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Abstract

Should governments outsource publicly-funded healthcare to the private sector? I
study the aggregate and distributional effects of outsourcing in the context of a major
policy reform in the English National Health Service that allowed patients to choose
treatment at private hospitals as well as incumbent public hospitals. Private hospitals
are located in high-income areas and treat less severe patients. Using variation in ge-
ographic exposure to the reform, I find that outsourcing increased volume of elective
admissions by 5%, reduced wait times by 16% and reduced emergency readmission rates
by 0.3 percentage points. Half of the wait time effect and almost all of the quality effect
is driven by improvement at public hospitals. Welfare improvements for patients in the
top quintile of the income distribution are twice as high as for patients in the bottom
quintile, driven by their proximity to private providers and lower severity. Overall,
results highlight the potential for outsourcing to improve patient welfare by expand-
ing patient choice and reducing congestion in the public system, at a potential risk of
widening disparities in access to care.
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“We cannot afford not to have the NHS. A publicly provided,
publicly run system is the most efficient, and therefore a more
cost-effective way to provide good healthcare for all.”

— Stephen Hawking, 2017

1 Introduction

A fundamental question in the design of health systems around the world is whether health-

care should be provided by the government or the private sector. In most countries the

government and private sector both play a major role in delivery; across the OECD the gov-

ernment accounts for an average of 56% of hospitals and 72% of beds (OECD 2021). Faced

with aging populations and costly new technologies, many health systems are under strain.

In an attempt to improve access to care, policymakers in countries as diverse as the UK,

Portugal, US and India are debating whether to expand capacity through the public system

or by outsourcing to private providers.1

Governments look to contract with the private sector to expand patient choice and relieve

pressure on public hospitals, without public sector capital investment.2 The rationale for

retaining public hospitals is to ensure a benchmark level of quality and access (Besley and

Malcomson 2018). Outsourcing healthcare is controversial. Private hospitals might deliver

low quality care (Hart, Shleifer and Vishny 1997) and may be less efficient than public

hospitals (Kruse et al. 2018). Contracting with private providers diverts resources from

the public system, particularly if private hospitals ‘cream-skim’ more profitable patients

(Cooper, Gibbons and Skellern 2018) or compete with public hospitals for scarce physician

time. Private hospitals are located in higher income areas and providers are more likely to

treat higher income patients, outsourcing could be regressive (Duggan et al. 2023).

In this paper, I study the aggregate and distributional effects of outsourcing government-

funded healthcare. I focus on a policy reform in the English National Health Service (NHS)

that allowed patients to choose treatment at private hospitals funded by the government.

Patient gains from entry depend crucially on two factors: how valuable private options are

to patients and ‘spillover’ effects on public hospitals. In theory, spillovers to public hospitals

may be positive or negative. Where the public system is capacity-constrained, entry of

additional providers lowers congestion and reduces waits (Brekke, Siciliani and Straume

1For a discussion of similar policies, see OECD (2020) on Denmark and Portugal, Jain (2022) on India
and Chan, Card and Taylor (2023) and Russo (2023) on the Veterans Health Administration in the US.

2For example, the British ‘Shadow’ (opposition party) Health Secretary Wes Streeting recently said, “If
Labour were in government, we would be... using spare capacity in the private sector to bring down waiting
lists... there is nothing progressive about leaving working-class people languishing on waiting lists in serious
pain.”
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2008). Competitive pressure may incentivize public hospitals to improve (Gaynor, Moreno-

Serra and Propper 2013, Gaynor, Propper and Seiler 2016) but can reduce quality if hospitals

make losses on marginal patients (Moscelli, Gravelle and Siciliani 2021). Overall change in

social welfare depends on three additional factors: the efficiency of private hospitals relative

to public hospitals, the ‘wedge’ between payment to private hospitals and the cost of treating

these patients in the public sector and the cost of increased utilization induced by private

entry.

I apply this framework to evaluate the impacts of a reform in the English NHS that sharply

increased the role of the private sector in provision of inpatient care. In the UK, all citizens

and residents are eligible to receive free healthcare paid for out of general taxation. Before

the reform, NHS-funded acute care was provided almost entirely in government-owned and

managed hospitals. There is a parallel private hospital sector, which prior to the reform

predominantly served patients covered by private medical insurance or paying out-of-pocket

for care. The ‘Extended Choice Network’ (ECN) reform was rolled out in England from

2007-2009. It enables NHS patients to receive treatment free at the point of service at

any participating private hospital. The intent was to increase patient choice and relieve

crowding and long waits in the public system.3 The government pays hospitals a fixed price

per admission, set based on average costs reported by public hospitals. 80% of existing

private hospitals chose to participate. Private hospitals are located in high-income, urban

areas. They lack intensive care units and treat less complex patients than public hospitals,

but offer amenities such as private rooms, and have lower wait times.

I estimate the causal effect of private entry on volume of admissions and average wait times,

distance travelled to treatment, and quality of care. There are two key identification chal-

lenges. First, the policy reform is national, so there is no ‘pure’ control group. To deal

with this, I adopt a continuous difference-in-differences design (Callaway, Goodman-Bacon

and Sant’Anna 2021), exploiting the fact that some places are more exposed to the reform

based on the pre-existing locations of private hospitals. Second, since a central aim of the

reform is to reduce congestion in the public sector, general equilibrium effects are impor-

tant. I therefore conduct the analysis at the market level, pooling over patients treated at

public and private hospitals. I assign patients to geographic markets based on their closest

public hospital. I define market-level exposure to the reform as the fraction of NHS patients

receiving treatment at private hospitals in the post-period. Private hospital share is likely

to be endogenous to unobserved hospital and market characteristics, for example local hos-

pital quality or changing demand for care due to demographic changes. I isolate variation

in exposure coming solely from the reform by instrumenting for realized market share with

3Average annual bed occupancy is above 90% in NHS hospitals (Ewbank, Thompson and McKenna 2017),
compared with an estimated 60% in private hospitals prior to the reform (Raffel 2007)
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counts of private hospitals within a market in the year prior to the reform.

I use administrative data containing the universe of publicly-funded hospital admissions,

including information on procedures, patient demographics and comorbidities, and census

area of residence. Crucially, it contains data on ‘wait time’: the length of time between a

patient’s initial General Practitioner (GP) referral until the date of admission. I supplement

this with several other data sources, including public hospital cost reports, private hospital

financial reports and counts of private pay patients. For the main analysis, I focus on

orthopaedic admissions since they account for more than half of private hospital activity in

the period I study.

Exposure to the reform increases volume of admissions and reduces wait times. Moving

from the 10th to the 90th percentile of exposure increases total number of admissions in a

market by 5% and reduces average wait time by 16%. Exposure slightly improves average

quality, measured by all-cause emergency readmission and surgical complications. There is

no reduction in the number of admissions to public hospitals. I find some evidence for ‘cream-

skimming’: average patient complexity, measured by Elixhauser score, slightly increases for

public hospitals more exposed to the reform. However, I see no change in the average costs

reported by public hospitals nor a deterioration in their overall financial position, though

these estimates are noisy.

Taken together, these results imply that public hospitals are capacity constrained and that

the main effect of outsourcing is to reduce congestion. To investigate this finding further, I

explore heterogeneity in effects of the reform by measures of structural capacity in the public

sector, including number of hospital beds, critical care beds and operating theaters per capita.

The reform’s effects are concentrated in areas that are capacity constrained at baseline. The

main competing hypothesis is that effects are driven by increased competitiveness of the

hospital market. I find much weaker evidence for this channel.

In the second part of the paper, I quantify the equilibrium effects of entry on wait times

and welfare, by developing and estimating a model of patient demand for hospital care in

the presence of capacity constraints. Patients make decisions about where to receive care,

choosing between public and private hospitals based on distance, wait times and unobserved

hospital characteristics. I allow for heterogeneity in preferences by income and health status.

On the supply side, I model both public and private hospitals are capacity constrained. This

is motivated by my policy analysis, where I find that the number of admissions at public

hospitals does not change after entry, and both public and private hospitals have nontrivial

wait times. Wait times adjust to set supply equal to demand in equilibrium. The key

identification challenge in estimating this model is the endogeneity of wait time. I deal

with this by including hospital fixed effects in the demand model, and by using variation in

4



exposure to the reform to instrument for wait times.

I find that average elasticity of demand with respect to wait time is -0.25. Low-income and

high severity patients are less elastic to wait times. Patients prefer public hospitals, and

the average patient is willing to wait two weeks longer to be treated at a public hospital

rather than a private hospital. I estimate that the overall effect of the outsourcing reform

was to reduce average wait time by 16% and increase patient surplus by approximately 7%.

I decompose the welfare gains to patients into two channels - gains from adding private

hospitals to the choice set and gains from lower congestion at existing options. I find that

approximately a third of patient gains come from reduced congestion. I estimate welfare

gains separately by income quintile and find that welfare gains for patients in the highest

income quintile are about twice as large as for low-income patients. I then turn to estimating

social welfare. At my preferred calibration, change in consumer surplus net of increased

government spending is approximately 35 GBP per person year (56 USD in 2011 prices).

Finally, I take an initial step toward answering a key policy question associated with private

entry. Countries considering allowing private entry into healthcare are usually seeking to

reduce congestion in the public sector. A natural alternative is therefore to build additional

capacity in the public sector. In the last section of the paper, I describe the trade-offs

involved in the decision to ‘make’ or ‘buy’ additional capacity. I first extend my conceptual

framework to include the option of building more public sector capacity. The benefits of

expanding public sector capacity compared with outsourcing are that patients prefer public

hospitals, public hospital expansions result in uniform reductions in wait times and there is

no cream-skimming. In addition, public capacity expansion can be targeted to where it will

be most welfare enhancing. The major downside is that building this extra capacity is costly.

To quantify these trade-offs, I simulate two policy counterfactuals with targeted expansions

of public sector capacity. I find that expanding public sector capacity is more costly than

outsourcing, but results in a more equal distribution of gains across the income distribution.

Related literature The main contribution of this paper is to lay out an explicit framework

for understanding the trade-offs involved with outsourcing public services to the private

sector and provide empirical evidence on the welfare effects of outsourcing from a major

reform in England. This work contributes to the literature on public and private provision

in healthcare. Most of this work focuses on differences between public and privately-owned

providers in quality, efficiency and responsiveness to financial incentives (Sloan 2000, Duggan

2000, Newhouse 1970). Kruse et al. (2018) review the literature for European and Basu

et al. (2012) for low- and middle-income countries. Recent evidence from the US indicates

privatizing hospitals improves their financial position but reduces market-level access to care

for low income patients (Duggan et al. 2023). There is also a large literature on privatization
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of public health insurance, specifically Medicare Advantage and Medicaid Managed Care in

the US. The bulk of this work concludes that managed care reduces healthcare utilization

(Meyers, Ryan and Trivedi 2022), but in some cases this may come at the cost of worse health

(Aizer, Currie and Moretti 2007, Duggan, Garthwaite and Wang 2021). There is a smaller

literature on the economics of ‘mixed’ public-private provision in health, including theory

on competition between public and private hospitals (Laine and Ma 2017, Laine 2019) and

theory and empirics on competition between public and private insurers (Saltzman 2023)

This paper also contributes to the broader literature on entry and competition in healthcare.

These papers are surveyed by Gaynor, Ho and Town (2015). This study is most closely

related to previous papers on the effects of earlier pro-market reforms in the English NHS.

Gaynor, Moreno-Serra and Propper (2013), Cooper et al. (2011) and Gaynor, Propper and

Seiler (2016) Competition between public hospitals improved outcomes for AMI and coronary

artery bypass grafting (Gaynor, Moreno-Serra and Propper 2013, Cooper et al. 2011, Gaynor,

Propper and Seiler 2016) but worsened quality for elective procedures including hip and knee

replacement Moscelli, Gravelle and Siciliani (2021) There is also evidence from the entry of

cardiac specialty hospitals in the US that entry into healthcare markets may improve overall

quality (Barro, Huckman and Kessler 2006, Cutler, Huckman and Kolstad 2010), but that

specialty hospitals also cream-skim less costly patients (Barro, Huckman and Kessler 2006,

David et al. 2014).

This paper also contributes to a literature on wait times (Lindsay and Feigenbaum 1984) and

capacity constraints in healthcare (Joskow 1980). Several papers estimate elasticity of supply

and demand with respect to wait time in the English NHS, including (Martin and Smith

1999, Martin et al. 2007), generally finding that elasticity of demand with respect to waits

is low and elasticity of supply with respect to wait time is much higher. Other papers show

that the relationship between competition and wait times is ambiguous (Brekke, Siciliani

and Straume 2008, Moscelli, Gravelle and Siciliani 2021).

Outside of healthcare, this project is closest to work on charter schools and vouchers for

private school systems, since it considers a largely public system subject to private entry.

Much of the work on charter schools uses admissions lotteries to evaluate relative quality of

public and charter schools (Epple, Romano and Zimmer 2016, Angrist, Pathak and Walters

2013). This paper is closest to work evaluating the aggregate effects of charter entry on

education markets (Gilraine, Petronijevic and Singleton 2021).

Finally, the empirics of this paper build on earlier papers on the effects of privatization in the

NHS. Cooper, Gibbons and Skellern (2018) investigate the effects of the first limited wave

of reform on public incumbents, finding that entry worsens case-mix but increases efficiency.

The authors lack data on patients treated at private hospitals, so cannot estimate overall
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quality effects Beckert and Kelly (2021) estimate a patient demand model after the reform

and quantify welfare gains arising from adding private hospitals to the choice set. They do

not consider welfare gains arising from changes at public hospitals. The closest paper to this

is Kelly and Stoye (2020), who show that privatization increased supply of hip replacements

and reduced wait times. Several papers compare public and private hospitals, finding quality

is comparable once differences in case-mix are accounted for (Moscelli et al. 2018, Browne

et al. 2008, Chard et al. 2011) Besley and Malcomson (2018) propose and calibrate a theory

model to evaluate the welfare effects of allowing private entry and calculate the optimal

reimbursement price for private hospitals.

The rest of the paper proceeds as follows. Section 2 lays out a conceptual framework for

evaluating the effects of outsourcing on patient welfare. Section 3 describes the institutional

setting and data sources. Section 4 describes the empirical approach and section 5 the

results. Section 6 concludes.

2 Conceptual framework

In this section I outline a stylized model to illustrate the channels through which entry

affects quality. First, entry causes some patients to receive treatment at private hospitals.

Second, it has an indirect effect on patients remaining at public hospitals. I outline three

key mechanisms through which entry may affect quality of a public incumbent: increasing

competition, reducing demand and increasing severity of patients treated.

2.1 Aggregate effect of entry

I consider a market with N patients and a single public incumbent. Before private entry, the

public hospital has quality αgovpre and treats the entire patient pool.4 After the reform, a single

private hospital enters with quality αpriv. Demand for the private hospital is Dp ∈ (0, N).

After entry, the public hospital has quality αgovpost. The overall effect of the reform on quality

is as follows:

ᾱpre − ᾱpre =
Dp

N
(αpriv − αgovpost)︸ ︷︷ ︸

reallocation
effect

+ (αgovpost − αgovpre)︸ ︷︷ ︸
public hospital
quality change

(1)

4This implies that private entry and quality changes of public hospitals do not cause people to substitute
into NHS-funded treatment either from no treatment or from paying privately for treatment. This assumption
is described in more detail in the research design section. I also investigate its importance empirically in the
appendix.
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The signs of both the reallocation effect and the public hospital quality change are ambigu-

ous. The private hospital may offer higher or lower quality than the public incumbent. A

hospital with lower clinical quality can have positive market share because patients care

about other hospital attributes such as distance and amenities, and because quality is im-

perfectly observed. Private entry may have positive or negative effects on quality of the

public incumbent; three mechanisms are outlined below.

2.2 Effect of entry on quality of public incumbent

The public hospital chooses quality α ∈ [α, ᾱ]. It produces quality-adjusted health care

services x = αθq, where q is number of patients and θ is average patient severity. More

severe patients are more costly to treat, requiring longer stays and more input from health

care workers. Cost is increasing and weakly convex in x: C ′ = Cx > 0 and C ′′ = Cxx ≥ 0.

C depends symmetrically on quality, output and patient severity. Increasing marginal cost

can be thought of as a ‘soft’ capacity constraint. It is consistent with a hospital with fixed

capital (i.e. beds and operating theaters) facing diminishing marginal returns to labor, or

facing upward sloping supply of its inputs.

The hospital faces a fixed price per admission p and treats quantity of patients q(α). I allow

for the hospital to have an intrinsic preference for quality h(α) beyond the profit motive

(Sloan 2000). For a public hospital, h(α) > 0, h′(α) > 0 and h′′(α) < 0, ∀α. For a private

hospital h(α) = 0, ∀α and the hospital is a pure profit maximizer. The hospital is subject

to the constraint that revenues minus costs are weakly greater than zero.

The public hospital’s maximization problem is:

max
α

U(α) = q(α) [p+ h(α)]− C(αθ(α)q(α)) (2)

s.t. q(α)p− C(αθ(α)q(α)) ≥ 0

Before the reform, the patient treats the entire pool of patients so q(α) = N . Patient severity

is average severity across the population θ(α) = θ̄. If the budget constraint does not bind,

quality choice satisfies the following first order condition:5

h′(α)− C ′(αθ̄N)θ̄ = 0 (3)

The hospital sets marginal benefit from increasing quality equal to marginal cost of increasing

quality. Quality is decreasing in demand N , and average patient severity θ̄.6 With inelastic

5Appendix A considers the case in which the budget constraint binds.
6See Appendix A for proofs.
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demand and a slack budget constraint, increasing payment per admission p has no effect

on quality. Without an intrinsic motive to produce high quality output, the incumbent sets

quality equal to its minimum level α to minimize its cost of production. This is one rationale

for using public providers to increase quality when there are local monopolies and demand

is inelastic Besley and Malcomson (2018).

Now consider entry of a private provider. Demand for the public incumbent is q(α) =

N − Dp(α), where q(α) ∈ (0, N) and q′(α) ≥ 0 for all values of α. q′(α) > 0. In addition,

the private hospital treats the less complex patients, increasing average severity of patients

remaining at the public incumbent: θ(α) ≥ θ̄. As the public incumbent increases its quality

it draws progressively less severe patients from the private entrant so θ′(α) ≤ 0. The first

order condition for the incumbent is as follows:

q′(α) [p+ h(α)] + q(α)h′(α) (4)

− C ′(αθ(α)q(α)) [θ(α)q(α) + αθ(α)q′(α) + αq(α)θ′(α)] = 0

Because demand depends on quality, there is now an additional incentive to increase quality

q′[p + h] > 0, which raises marginal benefit of quality. On the other hand, the intrinsic

benefit of raising quality is reduced because number of patients is smaller. On the cost side,

the reduction in demand at the public hospital reduces marginal cost of increasing quality

since the hospital is moved down its cost curve. This effect is muted by an increase in patient

severity. However, because demand is now responsive to quality, marginal cost of quality also

includes the cost of treating the marginal patient attracted to the hospital by an incremental

increase in quality.

To sign the effect of entry on quality, evaluate the the post-reform first order condition (4)

at the pre-reform choice of quality αpre. If this is positive, net marginal benefit of quality is

positive, implying that entry increases quality. Substitute for h′(αpre) = C ′(αpreθ̄N)θ̄ using

3. Denote the increase in patient severity at a given level of α as θs(α) = θ(α) − θ̄. Net

marginal benefit of quality is as follows:

NMBpost(αpre) = q′ [p+ h]− αpreC ′(αpreθq) [θq′ + θ′q]︸ ︷︷ ︸
competitive

effect

(5)

+qθ̄
[
C ′(αpreθ̄N)− C ′(αpreθq)

]︸ ︷︷ ︸
capacity
effect ≥ 0

−qθsC ′(αpreθq)︸ ︷︷ ︸
cream-skimming

effect ≤ 0
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where θ(αpre) is denoted θ, q(αpre) q, and h(αpre) h for legibility. Net marginal benefit

consists of three components: the competitive effect, the capacity effect and the cream-

skimming effect.

The ‘competitive effect’ arises because after entry, demand is responsive to quality. It is the

net surplus on the marginal patient attracted to the hospital by an increase in quality from

αpre. The sign of this effect is ambiguous. This net surplus is increasing in p and h(αpre) and

decreasing in marginal cost. Surplus is also more likely to be positive when average severity

declines a lot with an increase in quality, since this reduces the increase in severity-adjusted

quantity occurring as the hospital raises its quality.

The ‘capacity effect’ arises because the reduction in demand resulting from entry moves

the hospital down its marginal cost curve. The capacity effect is weakly positive because

θ̄N > θq, C ′ > 0 and C ′′ ≥ 0. Severity-adjusted quantity always decreases, because before

entry the hospital is treating all patients and after the reform it only treats a subset. If

there are no capacity constraints and marginal cost is constant C(αθq) = kαθq, then the

capacity effect is equal to zero. But if C is strictly convex throughout its support, then the

capacity effect is strictly positive. The capacity effect is larger when the marginal cost curve

is steeper (Cxx is higher) and when demand for the private hospital is higher for a given α.

The ‘cream-skimming effect’ arises because the private hospital treats the healthier patients,

increasing complexity. This is strictly negative for θ(αpre) > θ̄ and zero for θ(αpre) = θ̄.

This is because the increase in severity induced by entry raises the hospital’s marginal cost

of increasing quality for θqC ′ for any given quantity of patients. Note that cream-skimming

also plays a role in both the capacity effect and the competitive effect. Cream skimming

reduces the drop in severity-adjusted output that occurs after entry, reducing the size of the

capacity effect. The effect of cream skimming on the competitive channel is more subtle.

On the one hand it increases θ(αpre), which increases θq′ and C ′(αθq). On the other hand,

it mutes the increase in severity-adjusted output that arises from an increase in quality by

drawing in less severe patients.

In general, the effect of entry on quality of the public incumbent is ambiguous. However,

there are some special cases where it is possible to sign the effect. If quality is not responsive

to demand (q′ = 0) and there is no cream skimming (θ(α) = θ̄ and θ′(α) = θ̄, ∀α, then

private entry unambiguously increases quality through the capacity channel. This could

be the case if the only salient dimension is horizontal differentiation between hospitals, for

example if patients simply visit their closest hospital irrespective of quality or if patients are

unable to perceive quality differences and choose on the basis of amenities offered. If quality

is not responsive to demand and there are no supply constraints so that marginal cost is

constant but entry increases patient complexity, then private entry unambiguously reduces
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quality through the cream-skimming channel. This could be the case if sick patients always

visit the public hospital because it possesses an intensive care unit, irrespective of its choice

of quality inputs per patient.

This model is extremely stylized. To focus on the public hospital, I treat the private hospital’s

quality as exogenous. In practice the private hospital is a strategic actor that chooses

clinical quality and non-clinical amenities to maximize its profit. There are also at least two

mechanisms missing. First, this model abstracts away from fixed costs. If fixed costs are

high then a reduction in demand due to private entry can raise average costs despite lowering

marginal costs, pushing the hospital towards its budget constraint. Relatedly, a hospital

can make fixed cost quality improvements, such as purchasing improved equipment. With

fewer patients, a hospital may not be able to cover the cost of these quality improvements.

Secondly, I assume that the public hospital’s cost function is unchanged by entry. This

will not be true if private entry has general equilibrium effects in the market for inputs, for

example by driving up the spot wage for doctors or nurses working overtime.7 This could

increase C, C ′ and C ′′. On the other hand, entry may cause the incumbent to improve

efficiency, potentially lowering cost of producing a given level of quality.

3 Setting and Data

3.1 The English National Health Service

In the UK health care is free at the point of use and financed by general taxation. Most

acute care is provided by the National Health Service (NHS) in publicly-owned hospitals.

Expenditure is devolved to local purchasing bodies called ‘Primary Care Trusts’ (PCTs)8

PCTs are responsible for purchasing healthcare for the population living in their area, and

they contract with hospitals to deliver acute care. Payment per admission is determined by

‘healthcare resource groups’, standardized groupings of clinically similar treatments.9 There

is a small parallel private pay system accounting for 7% of overall acute hospital expenditure

(LaingBuisson 2019), in which individuals can purchase private medical insurance or pay

out-of-pocket to receive care at private hospitals. The advantage of paying privately is lower

wait times and amenities such as private rooms.

7Nurses are paid a salary and receive 1.5 times their normal hourly rate for overtime. In practice shifts
are frequently short-staffed and hospitals buy time from locums or staffing agencies.

8Since 2013, local purchasing bodies are now called ‘Clinical Commissioning Groups’.
9The system is similar to diagnosis related groups (DRGs) in US Medicare, except that the payment

includes physician services. Physicians are generally paid a salary by the hospital(s) employing them.
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3.1.1 The Extended Choice Network and related reforms

The NHS outsourcing reforms proceeded in two stages. In the first smaller wave from 2005,

private hospitals called were established in specific locations chosen by the government.

Private firms were awarded block contracts, with an average payment per admission ap-

proximately 10% greater than the payment to public hospitals (House of Commons Health

Committee 2010).10 In the second much larger wave of reform, phased in from 2007-2009,

any private hospital could offer services to NHS patients through the ‘Extended Choice Net-

work’. Table 1 shows a timeline of NHS privatisation reforms. Patients are referred for

hospital care by their primary care doctors and can choose appointment slots at public hos-

pitals and participating private hospitals through a common referral system. Public and

private hospitals receive the same price per NHS patient.1112 This price is set through an

administrative process based on hospital-reported average costs from previous years. Pri-

vate hospitals almost all treat private patients as well as NHS patients. They are able to

prioritize private-pay patients for operation slots and then fill additional capacity with NHS

patients.13

Table 1: Timeline of NHS reforms.

2004 · · · · · ·• First-wave private hospital block contracts
start.

2006 · · · · · ·• NHS patients given choice of at least 4
public hospitals.

2007 · · · · · ·• First private hospitals added to NHS online
booking system.

2008 · · · · · ·• Patients can choose any participating
private hospital in England.

10These contracts were known as ‘take or pay’ since the NHS paid the full amount whether or not the
specified procedures were performed. Some centres carried out considerably fewer surgeries than specified in
the contract.

11When their initial contracts ended, the first wave private providers also switched to prospective payment.
The running of three of these hospitals was eventually transferred back to the NHS.

12If public hospitals are struggling to treat everyone on their wait list, they can also sub-contract services
to the private sector, in which case they negotiate prices directly with the sub-contracted entity. In practice,
this accounts for only a small fraction of NHS-funded activity taking place in private hospitals.

13Hospitals may intentionally restrict access for NHS patients to boost private demand e.g. the Chief
Executive of a private hospital wrote the following memo to staff: ‘I have had numerous discussions...
regarding the lack of differentiation between NHS and private patients, and there is significant anecdotal
evidence to suggest that the lack of differentiation has had a negative effect on our private patient referrals. I
now wish to implement with immediate effect a new rule which will mean that operations on NHS Choose and
Book patients will not be able to take place until at least four weeks following their outpatient consultation.’
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Of the 160 private hospitals in the UK prior to the reform, 128 chose to enter the NHS market.

More than 80% of entering hospitals were owned by the four largest health care firms. Three

of these companies (BMI, Spire and Ramsay) are for-profit and the fourth (Nuffield) is not

for profit. Figure 1 shows a map of public and private hospital sites treating NHS patients in

2012. Figure 2 shows total government spending on elective admissions by specialty in 2012.

The effects of the reform were overwhelmingly concentrated in orthopaedics, especially in

procedures such as hip and knee replacement with long wait times. Appendix table 8 shows

fraction of spending in private hospitals for the most common orthopaedic procedures. Figure

3 shows the number of NHS-funded elective orthopaedic admissions from 2001-2012. Panel

(a) shows the absolute number of admissions and panel (b) shows the number of admissions

per 10,000 people over 60. From 2007/8, the number and fraction of procedures taking place

at private hospitals increased rapidly,14 reaching almost 20% by 2013/14.

The privatization reforms took place during a period in which there was a significant increase

in spending in the NHS. The government also enacted other reforms aimed at promoting com-

petition. In 2003, the government moved from paying hospitals block contracts to paying per

admission. In 2005-2006, the government began allowing public patients to choose between

different public hospitals. This reform has been extensively studied elsewhere (Cooper et al.

2011, Gaynor, Moreno-Serra and Propper 2013, Gaynor, Propper and Seiler 2016, Moscelli,

Gravelle and Siciliani 2021). There are two other relevant reforms. First, wait time targets

for elective surgery were imposed and became steadily more stringent. Second, penalties for

hospital readmission were introduced from the 2011/2012 financial year onwards. To isolate

the effects of the reform I study from these other policy changes, I rely on the fact that area

level exposure to private entry depends on the preexisting locations of private hospitals.

3.2 Data Sources

The main data source is the Hospital Episode Statistics (HES), an administrative dataset

containing 100% of government-funded hospital admissions in England. HES contains infor-

mation about location of treatment, medical procedures carried out and patient diagnoses,

including the ‘primary’ diagnosis or reason for admission, as well as chronic conditions. It

also contains patient demographic information, including age, sex, race/ethnic group and

location of residence. Location of residence is defined at the lower-level super output area

(LSOA), a census unit with mean population of approximately 1,500. I map LSOA to neigh-

bourhood deprivation.15

14The administrative admissions data for procedures conducted in Independent Sector Treatment Centers
is incomplete until around 2008/09.

15I use the income component of the 2007 Index of Multiple Deprivation (ONS 2016)
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Figure 1: Locations of public and private hospitals in England, 2012

Note. Figure shows locations of all public and private hospital sites with 50 or more hip or knee
replacements in financial year 2012

I supplement HES with several other datasets. I use the UK’s National Joint Registry,

which contains monthly data on the number of joint replacements conducted in England.

This dataset includes both publicly-funded and privately-funded procedures. I use this to

identify the location of private hospitals prior to the policy reform. I also supplement the

quality measures with data from government inspection reports and public data on hospital

facilities, including the presence of intensive care facilities, staffing, number of beds and

number of operating theaters.

3.3 Sample selection

The primary analysis uses all planned admissions in the period 2003-2012 that have or-

thopaedics as the main treatment specialty. For the baseline market-level analysis, I assign

patients to a hospital market based on their closest public hospital site one year prior to the

14



Figure 2: Total government spending by specialty, 2012
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Figure 3: Volume of government-funded orthopaedic admissions 2003-2013
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reform in 2006. I restrict the set of possible hospital sites to public hospitals conducting 100

or more hip and knee replacements, to ensure markets are defined around acute hospitals

able to conduct the most common orthopaedic procedures. I calculate geodesic distance

from a patient’s residence to each hospital using the population-weighted centroid of their

LSOA of residence.

I define a market as being ‘treated’ by private entry if there is a private hospital located

within the market that conducts 50 or more NHS-funded hip and knee replacements in one

or more of the post-reform years 2009-2012. Data on NHS admissions taking place at private

hospitals is incomplete for the first wave of reforms. I deal with this issue in two different

ways: in the main pooled analysis I exclude the years 2007-2008 as a ‘phase-in’ period and I

conduct robustness checks excluding areas with first wave private hospitals. More detail on

sample construction is given in Appendix A2.

My primary measure of quality of hospital care is emergency readmission for any reason

within 30 days of initial discharge from hospital. I also look at the effect of entry on wait-

times, defined as the difference in weeks between the date on which a physician decided to

admit the patient and the actual admission date. Because wait time targets are changing

over the sample period, I also construct an indicator variable for whether a patient’s wait

time was less than the target in place at the time of admission.

3.4 Summary statistics

Table 2 shows summary statistics for patients in the sample one year prior to the reform in

2006. Panel A shows characteristics of patients in markets with and without entry. Patients

in markets that go on to have entry are 1.4 percentage points more likely to be over 50, 3.1

percentage points more likely to be White and 2.5 percentage points less likely to live in the

most deprived decile of neighbourhoods. The Charlson comorbidity index is a weighted count

of a patient’s medical conditions, for example diabetes, heart disease, chronic obstructive

pulmonary disease and kidney disease.16 Patients in markets that go on to receive entry

have a slightly lower average Charlson index than patients in non-entry markets, but this

difference is marginally significant (p = 0.07). Patient B shows emergency readmission rate,

wait time and length of stay for patients in markets with and without entry. Pre-reform

emergency readmission is not significantly different between patients in markets with and

without entry. Wait times are 1 week longer in markets that go on to have private entry.

Panel C shows market-level characteristics of markets with and without entry. Markets with

entry are on average a third larger than markets without entry. Consistent with the patient

16The full list of conditions and weights included in the Charlson index are given in Appendix B
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level data, they have older and less deprived populations. Most strikingly, markets that go

on to have entry are substantially more concentrated prior to the reform, with an average

Herfindahl-Hirschman Index (HHI) of 5,739, compared with 5,063 in markets without entry.

Figure 4 plots variables in entry and no entry markets over time. The first row shows

the fraction of NHS planned orthopaedic admissions treated in private hospitals over time

for hospital markets with and without entry. The shaded region indicates the two years

over which the reform was phased in. When the reform began in 2007, less than 5% of

NHS patients were treated in private hospitals. By the middle of 2011, more than 20%

of NHS patients were treated in private hospitals in markets with private entry, compared

with approximately 10% for markets without entry. The growth in private admissions in

the areas without entry indicates substantial spillovers from treatment to neighboring areas.

The second row of figure 4 shows monthly log volume of elective orthopaedic admissions per

1,000 people over 50 in entry and non-entry areas. Volume of admissions increases over this

period in both entry and non-entry areas. The raw figures show a small increase in overall

number of admissions, and a decrease in the number of admissions.

The third row of figure 4 shows monthly emergency readmission rate and log wait times

for patients in areas with and without entry. Raw emergency readmission rates are very

similar in entry and no entry areas prior to the reform, but decline more in entry areas

post-reform. As seen in table 2, pre-reform waits are higher in entry markets. Wait times

decline substantially over the period in markets with and without entry. This reflects the

fact that wait times were subject to progressively tighter wait time targets, declining from

18 months in 2001 to 17 weeks in March 2008. Pre-reform wait times are higher in areas

that go on to have private entry. After the reform, this relationship flips and areas with

entry have lower average wait times.
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Figure 4: Raw trends in volume and outcomes in markets with and without entry
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Table 2: Pre-reform summary statistics (2006)

All Entry No entry
Panel A: Patient characteristics
Average age 53.14 53.44 52.80

(19.54) (19.46) (19.57)
% of patients over 50 61.71 62.25 60.87

(48.61) (48.48) (48.81)
% of patients female 53.66 53.75 53.69

(49.87) (49.86) (49.86)
% of patients white 94.11 95.47 92.43

(23.55) (20.80) (26.45)
Charlson comorbidity index 0.191 0.188 0.191

(0.560) (0.555) (0.560)
% of patients in most deprived decile 7.83 6.95 9.42

(26.87) (25.43) (29.21)
Panel B: Patient care and outcomes
Emergency readmission rate 0.0292 0.0293 0.0295

(0.1684) (0.1688) (0.1691)
Wait time (weeks) 17.38 17.68 16.72

(12.25) (12.20) (12.03)
Length of stay (days) 2.25 2.24 2.22

(4.20) (4.24) (4.10)
Panel C: Market characteristics
Population 259,954 293,050 219,932

(113,501) (109,638) (105,441)
% of people over 50 34.60 35.26 33.80

(5.34) (4.13) (6.45)
% annual population growth 0.61 0.60 0.62

(0.44) (0.38) (0.51)
% of people in most deprived income decile 9.04 7.87 10.56

(11.18) (9.61) (12.74)
Planned orthopaedic admissions per 1,000 pop. 12.07 12.34 11.74

(3.06) (2.90) (3.24)
Herfindahl-Hirschman Index 5,433 5,739 5,063

(1,771) (1,676) (1,821)
Number of patients 587,519 368,918 210,434
Number of markets 190 104 86

Note. Panels A and B give the mean and standard deviation for variables calculated using Hospital
Episode Statistics patient-level data including all planned orthopaedic admissions in 2006. Panel C
gives the unweighted mean and standard deviation for variables calculated using market-level data.
Population and deprivation measures are calculated using Office of National Statistics public data.
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4 Research design

Estimating the causal effect of private entry on patient outcomes requires addressing two

main empirical challenges. First, patients choose whether to attend a public or private

hospital, so it is necessary to account for patient selection into hospitals. In particular,

private hospitals treat patients who are less medically complex. Second, private hospitals

are not randomly located across the country. They tend to be located in markets with

older and less socioeconomically deprived populations. I tackle these challenges using two

different empirical strategies. I first conduct a market level difference-in-differences analysis

comparing changes in patient outcomes in hospital markets with and without private entry.

Pooling over all patients allows me to estimate the aggregate effects of the reform. In

my second approach, I develop a method to explicitly decompose the effects of entry into

reallocation to private hospitals and effects on local public hospitals exposed to entry. Finally

I investigate possible mechanisms.

4.1 Market-level difference-in-differences

The aim of the market-level analysis is to understand the causal effect of private entry into

a market on volume and patient outcomes. I use difference-in-differences to test whether

there was a differential change in patient outcomes in hospital markets in which a private

hospital entered compared with markets without entry. Treatment is defined at the market

level and the analysis includes all public patients treated at public and private hospitals.

The key identifying assumption is that in the absence of the policy, outcomes in areas with

private entry would have changed in parallel to outcomes in areas without private entry.

The main advantage of this approach is that it allows me to capture both direct effects of

the policy that come from re-allocating patients to private hospitals as well as any spillovers

to public hospitals. Including both public and private patients in the analysis ensures that

my estimates are not biased by selection of healthier patients into private hospitals. The

main drawback to this approach is that by defining treatment at the hospital market level, I

introduce substantial noise in the treatment variable, since there is within-market variation

in the extent to which individuals are exposed to the policy based on their location. This

will tend to bias against finding an effect.

I first estimate the effect of private entry on total number of admissions in a market, and

admissions to public and private hospitals. I collapse the admissions data to the market-

month level and estimate the following specification:

Ymt =
2012∑
s=2003

βsentrym × 1{y(t) = s}+ δm + γt + εmt (6)

20



where m indexes local health care market, t is time in months and y(t) is calendar year. Ymt

is total number of elective orthopaedic admissions in a market per 1,000 people aged 50 and

above. The treatment variable entrym is a dummy equal to 1 if there is a private hospital

treating NHS patients in the market in the post-reform period. γm is a vector of market

dummies and γt is a vector of year and month dummies. Standard errors are clustered at

the market level.

To estimate the effect of entry on patient outcomes using admissions-level data, I run the

following specification:

Yimt =
2012∑
s=2003

βsentrym × 1{y(t) = s}+ φXit + δm + γt + εimt (7)

where i indexes individual. Yit is emergency readmission within 30 days of discharge, log wait

time or a dummy equal to 1 if wait time is less than the national target. Xit is a vector of

patient characteristics, including procedure fixed effects, age-bands, sex, non-white, Charlson

comorbidity index, a vector of 31 comorbidities, including hypertension, cardiac arrhythmia,

diabetes and cancer 17 and dummies for deciles of neighborhood income deprivation18. As

in the volume regressions, δm is a vector of market dummies and γt is a vector of year and

month dummies. To summarize the impact over the post-period, I also estimate a pre-post

version of the same specification:

Yimt = βentrym × postt + φXit + δm + γt + εimt (8)

where postm is a dummy variable equal to 1 for the years 2009-2012 after the reform, and

all other variables are specified as in equation 7 above. In the pooled specification, I exclude

the phase-in period of the reform in 2007-2009. To estimate the overall effect of entry, I

multiply β by average private share across all markets divided by the difference between

average private share between entry and non-entry markets.

There are two major threats to the validity of the research design. First, the policy may have

induced changes to the case-mix that are not fully controlled for in regression specification

7. For example, the policy change may have induced people who would have paid for

private care to switch to receiving NHS care either because they can receive care at their

preferred private hospital (albeit with a wait) or because of a reduction in waits or quality

improvement within the NHS. Relatedly, the policy change may have induced primary care

doctors to lower their threshold for hospital referrals because of a perceived reduction in wait

17The full list of included comorbidities is given in Appendix B.
18The deprivation measure is the ’Index of Multiple Deprivation’ measure calculated for the lower-level

super output area (LSOA)
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times. I investigate this in several different ways. First, I test whether the reform affected

observable case-mix by estimating the baseline specification 8 with observable measures of

patient complexity, including age and comorbidities on the left hand side. Second, I run

the analysis for emergency orthopaedic admissions: these patients generally share the same

facilities and are seen by the same physicians and nurses as elective orthopaedic admissions,

but are not subject to selection concerns. I also test for stability of the treatment effect as

covariates are added to the model (Oster 2019).

Another threat to validity is the possibility that an existing private hospital’s decision to

enter the public market is correlated with other market-level changes. Specifically, private

hospitals may be more likely to enter in locations where underlying demand for health care is

increasing or case-mix is changing. To check this, I run placebo tests investigating the effect of

entry on volume and casemix of emergency admissions in orthopaedics and overall, as well as

for non-deferrable conditions.19 I also run an alternative specification in which I instrument

for observed private entry with a dummy equal to 1 if there was a private hospital in the

market prior to the reform in 2006. In this version of the model, the identifying assumption

is that in the absence of the policy, outcomes in areas with a private hospital prior to the

reform would have trended in parallel to areas without a private hospital prior to the reform.

I also conduct several robustness checks. I estimate the model with alternate definitions

of treatment, including observed private market share and simulated private market share

using a simple logit choice model based on distance. I also estimate the baseline regressions

with alternate market definitions: (i) primary care trusts, the administrative areas used

to allocate health care funding and (ii) markets defined based on the most visited public

hospital in the pre-reform period and (iii) assigning census areas based on closest public

hospital and then aggregating up to the NHS organization level. separately estimating the

effect of first and second wave private entrants. Finally, I conduct a matching exercise in

which I match small census areas in treated markets with similar areas in untreated markets.

4.2 Decomposing effects of the reform into reallocation and public

hospital exposure

The second objective of the empirical analysis is to decompose the effects of entry into

the direct effect of reallocating patients to private hospitals and the indirect effect of entry

on public hospitals. The main identification challenge is that patients who are healthier

select into treatment at private hospitals. To overcome this selection issue, I instrument for

treatment at a private hospital using a patient’s differential distance to a private hospital

19Non-deferrable conditions are defined as those for which admissions on weekend days are not significantly
different from admissions on week days (Card, Dobkin and Maestas 2008)
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(distance to the nearest private hospital minus distance to the nearest public hospital). To

separately identify the effect of exposure to entry on public hospitals, I exploit the fact that

census areas are differently exposed to direct and indirect effects depending on the exact

locations of public and private hospitals.

To illustrate this variation, consider a city with a single incumbent public hospital and a

private hospital located in a suburb (figure 5, left panel). After the reform, someone who

lives in the suburb (patient A) is more likely to visit the private hospital than someone living

on the other side of town (patient B), so A is more exposed to the reallocation effect of the

reform than B. But since their outside option is being treated at the same public hospital,

A and B have the same exposure to the indirect ‘spillover’ effect on the incumbent. Patient

C in the right hand panel has a higher exposure to the indirect effect of entry than A and

B, because her local public hospital has two private hospitals nearby. A patient’s likelihood

of visiting a private hospital is correlated with how exposed her local hospital is to private

entry; separately identifying these two effects requires that they are not perfectly collinear.

This would be violated if every private hospital was collocated with a public hospital.

Figure 5: Illustration of identifying variation for decomposition

To implement this approach, I use the following specification:

Yilt =βprivprivateit + βsSl × postt + φXit + δl + γt + εilt (9)

where privateit is a dummy variable equal to 1 if a patient is treated at a private hospital and

Sl is an area-level measure of exposure to the indirect effect of the reform, described below. δl

is a vector of census area fixed effects and all other variables are defined as in the market-level
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regressions and standard errors are clustered at the census area level. The coefficient βs is the

effect of an increase in public hospital exposure to entry. The coefficient βpriv is the effect of

going to a private hospital compared with a public hospital in the post-period. I implement

this IV-difference-in-differences using standard two-stage least squares, instrumenting for

privateit with differential distance quartiles interacted with a dummy for the post period.

The exclusion restriction requires that differential distance only affects outcomes through

moving a patient to the private hospital conditional on her public hospital exposure. The

exclusion restriction is vulnerable to misspecification of the public hospital exposure variable.
20

I calculate area-level public hospital exposure Sl in three stages. First, I calculate share

of each census area treated at a private hospital in the post period. Second, I calculate

private entry exposure for each public hospital. This is a weighted average of the census

area private shares in a hospital’s market, where the census-area weights are given by the

share of a hospital’s patients coming from that area one year prior to the reform in 2006.

Finally, I calculate an area level measure of public hospital exposure. This is an average of

the exposure measure for all local public hospitals, weighted by 2006 patient flows.

4.3 Mechanisms

Finally, I investigate the channels for improvement outlined in the conceptual framework.

To investigate the competition and capacity channels, I estimate a version of the model in

which I allow for potentially differential effects of entry across markets with lower vs higher

pre-reform market competition and capacity:

Yimt = β1entrym × postt+ (10)

+ lowcompm [β2entrym × postt + η2postt] +

+ lowcapm [β3entrym × postt + η3postt] +

+ φXit + δm + γt + εimt

where lowcompm is a dummy variable equal to 1 if the market pre-reform HHI greater than

5,000. Ceteris paribus, the competitive effect of entry will be bigger in markets that have

20In the health economics and health services literature, differential distance is commonly used to instru-
ment for receiving a particular intervention e.g. instrumenting for treatment with cardiac catheterization
using differential distance between the nearest hospital without a catheterization lab and the nearest hospital
with a cath lab. But in the presence of spillovers to neighboring hospitals, the exclusion restriction fails.
For example, if opening a catheterization lab at one hospital results in a change in quality for neighboring
hospitals (e.g. they improve quality to retain patients or their quality deteriorates as they lose cardiologists
to the new lab) than differential distance is correlated with these spillovers. In general, if the correlation
between own likelihood of receiving a treatment and exposure to spillovers is positive, the estimate of the
treatment effect will be biased upwards if spillovers are positive and downward if spillovers are negative.
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little competition at baseline. The variable lowcapm is a dummy for whether the market has

low pre-reform capacity. I collect several measures of capacity in 2006, including number of

beds, number of critical care beds, number of operating theaters, all scaled by population,

and average percent occupancy. I then run principal component analysis and extract the

first principal component as a composite measure of capacity. The dummy lowcapm is

equal to 1 if the capacity measure is below median. The inclusion of lowcompm × postt
and lowcapm × postt allows for outcomes to change differentially after the reform in low

competition and high capacity areas 21 I estimate another version of model 10 that replaces

the dummy for highly concentrated markets with a dummy for markets with low pre-reform

supply.

5 Results

5.1 Market-level difference-in-differences

This section summarizes the results of the market level analysis. Figure 6 shows the effect of

entry into a market on number on share of NHS-funded patients treated at private hospitals.

Entry of a private hospital increases percent of NHS-funded patients treated at a private

hospital by 9.7 percentage points relative to a post-reform mean of 15%. Since the exposure

to private entry is substantial in ‘control’ areas, to calculate the overall effect of the reform I

scale the β coefficients in the regressions by the share of patients moved into private hospitals

by being in a ‘treated’ rather than control market: β̃ = 0.154
0.0967

β ≈ 1.59β.22

Figure 6 also shows the effect of entry on NHS-funded elective orthopaedic admissions per

1,000 people over 50. The figure plots the coefficients on the interactions between private

entry and year dummies. Total NHS-funded admissions are shown in black, private admis-

sions in blue and public admissions in green. Private entry into a market increases total

number of admissions per 1,000 people over 50 by 0.12 and decreases admissions to public

hospitals by 0.20 per 1,000. Almost two thirds (63%) of the effect of entry is reallocation to

private entrants (‘business stealing’) and one third of the effect is an increase in aggregate

admissions (‘market expansion’). The overall effect of the reform was to increase number of

elective admissions per 1,000 people over 50 by 5.4% or approximately 42,000 per year by

2011.

Figure 7 shows the effect of entry on risk-adjusted emergency readmission within 30 days of

21Note that postt is omitted because the model contains a full set of year × month fixed effects
22This is analogous to the Wald-DID estimator discussed by de Chaisemartin and D’HaultfŒuille (2017).

However in most ‘fuzzy DID’ setups the ‘treatment’ is measured at the individual level where as in my setting
I define treatment at the market level.
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discharge from the initial hospital spell. Results from the pooled version of this regression

are shown in table 3. Private entry into a market decreases emergency readmission rate by

0.2 percentage points. The overall effect of the reform is to decrease emergency readmission

rate by 0.3 percentage points or 12% relative to the post-reform average of 2.6%. This is

equivalent to averting approximately 2,500 readmissions per year by 2011. Figure 8 shows

the effect of entry on log wait times and the fraction of patients waiting less than the target in

place at the time they were admitted. The left panel shows that entry into a market reduces

log wait times by 0.16 log points. I estimate the overall effect of the reform From figure

4, which plots raw log waits, we can see that entry markets have higher waits before the

reform and there is evidence of pre-reform convergence in wait times as government targets

get increasingly tight. For this reason, I run a version replacing log wait with a dummy equal

to 1 if a patient waited less time that the target in place when they were treated. Entry

results in a 2 percentage point increase in the probability of waiting less than the target, a

small increase relative to the post reform mean of 79%.

Figure 6: Event study: Effect of private entry on number of NHS orthopaedic admissions
and share treated at private hospitals
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Note. Figures shows coefficient on private entry × year dummies from estimating equation 6. All
regression specifications include market fixed effects and year-by-month fixed effects. Observations
are weighted by population over 60. Standard errors are clustered at the market level.
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Figure 7: Event study: Effect of private entry on emergency readmission rate
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Note. Figures shows coefficient on private entry × year dummies from estimating equation 7. All
regression specifications include market fixed effects, year and month-of-year fixed effects, proce-
dure fixed effects and the following patient characteristics: age-category, sex, non-white, Charlson
comorbidity index, a vector of comorbidity dummies, and dummy for decile of deprivation of census
area. Standard errors are clustered at the market level.

Figure 8: Event study: Effect of private entry on wait times
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Note. Figures shows coefficient on private entry × year dummies from estimating equation 7. All
regression specifications include market fixed effects, year and month-of-year fixed effects, proce-
dure fixed effects and the following patient characteristics: age-category, sex, non-white, Charlson
comorbidity index, a vector of comorbidity dummies, and dummy for decile of deprivation of census
area. Standard errors are clustered at the market level.
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Table 3: Pooled difference-in-differences estimates

Admissions per 1,000 Patient outcomes
Total Public Private Emerg readmit Log wait Wait less than target

Post × Entry 0.122 -0.199 0.351 -0.0020 -0.1628 0.0215
(0.068) (0.066) (0.047) (0.0007) (0.0338) (0.0132)

Mean outcome pre 2.668 2.623 0.046 0.029 2.525 0.820
Mean outcome post 3.574 3.015 0.559 0.026 1.940 0.791

Note. Number of patients is 4,398,131. Number of market-months is 18,776. Number of markets is 190. The table shows coefficient
on entry × post from equation 8. Columns 1-3 are estimated at the market-month level and include market fixed effects and year ×
month fixed effects. Columns 4-6 are estimated using individual patient data and include market fixed effects, year × month fixed effects,
procedure fixed effects and the following patient characteristics: age-bands, sex, non-white, Charlson comorbidity index, comorbidity
dummies and a dummy for whether the patient lives in the 10% of most deprived neighborhoods. Standard errors are clustered at the
market level.

Table 4: The effect of private entry on case-mix

Pred. emerg readmit Pred. log wait Age White Charlson index Most deprived decile
Post × Entry 0.0005 -0.0066 0.160 0.0047 -0.0044 -0.0013

(0.0002) (0.0025) (0.110) (0.0026) (0.0057) (0.0011)
Mean outcome pre 0.026 2.177 52.594 0.945 0.169 0.080
Mean outcome post 0.029 2.149 54.525 0.938 0.291 0.076

Note. Number of patients is 4,398,131. Number of markets is 190. Table shows coefficient on entry × post from equation 8, excluding
patient covariates X All regression specifications include market fixed effects and year and month fixed effects. In column (1), the
predicted readmission rate is generated using a linear probability model with the following set of patient covariates: age-bands, sex,
non-white, Charlson comorbidity index, comorbidity dummies and a dummy for whether the patient lives in the 10% of most deprived
neighborhoods. Standard errors are clustered at the market level.
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Table 5: The effect of private entry on emergency (non-contested) orthopaedic admissions

Admissions per 1,000 Emerg readmit Mortality
Post × Entry -0.007 -0.0026 0.0007

(0.023) (0.0012) (0.0006)
Mean outcome pre 1.136 0.070 0.024
Mean outcome post 1.128 0.083 0.023

Note.Table shows coefficient on entry × post from equation 8 estimated using unplanned or-
thopaedic admissions. All specifications include market fixed effects, year × month fixed effects,
procedure fixed effects and the following patient characteristics: age-bands, sex, non-white, Charl-
son comorbidity index, comorbidity dummies and a dummy for whether the patient lives in the
10% of most deprived neighborhoods. Standard errors are clustered at the market level.

A key threat to the identification of a causal effect of entry on patient outcomes is the

possibility that the policy may have induced changes to the case-mix that are not fully

controlled for in regression specification 8. Figure 4 shows estimates of the pooled difference-

in-differences model with various patient characteristics on the left hand side. Column

(1) shows the change in predicted emergency readmission in entry versus non-entry areas

after the reform. Emergency readmission rate is predicted using a linear probability model

containing all the patient covariates from the baseline model. There is a non-significant 0.05

percentage point increase in predicted emergency readmission in treatment areas. The sign

is the opposite of what we would expect if casemix change was driving the observed reduction

in emergency readmission rates seen in the raw data in 4 and the event study in 7. Column

(2) shows the change in predicted log wait in entry versus non entry areas. The coefficient

is negative but not significantly different from zero, and two orders of magnitude smaller

than the baseline estimate. Columns (3)-(6) show changes in some of the components of

predicted readmission. The strongest predictor of emergency readmission is age, and there

is a small increase in average age in entry areas. On the other hand, there is also a small

but non-significant reduction in patient comorbidities, measured using the Charlson index.

Table 5 estimates the effect of private entry on emergency orthopaedic admissions. All

emergency admissions are treated in public hospitals so they are subject to fewer concerns

about selection. I find that entry does not change volume of emergency admissions per 1,000

people over 50, implying that the volume change observed for elective procedures is not driven

by increasing need in entry areas. Private entry into an hospital market reduces readmission

rate for emergency orthopaedic patients by 0.3 percentage points or 4% relative to the post-

reform mean. In other words, I observe a quality spillover from entry to emergency patients

at affected public hospitals. I do not see any effect on mortality for these patients.
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Table 6: Decomposition of reallocation and public hospital exposure effects

Emergency readmission Log wait
OLS IV OLS IV

Private -0.0088 -0.0027 -0.6955 -0.9747
(0.0003) (0.0068) (0.0073) (0.1085)

Pub exp × Post -0.0153 -0.0193 -1.0149 -0.8513
(0.0028) (0.0053) (0.0523) (0.0830)

F-statistic from first stage 93.483 72.815
Mean outcome post 0.0263 0.0263 1.940 1.940
βprivpriv + βsS -0.0041 -0.0037 -0.291 -0.311
% of effect due to pub exp 63 88 59 47

Note. Number of patients is 4,135,583. Table shows coefficients on private treatment and pub-
lic hospital exposure from equation 9. The F-statistic reported is the Kleibergen-Paap rk Wald
statistic. All specifications include market fixed effects, year × month fixed effects, procedure fixed
effects and the following patient characteristics: age-bands, sex, non-white, Charlson comorbidity
index, comorbidity dummies and a dummy for whether the patient lives in the 10% of most deprived
neighborhoods. Standard errors are clustered at the census area level

5.2 Estimating direct and indirect effects of the reform

In this section I decompose the effects of entry into the direct effect of reallocating patients

to private hospitals and the indirect effect of entry on public hospitals. I estimate equation 9,

instrumenting for observed private entry with four quartiles of differential distance interacted

with a post dummy. Table 6 shows the results of this analysis. The first column shows the

OLS estimates from regressing emergency readmission on treatment at a private hospital

and public hospital exposure to entry. The OLS estimate implies that treatment at a private

hospital lowers readmission rate by 0.9 percentage points. However, this does not account

for selection of healthier patients into private hospitals. When I instrument for private

treatment in the IV-DD framework, the effect of being treated at a private hospital shrinks

and is not significantly different from zero. This implies that the quality of public and

private hospitals is not significantly different among the set of compliers. I estimate that the

effects of entry on public incumbents account for almost 90% of the estimated readmission

effect. Unsurprisingly private hospitals have significantly lower waits than public hospitals,

and reallocation to private hospitals accounts for half of the observed wait time effect.

5.3 Mechanisms and heterogeneity

Table 7 shows the effects of entry by pre-reform capacity and competitiveness of the market.

The lowcomp dummy is equal to 1 if pre-reform HHI is greater than 5,000. The lowcap

dummy is equal to 1 if the composite index of pre-reform capacity (including acute beds,
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critical care beds, operating theatres and intensive care) is below median. The coefficient

on entry × post × lowcomp is the differential effect of entry on low-competition markets.

Similarly, the coefficient on entry × post × lowcap is the differential effect of entry on low-

capacity markets.

For emergency readmission, the coefficient estimates are noisy. However, the point estimates

indicate that the effect of entry on emergency readmission is larger for markets with low

capacity and low competitiveness at baseline. This can be seen more clearly in figure 9,

which plots the effect of entry for (i) high competition, high capacity markets (β1), (ii) low-

competition, high capacity markets (β1 + β2), (iii) high competition, low capacity markets

(β1 + β3) and (iv) low competition, low capacity markets (β1 + β2 + β3). The effect of entry

on emergency readmission is only significantly different from zero for hospital markets that

have both low competitiveness and low capacity at baseline. The effect of entry on wait

times is much larger for markets with below median capacity. In contrast, the effect of entry

on waits is not significantly different in markets with low competitiveness at baseline. The

two separate ‘competition’ and ‘capacity’ channels identified in the conceptual framework

appear to influence the effect of private entry on emergency readmission and wait times.
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Table 7: Heterogeneity by competition and capacity

Emergency readmission Log wait
(1) (2) (3) (4) (5) (6) (7) (8)

Entry × post -0.00200 -0.000779 -0.00101 -0.000319 -0.163 -0.191 -0.0468 -0.112
(0.000677) (0.00113) (0.000820) (0.00127) (0.0338) (0.0548) (0.0423) (0.0508)

Entry × post ×
lowcomp

-0.00129 -0.000870 0.0840 0.134

(0.00146) (0.00144) (0.0709) (0.0661)

post × lowcomp -0.000925 -0.000721 -0.123 -0.117
(0.00103) (0.00102) (0.0434) (0.0423)

Entry × post ×
lowcap

-0.00150 -0.00126 -0.199 -0.203

(0.000872) (0.000831) (0.0461) (0.0478)

post × lowcap -0.00147 -0.00123 -0.0469 -0.0422
(0.000671) (0.000657) (0.0329) (0.0333)

Observations 4398131 4398131 4398131 4398131 4138086 4138086 4138086 4138086

Standard errors in parentheses
Number of patients is 4,398,131. Number of markets is 190. The table shows coefficients from equation 10. All specifications include market

fixed effects, year × month fixed effects, procedure fixed effects and the following patient characteristics: age-bands, sex, non-white, Charlson

comorbidity index, comorbidity dummies and a dummy for whether the patient lives in the 10% of most deprived neighborhoods. Standard

errors are clustered at the market level.
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Figure 9: Effect of private entry by market competitiveness and capacity

High competition, high capacity

Low competition, high capacity

High competition, low capacity

Low competition, low capacity

-.004 -.002 0 .002

Emergency readmission rate

High competition, high capacity

Low competition, high capacity

High competition, low capacity

Low competition, low capacity

-.4 -.3 -.2 -.1 0 .1

Log wait

The figure shows linear combinations of coefficients from regression 10. The full set of coefficients is included in table 7. ‘High competitiveness,

high capacity’ is β1, ‘Low competitiveness, high capacity’ is β1 +β2,‘High competitiveness, low capacity’ is β1 +β3 and ‘Low competitiveness,

low capacity’ is β1 + β2 + β3
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Figure 10 shows the effect of entry for different subgroups of patients. The top panel plots

the coefficient on entry interacted with the post dummy for patients undergoing each of

the two most common procedures, hip and knee replacement, and other procedures. The

confidence intervals for individual procedures are large, but the point estimates indicate that

the percentage point reductions in emergency readmission resulting from entry are larger

for patients with higher baseline rates of emergency readmission. Converted to relative

risk adjustments, none of these coefficients is significantly different from the pooled relative

risk reduction of 8%. The second panel shows coefficients for patients split by Charlson

comorbidity index and the third panel shows coefficients for patients split by census area

income quintile. Again these estimates are noisy, but indicate there is little. Lower income

households are less likely to live in a market that has private entry (table 2) but there is no

evidence that the causal effect of entry is smaller for these households.
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Figure 10: Effect of private entry by subgroups of patients
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Figures shows coefficient on private entry × year dummies from estimating equation 7. All regression specifications include market fixed

effects, year and month-of-year fixed effects, procedure fixed effects and the following patient characteristics: age-category, sex, non-white,

Charlson comorbidity index, a vector of comorbidity dummies, and dummy for decile of deprivation of census area. Standard errors are

clustered at the market level.
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6 Discussion and conclusions

In this paper I study the effects of private entry into public hospital markets, in the context

of a large reform in the English NHS that shifted a fifth of orthopaedic patients into private

hospitals. I show that private entry increased volume of admissions and decreased wait times

and risk-adjusted readmission. Almost the entire readmission effect and more than half of

the wait time effect are attributable to improvements at public incumbents. The positive

effects were concentrated in areas with low preexisting public sector capacity, suggesting that

relaxation of supply constraints played a key role in the observed improvements.

This work raises several questions and directions for further research. First, how does ex-

panding private provision compare with a policy that expands capacity in the public sector?

On the one hand, contracting with existing private hospitals means the government does not

need to undergo additional capital expenditure. In addition, variable cost of private provi-

sion may be lower at the margin because private hospitals retain ‘spare’ capacity to ensure

private-paying patients get quick access to care. On the other hand, expanding the capacity

of existing public hospitals could avoid some of the pitfalls of private entry, including the

ambiguous effect of competition and cream-skimming of lower cost patients, both explored

in this paper. In an industry with free entry and high fixed costs, there is also the risk of

excessive entry, which may benefit patients but reduce overall social surplus (Mankiw and

Whinston 1986). This could be exacerbated if policy-makers weight the surplus accruing to

public hospitals more than profits received by private providers, for example if public hos-

pitals use this surplus to subsidize training of health care workers or other socially valuable

activities.

Additionally, expanding provision through the private sector can only take place in areas

where private hospitals choose to enter. Private hospitals tend to be located in higher income

areas where the private-pay market is larger. Extra public capacity could be targeted more

precisely at areas with high need and unmet demand for care. Public capacity is also more

fungible than private provision; since public hospitals treat emergency patients, additional

public beds can more readily be used for emergency patients or patients from other specialties

in the event of demand shocks. The optimal policy may involve some private provision in

combination with public expansion in areas poorly served by private hospitals. In fact, during

the period I study expansion of existing hospitals also took place, including construction of

onsite publicly-run surgery centres, and there is little evidence on the overall effectiveness of

this expansion.

My findings also shed some light on the economics of ‘hybrid’ public-private systems of provi-

sion, also common in education and criminal justice. One component of this is understanding
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differences between quality and efficiency of public and private providers, and the second

is understanding how they interact in a hybrid system. Private hospitals are observably

different from public hospitals on several dimensions: they treat only elective patients, focus

on a limited number of specialties and do not have critical care facilities. They have lower

wait times and often offer amenities such as private rooms. Choosing not to invest in critical

care is doubly beneficial: it reduces their fixed costs and differentially attracts less complex

patients, reducing variable cost.

Economic theory predicts that where contracting is incomplete, private providers will skimp

on dimensions of quality that are hard to observe (Hart, Shleifer and Vishny 1997). In

contrast to this prediction, in my setting I find private hospitals appear to offer care of

comparable clinical quality to public hospitals. There are several potential explanations for

this. The existence of public incumbents may limit the ability of private hospitals to skimp

since patients always have the option of being treated at the public hospital (Besley and

Malcomson 2018). Most private hospitals also treat paying patients so must offer clinical

quality high enough that patients are willing to pay for care. Third, the vast majority

of publicly-funded private sector procedures are performed by doctors who also work in

public hospitals, limiting variation in clinical quality between sectors.23 Finally, for the set

of low-risk patients treated at both public private hospitals there may be limited scope for

skimping. Readmission rates may also be a poor measure of quality for this group of patients.

In equilibrium private hospitals have lower wait times than public hospitals, implying that

the the patient who is just indifferent between attending public and private facilities perceives

the public hospital to be preferable on other dimensions of quality.

The conceptual framework and empirical findings in this paper help to reconcile some of the

previous mixed results on competition in health care. For example, Cooper, Gibbons and

Skellern (2018), Gaynor, Moreno-Serra and Propper (2013) and Gaynor, Propper and Seiler

(2016) all find that introducing competition between public hospitals in England reduced

mortality for heart surgery and some emergency conditions. In contrast, Moscelli, Gravelle

and Siciliani (2021) finds that public-public competition increased readmission rate for hip

and knee replacements. The competitive effect is more likely to be negative when a hospital

faces high costs of treating marginal patients, for example when it has to run evening and

weekend surgery lists to clear its wait list. Also, competition between incumbent providers is

likely to increase demand for high quality providers as well as increasing quality elasticity of

demand. If they are capacity-constrained and marginal cost is high, this demand shock may

23The NHS has a fixed pay scale for doctors, meaning the distribution of earnings in the public sector is
low variance. The marginal cost to private hospitals of hiring relatively more experienced NHS doctors is
low, and doctors operating in private hospitals have an average of 2.5 more years of experience than their
counterparts who only work in public hospitals.
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move them up the marginal cost curve, eroding quality (a reversal of the ‘capacity effect’ I

outline). The results are broadly in line with previous findings on private entry in the NHS;

like Kelly and Stoye (2020) I find that entry reduces wait times, although unlike them I

find effects on readmission rates24. Like Cooper, Gibbons and Skellern (2018), I observe an

increase in patient severity at hospitals exposed to private entry.

This analysis has important caveats. First, while the policy change I study is substantial,

the overall share of government spending going to private hospitals is still relatively small.

As spending on private providers increases further, it may be increasingly difficult for public

hospitals to cover their fixed costs and make new quality-improving fixed cost investments

and this could erode quality in the longer run. There are other potential medium-run impli-

cations of private entry that are hard to study in the short window around the policy reform.

Increased demand for labour at private hospitals may bid up wages, eroding the monopsony

power of public hospitals. In the even longer run, increasing use of private providers and

the quality changes that result may have implications for public support for funding the

NHS. As the UK works to clear huge backlogs of patients whose treatment was delayed by

the COVID-19 pandemic, private provision is likely to become even more extensive – and

controversial – in the coming years.
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A Additional details of theory model

A.1 Effect of price, casemix and demand on pre-reform quality

Recalling that h′′ < 0, C ′ > 0 and C ′′ ≥ 0, pre-reform choice of quality αpre is decreasing in

average severity and demand and constant in price:

dαpre
dp

= 0

dαpre
dθ̄

=
C ′(αpreθ̄N) + αpreθ̄NC

′′(αpreθ̄N)

h′′ − θ̄2NC ′′(αpreθ̄N)
< 0

dαpre
dN

=
θ̄2αpreC

′′(αpreθ̄N)

h′′ − θ̄2NC ′′(αpreθ̄N)
≤ 0
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A.2 Effect of entry on quality when budget constraint binds

If h is large enough then the hospital increases quality up to the point at which the budget

constraint binds:

pN = C(αθ̄N)

Quality is increasing in price and decreasing in severity and demand:

dα̃

dp
=

1

θ̄C ′(α̃θ̄N)
> 0

dα̃

dθ̄
= − α̃

θ̄
< 0

dα̃

dN
=
p− α̃θ̄C ′(α̃θ̄N)

Nθ̄C ′(α̃θ̄N)
≤ 0

The last inequality holds because the net surplus on the marginal patient p− α̃θ̄C ′ must be

weakly negative, otherwise the budget constraint would be slack and the hospital would be

able to increase quality.

B Data construction

Construction of admissions level data: The Hospital Episode Statistics data set is

at the ‘episode’ level, where each episode is a period of care in hospital under one senior

physician (equivalent to an attending physician in the US). Most patients only have one

episode per admission, but where there are multiple episodes with the same admission date,

I include only the first episode to avoid double-counting. If variables needed for the analysis

are missing from the first episode, specifically date of discharge, I fill in data from subsequent

episodes. Admissions are categorized as planned if a patient was admitted off the waiting

list or if the patient was given a treatment date at the time the decision to admit was made,

determined mainly on the grounds of resource availability. I define an ‘index’ admission as

one occurring at least 30 days after a previous orthopaedic admission. To avoid double-

counting readmissions, I keep only the index admissions i.e. if someone is admitted then

admitted again within 30 days this counts as a readmission, and the second admission is

dropped from the analysis. However, if a person is admitted and then admitted again after

30 days, the first admission does not count as being associated with a readmission. The

second admission is kept as a separate admission.

Mapping admissions to locations: I map the site code for each admission to its post

code using NHS Digital ODS data. If no site code is given or the site code is invalid, I map
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the site to a post code using the ‘procode’ field. I code any site code beginning with ‘5’ or ‘R’

as public and any site codes beginning with ‘8’ or ‘N’ as private. Where there are multiple

site codes per post-code, I consider this to be a single hospital site. Sometimes operations

taking place at private hospitals are coded ‘R’; this happens when a public hospital directly

contracts out procedures. To ensure that procedures in private hospitals are coded correctly,

I manually checked all instances in which one or more public and private sites share the same

post-code. Hospitals frequently change code over this period, for example because they are

transferred to another NHS trust or because NHS trusts merge. I harmonize the site code

Market definition: To construct the hospital markets, I identified public hospital sites

conducting 100 or more hip/knee replacements in 2006. I use hip/knee replacements as the

basis of the restriction to ensure that markets are defined around hospitals conducting the

full range of common elective orthopaedic procedures. There are some examples where this

definition excludes large hospitals: for example, in 2006 most of the hip and knee replace-

ments in Birmingham were conducted at Birmingham Treatment Centre at Birmingham City

Hospital, meaning most other large hospitals in Birmingham do not have their own markets.

Construction of variables: Emergency readmission is defined as an admission to any hos-

pital within 30 days after discharge from the index hospital spell that is unplanned occurring

either through the emergency department or due to a request for immediate admission by

a General Practitioner or other doctor). The variables included as controls in the patient

outcome regression are defined as follows:

• Age bands: 0-19, 20-34, 35-49, 50-59, 60-64, 65-69, 70-74, 75-79, 80-84 and 85+

• A dummy for whether the patient is female

• A dummy for whether the patient is white. Race/ethnicity are poorly populated for the

early years of the sample so a dummy for race/ethnicity ‘unknown’ is also included

• A vector of patient comorbidities, defined using all the diagnosis fields: congestive heart

failure, cardiac arrhythmia, valvular disease, pulmonary circulation disorders, peripheral

vascular disease, hypertension, diabetes, diabetes with complications, hypothyroidism, re-

nal disease, liver disease, HIV/AIDS, cancer, metastatic solid tumor, rhematoid arthritis,

coagulopathy, obesity, weight loss, fluid and electrolyte disorders, blood loss anemia, defi-

ciency anemia, alchohol/drug abuse, psychoses, depression

• Charlson index. This is constructed using the charlson command using the first ten

diagnoses fields.

• Procedure dummies. To code these I take the first 3-digit OPCS code of the episode. I

code any procedure with fewer than 5,000 admissions in 2011 as ‘other’
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• Deprivation dummy indicating whether patient’s census area (LSOA) is in the decile of

most deprived neighbourhoods. Deprivation is defined using the income component of the

‘index of multiple deprivation’.

C Supplemental tables and figures

Table 8: Percent of government spending in private hospitals for most common procedures
in 2012

Gov exp
(m GBP)

Gov-
funded
admissions

% exp
in pri-
vate
hosps

Knee replacement 478 76,253 19.9
Hip replacement 436 71,667 18.9
Rotator cuff repair /
subacromial decompression 164 38,101 21.3
Knee arthroscopy 156 74,647 28.7
Fracture reduction/fixation 87 41,085 2.5
Joint aspiration or injection 62 61,838 17.0
Joint resurfacing 46 8,025 24.6
Carpal tunnel release 44 42,575 18.9
Joint replacement (exc. hip/knee) 13 2,575 9.4
Other 754 395,633 15.0

Table includes all NHS-funded planned orthopaedic admissions in England. Admissions are
grouped by OPCS code of the primary procedure. Knee and hip replacement categories
include primary procedures and revisions
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