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1. Introduction

As health care spending has continued to rise across the developed world, a number of countries have recently introduced market-based health care reforms designed to create financial incentives for providers to improve their clinical quality and efficiency.  Interestingly, despite its global reputation to the contrary, the English National Health Service (NHS) has been at the forefront of these efforts.  Over the last decade in England, policy-makers in the NHS have given patients greater choice over where they receive secondary care; they have published more information on providers’ performance; they have diversified the hospital sector by allowing private providers to deliver care to NHS-funded patients; and they have introduced a new, prospective, fixed-payment provider payment system modeled on the Medicare diagnosis related group (DRG) system in the US (Cooper et al., 2011).  Collectively, these reforms were designed to introduce hospital competition into the NHS within a market with fixed prices (Le Grand, 2007).  This paper assesses the impact of these reforms on NHS hospitals’ productive efficiency.

Thus far, empirical evidence suggests that the NHS reforms have proven largely successful.  Recent evidence by Cooper et al. (2010 and 2011), Gaynor et al. (2010) and Bloom et al. (2010) suggests that these reforms have lowered mortality rates, shortened patients’ length of stay and are associated with improvements in hospitals management quality.  Nevertheless, for a host of reasons, these market-based reforms both in England and abroad remain controversial.  First, despite increasing efforts to expand hospital competition, the evidence on the impact of competition on providers’ efficiency and quality is mixed, and the theoretical literature suggests that the underlying market structure and payment systems that are in place can greatly influence how providers respond to competition (Gaynor and Town, 2011).  Second, in spite of the intuitive appeal of increasing transparency, there has been some evidence that suggests that publishing information on providers’ performance can lead to short-term reductions in welfare (Dranove et al., 2003).  Third, while proponents argue that encouraging the entry of new types of health care providers that are specialized and focused on individual segments of the health care market (like elective surgery for orthopedics) will encourage competition and improve productive efficiency; critics have argued that these new market entrants, who are generally privately owned, will cherry-pick healthier patients for care and destabilize larger incumbent hospitals (Barro et al., 2006).  This final point is particularly salient in England where, beginning in 2007, the NHS began paying for NHS patients to receive care in private facilities that are largely focused on elective care and resemble ambulatory surgical centers that are increasingly common in the US.

In this paper, we exploit the timing of the recent market-based reforms in the NHS to create a quasi-natural experiment using difference-in-difference (DD) style estimators to test the impact of hospital competition, after it was formally introduced, on the efficiency of care delivered in NHS (public) hospitals.  Our analysis is focused on assessing whether efficiency increased more in the period after competition was introduced from 2006 onwards for NHS hospitals located in markets where patients had a greater amount of choice.  In addition, we also examine whether the entrance of private providers into the market for NHS patients also prompted incumbent NHS providers to improve their efficiency.  Finally, we test whether the entrance of new private sector providers into the market for publicly funded care left incumbent NHS hospitals treating a more costly case mix of patients.  Crucially, the staggered timing of the NHS reforms allows us to identify separately the impact of competition between public sector providers that began in 2006 and the impact of private sector providers that began in 2007.

Within the broader hospital competition literature, it has generally been challenging to identify the impact of competition on hospital quality and efficiency because hospital market structure is likely endogenous with providers’ performance (Gaynor et al., 2010b, Gaynor and Town, 2011).  However, the NHS reforms provide two sources of exogenous variation that aid us in identifying the impact of public sector and private sector hospital competition on efficiency.  First, we are able to identify the impact of competition on efficiency by taking advantage of exogenous policy changes that were introduced separately in 2006 and 2007, both of which applied universally to the whole of England.  Second, to measure hospital competition, we use counts of hospitals in local markets and we benefit from the fact that both public and private hospital locations in England are exogenous to hospitals’ NHS performance.  Indeed, the geographical location of public hospitals in England largely dates back to the founding of the NHS in 1948 (Klein, 2006).  Likewise, of the 162 private hospitals currently operating in England and potentially accessible to NHS patients, the mean opening year for these private facility was 1979, and 158 of the 162 private providers who were eligible to provide care to NHS funded-patients were opened prior to the NHS reforms.

Because there is no reliable information on hospital costs in England, we measure hospital efficiency using patients’ length of stay (LOS) for hip replacements, knee replacements, arthroscopies and hernia repairs. Indeed, because of the inadequacy of cost data in health services more broadly, LOS has been used as a proxy for efficiency (Fenn and Davies, 1990, Martin and Smith, 1996). In England, since each additional bed day from 2006 onwards reduces hospitals’ marginal profit for each patient by £225.00, providers face significant incentives to discharge patients from the hospital more quickly.  We examine whether or not those incentives motivated on changes in behavior.  

However, we are not exclusively interested in examining whether higher hospital competition was associated with lower LOS.  We are also interested in examining whether any changes we observe in LOS were driven by genuine improvements in productive efficiency that are consistent with improvements in lean manufacturing, or were instead driven by hospitals selecting healthier patients for surgery or providers discharging patients ‘sicker and quicker’.  To differentiate between genuine efficiency gains versus quality skimping or cream-skimming, we disaggregate LOS into its key component parts.  A patient’s LOS is composed of two parts: 1) the time from the patient’s admission until surgery; and 2) the time from the patient’s surgery until discharge.  The pre-surgery LOS is largely determined by hospitals’ admissions and surgical theatre policies and is largely unrelated to patient characteristics.  As a result, according to the NHS Institute for Innovation and Improvement, it should be a strong proxy for efficiency and serve as a measure of hospitals lean processing ability (NHS Institute for Innovation and Improvement, 2006, NHS Institute for Innovation and Improvement, 2008).  In contrast, the post-surgery LOS is heavily dependent on patient characteristics (some of which will be latent) which directly influence recovery and discharge time (Epstein et al., 1990, Martin and Smith, 1996, Sudell et al., 1991). Therefore, in this analysis, we examine whether the incentives created within the English NHS reforms produced incentives that drove providers to quality skim in order to garner additional revenue or, instead, prompted providers to take concrete steps to become more efficient.

We present evidence below consistent with the finding that the introduction of patient choice and competition between NHS providers from 2006 onwards was associated with reductions in patients’ LOS. More precisely, after 2005, outcomes for patients treated in incumbent hospitals that were more exposed to the incentives created by the reforms showed the greatest reductions in LOS.  Crucially, higher competition led to a relative reduction in pre-surgery LOS that was approximately double the relative reduction in post-surgery LOS.  This implies that competition between NHS providers did lead to greater efficiency in the throughput of patients.

Conversely, the introduction of private sector competition, which was formally introduced in 2008, was not associated with stimulating improvements in incumbent public hospitals’ efficiency.  Indeed, ceteris paribus, patients in public hospitals located in areas with more private providers tended to have statistically significant higher post-operative LOS in 2008, 2009 and 2010 with no statistically significant changes in pre-surgery LOS.  Our work suggests that these changes were by the entrance of private sector market into the market, which left public sector incumbents with older and less wealthy patient case mix after the reforms were introduced in 2007.

2. The NHS Reforms

The NHS, founded in 1948, is a tax-funded health system that is free at the point of use.  The primary care system in England is organized around general practitioners (GPs) who provide patients with referrals for secondary care.  Until recently, secondary care was mainly delivered in publicly owned NHS hospitals that were largely funded by annual budgets set by the Department of Health.  From the 1990s until 2003, annual hospital budgets were phased out and hospitals in England were paid using annual block contracts that paid providers a fixed amount for delivering a large, fixed volume of services (Chalkley and Malcomson, 1998).

In 2002, following the announcement of substantial increases in health care spending, the UK government launched reforms to the NHS (Department of Health, 2002).  The reforms were introduced on a rolling basis from 2002 onwards and involved substantial changes to both the organization of the demand side and the supply side of the NHS.  The reforms were broadly designed to give patients a choice over where they received care, alongside a new prospective hospital payment system that paid providers a predetermined fee for each episode of care they delivered.  In addition to the expansion of patient choice, the government also encouraged new providers to enter the market, and introduced a wave of regulatory reforms designed to guarantee minimum standards of hospital performance.  Collectively, these reforms were designed to introduce non-price competition between hospitals together with giving hospitals additional fiscal and clinical autonomy so that they could differentiate themselves on non-price aspects of their care.

The new payment system was designed with two primary objectives in mind (Department of Health, 2009a).  The first objective was to encourage hospitals to increase their activity levels by paying them a fixed price per episode of care that they delivered (with prices set ex ante on average national NHS costs), which allowed hospitals to generate larger revenues by expanding their activity.  The second objective was to allow hospitals to face a financial consequence for poor performance by wedding this new payment system with the introduction of patient choice.  Here, combining patient choice with the new payment reforms meant that a substantial portion of hospitals’ income (up to 70%) was contingent on their annual activity levels, which were a direct function of their ability to attract local patients and maintain market share.  In addition, as this new payment system was being rolled out, the government rewarded high performing hospitals with additional fiscal and managerial autonomy by granting them ‘foundation trust’ (FT) status.  Here, hospitals’ financial stability served as the key arbiter of whether or not a hospital became a FT.  As a result, the FT program provided an additional incentive for hospitals to retain their market share, so that their financial position was not compromised post 2005.

The second key element of the NHS reforms was an effort to give patients a formal choice over where they received secondary care.  Prior to 2002, patients had little or no choice over the hospital that they attended for surgery, and patients were generally referred, by their GP, to their nearest provider.  Beginning in 2002, the government introduced choice pilot programs around the country and commenced giving patients who were waiting for over a year for care (later lowered to nine months) the ability to attend an alternative provider that had spare capacity.  On January 1st, 2006, the government required that all NHS patients referred for elective care be offered a choice of four or more providers (Department of Health, 2009b).  This was the first point that the new payment system and patient choice worked in tandem to create financial incentives for hospitals to maintain market share.  We regard this as the ‘policy-on’ date where public hospitals faced competition from other public providers.

The introduction of patient choice was accompanied by the development of a paperless hospital referral system that allowed patients and their GPs to book hospital appointments online or over the phone.  The main online interface for the referral system allowed patients and their referring physicians to search for nearby hospitals and included a growing amount of information on providers’ performance and information on average waiting times at each facility. 

Over time, policy-makers sought to diversify the hospital sector in England and slowly expanded patients’ choice sets to cover a wider range of providers from both the public and private sector.  From 2006 through the first half of 2007, patients were generally only able to choose between their local NHS providers and newly established Independent Sector Treatment Centres (ISTCs).  ISTCs were small, privately run surgical centers that focused on elective care and were frequently co-located on the grounds of existing NHS facilities (Department of Health, 2005).  The ISTC program was run by the Department of Health and the treatment centers were located in areas where there was a perceived shortage of supply that resulted in long waiting times (Department of Health, 2005). By mid-2006, there were 21 ISTCs established to deliver care to NHS patients, with an additional 10 intended to open over the next 12 months (Department of Health, 2006).  However, on balance, the ISTC program never fully materialized because of political constraints and was responsible for less than one percent of overall NHS care (Timmins, 2007).

In financial year 2007/8, patient choice was expanded to cover the ‘Extended Care Network’ (Department of Health, 2007).  This network was comprised of all the NHS ‘Foundation Trusts’ across the country, the newly developed ISTCs and a limited number of private sector providers that were approved by the Department of Health to deliver care to NHS funded patients (Department of Health, 2007).[footnoteRef:2]  In financial year 2007/2008, according to NHS Information Centre, there were 87 private hospitals sites offering care to NHS funded patients, which marked a substantial increase in the number of providers offering care to NHS patients in England (The NHS Information Centre, 2010).  We regard this as the second ‘policy-on’ date, where incumbent public NHS hospitals first faced competitive pressure of private sector health care providers. [2:  http://www.dh.gov.uk/en/Healthcare/PatientChoice/DH_085719?IdcService=GET_FILE&dID=192370&Rendition=Web is a link to the list of approved private providers registered to deliver care on the extended choice network.  ] 


In England, the private hospitals only account for 6.5% of the total hospital beds in the country (Boyle, 2011).  Of those seeking health care in private facilities in England, over 60% pay for their treatment using supplemental insurance and the rest have historically paid out of pocket for care (Boyle, 2011).  In 2010, approximately 12% of the population in England had private health insurance, which they used to pay for care in private facilities (Emmerson et al., 2010).  In the long-run, the demand for private insurance in the UK has been elastic to NHS (public sector) waiting times, and so, it is not surprising that the private hospital market has developed to offer mainly elective care in orthopedics and general surgery (precisely the conditions we examine in our analysis) (Emmerson et al., 2010).

In general, private hospitals are analogous to what would be regarded in the US as small ambulatory surgical centers.  Private sector hospitals in England have, on average, fewer than 50 beds and are predominantly focused on acute elective care (Laing and Buisson, 2011).  Private providers have further differentiated themselves by offering higher levels of customer service and greater amenities alongside their clinical care (Boyle, 2011). As is the case with secondary care in the NHS, those wishing to receive secondary care in the English private hospital sector generally also require a referral from their GP.

Beginning in financial year 2008/9, the government extended patient choice again and substantially expanded the number of private providers that were able to provide care to NHS funded patients (Department of Health, 2007).  From April 2008 onwards, any private provider in England that was registered with the government hospital regulator (the Care Quality Commission[footnoteRef:3]) could provide care to NHS funded patients, assuming that the public providers were willing to be paid the NHS tariff prices that also applied to public sector hospitals.  This meant that all of the 162 private hospitals in England offering elective secondary care with overnight beds were potentially accessible to NHS patients, at no extra charge, if the hospitals agreed to the be paid off of standard NHS tariffs.  In addition, to facilitate more referrals to the private sectors, these hospitals were included on the NHS ‘Choose and Book’ website and could receive paperless referrals from NHS GPs (Department of Health, 2008). Of note, unlike public NHS hospitals, these private facilities were allowed to refuse treatment to certain patients based on a set of exclusion criteria that were agreed to with the Department of Health’s commercial directorate (Mason et al., 2008).  Here, private facilities could refuse to offer care to patients whom the providers viewed as having medical conditions that were ‘a constant threat to life’ or had American Society of Anesthesiologist Scores (severity scores) of 3 or more.[footnoteRef:4] [3:  http://www.cqc.org.uk/]  [4:  ASA 1: Healthy patient with localized surgical pathology and no systemic disturbance; ASA 2: Patient with mild to moderate systemic disturbance (i.e. surgical pathology or other disease process); ASA 3: Patient with severe systemic disturbance from any cause; ASA 4: Patient with life threatening systemic disorder which severely limits activity; ASA 5: Gravely ill patient with little chance of survival.] 


2. Literature Review, Hypothesis and the Specification of Our Empirical Model

Background

In isolation, the new payment system in England should, in and of itself, lead to substantial reductions in patients’ length of stay.  The new hospital reimbursement system in England is a per case, prospective payment system that strongly resembles the US Medicare Prospective Payment System (PPS) introduced in 1983 (Frank and Lave, 1985, Lave and Frank, 1990, Manton et al., 1993).  Introducing prospective, fixed hospital reimbursement should have a negative effect on patients’ LOS because a hospital’s net revenue per patient is decreased for each additional day of care it provides(Cutler, 1995).  Consistent with the theoretical literature, there is expansive literature from various countries that has found that the introduction of case-based, prospective payment systems  has led to a reduction in LOS and overall spending.  In the US, several studies, including Feder et al. (1987), and Guterman and Dobson (1986) have found that the introduction of PPS in the US reduced LOS by between 3% and 10%.  Similarly, Feinglass and Holloway (1991) and Kahn et al. (1990) found that PPS led to a drop in LOS of over 10%.   Such significant drops in LOS prompted fears that PPS may have also led to concurrent drops in clinical quality.  However, Cutler (1995) looked at outcomes for 67 diagnoses and found that PPS did not lead to lower clinical quality.

Looking abroad, evidence from the introduction of a new prospective hospital reimbursement in Israel in 1990 mirrored the experience observed in the US.  Looking at outcomes for five procedures, Shmueli et al. (2002) found that the new reimbursement system was associated with a significant reduction in LOS, but it did not lead to any statistically significant changes in mortality.  Likewise, after the Italian government introduced a DRG-based financing system in 1995, Louis et al. (1999) observed that LOS dropped, without having an adverse impact on mortality or readmission rates.

There is also evidence on the impact of PbR in the English NHS. In a recent study, Farrar et al. (2009) conducted a difference-in-difference analysis comparing various outcomes measures in Scotland and England from 2002 through 2006.  Unlike England, Scotland did not introduce a prospective funding system from 2003 through 2006.  As a result, the authors were able to treat Scotland as a quasi-control and estimate the impact that PbR had on quality, volume and costs in the English NHS.  Farrar et al. (2009) found that in England, under a fixed price payment system, LOS fell more quickly and the proportion of day cases rose relative to Scotland.  Their work suggests that PbR was successful at reducing unit costs in the NHS and driving down LOS.  Echoing Cutler’s (1995) results, Farrar found no association between PbR and changes in mortality or readmission rates.

More broadly, there is a large body of theoretical work which suggests that shifting towards prospective payment systems will lower overall health care spending (Robinson, 2001, Hornbrook and Rafferty, 1982, Ellis and McGuire, 1986b, Pope, 1989).  This theoretical assertion has also been demonstrated empirically by looking at the impact of the introduction of the US Medicare Prospective Payment program on Medicare spending in the 1980s (Russell and Manning, 1989, Chulis, 1991, Davis and Rhodes, 1988).  However, the shift towards prospective payments could also create incentives for hospitals to avoid treating patients whose expected costs would be above ex ante reimbursement rates (Hodgkin and McGuire, 1994, Hornbrook and Rafferty, 1982, Newhouse, 1989).  While there is not a great deal of evidence suggesting that hospitals facing prospective payments have systematically avoided treating more costly patients, there is some evidence that suggests that it has occurred (Frank and Lave, 1989, Berta et al., 2010).

There is evidence that, with respect to clinical quality, hospitals located in less concentrated markets behave differently than hospitals located in monopoly markets when they are exposed to competition (Cooper et al., 2011, Gaynor et al., 2010a, Kessler and McClellan, 2000).  A growing body of research looking at the impact of fixed price competition on clinical quality in the US and England suggests that in a market with fixed prices, competition catalyzes improvements in clinical performance.  In a widely cited study examining the impact of market structure on quality, Kessler and McClellan (2000) looked at the impact of hospital competition in the US on AMI mortality for Medicare beneficiaries from 1985 to 1994.  The authors simulate demand in order to create measures of competition that are not based on actual patient flows. They find that in the 1980s, the impact of competition was ambiguous, but in the 1990s, higher competition led to lower mortality.  Using related methodology, Kessler and Geppert (2005) found that competition was not only associated with improved outcomes in their Medicare population, but it also led to more intensive treatment for sicker patients and less intense treatment for healthier patients who needed less care.[footnoteRef:5] [5:  It is important to note that there have been some studies on the impact of fixed priced hospital competition, which have not found positive results.  Gowrisankaran and Town (2003) find that hospital competition for Medicare enrollees lowered quality.  However, they ascribe their findings to the level at which the administered prices were set.  Mukamel et al. (2001) find that hospital competition for Medicare prices has no significant effect.  ] 


In England, recent evidence examining the impact of the introduction of patient choice on clinical outcomes finds similar results.  Cooper et al. (2011) use a modified difference-in-difference analysis to analyze mortality from heart attacks and find that hospitals located in competitive markets improved their mortality more quickly than hospitals located in less competitive markets after patient choice and hospital competition were introduced nationally in 2006.  They find that from 2006 onwards, after the introduction of patient choice and hospital competition, mortality fell more quickly in hospitals facing greater competition.  In that study, the authors find that their results remain consistent across a number of different measures of market structure.  In similar analysis, a working paper produced by Cooper et al. (2010) find that hospitals located in more competitive markets also reduced their LOS, with the bulk of these changes being driven by reductions in patients’ pre-surgery LOS.  More recently, separate work by Gaynor et al. (2010) using a similar DD approach also found that competition in the NHS in 2006 was associated with reductions in hospitals’ annual length of stay and reductions in AMI and overall hospital mortality without concurrent increases in spending.

A related strand of research has examined whether new market-entrants will create competitive pressure that will prompt incumbent hospitals to improve their performance.   Cutler et al. (2010) looked at this issue by examining the impact of a policy change in Pennsylvania that rolled back of the use of hospital certificates of need regulation.  This had the effect of allowing more providers to enter the market for coronary artery bypass grafting.  The authors analyze this set of reforms and find that quality improved in markets with a higher share of new market entrants (Cutler et al., 2010).  Barro et al. (2006) looked the impact that new specialty hospitals in the US were having on the costs of care in cardiac care markets in US.  Here, the authors find that markets with new entrants had lower rates of cost growth between 1996 and 1999 (Barro et al., 2006).

Alongside this work assessing the impact of competition on quality and spending, there has been additional research focused on assessing whether competition in markets with prospective payments can prompt providers to avoid treating more costly patients.  Here, there are strong theoretical evidence that hospitals paid using prospective payments and located in more competitive markets will seek to avoid attracting more costly patients in favor of patients who will have larger margins (Dranove, 1987, Ellis, 1998, Ellis and McGuire, 1986a, Meltzer et al., 2002).  The lone empirical work in this area is by Meltzer et al. (2002), who use discharge data from California from 1983 to 1993 to examine the impact of competition on hospital costs for low and high cost hospital patients before and after the introduction of the Medicare fee for service payment system in the US.  Here, the authors find that there were greater reductions in spending for more costly patients in more competitive areas.  They viewed this finding as consistent with the theory that hospitals in more competitive markets under prospective payment would seek to avoid treating more expensive patients (Meltzer et al., 2002).

Additional research has examined whether specialty hospitals (largely analogous to the private providers in England) have tended to attract younger, healthier or wealthier patients. In addition to assessing the impact of cardiac specialty hospitals on quality, Barro et al. (2006) also examine whether these facilities attracted a relatively healthier patient population.  They found that following the entry of specialized providers into the market, these specialty hospitals attracted a healthier patient case mix, leaving the population in incumbent general hospitals with a more risky patient population (Barro et al., 2006). These findings are echoed by similar analysis which finds that the Medicare patient population treated at ambulatory surgical centers in 1999 tended to be healthier and less costly to treat than the population treated at larger, traditional hospital facilities (Winter, 2003).

Hypothesis

This paper builds on this body of research and examines the impact of public and private sector competition on incumbent public hospitals’ efficiency.  In addition, we test whether the entrance of private sector providers into markets for publicly funded patients left incumbent public providers caring for a more costly mix of patients.  More specifically, this paper tests whether public hospitals improved their performance after they were required to compete with other public providers from 2006 onwards and after they were required to compete with private providers from 2007/8 onwards.  

We expect the incentives for hospitals to compete during this period to be substantial.  First, both FT and not FT hospitals are heavily incentivized to generate annual surpluses.  That is because hospitals with FT status are allowed to keep their surpluses and non-FT hospitals are considered for FT-status based on their financial performance.  Second, under the new ‘payment by results’ system in England, hospitals could lose a substantial share of their revenues if, from 2006 onwards, these providers were not able to maintain their historical market shares.  Third, all referrals for secondary care must flow through general practitioners.  As a result, GPs will provide an agency function for multiple patients with the same diagnosis and will be in a position to observe and be responsive to ex post hospital quality.  

Existing research from the NHS suggests that the introduction of hospital competition in 2006 was associated with decreases in hospital mortality and patients’ length of stay (Cooper et al., 2011, Cooper et al., 2010, Gaynor et al., 2010a). Consistent with this evidence, we hypothesize that hospitals facing greater competition will take additional steps to shorten their LOS because it will 1) allow hospitals to lower their marginal costs per patient (and generate larger surpluses) and 2) will allow hospitals to free up additional operating room capacity which they can use to treat additional patients to increase their revenue and maximize their market share.  Consistent with this hypothesis, written material provided by the government and made exclusively available to public providers states that “same-day admissions are seen as an imperative by independent [private] providers.  Acute [public] trusts will need to reflect this as an integral element of any marketing strategy when seeking to demonstrate competitive advantage’ (NHS Institute for Innovation and Improvement, 2006).  

In addition, Bloom et al. (2010) have found that hospital competition in the NHS is associated with improvements in hospitals’ management performance.  As a result, we also hypothesize that these general improvements in management performance that stemmed from competition will lead to leaner hospital operating room and admissions procedures, which will result in lower pre-surgery LOS for patient receiving care in more competitive hospital markets.  

However, consistent with Ellis (1998), it is also likely that incumbent public hospitals facing more private competition will be left caring for a more costly mix of patients.  That is because 1) private providers are, in contrast to NHS providers, allowed to reject care to center paints and 2) wealthier may be more aware of or familiar with private providers because, prior to the reforms, these patients could have afforded to pay to get care privately in an era when these private providers were exclusively offering care to non-NHS funded patients.  Further, while all NHS providers do face a theoretical incentive to avoid treating patients whose costs are likely to exceed their reimbursement rates, these incentive might be more substantial for private, for profit facilities who have different utility functions than NHS providers. 

Nevertheless, we hypothesize that, once private competition is fully introduced from the beginning of financial year 2007/8 onwards, private sector competition will also prompt incumbent public providers to improve their efficiency above and beyond the gains produced from public sector competition as public providers fight to maintain their market share.  This view is consistent with results found in Barro (2006). 

Empirical Estimation Strategy

Our empirical analysis is focused on using a series difference-in-difference style estimators to test whether patients in more competitive markets had observable changes in their LOS and patient case mix after hospital competition in the public sector was introduced in 2006 and private sector providers were allowed to compete with NHS from providers from 2007 onwards.  Rather than estimating off of cross-sectional changes in hospital competition, we use our measures of hospital competition to determine which hospitals had greater potential to be impacted by the policy change that allowed patients to select from their local public providers in 2006 and select among a wider network of private providers in 2008.  Hence, our identification strategy rests on the assumption that hospitals located in areas where there are no alternative public or private competitors will not be impacted by the introduction of choice in 2006 and 2007.  In contrast, we argue that the incentives from the two sets of reforms will be sharper in areas where patients had a genuine choice of more than one public provider in 2006 and 1 or more private providers in 2008.

As we described in Cooper et al. (2011), the NHS competition reforms that we are studying do not fit neatly within the traditional difference-in-difference framework.  First, every area in England was potentially exposed, at some degree, to the NHS reforms.  However, as we discussed above, we assume that areas with more potential patient choice will be more greatly exposed to the financial incentives created by hospital competition.  Therefore, rather than using a binary definition of policy exposure, we use a continuous measure of hospital competition and assume that areas with more competition are more substantially exposed to the policy.

Second, within this policy setting, there is not a strict division between the pre-policy period and the post-policy period.  Here, it is likely that the formal introduction of patient choice on January 1 2006 took time to bed in and was likely delayed by early operational problems with the NHS paperless referral system (Dixon et al., 2010).  Likewise, while the start of financial year 2008/9 marked the most substantial expansion of the role of private sector providers into the NHS, private sector providers, to a limited degree, were offering care to NHS patients from 2005 onwards.  As a result, rather than defining strict pre and post policy periods, we examine the interaction between our measure of treatment intensity (hospital counts) and year dummies.  We also assume that these year dummies capture any background trends in hospital LOS induced by technological improvements in care and the national introduction o the payment by results program.  Further, as we discuss in more detail below, we use time fixed counts of hospitals in the public and private sector to measure treatment intensity.  

Therefore, our general empirical regression takes the form:

1)	losijkt = pub_countk  yt`1 + priv_countk   yt`2 + yt` + xijkt` + j + k + p + ijkt


Here, is the length of stay in the hospital of patient i, who was referred by GP k and received care in year t at public hospital j.   Potential choice and competition in the public and private sectors is specified by counts of hospitals in the market local to the patient’s GP, where pub_countj is a  count of public sector hospitals (measured at t = 2002) and priv_countj  is a count of private sector hospitals in market j who had the potential to provide care to patient i. Vector xijkt includes of individual patient and provider hospital characteristics. Market, hospital and procedure unobservables  (j + k + p) are (optionally) treated as fixed effects in the estimation. Other time varying unobservables are captured by the error term ijkt.  In later specifications, we also include interactions between the public and private counts, priv_countj and pub_countj , and interact that public/private interaction with year dummies.

The vector yt  contains 1 and year dummies from 2003-2010 (2002 being the baseline) i.e. yt = [1 y2003 y2004…y2010]. The impact of policy changes between 2002 and 2010 is estimated through the estimates of coefficient vectors 1 and 2, which are the year specific effects of exposure to potential competition from NHS and private providers. For example, considering the introduction of choice within the NHS sector in 2006, we can partition the vector yt and its corresponding coefficients 1 into pre-policy (pub_countj  y_pret`10) and post-policy groups (pubj  y_postt`11 ) where:

y_pret` = [2003 …  2005] and y_postt` = [y2006 y2007 …y2010] for public sector competition and [y2007 y2008 … y2010] for private sector competition.

The effects of the introduction of choice between NHS providers in 2006 are then estimated from differences between 1 and 2.

We estimate (1) using Ordinary Least Squares and cluster the standard errors in our estimates at the GP level to allow for error correlation across patients within GP markets. Also note that the interaction terms between our counts and year dummies reflect changes in LOS off of 2002 levels.

3. Data sources and Our Measures of Hospital Market Structure

This paper relies on patient-level Hospital Episodes Statistics (HES) data from 2002 through 2010. This is a large administrative data set that records nearly every consultant episode delivered in the English NHS.[footnoteRef:6]  This dataset includes a wide range of information on patients, providers and local area characteristics.  In addition, we also use data on the private sector in England that were obtained from Laing and Buisson, a private data holding company in the UK.[footnoteRef:7]  This data include the name, location, and bed numbers for private providers and the dates that these facilities opened.   We limit our analysis to private providers who offer elective care and are eligible to provide care to NHS-funded patients.  We have used further micro data on population levels and population density across the UK at the Middle Super Output Area level that we obtained from the Office of National Statistics.  These measures were used in the construction of our hospital competition measures.  All hospital and GP postcodes were matched to their corresponding X and Y geographical coordinates using the UK National Postcode Directory. [6:  Each HES record is a consultant episode, which we then collapsed to spells (admissions).  ]  [7:  http://www.laingbuisson.co.uk/] 


In our analysis, we focus on elective hip replacements, knee replacements, hernia repairs and arthroscopies performed on patients age 18 and over.[footnoteRef:8]  We excluded any observations missing admissions or discharge dates and observations that were missing data on patient characteristics.  This represented less than 2% of our sample.  We also exclude observations with a LOS in the 99th percentile of the distribution, so that our estimates are not biased by outlying data observations.[footnoteRef:9]  We focused on elective hip replacements, knee replacements, arthroscopies and hernia repairs in this analysis because they collectively account for a large share of public and private providers’ elective activity and because there was little substantive change in clinical practice across these procedures during the period of our analysis (Hamilton and Bramley-Harker, 1999). [8:  We defined hip replacements as procedures with an Office of Population, Census and Surveys Classification of Surgical Operations and Procedures 4th Edition (OPCS 4) code of W37.1, W38.1 or W39.1.  We defined knee replacements as procedures with an Office of Population, Census and Surveys Classification of Surgical Operations and Procedures 4th Edition (OPCS 4) code of W40.1, W42.1, or W42.1.  We defined hernia repairs as procedures with an Office of Population, Census and Surveys Classification of Surgical Operations and Procedures 4th Edition (OPCS 4) code of T20.1, T20.2 or T20.3.  We defined arthroscopies as procedures with an Office of Population, Census and Surveys Classification of Surgical Operations and Procedures 4th Edition (OPCS 4) code of W82 through W89.  ]  [9:  Our results are robust when we include the 99th percentile of the LOS distribution, but it does increase the size of our point estimates.  ] 


Our dependent variable of interest is hospitals’ annual, average LOS for patients admitted for an elective hip replacement, knee replacement, hernia repair or arthroscopy at an NHS acute hospital between 2002 and 2010.  LOS is measured in days from the date of a patient’s admission to the date of their discharge. There has been significant attention within the health economics literature focused on the use LOS as a proxy for efficiency, since cost data is frequently not available (Fenn and Davies, 1990, Martin and Smith, 1996, Gaynor et al., 2010a). However, we believe that a key factor in successfully using LOS as a proxy for hospital efficiency is factoring out the influence of patient characteristics in determining how long a patient is in the hospital.  As a result, in order to get a stronger proxy for hospital efficiency, we divided patients’ length of stay in the hospital into two components.  The first component of LOS, which we refer to as the ‘pre-surgery’ LOS, is the time from when the patient was admitted for care until elective surgery was performed.  For elective surgery, this component of LOS is likely not highly influenced by patient characteristics and should be heavily influenced by hospitals’ operating room and admissions policies.  The second component is the ‘post-surgery’ LOS, which is time from the surgery itself until a patient’s discharge.  The literature suggests that this component of LOS should be heavily influenced by patient characteristics (Epstein et al., 1990, Martin and Smith, 1996, Sudell et al., 1991).

Our patient level data allow us to risk-adjust for clinical severity by controlling for various patient characteristics in our estimates. These patient characteristics include gender, age and Charlson comorbidity score (Charlson et al., 1978).  In addition, the HES database links patients’ home addresses with local area characteristics like various dimensions of the 2004 Index of Multiple Deprivations (IMD), which are measured at the lower super output area (Department of Communities and Local Government, 2009).

For confidentiality reasons, the patients’ home addresses are not available for use in our analysis. However, we do have access to codes that identify the patients’ GP and GP postcode. There are approximately 8000 GPs in each year in our data. Patients can usually (at the time relevant for our study) only register at a GP practice if they live in a GP’s catchment area, so a patient’s GP practice location serves as a strong proxy for a patient’s home addresses. As a result, we use the distance between a patient’s registered GP and their local hospitals as a proxy for the distance between a patient’s home address and their local hospitals.

Quantifying Public and Private Hospital Competition

Within the literature assessing the impact of hospital competition on provider performance, there is significant attention focused on how to measure hospital market structure.  This discussion centers on two main empirical challenges.  The first is using a measure of hospital competition that is not endogenous to hospital performance (Cooper et al., 2011, Gaynor et al., 2010a, Kessler and McClellan, 2000).  Here, for example, a high performing hospital may appear to be operating in a less competitive market because it has been able to attract market-share from its competitors or even drive them out of the market.  Likewise, poorly performing providers may appear to be operating in more competitive markets because their lack of quality and efficiency has encouraged other competitors to enter the market and offer better services to patients at more reasonable prices.  The second challenge, which is particularly relevant to this analysis, is using a measure of market structure that genuinely captures differences in hospital market dynamics, but is not simply capturing urban population density (Cooper et al., 2011).  In what follows, we discuss how we construct our measures of competition to attenuate these two concerns.

First, as we have discussed, we use hospital counts as our measure of market structure.  Here, we measured these counts for public facilities based on hospitals operating in the NHS market in 2002, prior to the introduction of the choice policies in 2006. In general, NHS hospital locations in England are a historical artifact and have not changed substantially since the NHS was founded in 1948 (Klein, 2006). As a result, we view the location of these NHS facilities as exogenous to hospital performance and unaffected by the NHS reforms that were introduced in the 2000s.  Further, we use counts in the market in 2002, prior to any chances that could have been induced by the introduction of hospital competition in 2006.

Similarly, nearly every private provider in England was founded prior to the expansion of NHS patient choice to private providers in 2008.  As a result, we also view the location of private providers in England as exogenous to performance.  Nevertheless, private providers did have a choice about whether or not, as an organization, they offered care to NHS patients.  As a result, within our analysis, if we used the count of private providers who actually chose to deliver care to NHS patients, there is a risk that this measure could be endogenous to local NHS performance.  Here, for example, private providers could decide to only enter the market for NHS market when they perceived that their local NHS providers were inefficient or were offering a poor level of service.  As a result, we base our counts of private hospitals on the number of private providers that were operating in the NHS during this period that could have decided to offer care to NHS patients, as opposed to counting those that actually did offer care.  

Second, we endeavor to use measures of market structure that will not be heavily correlated with population density.  Traditionally, many studies that seek to quantify hospital market structure define hospital markets using fixed radii extended out from the market center.  Here, the market size is constant across all markets, irrespective of the local population density.  As a result, these measures will likely find that urban will be more competitive than rural areas.  To break the link between hospital competition and urban density, we use a definition of hospital market size that is a function of the local population density within that market.  As a result, we allow our radius that defines the size of our public and private sector markets to expand in areas with low population density and contract in urban areas.

Details on our methodology for constructing our market definitions are as follows.  We begin with a matrix of Middle Super Output Areas (MSOAs) in UK, which are predefined geographic areas in the UK that each capture between 5000 – 7000 people.  For each MSOA, we calculate the radius that extends from its center out to the distance that would be required to bound a circular area with a population of 333,000 adults over the age of 18, which we measure using data from the 2001 census.  We chose these population levels because 333,000 people is roughly the catchment area for each hospital in England, based on the ratio of the current population of adults over the age of 18 in England divided by the number of hospitals in the county.  In addition, we also calculate the radius for circular areas around each MSOA that would capture 666,000 people and 999,000 people respectively. Then, each general practice in England is assigned a radius, based on the MSOA where it is located.  As a result, for each GP in England, we get three radii; one that defines the area around that practice that captures 333,000 adults, one that defines the area that captures 666,000 adults and one that defines the area that captures 999,000 adults.  These radii serve as our market boundaries.  Within those markets, we calculate the counts of public and private health care provider based on the number of public providers that were offering care in 2002 and the number of private providers who could have potentially offered care to NHS patients.  There are a small number of GP markets where the various population radii do not capture an NHS provider.  For those markets, we extend the radius out to a distance that captures the nearest NHS provider located outside of the market.  

As a result, we end up with over 8000 separately defined markets in England that are each centered on GP practices.  We chose to center our markets on GP practices for two reasons.  First, this definition mirrors the post-2005 NHS environment, where patients choose their secondary provider with help from their GP (Dixon et al., 2010).  Second, we center our markets on GP practices so that the level of competition associated with each patient observation is not a function of the choices that a patient makes.  Here, it is useful to contrast our strategy with one where hospital markets are centered on hospitals.  In the latter case of hospital centered markets, if unobserved factors that influenced a patient’s choice of where to receive care were correlated with patient demographics, then this measure would be biased (Kessler and McClellan, 2000).

Table 1 includes the correlations between our public and private measures of market structure.  Figures 1 and 2 illustrate visually why we prefer our population based market definition to traditional fixed definitions of hospital markets used elsewhere in the literature.  Figure 1 is the count of public hospitals measured within 20km fixed radius markets, superimposed on a map of England; Figure 2 is a count of public hospitals within a radius associated with each GP that captures 666,000 patients.  As you can see, the fixed radius market counts presented in figure 1 is highly correlated with population density and areas with high hospital competition tend to correspond to English city centers.  In contrast, as Figure 2 illustrates, while our preferred population-based measure of market structure does find that urban centers are more competitive, the distribution of the counts across England is more varied and less associated with population density.

4. Results

Our analysis included 2,039,070 patients treated at 161 public NHS hospitals who received referrals for care from 8024 separate GP practices.  During the latter 4 years of our analysis, there were also 162 private facilities that could potentially offer care for NHS-funded patients.  As Table 2 illustrates, NHS hospitals are significantly larger than their private counterparts.[footnoteRef:10] [10:  Descriptive statistics for our key variables are included in Appendix 1] 


From 2002 onwards the patients’ mean length of stay in public NHS facilities fell by over 30% from 3.26 days in 2002 to 2.27 days in 2010.  Interestingly, in 2002, over 36% of patients undergoing routine elective care waited in the hospital for longer than a day, prior to their elective surgery.   This can be regarded as nearly pure inefficiency in the admissions and theatre policies operated by individual hospitals.  However, over the next eight years, that percentage fell to just over 8% who were waiting over a day prior to their surgery in 2010, which amounts to a decrease in pre-surgery LOS of 78.3% during the period from 2002 through 2010.  

In large part, these reductions in LOS were seemingly not driven by competition alone.  Instead, they were also likely the result of the shift to the new NHS payment by results prospective payment system.  However, in what follows, we present evidence assessing whether patients located in more competitive hospital markets had lower LOS from 2006 onwards that were driven by public and private sector competition and were above and beyond the reductions driven by the payment changes.  

Table 4 presents estimates of (1) on overall LOS, where the counts of public and private hospitals are measured within a market defined by a radius that captures 333,000 people in the area surrounding the GPs’ practices based on 2002 hospital market structure.  From 2006 onwards, just as patients were given the ability to select their NHS providers, higher counts of public hospitals were associated with steady and consistent reductions in LOS.  From 2006 through 2010, each addition of another NHS hospital was associated with a 0.17-day reduction in LOS, which corresponds to a relative reduction of LOS of 5.5% off of 2002 through 2005 levels.  We have performed an F-Test to test the equivalence of the 2005 * Public Count interaction with the 2010 * Public Count interaction.  This test of equivalence be rejected at p < 0.0001.

In contrast, from 2007 onwards, higher counts of private hospitals were associated with higher waits in the incumbent public facilities.  Here, higher private counts only led to increases in LOS during the 2007 through 2010 period, when NHS patients could choose to receive care in private facilities.  Table 4 illustrates that both our public sector and private sector competition findings are robust to the inclusion and exclusion of GP and hospital fixed effects and patient characteristics.  Likewise, we have also performed an F-Test to test the equivalence of the 2006*Private Count interaction with the 2010 * Private Count interaction.  This test can also be rejected at p < 0.0001

Table 5 presents estimates of (1) on overall LOS, where the counts of public and private hospitals are measured within a market defined by a radius that captures 666,000 people in the area surrounding GPs’ practices.  Here, there is a similar pattern to Table 2.  From 2006 onwards, following the introduction of patient choice of public providers, a higher count of public facilities is associated with a reduction in overall LOS off of 2002-2005 pre-reform levels.  Here, the addition of one hospital during the 2006 through 2010 period was associated with a reduction in LOS of 0.088 days, corresponding to a relative reduction of 2.9 percent off of 2002-2005 levels Likewise, consistent with Table 4, in this specification, higher counts of private providers from 2007 onwards was associated with a small but significant increase in the LOS of patients receiving care at public facilities.  Again, all of our main results are robust to the inclusion and exclusion of GP and hospital fixed effects and patient characteristics.  As with previous results, F-Tests confirm that the neither the 2005 * Public Count interaction and the 2010 * Public Count interaction nor are the 2006*Private Count interaction and the 2010 * Private Count interaction are equivalent at p < 0.0001.

Table 6 presents estimates of (1) on overall LOS, where the counts of public and private hospitals are measured within a market defined by a radius that captures 999,000 people in the area surrounding GPs’ practices.  The results within this specification again echo the results presented in Tables 4 and 5.  Higher counts of public hospitals were associated with reductions in LOS during the period that NHS patients were extended choice of public facilities and higher counts of private hospitals were associated with increases in LOS during the period where patients could opt to attend a private provider.  The various specifications in Table 6 also pass our various F-Tests to reject the equivalence of the interactions before and after the public sector and private sector reforms.

Taken as a whole, Tables 4, 5, and 6 suggest that the hospital competition within the public sector that took force from 2006 onwards was associated with reductions in patients’ LOS and was robust across all three measures of competition.  Here, the impact of public competition on LOS is modest but significant.  Across the three measures, a one-hospital increase in the hospital counts was associated with a relative reduction in LOS of between 2% and 5.5% from 2006 through 2010 off of 2002-2005 levels.  In contrast, higher competition from the private sector, introduced from 2007 onwards was associated with a small but significant increase in LOS in public facilities.  All of these findings are robust to the inclusion and exclusion of GP and hospital fixed effects and patient characteristics.  This latter finding on the impact of private sector competition is consistent with the concerns that private sector providers had the potential to leave public providers treating a more costly mix of patients.  Later in this paper, we explore more direct evidence on whether or not the entrance of private sector providers left incumbent public hospitals treating a more costly mix of patients.

Table 7 presents separate estimates of (1) on pre-surgery and post-surgery LOS using our three separate measures of market structure  Recall that we view pre-surgery LOS as a purer measure of hospital efficiency, since it is likely less impacted by patient characteristics.  Here, across all three measures of competition, higher public hospital competition is associated with reductions in pre-surgery LOS during the period where NHS patients could choose their public sector provider.  These changes become statistically significant from 2006 onwards.  Of note, the relative reduction in pre-surgery LOS produced by a one hospital increase in public sector counts ranged from 4.2 to 9.0% off of 2002-2005 levels.  This effect is substantially larger than the relative reduction in post-surgery LOS produced by the addition of an extra-hospital, which ranged from 1.7 to 5%.  This suggests that competition between NHS providers, introduced from 2006 onwards did indeed lead to productive efficiency gains in public sector hospitals.  F-tests on each specification in Table 7 allow us to reject the equivalence between the 2005 * Public counts and the 2010 * public counts.

In contrast, private sector competition, introduced from 2007 onwards was again associated with small but statistically significant increases in post-surgery LOS.  Importantly, while private sector market entry was associated with increases in post-surgery LOS, it did not have a statistically significant effect on public hospitals’ pre-surgery LOS off of 2002-2005 levels.  Here, if the entrance of private sector providers was associated with increases in pre-surgery LOS, this would suggest that their entrance into the market actually made the productivity of public providers worse.  However, the fact that their entrance is only associated with increases post-surgery LOS is consistent with the hypothesis that, from 2007 onwards, the entrance of new private providers left incumbent NHS facilities treating a less healthy and potentially more costly patient population.  Here, as with the previous specifications, F-tests on each specification in Table 7 allow us to reject the equivalence between the 2006 * private counts and the 2010 * private counts for post-surgery LOS.  We cannot reject the equivalence for pre-surgery LOS

Figures 3, 4 and 5 present the changes in pre-surgery and overall LOS driven using the point estimates from the specifications presented in Tables 5 and 7.  The dashed line in Figures 3 and 4 shows the trend in LOS for public providers located in monopoly public sector markets and the solid line shows the impact of having two public competitors in the same market as the incumbent public hospital where the patient received care.  These figures illustrate that prior to the reforms, there was little difference in the trends in pre-surgery and overall LOS between competitive and monopoly markets.  However, from 2006 onwards, hospitals facing greater competition appear to have taken steps to improve their productivity, which led to reductions in pre-surgery and overall LOS.  These changes correspond precisely with the time of the market-based policy-changes introduced in the NHS.  In contrast, the introduction of private sector competition appears to have the opposite effect.  In Figure 5, the dashed line represents the trends in overall LOS for a hospital operating in a market without private competition and the solid line illustrates the trends in overall LOS for hospitals located in markets with 2 private providers.  Here, from 2007 onwards, incumbent public hospitals facing more private competition actually had an increase in their overall LOS that expanded in 2008, 2009 and 2010.  This increase in LOS induced by private sector competition also corresponds precisely with time that private providers were allowed to compete with NHS hospitals.  Taken as a whole, Figures 3, 4, and 5 illustrate visually that are main results are not the product of pre-reform trends and were associated with the policy reforms introduced in England.  

Table 8 presents estimates of (1) on overall LOS, where, in addition to the interactions between public and private counts and dummies that we have discussed above, we have also included additional interactions between public and private counts and further included the interaction of these interactions with year dummies.  This specification serves as a robustness check on the results that have presented in Tables 4-7 and confirms that our results are not highly sensitive to our underlying specification.  Table 8b presents the sums of the interactions between our public * private counts with the separate interactions between the year dummies and public and private counts.  Again, across all three measures of competition, from 2006 onwards, higher public sector competition was associated with statistically decreases in LOS.  In contrast, from 2007 onwards, the entry of new private sector entrants was associated with year on year increases in public sector hospitals’ LOS.

Evidence of Private Sector Competition Altering the Case Mix of Patients Receiving Care at Public Facilities

Tables 9 – 11 present tests of whether or not public sector providers in more competitive areas were cherry picking healthier patients for care or whether the case mix in incumbent public hospitals facing more substantial private competition changed over time.  In table 9, we present estimates of (1) on the age of patients at public facilities.  Interestingly, the age of patients in hospitals treating patients from more competitive public sector markets actually increased over time, suggesting that they were able to make the productivity gains observable in Tables 4 – 8 despite an older patient population.  In contrast, results from Table 9a and 9b suggest that the case mix of patients in hospitals drawing patients from markets with more private competition tended to have an older patient population as well.  This is also consistent with our previous results and suggests that the entrance of these private facilities into public sector markets were leaving incumbent hospitals with an older patient population.

Tables 10a and 10b presents estimates of (1) on the socio-economic status of patients treated in public facilities.  Here, patients’ socio-economic status is measured using the income vector of the 2004 Index of Multiple Deprivations.  Again, consistent with results presented in Tables 9a and 9b, hospitals treating patients from more competitive public markets tended to draw less wealthy patients over time.  In contrast, it would appear the case mix at NHS hospitals drawing patients from more competitive private markets tended to get less wealthy over time as well. This result also is consistent the previous evidence that the entrance of private providers from 2007 onwards left NHS providers treating a more challenging mix of patients.

Table 11 presents a similar test of the cream-skimming hypothesis where we estimate (1) on the severity of illness of NHS funded patients treated at public facilities.  Here, while the case mix of patients at public hospitals facing more competition does get sicker over time, there is no evidence that the entrance of the private sector, from 2007 onwards altered the severity of illness of patients treated at nearby public facilities.

Further Tests of Robustness

Because we are using patient-level data with GP-level competition measures, it is possible for two patients receiving care at the same facility, but referred from different GPs, to each have separate levels of competition associated with their observations.  This could potentially raise fears that rather than estimating the impact of NHS and private market structure on efficiency, we are instead spuriously examining the impact of population density.  To allay these fears, Table 12 presents estimates of (1) on LOS and the characteristics patients in public facilities.  However, in this specification, we substitute the population density in the area around GPs practices for our measures of public and private counts.  Here, while some of the interactions between population density and our year dummies are statistically significant, the magnitude of the coefficients on the interactions are substantially smaller than they are when we use our measures of public and private hospital market structure.  These results confirm that our main findings are in fact being driven by variations in public and private hospital market structure, rather than spurious correlations with population density.

Magnitude of the effects

In England, each additional bed day in the hospital has an estimated cost of £225.00 pounds (NHS Institute for Innovation and Improvement, 2006).  As a result, to give a sense of the scale of the magnitude of the reforms, we have used these cost estimates to calculate the potential hospital days gained and money saved from the reductions in pre-surgery, overall and post-surgery LOS that were driven by the reforms.  Likewise, we have also calculated the average economic burden that the entrance of private sector competition placed on incumbent public NHS providers, which were left treating a more costly mix of patients.    

The hypothetical savings from the reduction in overall LOS driven by the reforms can be calculated as the product of our year * public count interactions (differenced from the previous year) and the mean hospital counts in 2006, 2007, 2008, 2009, and 2010 (for all our estimates, we used counts measured in our 666,000-person radius market definitions).  These potential savings are calculated under on the assumption that, were the reforms not to have been introduced, the trend in LOS would have followed the trend for providers located in monopoly markets, which we captured in our year dummies.  Based on these calculations, the introduction of competition shortened overall LOS and produced a decrease in total hospital days across our four procedures of 222,393 days.  Since each hospital day costs £225.00, this produced a savings for the NHS of £13,320,042 from 2006 through 2010.  If we assumed that the benefits we saw for hip replacements, knee replacements, hernia repairs and arthroscopies were consistent across all elective surgical care in England, then the introduction of public sector competition was associated with savings of £356,162,167 from 2006 through 2010, based on the total number of inpatient elective procedures performed during this period.  For reference, the NHS has an annual budget of roughly £100 billion, so these savings are approximately a third of percent of total NHS spending. 

Previously, we argued that pre-surgery LOS was a purer measure of efficiency than overall LOS, and captured the lean productivity of the admissions and operating room theatre policies at NHS hospitals.  As a result, using a similar strategy as we did for overall LOS, we have calculated the hospital time that was gained and the money that was saved from these reforms.  Based on our estimates presented in Table 7, we have estimated that the increase in competition led to savings of £3,161,999 from 2006 through 2010 and a reduction of 14,053 pre-surgical bed days.  Across the NHS, the savings from the reduction in pre-surgery LOS alone would have led to a 41,000-day reduction in hospital bed use and saved £40.3 million pounds from 2006 through 2010.  Bear in mind that this savings is from reductions in bed days alone and that this reduction of pre-surgery LOS would also have freed up operating room time and allowed hospitals to treat more patients.  Elsewhere, the NHS Institute for Innovation and Improvement estimated that if NHS hospitals could make their operating room and admissions policies more productive, they could each generate an additional £7 in annual revenue from expanding their activity (The NHS Institute for Innovation and Improvement, 2009).  Further, the cost savings that we have produced are base on reductions in pre-surgery LOS alone, where the addition of one hospital was associated with approximately a 7% improvement in productive efficiency from 2006 through 2010.  Here, if we assumed that the improvements in operating room policies that were driven by the reforms were consistent with overall improvements in hospital efficiency, then the cumulative effect of hospital competition on health care spending in England would be much more substantial.  

In contrast, we have also calculated the financial impact that the entrance of private sector providers had on incumbent NHS hospitals, which were left delivering care to an older and less wealthy patient population in 2007, 2008, 2009 and 2010.  Using a similar strategy, for 2007, 2008, 2009 and 2010, we can multiply our year * private count interactions by the average number of private hospitals in each market to get the increase in post-operative bed days in incumbent NHS hospitals that resulted from the entrance of private providers.  Here, from 2007 through 2010, we have estimated that the entrance of private sector hospitals led to an increase in spending for each NHS hospital of approximately £27,000 during this period.  While this is not a substantial sum, if we again assume that the effect we observed for these four procedures was constant across all four hospitals, then the entrance of private providers would have led to an increase in sending of £714,000 for each incumbent public provider during this period.  To give a sense of the scale of this effect on a typical NHS hospital, the 2009/10 annual financial report from the Royal Free Hospital in Hampstead (a non-academic, non-FT hospital located just outside of Central London) reports that the hospital had an annual revenue of £501,954,000 with an annual income of £18,497,000 (Royal Free Hospital Hampstead, 2010).
  
5. Discussion and Concluding Thoughts

Over the last decade, policy-makers in England have introduced a series of reforms to the NHS  that were designed to use patient choice and provider competition in an effort to create financial incentives for public sector health care providers to improve their performance.  These efforts are consistent with the increasing use of market-based reforms in public services, like health care and education, across the developed world.  

Thus far, evidence suggests that the impact of this set of reforms in the English NHS has been positive.  Several studies have found that, consistent with theory, the introduction of fixed price hospital competition has lowered hospital mortality rates and shortened hospitals’ mean length of stay (Cooper et al., 2011, Cooper et al., 2010, Gaynor et al., 2010a).  However, there is scant evidence on the impact of these reforms on providers’ productivity and little evidence on the impact that private providers have had on the performance of incumbent public hospitals.  Likewise, outside of England, the evidence of the impact of competition on providers’ efficiency remains murky and there is little firm evidence on whether or not competition induces hospitals to avoid treating potentially more costly patients (Ellis, 1998, Meltzer et al., 2002).  

This paper seeks to fill this evidence gap.  In this study, we utilize patient-level data from the English NHS to not only examine the impact of public and private sector performance on public hospitals’ efficiency, but to also examine whether the combination of the new prospective payment system together with public and private sector competition led providers in England to avoid treating patients who might have higher than average costs.

From an empiricists’ perspective, the recent policy reforms in the English NHS provide an ideal environment to test the impact of public sector and private sector competition on incumbent hospitals’ performance.  First, unlike the case of hospitals in the US, the location of public and private hospitals in England is an historical artifact.  As a result, this allows us to develop measures of market structure that are unrelated to performance.  Second, recent reforms in the NHS have been introduced universally across the country.  This allows us to avoid concerns that the policies we are studying were endogenous to regional pre-reform trends in hospital performance.  Third, the phased introduction of the reforms in England (i.e. public competition in 2006; private competition in 2007/8) means that we can identify separately the effect of public sector versus private sector competition on incumbent NHS hospitals.  

The results from our analysis suggest that competition between public sector hospitals from 2006 onwards led to moderate but statistically significant reductions in pre-surgery LOS.  These changes led to a relative reduction in pre-surgery LOS of between 4% and 9%., which is approximately double the size of the impact of competition had on post surgery LOS.  Our estimates were robust across a number of specifications and measures of competition.  Interestingly, as public competition in the NHS took force, NHS hospitals facing more competition also tended to treat patient populations, which grew sicker, older and less wealthy over our period of analysis.  This is likely related to the fact that these hospitals facing higher amounts of competition have higher quality (Cooper et al., 2011, Gaynor et al., 2010a).  Here, Gaynor et al. recently found that that following the introduction of choice in the NHS in 2006, less wealthy and sicker patients became more elastic to providers’ quality relative to the average NHS patient (Gaynor et al., 2011).

While the impact of competition between public sector firms led to clear productivity gains, the policy of opening up NHS markets to private sector competition did not.  Incumbent NHS providers located in more competitive hospital markets actually saw their LOS increase after competition with the private sector took force from 2007 onwards.  Interestingly, while private sector competition did lead to a significant increase in incumbent public hospitals’ post-surgery LOS, private sector competition had no statistically significant effect on pre-surgery LOS.  This result suggests then that private sector market entrants may have attracted a healthier patient population and left incumbent public hospitals with a patient case mix that is more costly to treat.  Consistent with this assertion, further evidence from our work suggests that incumbent hospitals in more competitive private markets saw the average age and proportion of poorer patients in their case mix increase after competition took force in 2007.

It is unclear from our analysis whether or not private sector providers actively avoided treating less costly patients or whether these results stem from healthier and younger patients choosing to receive care in the private sector.  Nevertheless, our results do suggest that more attention needs to be paid in England to suitably risk-adjusting payments for both public and private sector providers. Elsewhere, Barro et al. (2006) found that while privately owned specialty hospitals tended to draw healthier patients away from incumbent general hospitals, the entrance of these facilities still led to a net reduction in overall spending in these markets.  Seemingly this was because the entrance of these new providers induced broader productivity gains that led to market-wide improvements in efficiency that swamped any losses from cream skimming.  This certainly could still be the case in the NHS, but given that we failed to see that private sector competition led to reductions in pre-surgery LOS for incumbent public hospitals, this assertion has no empirical justification.

The conclusion then is twofold.  First, it is clear from our findings that hospital competition can lead to improvements in public providers’ productivity.  Here, if we assume that the impact of competition on LOS captured overall improvements in hospital efficiency, than these effects would have produced non-trivial savings.  However, we also find that the underlying market dynamics and the specifics of the hospital payment program in place can greatly affect the impact of competition.  While we did find that competition improved providers’ productivity, we also found that that there is a real risk that hospital competition between public and private providers and between general hospitals and ambulatory surgical centers can lead to risk segmentation, with large incumbent hospitals at risk of inheriting a riskier patient case mix that are likely more costly to treat.  This suggests that in order to maximize the welfare gains from these types of market-based reforms, policy-makers must investigate and introduce more sophisticated risk-adjustment of hospital payments.  
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Figure 1: The count of public hospitals within a fixed 20km radius drawn around each GP practice in England and superimposed on a map of England.



Figure 2: The count of public hospitals within a radius based on the distance necessary to capture 666,000 adults drawn around each practice in England and superimposed on a map of England





Figure 3: Changes in Overall LOS For Hospitals in a Monopoly Market and Hospitals in a Market with Three NHS Providers



Note: The plot is normalized to zero in 2005

Figure 4: Changes in Pre-Surgery LOS For NHS Hospitals in a Monopoly NHS Markets and Markets with Three NHS Providers




Note: The plot is normalized to zero in 2005

Figure 5: Changes in Post-Surgery LOS for Incumbent NHS Hospitals in Markets with No Private Sector Competition and in Markets with Two Private Sector Competitors


 

Note: The plot is normalized to zero in 2006


	Table 1: Correlations between fixed radius measures of market structure and the population-based measures of market structure

	
	Count Public - 20km
	Count Private - 20km
	Count Public – 333k Population
	Count Private – 333k Population
	Count Public – 666k Population
	Count Private – 666k Population
	Count Public – 999k Population
	Count Private – 999k Population
	Mean
	Standard Deviation

	Count Public - 20km
	1.00
	
	
	
	
	
	
	
	4.50
	5.54

	Count Private - 20km
	0.96
	1.00
	
	
	
	
	
	
	4.22
	5.66

	Count Public – 333k Population
	0.18
	0.1464
	1.00
	
	
	
	
	
	1.21
	0.44

	Count Private – 333k Population
	0.01
	0.09
	0.20
	1.00
	
	
	
	
	1.06
	0.91

	Count Public – 666k Population
	0.26
	0.22
	0.37
	0.08
	1.00
	
	
	
	2.13
	0.80

	Count Private – 666k Population
	0.04
	0.13
	0.13
	0.63
	0.25
	1.00
	
	
	2.11
	1.30

	Count Public – 999k Population
	0.31
	0.26
	0.24
	0.07
	0.55
	0.18
	1.00
	
	3.21
	0.99

	Count Private – 999k Population
	0.07
	0.16
	0.08
	0.50
	0.16
	0.77
	0.22
	1.00
	3.14
	1.67

	
	
	
	
	
	
	
	
	
	
	






	Table 2. Description of public and private bed numbers

	
	Mean
	Standard Deviation
	Minimum
	Maximum
	Obs.

	Public Hospitals
	825.71
	414.46
	78
	2663
	161

	Private Hospitals
	48.69
	33.84
	6
	226
	162

	
	
	
	
	
	

	




	Table 3. Mean pre-surgery, post-surgery and overall length of stay from 2002 through 2010 and the percentage change over time

	
	Observations
	Pre-Surgery LOS
	Post-Surgery LOS
	Overall LOS

	2002
	157,679
	0.3888
	2.8710
	3.2599

	2003
	224,300
	0.3860
	2.7576
	3.1437

	2004
	237,811
	0.3650
	2.6531
	3.0181

	2005
	238,994
	0.3310
	2.5217
	2.8527

	2006
	230,062
	0.2805
	2.4192
	2.6996

	2007
	238,685
	0.2066
	2.2800
	2.4866

	2008
	256,838
	0.1490
	2.1652
	2.3142

	2009
	232,308
	0.1190
	2.2208
	2.3398

	2010
	222,393
	0.0843
	2.1812
	2.2655

	
	
	
	
	

	% Change from 2002 – 2010
	
	-0.7831
	-0.2403
	-0.3050

	
	
	
	
	

	





1

	Table 4: The impact of hospital counts on length of stay
Estimates of (1) on overall LOS with counts of public and private providers measured within a radius that captures 333,000 over 18s around a the patient’s GP practice 

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

	
	Coef
	S.E.
	Coef
	S.E.
	Coef
	S.E.
	Coef
	S.E.
	Coef
	S.E.

	Count public
	0.0834
	0.0133
	0.0835
	0.0128
	0.0559
	0.0112
	-
	-
	-
	-

	2003 * count public
	0.0243
	0.0089
	0.0152
	0.0086
	0.0101
	0.0085
	0.0102
	0.0086
	0.0098
	0.0086

	2004 * count public
	0.0387
	0.0109
	0.0279
	0.0106
	0.0224
	0.0103
	0.0220
	0.0105
	0.0224
	0.0104

	2005 * count public
	0.0305
	0.0128
	0.0180
	0.0125
	0.0110
	0.0122
	0.0121
	0.0124
	0.0104
	0.0123

	2006 * count public
	-0.0240
	0.0133
	-0.0374
	0.0131
	-0.0490
	0.0128
	-0.0482
	0.0130
	-0.0516
	0.0129

	2007 * count public
	-0.0658
	0.0145
	-0.0839
	0.0142
	-0.0941
	0.0139
	-0.0929
	0.0141
	-0.0975
	0.0140

	2008 * count public
	-0.0810
	0.0151
	-0.0932
	0.0148
	-0.1008
	0.0145
	-0.1014
	0.0146
	-0.1056
	0.0146

	2009 * count public
	-0.0981
	0.0153
	-0.1144
	0.0149
	-0.1171
	0.0147
	-0.1217
	0.0147
	-0.1238
	0.0148

	2010 * count public
	-0.1289
	0.0164
	-0.1558
	0.0159
	-0.1593
	0.0157
	-0.1651
	0.0157
	-0.1673
	0.0158

	
	
	
	
	
	
	
	
	
	
	

	Count Private
	-0.0010
	0.0074
	-0.0017
	0.0072
	0.0067
	0.0065
	-
	-
	-
	-

	2003 * count private
	-0.0025
	0.0071
	0.0002
	0.0069
	0.0004
	0.0067
	0.0001
	0.0068
	0.0006
	0.0068

	2004 * count private
	-0.0167
	0.0076
	-0.0168
	0.0074
	-0.0169
	0.0072
	-0.0174
	0.0073
	-0.0167
	0.0073

	2005 * count private
	-0.0183
	0.0082
	-0.0191
	0.0080
	-0.0159
	0.0078
	-0.0188
	0.0080
	-0.0168
	0.0079

	2006 * count private
	-0.0197
	0.0084
	-0.0176
	0.0084
	-0.0130
	0.0082
	-0.0168
	0.0083
	-0.0137
	0.0083

	2007 * count private
	0.0002
	0.0088
	0.0026
	0.0087
	0.0055
	0.0086
	0.0036
	0.0087
	0.0060
	0.0087

	2008 * count private
	0.0052
	0.0089
	0.0045
	0.0087
	0.0095
	0.0086
	0.0081
	0.0087
	0.0102
	0.0087

	2009 * count private
	0.0202
	0.0089
	0.0193
	0.0088
	0.0233
	0.0086
	0.0206
	0.0087
	0.0210
	0.0087

	2010 * count private
	0.0174
	0.0094
	0.0179
	0.0092
	0.0178
	0.0091
	0.0171
	0.0092
	0.0173
	0.0093

	
	
	
	
	
	
	
	
	
	
	

	2003
	-0.1856
	0.0098
	-0.1829
	0.0095
	-0.1791
	0.0094
	-0.1783
	0.0094
	-0.1787
	0.0094

	2004
	-0.3805
	0.0126
	-0.3803
	0.0122
	-0.3713
	0.0120
	-0.3729
	0.0121
	-0.3688
	0.0120

	2005
	-0.5662
	0.0146
	-0.5700
	0.0143
	-0.5610
	0.0140
	-0.5643
	0.0142
	-0.5566
	0.0140

	2006
	-0.7340
	0.0162
	-0.7429
	0.0159
	-0.7322
	0.0156
	-0.7327
	0.0157
	-0.7258
	0.0157

	2007
	-0.9707
	0.0176
	-0.9912
	0.0173
	-0.9832
	0.0169
	-0.9810
	0.0171
	-0.9772
	0.0171

	2008
	-1.1031
	0.0188
	-1.1340
	0.0186
	-1.1246
	0.0181
	-1.1224
	0.0183
	-1.1161
	0.0183

	2009
	-1.2095
	0.0196
	-1.2390
	0.0194
	-1.2291
	0.0190
	-1.2253
	0.0191
	-1.2199
	0.0192

	2010
	-1.3160
	0.0205
	-1.3414
	0.0201
	-1.3297
	0.0198
	-1.3253
	0.0199
	-1.3201
	0.0200

	
	
	
	
	
	
	
	
	
	
	

	Patient Characteristics
	No
	
	Yes
	
	Yes
	
	Yes
	
	Yes
	

	Days of the week
	Yes
	
	Yes
	
	Yes
	
	Yes
	
	Yes
	

	GP Fixed Effects
	No
	
	No
	
	No
	
	Yes
	
	Yes
	

	Trust Fixed Effects
	No
	
	No
	
	Yes
	
	No
	
	Yes
	

	
	
	
	
	
	
	
	
	
	
	

	Obs
	2,039,070
	
	2,0390,070
	
	2,0390,070
	
	2,0390,070
	
	2,0390,070
	

	R2
	0.7304
	
	0.7495
	.
	0.7548
	
	0.7551
	
	0.7567
	

	Notes: Dependent variable is LOS measured in days.  Patient characteristics include age dummies in five-year bands, socio-economic status quintiles, patients’ Charlson comorbidity score and patient sex.  Error terms are clustered around GP practices.  The shaded coefficients are significant at p < 0.10 or higher





	Table 5: The impact of hospital counts on length of stay
Estimates of (1) on length of stay with counts of public and private providers measured within a radius that captures 666,000 over 18s around a the patient’s GP practice 

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

	
	Coef
	S.E.
	Coef
	S.E.
	Coef
	S.E.
	Coef
	S.E.
	Coef
	S.E.

	Count public
	0.0593
	0.0075
	0.0565
	0.0074
	0.0196
	0.0067
	-
	-
	-
	-

	2003 * count public
	0.0088
	0.0058
	0.0063
	0.0056
	0.0030
	0.0056
	0.0025
	0.0056
	0.0019
	0.0056

	2004 * count public
	0.0348
	0.0067
	0.0295
	0.0066
	0.0272
	0.0065
	0.0258
	0.0066
	0.0262
	0.0065

	2005 * count public
	0.0441
	0.0079
	0.0375
	0.0077
	0.0329
	0.0076
	0.0320
	0.0076
	0.0311
	0.0076

	2006 * count public
	0.0172
	0.0083
	0.0104
	0.0082
	0.0025
	0.0080
	0.0023
	0.0081
	0.0005
	0.0081

	2007 * count public
	-0.0158
	0.0088
	-0.0241
	0.0087
	-0.0315
	0.0085
	-0.0323
	0.0085
	-0.0348
	0.0086

	2008 * count public
	-0.0272
	0.0091
	-0.0326
	0.0090
	-0.0399
	0.0088
	-0.0418
	0.0088
	-0.0442
	0.0089

	2009 * count public
	-0.0423
	0.0092
	-0.0510
	0.0091
	-0.0544
	0.0090
	-0.0588
	0.0090
	-0.0594
	0.0090

	2010 * count public
	-0.0692
	0.0099
	-0.0817
	0.0097
	-0.0833
	0.0096
	-0.0876
	0.0096
	-0.0881
	0.0097

	
	
	
	
	
	
	
	
	
	
	

	Count Private
	-0.0014
	0.0054
	0.0007
	0.0053
	0.0035
	0.0047
	-
	-
	-
	-

	2003 * count private
	0.0011
	0.0050
	0.0005
	0.0049
	0.0014
	0.0048
	0.0013
	0.0048
	0.0020
	0.0048

	2004 * count private
	-0.0205
	0.0053
	-0.0218
	0.0052
	-0.0223
	0.0051
	-0.0223
	0.0052
	-0.0220
	0.0051

	2005 * count private
	-0.0292
	0.0062
	-0.0303
	0.0060
	-0.0272
	0.0058
	-0.0285
	0.0059
	-0.0270
	0.0059

	2006 * count private
	-0.0281
	0.0064
	-0.0271
	0.0063
	-0.0230
	0.0062
	-0.0259
	0.0063
	-0.0234
	0.0063

	2007 * count private
	-0.0044
	0.0065
	-0.0041
	0.0063
	-0.0013
	0.0061
	-0.0025
	0.0062
	-0.0003
	0.0062

	2008 * count private
	0.0028
	0.0063
	0.0016
	0.0062
	0.0069
	0.0060
	0.0060
	0.0061
	0.0082
	0.0061

	2009 * count private
	0.0164
	0.0063
	0.0159
	0.0062
	0.0187
	0.0061
	0.0183
	0.0061
	0.0186
	0.0061

	2010 * count private
	0.0227
	0.0070
	0.0205
	0.0068
	0.0191
	0.0067
	0.0192
	0.0068
	0.0192
	0.0068

	
	
	
	
	
	
	
	
	
	
	

	2003
	-0.1812
	0.0098
	-0.1797
	0.0094
	-0.1766
	0.0094
	-0.1751
	0.0094
	-0.1755
	0.0094

	2004
	-0.3800
	0.0126
	-0.3796
	0.0122
	-0.3715
	0.0121
	-0.3715
	0.0121
	-0.3676
	0.0121

	2005
	-0.5771
	0.0147
	-0.5805
	0.0144
	-0.5734
	0.0142
	-0.5741
	0.0143
	-0.5673
	0.0142

	2006
	-0.7576
	0.0161
	-0.7675
	0.0158
	-0.7585
	0.0157
	-0.7555
	0.0157
	-0.7506
	0.0157

	2007
	-1.0052
	0.0176
	-1.0275
	0.0174
	-1.0192
	0.0172
	-1.0134
	0.0173
	-1.0120
	0.0173

	2008
	-1.1427
	0.0186
	-1.1750
	0.0185
	-1.1651
	0.0184
	-1.1592
	0.0184
	-1.1554
	0.0185

	2009
	-1.2511
	0.0194
	-1.2814
	0.0193
	-1.2694
	0.0192
	-1.2634
	0.0192
	-1.2598
	0.0193

	2010
	-1.3549
	0.0203
	-1.3809
	0.0200
	-1.3665
	0.0199
	-1.3606
	0.0200
	-1.3571
	0.0200

	
	
	
	
	
	
	
	
	
	
	

	Patient Characteristics
	No
	
	Yes
	
	Yes
	
	Yes
	
	Yes
	

	Days of the week
	Yes
	
	Yes
	
	Yes
	
	Yes
	
	Yes
	

	GP Fixed Effects
	No
	
	No
	
	No
	
	Yes
	
	Yes
	

	Trust Fixed Effects
	No
	
	No
	
	Yes
	
	No
	
	Yes
	

	
	
	
	
	
	
	
	
	
	
	

	Obs
	2,039,070
	
	2,0390,070
	
	2,0390,070
	
	2,0390,070
	
	2,0390,070
	

	R2
	0.7305
	
	0.7496
	.
	0.7548
	
	0.7551
	
	0.7567
	

	Notes: Dependent variable is LOS measured in days.  Patient characteristics include age dummies in five-year bands, socio-economic status quintiles, patients’ Charlson comorbidity score and patient sex.  Error terms are clustered around GP practices.  The shaded coefficients are significant at p < 0.10 or higher





	Table 6: The impact of hospital counts on length of stay
Estimates of (1) on length of stay with counts of public and private providers measured within a radius that captures 999,000 over 18s around a the patient’s GP practice 

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

	
	Coef
	S.E.
	Coef
	S.E.
	Coef
	S.E.
	Coef
	S.E.
	Coef
	S.E.

	Count public
	0.0377
	0.0057
	0.0381
	0.0056
	0.0123
	0.0051
	-
	-
	-
	-

	2003 * count public
	0.0096
	0.0043
	0.0070
	0.0042
	0.0026
	0.0042
	0.0028
	0.0042
	0.0016
	0.0042

	2004 * count public
	0.0216
	0.0050
	0.0166
	0.0049
	0.0138
	0.0048
	0.0126
	0.0048
	0.0127
	0.0048

	2005 * count public
	0.0287
	0.0057
	0.0217
	0.0056
	0.0162
	0.0055
	0.0159
	0.0055
	0.0146
	0.0055

	2006 * count public
	0.0177
	0.0061
	0.0096
	0.0060
	0.0018
	0.0059
	0.0028
	0.0059
	0.0005
	0.0060

	2007 * count public
	-0.0050
	0.0064
	-0.0144
	0.0063
	-0.0193
	0.0062
	-0.0202
	0.0062
	-0.0214
	0.0063

	2008 * count public
	-0.0171
	0.0067
	-0.0251
	0.0066
	-0.0307
	0.0065
	-0.0325
	0.0065
	-0.0340
	0.0065

	2009 * count public
	-0.0274
	0.0069
	-0.0366
	0.0068
	-0.0388
	0.0068
	-0.0432
	0.0067
	-0.0435
	0.0068

	2010 * count public
	-0.0442
	0.0075
	-0.0567
	0.0073
	-0.0585
	0.0073
	-0.0626
	0.0072
	-0.0630
	0.0073

	
	
	
	
	
	
	
	
	
	
	

	Count Private
	0.0027
	0.0043
	0.0035
	0.0042
	0.0064
	0.0038
	-
	-
	-
	-

	2003 * count private
	-0.0035
	0.0038
	-0.0036
	0.0038
	-0.0015
	0.0037
	-0.0020
	0.0037
	-0.0009
	0.0037

	2004 * count private
	-0.0167
	0.0041
	-0.0169
	0.0040
	-0.0168
	0.0039
	-0.0165
	0.0039
	-0.0163
	0.0039

	2005 * count private
	-0.0252
	0.0046
	-0.0248
	0.0044
	-0.0213
	0.0043
	-0.0222
	0.0044
	-0.0208
	0.0044

	2006 * count private
	-0.0298
	0.0049
	-0.0275
	0.0048
	-0.0235
	0.0048
	-0.0261
	0.0048
	-0.0239
	0.0048

	2007 * count private
	-0.0087
	0.0051
	-0.0071
	0.0050
	-0.0067
	0.0049
	-0.0066
	0.0049
	-0.0063
	0.0050

	2008 * count private
	0.0021
	0.0050
	0.0030
	0.0049
	0.0053
	0.0048
	0.0060
	0.0048
	0.0064
	0.0049

	2009 * count private
	0.0112
	0.0052
	0.0117
	0.0050
	0.0111
	0.0050
	0.0130
	0.0050
	0.0119
	0.0050

	2010 * count private
	0.0125
	0.0057
	0.0126
	0.0055
	0.0097
	0.0055
	0.0116
	0.0055
	0.0105
	0.0055

	
	
	
	
	
	
	
	
	
	
	

	2003
	-0.1803
	0.0099
	-0.1772
	0.0096
	-0.1724
	0.0095
	-0.1710
	0.0095
	-0.1713
	0.0095

	2004
	-0.3693
	0.0130
	-0.3663
	0.0126
	-0.3555
	0.0124
	-0.3557
	0.0124
	-0.3515
	0.0124

	2005
	-0.5583
	0.0154
	-0.5575
	0.0150
	-0.5472
	0.0148
	-0.5487
	0.0149
	-0.5411
	0.0148

	2006
	-0.7410
	0.0174
	-0.7450
	0.0169
	-0.7321
	0.0167
	-0.7304
	0.0167
	-0.7240
	0.0167

	2007
	-1.0004
	0.0190
	-1.0153
	0.0186
	-1.0024
	0.0183
	-0.9983
	0.0184
	-0.9947
	0.0185

	2008
	-1.1449
	0.0202
	-1.1688
	0.0200
	-1.1530
	0.0197
	-1.1491
	0.0198
	-1.1424
	0.0199

	2009
	-1.2540
	0.0211
	-1.2758
	0.0209
	-1.2568
	0.0207
	-1.2526
	0.0208
	-1.2455
	0.0209

	2010
	-1.3533
	0.0222
	-1.3707
	0.0219
	-1.3483
	0.0217
	-1.3442
	0.0217
	-1.3368
	0.0219

	
	
	
	
	
	
	
	
	
	
	

	Patient Characteristics
	No
	
	Yes
	
	Yes
	
	Yes
	
	Yes
	

	Days of the week
	Yes
	
	Yes
	
	Yes
	
	Yes
	
	Yes
	

	GP Fixed Effects
	No
	
	No
	
	No
	
	Yes
	
	Yes
	

	Trust Fixed Effects
	No
	
	No
	
	Yes
	
	No
	
	Yes
	

	
	
	
	
	
	
	
	
	
	
	

	Obs
	2,039,070
	
	2,0390,070
	
	2,0390,070
	
	2,0390,070
	
	2,0390,070
	

	R2
	0.7305
	
	0.7495
	.
	0.7548
	
	0.7551
	
	0.7567
	

	Notes: Dependent variable is LOS measured in days.  Patient characteristics include age dummies in five-year bands, socio-economic status quintiles, patients’ Charlson comorbidity score and patient sex.  Error terms are clustered around GP practices.  The shaded coefficients are significant at p < 0.10 or higher






	Table 7: The impact of hospital counts on pre-surgery, post-surgery and overall length of stay
Estimates of (1) on pre- and post-surgery length of stay with counts measured in three distinct market sizes

	
	Counts within radius capturing 333,000 over 18s around patient’s GP practice
	Counts within radius capturing 666,000 over 18s around patient’s GP practice
	Counts within radius capturing 999,000 over 18s around patient’s GP practice

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

	
	Pre-surgery
	Post-surgery
	Pre-surgery
	Post-surgery
	Pre-surgery
	Post-surgery

	
	Coef
	S.E.
	Coef
	S.E.
	Coef
	S.E.
	Coef
	S.E.
	Coef
	S.E.
	Coef
	S.E.

	Count public
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	2003 * count public
	0.0085
	0.0021
	0.0013
	0.0081
	0.0038
	0.0013
	-0.0019
	0.0053
	0.0021
	0.0010
	-0.0005
	0.0039

	2004 * count public
	0.0094
	0.0026
	0.0130
	0.0096
	0.0082
	0.0017
	0.0180
	0.0060
	0.0060
	0.0012
	0.0067
	0.0044

	2005 * count public
	0.0135
	0.0032
	-0.0031
	0.0114
	0.0128
	0.0021
	0.0184
	0.0069
	0.0068
	0.0016
	0.0078
	0.0050

	2006 * count public
	-0.0037
	0.0037
	-0.0479
	0.0118
	0.0071
	0.0023
	-0.0066
	0.0073
	0.0027
	0.0018
	-0.0021
	0.0054

	2007 * count public
	-0.0149
	0.0041
	-0.0825
	0.0126
	-0.0012
	0.0025
	-0.0336
	0.0077
	-0.0042
	0.0019
	-0.0171
	0.0057

	2008 * count public
	-0.0147
	0.0041
	-0.0909
	0.0131
	-0.0020
	0.0024
	-0.0421
	0.0080
	-0.0083
	0.0019
	-0.0258
	0.0059

	2009 * count public
	-0.0236
	0.0041
	-0.1001
	0.0134
	-0.0096
	0.0024
	-0.0498
	0.0082
	-0.0138
	0.0019
	-0.0297
	0.0061

	2010 * count public
	-0.0328
	0.0042
	-0.1344
	0.0145
	-0.0156
	0.0024
	-0.0725
	0.0089
	-0.0179
	0.0020
	-0.0451
	0.0066

	
	
	
	
	
	
	
	
	
	
	
	
	

	Count Private
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	2003 * count private
	0.0024
	0.0015
	-0.0018
	0.0064
	0.0028
	0.0010
	-0.0008
	0.0046
	0.0021
	0.0008
	-0.0029
	0.0035

	2004 * count private
	-0.0012
	0.0018
	-0.0155
	0.0066
	-0.0022
	0.0013
	-0.0198
	0.0047
	-0.0028
	0.0010
	-0.0135
	0.0036

	2005 * count private
	-0.0075
	0.0022
	-0.0093
	0.0071
	-0.0056
	0.0015
	-0.0214
	0.0053
	-0.0045
	0.0012
	-0.0163
	0.0039

	2006 * count private
	-0.0049
	0.0025
	-0.0088
	0.0074
	-0.0058
	0.0018
	-0.0176
	0.0055
	-0.0065
	0.0013
	-0.0174
	0.0043

	2007 * count private
	-0.0060
	0.0026
	0.0119
	0.0077
	-0.0028
	0.0018
	0.0025
	0.0055
	-0.0040
	0.0014
	-0.0023
	0.0045

	2008 * count private
	-0.0051
	0.0024
	0.0153
	0.0078
	-0.0012
	0.0016
	0.0094
	0.0056
	-0.0003
	0.0013
	0.0067
	0.0044

	2009 * count private
	-0.0012
	0.0023
	0.0222
	0.0080
	0.0021
	0.0016
	0.0165
	0.0056
	0.0017
	0.0012
	0.0102
	0.0046

	2010 * count private
	-0.0033
	0.0023
	0.0206
	0.0085
	0.0008
	0.0016
	0.0185
	0.0062
	0.0004
	0.0012
	0.0100
	0.0050

	
	
	
	
	
	
	
	
	
	
	
	
	

	2003
	-0.0176
	0.0021
	-0.1611
	0.0088
	-0.0184
	0.0021
	-0.1571
	0.0088
	-0.0179
	0.0021
	-0.1533
	0.0089

	2004
	-0.0428
	0.0029
	-0.3260
	0.0112
	-0.0450
	0.0028
	-0.3226
	0.0113
	-0.0433
	0.0029
	-0.3081
	0.0116

	2005
	-0.0769
	0.0036
	-0.4797
	0.0129
	-0.0827
	0.0037
	-0.4846
	0.0132
	-0.0764
	0.0039
	-0.4647
	0.0137

	2006
	-0.1198
	0.0044
	-0.6060
	0.0143
	-0.1308
	0.0045
	-0.6198
	0.0144
	-0.1177
	0.0047
	-0.6064
	0.0153

	2007
	-0.1882
	0.0050
	-0.7889
	0.0155
	-0.2032
	0.0050
	-0.8088
	0.0157
	-0.1861
	0.0053
	-0.8085
	0.0168

	2008
	-0.2417
	0.0052
	-0.8744
	0.0165
	-0.2578
	0.0051
	-0.8976
	0.0167
	-0.2380
	0.0055
	-0.9044
	0.0180

	2009
	-0.2792
	0.0052
	-0.9407
	0.0174
	-0.2935
	0.0051
	-0.9663
	0.0175
	-0.2713
	0.0057
	-0.9742
	0.0190

	2010
	-0.3086
	0.0053
	-1.0115
	0.0182
	-0.3205
	0.0052
	-1.0366
	0.0183
	-0.2964
	0.0058
	-1.0404
	0.0200

	
	
	
	
	
	
	
	
	
	
	
	
	

	Patient Characteristics
	Yes
	
	Yes
	
	Yes
	
	Yes
	
	Yes
	
	Yes
	

	Days of the week
	Yes
	
	Yes
	
	Yes
	
	Yes
	
	Yes
	
	Yes
	

	GP Fixed Effects
	Yes
	
	Yes
	
	Yes
	
	Yes
	
	Yes
	
	Yes
	

	Trust Fixed Effects
	Yes
	
	Yes
	
	Yes
	
	Yes
	
	Yes
	
	Yes
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Obs
	2,039,070
	
	2,039,070
	
	2,039,070
	
	2,039,070
	
	2,039,070
	
	2,039,070
	

	R2
	0.3478
	
	0.7462
	
	0.3477
	
	0.7462
	
	0.3479
	
	0.7462
	

	Notes: Dependent variable is pre-surgery and post-surgery LOS measured in days.  Patient characteristics include age dummies in five-year bands, socio-economic status quintiles, patients’ Charlson comorbidity score and patient sex.  Error terms are clustered around GP practices.  The shaded coefficients are significant at p < 0.10 or higher





	Table 8a: Impact of Interacted Public and Private Counts on Length of Stay 
Estimates of (1) on length of stay with counts of public and private providers measured within a radius that captures 333,000, 666,000 and 999,000 over 18s around a the patient’s GP practice, with interactions between public and private counts

	
	333,000 Person Radius Counts
	666,000 Person Radius Counts
	999,000 Person Radius Counts

	
	(1)
	(2)
	(3)

	
	Coef.
	S.E.
	Coef.
	S.E.
	Coef.
	S.E.

	Count public
	-
	-
	-
	-
	-
	-

	2003 * count public
	0.0108
	0.0086
	0.0004
	0.0056
	0.0004
	0.0043

	2004 * count public
	0.0160
	0.0104
	0.0201
	0.0065
	0.0068
	0.0048

	2005 * count public
	-0.0001
	0.0123
	0.0207
	0.0075
	0.0042
	0.0054

	2006 * count public
	-0.0685
	0.0129
	-0.0153
	0.0080
	-0.0144
	0.0058

	2007 * count public
	-0.1215
	0.0141
	-0.0567
	0.0086
	-0.0416
	0.0061

	2008 * count public
	-0.1374
	0.0148
	-0.0707
	0.0089
	-0.0590
	0.0063

	2009 * count public
	-0.1618
	0.0149
	-0.0904
	0.0090
	-0.0723
	0.0066

	2010 * count public
	-0.2027
	0.0161
	-0.1181
	0.0097
	-0.0911
	0.0071

	
	
	
	
	
	
	

	Count private
	-
	-
	-
	-
	-
	-

	2003 * count private
	-0.0078
	0.0078
	0.0003
	0.0053
	-0.0032
	0.0040

	2004 * count private
	-0.0219
	0.0092
	-0.0252
	0.0060
	-0.0196
	0.0045

	2005 * count private
	-0.0315
	0.0105
	-0.0393
	0.0071
	-0.0316
	0.0051

	2006 * count private
	-0.0383
	0.0113
	-0.0456
	0.0079
	-0.0455
	0.0057

	2007 * count private
	-0.0265
	0.0120
	-0.0288
	0.0079
	-0.0359
	0.0060

	2008 * count private
	-0.0265
	0.0125
	-0.0251
	0.0080
	-0.0278
	0.0061

	2009 * count private
	-0.0253
	0.0129
	-0.0193
	0.0084
	-0.0262
	0.0064

	2010 * count private
	-0.0478
	0.0137
	-0.0276
	0.0090
	-0.0335
	0.0069

	
	
	
	
	
	
	

	Count Public * Private
	-
	-
	-
	-
	-
	-

	2003 * public * private
	0.0119
	0.0047
	0.0010
	0.0018
	0.0011
	0.0010

	2004 * public * private
	0.0051
	0.0056
	0.0001
	0.0020
	0.0004
	0.0011

	2005 * public * private
	0.0125
	0.0063
	0.0040
	0.0022
	0.0025
	0.0012

	2006 * public * private
	0.0200
	0.0063
	0.0094
	0.0024
	0.0065
	0.0013

	2007 * public * private
	0.0266
	0.0068
	0.0116
	0.0025
	0.0092
	0.0013

	2008 * public * private
	0.0297
	0.0073
	0.0144
	0.0025
	0.0109
	0.0013

	2009 * public * private
	0.0324
	0.0072
	0.0145
	0.0026
	0.0114
	0.0014

	2010 * public * private
	0.0522
	0.0078
	0.0207
	0.0028
	0.0143
	0.0015

	
	
	
	
	
	
	

	2003
	-0.1891
	0.0106
	-0.1751
	0.0117
	-0.1747
	0.0128

	2004
	-0.3640
	0.0126
	-0.3519
	0.0131
	-0.3309
	0.0143

	2005
	-0.5489
	0.0145
	-0.5450
	0.0149
	-0.5085
	0.0161

	2006
	-0.7113
	0.0159
	-0.7233
	0.0162
	-0.6888
	0.0176

	2007
	-0.9544
	0.0174
	-0.9672
	0.0178
	-0.9442
	0.0187

	2008
	-1.0830
	0.0188
	-1.1024
	0.0190
	-1.0772
	0.0200

	2009
	-1.1737
	0.0198
	-1.1881
	0.0198
	-1.1586
	0.0208

	2010
	-1.2840
	0.0205
	-1.2975
	0.0204
	-1.2624
	0.0216

	
	
	
	
	
	
	

	Patient Characteristics
	Yes
	
	Yes
	
	
	

	Days of the week
	Yes
	
	Yes
	
	
	

	GP Fixed Effects
	Yes
	
	Yes
	
	
	

	Trust Fixed Effects
	Yes
	
	Yes
	
	
	

	
	
	
	
	
	
	

	Obs
	2,039,070
	
	2,039,070
	
	
	

	R2
	0.7567
	
	0.7567
	
	
	

	
	
	
	
	
	
	

	Notes: Dependent variable is LOS measured in days.  Patient characteristics include age dummies in five-year bands, socio-economic status quintiles, patients’ Charlson comorbidity score and patient sex.  Error terms are clustered around GP practices.  The shaded coefficients are significant at p < 0.10 or higher




	Table 8b: Sum of public plus the  public * private interaction terms and private plus public * private interaction terms from Table 5a

	
	(1)
	(2)
	(3)

	
	333,000 Person Radius Counts
	666,000 Person Radius Counts
	999,000 Person Radius Counts

	
	Public + public * private interactions
	Private + public * private interactions
	Public + public * private interactions
	Private + public * private interactions
	Public + public * private interactions
	Private + public * private interactions

	2003 
	0.0227
	0.0041
	0.0014
	0.0013
	0.0016
	-0.0021

	2004
	0.0211
	-0.0168
	0.0202
	-0.0251
	0.0072
	-0.0192

	2005
	0.0124
	-0.0190
	0.0247
	-0.0353
	0.0067
	-0.0292

	2006
	-0.0485
	-0.0182
	-0.0059
	-0.0362
	-0.0079
	-0.0390

	2007
	-0.0948
	0.0001
	-0.0451
	-0.0172
	-0.0324
	-0.0267

	2008
	-0.1076
	0.0032
	-0.0563
	-0.0107
	-0.0481
	-0.0168

	2009
	-0.1294
	0.0071
	-0.0758
	-0.0047
	-0.0609
	-0.0148

	2010
	-0.1505
	0.0044
	-0.0974
	-0.0069
	-0.0768
	-0.0192

	
	
	
	
	
	
	

	




	Table 9a: Test of Cream-Skimming on Age
Estimates of (1) on age of patients in public hospitals with counts of public and private providers measured within a radius that captures 333,000, 666,000 and 999,000 over 18s around a the patient’s GP practice, with interactions between public and private counts

	
	(1)
	(2)
	(3)

	
	333,000 Person Radius Counts
	666,000 Person Radius Counts
	999,000 Person Radius Counts

	
	Coef.
	S.E.
	Coef.
	S.E.
	Coef.
	S.E.

	Count public
	-
	-
	-
	-
	-
	-

	2003 * count public
	0.3054
	0.0599
	0.0633
	0.0381
	-0.0271
	0.0063

	2004 * count public
	0.3119
	0.0690
	0.1456
	0.0427
	-0.0296
	0.0071

	2005 * count public
	0.3667
	0.0720
	0.1731
	0.0451
	-0.0295
	0.0075

	2006 * count public
	0.5144
	0.0765
	0.2439
	0.0477
	-0.0355
	0.0079

	2007 * count public
	0.5808
	0.0784
	0.2777
	0.0485
	-0.0508
	0.0084

	2008 * count public
	0.4904
	0.0817
	0.2387
	0.0501
	-0.0565
	0.0089

	2009 * count public
	0.5693
	0.0851
	0.2830
	0.0525
	-0.0734
	0.0094

	2010 * count public
	0.7575
	0.0929
	0.4122
	0.0555
	-0.0801
	0.0095

	
	
	
	
	
	
	

	Count private
	-
	-
	-
	-
	-
	-

	2003 * count private
	0.0562
	0.0539
	0.1256
	0.0342
	0.0742
	0.0268

	2004 * count private
	0.1774
	0.0593
	0.1515
	0.0380
	0.0755
	0.0284

	2005 * count private
	0.2427
	0.0646
	0.2041
	0.0414
	0.1191
	0.0316

	2006 * count private
	0.1768
	0.0666
	0.2018
	0.0434
	0.1229
	0.0331

	2007 * count private
	0.2607
	0.0681
	0.2551
	0.0454
	0.1671
	0.0337

	2008 * count private
	0.3771
	0.0720
	0.3039
	0.0469
	0.2170
	0.0353

	2009 * count private
	0.4621
	0.0758
	0.3534
	0.0486
	0.2884
	0.0367

	2010 * count private
	0.3986
	0.0849
	0.3107
	0.0556
	0.2416
	0.0399

	
	
	
	
	
	
	

	Count Public * Private
	-
	-
	-
	-
	-
	-

	2003 * public * private
	-0.0438
	0.0322
	-0.0448
	0.0115
	-0.0271
	0.0063

	2004 * public * private
	-0.1470
	0.0362
	-0.0695
	0.0127
	-0.0296
	0.0071

	2005 * public * private
	-0.1075
	0.0376
	-0.0588
	0.0135
	-0.0295
	0.0075

	2006 * public * private
	-0.1269
	0.0397
	-0.0690
	0.0148
	-0.0355
	0.0079

	2007 * public * private
	-0.1785
	0.0410
	-0.0931
	0.0158
	-0.0508
	0.0084

	2008 * public * private
	-0.2327
	0.0438
	-0.1061
	0.0159
	-0.0565
	0.0089

	2009 * public * private
	-0.2993
	0.0446
	-0.1191
	0.0169
	-0.0734
	0.0094

	2010 * public * private
	-0.3244
	0.0486
	-0.1351
	0.0176
	-0.0801
	0.0095

	
	
	
	
	
	
	

	2003
	-0.0033
	0.0722
	0.1714
	0.0767
	0.1899
	0.0868

	2004
	0.3039
	0.0845
	0.3934
	0.0864
	0.2882
	0.0984

	2005
	0.2531
	0.0911
	0.2970
	0.0933
	0.1834
	0.1027

	2006
	0.3782
	0.0960
	0.4075
	0.0985
	0.2609
	0.1097

	2007
	0.6005
	0.0992
	0.6527
	0.1023
	0.5081
	0.1134

	2008
	0.8758
	0.1038
	0.9084
	0.1076
	0.7137
	0.1164

	2009
	0.5986
	0.1093
	0.5913
	0.1137
	0.4696
	0.1235

	2010
	0.4752
	0.1139
	0.4869
	0.1174
	0.3403
	0.1271

	
	
	
	
	
	
	

	Patient Characteristics
	No
	
	No
	
	No
	

	Days of the week
	Yes
	
	Yes
	
	Yes
	

	GP Fixed Effects
	Yes
	
	Yes
	
	Yes
	

	Trust Fixed Effects
	Yes
	
	Yes
	
	Yes
	

	
	
	
	
	
	
	

	Obs
	2,039,070
	
	2,039,070
	
	2,039,070
	

	R2
	0.3430
	
	0.3430
	
	0.3430
	

	Notes: Dependent variable is age measured in years.  Patient characteristics include age dummies in five-year bands, socio-economic status quintiles, patients’ Charlson comorbidity score and patient sex.  Error terms are clustered around GP practices.  The shaded coefficients are significant at p < 0.10 or higher



	Table 9b: Sum of public plus the  public * private interaction terms and private plus public * private interaction terms from Table 6a with age of patients at public hospitals as the dependent variable

	
	(1)
	(2)
	(3)

	
	333,000 Person Radius Counts
	666,000 Person Radius Counts
	999,000 Person Radius Counts

	
	Public + public * private interactions
	Private + public * private interactions
	Public + public * private interactions
	Private + public * private interactions
	Public + public * private interactions
	Private + public * private interactions

	2003 
	0.2615
	0.0124
	0.0185
	0.0808
	0.0470
	0.0471

	2004
	0.1648
	0.0303
	0.0761
	0.0820
	0.1206
	0.0460

	2005
	0.2592
	0.1352
	0.1143
	0.1452
	0.1518
	0.0897

	2006
	0.3876
	0.0499
	0.1749
	0.1328
	0.2008
	0.0875

	2007
	0.4023
	0.0822
	0.1846
	0.1620
	0.2137
	0.1163

	2008
	0.2577
	0.1444
	0.1326
	0.1978
	0.1804
	0.1605

	2009
	0.2700
	0.1628
	0.1639
	0.2343
	0.1675
	0.2151

	2010
	0.4331
	0.0742
	0.2771
	0.1756
	0.2687
	0.1615

	
	
	
	
	
	
	







	Table 10a: Test of Cream-Skimming on Patients’ Socio-Economic Status (Index of Multiple Deprivations Income Vector)
 Estimates of (1) on socio-economic status of patients in public hospitals with counts of public and private providers measured within a radius that captures 333,000, 666,000 and 999,000 over 18s around a the patient’s GP practice, with interactions between public and private counts

	
	(1)
	(2)
	(3)

	
	333,000 Person Radius Counts
	666,000 Person Radius Counts
	999,000 Person Radius Counts

	
	Coef.
	S.E.
	Coef.
	S.E.
	Coef.
	S.E.

	Count public
	-
	-
	-
	-
	-
	-

	2003 * count public
	-0.0003
	0.0004
	-0.0002
	0.0002
	0.0000
	0.0002

	2004 * count public
	-0.0007
	0.0004
	-0.0002
	0.0003
	0.0002
	0.0002

	2005 * count public
	-0.0007
	0.0005
	-0.0003
	0.0003
	0.0002
	0.0002

	2006 * count public
	-0.0035
	0.0005
	-0.0013
	0.0003
	-0.0004
	0.0002

	2007 * count public
	0.0040
	0.0006
	0.0028
	0.0004
	0.0026
	0.0003

	2008 * count public
	0.0025
	0.0006
	0.0019
	0.0004
	0.0021
	0.0003

	2009 * count public
	0.0025
	0.0007
	0.0021
	0.0004
	0.0022
	0.0003

	2010 * count public
	0.0027
	0.0007
	0.0021
	0.0005
	0.0023
	0.0003

	
	
	
	
	
	
	

	Count private
	-
	-
	-
	-
	-
	-

	2003 * count private
	-0.0008
	0.0003
	-0.0003
	0.0002
	-0.0003
	0.0001

	2004 * count private
	-0.0007
	0.0003
	-0.0004
	0.0002
	-0.0004
	0.0002

	2005 * count private
	-0.0020
	0.0004
	-0.0007
	0.0002
	-0.0006
	0.0002

	2006 * count private
	-0.0014
	0.0004
	-0.0005
	0.0002
	-0.0004
	0.0002

	2007 * count private
	0.0016
	0.0005
	0.0019
	0.0003
	0.0013
	0.0002

	2008 * count private
	0.0017
	0.0005
	0.0023
	0.0003
	0.0015
	0.0002

	2009 * count private
	0.0013
	0.0005
	0.0020
	0.0003
	0.0015
	0.0002

	2010 * count private
	0.0009
	0.0006
	0.0019
	0.0004
	0.0015
	0.0003

	
	
	
	
	
	
	

	Count Public * Private
	-
	-
	-
	-
	-
	-

	2003 * public * private
	0.0005
	0.0002
	0.0002
	0.0001
	0.0001
	0.0000

	2004 * public * private
	0.0006
	0.0002
	0.0001
	0.0001
	0.0001
	0.0000

	2005 * public * private
	0.0011
	0.0002
	0.0003
	0.0001
	0.0001
	0.0000

	2006 * public * private
	0.0017
	0.0003
	0.0003
	0.0001
	0.0001
	0.0000

	2007 * public * private
	-0.0007
	0.0003
	-0.0005
	0.0001
	-0.0003
	0.0001

	2008 * public * private
	-0.0012
	0.0003
	-0.0009
	0.0001
	-0.0005
	0.0001

	2009 * public * private
	-0.0012
	0.0004
	-0.0009
	0.0001
	-0.0005
	0.0001

	2010 * public * private
	-0.0012
	0.0004
	-0.0009
	0.0001
	-0.0005
	0.0001

	
	
	
	
	
	
	

	2003
	0.0002
	0.0004
	0.0001
	0.0005
	-0.0001
	0.0005

	2004
	0.0001
	0.0005
	0.0000
	0.0005
	-0.0003
	0.0006

	2005
	0.0007
	0.0006
	0.0002
	0.0006
	-0.0002
	0.0006

	2006
	0.0018
	0.0006
	0.0010
	0.0006
	-0.0001
	0.0007

	2007
	0.0093
	0.0007
	0.0079
	0.0007
	0.0062
	0.0008

	2008
	0.0126
	0.0008
	0.0111
	0.0008
	0.0091
	0.0008

	2009
	0.0128
	0.0008
	0.0113
	0.0008
	0.0094
	0.0009

	2010
	0.0132
	0.0008
	0.0113
	0.0009
	0.0092
	0.0009

	
	
	
	
	
	
	

	Patient Characteristics
	No
	
	No
	
	No
	

	Days of the week
	Yes
	
	Yes
	
	Yes
	

	GP Fixed Effects
	Yes
	
	Yes
	
	Yes
	

	Trust Fixed Effects
	Yes
	
	Yes
	
	Yes
	

	
	
	
	
	
	
	

	Obs
	2,039,070
	
	2,039,070
	
	2,039,070
	

	R2
	.4246
	
	0.4246
	
	0.4246
	

	Notes: Dependent variable is patients’ socio-economic status measured using the income vector of the 2004 Index of Multiple Deprivations.  Patient characteristics include age dummies in five-year bands, socio-economic status quintiles, patients’ Charlson comorbidity score and patient sex.  Error terms are clustered around GP practices.  The shaded coefficients are significant at p < 0.10 or higher:



	Table 10b: Sum of public plus the  public * private interaction terms and private plus public * private interaction terms from Table 6a with socio-economic status of patients at public hospitals as the dependent variable

	
	(1)
	(2)
	(3)

	
	333,000 Person Radius Counts
	666,000 Person Radius Counts
	999,000 Person Radius Counts

	
	Public + public * private interactions
	Private + public * private interactions
	Public + public * private interactions
	Private + public * private interactions
	Public + public * private interactions
	Private + public * private interactions

	2003 
	0.0003
	-0.0002
	0.0000
	-0.0001
	0.0001
	-0.0002

	2004
	-0.0001
	0.0000
	-0.0001
	-0.0002
	0.0002
	-0.0004

	2005
	0.0004
	-0.0009
	0.0000
	-0.0005
	0.0003
	-0.0005

	2006
	-0.0018
	0.0003
	-0.0010
	-0.0002
	-0.0003
	-0.0002

	2007
	0.0033
	0.0009
	0.0022
	0.0014
	0.0023
	0.0010

	2008
	0.0012
	0.0005
	0.0010
	0.0014
	0.0016
	0.0011

	2009
	0.0012
	0.0001
	0.0012
	0.0011
	0.0017
	0.0010

	2010
	0.0015
	-0.0003
	0.0013
	0.0011
	0.0018
	0.0009

	
	
	
	
	
	
	

	




	Table 11a: Test of Cream-Skimming on Patients’ Severity of Illness (Measured Using the Charlson Index of Comorbidities)
Estimates of (1) on the Charlson index of patients in public hospitals with counts of public and private providers measured within a radius that captures 333,000, 666,000 and 999,000 over 18s around a the patient’s GP practice, with interactions between public and private counts

	
	(1)
	(2)
	(3)

	
	333,000 Person Radius Counts
	666,000 Person Radius Counts
	999,000 Person Radius Counts

	
	Coef.
	S.E.
	Coef.
	S.E.
	Coef.
	S.E.

	Count public
	-
	-
	-
	-
	-
	-

	2003 * count public
	0.0071
	0.0042
	0.0044
	0.0027
	0.0049
	0.0020

	2004 * count public
	0.0206
	0.0052
	0.0164
	0.0032
	0.0142
	0.0025

	2005 * count public
	0.0348
	0.0058
	0.0230
	0.0034
	0.0192
	0.0027

	2006 * count public
	0.0475
	0.0065
	0.0294
	0.0039
	0.0250
	0.0030

	2007 * count public
	0.0490
	0.0069
	0.0257
	0.0041
	0.0278
	0.0032

	2008 * count public
	0.0506
	0.0076
	0.0222
	0.0045
	0.0306
	0.0034

	2009 * count public
	0.0671
	0.0082
	0.0370
	0.0049
	0.0389
	0.0037

	2010 * count public
	0.1009
	0.0097
	0.0531
	0.0057
	0.0571
	0.0043

	
	
	
	
	
	
	

	Count private
	-
	-
	-
	-
	-
	-

	2003 * count private
	-0.0034
	0.0036
	-0.0029
	0.0024
	-0.0040
	0.0019

	2004 * count private
	-0.0029
	0.0044
	-0.0077
	0.0028
	-0.0081
	0.0025

	2005 * count private
	-0.0084
	0.0049
	-0.0116
	0.0031
	-0.0106
	0.0028

	2006 * count private
	-0.0130
	0.0051
	-0.0156
	0.0034
	-0.0139
	0.0030

	2007 * count private
	-0.0079
	0.0057
	-0.0107
	0.0038
	-0.0139
	0.0033

	2008 * count private
	-0.0016
	0.0061
	-0.0024
	0.0041
	-0.0112
	0.0034

	2009 * count private
	0.0054
	0.0068
	-0.0031
	0.0045
	-0.0088
	0.0038

	2010 * count private
	0.0082
	0.0078
	0.0011
	0.0052
	-0.0118
	0.0043

	
	
	
	
	
	
	

	Count Public * Private
	-
	-
	-
	-
	-
	-

	2003 * public * private
	0.0002
	0.0022
	0.0003
	0.0008
	0.0001
	0.0004

	2004 * public * private
	-0.0030
	0.0025
	-0.0001
	0.0009
	-0.0001
	0.0005

	2005 * public * private
	-0.0060
	0.0030
	-0.0001
	0.0010
	-0.0008
	0.0006

	2006 * public * private
	-0.0060
	0.0031
	-0.0014
	0.0011
	-0.0018
	0.0006

	2007 * public * private
	-0.0059
	0.0034
	-0.0028
	0.0012
	-0.0021
	0.0007

	2008 * public * private
	-0.0100
	0.0037
	-0.0056
	0.0013
	-0.0036
	0.0007

	2009 * public * private
	-0.0169
	0.0039
	-0.0066
	0.0014
	-0.0046
	0.0008

	2010 * public * private
	-0.0211
	0.0041
	-0.0111
	0.0015
	-0.0066
	0.0009

	
	
	
	
	
	
	

	2003
	0.0046
	0.0051
	0.0048
	0.0055
	0.0056
	0.0062

	2004
	0.0252
	0.0061
	0.0242
	0.0065
	0.0242
	0.0071

	2005
	0.0585
	0.0071
	0.0584
	0.0074
	0.0626
	0.0080

	2006
	0.0684
	0.0078
	0.0796
	0.0081
	0.0855
	0.0088

	2007
	0.0824
	0.0087
	0.1051
	0.0088
	0.1029
	0.0096

	2008
	0.1110
	0.0094
	0.1419
	0.0097
	0.1348
	0.0102

	2009
	0.1325
	0.0103
	0.1559
	0.0105
	0.1491
	0.0113

	2010
	0.1630
	0.0113
	0.2016
	0.0116
	0.1898
	0.0123

	
	
	
	
	
	
	

	Patient Characteristics
	No
	
	No
	
	No
	

	Days of the week
	Yes
	
	Yes
	
	Yes
	

	GP Fixed Effects
	Yes
	
	Yes
	
	Yes
	

	Trust Fixed Effects
	Yes
	
	Yes
	
	Yes
	

	
	
	
	
	
	
	

	Obs
	2,039,070
	
	2,039,070
	
	2,039,070
	

	R2
	0.1076
	
	0.1076
	
	0.1076
	

	Notes: Dependent variable is the patients’ Charlson comorbidity index scores.  Patient characteristics include age dummies in five-year bands, socio-economic status quintiles, patients’ Charlson comorbidity score and patient sex.  Error terms are clustered around GP practices.  The shaded coefficients are significant at p < 0.10 or higher



	Table 11b: Sum of public plus the  public * private interaction terms and private plus public * private interaction terms from Table 6a with Charlson index of patients’ in public as the dependent variable

	
	(1)
	(2)
	(3)

	
	333,000 Person Radius Counts
	666,000 Person Radius Counts
	999,000 Person Radius Counts

	
	Public + public * private interactions
	Private + public * private interactions
	Public + public * private interactions
	Private + public * private interactions
	Public + public * private interactions
	Private + public * private interactions

	2003 
	0.0073
	-0.0032
	0.0047
	-0.0026
	0.0050
	-0.0039

	2004
	0.0176
	-0.0058
	0.0163
	-0.0077
	0.0141
	-0.0082

	2005
	0.0288
	-0.0145
	0.0228
	-0.0118
	0.0184
	-0.0114

	2006
	0.0415
	-0.0191
	0.0280
	-0.0170
	0.0232
	-0.0157

	2007
	0.0432
	-0.0138
	0.0229
	-0.0135
	0.0257
	-0.0161

	2008
	0.0406
	-0.0116
	0.0165
	-0.0081
	0.0269
	-0.0148

	2009
	0.0503
	-0.0115
	0.0304
	-0.0096
	0.0343
	-0.0134

	2010
	0.0798
	-0.0129
	0.0421
	-0.0099
	0.0504
	-0.0184

	
	
	
	
	
	
	

	





	Table 12: Robustness Check of The Impact of Population Density on Length of Stay and Patient Characteristics
Tests of robustness with Estimates of (1) on length of stay, age, socio-economic status and the Charlson index with population density substituted for counts and interacted with time

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

	
	Length of stay
	Age
	Socio-economic status
	Charlson index

	
	Coef.
	S.E.
	Coef.
	S.E.
	Coet.
	S.E.
	Coef.
	S.E.

	Population density
	-
	-
	-
	-
	-
	-
	-
	-

	2003 * pop. density
	0.0001
	0.0003
	-0.0006
	0.0017
	0.0000
	0.0000
	0.0002
	0.0001

	2004 * pop. density
	0.0004
	0.0003
	-0.0008
	0.0017
	0.0000
	0.0000
	0.0004
	0.0001

	2005 * pop. density
	-0.0002
	0.0003
	-0.0016
	0.0018
	0.0000
	0.0000
	0.0005
	0.0001

	2006 * pop. density
	-0.0001
	0.0003
	0.0002
	0.0018
	0.0000
	0.0000
	0.0003
	0.0001

	2007 * pop. density
	-0.0004
	0.0003
	-0.0031
	0.0017
	0.0001
	0.0000
	0.0004
	0.0001

	2008 * pop. density
	0.0003
	0.0003
	-0.0033
	0.0017
	0.0001
	0.0000
	0.0000
	0.0001

	2009 * pop. density
	0.0005
	0.0003
	-0.0040
	0.0018
	0.0001
	0.0000
	0.0001
	0.0002

	2010 * pop. density
	0.0010
	0.0003
	-0.0030
	0.0018
	0.0001
	0.0000
	0.0000
	0.0002

	
	
	
	
	
	
	
	
	

	2003
	-0.1732
	0.0102
	0.2786
	0.0687
	0.0000
	0.0004
	0.0040
	0.0049

	2004
	-0.3693
	0.0105
	0.6565
	0.0690
	-0.0008
	0.0004
	0.0278
	0.0052

	2005
	-0.5532
	0.0112
	0.8222
	0.0687
	-0.0010
	0.0004
	0.0660
	0.0056

	2006
	-0.7821
	0.0118
	0.9772
	0.0705
	-0.0012
	0.0004
	0.0928
	0.0058

	2007
	-1.0685
	0.0122
	1.3807
	0.0690
	0.0094
	0.0004
	0.1098
	0.0060

	2008
	-1.2386
	0.0126
	1.6415
	0.0696
	0.0131
	0.0004
	0.1536
	0.0064

	2009
	-1.3590
	0.0127
	1.4349
	0.0712
	0.0126
	0.0005
	0.1858
	0.0069

	2010
	-1.5183
	0.0128
	1.4146
	0.0727
	0.0132
	0.0005
	0.2542
	0.0073

	
	
	
	
	
	
	
	
	

	Patient Characteristics
	Yes
	
	No
	
	No
	
	No
	

	Days of the week
	Yes
	
	Yes
	
	Yes
	
	Yes
	

	GP Fixed Effects
	Yes
	
	Yes
	
	Yes
	
	Yes
	

	Trust Fixed Effects
	Yes
	
	Yes
	
	Yes
	
	Yes
	

	
	
	
	
	
	
	
	
	

	Obs
	2,039,070
	
	2,039,070
	
	2,039,070
	
	2,039,070
	

	R2
	0.7576
	
	0.3429
	
	.4243
	
	0.1075
	

	
	
	
	
	
	
	
	
	

	Notes: Dependent variables are overall LOS measured in days, and patients’ age, socio-economic status and Charlson comorbidity index score.  Patient characteristics include age dummies in five-year bands, socio-economic status quintiles, patients’ Charlson comorbidity score and patient sex.  Error terms are clustered around GP practices.  The shaded coefficients are significant at p < 0.10 or higher



	Appendix 1. Descriptive Statistics

	
	Mean
	Standard Deviation
	Minimum
	Maximum

	Tuesday
	0.20
	0.40
	0
	1

	Wednesday
	0.19
	0.39
	0
	1

	Thursday
	0.19
	0.40
	0
	1

	Friday
	0.18
	0.38
	0
	1

	Saturday
	0.05
	0.21
	0
	1

	Sunday
	0.01
	0.11
	0
	1

	IMD Income Vector (Richest quintile)
	0.1647
	0.3709
	0
	1

	IMD Income Vector (2/5)
	0.1360
	0.3428
	0
	1

	IMD Income Vector (3/5)
	0.1702
	0.3758
	0
	1

	IMD Income Vector (4/5)
	0.1718
	0.3772
	0
	1

	IMD Income Vector (Poorest quintile)
	0.1754
	0.3803
	0
	1

	Female 
	0.3981
	0.4895
	0
	1

	Charlson Index
	0.3476
	1.2044
	0
	6

	Age
	58.16
	16.70
	18
	99

	
	
	
	
	

	Notes:





	Appendix 2: Percentage of hernia repairs, hip replacements, arthroscopies and knee replacements as a percentage of our sample

	
	Hip Replacement
	Hernia Repair
	Arthroscopy
	Knee Replacement

	% of total annual activity
	0.14
	0.26
	0.44
	0.16

	% of total annual activity
	0.14
	0.25
	0.44
	0.17

	% of total annual activity
	0.14
	0.24
	0.44
	0.18

	% of total annual activity
	0.14
	0.23
	0.44
	0.19

	% of total annual activity
	0.14
	0.23
	0.43
	0.20

	% of total annual activity
	0.14
	0.23
	0.42
	0.21

	% of total annual activity
	0.14
	0.21
	0.44
	0.21

	% of total annual activity
	0.15
	0.22
	0.41
	0.22

	% of total annual activity
	0.15
	0.21
	0.41
	0.22
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