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ABSTRACT 

 

Over the past several decades, strict medical school residency caps in the U.S. have 

limited the supply of physicians. In this study, we adapt Baumol’s (1967) model to 

include heterogeneous labor supply in the healthcare sector in order to investigate the 

relationship between the relative physician supply, healthcare productivity, and the rising 

cost of healthcare. Applying a two-stage least squares procedure with fixed-effects on 

panel data consisting of 50 U.S. states over 2008-2016, we find evidence consistent with 

the existence of Baumol’s cost disease in the healthcare sector. Additionally, our results 

suggest that there is a negative correlation between the growth of the physician to non-

physician ratio in the healthcare sector and the growth rate of nominal healthcare output 

per capita. Combined, these results indicate that physician shortages may reduce 

healthcare productivity, which aggravates the problem of cost disease in the healthcare 

sector.  
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1 Introduction 

In 1980, a report by the Graduate Medical Education National Advisory 

Committee concluded that the number of medical school positions, as well as that of 

international medical graduates entering the United States, should be restricted due to a 

predicted surplus of physicians. This conclusion was supported by a series of reports 

between 1992 and 1998 published by the national Council on Graduate Medical 

Education. As a result of these studies, it was widely accepted that a surplus of physicians 

would arise by the end of the last century1. Influenced by such expectations, Medicare 

began capping graduate medical education funding. Due to these caps, the number of 

medical school graduates experienced almost no change for several decades. This fact is 

depicted in Figure 1 which compares the paths of medical school graduates and 

healthcare expenditures (HCE) to GDP ratio.2 

 

Figure 1 - Graduates of U.S. Medical Schools. Source: AAMC. 

                                                 
1 See Salsberg and Forte (2002). 
2 Authors’ calculations using nominal HCE data from the National Healthcare Expenditure Accounts 

(NHEA) and nominal GDP from the Bureau of Economic Analysis (BEA). 
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Throughout this time period healthcare expenditures in the United States rose 

rapidly. Illustrated by Figure 1, the HCE-GDP ratio in the United States increased 

dramatically, rising from 10.95% in 1991 to 14.71% in 2014. Due to the rapid increase in 

the demand for healthcare, the expected physician surplus never materialized. Instead, 

fears of physician surpluses have been replaced by concerns of a massive physician 

shortage. According to a recent study by the Association of American Medical Colleges 

(AAMC), by the year 2030, the nation will face a shortage of between 42,600 and 

121,3003. The primary concern in the literature is the capacity of the healthcare system 

and the ability of the system to keep up with the rise in demand over time. Moreover, 

physician shortages may also contribute to the rise in the relative cost of healthcare 

services owing to the aforementioned shortage of healthcare services and the reduction in 

the relative productivity of the healthcare sector. 

Our theory is based on Baumol (1967), which explains the rapid growth of 

healthcare expenditures as the result of unbalanced productivity growth between the 

healthcare sector and the rest of the economy. We modify the original model by using a 

Constant Elasticity of Substitution (CES) production function for the healthcare sector, 

dividing healthcare laborers into physicians and non-physician, or “auxiliary workers” in 

order to investigate the relationship between the relative supply of physicians and 

healthcare productivity and costs. 

We build on the empirical strategy developed by Hartwig (2008) and expanded by 

Bates and Santerre (2013) and Colombier (2017) to include the ratio of physicians to 

auxiliary workers. Our estimation results support the findings of Hartwig, Bates and 

Santerre, and Colombier, suggesting that the healthcare industry in the U.S. does 

                                                 
3 See AAMC Workforce Studies DATA SNAPSHOT (May 2018). 
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experience Baumol’s cost disease. Furthermore, our results imply that increasing the 

physician-auxiliary ratio tends to slow down the growth of healthcare expenditures. 

These two findings collectively support our theory that a larger ratio of physicians to 

auxiliary workers improves healthcare productivity, offsetting some of the effects of cost 

disease in the healthcare sector. 

In addition, prior to this study, the literature was primarily concerned with testing 

for the existence of cost disease in the healthcare sector and accurately identifying the 

growth rate of productivity in the healthcare sector.4 Our theory advances the literature by 

providing some explanation for the low growth rate of healthcare productivity and the 

subsequent cost disease problem that follows. Consequently, our study is the first to 

provide a potential policy solution to the cost disease problem. Namely, our results 

emphasize the need to lift the residency caps and train more physicians. 

The next section provides a review of the literature with regard to the 

determinates of healthcare expenditures and Baumol’s cost disease. In the third section, 

the modified Baumol’s model is introduced in detail. Section four describes our empirical 

methodology, which presents the fixed effect model and the data we employ in our 

analysis. The fifth section presents empirical results and analysis. The final section 

provides our conclusions and examines the policy implications of our findings. 

2 Literature Review 

2.1 Determinants of Healthcare Expenditures 

There have been numerous studies investigating the persistent rise in healthcare 

expenditures from the demand-side. Several studies have identified income growth as the 

main driver, though they hold different views on whether medical care is a luxury good. 

                                                 
4 See Triplett (2011) for a review of the healthcare productivity literature. 
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Relevant research starts with Newhouse (1977). Newhouse used data from 13 developed 

countries in 1970 and found that the income elasticity of medical care demand was 

between 1.15 and 1.31, implying that medical care is a luxury good. Likewise, Leu 

(1986), Parkin et at. (1987), and Brown (1987) used data from various OECD countries 

to conduct cross-national studies and obtained similar magnitudes of income elasticity of 

healthcare service demand.5 On the other hand, Hitiris and Posnett (1992) used a panel 

data set and obtained a close-to-one income elasticity, suggesting that healthcare is a 

necessity6. Hall and Jones (2007) contribute to the literature by explaining why a higher 

income level causes a rising share of healthcare spending in GDP. They conclude that as 

people become wealthier, the marginal utility of consumption falls since the consumption 

rises. However, the utility of spending on medical care service to extend life does not 

decrease. As a result, a bigger share of income shifts toward healthcare. 

Medical progress has also been suggested as another significant cause of rising 

healthcare spending. For instance, Newhouse (1992) analyzed healthcare expenditures in 

the U.S. from 1960 to 1987 and found a strong positive correlation between expenditures 

and medical technologies. A similar result has been given by Okunade and Murthy 

(2002). Developing a stochastic life-cycle model, Fonseca et al. (2013) concluded that the 

technological progress on its own explains 30% of the rise in healthcare spending. 

Frankovic et al. (2017) presented an overlapping generations model to address the 

impacts of medical innovation. They showed that a medical innovation that increases the 

                                                 
5 The estimated elasticity by Leu (1986), Parkin et al. (1987), and Brown (1987) are 1.18-1.36, 1.12-1.18, 

and 1.39 respectively. 
6 The estimated elasticity by Hitiris and Posnett (1992) is 1.026, with a confident interval (p=0.95) of 1-

1.05. 
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remaining life expectancy at age 20 by 1.1 years, results in a 12.2% increase in the 

healthcare expenditure per capita.  

Several studies have attributed the rise in healthcare expenditures to determinants 

other than income level and medical progress, such as age structure, territorial 

decentralization, and election activity7. Nevertheless, while most of the previous 

literature has focused on analyzing demand-side explanations for the rise in healthcare 

expenditures, supply-side effects (especially in the U.S. where healthcare prices play a 

larger role in explaining the current level of healthcare consumption than in other OECD 

nations8) are likely significant factors driving healthcare expenditure growth as well. 

Thus, our study is a pioneer in addressing the healthcare spending problem from the 

supply side, as we suggest that the relative supply of physicians is one of the significant 

explanatory variables in affecting healthcare expenditures.  

2.2 Baumol’s Cost Disease 

Baumol (1967) presents an unbalanced growth model that is adopted as the 

theoretical foundation of this paper. Baumol assumes that there are two sectors that grow 

at disparate rates. Labor serves as the sole input in each sector. Firms in each sector 

compete for workers in a single labor market. In order to compete with the “progressive” 

sector, “nonprogressive” firms must pay the market clearing wage rate which, in 

equilibrium, is set equal to the marginal product of labor in the progressive sector. As a 

result, the wage rate will grow at the same rate as labor productivity in the progressive 

sector, causing the unit cost in the nonprogressive sector to rise. If the demand for 

nonprogressive goods and services are sufficiently price inelastic, then nonprogressive 

                                                 
7 See Blomqvist and Carter (1997), Koening et al. (2003), and Potrafke (2010). 
8 See Anderson et al. (2003) and Anderson et al. (2019). 
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firms will respond by raising their prices to keep up with the increase their costs. This is 

the so-called “Baumol’s cost disease”. 

Testing for the existence of cost disease in the healthcare sector has proven 

challenging, given the difficulty of obtaining reliable medical prices9. However, in a 

recent study, Hartwig (2008) introduced an innovative methodology to empirically test 

for the presence cost disease in the healthcare sector. Hartwig concludes that if Baumol’s 

model is correct, we should observe that the increase in healthcare prices is directly 

proportional to the difference between the growth rates of the average economy-wide 

nominal wage rate and labor productivity. Hartwig (2008) applies a fixed effect analysis 

on an unbalanced panel data set of 19 OECD countries. He defines the gap between the 

growth rate of nominal wages and the labor productivity as the “Baumol variable” and 

obtains a coefficient that is close to one. 

Subsequent work by Bates and Santerre (2013) and Colombier (2017) correct a 

flaw in Hartwig’s empirical strategy. In short, they note that the one-to-one causal 

relationship between the Baumol variable and the rise in healthcare spending describes a 

special case where the share of healthcare employment in total labor force has 

approached unity. In response, these two studies utilize an “adjusted Baumol variable” 

that is equal to the original Baumol variable multiplied by the inverse of the healthcare 

labor share. Utilizing an unbalanced panel data set including 20 OECD countries for the 

period from 1965 to 2007, Colombier (2017) finds evidence in support of Baumol’s 

theory. Similarly, using a balanced panel data set of 50 U.S. states between 1980-2009, 

                                                 
9 Boskin et al. (1996), Triplett (1999), and Berndt et al. (2000) suggest that the medical care price index in 

the U.S. is substantially upward-biased.  
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Bates and Santerre (2013) obtain similar results as Colombier for the U.S.’ healthcare 

sector. 

One limitation of Baumol’s theory (and of Hartwig, Bates and Santerre, and 

Colombier by association) is the assumption of homogeneous labor in the healthcare 

sector. Physicians are some of the most highly specialized and skilled workers in the 

entire labor force and, in many cases, are the only workers qualified to perform certain 

healthcare services. Therefore, the relative supply of physicians to other healthcare 

workers may be an important determinant of the productivity of the sector overall. 

Unfortunately, the relationship between the physician supply and healthcare costs has not 

been widely studied. Koening et al. (2003) find a positive correlation between the supply 

of physicians and the unit cost of healthcare. However, in their regression the number of 

physicians is highly correlated with another explanatory variable, technological 

progress,10 implying that the estimated coefficient may be biased. Christiansen et al. 

(2006) find a negative and significant association between the number of physicians per 

1,000 people and health spending among an unbalanced panel of 26 European nations. 

Finally, Hartwig and Sturm (2014) includes physicians per 1,000 alongside the Baumol 

variable and GDP growth, but fail to find evidence that physician supply is an important 

determinant of healthcare expenditure growth. 

3 Model 

Baumol (1967) suggests that the economy can be divided into a progressive and a 

non-progressive sector, with labor serving as the sole input in each sector. Output in the 

progressive sector, or what we refer to the final goods sector, can be written as follow: 

𝑌𝑡 = 𝑍𝑒𝑟𝑡𝐿𝑡  (1) 

                                                 
10 See Koening et al. (2003, p. 41) for more details. 
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Where 𝐿𝑡 is the labor force engaged in the progressive sector at time t. Note that 

the marginal labor productivity in the progressive sector is 𝑍𝑒𝑟𝑡, implying that labor 

productivity in the final goods sector grows at the rate r over time. 

Following Baumol (1967), we assume that the healthcare sector is the non-

progressive sector, which is characterized by very occasional productivity growth. We 

build on Baumol (1967) by assuming that output in the healthcare sector is generated 

according to a CES production function technology with two labor inputs, physicians, 𝑃𝑡, 

and auxiliary workers, 𝐴𝑡. Let 𝐻𝑡 be current healthcare output 

𝐻𝑡 = [𝛼(𝐵𝑃,𝑡𝑃𝑡)
𝜃−1

𝜃 + (1 − 𝛼)(𝐵𝐴,𝑡𝐴𝑡)
𝜃

𝜃−1]

𝜃
𝜃−1

 ;  𝜃 ≥ 0 (2) 

The parameter 𝛼 in (2) represents the income share of physicians. 𝐵𝑃,𝑡 and 𝐵𝐴,𝑡 

correspond to the productivity of physicians and non-physicians respectively. Baumol 

(1967) suggests that healthcare, as a typical non-progressive industry, features a 

negligible productivity growth. To make the analysis simple, we further assume that 𝐵𝑃,𝑡 

and 𝐵𝐴,𝑡 are constants. The elasticity of substitution between physicians and auxiliary 

workers, 𝜃, measures the level of ease with which physicians and auxiliary workers can 

be substituted by each other. When 𝜃 < 1, physicians and auxiliary workers act as 

complements. Conversely, when 𝜃 > 1, physicians and auxiliary workers are considered 

to be substitutes. The magnitude of 𝜃 is of particular interest to us because it can impact 

how the relative supply of physicians will impact overall labor productivity in the 

healthcare sector. To take a closer look, we rewrite the healthcare production function as: 

𝐻𝑡 = 𝐵𝑡𝑀𝑡 (3) 



10 

 

The rewritten healthcare production function formulates the real healthcare output 

as the product of average labor productivity, 𝐵𝑡 and the total labor force in the healthcare 

sector, 𝑀𝑡. Note that by assumption, 
𝐵�̇�

𝐵𝑡
< 𝑟. Let 𝜇𝑡 be the ratio of physicians to auxiliary 

workers. Substituting for 𝑃𝑡 and 𝐴𝑡 in (2) with 𝜇𝑡𝑀𝑡 and (1 − 𝜇𝑡)𝑀𝑡 respectively, the 

average healthcare labor productivity 𝐵𝑡 can be rewritten as follows: 

𝐵𝑡 = [𝛼(𝐵𝑃𝜇𝑡)
𝜃−1

𝜃 + (1 − 𝛼)(𝐵𝐴(1 − 𝜇𝑡)
𝜃

𝜃−1]

𝜃
𝜃−1

 (4) 

Equation (4) implies that if physicians are more productive than auxiliary workers (𝐵𝑃 >

𝐵𝐴) and the elasticity of substitution between physicians and auxiliary workers is 

sufficiently low (𝜃 < 1), then increasing the share of physicians (𝜇𝑡) will induce a greater 

level of average healthcare labor productivity.  

Baumol (1967) assumes that the average wage rate in healthcare sector tends to 

rise at the same speed as in the final goods sector. According to equation (1), the 

uniformed wage rate in the economy then can be written as 𝑤𝑡 = 𝑤𝑒𝑟𝑡, with the wage 

rate rising in line with final goods productivity. The unit costs for both healthcare and 

final goods sectors can be expressed as follows: 

𝐶𝑌,𝑡 =
𝑤𝑡𝐿𝑡

𝑌𝑡
=

𝑤

𝑍
;    𝐶𝐻,𝑡 =

𝑤𝑡𝑀𝑡

𝐻𝑡
=

𝑤𝑒𝑟𝑡

𝐵𝑡
 (5)  

Equation (5) describes the core of Baumol’s theory. Under these assumptions, the unit 

cost in the final goods sector remains unchanged, while the unit cost in the healthcare 

sector will rise as long as 𝑟 > 𝐵�̇� 𝐵𝑡⁄ . 

We will next derive the growth rate of unit cost in healthcare sector. Using the 

second half of equation (5), we obtain: 
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𝐶𝐻,𝑡
̇

𝐶𝐻,𝑡
= 𝑟 −

𝐵�̇�

𝐵𝑡

(6) 

As Colombier (2017) proves, under Baumol’s assumption of inelastic healthcare 

demand, the ratio of real demand will be constant and the growth rate of unit costs in the 

healthcare sector becomes 

𝐶𝐻,𝑡
̇

𝐶𝐻,𝑡
= 𝑟 −

𝐵�̇�

𝐵𝑡
=

𝑁𝑡

𝑀𝑡
(

𝑤𝑡̇

𝑤𝑡
−

𝑞�̇�

𝑞𝑡
) (7) 

where 𝑁𝑡 is the total labor supply and 𝑞𝑡 is aggregate labor productivity. The righthand 

term is the so-called “adjusted Baumol variable” employed by Bates and Santerre (2013) 

and Colombier (2017). 

Note that in our study, healthcare productivity growth (i.e. 𝐵�̇� 𝐵𝑡⁄ ) will be a 

function of both exogenous shocks to worker productivity as well as changes to the 

physician-auxiliary ratio 𝜇𝑡. Therefore, in our estimation we control for changes to 𝜇𝑡, 

while controlling for the adjusted Baumol variable, which now captures the portion of 

healthcare cost growth that is attributable to exogenous differences productivity growth 

between the two sectors. 

4 Empirical Methodology 

For our analysis, we utilize a balanced panel data set of 50 U.S. states over the 

period 2008-2016. Our empirical model is based on equation (7) and is expressed as 

follows: 

∆ log(𝐻𝐶𝐸𝑠,𝑡) = 𝛽0 + 𝛽1 (
𝑁𝑠,𝑡

𝑀𝑠,𝑡
) [∆ log(𝑤𝑠,𝑡) − ∆ log(𝑞𝑠,𝑡)] +

𝛽2∆ log (
𝑃𝑠,𝑡

𝐴𝑠,𝑡
) + 𝛾∆log𝑋𝑠,𝑡 + 𝜎𝑠 + 𝜏𝑡 + 𝜀𝑠,𝑡 (8)
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Note that in equation (8), the s and t subscripts specify the state and time for variables 

respectively. Following the Hartwig, Bates and Santerre, and Colombier line of the 

literature, we proxy for ∆ log(𝐻𝐶𝐸𝑠,𝑡) using the growth rate of nominal Gross State 

Product (GSP) per capita in the healthcare sector. As a sensitivity analysis, we also proxy 

for 𝐻𝐶𝐸𝑠,𝑡 using nominal healthcare Personal Consumption Expenditures (PCE) per 

capita. The product (
𝑁𝑠,𝑡

𝑀𝑠,𝑡
) [∆ log(𝑤𝑠,𝑡) − ∆ log(𝑦𝑠,𝑡)] corresponds to the adjusted Baumol 

variable. Different from previous literature, we include the change in the ratio of 

physicians to non-physicians as an explanatory variable, which is denoted by ∆ log (
𝑃𝑠,𝑡

𝐴𝑠,𝑡
). 

Our analysis focuses on the effect of two specific explanatory variables; the adjusted 

Baumol variable and the ratio of physicians to non-physicians. Specifically, a positive 𝛽1 

justifies the existence of Baumol’s cost disease in the healthcare sector, and a negative 𝛽2 

implies that nominal healthcare expenditure growth will be aggravated if the projected 

physician shortage is realized. Note that in our model, the biggest gains from increasing 

the physician labor supply ratio will occur when the elasticity of substitution between 

physicians and non-physicians is less than one. Thus, a negative 𝛽2 also implies that 

physicians and non-physicians are either weak substitutes or are complementary.  

To identify 𝛽1 and 𝛽2, we control for other potential drivers of healthcare costs. 

Therefore, we include these potential drivers in the matrix 𝑋𝑠,𝑡, along with both state 

fixed effects, 𝜎𝑠, and time fixed effects, 𝜏𝑡. The state fixed effects capture all 

unobservable state-specific elements that affect the growth of healthcare spending. On the 

other hand, the time fixed effects are intended to control for time-specific variations that 

are common to all states. Finally, 𝜀𝑠,𝑡 represents the error term. 
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The control variables contained in vector 𝑋𝑠,𝑡 are chosen according to past 

literature. As stated earlier in chapter 2, income level and age structure have been widely 

identified as drivers of healthcare expenditures. Thus, we include real GSP per capita11 

and the percentage of people over 65 years old in vector 𝑋𝑠,𝑡. In addition, we also include 

the labor union coverage rate, the unemployment rate, and the poverty rate12 to work 

together as a proxy for the insurance coverage rate, which is thought to be a significant 

driver by Newhouse (1992).  

4.1 Data 

We utilize data from several sources. The dependent variable, the unit cost of 

healthcare goods, is calculated by dividing total nominal healthcare expenditures by total 

population for each state year. The Census Bureau provides data for population estimates. 

We define total healthcare expenditures as nominal GSP in the healthcare sector. 

Nominal healthcare GSP is calculated as the sum of the value-added from three industries: 

Ambulatory Healthcare Service, Hospitals, and Nursing and Residential Care Facilities as 

reported by the Bureau of Economic Analysis (BEA), and is available at state level from 

2001 to 2016.  

The computation of the adjusted Baumol variable requires data for total 

employment, healthcare employment, the total nominal compensation, and total real GSP. 

Each of these variables are obtained from BEA. Consistent with healthcare expenditures, 

healthcare employment, 𝑀𝑠,𝑡, is composed of workers in three industries, Ambulatory 

Healthcare Service, Hospitals, and Nursing and Residential Care Facilities. The average 

                                                 
11 We differ from Bates and Santerre (2013) by replacing nominal GSP per capita with real term, as the 

price element has already been captured by the wage term. Regression results using nominal GSP as a 

control are included in Appendix. 
12 The share of people whose income is below federal poverty line. 
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nominal wage rate, 𝑤𝑠,𝑡, is measured by dividing total compensation by total employment. 

We use total compensation instead of total wages and salaries as our estimate of the 

average wage, since wages and salaries alone do not include bonuses or benefits, which 

will be reflected in the cost to employers. Likewise, the economy-wide real labor 

productivity, 𝑞𝑠,𝑡, is computed as total real GSP divided by total employment, including 

the self-employed.  

We utilize the American Medical Association (AMA) Physician Masterfile which 

provides current and historical data for all of the more than 1.4 million physicians in the 

United States. AMA data for the period 2007-2016 was purchased through Medical 

Marketing Services, Inc. The number of non-physicians, 𝐴𝑠,𝑡, is then calculated as the 

difference between healthcare employment and total physicians in each state. 

The control variables include real GSP per capita, the percentage of people over 

65 years old, the labor union coverage rate, the unemployment rate, and the poverty rate, 

all in growth rate form. State-level data for the old-aged population rate and the poverty 

rate are obtained from the Census Bureau. The labor union coverage rate, compiled from 

the Current Population Survey, is provided by the Union Membership and Coverage 

Database.13 The only remaining variable, the unemployment rate, is obtained from the 

Bureau of Labor Statistics. Descriptive statistics of all variables used in testing Baumol’s 

Cost Disease can be found in Table 1. 

 

  

                                                 
13 http://www.unionstats.com/ 
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Table 1 - Descriptive Statistics for Testing Baumol's Cost Disease. 

 

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

VARIABLES N mean sd min max 

      

Growth of healthcare PCE per capita 450 0.0357 0.0170 -0.00720 0.0804 

Growth of Healthcare GDP per capita 450 0.0374 0.0214 -0.00804 0.113 

Adjusted Baumol variable 450 0.184 0.257 -0.973 1.487 

Growth of real GDP per capita 450 0.00255 0.0263 -0.0990 0.179 

Growth of unemployment rate 450 0.00786 0.206 -0.315 0.725 

Growth of poverty rate 450 0.00778 0.0552 -0.143 0.190 

Growth of Union coverage rate 450 -0.0129 0.108 -0.384 0.398 

Growth of old percentage 450 0.0226 0.0107 -0.0109 0.0597 

Growth of ratio of physicians to non-physicians 450 -0.00195 0.0130 -0.0697 0.0361 

      

Number of code 50 50 50 50 50 

 

 

5 Results 

Table 2 presents the results from our baseline OLS model. In column (1) we 

replicate Bates and Santerre (2013) results using our data that covers the period 2001-

2016. Column (2) provides a benchmark for the physician-auxiliary ratio, replacing the 

adjusted Baumol variable with the physician-auxiliary ratio in the column (1) 

specification. Column (3) includes both the adjusted Baumol variable and the physician-

auxiliary ratio. Finally, column (4) adds an interaction term between the adjusted Baumol 

variable and the physician-auxiliary ratio as a control variable in order to test for any 

potential joint effect between cost disease and the relative supply of physicians.  

As column (1) demonstrates, our estimate of 0.0204 for the adjusted Baumol 

variable is slightly larger than Bates and Santerre’s (2013) OLS estimates of 0.009. Our 

estimates are significant at the 1% level, providing support for the existence of cost 

disease in the U.S. healthcare system. Both the relative physician supply and the Baumol 

variable remain statistically significant when each are used as controls in columns (2) and  
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Table 2 - OLS 

 (1) (2) (3) 

VARIABLES    

    

Adjusted Baumol variable 0.0204*** 0.0210*** 0.0205*** 

 (0.00356) (0.00376) (0.00390) 

Growth of physician-auxiliary ratio  -0.385*** -0.349*** 

  (0.0592) (0.0656) 

Interaction term   -0.202* 

   (0.120) 

Growth of real GDP per capita 0.250*** 0.262*** 0.261*** 

 (0.0425) (0.0488) (0.0519) 

Growth of unemployment rate 0.0143** 0.0112 0.0105 

 (0.00592) (0.00698) (0.00688) 

Growth of poverty rate 0.0122 0.0444*** 0.0481*** 

 (0.00986) (0.0143) (0.0148) 

Growth of union coverage rate 0.00349 0.00291 0.00283 

 (0.00439) (0.00419) (0.00429) 

Growth of old aged percentage -0.0222 0.0170 0.0379 

 (0.125) (0.160) (0.157) 

Constant 0.0394*** 0.0376*** 0.0372*** 

 (0.00366) (0.00440) (0.00429) 

    

Observations 800 450 450 

R-squared 0.706 0.762 0.763 

Year FE YES YES YES 

State FE YES YES YES 

Standard errors clustered at the state level. *p<0.1; **p<0.05; ***p<0.01. 

(3). Without the Baumol-physician supply interaction term, we obtain estimates for the 

adjusted Baumol variable and the physician-auxiliary ratio of 0.021 and -0.385, 

respectively. When the interaction term is included our estimates fall to 0.0205 for the 

Baumol variable and -0.35 for the physician-auxiliary ratio. The interaction term is not 

found to be statistically significant, but its inclusion does appear to improve the models 

fit with the data. This result indicates that the relative physician supply and the Baumol 

effect may act independently in driving 𝐻𝐶𝐸 growth. In other words, traditional cost 

disease (i.e. cost inflation resulting from idiosyncratic productivity growth) exists in the 
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healthcare sector and the exogenous restrictions on the physician supply acts as 

secondary channel for cost disease. 

Next, we deal with the potential endogeneity of the adjusted Baumol variable as first 

identified by Bates and Santerre (2013) and Colombier (2017). Following Bates and 

Santerre (2013), we use the lagged growth rate in the House Price Index (HPI) as the 

instrument for the adjusted Baumol variable. We obtained data for the HPI from the 

Federal Housing Finance Authority, who constructs the index using data on repeat sales 

and refinances of the same property of homes that were purchase or secured through 

either Fannie Mae or Freddie Mac. We employ a two-stage least squares procedure on the 

three specifications defined by table 2 above. Tables 3 and 4 display the first-stage and 

second-stage results. The growth rate of HPI passes the weak instrument tests as it is 

found to be significant with a first-stage F-statistic in excess of 10 under each of the three 

model specifications. 

Table 3 - First-Stage 

 (1) (2) (3) 

VARIABLES    

    

House Price Index 0.00513*** 0.0103*** 0.0100*** 

 (0.00176) (0.00268) (0.00268) 

    

Observations 800 450 450 

R-squared 0.692 0.680 0.683 

Year FE YES YES YES 

State FE YES YES YES 

Physician Supply NO YES YES 

Interaction Term NO NO YES 

F-statistic 23.40 12.79 12.71 

Standard errors clustered at the state level. *p<.1; **p<.05; ***p<.01. 

As column (1) of table 4 shows, the coefficient on the adjusted Baumol variable 

remains significant and increases in magnitude to 0.0749. This result maps closely with  
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Table 4 - Second-Stage 

 (1) (2) (3) 

VARIABLES    

    

Adjusted Baumol variable 0.0749** 0.0230 0.0216 

 (0.0323) (0.0167) (0.0172) 

Growth of physician-auxiliary ratio  -0.386*** -0.350*** 

  (0.0527) (0.0624) 

Interaction term   -0.197 

   (0.162) 

Growth of real GDP per capita 0.675*** 0.278** 0.270** 

 (0.253) (0.133) (0.135) 

Growth of unemployment rate 0.0576** 0.0130 0.0114 

 (0.0265) (0.0163) (0.0168) 

Growth of poverty rate 0.0241 0.0448*** 0.0482*** 

 (0.0156) (0.0157) (0.0157) 

Growth of union coverage rate 0.000602 0.00292 0.00284 

 (0.00534) (0.00460) (0.00459) 

Growth of old aged percentage 0.248 0.0351 0.0469 

 (0.209) (0.212) (0.208) 

Constant 0.0220** 0.0339*** 0.0342*** 

 (0.00919) (0.00771) (0.00774) 

    

Observations 800 450 450 

R-squared 0.595 0.778 0.779 

Year FE YES YES YES 

State FE YES YES YES 

Standard errors clustered at the state level. *p<0.1; **p<0.05; ***p<0.01. 

Bates and Santerre’s findings. However, once the growth rate of the physician-auxiliary 

ratio is included the coefficient on the adjusted Baumol variable is no longer significant 

and the point estimates decline in magnitude to values closer to our initial estimates (see 

columns (2) and (3)). In contrast, the coefficient on the physician-auxiliary ratio remains 

significant at the 1% level and is close in magnitude to our previous findings. While this 

result does not necessarily invalidate the findings of Hartwig (2008), Bates and Santerre 

(2013), and Colombier (2017), it does further reinforce our theory that the restrictions on 

the physician supply is a significant driver of rising costs in the healthcare sector. 

Furthermore, under the assumption that the physician supply is exogenously restricted by 
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the government, our theory implies that non-physician workers sort themselves between 

the healthcare and final goods sector, taking their relative productivity levels in each 

sector as given, until the non-physician labor market is in equilibrium at the prevailing 

wage rate. Consequently, the physician-auxiliary ratio is highly correlated with the 

severity of cost disease in the healthcare sector and therefore may be a stronger proxy for 

cost disease than the adjusted Baumol variable (once the endogeneity is controlled for). 

6 Conclusion 

For more than two decades, the annual number of medical school graduates in the 

United States has been held relatively constant due to severe caps placed on the total 

number of medical school residencies, giving rise to concerns of future physician 

shortages. At the same time, healthcare expenditures in the United States have been rising 

rapidly. This leads us to ask: Is there a correlation between healthcare spending and the 

physician supply? To address this question, we modify Baumol’s unbalanced growth 

model to allow for two forms of healthcare workers; physicians and non-physician or 

auxiliary workers. Our theoretical model suggests that when the elasticity of substitution 

between physicians and non-physicians is sufficiently low, a larger share of physicians in 

total healthcare employment would improve average labor productivity in the healthcare 

sector, leading to a decrease in the growth rate in the cost of providing healthcare.  

Our empirical analysis builds on the work of Bates and Santerre (2013) and 

Colombier (2017) by including the change in the ratio of physicians to non-physicians as 

an independent variable. Applying a two-stage least squares approach with fixed-effects 

on a panel data set including 50 states over 2008-2016, we find support for the existence 

of Baumol’s cost disease in the healthcare sector. Furthermore, our results lend support to 

our theory government restrictions on the supply of physicians exacerbates the cost 
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disease problem in the healthcare sector. Specifically, our results indicate that a one 

percentage point increase to the growth rate of the physician-auxiliary ratio would 

decrease the growth rate of medical expenditures by anywhere between 0.349 to 0.386 

percentage points. 

Since much of the growth of healthcare expenditures has been attributed to factors 

that have caused the demand for medical care services to rise over time, designing 

policies to slow the growth rate of healthcare expenditures, without making people worse 

off, has been proven to be difficult. Our findings emphasize the importance of supply-

side factors in explaining the growth in the healthcare GDP share overtime. In particular, 

our theory suggests that funding more medical school residencies, subsidizing graduate 

medical education, and training non-physicians to be more skilled, are all low-cost 

options that can lead to significant reductions in the growth rate of healthcare 

consumption. 

While our results indicate that increasing the supply of physicians can be used as 

a cost-saving measure, we cannot make any claims about what the optimal composition 

of the physician labor force should be moving forward. Recent studies, such as Barnes et 

al. (2018), have found that primary care physicians are highly substitutable with other 

forms of lower-cost, non-physician laborers such as nurse practitioners and physician 

assistants (PA). Consequently, it may be the case that our results understate the gains 

from increasing the relative physician supply. If the cost of healthcare can be reduced by 

allowing more nurse practitioners and PAs to open private practices, then simply 

increasing the physician-auxiliary ratio without regard to specialty mix is unlikely to lead 

to large efficiency gains. Under this scenario the greatest cost reductions would come 
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from a policy that increases the economy-wide relative physician supply by training more 

specialist, while creating greater competition among primary care producers by relaxing 

regulations on nurse practitioners and PAs. 
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