 0.280 *** 0.049 0.020 0.045

Hypertension 0.005 0.026 0.091 *** 0.031 0.035 0.034

Lung Disease 0.002 0.036 0.195 *** 0.043 -0.061 0.041

Arthritis 0.023 0.026 0.056 * 0.031 -0.027 0.035

Alzheimer’s 0.099 0.081 0.142 0.106 -0.079 0.076

Current Smoking -0.056 0.041 -0.118 ** 0.052 -0.059 0.062

Obese -0.019 0.036 -0.023 0.043 -0.103 ** 0.049

Died 0.047 0.065 3.011 *** 0.552 0.588 *** 0.059

Nursing Home Coverage 0.061 0.038 0.029 0.042

AAPCC (log) -0.048 0.078 0.110 0.096 0.651 *** 0.108

Prescription Drug Benefit -0.202 ** 0.092 -0.029 0.050

Interaction with income/1000 0.003 * 0.001 0.000 0.001

Year Fixed Effects Yes Yes  Yes 

State Fixed Effects Yes Yes  Yes 

Constant -0.995 *** 0.348 -4.480 *** 0.474 6.565 *** 0.476

First Support 0.063 0.049 0.869 *** 0.194 0.356 *** 0.060

Second Support 0.016 0.171 0.187 0.223 -3.211 *** 0.168

Third Support -0.180
†

-2.459
†

 -0.411 
†

Probability of First Support 0.703 ***         

Probability of Second Support 0.046 ***       

Probability of Third Support 0.252
‡         

Standard Error         0.926 *** 0.013

*: Significant at 10%; **: Significant at 5%; ***: Significant at 1% 
†: Computed as the following: )1/()( 2112211113 pppp
‡: Computed as the following: 3p =1- 1p - 2p



- 52 - 

Table 3.9: Discrete Factor Estimates on Medicare Part B Spending with Income 

Interaction 

Drug Coverage Any Spending Spending | Any 

Variable Coefficient Std. Error Coefficient Std. Error Coefficient Std. Error 

Age -0.003 0.003 0.015 *** 0.004 -0.024 *** 0.002

Male -0.004 0.031 -0.234 *** 0.045 0.058 ** 0.028

Nonwhite -0.011 0.066 -0.179 ** 0.085 -0.072 0.063

Married -0.055 ** 0.028 0.144 *** 0.042 -0.009 0.025

College and above 0.180 *** 0.041 0.208 *** 0.066 0.002 0.037

Urban 0.098 ** 0.038 -0.028 0.057 -0.065 * 0.036

Income/1000 0.001 *** 0.000 0.002 ** 0.001 0.000 0.000

Guaranteed-issue 1.053 *** 0.326

Rate-rating -1.512 * 0.795

Age*Guaranteed-issue -0.015 *** 0.004

Age*Rate-rating 0.013 0.011

Health Index*Rate-rating 0.033 0.026

Health Index -0.002 0.005 0.052 *** 0.010 0.112 *** 0.004

Diabetes -0.031 0.035 0.403 *** 0.068 0.197 *** 0.031

Cancer -0.064 ** 0.031 0.561 *** 0.057 0.396 *** 0.026

Heart Disease 0.033 0.026 0.473 *** 0.042 0.334 *** 0.023

Stroke -0.110 *** 0.040 0.130 * 0.071 0.045 0.034

Hypertension 0.007 0.026 0.404 *** 0.038 0.012 0.023

Lung Disease 0.002 0.035 0.347 *** 0.065 0.210 *** 0.031

Arthritis 0.021 0.026 0.344 *** 0.037 0.077 *** 0.024

Alzheimer’s 0.097 0.081 -0.183 0.140 -0.229 *** 0.078

Current Smoking -0.057 0.041 -0.371 *** 0.052 -0.074 * 0.042

Obese -0.021 0.036 -0.181 *** 0.053 0.017 0.032

Died 0.046 0.065 -0.041 0.113 0.665 *** 0.057

Nursing Home Coverage -0.050 0.078 0.084 * 0.049 0.053 * 0.028

AAPCC (log) 0.438 *** 0.119 0.802 *** 0.070

Prescription Drug Benefit -0.124 0.078 -0.063 0.056

Interaction with income/1000 0.003 0.002 0.001 0.001

Year Fixed Effects Yes Yes  Yes 

State Fixed Effects Yes Yes  Yes 

Constant -0.970 *** 0.347 -2.963 *** 0.534 2.858 *** 0.309

First Support -0.064 0.047 0.521 ** 0.226 -0.841 *** 0.049

Second Support -0.005 0.061 4.756 4.300 -3.394 *** 0.060

Third Support 0.035
†

-0.732
†

 0.778 
†

Probability of First Support 0.332 ***         

Probability of Second Support 0.058 ***       

Probability of Third Support 0.610
‡         

Standard Error         0.911 *** 0.015

*: Significant at 10%; **: Significant at 5%; ***: Significant at 1% 
†: Computed as the following: )1/()( 2112211113 pppp
‡: Computed as the following: 3p =1- 1p - 2p
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Figure 3.2: State Reforms and Prescription Drug Coverage 

0
.0

5
.1

.1
5

.2
.2

5
.3

P
re

sc
ri
p

ti
o
n
 d

ru
g
 c

o
ve

ra
g
e

65-69 70-74 75-79 80-84 85+

Age Category

No regulation Guaranteed issue and Rate rating

Rate rating only



- 54 - 

Figure 3.3: Spending Increase in Prescription Drug by Income 
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Figure 3.4: Cost Savings in Medicare Part A by Income 
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Figure 3.5: Cost Savings in Medicare Part B by Income 
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Table 3.10: Simulated Effects 

 Model Coefficient on 
Any Spending 

Coefficient on 
Spending | Any 

With drug 
benefit

Without
drug benefit 

Difference

Descriptive - - $817 $678 $139

Two-part -0.038 0.223*** $835 $671 $164

Discrete factor -0.021 0.201*** $821 $673 $148

Discrete factor 0
† 0.201*** $823 $673 $150

-0.146** 0.221***

Prescription drug spending 

Discrete factor with 
Income interaction 0.004** -0.001

$821 $673 $148

Descriptive - - $2,537 $2,775 -$238

Two-part -0.027 -0.019 $2,616 $2,740 -$124

Discrete factor -0.119 -0.030 $2,454 $2,770 -$316

-0.202** -0.029Discrete factor 
Income interaction 0.003* 0.000

$2,424 $2,772 -$348

-0.202** 0
†

Medicare Part A spending 

Discrete factor with 
Income interaction 0.003* 0

† $2,495 $2,772 -$277

Descriptive - - $1,852 $1,788 $65

Two-part -0.048 0.025 $1,821 $1,785 $36

Discrete factor -0.031 -0.034 $1,742 $1,802 -$60

-0.124 -0.063

Medicare Part B spending 

Discrete factor with 
Income interaction 0.003 0.001

$1,731 $1,802 -$71

*: Significant at 10%; **: Significant at 5%; ***: Significant at 1%
†: Insignificant coefficient is replaced by zero.
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Chapter 4: Health Outcomes and Lifetime Healthcare Expenditures of 

Treating Hypertension 

4.1 Introduction 

On one hand, prescription drug coverage increases prescription drug spending and 

improves health and may reduce annual healthcare spending; on the other hand, people 

then live longer and may accrue more healthcare spending in the remaining lifetime.  Thus, 

it is unclear how prescription drug coverage and utilization would affect lifetime healthcare 

expenditures.  This section considers the lifetime effects of interventions to treat 

hypertension using a micro-simulation model—the Future Elderly Model (FEM).  This 

research does not directly address what are the effects of prescription drug coverage, but 

instead, what are the effects of hypertension control.  The missing piece is what is the 

effect of prescription drug coverage on hypertension control, which will be a research topic 

for future study. 

Numerous studies have shown that hypertension is a major risk factor for heart 

disease and stroke which are the first and third leading causes of death in the United States 

respectively and are also major causes of disability.20  Heart disease, stroke and disability 

are all strong predictors of healthcare expenditures.  By combining nine major prospective 

observational studies, MacMahon et al. (1990) found prolonged differences in usual 

diastolic blood pressure (DBP) of 5, 7.5 and 10 mm Hg were respectively associated with 

at least 34%, 46% and 56% less risk for stroke and at least 21%, 29% and 37% less risk for 

                                                
20 For more details, please see: “Deaths: Preliminary Data for 2003,” National Vital Statistics Report from the 
Center for Disease Control, February 2005. 
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coronary heart disease (CHD).  However, with the advances of medical technologies, 

effective treatments for hypertension, such as diuretics, -blockers, angiotensin-converting 

enzyme (ACE) inhibitors and calcium channel antagonists, can significantly reduce these 

risks with only moderate costs.  65.4% of the over age 60 population has hypertension, yet 

only 27.4% of those with hypertension has their hypertension controlled.21

4.2 The Future Elderly Model 

The FEM begins with a representative sample of approximately 100,000 aged 

Medicare beneficiaries from the 1992-2000 Medicare Current Beneficiary Survey 

(MCBS), and tracks their health and spending over the course of their lifetime (after age 

65). 22  Starting in 2005, we predict health care spending for everyone in this representative 

cohort.  These predictions come from pooled weighted least squares regressions of total 

health care spending on risk factors, self-reported conditions, functional status, and 

interactions of conditions and functional status, with spending inflated to constant dollars 

using the medical component of the consumer price. 

We age our cohort by simulating health and functional outcomes in the subsequent 

year.  This process requires knowledge of the underlying risk of changing health.  In 

addition to mortality, we model the development of several health conditions: stroke, heart 

disease, arthritis, Alzheimer’s disease, hypertension, diabetes, lung disease, lung cancer, 

breast cancer, prostate cancer, colon cancer, or other cancer.  The definitions of health 

conditions are derived from questions in the Medicare Current Beneficiary Survey of the 

                                                
21 According to data from the 1999-2000 National Health and Nutrition Examination Survey (NHANES).  
See “Controlling hypertension among Medicare Beneficiaries: Saving Lives without Additional Cost,” 
Milliman Consultants and Actuaries, September 2004. 
22 For more details of FEM, please see Goldman et al. (2004). 
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form “Has a doctor ever told you….”  Heart conditions include angina pectoris or coronary 

heart disease, myocardial infarction, and other heart conditions such as congestive heart 

failure, problems with the valves in the heart, or problems with the rhythm of heartbeat.  

Lung disease includes emphysema, asthma, or chronic obstructive pulmonary disorder.

Arthritis does not include rheumatoid arthritis. 

We measure functional status by limitations in activities of daily living (ADLs) and 

limitations in instrumental activities of daily living (IADLs).  The ADL measure is based 

on a battery of questions asking respondents if they had any difficulty dressing; eating; 

bathing or showering; getting into and out of a chair; walking; and using the toilet.  For 

IADLs, respondents were asked if they had any difficulty using the phone, doing light 

housework, doing heavy housework, making meals, shopping or managing money.  Based 

on responses to these questions, we constructed a hierarchical measure of physical 

functioning: no limitations, limited in at least on instrumental activity of daily living, 

limited in 1 or 2 activities of daily living, limited in 3 or more activities of daily living, or 

living in a nursing home.  The inclusion of nursing home as a level of physical functioning 

is necessary because of a dramatic drop in the report of ADL limitations among nursing 

home residents in 1997 and thereafter attributable to changes in the survey design.  In 

1996, 73% of nursing home respondents reported 3 or more limitations in activities of 

daily living. 

Both functional status and the likelihood of developing a health condition depend 

on risk factors (gender, education, race, ethnicity, education, obesity (BMI>=30), 

overweight (25<=BMI<30), underweight (BMI<20), ever having smoked and currently 
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smoking); other health conditions where clinically warranted, and age.  We treated all 

health conditions as “absorbing” — i.e., once people got an illness, they had it forever and 

therefore could not get it again — and modeled transitions into these conditions.  This 

assumption was consistent with the way the data were obtained (“Has a doctor ever told 

you…”) and with the course of most chronic diseases.  However, we allowed for 

transitions into and out of functional states, but the probabilities were allowed to depend on 

functional status in the previous two years (second-order Markov) to capture inertia in 

physical functioning scores.

Using these models, we then predicted each person’s probability of dying, getting a 

new disease, or entering a new functional state using Monte Carlo techniques as 

summarized in Figure 4.1.  As our initial sample ages, it becomes less representative of the 

Medicare population.  We annually replenish our sample through 2030 with a new cohort 

of 65-year-olds using data on the health of younger cohorts from the 1982 to 1996 National 

Health Interview Surveys to predict the health of new Medicare entrants.  For example, the 

health of 65-year olds in 2026 will depend on the health of 35-year olds in 1996, 

appropriately trended. 

Table 4.1 shows the effects of personal characteristics on incident disease.  Each 

column corresponds to a separate logit estimation of the likelihood of developing the 

disease in the next year, and each entry is an odds ratio.  Since the probability of these 

events is small (these are incidence rates), the odds ratios can be interpreted as relative 
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risks23.  Many of these relationships replicate findings from the epidemiological literature, 

as one would expect.  For example, we find that the elderly 85 years of age or older are 

1.86 times more likely to develop a stroke than those aged 65 to 74 (p<0.01).

Hypertension, diabetes, and heart disease all increase the risk of stroke.  There are also 

racial and ethnic differences in the likelihood of developing certain conditions.  Hispanics 

are 50% more likely to develop diabetes and hypertension, even after controlling for other 

factors.  Blacks are more likely to develop arthritis and hypertension, but less likely to 

develop lung and heart disease (after controlling for hypertension). 

Obesity—defined as a body mass index of 30 kg/m2 or more— is strongly 

associated with increased risk of diabetes (222% increase), hypertension (58%), lung 

disease (46%), arthritis (48%), and heart disease (35%) relative to those of normal weight.  

It is also important to note that the higher risk of heart disease is significant even after one 

adjusts for the presence of hypertension and diabetes.  The adjustment may also explain 

why obesity is not associated with an increased risk of stroke after controlling for these 

two conditions.  We also see no relationship between elderly obesity and cancer, despite 

some preliminary epidemiologic evidence suggesting otherwise.  Individuals with a BMI 

of at least 30 kg/m2 had an elevated risk of pancreatic cancer compared with those with a 

BMI of less than 23 kg/m2 in two prospective cohort studies; but such cancer is relatively 

rare and so will not drive this relationship in our analysis. 

Current smoking status and ever smoked are included as risk factors in our 

analysis.  There are several reasons for this decision.  First, any exposure to smoking may 

                                                
23 The incidence rates per 1000 population are: heart (52); lung cancer (2); prostate cancer (4); breast cancer 
(3); colon cancer (3); other cancer (10); diabetes (15); hypertension (63); stroke (13); Alzheimer's (14); and 
arthritis (94).  
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have lifetime consequences, especially if the smoking habit was heavy and persisted over a 

long period of time.  Smoking cessation programs directed at the elderly will not eliminate 

this past behavior—and its concomitant health risk—they will merely change current 

status.  Second, there is some selection in current smoking status; people who are ill might 

cease smoking, and so current smoking by itself in these analyses would be subject to bias 

(since sicker people are less likely to be smoking).  The inclusion of past smoking provides 

an (admittedly imperfect) control for this behavior.  One could also argue that our sample 

is still subject to mortality selection in the sense that many of the smokers have died off or 

become very ill before entering our (elderly) sample.  In fact, this is not a bias for which 

we need to adjust, since our purpose is to model treatment efforts for the elderly.  We do 

find that current smoking significantly increases risk of stroke (45%), lung disease (88%), 

and lung cancer (177%).  Past smoking has similar effects on lung disease and lung cancer, 

but does not seem to affect stroke risk.  We do not find that smoking among the elderly 

affects the risk of heart disease, a results that is consistent with epidemiological evidence.  

There are two points here.  First, while smoking clearly increases the risk of heart disease 

in younger populations, this effect is attenuated at older ages.  Second, this does not mean 

that smoking does not improve survival among those who already have heart disease (as 

the CASS study showed).

More than 10% of people over age 65 have clinical diabetes, the vast majority of 

which is type 2 diabetes.  Type 2 diabetes mellitus is a disease of relative insulin 

deficiency.  Diabetes is a major risk factor for hypertension, stroke and heart disease and 

we find that diabetes significantly increases the risk of hypertension (38%), stroke (41%) 

and heart disease (30%).  Heart disease is the most important risk factor for stroke after 
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hypertension and our results show that heart disease significantly increases the risk of 

stroke by 29%.  Of particular interest for this paper are the effects of hypertension.

Hypertension is the most important controllable risk factor for heart disease and stroke.  

We find that hypertension significantly increases the risk of heart disease by 59% and the 

risk of stroke by 28% after controlling for heart disease (heart disease itself is a risk factor 

for stroke). 

Table 4.2 shows the odds ratios associated with dying or functional limitations for 

various risk factors.  These can be interpreted as relative risks since the raw probability of 

dying is 5.0% for all elderly in the MCBS24.  The risk of dying increases substantially with 

age, and men have higher risk than women (although the age profile is similar as 

demonstrated by the insignificant age-gender interactions).  There is a gradient by 

education (those with more education are less likely to die), even after controlling for 

disease, functional status, and other risk factors.  This finding is consistent with evidence 

of healthy behavior—such as better adherence to medication—found in other studies and 

not controlled for here. Current and past smoking both increase the risk of death—even 

after controlling for lung diseases, lung cancer, and other conditions—by 21 and 25 

percent, respectively.   

The presence of many chronic diseases and cancers are associated with higher risk 

of death.  Interestingly, hypertension and breast cancer among the elderly do not increase 

the risk of death; although the hypertension effect should be interpreted as an effect after 

controlling for heart disease and stroke. (We saw earlier that hypertension has large effects 

                                                
24The incidence rates per 1000 population are: IADL limitation (131); one or more ADL limitation (110); 3 
or more ADLs (39); nursing home entry (17); and mortality (49).  Thus, the odds ratios for some of these 
measures will overstate relative risks for measures like IADL limitations and one or more ADL limitations. 
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on developing heart disease and stroke.)  Diabetes increases the risk of death by 63%; in 

part this may be explained by our lack of controls for kidney-related diseases.  Functional 

status also has a strong association with mortality, especially residence in a nursing home.  

Much of this effect arises because functional status proxies for unobserved illness, 

although there may be a component which is causal. 

4.3 Effectiveness and cost of hypertension treatments

The effectiveness of anti-hypertensives is summarized in Table 4.3.  Using 14 

randomized trials of antihypertensive drugs (chiefly diuretics and -blockers), Collins et al. 

(1990) found the risk of stroke was reduced by 42%, suggesting that virtually all the 

epidemiologically expected stroke reduction appears rapidly.  CHD was reduced by 14%, 

suggesting that just over half the epidemiologically expected CHD reduction appears 

rapidly. (In prospective observational studies, a long-term difference of 5-6mm Hg in usual 

DBP is associated with about 35-40% less stroke and 20-25% less CHD).  Psaty et al. 

(1997) found, compared with placebo, -blocker therapy was effective in preventing stroke 

(relative risk (RR): 0.71) and congestive heart failure (RR: 0.58).  The findings were 

similar for high-dose diuretic therapy (for stroke, RR: 0.49; and for congestive heat failure, 

RR: 0.17).  Low-dose diuretic therapy prevented not only stroke (RR: 0.66) and congestive 

heart failure (RR: 0.58) but also coronary disease (RR: 0.72). 

The heart outcomes prevention evaluation study assessed the role of an ACE 

inhibitor, ramipril, in patients who were at high risk for cardiovascular events but who did 

not have left ventricular dysfunction or heart failure. Treatment with ramipril reduced the 

rate of death from cardiovascular causes (RR: 0.74), myocardial infarction (RR: 0.80) and 
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stroke (RR: 0.68).  The overview of placebo-controlled trials of ACE inhibitors revealed 

reductions in stroke (30%), coronary heart disease (20%) and major cardiovascular events 

(21%). The overview of placebo-controlled trials of calcium channel antagonists showed 

reductions in stroke (39%), and major cardiovascular events (28%).  In a randomized trial 

of a perindopril-based blood pressure-lowering regimen among 6105 individuals with 

previous stroke or transient ischaemic attack by the PROGRESS collaborative group 

(2001), over 4 years of follow up, active treatment reduced blood pressure (9/4 mm Hg), 

stroke (RR reduction: 28%) and risk of total major vascular events (RR reduction: 26%).  

Two studies specifically studied the effects of hypertension treatments among 

elderly patients and similar magnitude of effectiveness was found.  In a study of 

antihypertensive drug treatment in older persons with isolated systolic hypertension, the 

relative risk for stroke by proportional hazard regression analysis was 0.64. For the 

secondary end point of clinical nonfatal myocardial infarction plus coronary death, the 

relative risk was 0.73.  Major cardiovascular events were reduced (RR: 0.68).  In a 

randomized double-blinded comparison of placebo and active treatment for older patients 

with isolated systolic hypertension, active treatment reduced the total rate of stroke by 42% 

where non-fatal stroke decreased by 44%.  In the active treatment, all fatal and non-fatal 

cardiac endpoints, declined by 26% while non-fatal cardiac endpoints decreased by 33%, 

and all fatal and non-fatal cardiovascular endpoints by 31%.

From the Swedish Trial in Old Patients with Hypertension (STOP Hypertension), 

Johannesson et al. (1993) estimated the annual treatment cost ( -blockers/diuretics, in 
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1991 prices) is $676.5 (STD $159) for men and $649 (STD $150) for women including 

costs of travel and time, consultations and laboratory tests. 

Edelson et al. (1990) estimated annual costs of five classes of compounds widely 

recommended as initial therapy for hypertension as shown in Table 4.4. Those costs were 

estimated from the wholesale prices in the 1987 “Red Book”. Cost was calculated by 

adding 10% to the wholesale price for retail markup, plus a $2 pharmacy fee per 100 U of 

medication. The cost of potassium supplementation (average, 60 mEq) for the 20% of 

those treated with Hydrochlorothiazide who will require it was added to the cost of 

treatment. Annual cost of three physician visits ($40 per visit) and two chemistry panels 

(including measurement of electrolyte, renal and liver function, cholesterol level and uric 

acid level at $25 per level) were included in the costs of each agent. The cost of screening 

to detect hypertension was not included in the analysis. 

After The Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack 

Trial (ALLHAT) concludes that thiazide-type diuretics should be the drugs of choice for 

first-step antihypertensive therapy because of their superiority in preventing one or more 

major forms of cardiovascular disease and their lower cost, the average treatment costs for 

hypertension are considerably lowered as Pyenson et al. (2004) assumed an annul 

treatment costs of $390 in their study.  

We find in our analysis that the odds ratios of hypertension on the risk of stroke 

and heart disease are 1.28 and 1.59 respectively, and the odds ratio of heart disease on 

stroke is 1.30.  In other words, a perfectly effective anti-hypertensive treatment can reduce 

the risk of stroke and heart disease by 30% and 37% respectively.  Our estimates of the 
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effects of hypertension are comparable to the estimates from randomized control trials on 

effectiveness of anti-hypertensive treatments.  Therefore we can use FEM to simulate the 

effects of those treatments on future disease prevalence and health care expenditures in the 

elderly population.  We assume that hypertension is effectively treated in all elderly with 

an annual cost of $500.  Assuming such an extreme rate of effectiveness is useful as a way 

to determine the greatest benefit that might be derived from elderly hypertension 

treatments.  We also present another scenario which assumes an annual cost of $400.   

4.4 Results 

Figure 4.2 shows the number of elderly Americans aged 65 or older with Parts A 

and B Medicare coverage.  Under the status quo25, this population will reach 72.6 million 

by 2030; an estimate that corresponds closely to the 71.4 million estimate of Part A and B 

enrollees from the 2005 Trustees’ report.  The inflection point at 2012 in population 

growth is due to the baby boomers entering Medicare.  More importantly, however, is the 

effect prevention would have on our baseline estimate.  If hypertension control could be 

completely effective, this population would be 2.1 million higher—a 3% increase.   

Under the status quo, heart disease prevalence will rise to 49% by 2030.

Hypertension control would reduce the rate by 4 percentage points (Figure 4.3).  

Hypertension control would reduce the prevalence of stroke by 0.1 percentage points in 

2030 (Figure 4.4).  Figure 4.5 incorporates these health and population changes into an 

overall effect on disability-adjusted life years (DALYs) and shows that hypertension 

                                                
25 The status quo scenario assumes 1990's technologies which are held constant. 
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control increases DALYs by 3% in 2030.  The results are shown relative to the status quo 

(baseline=1.0).   

Figure 4.6 summarizes the effects of prevention on elderly medical spending.  The 

figure shows total spending by elderly (65 years of age or older) Medicare beneficiaries 

enrolled in Parts A and B.  Spending is measured in 2000 dollars.  Under the status quo, 

total spending would rise to $691 billion and Medicare spending would rise to $393 billion 

in 2030.  Hypertension control would reduce total spending and Medicare spending in 

2030 by $44 billion and $34 billion respectively (Figure 4.6 and 4.7). 

The potential benefits and costs of controlling hypertension are summarized in 

Table 4.5.  These estimates exclude the costs of behavioral modification.  For example, 

compliance might entail behavioral changes that sometimes can be costly to people who 

may have to modify behavior.  The estimates are computed for the 108 million Medicare 

beneficiaries who will enter the program between 2005 and 2030.  Hypertension control 

would result in 75 million additional disability-adjusted life years (DALYs) or 0.81 dollars 

per treated.  Assuming a $500 annual treatment cost, hypertension control would result in 

lower total lifetime medical spending of $66 billion, but higher lifetime Medicare spending 

of $4 billion; hypertension control would lower lifetime total spending per treated by $710, 

but increase lifetime Medicare spending per treated by $41.  Assuming $400 annual 

treatment cost, hypertension control would result in lower total medical spending of $231 

billion and lower Medicare spending of $161 billion; hypertension control would lower 

lifetime total spending per treated by $2,477 and lower lifetime Medicare spending per 

treated by $1,726. 
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4.5 Conclusion 

This section considers the lifetime effects of treating hypertension on health 

outcomes and healthcare expenditures.  Assuming that the beneficial effects of treating 

hypertension found in randomized clinical trials can be successfully transformed to the 

general population, controlling hypertension significantly improves both morbidity and 

mortality, and reduces annual healthcare spending but has little effect on lifetime 

healthcare expenditures.  Our results suggest that controlling hypertension in the elderly 

could be very cost-effective. 

Our assumption of the effectiveness of anti-hypertensives on stroke is at the lower 

end of RCT estimates.  Our assumption of the effectiveness of anti-hypertensives on heart 

disease is at the higher end of RCT estimates.  However, we have a broader definition of 

heart disease which includes myocardial infarction, heart attack, angina, coronary heart 

disease, congestive heart failure, and other heart condition.  Some beneficiaries with 

hypertension are already under treatment and FEM does not distinguish among the 

untreated, the partially treated and the fully treated.  Therefore our simulation may 

overstate the treatment effects of anti-hypertensives. 

Many anti-hypertensives are generic drugs and therefore very cheap.  Under an 

annual cost assumption of $500 per patient, treating hypertension is about cost-neutral.

Under an annual cost assumption $400 per patient, treating hypertension generates 

considerable savings to Medicare and other payers.  Our cost estimates are likely higher 

than the costs of providing drugs to include costs associated with compliance.  The cost-

effectiveness is very sensitive to the cost of prescription drugs.  As brand-name drugs are 



- 71 - 

often 4-5 times more expensive than generic drugs and other treatments may not be as 

cost-effective as anti-hypertensives in preventing expensive diseases such as heart disease 

and stroke, Medicare prescription drug coverage can be costly to Medicare in the long run. 
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Figure 4.1 Overview of the Simulation Model 
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Table 4.1 Probability of Developing Various Health Conditions as a Function of Individual Characteristics (Ages 65 and older) 

    Health condition: 

         Cancer: 

Risk Factor Stroke Heart Arthritis Alzheimer's HBP Diabetes Lung Lung Breast Prostate Colon Other 

Age:              

 Age 65 to 74 (reference category) 

 Age 75 to 84    1.801***   1.511***   1.447***   3.961***   1.185**    1.090      1.244*     0.818      1.220     1.366*    1.845**   1.413***

  Age 85 or above   1.861***   1.924***   1.399***   7.166***   1.193*     0.765      1.011      0.419      0.879     1.452     1.810*    1.067    

Male         1.129      1.090      0.738***   1.102      0.808***   1.132      0.836*     1.534                            1.077     1.178    

Black        1.082      0.806*     1.282**    1.195      1.590***   1.180      0.580**    0.948      1.318     1.346     0.498     0.584**  

Hispanic     0.829      0.943      0.954      0.767      1.490***   1.502*     1.386      1.480      0.995     0.913     0.870     0.686    

Urban        1.051      0.931      1.012      1.012      0.908      0.801*     0.900      1.187      2.314**   0.955     1.018     1.158    

Education:             

 Less than high school   1.083      1.076      0.955      1.579***   0.931      1.142      1.132      1.544      0.608*    1.124     0.576**   0.892    

 High degree (reference category) 

  College graduate   0.884      1.122      1.013      1.182      0.904      1.042      0.748      1.155      1.336     1.376     0.982     1.066    

Smoking:             

 Ever smoked   1.075      1.065                                                  2.043***   2.536**                                              

  Current smoking   1.445**    1.057                                                  1.880***   2.762***                                             

Body mass index:             

 Obese (bmi>=30)   0.806      1.353***   1.484***              1.584***   3.216***   1.461**    1.185      1.272     1.117     1.273     1.126    

 Overweight (25<=bmi<30)   0.927      1.119      1.175**               1.233**    1.611***   1.290*     1.525      1.229     1.041     1.265     1.034    

 Normal (20<=bmi<25) (reference category) 

  Underweight (bmi<20)   1.021      0.868      0.716***              0.760*     0.534*     1.817***   1.145      0.782     0.728     0.888     0.907    

Health conditions:             

 Hypertension   1.275**    1.590***                                                                                                               

 Diabetes     1.405**    1.299***                         1.382***                                                                              

  Heart disease   1.289**                                                                                                                           

No. of observations  46,677   28,498   22,002    51,174   23,449   43,907   45,100   51,735   28,106  20,274  50,757  47,226   

Note:  Each column shows the odds ratios from a separate logit regression of developing the disease shown in the column heading as a function of the variables 
shown in the rows.  Since these logits measure incident disease--the probability of developing the disease in the next year--the sample will differ depending on the 
number of people in the 1992-2000 Medicare Current Beneficiary Survey who do not have the health condition in the prior year.  Because the incidence rates are 
low, these can be interpreted as relative risks; so, for example, obese people have a 59% higher risk of developing hypertension than those of normal weight.  HBP 
stands for high blood pressure; heart conditions include angina pectoris or coronary heart disease, myocardial infarction, and other heart conditions such as 
congestive heart failure, problems with the valves in the heart, or problems with the rhythm of heartbeat; lung disease includes emphysema, asthma, or chronic 
obstructive pulmonary disorder; arthritis does not include rheumatoid arthritis. 
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Table 4.2 Probability of Dying or Developing Functional Limitations, Ages 65 and Older 

  1 or more 1 or more 3 or more Nurs. Home

Risk Factor Mortality IADLs ADLs ADLs Entry 

Age       

 Age 65 to 74 (reference category) 

 Age 75 to 84    2.069***   1.831***   1.954***   1.828***   3.827*** 

  Age 85 or older   3.592***   2.968***   3.472***   2.977***   9.552*** 

Gender & age interactions:      

 Male         1.958***   0.461***   0.845**    0.938      1.069    

 Male * Age 65 to 74 (reference category) 

 Male * age 75 to 84   0.845      1.050      0.961      0.972      0.928    

  Male * Age 85 or older   0.818      1.550***   1.087      1.025      0.870    

Black        1.049      1.075      1.087      1.047      0.713**  

Hispanic     0.904      0.883      0.992      1.075      0.412*** 

Urban        0.961      0.882***   0.995      1.045      0.817**  

Education:      

 Less than high school   1.103*     1.295***   1.119**    1.208***   1.153*   

 High degree (reference category) 

  College graduate   0.856*     0.831***   0.827**    1.023      0.656**  

Smoking:      

 Ever smoked   1.245***   1.054      1.078      0.955      0.953    

  Current smoking   1.207**    1.226***   1.255***   1.000      1.169    

Body mass index:      

 Obese (bmi>=30)   0.676***   1.550***   1.668***   1.248**    0.710**  

 Overweight (25<=bmi<30)   0.721***   1.065      1.217***   0.936      0.746*** 

 Normal (20<=bmi<25) (reference category) 

  Underweight (bmi<20)   1.664***   1.301***   1.140      1.202*     1.290**  

Cancers:      

 Lung cancer   4.316***   1.154      1.584*     1.285      1.605    

 Prostate cancer   1.368**    1.183      1.204      1.050      1.258    

 Breast cancer   1.055      1.261**    0.978      1.134      0.996    

 Colon cancer   1.306*     1.083      1.025      1.113      1.196    

  Other cancer   1.522***   1.264***   1.238***   1.160      0.868    

Health conditions:      

 Heart disease   1.411***   1.513***   1.207***   1.175**    0.893    

 Diabetes     1.628***   1.528***   1.408***   1.266***   1.421*** 

 Hypertension   1.073      1.268***   1.229***   1.143*     0.865*   

 Stroke       1.278***   1.851***   1.552***   1.732***   1.536*** 

 Lung disease   1.312***   1.895***   1.546***   1.198**    1.019    

 Alzheimer's disease   1.253***   1.418**    1.986***   2.361***   3.484*** 

  Osteoarthritis   0.775***   1.778***   1.693***   1.257***   0.757*** 

Disability:      

 No limitations (reference category) 

 IADLs only   1.594***              2.376***   3.149***   3.191*** 

 1 or 2 ADLs   2.410***                         9.007***   3.615*** 

 3 or more ADLs   4.532***                                    6.464*** 

  Nursing home   6.694***                                             

No. of observations  57,626     46,232     37,351     47,275     53,342    
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Note:  Each column shows the odds ratios from a separate logit regression of dying or developing a functional 
limitation.  Since these logits measure incident death or disability, the sample differs across columns.  Because the 
incidence rates are low, each entry can be interpreted as a relative risk; so, for example, patients with Alzheimer's 
disease have a 248% greater chance of entering a nursing home ceteris paribus.  In the FEM, functional status will 
be actually be modeled using an ordered logit (no limitations, IADL limitations only, 1 or 2 ADL limitations, 3 or 
more ADL limitations, or nursing home).  Independent logit estimation is conducted here because of the ease of 
interpretation. (ADL and IADL limitations are not available for those in the nursing home after 1997).  Heart disease 
includes angina pectoris or coronary heart disease, myocardial infarction, and other heart conditions such as 
congestive heart failure, problems with the valves in the heart, or problems with the rhythm of heartbeat; lung 
disease includes emphysema, asthma, or chronic obstructive pulmonary disorder; arthritis does not include 
rheumatoid arthritis.
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Table 4.3: Costs of Hypertension Treatments 

Effects of treatment (relative risk reduction) 
Study 

Type of study 

(Mean treatment 

duration)
Stroke Heart disease 

Collins et al. (1990) Randomized trial 
(5 years) 

42% 14% reduction in CHD 

Psaty et al. (1997) Randomized trial 
(5 years) 

-Blocker: 29% 
High-dose diuretics: 51% 
Low-dose diuretics: 34% 

-blocker: 42% (CHD) 
High-dose diuretics: 83% (CHD) 
Low-dose diuretics: 42% (CHD) 
and 28% (coronary disease) 

SHEP cooperative 
research group (1991) 

Randomized trial 
(4.5 years) 

36% 32% (major cardiovascular 
events) 

Yushf etc. (2000) Randomized trial 
(5 years) 

32% (death from stroke) 26% (death from cardiovascular 
causes) 

Progress collaborative 
group (2001) 

Randomized trial 
(4 years) 

28% 26% 

Neal et al. (2000) Randomized trial 
(3.8 years) 

ACE inhibitor: 30% 
Calcium antagonists: 39% 

ACE inhibitor: 20% (CHD) and 
21% (major cardiovascular 
events) 
Calcium antagonists: 28% 

Staessen et al. (1997) Randomized trial 
(2 years, median) 

42% 26% (cardiac endpoints) 
31% (cardiovascular endpoints) 
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Table 4.4: Costs of Hypertension Treatments 

Agent Class Dosage 

(mg/d) 

Cost ($/Y) Change in DBP 

(mm Hg) 

Propranolol 
hydrochloride 

-adrenergic 
antagonist 

320/280 314/278 -9.8/-21.4 

Hydrochlorothiazide Diuretics 75/100 232/222† -7.4/-13.4 

Nifedipine Calcium channel 
antagonist 

30/40 547/673 -10.0/-17.0 

Prazosin 
hydrochloride 

-adrenergic 
antagonist 

12/12 990/990 -8.1/-17.3 

Captopril ACE inhibitor 75/225 592/1436 -4.9/-18.3 

Notes: † One study used in the meta-analysis skewed the mean dose of propranolol for patients with a 

diastolic blood pressure of 95 to 104 mm Hg so that these patients were observed to received more 
medication than those with a diastolic blood pressure of 105 mm Hg or greater (Edelson et al. 1990).



- 78 - 

Table 4.5 Effects of Prevention on the Health and Spending of Medicare Entrants, 2005-2030 

All Medicare Entrants: Per Entrant: Per Treated: 

Change in Change in Change in Change in Change in Change in Change in Change in Change in

Annual
treatment
cost ($) 

Total
DALYs

(millions)

Total
spending 
(billions)

Total
Medicare
spending 
(billions)

Total
treatment

cost 
(billions)

Lifetime
DALYs

Lifetime
total

spending 
($)

Lifetime
Medicare
spending 

($)

Lifetime
treatment
cost ($) 

Lifetime
DALYs

Lifetime
total

spending 
($)

Lifetime
Medicare
spending 

($)

Lifetime
treatment
cost ($) 

500 75.3 -890 -820 824 0.69 -8,197 -7,552 7,586 0.81 -9,543 -8792 8,833

400 75.3 -890 -820 659 0.69 -8,197 -7,552 6,069 0.81 -9,543 -8792 7,066

Notes:  Effects are computed based on lifetime spending and health patterns for the 108 million elderly Medicare beneficiaries who will enter the program 
between 2005 and 2030.  Spending estimates do not include monetized welfare loss of any behavioral changes.  The per entrant estimates are averaged over the 
entire population, not just those who are treated.  Controlling hypertension, on average, add about three-quarters of a life year for all Medicare beneficiaries. 
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Figure 4.2 Projections of the Elderly Medicare Population Under Various 

Prevention Scenarios, 2005-2030 
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Notes:  The figure shows the number of elderly Americans aged 65 or older with Parts A and B Medicare coverage.   
Projections are made using the future elderly model.  Under the status quo, this population will reach 72.6 million by 

2030.  With 100% effective hypertension control, the population would be 2.9 million greater.
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Figure 4.3 Projections of Heart Disease Prevalence in the Elderly Medicare 

Population, 2005-2030 
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Notes:  The figure shows prevalence of heart disease among Medicare beneficiaries aged 65 or older with Parts A 
and B Medicare coverage.  Projections are done using the future elderly model.  Respondents are assumed to have 
heart disease if they self-reported that a doctor ever told them they had angina pectoris or coronary heart disease; 
myocardial infarction; or another heart condition such as congestive heart failure, problems with the valves in the 
heart, or problems with the rhythm of heartbeat.  Under the status quo, heart disease prevalence will rise to 49% by 
2030.  With effective hypertension control, there will be a 4 percentage-point improvement; and with effective 
obesity control, a 3 percentage-point improvement.  Smoking cessation will not reduce the prevalence of heart 
disease in the elderly—a finding consistent with the evidence that smoking cessation is less beneficial in preventing 
heart disease at older ages.  Diabetes will raise the prevalence of heart disease because people are living longer and 
age is an independent risk factor for disease.
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Figure 4.4 Projections of Stroke Prevalence in the Elderly Medicare Population, 

2005-2030
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Notes:  The figure shows prevalence of lung disease among Medicare beneficiaries aged 65 or older with Parts 
A and B Medicare coverage.  Projections are done using the future elderly model.  
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Figure 4.5 Projections of Relative Disability-Adjusted Life Years of the Elderly 

Medicare Population, 2005-2030 
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Notes:  The figure shows the total level of DALYs, relative to the status quo (baseline=1.0), of Medicare 
beneficiaries aged 65 or older with Parts A and B Medicare coverage, which is a combination of both changes in 
survival and functioning.  Projections are done using the future elderly model.  Respondents in a nursing home 
are assumed to have a DALY score of 0.4; otherwise, the score is measures as follows:  3 or more ADLs (0.6); 1 
or 2 ADLs (0.8); and 1 or more IADLs (0.9); and 1.0 if they are not limited at all in activities of daily living or 
instrumental activities of daily living. 
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Figure 4.6 Projections of Total Medical Expenditures by the Elderly Medicare 

Population, 2005-2030 
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Notes:  The figure shows total spending by elderly (65 years of age or older) Medicare beneficiaries enrolled 
in Parts A and B.  Spending is measured in 2000 dollars.  Under the status quo, total spending would rise to 
$691 billion in 2030.  Effective hypertension control would reduce spending in 2030 by $44 billion. 
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Figure 4.7 Projections of Total Medicare Expenditures by the Elderly Medicare 

Population, 2005-2030 
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Notes:  The figure shows total Medicare spending by elderly (65 years of age or older) Medicare 
beneficiaries enrolled in Parts A and B.  Spending is measured in 2000 dollars.  Under the status quo, total 
spending would rise to $393 billion in 2030.  Effective hypertension control would reduce spending in 2030 
by $34 billion. 
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Chapter 5: Conclusions and Policy Implications 

5.1 Prescription drug coverage and Medicare spending 

This section examines the effects of Medigap prescription drug coverage on 

prescription drug spending, Medicare Part A and Part B spending.  We find that Medigap 

prescription drug coverage (1) increases prescription drug spending by $170 or 22%; (2) 

reduces Medicare Part A spending by $277-348 or 10-13%; (3) reduces Medicare Part B 

spending by $71 or 4%, but the estimates are not statistically significant.  Our estimates imply 

that a $1 increase in prescription drug spending is associated with $1.63-2.05 reduction in 

Medicare spending. 

Our results indicate that the effects of Medigap prescription drug coverage on 

Medicare Part A and Part B spending decrease with income.  Prescription drug coverage 

results in more savings among the poor.  Our results show that the low-income assistance 

program for Medicare Part D would improve both equality and efficiency, and thus provide 

support for the low-income assistance program for Medicare Part D. 

This dissertation contributes to the health economics literature on the relationship 

between prescription drugs and inpatient care, and on the relationship between prescription 

drugs and outpatient care.  We find a substantial substitution effect between prescription 

drugs and inpatient care and no relationship between prescription drugs and outpatient care.

As prescription drugs become increasingly integral to medical treatment of many illnesses, 

looking at drug spending in isolation from the rest of health care spending and the efforts 
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simply to reduce drug spending may result in too little prescription drug coverage and 

utilization. 

-  Implication on the cost of Medicare Part D 

 Medicare Part D has the same deductible ($250) as Medigap prescription drug 

coverage.  Medicare Part D pays 75% of prescription drug spending between $250 and $2,250 

and 95% of drug spending over $5,100.  Medigap plan H and I pay 50% of drug spending 

between $250 and $2,750 and Medigap plan J pays 50% of drug spending between $250 and 

$6,250.26  Medigap drug coverage, on average, has similar generosity as Medicare Part D.   

The average drug spending for projected Medicare Part D participants is $2,878 in 

2006 (Congressional Budget Office 2004).  If we assume that 20% of total drug spending is 

either due to the moral hazard effect of insurance or better affordability of prescription drugs 

under Medicare Part D, the potential savings on Medicare Part A and Part B would be 

approximately 20%*$2,878*1.63 or $938, but this only applies to those who otherwise would 

not have prescription drug coverage.  If we assume 25% of beneficiaries would otherwise 

have no prescription drug coverage, the per beneficiary savings on Medicare Part A and Part 

B from Medicare Part D would be $235 and the total savings would be $10 billion in 2006.  In 

other words, the real cost of Medicare Part D would be 37% less than current CBO estimate 

suggests.27

                                                
26 Medigap plan J has twice as many enrollees as plan H and I combined.  “Medigap Insurance: Plans Are 
Widely Available but Have Limited Benefits and May Have High Costs,” United States General Accounting 
Office, Report to Congressional Committees, July 2001 
27 CBO’s cost estimate for the Medicare prescription drug coverage in 2006 is $27.5 billion. 
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-  Welfare implication of Medigap drug benefit 

 Medigap drug benefit results in, on average, $170 more prescription drug spending 

and $277 less Medicare spending.  The benefit of Medigap drug coverage — including health 

benefit and insurance value — should exceed the cost of Medigap drug coverage for 

individuals who purchase Medigap drug coverage.  Therefore, the net social welfare gain 

from each beneficiary who purchases Medigap drug coverage is at least $277*1.428 or $388, 

which is almost 50% of their average drug spending. 

-  Welfare implication of Medicare Part D 

It is estimated that Medicare Part D participation will be around 87% in 2006 

(Congressional Budget Office 2004).  We assume those who do not participate in Medicare 

Part D would otherwise have no prescription drug coverage, and therefore there is no 

associated welfare change.  There is no welfare change for dual eligibles of Medicare and 

Medicaid and for Medicare HMO enrollees.   

For beneficiaries still under employer-sponsored drug coverage, Medicare will provide 

tax-free subsidies equal to 28% of drug spending between $250 and $5,000 per retiree to 

employers providing drug benefit that are at least comparable to the standard Part D benefit.

It is estimated that the average Medicare subsidy per participant will be about $766 in 2006 

(Congressional Budget Office 2004). It is largely true that employers simply pass the costs of 

benefits to employees by lowering wages.  Thus, Medicare Part D subsidy is equivalent to 

                                                
28 The midpoint estimate of deadweight loss from taxation is about 40%. 
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reimbursing beneficiaries for part of their prescription drug spending and would result in a 

welfare loss of 0.4*$766 or $306. 

  It is estimated that the average net Medicare cost per Part D participant will be about 

$1,221 in 2006 (Congressional Budget Office 2004).  For beneficiaries who would otherwise 

under employer-sponsored drug coverage or Medigap drug coverage, Medicare Part D simply 

replaces private drug coverage and results in a welfare loss of 0.4*$1,221 or $488. 

For beneficiaries who would otherwise have no prescription drug coverage, the social 

cost of Medicare Part D per beneficiary is about 0.4*$1,221+$2,878 or $3,366.  The total 

social benefit of savings from Medicare Part A and Part B spending is 1.4*1.63*20%*$2,878 

or $1,314.  The insurance value and health benefit of Medicare Part D should exceed the 

prescription drug spending of 80%*$2,878 or $2,302, the amount they would spend on 

prescription drugs should they have no drug coverage.  The net welfare gain from Medicare 

Part D for beneficiaries in this group should be at least $250. 

The overall welfare impact of Medicare Part D depends on the number of beneficiaries 

in each category.  Our calculation shows that there would be a small welfare loss associated 

with Medicare Part D—$72 per beneficiary.  It should be noted that we might underestimate 

the welfare gain from Medicare Part D as the insurance value and health benefit from 

Medicare Part D are not fully accounted for in our calculation.  

5.2 Health Outcomes and Lifetime Healthcare Expenditures of Treating 

Hypertension 
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This study considers the lifetime effects of interventions to treat hypertension using a 

micro-simulation model—the Future Elderly Model (FEM).  Assuming that the beneficial 

effects of treating hypertension found in randomized clinical trials can be successfully 

extended to the general population, controlling hypertension significantly improves both 

morbidity and mortality, and reduces annual healthcare spending but has little effect on 

lifetime healthcare expenditures.  Our results suggest that controlling hypertension in the 

elderly could be very cost-effective. 

However, our simulation assumes an optimistic scenario—full compliance of 

hypertension treatment which is unlikely to be the reality.  Still, Medicare Part D could result 

in considerable health benefits and cost-savings as compliance rate increases with prescription 

drug coverage (Dor and Encinosa 2003).  How much of these potential benefits can be 

realized would depend on (1) the increase in the rate of full compliance due to Medicare Part 

D; (2) the change in the rate of partial compliance and the effectiveness of partial compliance 

which is still unknown.

Drug treatment differs from other medical treatments in that it is generally self-

administered.  In contrast, most other medical treatments are rendered by health professionals.  

Though RCTs show significant beneficial effects of drugs on health outcomes, it is unclear 

how the results transfer to the general population because of the compliance issues.  Trial 

participants are often selected to be adherent and are monitored carefully whereas, in practice, 

compliance rates can be as low as 10%.  One study finds that among diabetics, about 1/3 

never comply, 1/3 always comply and the remaining 1/3 partially comply for working age 

adults (Avi Dor et al., 2003). Among the elderly, the non-compliance can be even more 
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severe.  It can be argued that the lack of compliance in the general population can be 

completely due to patient preference, but if it is because patients are not fully aware of the 

costs and benefits from the treatments or have trouble following the medication instructions 

from their doctors, certain systems may be established to assist them and to improve the 

quality of care (Nancy Dean Beaulieu et al. 2005: Study of HealthPartners, an HMO in 

Minneapolis, MN). 
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Table 5.1: Part D Participation and Social Welfare 

Without Part D With Part D Percentage Welfare Gain ($)

No drug coverage No participation 13% 0

Medicare and Medicaid 
dual eligibles 

Medicare and Medicaid 
dual eligibles 15% 0

Medicare HMO Medicare HMO 12% 0

Employer-sponsored 
coverage

Employer-sponsored 
coverage 19% -306

Employer-sponsored 
coverage or Medigap Medicare Part D 16% -488

No Drug Coverage Medicare Part D 25% 250

Total    100% -74
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