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Abstract 

This paper examines how physicians in China respond to a pay-for-

performance scheme that mismeasures performance. In 2005, China 

imposed a policy that penalizes hospitals with high drug sale 

percentage in the total revenue, with the intent to decrease drug 

expenditure. Using a unique patient-level data from a large Chinese 

hospital, I find that physicians responded not by decreasing drug 

prescription, but by increasing non-drug services, especially 

diagnostic tests. There is no significant impact on length of stay. The 

overall effect was to increase total expenditures. This finding is 

consistent with the inducement hypothesis as physicians in China 

may receive under-the-counter commission for prescribing certain 

drugs. I also find that increased non-drug expenditures were 

concentrated among insured patients, suggesting that physicians 

have stronger incentives to act in the patients’ interests than in the 

interests of the third-party payer. (JEL I11, I18, M52) 
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I. INTRODUCTION  

There is a growing trend that health policy makers and public and private 

payers adopt pay-for-performance (P4P) schemes to incentivize providers to 

improve quality. For example, the Affordable Care Act authorizes Medicare to 

reduce payment to hospitals with excess readmission rates and to adjust payments 

to hospitals based on their performance on selective quality measures. Despite the 

popularity of P4P in the health policy field, existing empirical studies find vague 

evidence that providers improved quality in response to P4P (e.g., (Mullen, Frank, 

and Rosenthal 2010) (Li et al. 2013)).
1
 One reason why P4P schemes can be 

ineffective is the measurement issue: because some aspects of care are hard to 

measure, it is often infeasible to incorporate all important aspects of performance 

in P4P. When neither the patient nor the third party payer could verify the 

unrewarded aspects of care, providers may have an incentive to focus 

disproportionally on the rewarded aspects of care while neglecting other 

important aspects which are not rewarded.
2
 This reconciles with the time-honored 

question on provider moral hazard behavior: when providers have more 

diagnostic information than patients and payers, and when they are incentivized 

by the mismeasurement in P4P, they may exploit their superior information to 

their own advantages and practice in the way that works against the patients’ or 

the payers’ interests. There is therefore a real concern that if policy makers only 

pay for what they can measure, would the social welfare be lower than if they do 

not adopt P4P.  

                                                 
1

 See (Eijkenaar et al. 2013) for a systematic review on the impact of P4P on provider quality.  
2

 The multitasking theory was first proposed by (Holmstrom and Milgrom 1991). 



This paper examines the impact of a P4P scheme with mismeasurement of 

performance in a unique and important setting: physician practice of medical 

services in China. As the world’s fastest growing economy, China has 

transitioned from a command-and-control economy to a socialist market 

economy, which brings many new challenges. In the health sector, government 

pricing of basic medical services is well below cost; hospitals, which are mostly 

public institutions, are insufficiently funded by the government and are allowed to 

rely on drug sales to generate revenue. Hospital pharmacies possess monopoly 

power when selling drugs to patients and monopsony power when purchasing 

drugs from drug manufacturers. Physicians are underpaid hospital employees who 

also receive under-the-counter fee-for-service commissions (kickbacks) from drug 

manufacturers for prescribing particular drugs. In the face of these skewed 

incentives, there are real concerns that physicians might not be faithful agents to 

the patients and to society. 

There are surprisingly few empirical studies examining the impact of P4P 

schemes and the moral hazard problem in the health sector in China. The main 

challenge is obtaining micro-level data
3
 and locating an exogenous source of 

variation in physician incentives. For this analysis, I obtained unique patient-level 

expenditure data on each category of medical services
4
 from a large tertiary 

general hospital in urban China. I then took advantage of a policy that creates an 

exogenous shock to physicians’ financial environment. In China, drug 

expenditures in recent years have accounted for nearly 50% of total health 

expenditures, compared with the worldwide average of around 15% (Ma and 
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 Unlike the United States, patient level discharge data are not required to submit to the government and hence are not 

available to researchers. 
4

 The data contains information about drug prescriptions, diagnostic tests, medical devices, beds, blood, oxygen, 

surgery, nursing care, etc. 



Sood 2008)
5
. In order to reduce drug expenditures, China imposed a policy in 

2005 that penalizes tertiary hospitals, in which drug percentages (i.e., drug sales 

as a percentage of total revenue) exceed 45%.
6
 In response to this policy from the 

central government, my target hospital instituted a compensation scheme that 

punishes physician employees whose drug percentage exceeds a specialty-specific 

threshold. Although the intention is to contain drug expenditures, such an 

initiative can be dangerous because it also provides incentives for physicians to 

increase the utilization of non-drug services.
7
  

Motivated by the above concern, I examine two research questions. First, what 

is the effect of an incentive scheme designed to decrease physician’s drug 

percentage on their practice patterns of drug prescriptions, diagnostic tests, and 

other categories of medical services? In essence, the incentive scheme increases 

the marginal benefit for physicians to decrease drug utilization and to increase the 

utilization of non-drug services. How physicians respond by reducing drugs and 

by inducing non-drug services should therefore reflect how they trade-off between 

the (decremental) benefits and the (incremental) costs of each decision. On one 

hand, decreasing drug utilization can be costly to the physician because it reduces 

his monetary income from drug kickbacks; or, if the initial drug utilization level 

was optimal, the physician will incur disutility from under-treatment.
8
 On the 

other hand, increasing the utilization of other services can also be costly because 

(a) the physician needs to spend time providing such services
9
 for which he is not 

                                                 
5

 The share of pharmaceuticals in total health expenditures in the U.S. has been remarkably stable between 10% and 

11%(Schweitzer 2006); the share in European countries is between 15% and 25%(Ess, Schneeweiss, and Szucs 2003).  
6

 Revenue from drug sales has made up about 60% of hospitals’ total revenue in the early 2000s (Zhu 2008). 
7

 In order to decrease the ratio (the drug percentage), one can either decrease the numerator (the drug expenditure) or 

increase the denominator (the expenditures on non-drug services). 
8

 This can happen when there are no financial incentives for physicians to overprescribe drugs. The reason that some 

physicians prescribe more drugs than others is that they value the effectiveness of drugs more, or that they treat sicker 

patients or patients who are more concerned about their own health and thus request more drugs. 
9

 For example, the physician needs to spend time reading the results of the induced diagnostic tests. 



paid,
10

 (b) the physician faces a potential ethical problem (McGuire and Pauly 

1991), or (c) the physician is concerned that he will lose patients.
11

  

The second research question is this: If physicians respond by inducing non-

drug services, how does the inducement behavior vary with the patient’s 

insurance status?
12

 The answer to this question should reflect the tension between 

the incentives presented by two principals: the patients and the public insurer.
13

 

On one hand, uninsured (i.e., self-insured) patients bear the full cost of their 

treatment and should be more sensitive to inducement behavior than insured 

patients; this might lead physicians to induce more for insured than uninsured 

patients. On the other hand, the insurer may be able to recognize the self-

interested behavior of the physician and punish him through some market 

mechanisms.
14

 Therefore, the physician’s inducement behavior toward the 

uninsured versus the insured should be determined by his belief about which party 

has a greater ability to punish him if he induces unnecessary services: the patients 

or the public insurer.
15

  

I find that physicians respond to the P4P scheme by increasing the utilization of 

non-drug services, especially diagnostic tests, and that increased non-drug 

expenditures were concentrated among insured patients. Because the policy had 

no significant effect in reducing drug expenditures, its overall effect was to 

increase total expenditures. There is no evidence that the incentive scheme has a 

significant impact on length of stay. These findings suggest that physicians 
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 Physicians are salaried in China. 
11

 If the physician gains a reputation as someone who induces too many unnecessary services, future patients might be 

able to figure out that he is a self-interested physician and will punish him by switching to another physician. 
12

 In China, patients who are uninsured are in fact self-insured. They have to pay the whole medical bill out-of-pocket. 
13

 In China, most insured patients are covered by public insurance. The market share of private insurance is very small: 

in 2003 only 6% of urban residents and 8% of rural residents in China were covered by private health insurance (Re 2007). 
14

 For example, the insurer might threaten to stop contracting with the physician. 
15

 Physicians may also be concerned about the ability of uninsured patients to pay. Several previous studies indicated 

that moral hazard can be exacerbated when the induced payments are from the insurer rather than the client. For example, 

(Iizuka 2007) and (Lundin 2000) find that physicians in Japan and in Sweden put greater weight on patients’ costs than 

insurers’ costs when prescribing drugs. 



exploit their agency role for personal gain at the expense of the public insurer’s 

interests. The implications are as follows: (a) there is a lack of an effective market 

mechanism for the public insurer to punish self-interested physicians; by 

comparison, the market provides relatively strong incentives for physicians to act 

in the interests of self-insured patients (e.g., the switching cost should not be very 

large);
16

 (b) physicians’ disutility from excessive treatment (e.g., time and ethical 

constraints) is relatively small; and (c) physicians marginal utility of income is 

relatively large (suggesting that they are not high-income earners). A 

counterfactual experiment suggests that expenditures on diagnostic tests would 

have been 12.5% lower without the policy intervention. 

This paper contributes to several distinct literatures. First, it contributes to the 

health economics literature on how physicians respond to P4P schemes. It 

provides empirical evidence of the issue of multitasking when performance is 

mismeasured (e.g., (Feng Lu 2012)).
17

 In my context, the rewarded task is the 

drug percentage and the unrewarded task is the proper use of medical services. 

These two dimensions are substitutes in production because harming the latter 

helps to improve the former. My findings suggest that physicians boost the 

rewarded task at the expense of the unrewarded task in response to the incentive 

scheme, as predicted by the multitasking theory. Second, the clean identification 

of physician inducement that I obtain from the unexpected financial scheme 

change resolves a primary identification issue in the empirical literature that 

documents the issue of physician moral hazard and seeks to quantify the 

magnitude of physician-induced demand. Previous studies in this literature are 

conducted mostly in developed country setting. For example, (Gruber and Owings 

1996) show that declining fertility over time in the U.S. leads 

obstetrician/gynecologists to substitute from normal childbirth toward more 
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 Notice that the switching behavior of uninsured patients in China includes switching to no treatment. 
17

 The multitasking theory was first proposed by (Holmstrom and Milgrom 1991). 



profitable cesarean delivery; (Iizuka 2007) finds that Japanese physicians’ drug 

prescription is influenced by drug markups, as well as by patients’ out-of-pocket 

payments. This paper is, to my knowledge, the first rigorous empirical study 

exploring physician moral hazard behavior in a developing country setting, where 

the legal and social environments are quite different from those in developed 

countries. 

The rest of the paper proceeds as follows. In Section II, I introduce the policy 

imposed by the government and the incentive scheme instituted by my target 

hospital. Section III describes the data and the setup of the experiment. It also 

provides related institutional knowledge. In Section IV, I develop an analytical 

framework regarding physician response to financial incentives, and generate 

several testable hypotheses. Section V presents the empirical framework and 

highlights the identification assumptions. Section VI shows the estimation results 

and discusses the implications. I also conduct a counterfactual analysis to estimate 

what would have happened if there were no such policy intervention. Section VII 

summarizes the conclusions. 

II. Background  

In Section II.A, I begin by explaining the historical reasons for why the drug-

use percentage has to be maintained at a relatively high level in order to preserve 

the function of Chinese hospitals. I then discuss the mechanisms that have led to 

the high drug percentage and the embedded inefficiencies in Section II.B. Those 

inefficiencies are the main reason for which the government imposed its policy to 

contain drug expenditures. In Section II.C, I discuss the policy intervention 

imposed by the central government which aims to reduce drug expenditures. In 

Section II.D, I show the incentive scheme instituted in my target hospital, which 

was designed to decrease its drug use. 



II.A. A brief introduction to China’s Health Care System  

Decreasing government funding.—Between 1949 when communist China was 

established, and the early 1980s, when economic reform took place, China’s 

economy took the form of a command-and-control system. The government or 

state enterprises (such as the railway system) owned, funded, and ran the health 

care system, from large, specialized hospitals (often serving communist cadres) in 

urban areas to small township clinics in rural areas (Blumenthal and Hsiao 

2005).
18

 All health care practitioners (including physicians, nurses, technicians 

and administrators) were government employees and were paid a fixed salary 

according to a national salary scale. No performance-based compensation existed 

during that time period. The Bureau of Labor directly assigned personnel to posts, 

and management decisions in the hospital were directly influenced by local 

political cadres (Lee 1991). The health care system aimed to provide "equal 

access for all, regardless of the ability to pay" (Ma, Lu, and Quan 2008). The 

prices of drugs and medical services were set by the government at a very low 

level. Providers received direct budgetary support to cover the difference between 

cost and revenue (Eggleston et al. 2008).  

Beginning in the early 1980s, economic reform took place in China.
19

 

Government planning was largely replaced by private initiatives and market 

forces. State enterprises suffered a tremendous loss of profit and the government 

received diminished revenue; for this reason, the government limited the public 
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 China is the most populous nation in the world. It has more than 1.3 billion inhabitants of which 57% live in the 

countryside (Source: National Statistics Bureau, The Yearbook of Chinese Population Statistics, Chinese Statistics Press, 

Beijing 2005). The health delivery system is formed by a parallel three-tier organization. In urban areas, the three-tier 

system is formed by street/community health centers, district hospitals and tertiary city hospitals. In rural areas, the three-

tier system is formed by village stations, township health centers, and tertiary county hospitals. There are many distinctions 

between health systems in rural areas and in urban areas. For example, during the 1990s, 70% of village doctors in rural 

areas (who are called "barefoot doctors") have no more than a high school education. They normally receive 3-6 months 

training after junior middle school and an average of 2-3 weeks continuing education per year thereafter (De Geyndt, Zhao, 

and Liu 1992). Such a situation is rare in urban areas. Since my experiment is conducted in a tertiary hospital located in an 

urban area, I focus on the urban situation in this paper. 
19

 In essence, the reform attempted to encourage more rapid economic growth by sacrificing some social equality 

(Hsiao 1995). 



funds that were available to public institutions, including hospitals. The 

government’s share of national health care spending fell from 32% in 1978 to 

15% in 1999 (Blumenthal and Hsiao 2005). In fact, government funding was cut 

to cover only basic personnel wages and new capital investments, which 

constitute around 25-30% of hospital expenditure (Hsiao 1995), and this number 

decreased over time (Ma, Lu, and Quan 2008). 

With diminished revenues, the government saw little alternative but to make 

public hospitals financially autonomous. From that point onward, hospitals were 

permitted to generate revenue from user fees based on a regulated schedule of 

fees charged to patients, and were encouraged to use performance-based 

compensation to enhance productivity. During the post-reform period, over 60% 

of hospital revenue has come from out-of-pocket payments; around 20% comes 

from social insurance programs, and the rest from government funding (Eggleston 

et al. 2008). 

Underpriced medical services.—Although hospitals are allowed to obtain 

revenue from user fees, those fees are highly regulated by the government. 

Regulated price in the health care industry, one of the most highly regulated 

industries in China, is set mostly based on political, rather than economic, 

considerations (Hsiao 1995). There is a consensus view that medical services are 

severely underpriced in China.
20

  

There are only two exceptions to the below-cost pricing policy: namely, new 

high-tech treatments and drugs. The prices of drugs and new technologies are set 

above cost to allow for a profit margin. Hospitals are allowed to mark up drug 

prices by 15% for Western drugs and 25% for Chinese herbal drugs, based on 
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 In Beijing in 2007, for example, the surgery fee for an appendectomy in tertiary hospitals is USD 25, and for a liver 

transplant, USD 120; for comparison, the fee for hair cut in an average middle-end salon is around USD 5. The bed fee in 

tertiary hospitals is USD 1 per bed per day for a four-bed room and USD 3 per room per day for a single room; in 

comparison, the price of a hotel stay at a medium hotel is around USD 15 per room per night. The cost-recovery rates of 

basic medical services are very low (e.g., 30% for basic surgical operations and 40% for general examinations and 

treatments) (Liu, Liu, and Chen 2000). The rationale for such a stringent pricing policy was to ensure access to health care. 



their official purchase price. The prices of new high-tech services are set 

according to the average cost (Hsiao 1995).
21

 

II.B. High drug expenditures in China  

Drug expenditures can be too high either because drugs are overpriced, and/or 

because there is overutilization of drugs. Both hypotheses hold true in China. In 

this section, I first explain why retail drug price in China is so high. I then show 

the current situation concerning drug overutilization in China. 

Drugs in China are overpriced.—Numerous anecdotes show that markup of 

retail drug prices by hospital pharmacies in China is huge.
22

 Although the 

regulation stated that the profit margin of retail drug prices should not be greater 

than 15% of the procurement price, evidence shows that, in year 2005, the actual 

markup in government hospital is more than 42% (Sun et al. 2008). A McKinsey 

analysis reveals that, in year 2008, drug markups by hospital pharmacies 

contributed to more than 5 billion USD to hospital budgets (Sussmuth-Dyckerhoff 

and Wang 2010). I explain in the following sections the underlying mechanisms 

that lead to the high markup on retail drug price in China.  

The monopoly-monopsony market structure: Hospitals maintain monopoly 

power when selling drugs to consumers, and monopsony power when purchasing 

drugs from drug manufacturers. In China, most hospitals are owned by the 

government. They are generally local monopolies and do not compete on drug 

prices. Historically in China, hospitals are equipped with their own pharmacies, 

which are some of their key revenue-generating centers. Patients admitted to 
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 It is worth noting that, during the 1990s, there were anecdotes that hospitals gave physicians financial incentives to 

overprescribe new high-tech diagnostic tests. However, such incentive schemes were largely banned in the 2000s. No such 

incentive schemes existed during my sample period for physicians to overprescribe diagnostic tests. 
22

 For example, in May 2010, CCTV (China Central Television) revealed a scandal about the high markup of 

LuSunPian, a drug for recovering after chemotherapy. The manufacturer’s price for the drug is CNY 15.50 (USD 2.30), yet 

the retail price in hospitals is CNY 213 (USD 31.30). The markup is more than 1000%. 



hospital are in general not allowed to purchase drugs externally.
23

 Most outpatient 

visits take place in the outpatient department of the hospital, and patients typically 

fill prescriptions in the hospital’s pharmacy. Even though retail drug stores have 

been growing in recent years, hospital pharmacies still account for about 85% of 

all retail pharmaceutical sales in 2006 (Wang 2006).
24

 Moreover, a certain 

percentage of drugs are not available at retail drug stores.
25

  

In contrast, the structure of the pharmaceutical industry in China is more 

fragmented. There are more than 5,000 drug manufacturers in China, most of 

which are small-scale, duplicative producers. The sales revenue from the top 10 

(or 100) pharmaceutical enterprises accounts for only 10% (or 33%) of total 

pharmaceutical sales. By comparison, the top 10 international pharmaceutical 

companies account for about 42% of global sales revenue (Sun et al. 2008). 

Drug price regulation and the dilemma of hospital purchase price: The 

market structure alone can’t lead to skyrocketing drug prices, since drug prices in 

China are quasi-regulated by the government. Specifically, as mentioned in 

Section II.A, regulation allows for a maximum of 15% markup between the 

official procurement price and the retail price of drugs sold in hospitals (25% for 

Chinese herbal drugs). Sadly, however, it is exactly this regulation that makes 

hospitals favor pricier drugs, since the higher the official purchase price, the more 

room the hospital has for markup.
26

 This leads to a dilemma of hospital purchase 

price: the higher the official purchase price, the higher the demand. From 2000 
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 This rule was initially set for safety reasons. 
24

 (Zhang 2003) conducted a survey in seven public hospitals and found that only 29% of outpatients filled their 

prescriptions in retail drug stores; the other 71% purchased drugs from the hospitals where they were treated. There are 

several reasons why patients might prefer hospital pharmacies over retail drug stores: convenience, physician 

recommendation, nonstandard prescriptions, and greater assurance of pharmaceutical quality (Sun et al. 2008). 
25

 One explanation of the unavailability of certain drugs in retail drug stores might be that hospitals exploit their market 

power to make drug manufacturers stop supplying certain drugs to retail drug stores, which makes the market share of 

hospitals even larger. 
26

 This is analogous to the Averch-Johnson effect: when firms’ "profit to capital ratio" is regulated at a certain 

percentage, firms have an incentive to overinvest in capital in order to increases their overall profits (Averch and Johnson 

1962). 



on, China adopted a bid-tender system for the regional government to determine 

which drug manufacturers’ drugs could be sold within the area. Regulation allows 

for up to three drug manufacturers’ bids to be accepted for the same drug. After 

that, it is the hospitals decision as to which drug manufacturers it would like to 

contract with. Drug manufacturers typically give "under the counter" discounts to 

hospitals as an incentive to the hospital to contract with them.
27

 As a result, the 

real purchase price of the hospital is typically much lower than the official 

purchasing price.  

Drug kickbacks: Another driver of the high retail drug price in China is that, 

since a hospital normally contracts with multiple manufacturers for the same 

category of drugs, drug manufacturers have to compete on drug kickbacks given 

to physicians in order to incentivize the physicians to prescribe their drugs.
28

 In 

China, physicians receive basic salaries from the government (part of the 

government funding of public hospitals) according to a national salary scale, 

based purely on their work experience and professional level. There is consensus 

view that physicians’ salaries are regulated at a level that is too low.
29

 Anecdotal 

evidence suggests that Chinese physicians rely at least partly on drug kickbacks 

for a living.
30

 As pharmaceutical companies compete on kickbacks to increase 

sales, and physicians rely on kickbacks to earn a living, drug kickbacks have 

become the key contributor to the high drug price in China (Zhu 2008).  

Drugs in China are over-utilized.—Researchers have identified several negative 

consequences of drug kickbacks, including loss of taxes, bypass of quality 
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 Although the regulation on the maximum percentage of "open" discounts specifies 5%, there is no supervision of the 

real "under the counter" discounts in transactions. 
28

 The specific forms of drug kickbacks range from cash to cars, air-conditioners, mobile phones, banquets, 

entertainment, and even travel (Bloom, Han, and Li 2000). 
29

 In Beijing, for example, the annual official income in 2010 for an average attending physician in a tertiary hospital is 

around USD 6,000 (including both salary and bonus), which is about 1.5 times of that of the average income of Beijing 

residents. In comparison, the average monthly housing rents are around USD 5,000, and a 1,000 square feet apartment 

costs around USD 350,000 on average. 
30

 According to the 2002 Statistics from the Beijing Physician Association, more than 2,000 physicians resigned to 

become sales representatives for drug companies in Beijing in 2000 and 2001. 



controls, and over-prescription of drugs (Bloom, Han, and Li 2000). This section 

provides a quick sketch of the current over-prescription situation in China, by 

focusing on antibiotic abuse. Although there may also be some demand-side 

arguments that could explain these consumption patterns (such as patient tastes or 

self-treatment behaviors), both conventional wisdom and research evidence 

suggest that it is mainly the distorted financial incentive of physicians that 

contributes to the situation (Currie, Lin, and Zhang 2011). 

Antibiotic abuse in China has become an increasingly serious problem. Yip and 

Hsiao (2009) show that 79% of patients who are admitted to hospital receive 

antibiotic treatment, which is much higher than the 30% international level. In 

2012, the Ministry of Health in China revealed that the average amount of 

antibiotics consumption per capita in China is 138g per year, which is 10 times 

that in the US. Compared with the international standard, three times as many 

Chinese people are prescribed penicillin (Jiang 2012). Hospital outpatient 

departments are equipped with infusion rooms where mild illnesses are treated 

with intravenous fluids.
31

 (Cheng 2005) estimates that around one half of all 

antibiotic prescriptions in China were medically unnecessary, which led to more 

than one million children’s deafness or neurological disorders. Such prescribing 

patterns also contribute to the global problem of antimicrobial resistance (Sun et 

al. 2008). 

II.C. The Drug-Percentage Policy in China  

In order to contain drug expenditures and to address the over-prescription issue, 

the Ministry of Health in China launched a campaign named “The Patient-

centered Hospital Management Year” in 2005, which has been reinstituted each 
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 (Hesketh and Zhu 1997) document that an infusion of 5% dextrose with some added antibiotics is a common 

treatment for the common cold; although many physicians are aware of the use of an oral rehydration solution for diarrhea, 

intravenous infusions of antibiotics are still widely used. 



subsequent year.
32

 At the debut of this campaign, on April 18, 2005, the Ministry 

of Health set out “A (Trial) Guideline for evaluation of hospital management 

quality.” Within the guideline, a requirement is established for drug percentage 

(i.e., drug sales as a percentage of total revenue) for the evaluation hospital 

tertiary status: the maximum drug percentage should be no greater than 45%. This 

requirement was lower than the average level of the drug percentage during that 

time period.
33

 Tertiary hospitals that failed to meet the requirement were 

threatened with downgrading, which would affect the hospital’s reputation and 

lead to a decreased reimbursement rate from the public insurer. Drug percentage 

performance is also of concern to hospital managers, due to the potential effect on 

their careers. In China, directors of tertiary hospitals are government-appointed 

officials who have the potential to be promoted to higher positions later in their 

careers. It turns out that the drug percentage rule is a key evaluation dimension for 

their performance when they are in the position of a tertiary hospital manager. 

Therefore, they do have an incentive to make sure that the hospital meets the 

requirement.  

II.D. The Incentive Scheme  

Like most of the tertiary hospitals, the hospital I examine in this paper could not 

meet the 45% drug percentage requirement. Its drug percentage in 2004 was 

around 55%. In order to decrease its drug percentage, starting from June 2005, the 

hospital manager introduced an incentive scheme for all attending physicians. 

Each specialty is required to keep its drug percentage below a certain threshold. 

The physician’s compensation is deducted if his or her drug percentage exceeds 

the required threshold. The more the physician’s drug percentage exceeds the 
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 Its declared goal was "to give top priority to pursuing social welfare, to protecting the people’s interests and to 

constructing a harmonious physician-patient relationship". 
33

 From 2000 on, revenue from drug sales has accounted for over 50% of hospital total revenue; in a few small and 

medium-sized hospitals, it reaches as much as 70-80%. 



threshold, the greater the punishment: if the actual drug percentage exceeds the 

threshold by less than 20%, the punishment is CNY 100 (~USD 15) for each 

percentage point over the threshold; if the actual drug percentage exceeds the 

threshold by more than 20%, the punishment is CNY 150 (~USD 22) for each 

percentage point over the threshold. There is no financial reward of being below 

the threshold.  

To understand the magnitude of the incentive change relative to baseline 

income, I conduct a survey to physicians and learned that the monthly official 

income of the attending physicians in the hospital was around 4,000 CNY during 

that time period, and the under-the-table income from prescribing drugs through 

drug kickbacks was around 3000 CNY on average. Therefore, a significant share 

of their income is potentially at stake if they go beyond the threshold: each 

percentage point above the threshold will decrease the official income by about 

2.5%, and the total income by about 1.4%.  

The required thresholds for drug percentage vary by specialty, reflecting the 

variation in the extent to which each specialty relies on drugs for treatment. For 

example, surgical specialties rely much less on drugs for treatment than internal 

specialties. The exact thresholds are shown in Section III.A. In essence, the 

hospital uses a yard-stick method to determine those thresholds: the thresholds are 

close to the initial mean performance within each specialty. The new incentive 

scheme is not anticipated by physicians and patients, and it is hard for physicians 

to keep a record of each transaction with their patients and to calculate their own 

drug percentage. 

In order to make sure that physicians know their own drug percentage 

performance, the hospital calculated the drug percentage from July 2004 to May 

2005 for each physician and released that information to the physicians. Since the 

assignment of patients to physicians is mostly random, and the 11-month pre-

intervention period is long enough to rule out the possibility that physicians 



whose drug percentage is below the threshold may have got lucky with a mix of 

patients who require few drugs, the released new information at the beginning of 

the experiment provides a good source of variation in the incentives for 

physicians to reduce drug percentages. In particular, those who were told to have 

an above-threshold initial drug percentage should have greater incentive to reduce 

drug percentage.  

III. Data and Institutions 

III.A. Data and Sample Selection  

The primary dataset was provided on a confidential, limited-use basis by a large 

tertiary general hospital located in the capital city of a northeastern province in 

China.
34

 
35

 The data covers all patient records from July 2004 to May 2006.
36

 As 

described in Table 1, for each discharged patient, I observe spending on each 

category of medical service (including drugs, diagnostic tests, medical supplies, 

blood, oxygen, surgery, anesthesia, beds, food, etc.), the patient’s insurance 

status, the dates admitted and discharged, basic personal and demographic 

information, principal and other conditions, whether status when admitted to the 

hospital is “severe” or “normal,” and the identity of both attending physician and 

resident physician. The numbers in parentheses represent the share of the specific 

category of expenditures as a percentage of total expenditures on average. The top 

two are “western drugs” (55% of total expenditures) and “others” which consists 

primarily of medical devices (22% of total expenditures).  

TABLE 1—DATA DESCRIPTION 
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 Tertiary hospitals are the highest level hospitals in China. They are mostly general hospitals and are owned by the 

government.  
35

 My target hospital is the only tertiary hospital in the district serving a population of approximately 800,000. The 

hospital has been in operation for more than 60 years. It has about 600 hospital beds. 
36

 It is part of the Electronic Medical Records, maintained and stored in the hospital’s information center. 



Expenditures (Percentage) Patient Characteristics 

Western Drugs (55.1%) Insurance Status 

Chinese Herbal Drugs (1.4%) Dates Admitted and Discharged 

Radiology (e.g. CT Scan) (2.5%) Principal and Other Diagnosis 

Checking (e.g. Ultrasonography, Electrocardiography) 

(4.7%) 

Socioeconomic Status and Demographics (e.g. 

Age, Gender, Marriage, Zip) 

Lab Test (e.g. Blood Test) (8.1%) “Severe” when Admitted 

Blood (.19%) Attending Physician 

Oxygen (.69%) Resident Physician 

Surgery Fee (1.3%)  

Anesthesia Fee (.013%)  

Nursing Care (.12%)  

Beds (3.8%)  

Others (including Medical Devices) (22.1%)  

 

I divide the expenditure variables into three groups and construct three 

variables: “drug expenditures,” “diagnostic test expenditures,” and “non-drug, 

non-diagnostic expenditures.” “Drug expenditures” is the sum of expenditures on 

western drugs and Chinese herbal drugs; “diagnostic test expenditures” is the sum 

of expenditures on, what is called in the data, “lab test” (e.g., blood test), 

“radiology” (e.g., CT scan) and “checking” (e.g., ultrasonography, 

electrocardiography, etc.); “non-drug, non-diagnostic tests expenditures” is the 

sum of expenditures on all the other services. The reason for such a partition is 

that from the physicians I interviewed, I learned that it is less costly for them to 

induce services on diagnostic tests than on other services. This will be discussed 

in more detail in Section III.B. I determine a patient’s insurance status according 

to whether the patient is covered by “Urban Employee Basic Medical Insurance 

(UEBMI),” a national health insurance scheme covering all urban formal-sector 

employees (but not their dependents). It is the only available public health 

insurance program during the sample period in my target city. In 2006, UEBMI 

covers 27% of urban residents (Sun et al. 2008). In my study, patients who are 



either uninsured
37

 or have UEBMI make up more than 95% of the sample.
38

 I 

exclude patients who are covered by other types of insurance plans from my 

analysis. I present details about the insurance policy for UEBMI in Fact 3 of this 

section. 

In order to minimize the effect of unobserved risk factors, I select patients 

whose principal condition is among the five most frequent for each specialty. I 

exclude patients whose age is less than or equal to 18 in order to minimize the 

effect of unobserved risk factors on the cost of neonatal and pediatric care. I also 

exclude patients above the age of 90. A regulated drug price reduction was 

implemented by the National Development and Reform Commission in Nov. 

2005, which reduced the “maximum retail price” for 22 categories of antibiotic 

drugs by approximately 40%.
39

 This policy might affect how physicians respond 

to the drug percentage rule. Therefore, in my preferred specification, I select 

sample from Jul. 2004 to Oct. 2005, which contains 5230 patient-level 

observations. In the robustness check, I add observations from Nov. 2005 to May 

2006 to see whether the result is robust to a longer “after” period. Figure 1 

describes the sample selection rule.  
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 Uninsured patients in China are in fact self-insured. They have to pay the whole medical bill out-of-pocket. 
38

 The market share of private insurance during that period was very small. (Re 2007) documents that in 2003 only 6% 

of urban residents and 8% of residents in China were covered by private health insurance. 
39

 Around 20% of drug expenditures are spent on antibiotic drugs. 



FIGURE 1. DATA SELECTION 

 

Table 2 provides the summary statistics for the final data set. About 48% 

percent of the patients are covered by the UEBMI. It is striking that expenditures 

by insured patients are almost two times greater than those of uninsured patients: 

the average total expenditures for insured patients are CNY 6061 (CNY 853 on 

diagnostic tests expenditures and CNY 3665 on drug expenditures); yet the 

average total expenditures for uninsured patients are CNY 3464 (CNY 425 on 

diagnostic tests expenditures and CNY 1934 on drug expenditures). This 

discrepancy can be caused by either (a) insurance moral hazard by the insured 

patients or barriers to access for uninsured patients, and/or (b) supplier-induced 

demand for insured patients or stinting on the uninsured patients (Eggleston et al. 

2008).  

TABLE 2—SUMMARY STATISTICS (PATIENT CHARACTERISTICS) 

 Mean SD Min Max N 

Age  56.8 16.8 19 89 5230 

Length of Stay  10.6 6.8 1 46 5230 

Male  .54 .50 0 1 5230 

Married  .94 .24 0 1 5230 

Insured  .48 .50 0 1 5230 

Total Number of Conditions  1.9 .84 1 4 5230 

Severe  .71 .45 0 1 5230 

Physician is “Affected” (0/1)  .57 .49 0 1 5230 

Physician is “Affected” 

(Distance to  Threshold)  

-.0016 .031 -.111 .075 5230 

Diagnostic Test Expenditures in 

CNY  

623 462 0 3,968 5230 

Drug Expenditures in CNY  2,771 2,314 0 29,306 5230 

Total Expenditures in CNY  4,720 4,032 51 82,088 5230 

Diagnostic Test Expenditures 

(Insured) in CNY  

853 465 0 3,968 2586 

Drug Expenditures (Insured) in 

CNY  

3,665 2,247 0 29,306 2586 

Total Expenditures (Insured) in 

CNY  

6,061 4,124 51 82,088 2586 

Diagnostic Test Expenditures 

(Uninsured) in CNY  

425 349 0 2,688 2644 

Drug Expenditures (Uninsured) 

in CNY  

1,934 2,047 0 24,226 2644 

Total Expenditures (Uninsured) 

in CNY  

3,464 3,506 54 55,878 2644 

 



Table 3 shows the number of physicians and patients by specialty. The 

hierarchy of the hospital is that each attending physician is in charge of several 

resident physicians, and that they together form a “group”. In general, resident 

physicians rotate through different specialties. The drug percentage rule only 

applies to attending physicians.
40

 Therefore, I only focus on attending physicians 

in this study.  

TABLE 3—SUMMARY STATISTICS (THE NUMBER OF PATIENTS AND PHYSICIANS ACROSS SPECIALTIES) 

 Specialty  #Attending 

Physicians 

# Resident 

Physicians 

# Patients 

(Jul 04-Oct 05) 

Internal Respiratory  2 10 391 

 Gastroenterology  2 9 436 

 Neurology  2 12 1114 

 Cardiology  5 15 1051 

 Aged Disease  2 8 195 

 Endocrinology  1 4 406 

Surgical  General Surgery  5 27 655 

 Urology  2 12 229 

 Orthopedics  4 8 319 

 Neurology  6 6 434 

Total   31 111 5230 

 

Table 4 presents summary statistics of attending physicians’ initial drug 

percentages (i.e., average drug percentage calculated using expenditure data 

between July 2004 and May 2005), by each specialty, as well as the limits on drug 

percentage for each specialty when the incentive scheme was first introduced in 

June 2005 (i.e., the last column of Table 4). As discussed in Section II.B, these 

thresholds were set fairly close to the initial mean, and there are some physicians 

whose drug percentage is below the threshold. This provides a good source of 

variation for identification. Since not every physician has a practice style that puts 

him above the threshold, those whose initial drug percentage is above the 

threshold (i.e., the affected physicians) should have a higher incentive to decrease 

their drug percentage than those whose initial drug percentage is below the 

threshold (i.e., the unaffected physicians). 

                                                 
40

 I have also learned from the interview that the drug kickbacks are also firstly given to the attending physician, and 

then the attending physician will assign the kickbacks to the resident physicians of whom he or she is in charge. 



TABLE 4—THE DRUG PERCENTAGE RULE 

Specialty  # MD  Initial “Drug Percentage” Threshold 

  Mean Min Max SD  
Respiratory  2 .548 .512 .589 .055 .57 

Gastroenterology  2 .555 .537 .578 .029 .56 

Neurology  2 .676 .667 .687 .014 .67 

Cardiology  5 .601 .548 .636 .032 .59 

Aged Disease  2 .647 .630 .684 .038 .65 

Endocrinology 1 .510 .510 .510 - .52 

General Surgery  5 .381 .352 .435 .032 .39 

Urology  2 .444 .411 .506 .067 .47 

Orthopedics  4 .467 .369 .506 .090 .48 

Neurology  6 .599 .541 .648 .046 .60 

Notes: “Drug Percentage” of a physician is defined as the expenditures of drugs prescribed by the physician 

divided by the expenditures of total health care services (including drugs) prescribed by the physician. Initial 

“Drug Percentage” is averaged out using data from July 2004 to May 2005, before the intervention to punish 

high drug percentage is initiated.  

 

There are several key facts regarding the context of the experiment which are 

essential for my identification in the empirical analysis. 

Fact 1: The information about a physician’s drug percentage is not released to 

patients. Therefore, there is minimal concern about sorting between unobserved 

patient characteristics and whether the physician is “affected” by the incentive 

scheme, i.e., those whose initial drug percentage is above the threshold. This 

validates my key identification assumption, which I will discuss in Section V.B. 

Fact 2: Physicians’ official income (which includes the basic salary and bonus) 

is not related to the number of diagnostic tests they order throughout the study 

period. Although from the hospital’s perspective, the profit margin is higher for 

high-tech diagnostic services than for basic medical services, during my sample 

period there was no explicit fee-for-service incentive scheme for physicians to 

prescribe more diagnostic tests. 

Fact 3: There is minimal adverse selection towards UEBMI. Enrollment to 

UEBMI is compulsory: if the employer is eligible for UEBMI (e.g., government 

agencies, public institutions, social organizations, public enterprises, and large 

private enterprises), the employees are forced to enroll—the premiums are 

automatically deducted from their monthly wages; if the employer is not eligible, 



there are no means for employees to enroll in the system. This insurance system 

was first introduced in 1995. Its policy is described in Table 5. Notice that, as 

shown in Table 2, the mean charge for inpatient services is around CNY 6,000 for 

insured patients. This indicates that, on average, insured patients have a cost-

sharing rate at around 10% to 20% for expenditures above the CNY 900 

deductible. The insurance policy stays the same during my sample period. 

TABLE 5—THE INSURANCE POLICY 

 UEBMI (Urban Employee Basic Medical Insurance) Policy 

 

Premium  Employer 6% of total wages; Employee 2% personal wage. 

 

Deductible  1
st

 time inpatient – CNY 900 (USD 132) (tertiary) 

 2
nd

 time and later – 15% less 
 

Coinsurance 

(General)  

CNY 900 (USD 132 ) to 5,000 (USD 735)– 10%(employee) 7% (retirees) 

 CNY 5,000 (USD 735) to 10,000 (USD 1,471)– 14%(employee) 11% (retirees) 

 CNY 10,000 (USD 1,471) to 26,000 (USD 3,824)– 16% (employee) 13% (retirees) 

 Over CNY 26,000 (USD 3,824)– 100% 

 

Coinsurance 

(Special)  

“Tier 2” drugs (i.e. imported or jointly made version) -  20% 

 Medical Devices (including  Artificial Organs)– Within Maximum 30% 

 Advanced Diagnostic tests (e.g. PET CT), Some Imported Medical Devices, Drugs not 

in “Catalogue” – 100% 

 

Fact 4: The diagnostic technology in the hospital remains at the same level; the 

hospital does not invest in new diagnostic equipment during the sample period. 

Since the unit price for diagnostic tests is regulated and maintained the same level 

during the study period, this ensures that any observed change in diagnostic tests 

expenditures should reflect change in prescription pattern of the physicians.  

III.B. Institutions  

In this section, I detail the institutional fact that it is less costly for the 

physicians to induce diagnostic tests than other services (such as medical 

devices). From the interviews I conducted with physicians in the hospital, I have 

learned that there are three commonly adopted approaches inflating diagnostic test 



expenditures. The first is to order the same test multiple times, especially for 

noninvasive tests (e.g., 24-hour cardiac monitoring). The second is to order the 

same test for multiple parts of the body. For example, a patient who needs an 

ultrasound of the uterus might now be prescribed an ultrasound not only of the 

uterus but also other organs such as the kidneys, liver, and gall bladder. The third 

commonly used approach is to prescribe a more advanced version of the 

diagnostic tests that is also more expensive. For example, a patient who needs a 

B-mode ultrasound of the uterus might now be prescribed a color Doppler 

ultrasound. Normally, there are few complaints from insured patients mainly 

because they are not paying for the induced costs. In addition, patients generally 

lack medical knowledge and can easily be convinced that they need these tests; 

some may even appreciate how their physicians are "concerned" about their 

health.  

The alternative is to induce medical devices (e.g., stents, anastomotic devices, 

etc.).
41

 I have learned from the interviews that it is harder for physicians to 

overprescribe medical devices because many of the more expensive versions of 

the medical devices (e.g., imported versions) are not covered by public 

insurance.
42

 This situation is described in Figure 2, where the marginal cost curve 

for inducing excessive treatment on medical devices is much steeper than that for 

diagnostic tests (i.e., it is more costly to induce an additional dollar spent on 

medical devices than on diagnostic tests). Because the intervention increases the 

marginal benefit for the physician to induce these alternatives (i.e., an additional 

dollar for medical devices versus that for diagnostic tests) to the same extent, the 

prediction is that physicians will find it optimal to induce more diagnostic tests 

than medical devices. 
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 Expenditures on services other than drugs, diagnostic tests and medical devices make up a very small percentage of 

the total expenditures (see Table 2). 
42

 It is too costly to implant multiple stents at the same time due to both reputational and ethical concerns. 



 

 

FIGURE 2. COMPARISON BETWEEN MORE AND LESS INDUCIBLE SERVICES 

Notes: This figure illustrates that, because it is more costly to induce an additional dollar spent on medical devices than on 

diagnostic tests, the optimal inducement level is lower for medical devices than for diagnostic tests. 

 

IV. Analytical Framework and Empirical Tests 

The central notion of physicians’ moral hazard problem is that they have the 

ability to influence the level of utilization, and that they incur disutility from 

excessive treatment (or under-treatment), through either internal conscience 

(McGuire and Pauly 1991) or reputational concern (Dranove 1988). Following 

this logic, I propose a simple framework for analyzing the impact of the 

compensation scheme on the prescription decision of drugs and diagnostic tests. 

I take the number of patients as given for each physician. The decision of the 

physician is to choose how much inducement to undertake for drugs and non-drug 

services for each encountering patient in order to maximize their expected utility. 

Inducement of Diagnostic Tests Inducement of Medical Devices 

Marginal Benefit (After) 

Marginal Cost (Diagnostic Tests) 

Marginal Cost (Medical Devices) 

Utilization 

Marginal Cost or Marginal Benefit 

Marginal Benefit (Before) 



I also assume that physicians have the same beliefs regarding the effectiveness of 

medical services; they are heterogeneous only in their disutility from inducement. 

Since before the incentive scheme is introduced, physician income is not related 

to the amount of non-drug services they order, the optimal level of inducement for 

non-drug services is zero. Therefore, physicians with different levels of disutility 

from drug inducement will end up with different levels of initial drug percentage; 

those who incur lower disutility will have a lower level of drug percentage. 

The incentive scheme imposes financial punishment if the drug percentage falls 

above a certain threshold, and thus increases the marginal return for physicians to 

reduce drug percentage. Physicians may feel the threat of reduced income if they 

do not change their practice style. But this only applies to physicians who know 

their drug percentage will fall above the threshold without altering behavior. As 

discussed in Section II.B, since physicians are not able to keep track of each 

transaction and are often uncertain about their performance regarding drug 

percentage, the information released at the beginning of the experiment on each 

physician’s previous drug percentage improves their knowledge about how far 

away they are from the threshold. Therefore, we expect that physicians who are 

told that they have an above-threshold drug percentage for the previous year have 

more incentive to reduce drug percentage.
43

 

Now let’s consider how physicians could reduce drug percentage. In order to 

decrease the ratio, one could either decrease the numerator or increase the 

denominator. Therefore physicians who were told that their initial drug 

percentage was above the threshold may respond to the incentive scheme by 

either prescribing fewer drugs and/or prescribing more non-drug services. The 

extent to which they respond by reducing drugs or inducing non-drug services 

depends on the relative weights of the following parameters: the physician’s 
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 Similarly, (Kolstad 2013) shows that releasing information on surgeons’ performance alters surgeons’ behavior by 

altering their knowledge about the reference group.  



disutility from inducing drugs, the physician’s disutility from inducing non-drug 

services, the margin from drug kickbacks, and the intensity of the financial 

punishment if the drug percentage exceeds the threshold. Notice that physicians 

receive no financial reward if their drug percentage falls below the threshold. This 

discontinuity in the design of the incentive scheme implies that under certain 

situations, physicians might change only one dimension of the inducement level 

(i.e., either drugs or non-drug services) while keeping the other dimension at the 

same level as before. For example, when the marginal utility of monetary income 

is sufficiently large, the physician might find it optimal to respond solely by 

increasing the utilization of non-drug services; or on the other hand, when the 

disutility from inducement on diagnostic tests is sufficiently large, the physician 

might find it optimal to respond solely by decreasing the utilization of drugs.  

Based on the above analysis, I propose the following testable empirical 

hypotheses. 

Hypothesis 1.1: The incentive scheme has no impact on the utilization of drugs 

and other services. This hypothesis holds if: (a) physicians are faithful agents to 

patients and to society before and after the intervention, and their marginal utility 

of income is close to zero (indicating they are high-income earners) so that 

monetary punishment is not costly to them; or, (b) physicians have no ability to 

influence their patients’ utilization of medical services. 

Hypothesis 1.2: The incentive scheme motivates physicians to decrease drug 

utilization, but has no impact on the utilization of non-drug services. This 

hypothesis holds if physicians incur too high disutility from excessive treatment 

on non-drug services. For example, physicians may highly value the time they 

need to spend on providing the unnecessary services, or they are strictly 

constrained by ethical considerations and reputational concerns. Comparatively, 

the costs of decreasing drug utilization, which include decreased monetary 



income or disutility from under-treatment,
44

 are relatively small to physicians. 

This can be true if there are no financial incentives for physicians to overprescribe 

drugs, and the reason why some physicians prescribed more drugs than others is 

that they value the effectiveness of the drugs more, or that they treat sicker 

patients or patients who are more concerned about their own health and thus 

request more drugs.
45

 

Hypothesis 1.3: The incentive scheme motivates physicians to increase the 

utilization of non-drug services, but has no impact on drug utilization. This 

hypothesis holds if physicians’ disutility from excessive treatment is relatively 

small; comparatively, the costs of decreasing drug utilization (decreased monetary 

income or disutility from under-treatment) are relatively large. For example, as 

discussed in Section II.B, physicians in China are not high-income earners based 

on their official income, and may, at least in part, rely on drug kickbacks for a 

living. In such situations, physicians’ marginal utility of monetary income can be 

very large, so that they may find it optimal to get below the threshold solely by 

increasing the utilization of non-drug services. 

Hypothesis 1.4: The incentive scheme motivates physicians to decrease drug 

utilization and increase the utilization of non-drug services. This hypothesis holds 

if the costs of decreasing drug utilization and of increasing the utilization of non-

drug services are comparable.  

A necessary expansion of the previous analytical framework is to incorporate 

the demand-side cost sharing. In reality, physician incentives are influenced not 

only by the patients but also by the public insurer. How physicians respond by 

patient insurance status should therefore reflect the tension between the incentives 

presented by these two principals. On one hand, the uninsured patients bear the 
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 Disutility from under-treatment includes both ethical and reputational costs. 
45

 The welfare implication regarding this hypothesis is not clear: if the initial drug utilization level is "excessive", then 

the response increases social welfare because it moves the utilization back to the socially optimal level; but if the initial  

drug utilization level is "optimal" then the response might lead to under-treatment and thus decrease patient welfare. 



full marginal cost of the treatment and should be more sensitive to physicians’ 

inducement behavior. Physicians might therefore refrain from inducing services 

for the uninsured patients. On the other hand, the public insurer might also be able 

to punish the self-interested physician through some market mechanism.
46

 

Therefore it remains an empirically open question as to how physician response 

varies by the insurance status of his patients. Regarding this aspect, I construct the 

following hypotheses.  

Hypothesis 2.1: If physicians respond by inducing non-drug services, the 

magnitude of the inducement is larger for the insured patients than for the 

uninsured patients. This hypothesis holds if there is a lack of a market mechanism 

for the insurer to punish the self-interested physician; and at the same time the 

uninsured patients are sensitive to inducement and will punish the physician by 

switching to another physician the next time the patient sees a doctor. It is worth 

noting that this hypothesis has been confirmed by several previous studies. For 

example, (Iizuka 2007) shows that physicians’ prescription choices are influenced 

not only by drug markup, but also by the patient’s out- of-pocket costs. (Grant 

2005), (Yoshida and Takagi 2006) and (Pan et al. 2009) suggest that physicians 

are more likely to induce demand for more generously insured patients in the 

U.S., Japan and China.
47

 

Hypothesis 2.2: If physicians respond by inducing other services, the magnitude 

of the inducement is larger for the uninsured than for the insured patients. This 

hypothesis holds if the switching cost is high and/or there exists some effective 

market mechanisms for the insurer to punish the self-interested physician. 
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 For example, the insurer could threaten that it will stop contracting with a physician if the physician over-prescribes 

services. 
47

 It can be difficult, however, to pinpoint how much of the differential use between the insured and the uninsured 

patients is caused by moral hazard or barriers to access, and how much is due to supplier- induced demand or stinting on 

the uninsured (Eggleston et al. 2008). 



V. Empirical Framework 

V.A. Evidence from Raw Data  

As a first step in assessing the effect of the incentive scheme on medical service 

utilization, Figure 3 shows the time trend of the drug percentage for all patients, 

the insured patients, and the uninsured patients. At first glance, it seems that the 

policy achieved its intended goal—after the incentive scheme was introduced, the 

drug percentage decreased, especially for the insured patients. However, Figure 4 

shows that there is no clear evidence that drug expenditures decreased. In fact, 

Figure 5 shows that expenditures on diagnostic tests increased after the 

intervention, especially for the insured patients.  

 

FIGURE 3. TREND OF DRUG PERCENTAGE (DRUG SALES AS A PERCENTAGE OF TOTAL REVENUE) 

NOTES: THIS FIGURE SHOWS THE TREND OF DRUG PERCENTAGE FOR INSURED PATIENTS, UNINSURED PATIENTS AND ALL 

PATIENTS. 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Insured Uninsured All



 

FIGURE 4. TREND OF MEAN DRUG EXPENDITURES 

NOTES: THIS FIGURE SHOWS THE TREND OF MEAN DRUG EXPENDITURES FOR INSURED AND UNINSURED PATIENTS. 

 

FIGURE 5. TREND OF MEAN DIAGNOSTIC TEST EXPENDITURES 

Notes: This figure shows the trend of mean diagnostic test expenditures for insured and uninsured patients. 

 

I then focus on insured patients only and examine whether physicians with 

different levels of initial drug percentage differ in their mean expenditures on 

various types of services for insured patients. I define physicians whose initial 

drug percentage is above the threshold to be the “affected” physicians; while 
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those whose initial drug percentage is below to be the “unaffected” physicians. 

Figure 6 describes the mean diagnostic tests expenditure for the two types of 

physicians. It shows that these two types of physicians have similar mean 

diagnostic tests expenditures before the implementation of the incentive scheme; 

yet after the incentive scheme, “affected” physicians increased diagnostic tests 

expenditure more. Figure 7 describes the mean drug expenditure for the two types 

of physicians. It shows that before the intervention, “affected” physicians have 

higher drug expenditures than “unaffected” physicians. There is no clear evidence 

that either type of physicians decreased drug expenditures after the intervention. 

Figure 6 and 7 jointly indicate that “affected” physicians had a high level of initial 

drug percentage because they prescribed too many drugs, not because they 

ordered too few diagnostic tests. Also, there exists no evidence of a pre-

intervention trend regarding the difference in expenditure patterns between the 

two groups of physicians. These observations from the raw data validate the 

identification assumption, which will be discussed in Section V.B. 

 

FIGURE 6. TREND OF MEAN DIAGNOSTIC TESTS EXPENDITURES FOR INSURED PATIENTS BY “AFFECTED” OR “UNAFFECTED” 

PHYSICIANS 

Notes: This figure compares the mean diagnostic test expenditures for insured patients treated by physicians who are 

affected by the incentive scheme versus those who are unaffected (i.e., physicians whose initial drug percentage is above or 

below the threshold). 
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FIGURE 7. TREND OF MEAN DRUG EXPENDITURES FOR INSURED PATIENTS BY “AFFECTED” OR “UNAFFECTED” PHYSICIANS 

Notes: This figure compares the mean drug expenditures for insured patients treated by physicians who are affected by the 

incentive scheme versus those who are unaffected (i.e., physicians whose initial drug percentage is above or below the 

threshold). 

 

V.B. Specifications  

To test for Hypothesis 1.1-1.4, I employ the following difference-in-difference 

estimation as my preferred specification: 

(1)    (     )                                     

                        . 

 

The unit of observation is each discharged patient. For patient   who is 

discharged at time (month)   and whose attending physician is  , resident 

physician is  , the dependent variable    (     ) is the log of her expenditures on 

drugs and on diagnostic tests respectively. For a falsification test, I use the 

expenditures on non-drug, non-diagnostic services as the dependent variable to 

confirm that the inducement pattern does not exist for services that are less 
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inducible. I also use the log of length of stay as a measure of treatment outcome to 

test whether changes in treatment intensity led to changes in outcome.        is 

an indicator variable that is equal to one if the patient is admitted to hospital after 

June 2005, when the incentive scheme was introduced.           is a measure 

of the extent to which a physician is affected by the incentive scheme. I measure 

this in two ways: first, I use a dummy variable that is equal to one if the 

physician’s initial drug percentage is above the threshold; alternatively, I use a 

continuous variable representing the distance from the physician’s initial drug 

percentage to the required threshold.     is a set of risk adjusters that predict the 

utilization of medical services including patient age , logged length of stay 

(excluded when testing for the effect on length of stay), gender, marriage status, 

the number of other diagnoses and the patient’s severity level when admitted to 

hospital, as well as a set of dummy variables which indicate the patient’s principal 

diagnosis;             and             control for the fixed-effects of the 

patient’s attending physician and resident physician;        controls for the 

month fixed-effect. Since the key independent variable           varies only at 

the attending physician level, I cluster the standard error by the attending 

physician. The identification of the impact of the incentive scheme on utilization 

is measured by the   parameter. If physicians respond by decreasing (increasing) 

the utilization, the estimated coefficient   will be less (greater) than 0.  

In order to find out whether there is any pre-intervention trend, I employ the 

following specification: 

(2)    (     )  ∑                                        

                        , 

 

where I substitute        in (1) with a set of indicator variables          

representing which quarter the patient is admitted to the hospital. The goal is to 



examine whether there is a discontinuity of the estimated coefficient  

   right after the intervention.  

I also test for whether the unaffected physicians respond to the incentive scheme. 

The unaffected physicians might also respond for two reasons: first, there could 

be spillover effects regarding the practice pattern across physicians; second, 

although the initial drug percentage of the unaffected physicians fell below the 

threshold, they might still be worried that they might exceed the threshold in the 

future due to the uncertainty of the patient’s condition. In order to test for this 

possibility, I employ the following specification: 

(3)    (     )                                       

                              , 

 

where I substitute the set of month fixed-effect        in (1) with a continuous 

variable       to capture the time trend. I also include a separate variable        

which captures any deviation from the time trend by the unaffected physicians. 

The identification assumption is that, without the intervention, the trends of the 

expenditures for affected and unaffected physicians should be the same. In other 

words, there are no time-varying unobservable factors that both correlate with 

whether the patient’s physician is affected and predict the patient’s expenditures. 

This assumption might be violated if there is sorting between unobserved patient 

characteristics and the physician’s "affected" status. However, as pointed out in 

Fact 1 of Section III.A, this situation is unlikely to happen in my setting because 

the information about a physician’s drug percentage is not disclosed to patients. 

To test for hypothesis 2.1 versus 2.2, I run the above regressions for insured and 

uninsured patients respectively, to see whether there are significant differences in 

the estimated effects among the two groups.  



VI. Results 

VI.A. Primary Results 

Table 6.1 to 6.3 present the basic regression results from (1) using three 

different measures of the extent to which the physician is affected by the incentive 

scheme: "Affected (0/1)" is a dummy variable which equals one if the physician’s 

drug percentage is above the threshold; "Affected (0/+)" and "Affected (-/0)" are 

two continuous variables which measure the extent to which the physician is 

affected by the threshold, when the physician’s drug percentage is above or below 

the threshold respectively.
48

 Table 6.1 presents results from a model with 

“Affected (0/1)”; Table 6.2 presents results with only "Affected (0/+)"; Table 6.3 

presents results with both "Affected (0/+)" and "Affected (0/-)". The first and the 

second column in Table 6.1 show that, compared with unaffected physicians, the 

affected physicians increase their drug expenditures by 22.1% for the insured 

patients and by 12.5% for the uninsured patients. The first column in Table 6.2 

and Table 6.3 show that one percentage point above the threshold makes the 

physician to increase the diagnostic tests expenditures by around 6.7% for insured 

patients. By comparison, there is no significant effect if the physician’s initial 

drug percentage falls below the threshold. The second column in Table 6.2 and 

Table 6.3 show that when using a continuous variable to measure the extent to 

which the physician is affected, there is no significant evidence that the greater 

the financial punishment is, the greater the physician induce diagnostic tests for 

uninsured patients. Column 3 and 4 in these three tables indicate there is no 

evidence that physicians decrease drug expenditures in response to the incentive 

scheme. Column 5 and 6 in these three tables show there is no evidence that 

                                                 
48

 For example, if the actual percentage is .5 and the threshold is .4, "Affected (0/+)" takes the value of .1 and 

"Affected (-/0)" takes the value of 0. If the actual percentage is .3 and the threshold is .4, "Affected (0/+)" takes the value 

of 0 and "Affected (-/0)" takes the value of -.1. 



physicians increased the expenditures for non-drug, non-diagnostic tests services. 

This finding confirms my previous hypothesis that it is less costly to induce 

diagnostic tests than other services such as medical devices. It also serves as a 

falsification test. 

TABLE 6.1—EFFECT OF P4P ON EXPENDITURES (PART 1) 

 Diagnostic Drugs Other 

 Insured Uninsured Insured Uninsured Insured Uninsured 

          
           

.221*** 

(.053) 

.125** 

(.060) 

.025 

(.056) 

-.009 

(.074) 

.032 

(.075) 

-.012 

(.097) 

Attending MD 

FE  

Y Y Y Y Y Y 

Resident MD 

FE 

Y Y Y Y Y Y 

Month FE  Y Y Y Y Y Y 

R2 .45 .44 .63 .62 .46 .59 

N  2575 2478 2579 2626 2586 2644 

Notes: The dependent variable is log of expenditures on diagnostic tests, drugs and other services, respectively. 

The sample is limited to patients who are insured or uninsured, respectively. All regressions control for patient 

age, gender, marriage, the number of conditions, a dummy variable for whether the patient is in severe 

condition, length of stay, and a set of principal diagnosis fixed effects. Standard errors in parentheses are 

clustered by the attending physician. 

*** Significant at the 1 percent level. ** Significant at the 5 percent level. * Significant at the 10 percent level. 

 

TABLE 6.2—EFFECT OF P4P ON EXPENDITURES (PART 2) 

 Diagnostic Drugs Other 

 Insured Uninsured Insured Uninsured Insured Uninsured 

             
        

6.71*** 

(1.91) 

3.58 

(2.42) 

-1.97 

(2.06) 

.349 

(2.06) 

1.21 

(3.18) 

-.503s 

(2.72) 

Attending MD 

FE  

Y Y Y Y Y Y 

Resident MD 

FE 

Y Y Y Y Y Y 

Month FE  Y Y Y Y Y Y 

R2 .44 .44 .63 .62 .46 .59 

N  2575 2478 2579 2626 2586 2644 

Notes: The dependent variable is log of expenditures on diagnostic tests, drugs and other services, respectively. 

The sample is limited to patients who are insured or uninsured, respectively. All regressions control for patient 

age, gender, marriage, the number of conditions, a dummy variable for whether the patient is in severe 

condition, length of stay, and a set of principal diagnosis fixed effects. Standard errors in parentheses are 

clustered by the attending physician. 

*** Significant at the 1 percent level. ** Significant at the 5 percent level. * Significant at the 10 percent level. 

 

TABLE 6.3—EFFECT OF P4P ON EXPENDITURES (PART 3) 

 Diagnostic Drugs Other 

 Insured Uninsured Insured Uninsured Insured Uninsured 

             
        

7.31*** 

(2.02) 

3.49 

(2.70) 

-1.46 

(2.31) 

-.179 

(2.25) 

1.88 

(3.67) 

-.299 

(3.10) 



             
        

-.868 

(1.24) 

.120 

(.904) 

-.745 

(1.55) 

.724 

(1.33) 

-.96 

(1.97) 

-.279 

(1.51) 

Attending MD 

FE  

Y Y Y Y Y Y 

Resident MD 

FE 

Y Y Y Y Y Y 

Month FE  Y Y Y Y Y Y 

R2 .44 .44 .63 .62 .46 .59 

N  2575 2478 2579 2626 2586 2644 

Notes: The dependent variable is log of expenditures on diagnostic tests, drugs and other services, respectively. 

The sample is limited to patients who are insured or uninsured, respectively. All regressions control for patient 

age, gender, marriage, the number of conditions, a dummy variable for whether the patient is in severe 

condition, length of stay, and a set of principal diagnosis fixed effects. Standard errors in parentheses are 

clustered by the attending physician. 

*** Significant at the 1 percent level. ** Significant at the 5 percent level. * Significant at the 10 percent level. 

 

Table 7 presents results for each of the subcategories of diagnostic test 

expenditures: checking (e.g., ultrasound, electro-cardiac), radiology (e.g., CT 

scans) and lab test (e.g., blood tests). I find that inducement exists for each of the 

subcategory, although for lab tests it is only borderline significant and small in 

magnitude. This might be due to the fact that most lab tests are invasive and 

physicians might incur further costs (either ethical or reputational) when trying to 

induce invasive tests. 

TABLE 7—SUBCATEGORY OF DIAGNOSTIC TESTS 

 Checking Radiology Lab Test 

 Insured Uninsured Insured Uninsured Insured Uninsured 

             
        

.374*** 

(.075)  

.050 

(.099)  

.332** 

(.149)  

.210 

(.154)  

.112* 

(.058)  

.052 

(.082)  

Risk Factors  Y  Y  Y  Y  Y  Y  

Attending MD FE  Y  Y  Y  Y  Y  Y  

Resident MD FE  Y  Y  Y  Y  Y  Y  

Month FE  Y  Y  Y  Y  Y  Y  

R2 .40  .29  .29  .45  .49 .54  

N  2463  2157  1954  1306  2484  2282  

Notes: The dependent variable is log of expenditures on diagnostic tests, drugs and other services, respectively. 

The sample is limited to patients who are insured or uninsured, respectively. All regressions control for patient 

age, gender, marriage, the number of conditions, a dummy variable for whether the patient is in severe 

condition, length of stay, and a set of principal diagnosis fixed effects. Standard errors in parentheses are 

clustered by the attending physician. 

*** Significant at the 1 percent level. ** Significant at the 5 percent level. * Significant at the 10 percent level. 

 

Table 8 presents the results of an examination for pre-intervention trends. The 

first column shows that the increase in diagnostic test expenditures for insured 



patients is not an artifact of any pre-intervention trend. There exists a sharp 

discontinuity in the increase of expenditures right after the intervention.  

TABLE 8—EXAMINATION OF PRE-INTERVENTION TREND 

 Diagnostic Drugs Other 

 Insured Uninsured Insured Uninsured Insured Uninsured 

          
   
            

-.054 

(.142) 

-.012 

(.112) 

.027 

(.119) 

.077 

(.109) 

.115 

(.087) 

-.006 

(.096) 

          
   
            

.039 

(.120) 

.161 

(.107) 

.045 

(.092) 

.129 

(.100) 

.218* 

(.099) 

.034 

(.080) 

          
   
            

-.075 

(.074) 

.094 

(.091) 

-.012 

(.080) 

-.066 

(.130) 

.027 

(.101) 

.027 

(.086) 

          
   
          

.187*** 

(.064) 

.258*** 

(.089) 

-.009 

(.093) 

-.020 

(.108) 

.092 

(.093) 

.019 

(.102) 

          
   
            

.236*** 

(.083) 

-.028 

(.113) 

.110 

(.084) 

.095 

(.082) 

.080 

(.083) 

-.035 

(.117) 

Attending MD 

FE  

Y Y Y Y Y Y 

Resident MD 

FE 

Y Y Y Y Y Y 

Month FE  Y Y Y Y Y Y 

R2 .45 .44 .63 .62 .47 .59 

N  2575 2478 2579 2626 2586 2644 

Notes: The dependent variable is log of expenditures on diagnostic tests, drugs and other services, respectively. 

The sample is limited to patients who are insured or uninsured, respectively. All regressions control for patient 

age, gender, marriage, the number of conditions, a dummy variable for whether the patient is in severe 

condition, length of stay, and a set of principal diagnosis fixed effects. Standard errors in parentheses are 

clustered by the attending physician. 

*** Significant at the 1 percent level. ** Significant at the 5 percent level. * Significant at the 10 percent level. 

 

These results jointly confirm Hypothesis1.3 and Hypothesis 2.1, i.e., physicians 

respond to the intervention by increasing the utilization of diagnostic tests for the 

insured patients; and there is no significant reduction in drug utilization. They 

imply that physicians exploit their agency role and harm the public insurer’s 

interests, indicating there is a lack of a market mechanism for the public insurer to 

punish self-interested physicians. In addition, the finding that there is no 

significant change in the utilization of non-drug, non-diagnostic test services 

indicates that it is more costly to induce demand for these services as compared 

with diagnostic tests.  



Table 9 presents the result when using logged length of stay as the dependent 

variable. Induced diagnostic tests, if unnecessary, should have no significant 

effect on length of stay. The first column shows this is true for insured patients; 

there is no difference in trends of length of stay for insured patients treated by the 

two types of physicians after the incentive scheme. However, the second column 

suggests that uninsured patients treated by affected physicians have 16.8% longer 

length of stay than uninsured patients treated by unaffected physicians. One 

possible explanation is the uninsured patients are fully responsible for the medical 

cost and tend to under-consume diagnostic tests before the incentive scheme. 

Therefore the induced diagnostic tests ordered by the affected physicians help 

diagnose new diseases for uninsured patients and thus prolong length of stay.  

TABLE 9—EFFECT OF P4P ON LENGTH OF STAY  

 Length of Stay 

 Insured Uninsured 

          
           

.007 

(.082) 

.168** 

(.071) 

Attending MD 

FE  

Y Y 

Resident MD 

FE 

Y Y 

Month FE  Y Y 

R2 .17 .16 

N  2586 2644 

Notes: The dependent variable is log of length of stay. The sample is limited to patients who are insured or 

uninsured, respectively. All regressions control for patient age, gender, marriage, the number of conditions, a 

dummy variable for whether the patient is in severe condition, and a set of principal diagnosis fixed effects. 

Standard errors in parentheses are clustered by the attending physician. 

*** Significant at the 1 percent level. ** Significant at the 5 percent level. * Significant at the 10 percent level. 

 

VI.B. Falsification Tests and Robustness Checks 

The primary results in Section VI.A show evidence of physician inducement on 

diagnostic tests. However, there may be a number of alternative interpretations. In 

this section I try to rule out these alternatives.  

The first possible alternative explanation I test against is mean regression. Even 

if the finding that there is no inducement for non-drug, non-diagnostic services, 



together with the graphs derived from the raw data, suggest that mean regression 

should not be a big concern, I still conduct a placebo test using only the pre-

intervention period to test for the magnitude of the potential bias driven by mean 

regression. Specifically, I create a pseudo intervention in January of 2005 as 

shown in Figure 8. I then calculate for each specialty the mean drug percentage 

from July 2004 to December 2004 and use that as a pseudo threshold for the 

specialty. I employ the same specification as in (1) and present the result in Table 

10. There is no evidence that inducement occurs. In fact, since diagnostic test 

expenditures only make up around 15% of total expenditures, and the variation in 

diagnostic test utilization across physicians before the intervention is not great, it 

is unlikely that the finding that physicians respond by increasing the utilization of 

diagnostic tests is driven purely by mean regression. 

 

FIGURE 8. FALSIFICATION TEST TO RULE OUT MEAN REGRESSION  

 

TABLE 10—FALSIFICATION TEST 

 Diagnostic Drug Other 

 Insured Uninsured Insured Uninsured Insured Uninsured 

          
           

.017 

(.104) 

-.041 

(.092) 

-.051 

(.092) 

-.107 

(.073) 

-.151 

(.093) 

.031 

(.089) 

Attending MD 

FE  

Y Y Y Y Y Y 



Resident MD 

FE  

Y Y Y Y Y Y 

Time (Month) 

FE  

Y Y Y Y Y Y 

R2 .43 .50 .65 .71 .55 .66 

N  1524 1532 1526 1634 1532 1642 

Notes: The dependent variable is log of expenditures on diagnostic tests, drugs and other services, respectively. 

The sample is limited to patients who are insured or uninsured, respectively. All regressions control for patient 

age, gender, marriage, the number of conditions, a dummy variable for whether the patient is in severe 

condition, length of stay, and a set of principal diagnosis fixed effects. Standard errors in parentheses are 

clustered by the attending physician. 

*** Significant at the 1 percent level. ** Significant at the 5 percent level. * Significant at the 10 percent level. 

 

To test for the robustness of the estimation, I first control for specialty-specific 

trends by including an interaction term between specialty fixed-effect and month 

fixed-effect and use only the within-specialty variation in physicians "affected" 

status to identify the inducement effect. Results are presented in Table 11. The 

magnitude of the point estimation becomes smaller compared with that in primary 

result (since there is less variation for identification), but the result is still highly 

significant.  

TABLE 11—ROBUSTNESS CHECK: WITH SPECIALTY-SPECIFIC TREND 

 Diagnostic Drug 

 

Other 

 Insured Uninsured Insured Uninsured Insured Uninsured 

             
        

.144*** 

(.044) 

.091 

(.049) 

.026 

(.041) 

-.088 

(.073) 

.036 

(.023) 

-.030 

(.049) 

Attending MD 

FE  

Y Y Y Y Y Y 

Resident MD 

FE  

Y Y Y Y Y Y 

Time (Month) 

FE  

Y Y Y Y Y Y 

Specialty FE 

  Month FE 

Y Y Y Y Y Y 

R2 .50 .47 .66 .64 .51 .62 

N  2575 2478 2579 2626 2586 2644 

Notes: The dependent variable is log of expenditures on diagnostic tests, drugs and other services, respectively. 

The sample is limited to patients who are insured or uninsured, respectively. All regressions control for patient 

age, gender, marriage, the number of conditions, a dummy variable for whether the patient is in severe 

condition, length of stay, and a set of principal diagnosis fixed effects. Standard errors in parentheses are 

clustered by the attending physician. 

*** Significant at the 1 percent level. ** Significant at the 5 percent level. * Significant at the 10 percent level. 

 



The second robustness check I conduct is to include a longer "after" period by 

adding sample from Nov. 2005 to May 2006. As shown in Table 12.1 and 12.2, 

the results are still highly significant. 

TABLE 12.1—ROBUSTNESS CHECK: WITH A LONGER "AFTER" PERIOD (PART 1) 

 Diagnostic Drugs Other 

 Insured Uninsured Insured Uninsured Insured Uninsured 

          
           

.177*** 

(.057) 

.082 

(.068) 

-.021 

(.042) 

-.047 

(.050) 

-.013 

(.071) 

-.072 

(.094) 

Attending MD 

FE  

Y Y Y Y Y Y 

Resident MD 

FE 

Y Y Y Y Y Y 

Month FE  Y Y Y Y Y Y 

R2 .42 .41 .64 .61 .47 .58 

N  3708 3573 3711 3755 3722 3785 

Notes: The dependent variable is log of expenditures on diagnostic tests, drugs and other services, respectively. 

The sample is limited to patients who are insured or uninsured, respectively. All regressions control for patient 

age, gender, marriage, the number of conditions, a dummy variable for whether the patient is in severe 

condition, length of stay, and a set of principal diagnosis fixed effects. Standard errors in parentheses are 

clustered by the attending physician. 

*** Significant at the 1 percent level. ** Significant at the 5 percent level. * Significant at the 10 percent level. 

 

TABLE 12.2— ROBUSTNESS CHECK: WITH A LONGER "AFTER" PERIOD (PART 2) 

 Diagnostic Drugs Other 

 Insured Uninsured Insured Uninsured Insured Uninsured 

             
        

7.28*** 

(2.19) 

3.54 

(2.71) 

-2.25 

(1.72) 

-1.80(1.35) .825 

(2.49) 

-1.30 

(2.81) 

Attending MD 

FE  

Y Y Y Y Y Y 

Resident MD 

FE 

Y Y Y Y Y Y 

Month FE  Y Y Y Y Y Y 

R2 .42 .42 .64 .62 .47 .59 

N  3708 3573 3711 3755 3722 3785 

Notes: The dependent variable is log of expenditures on diagnostic tests, drugs and other services, respectively. 

The sample is limited to patients who are insured or uninsured, respectively. All regressions control for patient 

age, gender, marriage, the number of conditions, a dummy variable for whether the patient is in severe 

condition, length of stay, and a set of principal diagnosis fixed effects. Standard errors in parentheses are 

clustered by the attending physician. 

*** Significant at the 1 percent level. ** Significant at the 5 percent level. * Significant at the 10 percent level. 

 

The previous results all indicate that compared with unaffected physicians, 

affected physicians increased diagnostic tests expenditures. As discussed in 

Section V.B, it is possible that there is spillover effect to unaffected physicians. 

Table 13 presents results from regressions that look at the overall trend after the 



time of intervention for both type of physicians.  The first column shows 

unaffected physicians also tend to increase the expenditures on diagnostic tests for 

the insured patients by around 12% after the intervention. Therefore, to the extent 

that the unaffected physicians also respond to the incentive scheme, the point 

estimation in previous sections captures the lower-bound of the actual effect. 

TABLE 13—EXAMINATION OF SPILLOVER EFFECTS TO “UNAFFECTED” PHYSICIANS 

 Diagnostic Drug Other 

 Insured Uninsured Insured Uninsured Insured Uninsured 

             
        

.226*** 

(.055) 

.103 

(.063) 

.031 

(.060) 

-.012 

(.054) 

.028 

(.065) 

-.085 

(.069) 

       .12* 

(.059) 

-.007 

(.058) 

.066 

(.069) 

-.039 

(.057) 

.018 

(.078) 

-.017 

(.096) 

Attending MD 

FE  

Y Y Y Y Y Y 

Resident MD 

FE  

Y Y Y Y Y Y 

      Y Y Y Y Y Y 

R2 .44 .45 .62 .62 .46 .59 

N  2575 2478 2579 2626 2586 2644 

Notes: The dependent variable is log of expenditures on diagnostic tests, drugs and other services, respectively. 

The sample is limited to patients who are insured or uninsured, respectively. All regressions control for patient 

age, gender, marriage, the number of conditions, a dummy variable for whether the patient is in severe 

condition, length of stay, and a set of principal diagnosis fixed effects. Standard errors in parentheses are 

clustered by the attending physician. 

*** Significant at the 1 percent level. ** Significant at the 5 percent level. * Significant at the 10 percent level. 

 

VI.C. Counterfactual Analysis 

In this section, I conduct a counterfactual analysis to predict the expenditures 

for each category of services with and without the intervention, using 

specification (1). I use a continuous variable to measure the extent to which the 

physician is affected by the incentive scheme. I assume there is no spillover effect 

to the unaffected physicians—any changes in utilization by the unaffected 

physicians are not counted as a response to the intervention. Therefore, the result 

is an understatement of the actual effect. Table 14 presents the result. With the 

intervention, expenditures on diagnostic tests increased by 12.5% for the affected 

population (i.e., patients treated by affected physicians). There was a modest 



reduction (although the point estimate is not significant) in drug expenditures by 

about 2.8%. The overall effect is that total expenditures increased in response to 

the policy intervention. This result indicates that the incentive scheme leads to 

unintended consequences—although the intention was to contain drug 

expenditures, it ended up inflating the non-drug expenditures as well as the total 

expenditures. 

TABLE 14—RESULTS FROM COUNTERFACTUAL EXPERIMENT 

 # Patients 

Treated 

by 

“Affected

” 

Physicians 

Per-patient 

Increase 

(CNY) 

  All 

Patients 

Increase 

(CNY) 

  

  Diagnostic Drug Other Diagnostic Drug Other 

Respirat

ory 

86 76.2 

[23.1] 

(12.3%) 

-69.2 

[92.4] 

(-2.8%) 

6.9 

[40.1] 

(.9%) 

6,556 

[1,988] 

(12.3%) 

-5,949 

[7,946] 

(-2.8%) 

593 

[3,447] 

(.9%) 

Gastroen

terology 

91 40.3 

[15.1] 

(10%) 

-20.5 

[27.4] 

(-2.1%) 

.97 

[17.6] 

(.23%) 

3,672 

[1,377] 

(10%) 

-1,870 

[2,491] 

(-2.1%) 

89 

[1,601] 

(.23%) 

Neurolo

gy 

(Internal

) 

181 64.8 

[22.4] 

(10%) 

-61.9 

[89.1] 

(-2.1%) 

2.4 

[22.7] 

(.45%) 

11,720 

[4,046] 

(10%) 

-11,212 

[16,127] 

(-2.1%) 

438 

[4,112] 

(.45%) 

Cardiolo

gy 

288 113 

[41.3] 

(11.4%) 

-76.7 

[109] 

(-2.6%) 

5.1 

[36.2] 

(.67%) 

32,415 

[11,892] 

(11.4%) 

-22,077 

[31,449] 

(-2.6%) 

1463 

[10,412] 

(.67%) 

Aged 

Disease 

63 220 

[47.2] 

(24.5%) 

-204 

[206] 

(-6.0%) 

12.1 

[48.3] 

(2.1%) 

13,847 

[2,972] 

(24.5%) 

-12,878 

[12,960] 

(-6.0%) 

764 

[3,045] 

(2.1%) 

General 

Surgery 

91 29.4 

[11.3] 

(7.5%) 

-19.0 

[35.5] 

(-1.7%) 

.52 

[44] 

(.04%) 

2,676 

[1,032] 

(7.5%) 

-1,727 

[3,228] 

(-1.7%) 

47 

[3,960] 

(.04%) 

Urology 36 61.3 

[14.3] 

(21.3%) 

-75.6 

[83.3] 

(-5.3%) 

17.4 

[105] 

(1.4%) 

2,207 

[514] 

(21.3%) 

-2,723 

[2,998] 

(-5.3%) 

628 

[3,782] 

(1.4%) 

Orthope

dics 

70 37.8 

[14.8] 

(17.4%) 

-21.4 

[50.1] 

(-2.4%) 

-3.4 

[38] 

(-.69%) 

2,649 

[1,034] 

(17.4%) 

-1,495 

[3,506] 

(-2.4%) 

-238 

[2,663] 

(-.69%) 

Neurolo

gy 

(Surgical

) 

73 38.4 

[13.6] 

(16.5%) 

-76.1 

[170] 

(-2.8%) 

6.8 

[58] 

(.89%) 

2,806 

[993] 

(16.5%) 

-5,555 

[12,393] 

(-2.8%) 

493 

[4,245] 

(.89%) 

Total 

(CNY) 
    78,548 

[13,261] 

(12.5%) 

-65,486 

[40,886] 

(-2.8%) 

4,277 

[14,288] 

(.61%) 

Notes: This table reports the difference in expenditures during the post-intervention period—between June 2005 

and October 2005—with and without the policy intervention for each specialty by each service category. 

Standard deviations are in brackets. Percentage changes are in parentheses. All means and standard deviations 

are corrected for log-transformation bias.  

 



VII. Conclusions 

This paper uses a quasi-experimental approach to examine how physicians 

respond to a P4P incentive scheme with mismeasurement of performance in a 

unique developing country setting.  

China has long been criticized for its reckless overuse of prescription drugs. 

The share of pharmaceuticals in total health care expenditures has been 

historically high. In this paper I explore the effectiveness of an intervention in 

China which aims to contain drug expenditures. Exploring the discontinuity in the 

threshold of the compensation scheme, I provide clean identification of how 

physicians respond toP4P. I find the intervention leads to unintended 

consequences. Instead of reducing drug expenditures, physicians respond mainly 

by inducing diagnostic tests. The overall effect of the intervention was to increase 

total expenditures. I also find that physicians are more likely to induce diagnostic 

tests if the patient is insured, indicating that insured patients are less price-

sensitive and are more likely to be targeted by physicians when inducing services. 

There is no significant impact on length of stay for insured patients; uninsured 

patients tend to have longer length of stay.  

There are two main contributions. First, unlike the United States, patient level 

discharge data in China are not collected by government agencies and thus not 

publicly available to researchers. Most existing evidences are anecdotal. This 

paper takes the first step in exploring the micro-foundation of China’s health care 

system. These results unambiguously reject the null hypothesis that physicians in 

China are faithful agents to society. In particular, I show that physicians exploit 

their agency role by harming the interests of the third-party payer. This indicates 

that there is a lack of an effective market mechanism for third-party payers to 

punish the self-interested physician; it also indicates that the market provides 

relatively strong incentives for physicians to act in the interests of patients who 



bear the full costs of the treatment. This finding has profound implications with 

regard to the design of both the public and private insurance program. Although it 

has long been recognized that insured clients may over-consume services because 

they do not bear the full costs of the treatment, this paper raises a new concern—

providers may exploit their agency role and take advantage of the insured client’s 

price insensitivity for their own interests. How to design an effective insurance 

system in order to resolve this problem is well worth further discussion. 

The second contribution of this paper is to show measurement matters when 

designing a P4P system. Thus, policymakers should always bear in mind the 

potential risk of multitasking when performance is multi-dimensional and the 

multiple dimensions are substitutes in production—paying the agent to do more in 

one dimension might lead him to do less in the other dimensions (Holmstrom and 

Milgrom 1991). In the setting of this paper, although the intention of the policy is 

to contain drug expenditures, the measurement is, unfortunately, the drug 

percentage; the measurement criterion therefore ends up driving up expenditures 

on non-drug services.
49

 Although China’s health system is unique in many 

aspects, the measurement issue imbedded in the pay-for-performance system is 

universal and remains an intriguing area for future work. 

                                                 
49

 This finding is analogous to the "teaching to the test" issue related to the pay-for-performance system in the 

education sector—when teachers’ performance is evaluated according to their students’ test scores, there are concerns that 

teachers may focus only on developing students’ test skills while spending less time and effort to help students develop 

other skills, such as creative thinking. Another analogy is to the Averch-Johnson effect: when firms’ profit-to-capital ratio 

is regulated at a certain percentage, firms have an incentive to overinvest in capital in order to increase their overall profits 

(Averch and Johnson 1962). 
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