
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Essays on Health Economics 

 

Christine Pal Chee 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Submitted in partial fulfillment of the  

requirements for the degree of 

Doctor of Philosophy 

in the Graduate School of Arts and Sciences 

 

 

COLUMBIA UNIVERSITY 

 

2012



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© 2012 

Christine Pal Chee 

All rights reserved



 

 

ABSTRACT 

 

 

Essays on Health Economics 

Christine Pal Chee 

 

 

This dissertation explores the behavior of health care providers and consumers, with a 

focus on understanding how changes in health policies affect the efficiency and quality of care of 

health care systems. Chapter 1 evaluates the impact of a change in Medicare reimbursements for 

nursing wages on hospital production decisions. Chapter 2 evaluates the impact of Medicare 

coverage policies on the utilization of cardiac catheterization and coronary angiography. Chapter 

3 evaluates the impact of receiving treatment with antiretroviral therapy for HIV/AIDS on the 

demand for substance use. 
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CHAPTER 1  

Hospital Production Decisions: Evidence from the Medicare Program 

 

 

Abstract - Economic theory provides strong predictions for how firms respond to changes in 

prices. In this chapter, I test whether these predictions hold for hospitals that experienced 

changes in input and output prices induced by a change in Medicare reimbursement policy. 

Specifically, I evaluate hospital responses to an adjustment made to Medicare payments intended 

to account for geographic variation in hospital labor mix. I find that hospitals employ fewer high 

skilled nurses when the relative wage of high skilled nurses increases. This is not accompanied 

by an increase in the employment of low skilled nurses, suggesting that the two types of nurses 

are not substitutes in the hospital production function. I also find that hospitals decrease 

Medicare inpatient stays when labor costs increase and increase Medicare inpatient stays when 

payments increase. These findings show that while the adjustment had intended effects on 

employment, it also had unintended effects on inpatient stays, highlighting the importance of 

understanding the economic behavior of hospitals in the design and implementation of health 

policies. 

 

1.1 Introduction 

Health care spending and reform have commanded an enormous amount of public and 

political attention in recent years. In 2010, after much deliberation and debate, the Patient 

Protection and Affordable Care Act was passed by Congress and signed into law by the 

President. However, policy makers and health industry leaders still face significant challenges 

over health care spending, quality of care, and delivery of care. Over the last ten years, health 
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care spending in the U.S. more than doubled, now totaling over $2 trillion (Centers for Medicare 

and Medicaid Services, 2010). Health care expenditures are expected to double again over the 

next decade and consume nearly one fifth of GDP (Centers for Medicare and Medicaid Services, 

2010). Hospitals account for the largest share of these expenditures. In 2008, hospitals accounted 

for almost one third of all national health expenditures (Centers for Medicare and Medicaid 

Services, 2010). Approximately two thirds of this spending went to wages and benefits of 

hospital staff (American Hospital Association, 2010).  

Hospitals are the second largest private employer in the United States, providing about 5 

million jobs. Roughly 40% of these jobs are held by nurses, whose occupation is the largest in 

the health care industry. The nursing occupation is expected to grow by 22% over the next ten 

years, adding 700,000 new jobs to the economy, more than any other occupation (Bureau of 

Labor Statistics, 2010). These figures underscore the importance of understanding the hospital 

labor market for nurses from the perspective of both health and labor economics. 

This chapter focuses on the federal Medicare program, which provides health insurance 

to the elderly. The Medicare program is particularly interesting because it is both the largest 

federally run program and the largest purchaser of health care in the United States (Kaiser 

Family Foundation, 2010). Medicare will continue to grow as the generation of Baby Boomers 

reaches retirement age, making it even more important to understand the impacts of Medicare 

policy changes on health care expenditures and patient outcomes. Additionally, about half of all 

Medicare expenditures go to hospitals (Kaiser Family Foundation, 2010). Since the Medicare 

program is such a large purchaser of hospital services, understanding the impacts of its hospital 

spending may reveal interesting insights into hospital behavior. This, in turn, may offer insights 
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into how to best design health policies aimed at controlling spending or improving patient 

outcomes. 

In this chapter, I evaluate hospital responses to a change in Medicare reimbursements that 

affected both the relative wage of high skilled nurses and payment rates for inpatient stays. 

Specifically, I consider the introduction of the occupational mix adjustment made to Medicare 

payments to account for geographic variation in hospital labor mix. I argue that the occupational 

mix adjustment had two effects on prices. First, it increased the relative wage for high skilled 

nurses across all hospitals. Second, it increased payments for Medicare inpatient stays for some 

hospitals and decreased payments for Medicare inpatient stays for other hospitals. 

Using the unique structure of the Medicare reimbursement system and the 

implementation of the occupational mix adjustment, I separately identify predicted substitution 

and income effects, even when the effects are predicted to move in opposite directions. By doing 

so, I test whether theoretical predictions for how firms respond to input and output price changes 

hold in this context.  

I find that hospitals respond in ways that are consistent with theory. Hospitals hire fewer 

high skilled nurses when the relative wage of high skilled nurses increases. However, this is not 

accompanied by an increase in the employment of low skilled nurses, providing evidence that 

high and low skilled nurses are not substitutes in the hospital production function. I also find that 

hospitals decrease Medicare inpatient stays when labor costs increase and increase Medicare 

inpatient stays when Medicare payments for inpatient stays increase. These findings show that 

while the adjustment had intended effects on employment, it also had additional and unintended 

effects on inpatient stays, highlighting the importance of understanding the economic behavior of 

hospitals in the design and implementation of health policies.  
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The rest of this chapter is organized as follows. Section 1.2 provides details on Medicare 

payment policies and the occupational mix adjustment. Section 1.3 describes the data used in this 

analysis and presents descriptive statistics. Section 1.4 discusses the empirical predictions to be 

tested in the analysis. Sections 1.5 and 1.6 detail the empirical framework used for the analysis 

and present estimation results. Section 1.7 concludes.  

 

1.2 Background 

The Medicare program was established by the Social Security Act Amendments of 1965 

to provide health insurance for the elderly. The largest component of the program is Part A, 

which provides the elderly with hospital insurance. Part A payments to hospitals account for 

about one quarter of all Medicare spending (Kaiser Family Foundation, 2010). The Medicare 

program reimburses hospitals for inpatient services through its prospective payment system 

(PPS), where payments for inpatient stays are set at predetermined, fixed amounts that depend on 

the diagnosis associated with the inpatient stay.  

These hospital payments consist of two components: an operating payment and a capital 

payment. This chapter focuses on the operating payment, which consists of a labor portion and a 

non-labor portion. In order to account for geographic variation in labor prices, the labor portion 

is adjusted by a wage index. More specifically, hospital payments are defined as follows: 

                 (                                 )                  , 
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where the operating payment is defined to be the sum of a labor portion and non-labor portion. 

The labor portion is defined to be a standardized labor share, which is set each year by 

Congress,
1
 multiplied by the wage index. 

Wage index values are calculated for each metropolitan statistical area (MSA) and 

residual rest-of-state area. In 2010, there were a total of 438 areas used for this calculation. An 

area’s wage index is defined to be the ratio of the area’s average hourly wage to the national 

average hourly wage, where the average hourly wage for an area is simply defined to be total 

labor costs across all hospitals in the area divided by total paid hours across all hospitals in the 

area. The national average hourly wage is similarly defined for all hospitals in the country.  

Although the intent is for the wage index to capture geographic variation in labor prices, 

as calculated, the wage index captures variation in both labor prices and labor mix. Areas that 

hire relatively more expensive types of workers will have higher wage index values, even in the 

absence of geographic variation in labor prices. As a result, hospitals that hired relatively more 

expensive labor mixes essentially received higher wage reimbursements for hiring more 

expensive types of workers. In order to correct this, the program introduced an occupational mix 

adjustment in 2005 to take into account variation in labor mix. Seven classes of occupations were 

included in this adjustment: nursing, physical therapy, occupational therapy, respiratory therapy, 

pharmacy, dietary, and medical and clinical laboratory.  

For each hospital, an occupational mix adjustment factor is calculated for each class of 

occupations. A hospital’s occupational mix adjustment factor for a particular class of 

occupations is defined to be the ratio of the national average hourly wage for that class of 

occupations to the hospital’s average hourly wage for that class if it faced national average 

                                                           
1
 In 2004, the standardized labor share was set to $3145.06 for hospitals in large urban areas and $3095.27 for 

hospitals in other areas (Federal Register, 2003). 
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wages for each occupation.
2
 A hospital’s adjustment factor will be less than one if the hospital 

employs a more expensive labor mix within that class than the national average does. Assuming 

that more expensive workers within a class are more highly skilled, the occupational mix 

adjustment factor also reflects the skill mix within the class: a hospital’s occupational mix 

adjustment for a particular class will be less than one if it employs a relatively higher skilled 

labor mix within that class, and greater than one if it employs a relatively lower skilled labor mix 

within that class. The top panel of Figure 1.1 plots the distribution of hospital occupational mix 

adjustment factors in 2005 for the sample used in this analysis. This set of occupational mix 

adjustment factors had a mean of 1.01, median of 1.00, and standard deviation of 0.08.  

The occupational mix adjustment factors are used to adjust the share of the hospital’s 

wages attributable to each of the seven classes of occupations. An occupational mix adjustment 

factor that is less than one will provide a downward adjustment in wages for that class of 

occupations. Conversely, an occupational mix adjustment factor that is greater than one will 

adjust upward the wages for that class of occupations. This is meant to eliminate the additional 

wage reimbursements hospitals received for simply hiring relatively more expensive labor mixes. 

The calculation of the adjusted wage index is done using adjusted hospital wages.
3
 To get a sense 

of the effect that the occupational mix adjustment had on the hospital wages used to calculate the 

wage index, the top panel of Figure 1.2 plots the distribution of the percentage difference in 

hospital average hourly wage from unadjusted hospital average hourly wage in 2005. 

It is important to note that even though occupational mix adjustments are made at the 

hospital level, wage index values are calculated at the area level. Therefore, what ultimately 

                                                           
2
 National occupational average wages were derived from 2003 BLS standard wage rates.  

3
 For more detailed information on the calculation of the wage index and the implementation of the occupational 

mix adjustment, see Reiter, et al. (2006).  
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matters for reimbursements is not a particular hospital’s occupational mix adjustment factor, but 

rather an area’s “effective” occupational mix adjustment factor. An area will receive a higher 

adjusted wage index value (relative to its unadjusted wage index value) if, on average, hospitals 

in that area have occupational mix adjustment factors that are greater than one. Similarly, an area 

will receive a lower adjusted wage index value if, on average, hospitals in that area have 

occupational mix adjustment factors that are less than one. 

The occupational mix adjustment was first introduced in fiscal year 2005. Occupational 

mix adjustment factors applied that year were calculated using data from fiscal year 2003. 

During 2005 and 2006, the adjustment was phased in so that each hospital’s adjusted wages were 

defined to be the sum of 0.1 multiplied by its occupational mix adjusted wages and 0.9 

multiplied by its unadjusted wages. In 2007, the occupational mix adjustment was fully 

implemented and only the hospital’s occupational mix adjusted wages were used in the 

calculation of the wage index. The occupational mix adjustment factors for 2007 were calculated 

using data from fiscal year 2006. From 2007 onwards, occupational mix adjustment factors were 

updated every three years using data from the previous year.
4
  

Figure 1.3 plots the distribution of the percentage difference in adjusted wage index 

values from unadjusted wage index values for both 2005 and 2007. The difference in the 

distributions across the two years reflects the fact that the occupational mix adjustment was 

phased in in 2005 and fully implemented in 2007. In 2005, the adjusted wage index did not differ 

much from the unadjusted wage index. However, in 2007, there were much larger differences 

between the adjusted and unadjusted wage index. 

                                                           
4
 Final rules and regulations regarding the wage index and occupational mix adjustment are published each year in 

the Federal Register. Registers that detail 2005 and 2007 occupational mix adjustments were published on August 

11, 2004 and August 18, 2006, respectively. 
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To provide an example of how the occupational mix adjustment affected wage index 

values, Table 1.1 reports nursing employment, occupational mix adjustment factors, and wage 

index values for two hospitals in California. Employment variables are reported from 2003, the 

year data was first collected for the calculation of the occupational mix adjustment factors. 

Occupational mix adjustment factors and wage index values are reported for both the 2005 and 

2006 phase-in and the 2007-2009 full implementation periods.  

Hospital 1 serves as an example of hospitals that hired relatively low-skilled nurses. This 

hospital had an occupational mix adjustment factor greater than 1, indicating it experienced an 

upward adjustment to its wage index. The effect of the adjustment was small during the phase-in 

period, reflecting the 10% adjustment that was made during the first two years of the 

implementation of the adjustment. The effect was much larger in 2007 when the adjustment was 

fully implemented. On the other hand, Hospital 2 hired relatively more high-skilled nurses and 

accordingly experienced a downward adjustment to its wage index. Here, also, the effect of the 

adjustment was larger in 2007 than it was in 2005. 

As mentioned earlier, seven classes of occupations were included in the occupational mix 

adjustment (nursing, physical therapy, occupational therapy, respiratory therapy, pharmacy, 

dietary, and medical and clinical laboratory). The nursing class included four different 

occupations: registered nurses (RNs), licensed practical nurses (LPNs), nursing aides, and 

nursing assistants. Since total paid hours for the remaining six classes of occupations totaled less 

than four percent of all paid hours across all hospitals, these classes were dropped from the 

occupational mix adjustment factor calculations starting in 2007 (so they were used only in the 

2005 and 2006 phase in period). Therefore, the occupational mix adjustment was effectively an 

adjustment for only the occupational mix of nurses within hospitals. For this reason, and because 
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nurses make up such a large share of the labor force of hospitals, this analysis focuses on the 

employment of nurses.  

In particular, I focus on RNs and LPNs. In 2004, RNs accounted for about 30% of all 

hospital workers, the largest single occupation within hospitals. LPNs accounted for about 5% of 

total hospital employment, the third largest occupation within hospitals (Bureau of Labor 

Statistics, 2004). The requirements for registered nursing are an associate or bachelor degree and 

a registered nursing license. RNs monitor patient care, coordinating with physicians and 

overseeing less skilled nursing personnel. They can also modify treatment plans according to 

patient needs and instruct patients and families. The mean hourly wage of RNs in 2010 was 

$32.55 ($67,720 annually). The requirements for licensed practical nursing are the completion of 

a training program, which usually lasts 1-2 years, and a licensed practical nursing license. LPNs 

generally provide basic bedside care for patients. This includes observing patients, answering 

patient calls, taking vital signs, and collecting samples for tests. The mean hourly wage of LPNs 

in 2010 was $19.88 ($41,360 annually) (Bureau of Labor Statistics, 2010).  

In recent years, there has been much interest in nursing staff levels in hospitals. In 

particular, researchers and policymakers have been interested in the relationship between nursing 

staff levels and patient outcomes. In California, this culminated in the passage of Assembly Bill 

394 in 1999, which mandated minimum nurse to patient ratios to be implemented in 2004. While 

the literature has generated a range of findings on the topic,
5
 it is clear that choosing the optimal 

employment of nurses requires hospitals to balance the need to ensure quality of care for patients 

                                                           
5
 For example, in two seminal papers, Coffman, et al. (2002) and Needleman, et al. (2002) provide cross-sectional 

evidence that higher nurse to patient ratios are associated with worse patient outcomes. Evidence from natural 

experiments, such as Dobkin (2003), Evans and Kim (2006), and Cook, et al. (2010), find that changes in nursing 

staff levels have no discernible effect on patient outcomes, although using detailed monthly hospital unit level data, 

Bartel, et al. (2009) and Phibbs, et al. (2009) find that higher nursing staff levels and human capital of nurses have 

positive effects on patient outcomes.  
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with the need to control costs. Hospitals can do this by choosing both the level and mix of nurses 

they employ. One factor that affects the optimal mix of nurses is the ability of hospitals to 

substitute between different types of nurses. By looking changes in the employment of RNs and 

LPNs in response to price changes induced by the occupational mix adjustment, this chapter 

explores the extent to which hospitals substitute between high and low skilled nurses, as well as 

the extent to which hospitals tradeoff between the skill level of their nurses and their labor costs. 

 

1.3 Data 

This analysis utilizes data from two sources. The first is the Medicare Historical Impact 

Files. These files contain hospital level data that are used to calculate Medicare hospital 

payments each year. This includes each hospital’s geographic area used for wage index 

calculations, wage index, occupational mix adjustment factors, and other factors used to 

calculate payments. The files also contain basic hospital characteristics, like provider type, size, 

average case mix (patient severity), and utilization. Key variables include hospital occupational 

mix adjustment factors, Medicare utilization rate, and total Medicare inpatient stays. 

The second data source is the American Hospital Association Annual Survey. The 

American Hospital Association collects data from hospitals on a wide range of topics, including 

utilization, hospital characteristics, and employment. Variables that are of primary interest to this 

analysis are those that measure the employment of RNs and LPNs. All employment variables 

reported are measured in full-time equivalent employment.
6
 

Data from the two sources are merged by Medicare provider ID. I limit the sample to 

short-term prospective payment hospitals, since other types of hospitals (such as specialty 

                                                           
6
 The American Hospital Association defines full-time equivalent employment to be the sum of full-time personnel 

and 0.5*part-time personnel. 
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hospitals and rural referral centers) are subject to different payment exceptions and policies. I 

also exclude all hospitals with mergers, acquisitions, or separations. This results in a balanced 

panel of 2,003 hospitals from 2003-2009. The data span two years prior to the implementation of 

the occupational mix adjustment in 2005, the two year phase in period, and three years after the 

full implementation of the adjustment. Table 1.2 presents descriptive statistics of hospital 

characteristics in 2004 for the sample of hospitals used in this analysis.  

Figure 1.4 plots trends in mean hospital Medicare inpatient stays, RN employment, and 

LPN employment from 2003-2009. These graphs show a steady increase in RN employment and 

decrease in LPN employment over the time period. At the same time, there appears to be a break 

in the trend in Medicare inpatient stays in 2005 – that is, Medicare inpatient stays seem to have 

increased from 2003 to 2005 and then decreased from 2005 to 2009. To explore this trend break 

in 2005, Figure 1.5 plots trends in national Medicare enrollment from the Medicare Statistical 

Supplement Files. Total Medicare enrollment is broken down between traditional fee-for-service 

(FFS) enrollment and managed care (HMO) enrollment.  

It is important to note that the changes in reimbursements described in Section 1.2 affect 

only the FFS program, and the inpatient stays graphed in Figure 1.4 include only inpatient stays 

for Medicare FFS beneficiaries. The trend in Medicare inpatient stays in Figure 1.4 closely 

follows the trend in FFS enrollment. Equally notable is the fact that the decline in FFS 

enrollment in 2005 is accompanied by an increase in HMO enrollment.  

Medicare beneficiaries can receive their hospital and physician insurance benefits either 

through the traditional Medicare FFS program or by choosing to participate in Medicare HMO 

plans. With the enactment of the Medicare Part D program in 2006, prescription drug coverage 

was added to existing benefits for Medicare beneficiaries. Coverage would be included in HMO 
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plans but would otherwise have to be purchased through separate Part D plans. This created 

incentives for beneficiaries to either join or switch from the FFS program to HMO plans and, 

therefore, explains the trend break in Medicare inpatient stays seen in Figure 1.4. The break in 

trend largely reflects a change in enrollment rather than a change in hospital admissions 

decisions. 

 

1.4  Empirical Predictions 

As discussed in Section 1.2, the occupational mix adjustment was introduced to account 

for differences in hospital labor mix and to eliminate the additional wage reimbursements made 

to hospitals for simply employing relatively more expensive labor mixes. As implemented, the 

adjustment had two discrete impacts on prices. These impacts on prices form the basis for the 

theoretical predictions of this chapter. 

First, since a hospital’s occupational mix adjustment factor is calculated using its prior 

mix of nurses, any changes to a hospital’s current mix of nurses alters its future wage 

reimbursements. If a hospital hires relatively more skilled nurses, its future wage reimbursements 

will be smaller. This effectively increases the relative wage of high skilled nurses. This increase 

in the relative wage of high skilled nurses due to the implementation of the occupational mix 

adjustment was experienced by all hospitals in the program.  

Economic theory predicts that hospitals will employ fewer high skilled nurses in response 

to an increase in the relative wage of those nurses. To the extent that high and low skilled nurses 

are substitutes, hospitals will substitute towards low skilled nurses. Additionally, hospitals may 

decrease the production of Medicare inpatient stays in response to the increase in labor costs. 

This may especially be true if hospitals are not able to substitute toward low skilled nurses. I 
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predict these “substitution effects” are larger for hospitals that receive a larger share of their total 

revenue from their Medicare inpatient stays. Changes in Medicare reimbursements will simply 

have a larger effect on total revenue in these hospitals. 

Hospitals experienced this increase in the relative wage of high skilled nurses following 

the initial implementation of the occupational mix adjustment in 2005. Even though the 

adjustment was phased in at 10% in 2005 and 2006, any changes in a hospital’s mix of nurses in 

either of those years would affect its future Medicare wage reimbursements. However, since 

employment contracts are difficult to terminate and the process of hiring new nurses may take 

time, employment effects immediately following the implementation of the occupational mix 

adjustment are likely to be small. Larger effects are more likely to be observed a few years after 

the initial implementation.  

The second impact on prices is due to the fact that changes in wage reimbursements are 

reflected in equivalent changes in payments for inpatient stays. Hospitals that experience an 

increase in their wage reimbursements effectively experience an increase in their Medicare 

payments for inpatient stays, and hospitals that experience a decrease in their wage 

reimbursements effectively experience a decrease in their Medicare payments for inpatient stays. 

In this way, the adjustment increased the price of inpatient stays for some hospitals and, at the 

same time, decreased the price of inpatient stays for other hospitals. 

Economic theory predicts that hospitals will increase the “production” of inpatient stays 

in response to an increase in the price of inpatient stays. Hospitals are also predicted to decrease 

the production of inpatient stays in response to a decrease in the price of inpatient stays. 

Additionally, the change in production may be accompanied by changes in the labor inputs used 

in production. In order to produce additional inpatient stays, hospitals may increase the 
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employment of either high or low skilled nurses. On the other hand, hospitals may decrease the 

employment of high or low skilled nurses in response to a decrease in the production of inpatient 

stays. I predict these “income effects” are larger for hospitals that experienced larger adjustments 

to their Medicare wage reimbursements. These hospitals effectively experienced larger changes 

in their Medicare payments for inpatient stays.  

Since the occupational mix adjustment was phased in at 10% in 2005 and fully 

implemented in 2007, the adjustment should have had small effects on payments for Medicare 

inpatient stays in 2005 and larger effects on payments for Medicare inpatient stays in 2007. 

Because the adjustment affected payments through the wage index, effects on payments can be 

observed through effects on the wage index. Figure 1.3 shows that changes to the area wage 

index due to the occupational mix adjustment were very small in 2005 and larger in 2007. Since 

payment changes were small in 2005 and larger in 2007, income effects should be small in 2005 

and 2006 and larger in 2007 onward. 

In this chapter, I test the following predictions about hospital responses to the 

implementation of the occupational mix adjustment.  

1. Substitution Effects 

a. All hospitals will reduce the employment of RNs. To the extent RNs and LPNs are 

substitutes, hospitals will increase the employment of LPNs. Hospitals may also 

reduce the production of Medicare inpatient stays in response to the increase in labor 

costs. 

b. Substitution effects will be larger for hospitals that received a larger share of their 

total revenue from Medicare.  
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c. Substitution effects are likely to be small in 2005 and 2006 and larger in 2007 

onward. 

2. Income Effects 

a. Hospitals that experienced an increase in their wage reimbursements will increase the 

number of Medicare inpatient stays they provide. This may be accompanied by an 

increase in the employment of RNs and LPNs. Hospitals that experienced a decrease 

in their wage reimbursements will decrease the number of Medicare inpatient stays 

they provide. This may be accompanied by a decrease in the employment of RNs and 

LPNs.  

b. Income effects will be larger for hospitals that experienced a larger adjustment to 

their Medicare wage reimbursements.  

c. Income effects are likely to be small in 2005 and 2006 and larger in 2007 onward. 

 

1.5 Empirical Framework 

Predicted substitution and income effects on employment and inpatient stays follow 

simply from economic theory and shed light on hospital production decisions. However, since 

the two effects take place simultaneously, it is empirically difficult to disentangle the individual 

effects and often possible to estimate only net effects. While net effects are useful in contexts 

such as policy evaluations – contexts in which we are ultimately interested in the effect of the 

policy – in this case, they obscure both the magnitude and direction of the separate substitution 

and income effects since the effects can move in opposite directions. For example, hospitals that 

experienced an increase in their wage reimbursements may have increased their employment of 

high skilled nurses in order to accommodate an increase in inpatient stays, while also substituting 
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away from high skilled nurses in response to the increase in the relative wage of those nurses. 

The net effect on the employment of high skilled nurses here is therefore ambiguous. 

However, features of the Medicare reimbursement system and the implementation of the 

occupational mix adjustment allow for the separate identification of substitution and income 

effects, even when they are predicted to move in opposite directions. As mentioned in Section 

1.4, substitution effects should be larger for hospitals that received a larger share of their revenue 

from Medicare reimbursements, and income effects should be larger for hospitals that received a 

larger adjustment to their Medicare wage reimbursements. Therefore, variation in hospital 

Medicare share and occupational mix adjustments can be used to estimate the two effects.  

To test the predictions discussed in Section 1.4, I rely on the following estimating 

equation: 

                                               

                                                              (1.1) 

where yht is the outcome of interest for hospital h at time t, αh is a set of hospital fixed effects, γt 

is a set of year fixed effects, IN0506t is a dummy variable that takes the value of 1 if t=2005 or 

t=2006, POST07t is a dummy variable that takes the value of 1 if t≥2007, MCR04h is the 2004 

(pre-adjustment) Medicare share of inpatient days for hospital h, and OMA05area is the 2005 

average hospital occupational mix adjustment within the area to which the hospital is classified 

for purposes of calculating area wage indexes. To control for changes in Medicare enrollment, 

state-level Medicare FFS and HMO enrollment can be included as additional controls. Standard 

errors, εht, are clustered at the hospital level. Outcome variables of interest are Medicare inpatient 

stays, RN employment, and LPN employment. 
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A hospital’s Medicare share of inpatient days is used as a proxy for its Medicare share of 

total revenue. Because hospital Medicare share may respond to the occupational mix adjustment, 

the above equation relies on hospital Medicare share in 2004, the year before the occupational 

mix adjustment was implemented. Figure 1.6 plots the distribution of hospital Medicare share of 

inpatient stays and shows there is substantial variation in hospital Medicare share. Hospital 

Medicare share in 2004 had a mean of 46, median of 48, and standard deviation of 15. 

The average hospital occupational mix adjustment factor within the area to which a 

hospital is classified for the purposes of calculating the wage index is used as a measure of the 

adjustment made to the hospital’s Medicare wage reimbursement. The area average occupational 

mix adjustment factor is used here because it was not a hospital’s own occupational mix 

adjustment factor per se that affected its wage reimbursements, but rather changes to the 

hospital’s wage index. This wage index is calculated at the area level. Therefore, what affected a 

hospital’s wage reimbursements was its area’s “effective” occupational mix adjustment factor.  

Because the 2007 occupational mix adjustment factors were calculated using hospital 

data from 2006, after the adjustment was already implemented, changes in the adjustment factors 

from 2005 to 2007 may capture hospital responses in nurse skill mix to the adjustment. Figure 

1.7 plots the distribution of the percentage change in hospital occupational mix adjustment 

factors from 2005 to 2007 and shows that the adjustment factors changed very little after the 

2007 update. This suggests that employment effects were small in the year following the initial 

implementation of the adjustment. However, because some hospitals did experience a change to 

their occupational mix adjustment factor and that change can capture responses to the 

adjustment, occupational mix adjustment factors from 2005 are used for the analysis.  
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Figure 1.8 plots the distribution of the area average occupational mix adjustment factors 

in 2005. Area average occupational mix adjustment factors had a mean and median of 1.01 and a 

standard deviation of 0.05. The minimum and maximum area average occupational mix 

adjustment factors were 0.90 and 1.22, respectively. To simplify interpretation of coefficients, 

occupational mix adjustment factors are multiplied by 100 in all regressions. 

This empirical strategy employs a difference-in-differences approach – where hospital 

fixed effects absorb fixed differences across hospitals and year fixed effects capture common 

shocks across hospitals – and makes two identifying assumptions. The first is that hospitals with 

different Medicare shares share common underlying trends in the outcome variables of interest. 

The second is that hospitals with different occupational adjustment factors share common 

underlying trends in the outcome variables of interest. To explore whether this assumption is 

reasonable, Figures 1.9 and 1.10 plot pre-trends in the outcomes of interest, by 2004 hospital 

Medicare share and 2005 area occupational mix adjustment factor, respectively. The figures 

show that hospitals appear to follow similar pre-trends in each of the outcomes variables, lending 

credibility to the empirical strategy. 

The coefficients of interest in Equation 1.1 are the β’s. β1·MCR04h measures the average 

effect of the occupational mix adjustment in 2005 and 2006 for a hospital with 2004 Medicare 

share MCR04h. Therefore, the coefficient β1 measures the degree to which the impact of the 

occupational mix adjustment in the first two years varies by hospital Medicare share. β2·MCR04h 

measures the average effect of the occupational mix adjustment in 2007-2009, so β2 measures the 

degree to which the impact of the full implementation of the occupational mix adjustment after 

2007 varies by hospital Medicare share. The coefficients β3 and β4 are similarly defined for 
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hospital area occupational mix adjustment factors. β1 and β2 identify substitution effects while β3 

and β4 identify income effects.  

Since both substitution and income effects are predicted to be small in 2005 and 2006, 

when the occupational mix adjustment was first implemented and phased in, the coefficients on 

the IN0506t interaction terms, β1 and β3, should be small. This feature of the predicted effects 

serves as a useful test of the identification strategy. The presence of large effects in 2005 and 

2006, when they are not predicted, would suggest that other factors that are correlated with either 

Medicare share or occupational mix adjustment factor are driving the results, whereas the 

absence of large effects in 2005 and 2006 suggests that any effects observed post-2007 are 

actually due to the occupational mix adjustment. 

The specification in Equation 1.1 imposes linearity in substitution effects by Medicare 

share and in income effects by occupational mix adjustment factor. To further investigate 

substitution and income effects due to the implementation of the occupational mix adjustment, 

heterogeneity in effects by Medicare share and occupational mix adjustment factor can be 

allowed. The following equation estimates substitution effects by Medicare share quartile and 

income effects by occupational mix adjustment factor quartile. 

          ∑                       
 
    ∑                       

 
     

        ∑                          
 
    ∑                          

 
         

                (1.2) 

where MCR04Qqh is a dummy variable that equals one if MCR04h falls in the qth quartile of 

Medicare shares and OMA05Qqarea is a dummy variable that equals one if OMA04area falls in the 

qth quartile of occupational mix adjustment factors. In this specification, the β’s on the 

IN0506t·MCR04Qqh and POST07t·MCR04Qqh interaction terms measure the impact of the 
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occupational mix adjustment for hospitals with Medicare shares in the qth quartile, relative to the 

impact for hospitals with Medicare shares in the first quartile. Likewise, the coefficients on the 

IN0506t·OMA05Qqh and POST07t· OMA05Qqh interaction terms measure the impact of the 

occupational mix adjustment for hospitals with occupational mix adjustment factors in the qth 

quartile, relative to the impact for hospitals with occupational mix adjustment factors in the first 

quartile.  

 

1.6 Results 

1.6.1 Substitution Effects 

Columns 1-3 of Table 1.3 report estimates of coefficients from Equation 1.1. Substitution 

effects are captured by the coefficients on the IN0506t·MCR04h and POST07t·MCR04h 

interaction terms. Estimates in Column 2 show that as predicted, the occupational mix 

adjustment decreased RN employment, and the estimated effect is larger post 2007 than it is in 

2005 and 2006. This was not accompanied by any changes in LPN employment – the estimates 

in Column 3 are both small and statistically insignificant – providing evidence that RNs and 

LPNs are not substitutes in the hospital production function. However, Column 1 shows that 

hospitals decreased their production of Medicare inpatient stays in response to the increase in 

labor costs due to the occupational mix adjustment. Columns 4-6 report estimates that control for 

state Medicare FFS and HMO enrollment. These estimates are similar to those that do not control 

for changes in Medicare enrollment, which suggests that the inclusion of year fixed effects 

absorbs the changes in annual Medicare enrollment.  

To explore substitution effects on employment, full-time equivalent employment can be 

broken down into full-time and part-time personnel. Table 1.4 reports estimates for RN and LPN 
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employment by full-time equivalent employment, full-time personnel, and part-time personnel. 

Estimates in Columns 2 and 3 show that in 2005 and 2006, most of the changes in RN 

employment immediately following the implementation of the occupational mix adjustment were 

driven by changes in part-time personnel. This is consistent with the fact that firms have greater 

flexibility in controlling the stock and flow of part-time employees than they do full-time 

employees. 

Table 1.5 reports estimates of Equation 1.2, which explores heterogeneity in substitution 

effects by Medicare share. Although substitution effects do not appear to be linear, the signs and 

magnitudes of the estimated coefficients are consistent with those predicted by theory: hospitals 

with the largest Medicare shares decreased their Medicare inpatient stays and RN employment 

the most. Mirroring estimates from Equation 1.1, estimates from this specification do not provide 

evidence for any changes in LPN employment.  

On the whole, these estimates suggest that the occupational mix adjustment had predicted 

substitution effects on RN employment and Medicare inpatient stays. Hospitals reduced the 

employment of RNs in response to the increase in the relative wage of high skilled nurses. The 

coefficient of -2.018 on the POST07t·MCR04h interaction term in Equation 1.1 from Column 4 

suggests that, on average, a one standard deviation increase in Medicare share corresponds to a 

reduction in RN employment of approximately 30 full-time equivalent units, or about 8.7%.  

Economic theory predicts that if hospitals are able to substitute LPNs for RNs, they will 

increase LPN employment in response to the increase in the relative wage of high skilled nurses. 

There is no evidence of this sort of substitution between the two types of nurses, providing 

evidence that RNs and LPNs are not substitutes in the hospital production function.  Given the 

differences in the responsibilities of the two types of nurses and the fact that hospitals hired few 



22 

 

 

 

LPNs to begin with, it seems unlikely that changes in the employment of RNs would be 

accompanied by changes in the employment of LPNs. 

Also as predicted, hospitals decreased their production of Medicare inpatient stays in 

response to the increase in labor costs due to the occupational mix adjustment. The coefficient on 

the POST07t·MCR04h interaction term in Equation 1.1 is -6.202. This corresponds to a 2.4% 

decrease in Medicare inpatient days for a one standard deviation increase in hospital Medicare 

share.
7
  

This finding that hospitals adjust their admissions decisions in response to changes in 

reimbursements is both consistent with and a new contribution to the literature in health 

economics focusing on the financial incentives facing hospitals in the Medicare prospective 

payment system. Research in this area finds that hospitals are indeed sensitive to changes in 

payments for inpatient stays.
8
 These papers mainly rely on relative price changes across different 

groups of diagnoses and find evidence of hospital responses on the “intensive” margin (e.g., 

upcoding patients into higher paying diagnoses or the reducing length of stay). They generally 

find no discernible effect on the “extensive” margin (i.e., on hospital admissions). In contrast to 

relative price changes across different groups of diagnoses, the price changes induced by the 

occupational mix adjustment studied in this chapter resulted in changes to average payments 

within hospitals. Using this variation in payments, I find that hospitals respond on the extensive 

margin by changing the volume of inpatient stays. 

                                                           
7
 Since California implemented minimum nurse to patient ratios in 2004, the analysis is repeated excluding 

California hospitals. Results are similar, although slightly larger in magnitude, suggesting that the mandate 

suppressed predicted substitution effects in response to the occupational mix adjustment. 
8
 For example, Cutler (1990) finds that DRGs that experienced the largest price declines due to the transition to PPS 

had larger decreases in length of stay and number of procedures per patient; Silverman and Skinner (2004) find that 

hospitals code patients into more serve pneumonia and respiratory infection DRGs despite overall declines in 

mortality for these DRGs, evidence of upcoding; and Dafny (2005) finds that hospitals upcode patients into DRGs 

that experience the largest price increases after a particular recalibration of DRG weights.  
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A question that naturally follows this finding is which patients are less likely to be 

admitted following the implementation of the occupational mix adjustment. While hospitals are 

generally not able to admit patients whose conditions unambiguously do not warrant care (e.g., 

for a broken finger) or deny patients with urgent conditions (such as a heart attack) – which 

explains why the estimated substitution effect on Medicare inpatient stays is small – they are 

able to exercise discretion for a range of patients whose situations may not be as clear cut (e.g., 

those who might benefit from overnight observation). These patients are arguably most likely to 

be affected by changes in admission decisions.  

While the aggregated hospital level data used in this analysis cannot distinguish between 

patients who are admitted into each hospital, evaluating whether there are differential admission 

decisions would be particularly interesting. Merging the hospital level data used in this analysis 

to hospital discharge level data will allow for such an analysis. Additionally, hospital discharge 

level data will allow inpatient stays for Medicare and non-Medicare patients to be compared. 

Since non-Medicare patients should not be affected by changes in payments for Medicare 

inpatient stays, they serve as a valuable control for any changes in admission decisions that are 

not due to changes in Medicare reimbursements. Hospital discharge level would also allow for 

the evaluation of responses on the “intensive” margin. Here, outcomes such as length of stay and 

intensity of treatment can be considered and would reflect changes in quality of care. Any 

changes in these dimensions would be additional impacts of the occupational mix adjustment 

that are not captured in this analysis but are also important to evaluate. 

1.6.2 Income Effects 

Income effects are captured by the coefficients on the IN0506t·OMA05area and 

POST07t·OMA05area interaction terms in Equation 1.1. Columns 1-3 of Table 1.2 report 
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estimates of coefficients from Equation 1.1. Columns 4-6 report estimates that control for state 

Medicare FFS and HMO enrollment. These estimates suggest that the occupational mix 

adjustment did not have discernible income effects on Medicare inpatient stays, RN employment, 

or LPN employment. However, estimates of Equation 1.2, which allow for heterogeneity in 

income effects by occupational mix adjustment factors, suggest that hospitals increase their 

Medicare inpatient stays in response to increases in Medicare payments for inpatient stays.  

Column 1 of Table 1.5 shows that relative to hospitals with the smallest occupational mix 

adjustment factors, hospitals with larger occupational mix adjustment factors increased their 

Medicare inpatient stays in response to the occupational mix adjustment. The effect for hospitals 

with the largest occupational mix adjustment factors is statistically significant. Additionally, the 

effect is larger post 2007 (when the occupational mix adjustment was fully implemented) than it 

was in 2005 and 2006 (when the occupational mix adjustment was first phased in). Although 

statistically insignificant, the estimates from Column 4 of Table 1.3 confirm this result. Because 

hospitals are unlikely to respond to small changes in payments, it seems likely that only the 

estimated coefficients on the OMA05Q4area interaction terms are statistically significant. These 

correspond to the largest changes in Medicare payments. 

The increase in Medicare inpatient stays was not accompanied by increases in RN or 

LPN employment. Hospitals with occupational mix adjustment factors in the fourth quartile 

admitted an additional 106 Medicare patients each year, relative to hospitals with occupational 

mix adjustment factors in the first quartile. This increase in Medicare inpatient stays does not 

seem to warrant changes in employment. Even if estimated effects on Medicare inpatient days 

were larger, it is still not clear that employment would change in response. For example, if 

hospitals do not operate at capacity, they can increase inpatient stays without increasing labor 
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inputs. Hospitals are also able to increase the workload of their nurses. This allows them to 

accommodate more inpatient stays without increasing the employment of nurses. Similarly, 

nurses can also have their workloads decreased, which would reduce effective nursing labor 

inputs without reducing actual employment. Since employment contracts are difficult to 

terminate, hospitals are likely to respond in this way to any changes in inpatient stays, especially 

in the short run. 

In the same way that it is important to understand which patients are less likely to be 

admitted in response to the increase in labor costs, it is important to understand which patients 

are more likely to be admitted in response to the increase in payments for Medicare inpatient 

stays. These patients are also likely to be those with diagnoses that allow for discretion in 

determining treatment.  

 

1.7 Conclusion 

The Medicare prospective payment system (PPS) sets its reimbursement rates to both 

reimburse hospitals for the services they provide to Medicare patients and provide incentives for 

hospitals to provide the most efficient care for Medicare patients. Due to the way Medicare 

reimbursements accounted for geographic differences in labor costs, hospitals in areas that 

employed relatively more skilled (i.e., expensive) workers were reimbursed with higher wage 

payments, even in the absence of geographic differences in labor prices. This created incentives 

for hospitals to hire more skilled labor mixes, even if such mixes were not most efficient. In 

order to correct for this, Medicare introduced an occupational mix adjustment to account for 

differences in hospital labor mix.  
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I argue that the occupational mix adjustment had two discrete impacts on payments. First, 

it increased the relative wage of high skilled nurses across hospitals. Second, it increased 

payments for Medicare inpatient stays for some hospitals and decreased payments for Medicare 

inpatient stays for other hospitals. I find that the occupational mix adjustment had intended 

effects on the employment of RNs. Hospitals employed fewer RNs in response to the increase in 

the relative wage of high skilled nurses. This was not accompanied by an increase in the 

employment of LPNs, providing evidence that RNs and LPNs are not substitutes in the hospital 

production function. I also find that the occupational mix adjustment had unintended effects on 

inpatient stays. Hospitals decreased Medicare inpatient stays in response to the increase in labor 

costs due to the occupational mix adjustment and increased Medicare inpatient stays when 

Medicare payments increased. With the increasing need to both ensure quality of care to patients 

and control costs, these findings highlight the need to understand the economic behavior of 

hospitals in the design and implementation of health policies.  
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Figure 1.1: Distribution of Hospital Occupational Mix Adjustment Factors 

 
Note: Graphs plot the distribution of hospital occupational mix adjustment factors in 2005 and 2007.  
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Figure 1.2: Distribution of Adjusted Hospital Average Hourly Wages 

 
Note: Figure plots the distribution of the percentage difference between occupational mix adjusted and unadjusted 

hospital average hourly wage in 2005 and 2007. Average hourly wage is defined to be the ratio of total labor costs to 

total paid hours.  
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Figure 1.3: Distribution of Adjusted Wage Index Values 

 
Note: Figure plots the distribution of the percentage difference between occupational mix adjusted and unadjusted 

wage index values in 2005 and 2007. 
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Figure 1.4: Trends in Medicare Inpatient Stays and Nursing Employment 

 
Note: Figures plot trends in mean hospital Medicare inpatient stays, RN employment, and LPN employment. 

Employment variables are reported in full-time equivalent employment, which is defined to be the sum of full-time 

personnel and 0.5*part-time personnel.  
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Figure 1.5: Trends in Medicare Enrollment 

 
Note: Figure plots trends in national Medicare enrollment from the Medicare Statistical Supplement. Total Medicare 

enrollment consists of enrollment in the traditional fee-for-service Medicare program and enrollment in managed 

care (HMO) Medicare plans.  
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Figure 1.6: Distribution Hospital Medicare Shares 

 
Note: Figure plots the distribution of hospital Medicare shares in 2004. Medicare share is defined to be the ratio of 

Medicare inpatient days to total inpatient days. 
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Figure 1.7: Distribution of Changes in Hospital Occupational Mix Adjustment Factors 

 
Note: Figure plots the distribution of percentage changes in hospital occupational mix adjustment factors in 2007 

from 2005. 
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Figure 1.8: Distribution of Area Occupational Mix Adjustment Factors 

 
Note: Figure plots the distribution of area occupational mix adjustment factors in 2005. A hospital’s area 

occupational mix adjustment factor is defined to be the average hospital occupational mix adjustment factor within 

the area to which the hospitals is classified for wage index calculations. 
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Figure 1.9: Trends in Medicare Inpatient Stays and Nursing Employment,  

By Medicare Share 

 
Note: Figures plot pre-trends in mean hospital Medicare inpatient stays, RN employment, and LPN employment, by 

2004 hospital Medicare share quartile. Medicare share is defined as the ratio of the Medicare inpatient days to total 

inpatient days. Employment variables are reported in full-time equivalent employment, which is defined to be the 

sum of full-time personnel and 0.5*part-time personnel.  
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Figure 1.10: Trends in Medicare Inpatient Stays and Nursing Employment,  

By Occupational Mix Adjustment Factor 

 
Note: Figures plot pre-trends in mean hospital Medicare inpatient stays, RN employment, and LPN employment, by 

2005 area occupational mix adjustment factor. Employment variables are reported in full-time equivalent 

employment, which is defined to be the sum of full-time personnel and 0.5*part-time personnel.
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Table 1.1:  

Example Hospital Occupational Mix Adjustment Factors and Wage Index Values 

  Hospital 1 Hospital 2 

Baseline (2003) 

  Registered Nurses (FTE) 39 213 

Licensed Practical Nurses (FTE) 17 32 

   Phase-In (2005,2006) 

  Occupational Mix Adjustment Factor 1.14 0.88 

Wage Index, Unadjusted 1.00 1.17 

Wage Index, Adjusted 1.01 1.17 

Wage Index, Difference from Unadjusted 0.15% -0.16% 

   Full Implementation (2007-2009) 

  Occupational Mix Adjustment Factor 1.14 0.88 

Wage Index, Unadjusted 1.07 1.34 

Wage Index, Adjusted 1.09 1.30 

Wage Index, Difference from Unadjusted 1.77% -2.97% 
 

Note: Table reports 2003 nursing employment and 2005 and 2007 occupational mix 

adjustment factor and wage index for two hospitals in CA. 
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Table 1.2: Descriptive Statistics 

  Mean SD 

Hospital OMA (2005) 1.01 0.08 

Hospital Size 

  <100 beds 0.24 0.43 

100-299 beds 0.54 0.50 

>300 beds 0.22 0.41 

Urban 0.88 0.32 

Resident-to-Bed Ratio 0.08 0.18 

Medicare Case Mix 1.37 0.26 

Medicare Utilization Rate (%) 46 15 

Medicare Inpatient Stays 3911 3216 

Total Hospital Employees (FTE) 1337 1368 

Registered Nurses (FTE) 349 355 

Licensed Practical Nurses (FTE) 33 34 

   Total Hospitals 2003   
 

Note: Table reports 2004 means of hospital characteristics. A 

hospital’s Medicare utilization rate is defined as the ratio of the 

hospital’s Medicare inpatient days to total inpatient days. The 

Medicare case mix index measures the relative severity of the 

patient’s diagnosis, where a value of 1 corresponds to the cost of 

the average Medicare inpatient stay. Nursing employment 

variables are reported in full-time equivalent employment, which is 

defined to be the sum of full-time personnel and 0.5*part-time 

personnel.  
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Table 1.3: Substitution and Income Effects 

  (1) (2) (3) (4) (5) (6) 

 

Stays RNs LPNs Stays RNs LPNs 

  

      Substitution Effects 

      IN0506 x Medicare Share -2.481*** -0.582*** 0.0256 -1.941*** -0.615*** 0.0271 

 

(0.551) (0.122) (0.0228) (0.582) (0.126) (0.0230) 

POST07 x Medicare Share -7.507*** -1.940*** -0.0417 -6.202*** -2.018*** -0.0391 

 

(0.937) (0.202) (0.0332) (0.994) (0.217) (0.0332) 

Income Effects 

      IN0506 x OMA Factor -1.488 -0.297 -0.0935 -0.876 -0.336 -0.0872 

 

(1.981) (0.321) (0.0915) (1.991) (0.320) (0.0917) 

POST07 x OMA Factor 3.186 -0.562 -0.196** 3.958 -0.612 -0.186* 

 

(3.270) (0.562) (0.0987) (3.239) (0.560) (0.0986) 

       Observations 14,021 14,021 14,021 14,021 14,021 14,021 

Number of hospitals 2,003 2,003 2,003 2,003 2,003 2,003 

Enrollment controls No No No Yes Yes Yes 
 

Note: Table reports OLS estimates of Equation 1.1. All regressions include hospital fixed effects and year fixed effects. Columns 4-6 

report estimates that control for state Medicare FFS and HMO enrollment. Standard errors clustered at the hospital level are reported in 

parentheses. *** p<0.01, ** p<0.05, * p<0.1. Outcome variables are Medicare inpatient stays, RN employment, and LPN employment. 

Nursing employment variables are reported in full-time equivalent employment, which is defined to be the sum of full-time personnel and 

0.5*part-time personnel. IN0506 is a dummy variable that equals 1 for years 2005 and 2006, and POST07 is a dummy variable that equals 

1 for years ≥ 2007. IN0506 and POST07 variables are interacted with 2004 hospital Medicare share and 2005 area occupational mix 

adjustment factor. 
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Table 1.4: Employment Effects 

  RN   LPN 

 

(1) (2) (3) 

 

(4) (5) (6) 

 

FTE FT PT 

 

FTE FT PT 

  

       Substitution Effects 

       IN0506 x Medicare Share -0.615*** -0.388*** -0.451*** 

 

0.0271 0.0359* -0.0162 

 

(0.126) (0.123) (0.130) 

 

(0.0230) (0.0217) (0.0125) 

POST07 x Medicare Share -2.018*** -1.828*** -0.379** 

 

-0.0391 -0.0302 -0.0159 

 

(0.217) (0.205) (0.158) 

 

(0.0332) (0.0293) (0.0159) 

Income Effects 

       IN0506 x OMA Factor -0.336 -0.493 0.315 

 

-0.0872 -0.0766 -0.0176 

 

(0.320) (0.306) (0.311) 

 

(0.0917) (0.0764) (0.0830) 

POST07 x OMA Factor -0.612 -0.887* 0.551 

 

-0.186* -0.192** 0.0184 

 

(0.560) (0.534) (0.431) 

 

(0.0986) (0.0777) (0.0898) 

        Observations 14,021 14,021 14,021 

 

14,021 14,021 14,021 

Number of hospitals 2,003 2,003 2,003   2,003 2,003 2,003 
 

Note: Table reports OLS estimates of Equation 1.1. All regressions include hospital fixed effects, year fixed effects, and state Medicare FFS 

and HMO enrollment controls. Standard errors clustered at the hospital level are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

Outcome variables are RN and LPN full-time equivalent employment, full-time personnel, and part-time personnel. Full-time equivalent 

employment is defined to be the sum of full-time personnel and 0.5*part-time personnel. IN0506 is a dummy variable that equals 1 for years 

2005 and 2006, and POST07 is a dummy variable that equals 1 for years ≥ 2007. IN0506 and POST07 variables are interacted with 2004 

hospital Medicare share and 2005 area occupational mix adjustment factor. 
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Table 1.5: Substitution and Income Effects, By Medicare Share and OMA Factor Quartiles 

  (1) (2) (3) 

  Stays RNs LPNs 

  

   Substitution Effects 

   IN0506 Medicare Share Q2 34.56 -8.044 0.0974 

  

(27.43) (6.159) (1.050) 

 

Medicare Share Q3 -47.34* -16.15*** -0.475 

  

(26.43) (5.350) (1.089) 

 

Medicare Share Q4 -106.0*** -27.95*** 1.262 

  

(25.55) (4.990) (0.954) 

POST07 Medicare Share Q2 -78.89* -37.37*** -1.785 

  

(45.34) (10.27) (1.323) 

 

Medicare Share Q3 -189.9*** -67.75*** -1.112 

  

(45.21) (9.653) (1.422) 

 

Medicare Share Q4 -260.3*** -85.69*** -0.609 

  

(43.93) (9.188) (1.329) 

Income Effects 

   IN0506 OMA Factor Q2 50.42** 1.348 -1.324 

  

(24.13) (5.088) (0.880) 

 

OMA Factor Q3 29.31 4.885 -1.294 

  

(24.89) (5.132) (0.958) 

 

OMA Factor Q4 59.21** -0.703 -1.587 

  

(25.87) (4.463) (0.969) 

POST07 OMA Factor Q2 11.56 -2.563 -1.569 

  

(42.82) (8.006) (1.067) 

 

OMA Factor Q3 61.80 10.51 -1.934 

  

(45.24) (8.550) (1.258) 

 

OMA Factor Q4 106.0** 1.031 -1.924 

  

(43.07) (8.153) (1.272) 

     Observations 14,021 14,021 14,021 

Number of hospitals 2,003 2,003 2,003 
 

Note: Table reports OLS estimates of Equation 1.2. All regressions include hospital fixed effects, year fixed 

effects, and state Medicare FFS and HMO enrollment controls. Standard errors clustered at the hospital level are 

reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Outcome variables are RN and LPN full-time 

equivalent employment, full-time personnel, and part-time personnel. Full-time equivalent employment is 

defined to be the sum of full-time personnel and 0.5*part-time personnel. IN0506 is a dummy variable that 

equals 1 for years 2005 and 2006, and POST07 is a dummy variable that equals 1 for years ≥ 2007. IN0506 and 

POST07 variables are interacted with dummy variables that indicate 2004 hospital Medicare share quartiles and 

2005 area occupational mix adjustment factor quartiles.  
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CHAPTER 2 

Medicare Coverage Policies and Health Care Utilization:  

The Case of Cardiac Catheterization and Coronary Angiography 

 

Abstract - To prevent the interference with the practice of medicine, the Medicare program was 

set up as a highly decentralized system, and mainly relies on local contractors to develop 

coverage policies that specify or limit when payment for procedures and devices will be made. In 

this chapter, I evaluate the effect of local coverage policies for cardiac catheterization and 

coronary angiography on the utilization of those procedures. I find that the implementation of 

local coverage policies for cardiac catheterization and coronary angiography reduced utilization 

in cases where treatment was more likely to be discretionary. I also find that it increased 

utilization in cases where physicians were initially more likely to be conservative with treatment, 

suggesting that the policies may have inadvertently increased utilization in other settings. These 

findings suggest that, in addition to specifying diagnoses for which procedures will be covered, 

Medicare coverage policies should outline additional indications for appropriate utilization. 

 

2.1 Introduction 

Health care spending is high and increasing. In 2008, US health care expenditures totaled 

$2.3 trillion, about 16% of GDP. This figure is double what it was in 1998 and grew at a rate of 

4.4%, outpacing inflation and the growth rate in national income (CMS, 2010). Understanding 

the reasons for the level and growth of health care spending has particularly interested 

economists. A number of reasons have been offered to explain the trends that have been seen in 

the US. These include an aging population, increased levels of insurance coverage, and supplier-

induced demand. In general, the literature suggests that the two most compelling drivers of 
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spending are increased utilization of services (whether supplier or patient induced) and 

technological advances (Newhouse, 1992).  

In addition to being high and increasing, health care spending is very unequal across 

geographic regions in the United States. Using claims data from the Medicare program, the 

Dartmouth Atlas finds that Medicare reimbursements in the highest spending areas are over 

twice as high as they are in the lowest spending areas (Dartmouth Atlas, 1996, 1998). These 

differences are persistent over time and are robust to controls for demographics, income, illness, 

and prices. Even more surprising is the fact that the variation in spending and utilization is not 

accompanied by differences in health outcomes or patient satisfaction (Skinner and Wennberg, 

2000). Higher spending areas are not better off than their lower spending counterparts. Some 

evidence even suggests that patients in higher spending areas may receive lower quality of care 

as the use of more intensive (and expensive) care crowds out more effective (and less costly) 

care (Baicker and Chandra, 2004a). A closer look reveals that the regional variation in spending 

and utilization is largely driven by specialty office visits (Baicker and Chandra, 2004b) and 

diagnostic procedures (Wennberg, et al., 2002). 

In light of these findings, this chapter evaluates the impact of Medicare local coverage 

policies on the utilization of cardiac catheterization and coronary angiography, invasive but 

relatively low-risk procedures used to diagnosis heart disease. Using data from the Medicare 

Coverage Database and the Healthcare Cost and Utilization Project Nationwide Inpatient 

Sample, I find that the implementation of local coverage policies for cardiac catheterization and 

coronary angiography reduced utilization in cases where treatment was more likely to be 

discretionary. However, I also find that it increased utilization in cases where physicians were 

initially more likely to be conservative with treatment, suggesting that the policies may have 
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inadvertently increased utilization in other settings. These findings suggest that, in addition to 

specifying diagnoses for which procedures will be covered, Medicare coverage policies should 

outline additional indications for appropriate utilization. This will help ensure that the policies 

achieve their purpose of ensuring procedures are appropriately utilized. 

The rest of the chapter is organized as follows. Section 2.2 provides background on 

Medicare coverage policies and cardiac catheterization and coronary angiography. Section 2.3 

describes the data used in this analysis and presents descriptive statistics. Section 2.4 discusses 

the empirical predictions to be tested in the analysis. Sections 2.5 and 2.6 detail the empirical 

framework used for the analysis and present estimation results. Section 2.7 concludes.  

 

2.2 Background 

2.2.1 Medicare Coverage Policies 

The Medicare program was established through the Social Security Act Amendments of 

1965 to provide health insurance to the elderly. The program was implemented on July 1, 1965, 

and originally consisted of two components: Part A, the hospital insurance program, and Part B, 

the supplemental medical insurance program. Part C (managed care plans) and Part D 

(prescription drug coverage) have since been added, but Parts A and B remain the primary 

components of the program.  

As part of a political compromise, the Medicare program was set up as a highly 

decentralized system to prevent the interference with the practice of medicine. As a result, 

outside parties – usually health insurance companies – are contracted to handle relations, 

reviews, and reimbursements with hospitals and physicians. These parties are known as 

“contractors.” Contractors serve specific jurisdictions that usually include one or more states, and 
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their primary responsibility is to process claims and make payments to hospitals (through 

Medicare Part A) and physicians (through Medicare Part B). This involves some level of control 

over coverage policies. 

Federal statutes prohibit Medicare payments for items and services that are “not 

reasonable and necessary for the diagnosis or treatment of illness or injury or to improve the 

functioning of a malformed body member,” with a couple of exceptions that mainly include 

preventive care. The default, then, is for the program to cover procedures and services. In a 2003 

report, the General Accounting Office found that Medicare covered nearly all new procedures 

and devices that were assigned new procedure codes.  

However, after determining which procedures and devices are eligible for coverage, 

Medicare can develop national coverage policies that specify or limit when payment for 

procedures or devices will be made. These policies apply to the entire program, across all 

contractor jurisdictions. On the other hand, individual contractors can also publish policies that 

apply only to their own jurisdictions. These policies are known as local coverage determinations. 

Local coverage determinations contain the following information: procedures that are covered, 

diagnoses for which the procedures are and are not covered, states in which the determination 

applies, and contractor information. Most coverage policies are made locally by contractors, and 

since contractors serve different geographic jurisdictions, substantial variation in Medicare 

coverage policies can exist across the United States (GAO, 2003).  

To my knowledge, Foote and coauthors are the only others to have studied Medicare 

local coverage determinations in depth. Consistent with the GAO report, Foote finds that 

Medicare heavily relies on local contractors to develop coverage policies (Foote, 2003). She and 

coauthors also find that while the vast majority of policies address the management of procedure 
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utilization (specifying when particular procedures will be paid for), there is substantial variation 

across contractors in the number of effective policies, relevant procedures, and states covered 

(Foote, et al., 2004). In other work, they perform case studies to study the extent that the policies 

vary across contractors (Foote, et al., 2005). For utilization management policies, they select one 

diagnostic procedure (cardiovascular stress test) and one treatment procedure (toenail 

debridement) – both widely used – and find significant variation in diagnosis and procedure 

codes across contractor policies for both cases. Given these differences, they evaluate the impact 

that local coverage policies have on Medicare utilization. They use Medicare claims data to 

evaluate local coverage policies for a range of procedures
9
 and find that the policies do not have 

a significant impact on utilization (Foote, et al., 2008).  

2.2.2 Cardiac Catheterization and Coronary Angiography 

Cardiac catheterization and coronary angiography are procedures most commonly used to 

diagnosis coronary artery disease, a condition characterized by the narrowing of the coronary 

arteries. To perform the procedure, a thin flexible tube, or catheter, is inserted into a vein in the 

groin, neck, or arm and guided to the coronary arteries (cardiac catheterization). Once the 

catheter is in the coronary artery, a coronary angiography can be performed by injecting dye 

through the catheter to make the coronary arteries visible by X-ray. Coronary angiographies can 

be used to identify narrowed arteries and are often performed when patients present with 

symptoms such as angina or heart attack. Additional procedures can also be performed once the 

catheter is in place to accomplish tasks such as opening narrowed arteries, closing holes in the 

heart, or repairing leaky heart valves.  

                                                           
9
 The procedures include urea breath test for Heliocobacter pylori, deep brain stimulation, ocular photodynamic 

therapy, epoetin, transesophageal echocardiography, abdominal and pelvic CT scans, toenail debridement, and chest 

X-rays. 
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Although invasive, cardiac catheterization and coronary angiography are generally low-

risk procedures that require a short recovery time. In 1996, cardiac catheterization and coronary 

angiography ranked as the most common procedures performed during hospitalizations, after 

procedures related to childbirth (Elixhauser and Steiner, 1999).
10

 For the three most common 

diagnoses related to heart disease,
11

 cardiac catheterization and coronary angiography ranked 

among the top three procedures performed. 

Cardiac catheterization and coronary angiography require patients to have been seen and 

referred by a cardiologist and are generally performed in catheterization labs, facilities within 

hospitals that house the appropriate equipment and staff. Because these facilities are devoted to 

procedures that require cardiac catheterization, it is reasonable to expect that incentives exist to 

operate the facilities at full capacity. Both the medical literature and the economics literature 

have found that rates of cardiac catheterization are highly sensitive to the availability of 

catheterization labs (Every, et al., 1993; McClellan, et al., 1994; Gatsonis, et al., 1995). In fact, a 

large medical literature discusses the overuse of coronary angiographies, linking it to the 

availability of catheterization labs as discussed above (Lange, et al., 1998) and to utilization for 

discretionary indications (Guadagnoli, et al., 2001). 

Although hospitals may receive payments to reimburse them for facility usage, hospitals 

are generally reimbursed for Medicare inpatient services through a prospective payment system, 

where hospitals are reimbursed predetermined and fixed amounts for hospital stays, regardless of 

the number of procedures that are performed during the stay. On the other hand, physicians are 

reimbursed for Medicare services through a fee-for-service system and are reimbursed for each 

                                                           
10

 The four most common procedures performed during hospitalizations were, in rank order, procedures to assist in 

delivery, circumcision, cesarean section, and episiotomy.  
11

 The three most common diagnoses related to heart disease were, in rank order, coronary artery disease, chronic 

heart failure, and acute myocardial infarction (heart attack). 
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service or procedure they perform. This potentially creates incentives for physicians to over 

prescribe services and procedures. For this reason, in this analysis I focus on local coverage 

determinations published by Medicare Part B contractors. These contractors process claims from 

and make payments to physicians for services covered by the program.  

 

2.3 Data 

This analysis draws from two data sources: the Medicare Coverage Database and the 

Healthcare Cost and Utilization Project Nationwide Inpatient Sample. 

2.3.1 Medicare Coverage Database  

The Medicare Coverage Database contains the most recent version of each local coverage 

determination (LCD), and each LCD contains the following information: a list of Healthcare 

Common Procedure Coding System (HCPCS) codes of the procedures to be addressed, a list of 

ICD-9 diagnosis codes for which the procedures will and will not be paid, the states in which the 

contractor serves (and therefore in which the local coverage determination will apply), contractor 

information, and dates the determination was first implemented as well as any revision dates. 

This analysis uses the Medicare Coverage Database updated on September 7, 2009.  

The database contains roughly 8,500 LCDs that cover about 10,500 procedures. 

Approximately 26% of those policies address diagnostic tests and X-rays, 11% address surgical 

services, 9% address outpatient hospital services, 7% address prescription drugs, and another 7% 

address lab services. Since most LCDs exist to manage the utilization of procedures, the fact that 

so many of the LCDs address diagnostic procedures further suggests that use of those procedures 

is discretionary and possibly excessive.  
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As mentioned in the previous section, I focus on LCDs published by Medicare Part B 

contractors. These LCDs specify when payments will or will not be made to physicians. Since 

LCDs are published by contractors and contractors serve separate jurisdictions, there is 

substantial variation in both the timing and geographic coverage of Part B LCDs for cardiac 

catheterization and coronary angiographies, as seen in Figure 2.1. Part B LCDs for cardiac 

catheterizations and coronary angiographies were first published in 1995. By 2006, LCDs were 

published in all but seven states in the United States.  

2.3.2 Healthcare Cost and Utilization Project Nationwide Inpatient Sample 

The Healthcare Cost and Utilization Project Nationwide Inpatient Sample (NIS) is a 20% 

stratified sample of U.S. community hospitals. Community hospitals are defined by the 

American Hospital Association to be “all non-Federal, short-term, general, and other specialty 

hospitals, excluding hospital units of institutions.” Hospitals are stratified by five hospital 

characteristics: ownership/control, bed size, teaching status, urban/rural location, and U.S. 

region. All discharges for hospitals selected from each stratum are included in the sample. 

Information on diagnoses, procedures, admission and discharge status, demographics, payment 

source, total charges, length of stay, and hospital characteristics is available for each discharge. 

Data from 1992-2006 is used for this analysis. Figure 2.2 shows the number of states included in 

the NIS sample, as well as the number of states subject to Part B LCDs for cardiac 

catheterization and coronary angiography, in each year. LCDs were first implemented in five 

states in 1995 and continued to be implemented in additional states each year after that. 

Table 2.1 reports descriptive statistics on primary diagnosis and coronary angiography 

utilization among Medicare and non-Medicare hospitalizations for patients ages 60-69. Patients 

ages 65 and older are assumed to be enrolled in Medicare. I focus on inpatient stays with a 
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primary diagnosis of coronary artery disease, chronic heart failure, acute myocardial infarction 

(heart attack), and angina – diagnoses for which cardiac catheterization and coronary 

angiography are among the top three procedures performed (Elixhauser and Steiner, 1999).  

Statistics are calculated from the year before an LCD is implemented in the patient’s state 

of hospitalization. Table 2.1 shows that cardiac catheterization and coronary angiography are 

most commonly performed for patients with a primary diagnosis of heart attack or coronary 

artery disease. The statistics also show that although the frequency of the listed diagnoses and 

cardiac catheterization and coronary angiography utilization are similar across Medicare and 

non-Medicare patients, rates of utilization are slightly lower for Medicare patients. This reflects 

the fact that physicians are less likely to perform invasive procedures on patients who are older 

and, therefore, usually less healthy and able to recover from the procedures. Table 2.2 reports the 

same set of descriptive statistics for different age groups and confirms this pattern in procedure 

utilization.  

 

2.4 Empirical Predictions 

Because the Medicare program generally covers all devices and procedures and does not 

develop policies that specify when they will be covered, procedures are essentially eligible for 

unlimited coverage until LCDs are implemented. Therefore, since LCDs specify when 

procedures will (and therefore, will not) be covered, the implementation of an LCD for a 

particular procedure can potentially reduce the utilization of that procedure. This can happen 

through two channels. First, since LCDs specify which diagnoses merit coverage for the 

procedure, they can reduce utilization for diagnoses for which the procedure is not covered, or 

inappropriate. Next, the implementation of an LCD can signal to physicians that contractors are 
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tightening restrictions on payments or are more closely reviewing claims for reimbursement. 

This could decrease discretionary uses of the procedure. This sort of reduction is more likely to 

occur in non-urgent, elective cases (such as coronary artery disease or chronic heart failure, as 

compared to heart attack or angina) where the benefit of the procedure is less clear. Reductions 

are also more likely to occur among younger Medicare patients, as physicians may be less likely 

to perform discretionary procedures on more elderly patients who are generally in poorer health 

and less able to recover from the procedures. 

On the other hand, Foote, et al. (2005) point out that the implementation of an LCD can 

signal to physicians that the procedure is covered, possibly increasing utilization of the procedure 

within the allowed diagnoses. Table 2.2 shows that across all diagnoses, rates of utilization are 

lowest for more elderly patients. If one of the reasons utilization is lower among these patients is 

physicians are unsure of the benefit (and, therefore, coverage) of the procedures for the patients, 

then the guarantee of coverage from the implementation of an LCD could potentially increase 

utilization among these patients.  

In this analysis, I focus on rates of cardiac catheterization and coronary angiography 

among patients with primary diagnoses of acute myocardial infarction, coronary artery disease, 

angina, chronic heart failure, and among patients with all other primary diagnoses (which I refer 

to as “other” diagnoses). In response to the implementation of LCDs for cardiac catheterization 

and coronary angiography, utilization is predicted to decrease among patients for whom 

treatment is inappropriate or for whom discretionary treatment is more likely. More specifically, 

reductions in utilization are predicted among Medicare patients with “other” diagnoses (for 

whom treatment is likely inappropriate) and those with coronary artery disease, chronic heart 

failure, or who are younger (from whom discretionary treatment is more likely). Utilization is 
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predicted to increase among patients for whom treatment was initially conservative and 

discretionary treatment unlikely. More specifically, increases in utilization are more likely to 

occur among elderly Medicare patients with less urgent diagnoses (such as coronary artery 

disease and chronic heart failure). 

 

2.5 Empirical Framework 

To test whether the implementation of LCDs for cardiac catheterization and coronary 

angiography reduced the utilization of those procedures, I estimate the following equation: 

                                        

                                             (2.1) 

where ymst is the rate of cardiac catheterization and coronary angiography among Medicare (or 

non-Medicare) patients in state s and time t, αs is a set of state fixed effects, γt is a set of year 

fixed effects, αs·t is a set of state time trends, Medicarem is a dummy variable that takes the value 

of 1 for Medicare observations, and POSTst is a dummy variable that takes the value of 1 if an 

LCD has been implemented in state s and time t.
12

 Standard errors, εmst, are clustered at the state 

level.  

This equation is estimated using the sample of hospital discharges for patients ages 60-79 

from the NIS. The data is collapsed to the Medicare-state-year level, and rates of cardiac 

catheterization and coronary angiography are calculated for Medicare and non-Medicare patients 

for each state and year, and all patients ages 65 and older are assumed to be enrolled in 

                                                           
12

 To allow for dynamic effects, I also estimate a variant of Equation 2.1 that replaces the POSTst dummy variable 

with a set of dummy variables that indicate the number of years from the implementation of an LCD. The results do 

not indicate strong patterns in the timing of the effects. 



53 

 

 

Medicare.
13

 Therefore, the coefficient of interest, β3, measures the average change in cardiac 

catheterization and coronary angiography utilization after the implementation of an LCD, 

controlling for fixed differences and common shocks across hospitals, as well as state-specific 

time trends.   

An identifying assumption employed by this difference in differences approach is that 

cardiac catheterization and coronary angiography utilization follows similar trends in Medicare 

and non-Medicare patients. Figure 2.3 plots trends in cardiac catheterization and coronary 

angiography utilization for Medicare and non-Medicare patients, by year. Although utilization is 

lower among Medicare patients, both groups follow very similar trends over time in utilization. 

Figure 2.4 plots trends by year from LCD. Again, trends in utilization seem to follow very 

similar patterns for Medicare and non-Medicare patients. However, the trends appear to deviate 

immediately following the implementation of an LCD. More specifically, cardiac catheterization 

and coronary angiography utilization seems to decrease among Medicare patients, but not non-

Medicare patients, following the implementation of an LCD.  

Although this framework relies on variation in the timing and geographic scope of LCDs 

in the same way that the Foote, et al. (2005) analysis does, it differs from it in three main ways. 

First, data from the NIS allows me to consider rates of cardiac catheterization and coronary 

angiography among both Medicare and non-Medicare patients, rather than just Medicare 

patients. The inclusion of non-Medicare patients allows me to control for time-varying ways 

practice patterns may have changed within states over my sample period. Next, I consider 

cardiac catheterization and coronary angiography – procedures that are widely used for a number 

                                                           
13

 Individuals primarily qualify for Medicare benefits by reaching age 65, although it is possible for individuals ages 

64 and under to qualify if they have a disability or end stage renal disease (Social Security Administration, 2011). 

83% of Medicare beneficiaries are ages 65 and older (Kaiser Family Foundation, 2012). I also run the analysis 

excluding patients ages 64 and under with records that indicate Medicare as a primary or secondary payer. Results 

are similar to those presented here.  
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of conditions, and therefore, more likely to be overused. Finally, I consider rates of utilization 

among all hospital discharges, as well as among specific diagnoses since the LCDs specify 

which diagnoses are eligible for payment and the potential to overuse the procedures may differ 

across diagnoses. 

 

2.6 Results 

Table 2.3 reports estimates of coefficients from Equation 2.1. Column 1 reports estimates 

for overall rates of cardiac catheterization and coronary angiography among all hospital 

discharges. These estimates suggest that the implementation of LCDs had no effect on 

utilization. However, the fact that even the most common diagnoses where catheterization and 

angiography are commonly used make up only 17% of all hospital discharges suggests that any 

effects may be obscured by considering all hospital discharges. Therefore, the rates of cardiac 

catheterization and coronary angiography are broken down by primary diagnosis. I focus on 

primary diagnoses of coronary artery disease, chronic heart failure, acute myocardial infarction, 

angina, and “other” diagnoses.  

Table 2.1 shows that roughly half of all Medicare patients who have a primary diagnosis 

of heart attack or coronary artery disease receive cardiac catheterization and coronary 

angiography. Non-Medicare patients receive the procedures even more often. Between a fifth 

and a quarter of patients with angina and just less than a tenth of patients with chronic heart 

failure receive the procedures. Columns 2-6 of Table 2.3 report estimates of the effect of the 

implementation of LCDs on utilization, by primary diagnosis. Estimates in Column 4 suggest 

that the implementation of LCDs for cardiac catheterization and coronary angiography increased 

utilization of those procedures by 7.3% among Medicare patients with chronic heart failure. 
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Additionally, estimates in Column 5 show that the implementation of LCDs reduced utilization 

by 3% among Medicare patients with heart attacks. On average, utilization among Medicare 

patients with other diagnoses appears to be unaffected. However, since changes in utilization are 

predicted to vary by patient age, these estimates may mask heterogeneous effects by age. 

To explore heterogeneity by age, Equation 2.1 can be modified to allow the effect of 

LCD implementation to vary by age groups: 

                                                        

                                                             

                                              (2.2) 

where the Medicarem dummy variable in Equation 2.1 is replaced with a set of dummy variables 

that indicate the age of the patient. Table 2.4 reports estimates of coefficients from this 

specification.  

Column 1 verifies that overall rates of cardiac catheterization and coronary angiography 

were unaffected by the implementation of LCDs specifying when the procedures would be 

covered. However, Column 2 shows that, as predicted, the implementation of LCDs decreased 

utilization among patients with “other” diagnoses. This effect occurs only among the youngest 

patients, reflecting the fact that elderly patients are less likely to receive discretionary 

procedures. The estimate corresponds to a decrease in utilization of 3%.  

Also as predicted, estimates in Column 3 show that utilization among the most elderly 

patients with coronary artery disease increased by 2.5%. Statistically significant at the 10% 

significance level, estimates in Column 4 suggest that utilization also increased among elderly 

patients with chronic heart failure. The estimated effects for patients with this diagnosis are even 

larger than those for coronary artery disease, with the most elderly patients experiencing the 
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largest increases in utilization. Patients ages 70-74 with chronic heart failure experienced an 

increased in utilization of 7%, while patients ages 75-79 experienced an increase in utilization of 

9%. The magnitude of these effects reflects the fact that utilization for chronic heart failure is 

more likely to be discretionary, particularly for more elderly patients. 

Estimates in Column 5 verify the decline in cardiac catheterization and coronary 

angiography utilization among heart attack patients and shows that the decline was concentrated 

among younger Medicare patients. The reduction in utilization among heart attack patients is 

somewhat surprising since treatment for heart attack is very urgent, possibly allowing less room 

for discretionary utilization. However, if LCDs signal to physicians more careful review of 

claims for reimbursement, then it is possible physicians will be more likely to adhere to 

guidelines to first perform non-invasive diagnostic tests and administer medications to treat heart 

attacks in response to the implementation of LCDs. The fact that the reduction in utilization is 

observed among younger Medicare patients suggests that the reduction in utilization occurred in 

discretionary uses of the procedures, since more elderly patients are less likely to receive highly 

discretionary procedures. Finally, the fact that catheterization and angiography are most likely to 

be performed in patients with heart attacks possibly makes discretionary utilization more likely 

in that setting. 

 On the whole, these results suggest that the implementation of LCDs for cardiac 

catheterization and coronary angiography reduced utilization in cases where utilization of the 

procedures was more likely to be discretionary. Utilization declined among the youngest heart 

attack patients and among those with “other” diagnoses. On the other hand, I find that the 

implementation of LCDs increased utilization in cases where physicians were initially more 

likely to be conservative with utilization, suggesting that the policies may have inadvertently 
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increased utilization in other settings. Utilization increased among the most elderly patients with 

coronary artery disease and chronic heart failure, with the largest increases occurring among the 

most elderly patients with chronic heart failure.  

 If the implementation of LCDs changed practices of diagnosing patients, then the 

reported estimates may be picking up changes in the composition of patients within each 

diagnosis, rather than actual changes in utilization. To check that these estimated changes in 

utilization are not driven by changes in patterns of diagnoses due to the implementation of the 

coverage policies, I also estimate Equation 2.2 with rate of diagnosis as the dependent variable. 

Rates of diagnoses for each age group are defined to be the ratio of the number of patients in the 

age group with a primary diagnosis of the specified diagnosis and the total number of patients in 

the age group. Table 2.5 reports estimates of Equation 2.2 for rates of diagnosis.  

 In general, it does not appear that physicians and hospitals changed the way they 

diagnosed patients in response to the implementation of LCDs for cardiac catheterization and 

coronary angiography. Most notably, there were no changes in rates of diagnoses for the groups 

of patients who experienced changes in utilization due to the implementation of LCDs (i.e., 

patients ages 65-69 with other diagnoses, patients ages 75-79 with coronary artery disease, 

patients ages 70-79 with chronic heart failure, and patients ages 65-74 with acute myocardial 

infarction). 

These findings suggest that while LCDs can potentially serve as effective tools to reduce 

overutilization of procedures, they should also be used to outline guidelines for appropriate 

utilization. In addition to specifying diagnoses for which procedures are covered, these policies 

should specify additional indicators for appropriate treatment as guidelines for utilization. Since 

stipulating specific conditions for treatment may be difficult to implement, both medically and 
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politically, these additional indicators could be specified simply as guidelines for treatment, 

rather than conditions for coverage or non-coverage. This will help ensure that the policies 

achieve their purpose of ensuring procedures are appropriately utilized. 

 

2.7 Conclusion 

To prevent the interference with the practice of medicine, the Medicare program was set 

up as a highly decentralized system. As a result, outside parties (contractors) are contracted to 

process claims for reimbursements from and to make payments to hospitals and physicians who 

provide services to Medicare beneficiaries. Although federal statutes prohibit Medicare 

payments for items and services that are “not reasonable and necessary for the diagnosis or 

treatment of illness or injury or to improve the functioning of a malformed body member,” the 

program covers nearly all new devices and procedures in practice.  

However, after determining which procedures and devices are eligible for coverage, 

Medicare can develop national coverage policies that specify or limit when payment for 

procedures or devices will be made. These policies apply to the entire program, across all 

contractor jurisdictions. In practice, Medicare develops few national coverage policies and 

instead relies on individual contractors to publish local coverage policies that apply only to their 

own jurisdictions. 

In this chapter, I evaluate the effect of local coverage policies for cardiac catheterization 

and coronary angiography on the utilization of those procedures. I find that the implementation 

of LCDs for cardiac catheterization and coronary angiography reduced utilization in cases where 

treatment with the procedures was more likely to be discretionary. I also find that the 

implementation of LCDs increased utilization in cases where physicians were initially more 
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likely to be conservative with treatment, suggesting that the policies may have inadvertently 

increased utilization in other settings. These findings suggest that, in addition to specifying 

diagnoses for which procedures will be covered, Medicare coverage policies should outline 

additional indications for appropriate utilization. This will help ensure that the policies achieve 

their purpose of ensuring procedures are appropriately utilized. 
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Figure 2.1: Variation in Medicare Part B Local Coverage Determinations  

For Cardiac Catheterization and Coronary Angiography 

1999 1995 

2003 2006 
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Figure 2.2: Healthcare Cost and Utilization Project Nationwide Inpatient Sample 

 

Note: Figure plots the number of states included in the NIS sample, the number of states subject to Part B LCDs for 

cardiac catheterization and coronary angiography, and the number of states within the NIS sample subject to Part B 

LCDs for cardiac catheterization and coronary angiography. 
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Figure 2.3: Trends in Rates of Cardiac Catheterization and Coronary Angiography,  

By Year 

 
Note: Figure plots trends in rates of cardiac catheterization and coronary angiography for Medicare and non-

Medicare patients age 60-79, by year. Patients ages 65 and older are considered to be enrolled in Medicare. 
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Figure 2.4: Trends in Rates of Cardiac Catheterization and Coronary Angiography,  

By Time from Local Coverage Determination 

 
Note: Figure plots trends in rates of cardiac catheterization and coronary angiography for Medicare and non-

Medicare patients age 60-79, by year from LCD. Patients ages 65 and older are considered to be enrolled in 

Medicare.
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Table 2.1: Descriptive Statistics, by Medicare Status 

  Non-Medicare   Medicare 

Primary Diagnosis (%) 
   

Coronary Artery Disease 8.8 
 

7.7 

Chronic Heart Failure 4.4 
 

5.9 

Acute Myocardial Infarction 3.9 
 

3.6 

Angina 1.6 
 

1.5 

Other Diagnosis 82.9 
 

82.9 

    
Cardiac Catheterization and 

Coronary Angiography (%) 

   Coronary Artery Disease 56.3 
 

53.6 

Chronic Heart Failure 9.4 
 

7.3 

Acute Myocardial Infarction 60.7 
 

51.1 

Angina 23.2 
 

22.0 

Other Diagnosis 2.4 
 

2.0 

    
Total Discharges 1,935,606   7,974,968 

 

Note: Table reports the share of inpatient stays with each primary diagnosis and 

cardiac catheterization and coronary angiography utilization for patients with each 

primary diagnosis, by Medicare status. The sample includes patients age 60-79. 

Patients ages 65 and older are considered to be enrolled in Medicare.
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Table 2.2: Descriptive Statistics, by Age Group 

  Age 60-64   Age 65-69   Age 70-74   Age 75-79 

Primary Diagnosis (%) 
       

Coronary Artery Disease 8.8 
 

8.6 
 

7.9 
 

6.6 

Chronic Heart Failure 4.4 
 

5.1 
 

5.7 
 

6.7 

Acute Myocardial Infarction 3.9 
 

3.7 
 

3.6 
 

3.5 

Angina 1.6 
 

1.6 
 

1.5 
 

1.3 

Other Diagnosis 82.9 
 

82.7 
 

82.8 
 

83.3 

        
Cardiac Catheterization and 

Coronary Angiography (%)        

Coronary Artery Disease 56.3 
 

55.5 
 

53.4 
 

51.6 

Chronic Heart Failure 9.4 
 

8.6 
 

7.4 
 

6.4 

Acute Myocardial Infarction 60.7 
 

56.7 
 

52.2 
 

44.9 

Angina 23.2 
 

23.5 
 

22.8 
 

19.6 

Other Diagnosis 2.4 
 

2.3 
 

2.0 
 

1.7 

        
Total Discharges 1,935,606   2,387,149   2,733,534   2,854,285 

 

Note: Table reports the share of inpatient stays with each primary diagnosis and cardiac catheterization and coronary angiography 

utilization for patients with each primary diagnosis, by age group. The sample includes patients age 60-79. Patients ages 65 and older 

are considered to be enrolled in Medicare. 
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Table 2.3: Effects on Utilization, by Medicare Status 

  (1) (2) (3) (4) (5) (6) 

VARIABLES All 
Other 

Diagnosis 

Coronary Artery 

Disease 

Chronic Heart 

Failure 

Acute Myocardial 

Infarction 
Angina 

              

Medicare -0.0160*** -0.00324*** -0.0256*** -0.0271*** -0.0792*** -0.0374*** 

 

(0.00110) (0.000319) (0.00346) (0.00221) (0.00490) (0.00615) 

POST -0.00419 -0.000322 -0.00221 -0.00108 -0.0126 0.00478 

 

(0.00427) (0.00119) (0.0157) (0.00429) (0.0170) (0.0189) 

Medicare x POST 0.000728 -0.000326 0.00552 0.00536* -0.0163** 0.00955 

 

(0.00137) (0.000447) (0.00449) (0.00265) (0.00679) (0.00790) 

Constant 0.0696*** 0.0190*** 0.431*** 0.0828*** 0.411*** 0.401*** 

 

(0.00575) (0.00171) (0.0234) (0.00596) (0.0215) (0.0367) 

       Observations 788 788 788 788 788 788 

Number of States 40 40 40 40 40 40 
 

Note: Table reports estimates of coefficients from Equation 2.1. All regressions include state fixed effects, year fixed effects, and state-specific time trends. 

Standard errors clustered at the hospital level are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Sample includes patients age 60-79, and patients 

ages 65 and older are assumed to be enrolled in Medicare. Observations are collapsed to the Medicare-state-year level. Dependent variables are rates of cardiac 

catheterization and coronary angiography for hospital discharges with each primary diagnosis. Medicare is a dummy variable that equals 1 for Medicare 

observations, and POST is a dummy variable that takes the value of 1 if an LCD has been implemented in the state and year of the hospital discharge.  

 

 

  

 
6
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Table 2.4: Effects on Utilization, by Age Group 

  (1) (2) (3) (4) (5) (6) 

VARIABLES All 
Other 

Diagnosis 

Coronary Artery 

Disease 

Chronic Heart 

Failure 

Acute Myocardial 

Infarction 
Angina 

              

Age 65-69 -0.00507*** -0.000710*** -0.00689** -0.0121*** -0.0262*** -0.0200*** 

 

(0.000608) (0.000245) (0.00315) (0.00221) (0.00383) (0.00686) 

Age 70-74 -0.0137*** -0.00297*** -0.0203*** -0.0252*** -0.0691*** -0.0305*** 

 

(0.00102) (0.000286) (0.00335) (0.00203) (0.00471) (0.00672) 

Age 75-79 -0.0275*** -0.00567*** -0.0530*** -0.0382*** -0.136*** -0.0622*** 

 

(0.00164) (0.000500) (0.00531) (0.00263) (0.00691) (0.00752) 

POST -0.00445 -0.000304 -0.00414 -0.00163 -0.00873 0.00135 

 

(0.00411) (0.00113) (0.0157) (0.00390) (0.0170) (0.0175) 

Age 65-69 x POST -0.000223 -0.000730** -0.000265 0.00487 -0.0170*** 0.0145 

 

(0.000865) (0.000304) (0.00471) (0.00293) (0.00534) (0.00998) 

Age 70-74 x POST 0.000323 -0.000115 0.00471 0.00534* -0.0174** -0.00197 

 

(0.00140) (0.000499) (0.00442) (0.00271) (0.00724) (0.00824) 

Age 75-79 x POST 0.00195 -0.000169 0.0129** 0.00578* -0.0120 0.0131 

 

(0.00189) (0.000609) (0.00629) (0.00306) (0.00871) (0.00949) 

Constant -3.067*** -0.542** -26.41*** -2.806** -41.69*** 28.34*** 

 

(0.736) (0.218) (3.655) (1.070) (3.273) (5.272) 

       Observations 1,576 1,576 1,576 1,576 1,576 1,576 

Number of States 40 40 40 40 40 40 
 

Note: Table reports estimates of coefficients from Equation 2.2. All regressions include state fixed effects, year fixed effects, and state-specific time trends. 

Standard errors clustered at the hospital level are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Sample includes patients age 60-79, and patients 

ages 65 and older are assumed to be enrolled in Medicare. Observations are collapsed to the Medicare-state-year level. Dependent variables are rates of cardiac 

catheterization and coronary angiography for hospital discharges with each primary diagnosis. Age dummy variables indicate the age group to which the 

patient belongs, and POST is a dummy variable that takes the value of 1 if an LCD has been implemented in the state and year of the hospital discharge.  
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Table 2.5: Effects on Diagnosis, by Age Group 

  (1) (2) (3) (4) (5) 

VARIABLES 
Other 

Diagnosis 

Coronary Artery 

Disease 

Chronic Heart 

Failure 

Acute Myocardial 

Infarction 
Angina 

            

Age 65-69 -0.105 -0.287*** 0.650*** -0.254*** -0.124*** 

 

(0.0794) (0.0335) (0.0477) (0.0373) (0.0167) 

Age 70-74 -0.129 -0.945*** 1.438*** -0.360*** -0.226*** 

 

(0.102) (0.0819) (0.0730) (0.0393) (0.0248) 

Age 75-79 0.414*** -2.154*** 2.273*** -0.528*** -0.329*** 

 

(0.114) (0.116) (0.0995) (0.0370) (0.0356) 

POST 0.476 -0.398 0.0861 -0.166 -0.202* 

 

(0.393) (0.299) (0.118) (0.118) (0.100) 

Age 65-69 x POST -0.0948 0.119* -0.0566 0.0303 0.0246 

 

(0.119) (0.0702) (0.0710) (0.0522) (0.0282) 

Age 70-74 x POST -0.0505 0.0351 -0.0482 0.0628 0.0506 

 

(0.154) (0.112) (0.0969) (0.0578) (0.0402) 

Age 75-79 x POST -0.312 0.151 -0.0779 0.237*** 0.0962* 

 

(0.190) (0.144) (0.112) (0.0673) (0.0480) 

Constant -285.4*** 168.8*** 128.8*** 85.74*** 692.6*** 

 

(59.22) (46.41) (14.93) (14.32) (27.28) 

      Observations 1,576 1,576 1,576 1,576 1,576 

Number of States 40 40 40 40 40 
 

Note: Table reports estimates of coefficients from Equation 2.2. All regressions include state fixed effects, year fixed effects, and state-

specific time trends. Standard errors clustered at the hospital level are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Sample 

includes patients age 60-79, and patients ages 65 and older are assumed to be enrolled in Medicare. Observations are collapsed to the 

Medicare-state-year level. Dependent variables are rates of primary diagnosis with each of the diagnoses. Age dummy variables indicate 

the age group to which the patient belongs, and POST is a dummy variable that takes the value of 1 if an LCD has been implemented in 

the state and year of the hospital discharge.  
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CHAPTER 3 

Antiretroviral Therapy and the Demand for Substance Use 

 

Abstract - In light of mixed evidence on the health-related behavior of those with HIV/AIDS, 

this chapter seeks to understand how treatment with highly active antiretroviral therapy 

(HAART) affects health-related decisions. More specifically, it investigates the effect of 

treatment with HAART on the propensity for substance use – an activity that negatively affects 

health. Using state Medicaid policies as instruments for treatment with HAART and data from 

the HIV Cost and Services Utilization Study (HCSUS), I find that treatment with HAART has a 

large and positive impact on the propensity for substance use. Since substance use is prevalent 

among HIV/AIDS patients, this finding suggests that if the objective of HIV/AIDS treatment 

programs is to improve the health of individuals with HIV/AIDS, these programs should also 

address substance use.  

 

3.1 Introduction 

HIV/AIDS was first identified in the United States in 1981, and for the next decade, to be 

diagnosed with the disease was equivalent to a receiving death sentence. Today, HIV/AIDS is 

more of a chronic illness. This development was made possible by the introduction of 

antiretroviral substances (ARVs) in the 1990s. A combination, or “cocktail,” of three or more 

ARVs – referred to as highly active antiretroviral therapy (HAART) – currently composes the 

most effective treatment regimen for HIV/AIDS. HAART has been found to be both clinically 

effective, reducing HIV/AIDS morbidity and mortality (Palella, et al., 1998), and cost-effective 

in achieving its clinical outcomes (Bozette, et al., 2001, Freeberg, et al., 2001).  
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Although HIV/AIDS-related mortality has decreased as a result of HAART, studies 

provide mixed evidence on the health-related behavior of HIV/AIDS patients. These findings 

raise questions about how treatment with HAART, or even the knowledge of the existence of 

such treatments, affects how people make decisions regarding their health. Economic theory 

shows that while people do optimize health (Grossman, 1972), it is also possible to value both 

good health and other goods and activities that could adversely affect health. In fact, this 

seemingly inconsistent behavior could in fact be “rational” (Becker and Murphy, 1988). This 

chapter seeks to explore this phenomenon. More specifically, it investigates the effect of 

treatment with HAART on the demand for substance use; that is, how does treatment with 

HAART affect the propensity for substance use?  

Using state Medicaid policies as instruments for HAART receipt and data from the HIV 

Cost and Services Utilization Study (HCSUS), I find that treatment with HAART has a positive 

and significant impact on the propensity for substance use.
14

 HAART improves the health and 

functional status of HIV/AIDS patients and frees up resources that would otherwise be tied up 

with their health; this allows those resources to be spent on a range of other goods and activities 

that increase their utility. Since substance use is more prevalent among HIV/AIDS patients, these 

findings suggest that if the objective of HIV/AIDS treatment programs is to improve the health 

of those with HIV/AIDS, these programs should also address substance use.  

The rest of the chapter is organized as follows. Section 3.2 provides a brief background 

on treatment for HIV/AIDS. Section 3.3 provides a theoretical framework to model the demand 

for substance use and generate predictions to test in the empirical analysis. Section 3.4 describes 

                                                           
14

 Here, substance use is defined to be amphetamine, cocaine, hallucinogen, heroin, or inhalant use. 
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the data used in this analysis and presents descriptive statistics. Sections 3.5 and 3.6 detail the 

empirical framework used for the analysis and present estimation results. Section 3.7 concludes.  

 

3.2 Background 

HIV/AIDS was first identified in the U.S. in 1981. Until the introduction of antiretroviral 

drugs (ARVs) in the 1990s, there were few available treatment options for those diagnosed with 

the disease. These drugs revolutionized treatment for HIV/AIDS, transforming the disease from a 

death sentence to something more like a chronic illness. A combination of three or more ARVs – 

referred to as highly active antiretroviral therapy (HAART) – currently composes the most 

effective treatment region for HIV/AIDS. HAART has been found to be both clinically effective 

(Palella, et at., 1998) and cost-effective (Bozette, et al., 2001; Freeberg, et al., 2001). Treatment 

with HAART is expensive – costing about $13,000 per year – generally making treatment 

accessible only with health insurance coverage. The majority of HIV/AIDS patients have public 

health insurance coverage, mainly through Medicaid (Bhattacharya, et al., 2003).  

While studies have documented a decline in HIV/AIDS-related mortality in recent years, 

others have provided mixed evidence on the health-related behavior of HIV/AIDS patients. For 

example, HIV-positive men who have sex with men have been found to engage in riskier sexual 

behavior (Katz, et al., 2002), while HIV-positive youth have been found to be more likely to 

engage in risky sex and substance use (Lightfoot, et al., 2005). However, HIV diagnosis has also 

been found to be positively correlated with health promotion (Collins, et al., 2001). As 

individuals experience more symptoms due to the disease, they tend to improve their diets, 

decrease their alcohol and substance use, and decrease smoking. These findings raise questions 

about how treatment with HAART, or even the knowledge of the existence of such treatments, 
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affects how people make decisions regarding their health.  

On one hand, because treatment with HAART is effective at increasing life expectancy, 

those treated with HAART may be less likely to engage in activities that adversely affect their 

present and future health. On the other hand, because HAART makes “good health” much more 

accessible to patients, those treated with HAART may be more likely to engage in activities that 

adversely affect health. To disentangle these two mechanisms in the context of substance use, I 

construct a model of consumer behavior and empirically test the predictions derived from the 

model. 

 

3.3 Theoretical Framework 

3.3.1 Model 

Let the utility function for an individual in time period t be 

    (           ), 

where    is the level of consumption goods consumed at time t,    is the level of harmfully 

addictive goods consumed at time t,    is the health stock at time t, and    is the accumulated 

stock of addictive goods at time t. Utility is an increasing function of   ,   , and   , but a 

decreasing function of    and strictly concave in terms of each of the inputs into utility. 

 Following Becker and Murphy’s rational addiction model (1988), let the utility function 

be represented in quadratic functional form. The utility function can then be written as: 

             
            

             
            

  

                                                 , 

where   ,   , and    are positive and   ,    ,    ,    , and     are negative. For simplicity, 

assume that interaction coefficients,    ,    ,    ,    , and     are zero. Finally, following 
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Becker and Murphy (1988), assume     – a measure of addictiveness to the addictive goods – to 

be positive. This coefficient is of particular interest. The more addicted individuals are, the 

greater marginal utility they will derive from an additional unit of addictive goods, and the larger 

the stock of the addictive goods, the greater that marginal utility is. 

 The stock of addictive goods at time t is determined by the following relationship: 

   (   )       , 

where   is the depreciation rate of the accumulated stock. Individuals inherit an initial stock of z 

at the first time period. At the beginning of each subsequent period, individuals inherit a stock 

that was determined in the previous period by the amount of addictive goods that were consumed 

and the stock that already existed in that period. Consumption of addictive goods each period 

contributes to the current stock, which continues to depreciate and carries over to the next period. 

 Similarly, the health stock at time t is determined by the following relationship: 

   (   )           , 

where   is the depreciation rate of the health stock,   captures the negative effect of the addictive 

good on health, and    is the level of health investment made at time t. At the beginning of each 

period, individuals inherit a stock of health that was determined in the previous period. It is 

assumed that at the beginning of the first period an initial health stock greater than the minimum 

stock required to survive is inherited. That is,        , where death occurs at time t if 

       . 

 At the beginning of each time period t, individuals choose optimal levels of   ,   , and,    

to maximize forward looking utility, subject to constraints on   ,   , and income,   , where  

                 , 
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For simplicity, assume that in each period, income is exhausted (i.e., there is no savings). At the 

time consumption decisions are made, inherited stocks of health and the addictive good, all 

prices, and income are known. After optimal levels of consumption are chosen, new stocks of 

health and the addictive good are accordingly determined, which in turn determine utility. 

Finally, to simplify the analysis, I solve a two-period model where death occurs only, and with 

certainty, at the end of the second period. Figure 3.1 presents a timeline of this model. 

3.3.2 Solutions 

Of primary interest are solutions of optimal consumption of addictive goods. Figure 3.2 

plots the cross-price demand curve for addictive goods in period 1 with respect to the price of 

health investment. The curve shows that when the price of health investment is low, increases in 

the price of health investment leads to a large decline in demand for addictive goods. As health 

investment becomes more expensive, there is less income available for other consumption goods, 

including addictive goods. The steep decline in demand for addictive goods may also be due to 

the fact that addictive goods are harmful to health, making it costlier for individuals who have 

high stocks of addictive goods to consume “good health.” However, as the price of health 

investment continues to increase, the demand for addictive goods becomes less sensitive to the 

price of health investment. At high prices of health investment, the cross-price elasticity of the 

demand for addictive goods becomes positive, although small. When health investment, and 

therefore health, is very costly, individuals substitute out of health and into other goods, 

including those that may adversely affect health. 

Figure 3.3 compares the cross-price demand curves for addictive goods in periods 1 and 2 

with respect to the price of health investment. The cross-price elasticity of the demand for 

addictive goods with respect to the price of health investment is very similar in both periods. 
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Visually, the slopes of the two curves are almost identical. The main difference between the two 

periods is that for all prices of health investment, demand for addictive goods is much higher in 

period 2 than it is in period 1. Consumers choose to consume more addictive goods in the last 

period. This reflects the fact that the accumulated stock of addictive goods adversely affects 

health and, therefore, utility. In the last period, concerns about future adverse effects of addictive 

goods on health are no longer relevant. 

3.3.3 Predictions 

The cross-price demand curve for addictive goods with respect to the price of health 

investments suggests that decreases in the price of health investment, when the price is high, may 

result in small decreases in the demand for addictive goods. On the other hand, large price 

declines will result in increases in the demand for addictive goods, and the larger the decline, the 

larger the increase in the demand for addictive goods. These predictions can be tested if the 

introduction of ARVs is modeled as a decline in the price of health investment for HIV/AIDS 

patients.
15

  

Since there were few effective treatments for HIV/AIDS prior to the introduction of 

ARVs, the opportunity costs of “good health” were exceedingly high for HIV/AIDS patients 

prior to ARVs.  As the most effective treatment for HIV/AIDS, ARVs essentially revolutionized 

care for the disease, transforming the disease from a death sentence to something more of a 

chronic condition. Therefore, it can be argued that the introduction of ARVs significantly 

reduced the price of health investments for patients with HIV/AIDS. This should be 

accompanied by an increase in the demand for addictive goods. More specifically, patients 

treated with ARVs are predicted to increase substance use. 

                                                           
15

 This is broadly consistent with the literature on the price of medical care. For example, Cutler, et al. (1998) and 

Frank, et al., (1998) find that despite increases in the prices, technological advances in medicine have resulted in 

declines in the price of treatments. 
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The model generates two additional predictions that can be tested in the empirical 

analysis. First, Figure 3.3 shows that demand for addictive goods is higher in the last period than 

it is in earlier periods. Patients who expect they are closer to the end of their lives (e.g., who are 

older or sicker) are therefore predicted to increase substance use more than those who do not 

expect they are as close to their end of their lives. Next, the model allows for addiction (     ) 

so consumers who hold larger the stocks of addictive goods will derive higher levels of marginal 

utility from an additional unit of addictive goods. Therefore, patients with existing stocks of 

addictive goods, or those who have previously used substances, are also predicted to increase 

their substance use more than those who do not. 

 

3.4 Data 

This analysis uses data from the HIV Cost and Services Utilization Study (HCSUS), a 

nationally representative study of people in care for HIV infection. The HCSUS employed a 

three-stage probability design with population-proportion-to-size sampling to identify a baseline 

reference population that consists of HIV+ patients at least 18 years old who made at least one 

visit to a non-military, non-prison, and non-emergency department medical provider in the 

contiguous United States in January or February of 1996. Panel data was collected between 

March 1996 and January 1998 – a period characterized by the extensive introduction and 

dissemination of HAART – over three waves of interviews, referred to as “Baseline,” “Follow-

Up 1,” and “Follow-Up 2.”  

The Baseline survey included questions about the use of the following substances: 

sedatives, amphetamines, analgesics, marijuana, cocaine, inhalants, hallucinogens, and heroin. 

Respondents were asked if they used these substances “ever” or “on [their] own in the past 12 
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months,” where “on [their] own” meant “either without a doctor's prescription, in larger amounts 

than prescribed, or for a longer period than prescribed.” This analysis only considers responses to 

questions about amphetamines, cocaine, hallucinogens, heroin, and inhalants, as they are least 

likely to be used for medical purposes. Responses to questions regarding their use are therefore 

least likely to be vague or inaccurate. Analytic weights are used to adjust the sample to the 

reference population. A respondent’s analytic weight is the product of his sampling weight, 

multiplicity weight, and non-response weight. All analyses presented in this chapter use these 

weights. 

The outcome variable of interest is a dummy variable indicating substance use, defined as 

use of any of the above five substances in the past 12 months. The primary explanatory variable 

of interest is a dummy variable indicting whether the individual received HAART, which is 

defined as a combination of at least three antiretroviral substances. Other explanatory variables 

used include those describing demographics, education, income, lowest-ever CD4 counts (with 

lower CD4 counts indicating advanced disease progression), progression to AIDS status, and 

state instruments. Table 3.1 presents descriptive statistics for each of these variables.   

These statistics show that those who received HAART were more likely to be white, 

male, more highly educated, have higher incomes, and be in poorer health (have lower levels of 

lowest-ever CD4 counts and are more likely to have AIDS). They were also less likely to engage 

in substance use. The fact that patients receiving HAART are both more likely to be in poorer 

health and less likely to engage in substance use suggests that substance use may be correlated 

with health status. Finally, those who received HAART were more likely to live in states with 

more generous Medicaid policies. Those states had higher SSI, AFDC, and Medically Needy 

Thresholds, and were less likely to have strict prescription substance limits.  
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3.5 Empirical Framework 

To test the effect of treatment with ARVs – more specifically, HAART – I first estimate 

the following probit model: 

                        
     ,       (3.1) 

where               is a dummy variable that equals one if individual i engaged in any 

substance use
16

 in the last year,        is a dummy variable that equals one if individual i 

received HAART,
17

 and    is a vector of covariates for individual i, which includes 

demographics, education, income, lowest-ever CD4 counts, and AIDS status. Standard errors are 

clustered at the state level. The coefficient   measures the effect of receiving HAART on 

substance use. 

 Table 3.2 reports estimates of coefficients from Equation 3.1. Column 1 reports estimates 

that do not control for disease severity. Although the effect is not statistically significant, it 

appears that HAART decreases the likelihood of substance use. Column 2 reports estimates that 

do control for disease severity. While the effect is still negative and statistically insignificant, it 

is important to note that the estimated effect from this specification is qualitatively smaller than 

it was without disease severity controls. Additionally, low CD4 counts are associated with 

decreased substance use. Together, these results suggest that the estimate of    suffers from 

omitted variable bias. Patients with poorer (unobserved) health are both more likely to be treated 

with HAART and less likely to engage in substance use. Descriptive statistics in Table 3.1 

confirm this. Individuals who received HAART were both in poorer health (as measured by CD4 

counts and AIDS status) and less likely to use substances.  

                                                           
16

 More specifically, amphetamine, cocaine, hallucinogen, heroin, or inhalant use. 
17

 HAART is defined to be a combination of three ARVs. 
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Following Bhattacharya, et al. (2003) and Goldman, et al. (2004), I instrument for 

treatment with HAART with state Medicaid policies. Medicaid is the most common form of 

insurance for the HIV-positive population. 45% of Baseline respondents had some form of 

Medicaid coverage. There are three ways through which HIV-positive patients can qualify for 

Medicaid. First, in 38 states, all patients receiving Supplemental Security Income (SSI) are 

automatically eligible for Medicare. Other states have different (generally more restrictive) 

“disability” definitions and income and asset requirements for Medicaid eligibility. Next, 

patients can meet state income eligibility and family composition requirements for Aid to 

Families with Dependent Children (AFDC) as they existed on July 16, 1996. Finally, patients 

who meet Medicaid’s disability criteria but have incomes that exceed the financial eligibility 

limit can qualify for Medicaid through the Medically Needy program, which allows patients to 

“spend down” to Medicaid eligibility by deducting medical-related expenses from their reported 

income. States have the option to but are not required to establish a Medically Needy program 

and are able to vary their income eligibility requirements for the program (Westmoreland, 1999, 

Goldman, et al., 2004).  

I use the following state instruments: 

- SSI threshold > 65% FPL. This is a dummy variable that indicates whether the 

state’s income eligibility threshold for Medicaid eligibility through the “SSI” 

category was greater than 65% (10 percentage points below the federal guideline 

of 75%) of the federal poverty level. 

- AFDC threshold. The state’s 1996 income eligibility threshold for AFDC, 

expressed as a percentage of the federal poverty level. 
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- Medically Needy threshold. The state’s income eligibility threshold for the 

Medically Needy program, expressed as a percentage of the federal poverty level. 

- Medicaid Prescription Substance Limit of 3. This is a dummy variable that 

indicates whether the state’s Medicaid program imposed a prescription substance 

limit of 3. 

In order for these state Medicaid policies to be valid instruments, they must be correlated 

with treatment with HAART and uncorrelated with substance use. Supporting Bhattacharya, et 

al. (2003) and Goldman, et al. (2004), the test of the joint significance of the state instruments 

reported in Table 3.3 confirms that the instruments are strong predictors of treatment with 

HAART. Therefore, I estimate following empirical model:  

      
    

     
              (3.2) 

             
            

     ,       (3.3) 

where  

        (      
   )          (3.4) 

               (             
   )       (3.5) 

and       
  is a latent variable for the propensity of treatment with HAART for individual i, 

       is a dummy variable that equals one if individual i actually received HAART, 

             
  is a latent variable for the propensity of substance use for individual i, 

              is a dummy variable that equals one if individual i actually engaged in 

substance use in the last year,    is a vector of covariates, and    is a vector of state instruments. 

Errors are assumed to be jointly distributed bivariate normal with correlation coefficient  , 

which acts a measure of unobserved health. Patients who are in poorer health are more likely to 
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receive HAART and less likely to engage in substance use. I estimate this model via maximum-

likelihood.   

 

3.6 Results 

Table 3.3 reports bivariate probit estimates from the model in Equations 3.2-3.5. 

Estimates in Column 1 show that, contrary to probit estimates of coefficients from Equation 3.1, 

treatment with HAART increases the likelihood of substance use. The effect on substance use is 

both positive and statistically significant. Estimates of the correlation coefficient   verify that 

treatment with HAART and substance use are in fact negatively correlated, explaining the 

difference between these estimates and the probit estimates of coefficients from Equation 3.1. 

Additionally, estimates in Column 2 show that the state Medicaid instruments are jointly 

significant in predicting treatment with HAART. 

Table 3.4 compares estimated average marginal effects of HAART receipt on substance 

use from the probit model, with and without controls for disease severity, and from the bivariate 

probit model. Estimates from the probit model in Columns 1 and 2 suggest a small negative, 

although statistically insignificant, effect of treatment with HAART on substance use. The fact 

that the estimate in Column 2, which controls for disease severity, is smaller in magnitude than 

the estimate in Column 1 suggests that the estimate suffers from omitted variable bias. 

Instrumenting for treatment with HAART with state Medicaid policies changes both the sign and 

magnitude of the estimated effect of HAART receipt on substance use. In this model, treatment 

with HAART increases the propensity for substance use by 30 percentage points.  

This large increase in the propensity for substance use is consistent with theoretical 

predictions. Solutions to the model detailed in Section 3.3 show that when the price of health 
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investment is high, the demand for additive goods is largely unresponsive to changes in the price 

of health investment. However, large declines in the price of health investment – conceptually 

like the one due to the introduction of HAART – will result in a large increase in the demand for 

addictive goods. Treatment with HAART frees up resources that would otherwise be spent on 

health, allowing those resources to be spent on other goods and activities that increase utility. If 

individuals value addictive goods, then their demand for those goods will correspondingly 

increase. 

To test whether patients who expect they are close to the end of their lives increase 

substance use more than those who are not, I evaluate the impact of treatment with HAART on 

substance use among patients who report poor current health in the last month at the time of the 

Baseline survey.
18

 Because patients who are in poor health are more likely to believe they are 

closer to the end of their lives, I use current reported health as a proxy for end of life. Columns 3 

and 4 of Table 3.3 report estimates for this sample of patients, and Column 4 of Table 3.4 reports 

the corresponding estimated marginal effect. As predicted, the increase in substance use is larger 

for these patients than it is in the whole sample. Treatment with HAART increases the propensity 

for substance use in patients in poor current health by 43 percentage points. 

Next, to test whether patients who have larger existing stocks of addictive goods increase 

substance use more than those with smaller stocks, I evaluate the impact of treatment with 

HAART on substance use among patients who had prior exposure to intravenous drug use.
19

 

Since intravenous drug use is highly addictive, these patients should have larger existing stocks 

                                                           
18

 The Baseline survey asks respondents to rate their health in the last four weeks on a scale of 1-5, with higher 

scores indicating better health. I define “poor health” to be scores of 1 or 2.  
19

 The Baseline survey asks respondents to indicate whether they engaged in any of the following activities prior to 

their HIV diagnosis: sex with a man, sex with a woman, intravenous drug use, sex with an intravenous drug user, 

sex with a bisexual partner, received clotting factor for a blood clotting disorder, or received a transfusion of blood 

or components. Respondents who indicated engaging in intravenous drug use or sex with an intravenous drug user 

are defined to have been exposed to intravenous drug use. 
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of addictive goods than their counterparts do. Columns 5 and 6 of Table 3.3 report estimates for 

this sample of patients, and Column 5 of Table 3.4 reports the corresponding estimated marginal 

effect. Also as predicted, the increase in substance use is larger in this sample than it is in the 

larger sample. Treatment with HAART increases the propensity for substance use in patients 

with prior exposure to intravenous drug use by approximately 43 percentage points. 

It is worth noting that mortality effects of treatment with HAART may bias these 

estimated effects on substance use. Because treatment with HAART is effective at reducing 

HIV/AIDS-related mortality, those who do not receive treatment with HAART may expect to 

live fewer additional years than those who do receive treatment with HAART. This expectation 

of a shortened life span may cause changes in substance use. However, both the solutions to the 

model described in Section 3.3 and the estimated effect of HAART on substance use among 

patients in poor health suggest that patients who do not receive treatment with HAART are more 

likely to engage in substance use. Patients who expect they are close to the end of their lives are 

more likely to engage in substance use. This would lead the estimated coefficients from this 

model to potentially underestimate the true effects of treatment with HAART on substance use. 

This is important to keep in mind, although less of a concern because the estimated effects of 

treatment with HAART on substance use are both large and positive.  

 

3.7 Conclusion 

In light of mixed evidence on the health behavior of patients with HIV/AIDS, this chapter 

seeks to understand how treatment with HAART, or even the knowledge of the existence of such 

treatments, affects how people make decisions regarding their health. More specifically, it 

investigates the effect of HAART receipt on the propensity for substance use – an activity that 
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negatively affects health. Using state Medicaid policies as instruments for treatment with 

HAART and data from the HIV Cost and Services Utilization Study (HCSUS), I find that 

treatment with HAART has a large and positive impact on the propensity for substance use. The 

effect is even larger for patients in poorer health and those with prior exposure to intravenous 

drug use. 

These findings are consistent with theoretical predictions. HAART makes good health 

much more accessible to patients with HIV/AIDS. In doing so, it improves their health and 

functional and frees up resources that would otherwise be tied up with their health. This allows 

those resources to be spent on a range of other goods and activities that increase utility. This 

includes goods and activities, such as substance use, that adversely affect health. This is an 

important consideration in the implementation of public health programs. More specifically, 

since substance use is prevalent in the HIV/AIDS population and most HIV/AIDS patients 

receive health insurance coverage through Medicaid, and if the objective of public health 

programs is to improve health, these findings suggest that HIV/AIDS treatment programs should 

also address substance use.  
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Figure 3.1: Timeline of the Model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: Figure depicts the timeline of the model described in Section 3.3. In this two-period model, individuals inherit an initial stock of health and an accumulated 

stock of addictive goods. Consumers choose levels of consumption goods, addictive goods, and health investment, which determine new stocks health and 

accumulated addictive goods that are inherited in the next period. The consumer dies at the end of the second period. 
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Figure 3.2: Cross-Price Demand Curve for Addictive Goods 

 
Note: Figure graphs the cross-price demand curve for addictive goods in period 1 with respect to the price of health 

investment derived from the solution of the optimization problem detailed in Section 3.3. Parameter values are set at 

  =0.3,   =0.45,   =0.4,   =-0.2,    =-0.3,    =-0.35,    =-0.1,    =-0.1,    =0.35,    =0,    =0,    =0, 
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Figure 3.3: Periods 1 and 2 Cross-Price Demand Curve for Addictive Goods 

 
Note: Figure graphs the cross-price demand curves for addictive goods in periods 1 and 2 with respect to the price of 

health investment derived from the solution of the optimization problem detailed in Section 3.3. Parameter values 

are set at   =0.3,   =0.45,   =0.4,   =-0.2,    =-0.3,    =-0.35,    =-0.1,    =-0.1,    =0.35,    =0,    =0, 

   =0,    =0,    =0.
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Table 3.1: Descriptive Statistics 

  No HAART HAART 

  (N=2175) (N=652) 

   Demographics 

  Age 38 39 

Non-White (%) 57 29 

Female (%) 33 18 

   Education 

  Less than HS degree (%) 29 12 

High school degree (%) 28 28 

Some college (%) 28 31 

College (%) 15 29 

   Income ($) 17508 29812 

   Lowest-ever CD4 counts (cells/ul) 

  >500 (%) 11 2 

200-499 (%) 43 22 

50-199 (%) 27 39 

0-49 (%) 19 37 

   AIDS (%) 33 59 

   Substance Use 27 23 

   State Instruments 

  SSI Threshold > 65% FPL 91 93 

AFDC Threshold (% FPL) 41 44 

Medically Needy Threshold (% FPL) 49 54 

Medicaid Rx Limit of 3 6 4 
 

Note: Table reports weighted descriptive statistics from the HIV Costs and Services 

Utilization Survey. State Medicaid policies are from Westmoreland (1999). HAART is 

defined to be a combination of three ARVs. CD4 counts and AIDS status are measures of 

health status, with lower CD4 counts and positive AIDS status indicating advanced disease 

progression. Substance use is defined as amphetamine, cocaine, hallucinogen, heroin, or 

inhalant use. State instruments include SSI income thresholds, AFDC income thresholds, 

Medically Needy income thresholds, and prescription drug limits. 
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Table 3.2: Probit Estimates of the Effect of Treatment with HAART on Substance Use 

  (1) (2) 

VARIABLES Substance Use Substance Use 

      

HAART -0.0972 -0.0730 

 

(0.0694) (0.0604) 

Demographics 

  Age -0.0178** -0.0179** 

 

(0.00695) (0.00710) 

Non-white 0.0621 0.0690 

 

(0.0603) (0.0655) 

Female -0.294*** -0.309*** 

 

(0.0565) (0.0602) 

Education 

  Less than HS Degree -0.168 -0.170 

 

(0.144) (0.141) 

HS Degree -0.198 -0.202 

 

(0.141) (0.139) 

Some College -0.149 -0.149 

 

(0.122) (0.123) 

   Income (ten thousands) -0.00281 -0.00322 

 

(0.00818) (0.00817) 

Lowest-ever CD4 counts (cells/ul) 

  200-499  

 

-0.171 

  

(0.110) 

50-199 

 

-0.148 

  

(0.148) 

0-49 

 

-0.400** 

  

(0.166) 

   AIDS 

 

0.0928 

  

(0.0585) 

   Observations 2,827 2,827 
 

Note: Table reports estimates of Equation 3.1. Coefficients are estimated via maximum 

likelihood. Robust standard errors clustered at the state level are reported in parentheses. 

*** p<0.01, ** p<0.05, * p<0.1. HAART is defined to be a combination of three ARVs. 

CD4 counts and AIDS status are measures of health status, with lower CD4 counts and 

positive AIDS status indicating advanced disease progression. Substance use is defined as 

amphetamine, cocaine, hallucinogen, heroin, or inhalant use.
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Table 3.3: Bivariate Probit Estimates of the Effect of Treatment with HAART on Substance Use 

  All   Poor Baseline Health   Prior IV Drug Use Exposure 

 

(1) (2) 

 

(3) (4) 

 

(5) (6) 

VARIABLES Substance Use HAART 

 

Substance Use HAART 

 

Substance Use HAART 

                  

HAART 0.986*** 

  

1.573*** 

  

1.219*** 

 

 

(0.230) 

  

(0.238) 

  

(0.461) 

 Demographics 

        Age -0.0171** -0.000732 

 

-0.0129** 0.00101 

 

-0.0143** -0.0110** 

 

(0.00668) (0.00323) 

 

(0.00600) (0.00399) 

 

(0.00579) (0.00553) 

Non-white 0.187*** -0.481*** 

 

0.106 -0.358*** 

 

0.361*** -0.792*** 

 

(0.0663) (0.0810) 

 

(0.131) (0.112) 

 

(0.111) (0.0849) 

Female -0.284*** -0.0555 

 

-0.178 -0.280*** 

 

-0.0751 -0.0896 

 

(0.0519) (0.0969) 

 

(0.114) (0.107) 

 

(0.0943) (0.212) 

Education 

        Less than HS Degree -0.0983 -0.227*** 

 

-0.349* -0.0719 

 

-0.469*** -0.0747 

 

(0.145) (0.0880) 

 

(0.196) (0.133) 

 

(0.182) (0.288) 

HS Degree -0.183 0.0178 

 

-0.341** 0.0821 

 

-0.403* -0.0127 

 

(0.141) (0.0947) 

 

(0.156) (0.126) 

 

(0.207) (0.304) 

Some College -0.119 -0.0361 

 

-0.218 0.0578 

 

-0.235 -0.124 

 

(0.126) (0.0931) 

 

(0.163) (0.161) 

 

(0.198) (0.280) 

         Income (ten thousands) -0.0169* 0.0381*** 

 

-0.0163* 0.0302*** 

 

-0.0578*** 0.0694** 

 

(0.00923) (0.00708) 

 

(0.00985) (0.00886) 

 

(0.00904) (0.0289) 

Lowest-ever CD4 counts (cells/ul) 

        200-499  -0.193* 0.271*** 

 

-0.170 0.329*** 

 

-0.316* 0.285 

 

(0.101) (0.0906) 

 

(0.149) (0.118) 

 

(0.167) (0.428) 

50-199 -0.296* 0.739*** 

 

-0.274 0.618*** 

 

-0.476* 0.796** 

 

(0.160) (0.0675) 

 

(0.224) (0.161) 

 

(0.262) (0.398) 

0-49 -0.538*** 0.799*** 

 

-0.414 0.734*** 

 

-0.528** 0.815** 

 

(0.177) (0.0984) 

 

(0.325) (0.213) 

 

(0.251) (0.364) 

         AIDS 0.00399 0.273*** 

 

-0.200 0.237* 

 

-0.0283 0.401*** 

 

(0.0685) (0.0696) 

 

(0.187) (0.136) 

 

(0.218) (0.142) 
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State Instruments 

       
 

SSI Threshold > 65% FPL 

 

0.307* 

  

0.216 

  

-0.131 

  

(0.171) 

  

(0.172) 

  

(0.268) 

AFDC Threshold (% FPL) 

 

-0.821 

  

0.173 

  

-1.064 

  

(0.857) 

  

(0.528) 

  

(0.923) 

Medically Needy Threshold (% FPL) 

 

0.688* 

  

0.419 

  

0.862** 

  

(0.381) 

  

(0.286) 

  

(0.432) 

Medicaid Rx Limit of 3 

 

-0.310* 

  

-0.151 

  

-0.540*** 

  

(0.179) 

  

(0.101) 

  

(0.176) 

         Correlation Rho -0.704*** 

  

-1.348*** 

  

-1.058* 

 

 

(0.219) 

  

(0.474) 

  

(0.574) 

 

         Test of Joint Sig. of State Instruments 

 

27.11*** 

  

146.89*** 

  

70.14*** 

  

(0.000) 

  

(0.000) 

  

(0.000) 

         Observations 2,827 2,827   1,037 1,037   683 683 
 

Note: Table reports bivariate probit estimates of the model from Equations 3.2-3.5. Coefficients are estimated via maximum likelihood. Robust standard errors 

clustered at the state level are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Columns 1-2 report estimates for the sample of all patients, Columns 3-

4 report estimates for the sample of patients with poor baseline health, and Columns 5-6 report estimates for the sample of patients with prior intravenous drug 

use exposure. HAART is defined to be a combination of three ARVs. CD4 counts and AIDS status are measures of health status, with lower CD4 counts and 

positive AIDS status indicating advanced disease progression. Substance use is defined as amphetamine, cocaine, hallucinogen, heroin, or inhalant use. State 

instruments include SSI income thresholds, AFDC income thresholds, Medically Needy income thresholds, and prescription drug limits. 
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Table 3.4: Marginal Effects of Treatment with HAART on Substance Use 

  
All   

Poor Baseline 

Health 
  

Prior IV Drug 

Use Exposure 

 

(1) (2) (3) 

 

(4) 

 

(5) 

VARIABLES 

Probit,  

No Severity 

Controls 

Probit, 

With Severity 

Controls 

Bivariate 

Probit 
  

Bivariate 

Probit 
  

Bivariate 

Probit 

        HAART -0.0308 -0.0230 0.3055*** 

 

0.4326*** 

 

0.4295*** 

  (0.0226) (0.0194) (0.0722)   (0.0466)   (0.1439) 
 

Note: Table reports marginal effects of probit estimates in Table 3.2 and bivariate probit estimates in Table 3.3. Robust 

standard errors clustered at the state level are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Columns 1 and 2 

report marginal effects of probit estimates in Table 3.2, and Columns 3-5 report marginal effects of bivariate probit 

estimates in Table 3.3. Column 3 reports marginal effects for the sample of all patients, Column 4 reports marginal effects 

for the sample of patients with poor baseline health, and Column 5 reports marginal effects for the sample of patients with 

prior intravenous drug use exposure. HAART is defined to be a combination of three ARVs. Substance use is defined as 

amphetamine, cocaine, hallucinogen, heroin, or inhalant use. 
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