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Abstract
A view often expressed about patient choice of health care providers is that it will 
increase competition between providers, which benefits the efficiency of the health 
system. We address here a patient choice initiative, regarding selection of hospital 
for specialty consultations, in the Portuguese National Health Service (NHS) that 
has two specific features. The first feature involves shared decision making between 
patients and GPs, in the choice of hospital for referral, which should be based on 
publicly available information on “quality”. The second specific feature is that the 
patient choice initiative did not involve payment changes to NHS hospitals associ-
ated with patients’ movements. We show that explaining initial asymmetries in 
qualities (waiting times) with systematic differences in hospital characteristics (cost 
advantages and managerial talent) leads to potential asymmetric responses to the 
introduction of patient choice in the NHS. This implies that the empirical analy-
sis has to accommodate such asymmetries. Explicitly allowing for asymmetries in 
responses to the policy measure reveals that reactions were indeed different, with 
top-performance hospitals reducing their qualities (increasing waiting times) after 
the patient choice initiative was introduced.

Keywords Hospital quality · Patient choice

1   Introduction

A view often expressed about patient choice of health care providers is that it will 
increase competition between providers, which benefits the efficiency of the health 
system. This view on the benefits of competition, common in many, if not most, mar-
kets outside the health sector, requires some careful analysis when applied to health 
care markets. These are markets with several imperfections and often extensive regu-
lation is present. Thus, policy makers need to be more cautious about the effects of 
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policies that aim at increasing competition in the healthcare marketplace. Competi-
tion should be seen as a tool, as a policy instrument, and not as an end in itself.1

We address here a patient choice initiative in the Portuguese National Health 
Service (NHS) that has two particular features. It involves shared decision making 
between patients and GPs, in the choice of hospital for referral, which should be 
based on publicly available information on “quality”. This patient choice initiative 
(described below), unlike what occurred in other countries, did not involve payment 
changes to NHS hospitals, which are funded by global budgets and not paid directly 
by episode of treatment. Thus, endogenous “quality” choices by hospitals can be 
considerably different from the cases in which more demand is associated with more 
net revenues (while in the patient choice initiative addresses here, more demand 
results in more costs but not more revenues). And the way different providers react 
is related to initial asymmetries in “quality” across hospitals, requiring an adequate 
empirical strategy. The empirical findings corroborate the importance to distinguish 
different reactions to the policy choice initiative by providers, according to their ini-
tial asymmetries in quality choices.

There is a growing health economics literature on the introduction of competi-
tion in health care markets. The work of Siciliani and Straume (2019), building on 
the model introduced by Brekke et al. (2011), provides a useful framework to dis-
cuss quality choices under regulated prices (although the existence of regulation is 
not explained). It sets out that ambiguous effects emerge, with particular outcomes 
being dependent on technical aspects of benefit functions, among other aspects. This 
leaves for empirical findings to sort out the actual effect of patient choice reforms.

The main literature on the role of competition for hospital quality decisions 
is summarised in Brekke et  al. (2021). Previous literature has found, in a major-
ity of cases, positive effects associated with competition (free choice by patients), 
although some negative impacts have also been documented. Such previous litera-
ture has not considered, up to our knowledge, a NHS context with hospital funding 
not responding to patient flows (by design) and explicit consideration of asymmetric 
responses by providers to the policy reform.

The work of Brekke et al. (2021) considers a patient choice reform in Norway, 
as hospitals in a NHS were exposed to non-price competition similar to the one 
explored here. Some crucial differences exist between the two reforms, in Portu-
gal and in Norway, while similarities can also be found. The reform in Norway is 
the closest to the one that took place in the Portuguese NHS, with a crucial dif-
ference being the absence of direct revenue effects in the Portuguese case. Reve-
nue streams are guided by patient flows in the Norwegian case. Bjorvatn and Ma 
(2011), looking at the 2001 choice reform in Norway, show that differences in wait-
ing times across hospitals determined mobility flows (mainly in younger patients). 
Brekke et al. (2021) document a (larger) decline in waiting times in hospitals facing 
stronger competition. They take their testable hypothesis from a model assuming a 

1 Barros et al. (2016) discuss the role of competition in health care markets.
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symmetric equilibrium, and as such all hospitals are expected to behave in the same 
way in response to the policy reform introducing free choice of hospital by patients.

However, there is no reason to use such assumption, at least in the Portuguese 
context, as it will be detailed below. Differences in qualities (waiting times, in the 
empirical discussion) across hospitals before the policy reform arise due to sys-
tematic hospital differences and are not the outcome of random elements. Thus, 
the source of the initial asymmetric qualities of hospitals is also a likely source 
for asymmetric reactions to the introduction of a free choice policy of hospital by 
patient (and GPs).

Moscelli et al. (2019) find that relaxing patient constraints on hospital choice in 
England resulted in lower quality in some procedures (hip and knee replacement) 
and no effect on others (coronnary bypass). The authors mention the role of (lack of) 
profitability in those procedures is behind their findings. The view that increasing 
competition amongst hospitals leads to higher quality is common, but does not seem 
to hold in several empirical settings. Gaynor (2006) provides a simple argument 
for this to be the case when hospitals face regulated prices and the price received 
by treating an extra patient is above the corresponding cost. Other models question 
this rationale by introducing other features from health systems (Katz 2013; Brekke 
et al. 2014).

The model laid down by Moscelli et al. (2019) illustrates how the effect of com-
petition depends on the properties of the cost function and the degree of altruism 
(by providers). We differ from their model in one important respect: we consider 
heterogeneous providers, giving origin to different starting points and to different 
responses to the policy change. We share with Moscelli et  al. (2019) the explicit 
inclusion of the role of altruism, as it may lead to treatment of patients and choice of 
quality levels that bring a loss to the provider.

In a different direction, Santos et  al. (2015) document the impact of a patient 
choice initiative in England upon choices in primary care use. Their starting point 
is that “a necessary condition for greater patient choice to improve quality is that a 
provider will face higher demand if they improve their quality” (Santos et al. 2015, 
p.  445). Implicit is the assumption that higher demand will bring more revenues. 
Their main finding is that patients do indeed react to differences in quality across 
providers.2 Thus, patient choice reforms across different health systems and contexts 
yield context-dependent results.

We explore below a patient choice initiative in the Portuguese NHS. The first 
element of analysis, before proceeding to the data, is to establish in a clear way the 
expected effects of the policy, given the institutional features of Portuguese National 
Health Service. We show that explaining initial asymmetries in qualities (waiting 
times) with systematic differences in hospital characteristics (cost advantages, man-
agerial talent) leads to potential asymmetric responses to the introduction of patient 
choice in the NHS. This implies that the empirical analysis has to accommodate such 
asymmetries. Explicitly allowing for it reveals that reactions are indeed different, 

2 See Santos et al. (2015) for a brief review of studies on patient choice and its relation to information on 
“quality”.
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with top quality hospitals reducing their qualities (increasing waiting times) after the 
patient choice initiative is introduced.

The paper is organised as follow. Section 2 briefly details the patient choice initi-
ative. Next, Sect. 3 presents a simple model illustrating the main economic forces at 
play. Section 4 reports on the data and data sources for the empirical analysis. Then, 
Sect. 5 presents the main empirical results. Section 6 reports on robustness checks. 
Finally, Sect. 7 has concluding remarks.

2  The policy

In 2016, the Portuguese Ministry of Health enacted a normative document (Despa-
cho 6170-A/2016, of May 9), establishing a patient choice initiative (PCI). In this 
initiative, the patient, jointly with the GP, decides which hospital in the National 
Health Service (wherever located in the country) to get an appointment for a hospi-
tal specialty consultation. In the Portuguese National Health Service, patients regis-
ter with a GP in an NHS primary care unit, usually located in their residential area. 
Prior to the patient choice initiative, if a hospital referral was needed, the patient 
would be automatically directed to the NHS hospital to which network the primary 
care unit belongs to.3 Previously to this initiative, the match of patient to hospital 
was based on regulated catchment areas defined by geography, and which may differ 
according to the relevant hospital specialty (as not all hospitals offer the full spec-
trum of medical specialties). The choices presented to the patients, under the PCI, 
are based on geographic proximity and on available information of average wait-
ing times per specialty in each hospital. When surgery is relevant, the information 
on waiting time for surgical intervention is provided to the decision process. The 
information on waiting times for first time consultations in each hospital is available 
online, at the NHS web portal, including the information on how many people are in 
the waiting list according to priority level.

This patient choice initiative was expected to create several types of benefits, 
according to the NHS documents supporting its adoption. To patients, the benefit 
of choice of NHS hospital and increased trust in the NHS. To the GP, an increased 
role in the health system, an improved relationship with patients and hospitals and 
the gains from involving the patient in the management of his/her health. To the hos-
pital, the documents noted as benefits an increase in efficiency and competitiveness 
and an increase in loyalty of patients. To the National Health Service, the expected 
benefits pointed out were an increase of overall efficiency, better use of installed 
capacity in the NHS, ability to respect target waiting times, to value patients and 
increased transparency and information sharing.

These expected benefits resulting from official discourse of the Ministry of Health 
may, or may not, be reasonable ones, as it will be discussed below. Before moving to 
the analysis of the policy, it is worth mentioning an early view from one hospital on the 
merits and potential impact of the policy. According to an internal document of a major 

3 For further details on the Portuguese health system, see Simões et al. (2017b).
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NHS hospital, several concerns were raised. Existing referrals, at that very early stage, 
seemed to be more linked to geographical proximity than to waiting times. The relative 
importance of the two elements may be different from the one required for the policy 
to have any visible effect. This is, of course, an aspect prone to empirical measurement.

The second concern was about the internal organisation of the hospital. In par-
ticular, since that NHS hospital expected an inflow of patients under this patient 
choice initiative, the specific concern was the difficulty to increase their supply of 
services in hospital specialty consultations to patients without a reduction in other 
areas of activity of the hospital (say, programmed surgeries in the more affected spe-
cialties or support to the emergency room services). A third managerial concern was 
that the additional number of appointments would not carry out an increased stream 
of revenues. The hospital is funded by an annual global budget, which is insensi-
tive to the number of patients that use the patient choice initiative (both inbound 
and outbound flows). The envisaged internal adjustment considered several ele-
ments: reducing time duration of appointments, reducing the turnover time between 
patients, reducing the number of follow-up appointments (in order to increase phy-
sicians’ time for first-time consultations), propose a change in referrals by GPs to 
make mandatory to account for waiting times, and propose a financial reward for 
taking in patients, paid by the natural “catchment area” hospital.

Thus, according to this view, we should expect that hospitals change their “qual-
ity” of service, including effects in patients’ waiting times, and/or request a differ-
ent payment system. Thus, the hospital adjustment to the new policy needs to be 
adequately considered in the discussion of the policy.

The initial stage of the PCI was described by Simões et al. (2017a), with a focus 
on patient mobility. According to the information collected and reported in Simões 
et al. (2017b), about 10% of outpatient referrals from NHS primary care units were 
made to an NHS hospital outside the previous catchment area, in the period from 
June 2016 to May 2017. The authors also report an increase in median waiting time 
for first outpatient visits. According to the national report on access to care in the 
NHS, up to the end of 2020, 11.6% of patients opted to have a consultation in an 
hospital outside the traditional catchment area.4

3  The model

Our starting point is the model of Siciliani and Straume (2019), which builds on the 
original contribution of Brekke et al. (2011). We introduce of a crucial element of the 
Portuguese NHS 2016 patient choice initiative - demand shifts across hospitals do not 
carry payments (or revenues) with them. This changes the incentives faced by hospi-
tals. Intuitively, if more demand does not bring more revenues, why should a provider 
care about quality to attract patients is an obvious question. But another question needs 
to be answered, why is not quality set at the lowest possible level if quality does not 
play a role in revenues’ attraction. Thus, a model of analysis of the PCI has to include 

4 Ministério da Saúde, Relatório Anual do Acesso, p. 120.
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a motive for valuation of quality by the hospital management, even in the absence of 
financial flows that are sensitive to quality by means of patient choice.

Taking waiting times as a relevant quality dimension in the service provided by 
a hospital, as waiting times often are present as key performance indicators in man-
agement assessment and reputation, this provides a motive for quality considerations 
to enter the objective function of hospital managers. In addition, hospitals are often 
seen as semi-altruistic providers, as they care about patient benefits, resulting from 
their case activities. These aspects are included in the model of analysis.

As to the decision process by the patient, the patient choice initiative introduces 
competition (choice across hospitals) by removing the restriction of strict geographic 
catchment areas. We model the choice of hospital as being determined by distance 
and by quality (measured by an indicator related to waiting times, in the empirical 
analysis, as described below). We assume that no conflict exists between patient and 
GP in the shared decision making process.5 The type of competition introduced by 
the PCI is different from increasing competition in a context where there is already 
some level of competitive pressure across providers.6

We use a standard Hotelling model, following the tradition of previous literature, 
with two hospitals and patients sensitive to quality (as mentioned above, an observ-
able element of quality of the service provided by a hospital is the waiting time, 
which is the dimension that will be addressed in the empirical analysis below).

We first consider the utility of hospitals’ decision makers. Hospital managers 
derive utility from three distinct elements. First, the net revenue generated. Second, 
hospital managers value own patients’ benefits. Third, hospital managers consider 
the costs of quality provision.

Formally, we have: (i) utility from revenues (financial situation of the hospital), 
given by: U1i = Ri − cixi , where Ri is hospital i’s revenues, exogenously determined 
(global budget, in the case of the hospitals of the Portuguese NHS), xi is the num-
ber of patients that choose to be treated in hospital i (in the context of the Hotel-
ling model representation, it is the indifferent patient choosing from two possible 
hospitals, each located at the endpoints of a line segment of length 1 and patients 
uniformly distributed with density 1) and ci (> 0) is the (constant) marginal cost of 
treating a patient; (ii) utility from patients’ benefits: U2i = �qixi , in which higher 
quality q means a higher perceived (non-monetary) benefit to the hospital manag-
ers for any given number of patients treated, valued by � per quality unit. We can 
also interpret 𝛼 (> 0) as a reputation effect to the hospital management team. For 
example, high waiting times/low quality implies a lower managerial reputation (or 
lower performance assessment) to the hospital management team; and, (iii) costs of 
providing quality, �iq2i ∕2 , with increasing marginal costs of quality.7 Utility of hos-
pital’s decision makers is normalised in monetary units without loss of generality.

5 Exploring the nature of the patient - GP relationship and how shared decision making translates into a 
final decision is beyond the scope of this paper. It is left for future research.
6 See Brekke et al. (2011) on this aspect.
7 Note that having higher costs of treating patients with higher quality, cqx, can be seen as included in 
U2 , under a simple reinterpretation of � as the degree of altruism/reputation minus the marginal costs of 
treating patients with quality � , while retaining 𝛼 > 0.
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The objective function of each hospital i management team is

where � includes altruism net of costs of providing quality q to treated patients.
Patients have preferences over the two hospitals following an horizontal differ-

entiation framework. Quality differences guide relative demand. This allows for an 
interpretation of geographic proximity to a hospital, but also for other aspects that 
matter for patients’ choices. Patients are fully insured by the NHS, and face no mon-
etary prices.

Patients can have preferences for hospitals by other factors than waiting time and 
distance (geographical proximity). These preferences can be accommodated in the 
model in two different ways (at least). First, if all patients have a higher preference 
for one hospital, that amounts to include a patient valuation difference in the expres-
sion that defins the indifferent patient (between going to hospital 1 or hospital 2), 
which would lead to a higher demand for that hospital for every difference in quali-
ties. The adjustment in quality after the policy is adopted would be essentially like 
the one described in the model (although with a slightly modified analytical expres-
sion). The second way to model this preference is to take the location of patients as 
also reflecting the preference for one or the other hospital. The location of the patient 
at a certain point of line describing the “distance” between the two hospitals can be 
interpreted as including that element and not just physical distance, with “transport 
costs” being inclusive, in this interpretation, of the utility cost of not choosing the 
most preferred hospital. In this case, the results of the model hold as reported below. 
The main difference between the two ways of addressing the possibility of other 
motives for preference of patients across hospitals is that the first option is more in 
line with the notion of “vertical differentiation” (everyone agrees that one hospital is 
better) while the second one is in line with the notion of “horizontal differentiation” 
(patients differ in their views about which is the preferred hospital).

For simplicity, we consider the simplest setting of patients having a valuation 
bqi − txi when going to hospital i, where b is the benefit associated with receiving 
quality qi of care, t is “transport cost” of covering one unit of “distance” and xi is 
how much they have “to travel” to hospital i.

3.1  Before the patient choice initiative

In the absence of choice by the patients, we have, for each hospital i, xi = x̄i , i = 1, 2 , 
with x̄1 + x̄2 = 1,8 with x̄i fixed administratively by the NS as the relevant catchment 
area.

Initial asymmetric catchment areas can be present, which will induce asymmetric 
quality choices before the introduction of the patient choice initiative. The implica-
tions of demand asymmetries may include asymmetric responses, even with other-
wise symmetric hospitals as discussed in Sá et  al.  (2019). Sá et  al. (2019) present 

(1)Vi = Ri − cixi + �xiqi −
1

2
�iq

2
i
, i = 1, 2

8 To keep the line of length one, the sum of demands must be one. Nothing essential depends on this assumption.
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a model of hospital competition and waiting times in which the initial waiting time 
differs across hospitals, which raises the question of why does it differ. In Sá et al. 
(2019) the differences are justified by assuming different demand levels and equally 
efficient hospitals. Endogeneising hospital efficiency by realisation of management 
effort means that different demand levels do lead to distinct effort levels and therefore 
different production efficiency levels (including in this notion both the level of pro-
duction - patients treated - and quality levels). Our paper also adds another source of 
asymmetry: the managerial quality of hospitals can differ, leading to further effects.

Another source of asymmetry would be distinct altruistic valuations across hospi-
tals (distinct intrinsic value of treating patients relative to the financial results of the 
hospital). As the policy change of introduction of choice by patients (and their GPs) 
takes place only within the public National Health Service, and the sample of hospi-
tals in the empirical illustration includes only NHS hospitals, the working assump-
tion is that the role of this potential asymmetry is negligible.

The optimal choice of quality by hospital i is characterised by the following first-order 
condition, resulting from maximising Vi , defined by Eq. (1), subject to x̄i = 1∕2 (we 
assume symmetric catchment areas to focus attention in the other sources of asymmetry).

from which, under the assumed functional form,

Note that equilibrium quality has values above its minimum level (zero) due to the 
role of altruism ( 𝛼 > 0).

Under administratively fixed catchment areas, quality choices by each hospital 
are driven by two forces. First, hospital valuations of health outcomes to patients 
(higher quality leading to better outcomes) provides an incentive to increase quality. 
Second, increasing quality has a cost to the hospital, thus setting a downward force. 
The first effect is captured by � while the second is captured by �i . Finally, hav-
ing more patients, higher x̄i , makes relatively more important the first effect and, as 
such, higher quality should be selected for larger catchment areas, all other elements 
constant.

3.2  Under the patient choice initiative

The next step in the analysis is to define the demand faced by each hospital under 
patients’ freedom of choice, which is determined by the indifferent patient between 
hospital 1 or choosing hospital 2. Under the patient choice initiative, the indifferent 
patient location is given by:9

(2)
�Vi

�qi
= 0

(3)q∗
i
=

𝛼x̄i

𝛽
=

𝛼

2𝛽

||||x̄i= 1

2

9 A possible interpretation, relating to waiting times, is to take qi = q0 − wi , where wi is waiting time at 
provider i, in which case q0 is the highest level of quality achievable, under zero waiting time.
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The optimal choice of quality is given by the solution to the following first-order 
condition, for each provider i,10

The first term reflects the impact of the policy in the incentives for quality, while the 
second and third terms are the direct effects of quality on the objective function of the 
management team (and were the ones already present under fixed catchment areas).

If (−ci + 𝛼qi) < 0 then, because 𝜕xi∕𝜕qi > 0 , the marginal valuation of increas-
ing quality is smaller than before the policy. A quality increase attracts now more 
patients, which bring a financial loss to providers of care. The cost of treatment ci can 
be larger than the valuation, to the hospital, of the benefits of treating a patient with 
quality qi . Note that under the policy rules we will address empirically below, there is 
no extra payment associated with treating more patients. If that was the case, and the 
price paid for treating one additional patient covered treatment costs, then the incen-
tive could easily operate in the opposite direction. In such case pi − ci + 𝛼qi > 0 , 
where pi would be the price paid per patient treated, and pi − ci > 0 would mean that 
attracting patients is financially profitable to the hospital.

Under the assumption of symmetric providers ( ci = c, �i = �, i = 1, 2 ), it results 
the following expression for optimal quality:

It follows that

recovering the regulated catchment areas result (with symmetric providers).
Given the second-order condition for a maximum in each provider’s problem, for 

qs > 0 , it needs to hold 𝛼t − c > 0 . Otherwise, qs = 0 . That is, if the costs of treatment 
c are too large, the new policy will lead to the lowest quality level, as providers want 
to avoid the cost of treating patients without any additional revenue. We assume this 
is not the case. We add the requirement of a locally stable Nash equilibrium, which 
amounts to impose:11

(4)x =
1

2
+

1

2t

(
qi − qj

)
, i, j = 1, 2; i ≠ j

(5)
(
−ci + �qi

) �xi
�qi

+ �xi − �qi = 0

(6)qs =
t� − c

2t� − �

(7)lim
t→∞

qs = q∗ =
�

2�

(8)
𝜕2V1

𝜕q2
1

×
𝜕2V2

𝜕q2
2

−
𝜕2V1

𝜕q1𝜕q2

𝜕2V2

𝜕q1𝜕q2
> 0.

10 The second-order condition for a maximum is given by 𝛼 < 𝛽it, i = 1, 2.
11 See Dragone and Lambertini (2020) and Hoernig (2003) for details.The relevant expression for the 
case of asymmetric providers will be made explicit below.
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Equilibrium qualities under freedom of choice can be smaller or larger than under 
mandatory catchment areas. For low (high) costs of treatment, c, equilibrium qualities 
will increase (decrease). In the model parameters, c̄ = 𝛼2∕2𝛽 is the critical threshold 
for this characterisation. For c above this threshold, equilibrium qualities of (symmet-
ric) providers will decrease after freedom of choice is introduced. Thus, the model 
does not support unambiguously that patient choice promotes higher quality by pro-
viders. This result is in line, without surprise, with the previous literature. We now 
move to the richer context of hospital/provider asymmetries. To obtain the implica-
tions and predictions of the model associated with the policy of freedom of choice, we 
proceed by steps as way to highlight the key intuitions. The total effect can be stated 
as the equilibrium quality difference between the two polar situations: legally defined 
catchment areas, on the one hand, and free choice of hospitals, on the other hand. This 
difference is given by

Before reporting the expressions for Δqi under asymmetries in cost structures and 
managerial costs, it is important to establish a set of remarks, to help understand the 
several effects present. The first remark is that under binding and pre-defined catch-
ment areas, increases in demand induce more quality, due to the semi-altruistic valu-
ation of patients treated and the quality of treatment they receive. Thus, even without 
any strategic interaction, changes in demand lead to changes in quality choices by 
hospitals. The second remark is that with symmetric hospitals (same costs of treat-
ing patients and same managerial costs of quality), the equilibrium quality choices 
under freedom of choice by patients result in lower quality than under the fixed (and 
equal) catchment areas if costs of treament are large relative to the altruism effect. 
Under symmetry of hospitals, the split of patients after the freedom of choice policy 
is 50% of total demand for each hospital, which is equal to the symmetric split under 
fixed catchment areas (by definition). Thus, if the catchment areas were not initially 
symmetric, the freedom of choice policy will lead to distinct adjustments in quality 
as response to the policy measure if hospitals are similar in all cost elements. The 
lower quality under the new policy emerges as a direct consequence from patients’ 
choices and treatment costs. Lower quality drives away patients, which lowers 
total production costs (it also lowers total valuation from treating patients, which 
is of smaller magnitude relative to the treatment costs impact, by assumption). It 
is straightforward to check that having revenues sensitive to patients’ movements 
leads to increases in quality if that revenue effect is large enough. Thus, movements 
in quality that differ across hospitals must result from asymmetries in costs (either 
treatment costs or managerial costs or both) and can be easily illustrated by com-
parison of the asymmetric equilibrium (under several parameter choices) and the 
symmetric equilibrium.

The total effect of the new policy in terms of in quality choices is the sum of sev-
eral different effects. There is mechanic effect resulting from the immediate impact of 
allowing choice of hospital, without any change in quality decisions, as long as pre-
policy qualities in each hospital differ. The second effect is the change of decisions 
regarding quality by each hospital, holding constant the quality of the other hospital. 

(9)Δqi = qa
i
− q∗

i
, i = 1, 2
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The change demand arriving at the hospital will drive a different decision, even if 
there is no incentive resulting from strategic interaction. This can be easily seen from 
the impact of a demand change under the fixed catchment area policy. The third 
effect is associated with the strategic interaction between hospitals, resulting from the 
freedom of choice. By changing its quality, each hospital recognises the impact on 
the flow of patients.

3.3  The asymmetric case

The previous section highlighted elements of hospital interaction in the choice of 
quality when patients can choose which hospital to go, “money does not follow the 
patient” and hospitals are symmetric. The assumption of symmetry, however, does 
not reveal the richer set of possibilities in how hospitals may interact in reaction to 
the patient choice initiative. This requires an explicit treatment of the implications of 
hospitals’ asymmetries to the way they will adjust qualities after the new policy is in 
place. On the role of GPs choosing hospitals for their patients, Xavier (2003) considers 
a quadratic cost function for a hospital providing a certain waiting time. Then pro-
ceeds to analyse demand for care by a GP on behalf of patients. GPs have to manage a 
budget. Our focus on the policy change and hospital adjustment, and not on the budget 
constrained GP decision choice, makes our analysis distinct from Xavier (2003).

We consider two basic elements of asymmetry. The first one is the cost of treat-
ment, ci . The second source of asymmetry is the managerial cost of quality �i . We 
normalize �1 = 1 for hospital 1 and take c1 = c + Δ, c2 = c . The parameter Δ is the 
cost disadvantage of hospital 1 (for negative values of Δ , it will have a cost advan-
tage). The parameter 𝛽2 = 𝛽 < 1 is the managerial cost advantage of hospital 2. 
Parameter � is the element giving a quality difference, as quality is selected endoge-
nously by the hospital, under the mandatory catchment areas rule. The quality of hos-
pital 2 prior to the new policy will be higher than the quality of hospital 1 for 𝛽 < 1.

The set of first-order conditions for maximisation of the objective function of 
each hospitals can be (re)written as:

It can be readily checked that second-order conditions for a maximum require that 
� is not too small. We will consider below only the range of parameters that ensure 
second-order conditions to hold. The condition for a locally stable Nash equilibrium 
is given by:

and it is assumed to hold. Given that second-order conditions for value maximisa-
tion by each hospital are assumed to hold, this condition amounts to 𝛽 > 3𝛼∕(2t).

(10)−(c + Δ) + �q1 + �t + �(q1 − q2) − 2tq1 = 0 (Hosp. 1)

(11)−c + �q2 + �t + �(q2 − q1) − 2t�q2 = 0 (Hosp. 2)

(12)𝛽 >
𝛼

t

4t − 3𝛼

4t − 4𝛼
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Solving for the optimum qualities under the freedom of choice rule yields:

A quick inspection of these expressions reveals that for (𝛽 = 1,Δ > 0) we have 
qa
1
< qs

1
 and qa

2
> qs

2
 . For (� = 1,Δ = 0) one retrieves, obviously, the symmetric situ-

ation. Also, for (𝛽 < 1,Δ = 0) it results qa
1
< qa

2
.

A related question that can be easily addressed is whether, or not, hospitals 
exposed to greater competition respond more strongly to the policy change. This 
amounts to the impact of increasing t (an indirect measure of competitive pressure, 
as it is related to hospital substitutability at the eyes of patients). Intuitively, a lower 
t implies more movement of patients across hospitals in response to quality differ-
ences, which will drive down quality levels in the higher quality hospitals prior to 
the policy change. Thus, higher competitive pressure, in the absence of revenue 
effects associated with patients’ mobility across hospitals, leads to increased costs, 
that are detrimental to quality choices by hospitals. On the other hand, receiving 
more patients at the hospital contributes to the altruistic component of the valuation 
function, which operates in the opposite direction of the former effect.

The impact of competitive pressure on the policy effect strength is, thus, ambigu-
ous. This can be easily seen in the symmetric situation (� = 1,Δ = 0) . Under the 
assumption of symmetry and � = 1 , post-policy choices are given by expression (6) 
and straightforward derivation yields:

which is negative when � is large enough relative to the cost effect c (which captures 
the negative financial impact of treating more patients in the absence of positive rev-
enue effects) and positive otherwise. In the presence of asymmetries, this ambiguity 
remains. Also note that, in the context of the model, under symmetry, there is an 
upper limit to the level of competitive pressure (lower limit to t) to ensure that quali-
ties are not set the lowest possible value (technically, a corner solution).

We are now interested in what happens to qualities selected in equilibrium when 
the freedom of choice policy replaces mandatory catchment areas, and hospitals are 
not equal. That is, what can be said about Δqi = qa

i
− q∗

i
, i = 1, 2.

Recall the first-order condition of the maximization problem of hospital i given 
by:

(13)qa
1
=

(�t − c)(2t� − 3�) − 2(t� − �)Δ

4(t − �)(�t − �) − �2

(14)qa
2
=

(2t − 3�)(t� − c) + �Δ

4(t − �)(�t − �) − �2

(15)
�qs

�t
=

2c − �2

(2t − �)2

(16)(−ci + �qi)
�xi

�qi
+ �xi − �iqi = 0
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The first term on the left-hand side does not appear under the pre-freedom of choice 
policy period. Since 𝜕xi∕𝜕qi > 0 , for −ci + 𝛼qi < 0 , the hospital chooses to lower its 
quality after the policy is introduced.

Evaluating at the pre-policy equilibrium values,

and under the condition −ci + 𝛼2xi∕𝛽i < 0 , one obtains a lower equilibrium quality 
choice by hospital i, relative to the pre-policy decision. Thus, for low � and/or high c 
(or high � ), the PCI will lead to lower equilibrium qualities.12 The freedom of choice 
policy introduces the marginal gain (or loss) of receiving more patients at hospital i 
that is created by quality changes. That marginal return to quality, in the absence of 
additional payments, will be positive only if altruism (valuation of patient benefits) 
is large relative the marginal cost of treatment. Hospitals with higher treatment costs 
will more likely reduce quality in equilibrium, relative to pre-policy decisions. Hos-
pitals with a lower � (better management in our interpretation) will have a higher 
pre-policy quality and also gain less, in terms of costs, from reducing quality. They 
are more likely to have a positive marginal return from inducing patients’ movements  
and, therefore, more likely to have, in equilibrium, a quality increase after the policy 
being adopted. Depending on the magnitude of these effects in each hospital and the 
magnitude of asymmetries across hospitals, equilibrium quality changes associated 
with the policy can produce any empirical combination of increase/decrease of qual-
ity in each hospital.

Thus, depending on parameter values, several situations may occur. From the 
symmetry case, we know that the possibility that both qualities increase or both 
qualities decrease cannot be ruled out. We add now the situations where qualities of 
each provider move in opposite directions of each other.

The strategic interaction between asymmetric hospitals can lead to any evolution 
of equilibrium qualities. Treatment cost advantages and managerial talent advan-
tages provide incentives for higher quality. Depending on the strength of these 
advantages for each hospital and of the strategic interaction (which provides an 
incentive for lower quality, as described earlier) any combination of quality changes 
may emerge. Table  1 reports numerical examples of all four possibilities13, illus-
trating the main point that empirical analysis needs to explicitly account for asym-
metries lying behind initial different waiting times (before patients’ choice being 
introduced). These asymmetries lead to distinct responses to the new environment 
with patients’ choice.

The important point to retain is that starting from an initial asymmetric position, 
hospitals with high and with low quality choices may end up moving in different 
directions. The empirical implication is the need to treat them separately in estimation.

q∗
i
= �xi∕�i

12 If revenues are sensitive to patients’ movement across hospitals, 𝜕Ri∕𝜕xi > 0 and for 𝜕Ri∕𝜕xi − ci > 0 , 
qualities will increase in equilibrium.
13 As discussed below, on the particular proxy of quality used in the present work, the fraction of people 
waiting more than a pre-defined target value, the cost interpretation we assume to be more adequate is 
the organisational effort to achieve lower waiting times, which in turn leads to a smaller proportion of 
patients with waiting times above the target.
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In the next sections we provide evidence on the effects produced by the patient 
choice initiative, using the conceptual framework defined above to guide the analysis.

4  Empirical methodology

4.1  The testable implications from the model

The general model was presented in terms of quality decisions. To move to the 
empirical application, a measure for quality is used, the proportion of patients in 
waiting list for a first appointment at hospital specialty consultation within the target 
waiting time. Of course, hospital quality has more dimensions than waiting time. 
The use of waiting time here, with no reference to other quality dimensions, is moti-
vated by the policy change under discussion, as the official documents supporting 
the policy make explicit the role of waiting times in the set of information to be 
used in the joint decision process of patients and GPs. Other global measures of 
quality widely used, such as readmission rates or hospital-related mortality rates, 
do not seem adequate to address the impact of the policy. In addition, waiting time 
is a concern in several health systems and satisfy the notion of quality we want to 
address: it is certainly costly to reduce waiting times to hospitals. It is also natural 
to assume that patients value lower waiting times and that hospital managers may 
take into account in their decisions the benefit to patients from lower waiting times 
(thus, being consistent with our modelling of hospitals as semi-altruistic providers 
of care). In addition, under the policy change addressed here, information on waiting 
times is available to patients when choosing the hospital. These two other quality 
measures, moreover, are unlikely to the major drivers of decisions related to booking 
an appointment with a hospital specialist by a patient.

Table 1  Numerical examples 
of all possible equilibrium 
configurations

It is straightforward to verify that all second-order conditions for 
profit maximization and local stability of Nash equilibrium are satis-
fied in the cases above (The effects hold for an open set of values in 
the neighborhood of the parameters reported in the table)

Δq1 > 0 Δq1 > 0 Δq1 < 0 Δq1 < 0

Δq2 > 0 Δq2 < 0 Δq2 > 0 Δq2 < 0

� 3 3 3 3
t 5 5 5 5
� 0.95 0.98 0.92 0.95
c 4.5 4.5 4.5 10
Δ –0.7 –0.7 –0.7 0
q∗
1

1.50 1.50 1.50 1.50
qa
1

1.54 1.78 1.14 0.5
q∗
2

1.58 1.53 1.63 1.58
qa
2

1.68 1.35 2.21 1.00
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The use of waiting times as a measure of quality has also a more subtle point. 
Waiting times have a time dimension, an underlying dynamic nature, that is not 
made explicit in the model presented above. The link between a dynamic model of 
demand and supply of health services with waiting times acting as a balancing factor 
and modeling it as a static phenomenon was explored in the literature (Iversen 1997; 
Van Ackere and Smith  1999; Gravelle et  al.  2003; Xavier  2003; Siciliani  2005, 
2006, 2008, among others).

On the treatment of waiting time as “negative quality”, the best way to interpret 
the analysis is to consider that hospitals can take managerial effort that improves 
the ability (time) to treat, thus setting indirectly waiting times when facing a sta-
ble structure of random demand. The costs associated with providing quality can be 
generally interpreted as managerial effort produced to achieve that quality level. Our 
product differentiation structure does not explicitly consider time or the moment of 
need. In terms of the dynamics of queues, higher managerial effort leads to lower 
server time for each treated patient (on average), which decreases average waiting 
time and increases the number of patients that wait less than a certain target time.

Associating lower waiting times with higher quality, the model predicts that after 
the policy change, initially asymmetric hospitals will react differently to the policy. 
Also from the model, the advantage/disadvantage leading to initially different wait-
ing times cannot be attributed to treatment costs of patients alone. The differences 
have to be based on distinct managerial efficiencies and managerial efforts. From 
the theoretical model, depending on the particular starting point of each hospital, 
quality may increase or decrease after the policy change. The symmetric version of 
the model provides one component of the effects at play. Conditional on value of 
waiting times reduction being sufficiently important to hospitals, equilibrium quali-
ties will increase under freedom of choice of provider. The “sufficiently important” 
term has a precise meaning: the valuation (altruism) that hospitals have of benefits 
to patients from reduced waiting times must be larger than the cost of providing care 
to more patients, which the hospital will attempt to attract through higher manage-
rial effort to reducing waiting times. Otherwise, if this condition is not satisfied, 
quality will move in the opposite direction. High financial pressure over hospital 
management can result in more weight being given to financial results in decisions 
of hospital management. That corresponds to a lower value of � in the model. Hospi-
tals, in this latter case, prefer that patients move to another location to be treated. In 
the absence of altruism and with no payment associated with treating more patients, 
either reputation effects are strong enough to have the same role as altruism to keep 
hospitals with a focus on reducing waiting times or the rational decision would be 
to allow quality deterioration (waiting times increase) as a way to save on costs of 
patients (that will move to another hospital).

A potential issue with the use of waiting times, more exactly, the proportion of 
patients waiting more than a pre-specified threshold set by the Government, is that 
high waiting times may be also a signal to high-quality care provided by the hos-
pital (leading to higher demand and to higher waiting times). In the setting of the 
Portuguese NHS this is less of a concern. Prior to the policy being adopted, there 
was no choice, so higher waiting times were the result of demand (determined by 
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patients’ conditions in the catchment area) not being met by hospital operations 
(production falling behind demand) and could result from either demand differences 
or lower hospital efficiency (lower managerial effort, due to higher costs of exert-
ing effort), even in the presence of equal clinical quality in treatment of patients. 
After the policy is adopted, the shared decision-making process implies that GPs 
are actively involved in discussion with the patient and clinical quality needs not to 
be inferred by patients through observation of waiting times as GPs will presum-
ably have knowledge and experience to assess it (from interaction with the hospital, 
with colleagues and experience from other patients). This leaves waiting times to be 
a dimension of quality that is valued by patients and a potential proxy for hospital 
quality. Essentially, the signalling effect of high waiting times is not relevant prior to 
the policy due to the legal catchment areas approach and it is not relevant after the 
policy as shared decision making will involve the GP, an informed agent.

Benefits from competition among hospitals based on analogies to other mar-
kets of products and services cannot be taken for granted. Introducing asymmetries 
brings in further effects, associated with the reasons for that asymmetry. Hospitals 
that are initially more efficient in reducing waiting times will now face an additional 
demand, even if they do not change their decisions. This flow will either be desir-
able (if the value of treating more patients exceeds the extra cost of waiting times) or 
not. Therefore, the new equilibrium choices may have lower or higher waiting times, 
leaving room for empirical analysis to step in and inform about it.

The implications from the model can be summarised in the following way: (a) the 
changes in waiting times (quality) are likely to be different in low waiting time and 
high waiting time hospitals (prior to the introduction of the patient choice initiative); 
(b) the changes in quantity - number of appointments - will reflect the movement 
of patients to lower waiting time units, and will be guided by (lagged) information 
on performance; and, (c) increased geographic dispersion of patients going to low-
waiting time hospitals is expected, with no discernible effect on the other hospitals 
(they lose patients but not necessarily with a clear geographic pattern inside the ini-
tial catchment area).

A non-significant effect in statistical terms can be due either to absence of effect 
(in patients’ decisions) or to opposing effects at the hospital level, with strategic 
decisions upon quality compensating mechanic effects of the specific indicator used 
here (with different underlying incentives for top and non-top performance hospi-
tals). Below, we explore implications (a) and (b), based on publicly available data.

4.2  The data: qualities and quantities with asymmetric providers

The data used comes from publicly available data on Portuguese hospitals, retrieved 
in the NHS portal. It provides data per hospital on specialist’ appointments in hos-
pitals and percentage of those appointments that is done within the regulated wait-
ing time target (legally defined maximum response time).14 This data set is used to 
address both changes in quality and changes in quantity (number of patients).

14 Ideally, the analysis would be performed with data per patient, but such data is not available.
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The empirical measurement available is not the average (or median) waiting time. 
It is the proportion of patients waiting longer than a pre-specified length of time. 
Thus, gains in median waiting times may not be captured if they take place mainly 
at the lower end of the distribution of waiting times (those that wait less benefit 
more from the decisions of the hospital management). Similarly, worsening median 
waiting times can be compatible with a decrease in the proportion of patients wait-
ing more than a pre-specified threshold. Thus, the information on the proportion 
of patients waiting longer than a certain number of days (or months) is not a per-
fect informant on the more standard measure of median waiting time. On the other 
hand, this measure is less dependent on short-term fluctuations in demand, which 
may leave unaffected the long waiting times cases that are captured by this variable. 
Thus, the empirical analysis will be carried out under the assumption that hospital’s 
management decisions on “quality” of the services they provide will be reflected in 
a reduction of the proportion of people waiting for surgery more than a target length 
of time (specified exogenously to all hospitals).

The first step of the empirical analysis is the definition of performance groups 
based on data prior to the patient choice initiative. The second step will be a regres-
sion analysis (a before/after comparison). A difference-in-differences analysis is not 
possible as there is no control group. All hospitals of the National Health Service 
were subject, at the same time, to the patient choice initiative. The data on waiting 
times and patients’ appointments runs from January 2013 to December 2019.15 An 
empirical strategy of continuous difference-in-differences used in previous works 
is due to Cooper et  al.  (2011). The analysis introduced in Cooper et  al.  (2011) is 
done at the patient level, with a difference-in-differences structure that explores dif-
ferent (presumed) competitive pressure levels across regional areas. The nature of 
the policy change and the level of aggregation of available data does not allow for 
a meaningful analysis of competitive pressure using that approach in our context. 
One could use geographical proximity to define more narrow, delimited, geographic 
markets, although the pooling of all hospital specialties waiting times into a single 
aggregate measure tenders such exercise difficult to interpret. That is, the ‘continu-
ous difference-in-differences” approach relies on the definition of regional markets 
that are subject to different levels of competition pressure. The definition of such 
regional markets for programmed activities (such as the booking of a specialist 
appointment at the hospital) is more difficult to establish than for acute needs of 
patients. In principle, under the patient choice initiative in the Portuguese NHS, any 
hospital offering the necessary type of consultations can be selected, with no geo-
graphic restrictions. The aggregated data available does not allow to separate wait-
ing time by procedure (or even specialty). As some hospital specialty appointments 
will only be available at a small number of hospitals, the set of choice of hospitals 
offering such consultations is national. In a more precise way, in our case, the aggre-
gate nature of the dependent variable means that it includes many different condi-
tions in the same indicator. As one example, advanced neurosurgery interventions 
would take a national hospital market, with few hospitals providing it. It will also 

15 The year 2020 was excluded from the analysis as the COVID-19 pandemic hit Portugal in March 2020.
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have a small number of cases. At the opposite end of the spectrum, we can highlight 
cataract removal, for which “local competition” of nearby hospitals may be seen as 
closer to the idea of “continuous effects” differing across local markets. These will 
have a high volume of cases. In the middle, we may consider cardio-thoracic surger-
ies, for which regional hospital markets can be a good approximation. Oncology is 
another area in which the “geographic market” can be either regional or national but 
certainly not local. In addition, in some places, only one hospital exists for a low 
travel time of patients but it may not carry all types of medical and surgical inter-
ventions. For a patient located in the interior of the country, the local hospital will 
have a strong location advantage relative to other hospitals in the same region and in 
the country, although for the procedures not carried out in that hospital, “competi-
tion” can be national. In the main cities, within roughly the same distance, patients 
may opt for different hospitals of similar profile. A final note related to geographic 
market scope. It is defined, in the data used, by Continental Portugal. The islands of 
Azores and of Madeira have their own health systems and their data is not included 
in the available NHS data.

To define the “top” and “non-top” groups, the following procedure was followed. 
The “top” units were defined as those having, prior to the patient choice initiative, 
a percentage of patients within target waiting times above the median value (over 
the full period) in all months in the sample (achieving a balance of units vs. being 
a “good performer”). Variations in the definition of top units according to criteria 
associated with waiting times performance prior to the patient choice initiative pro-
duced essentially the same qualitative results.16

As explanatory variables we use a monthly time trend variable, a dummy variable 
for the period of the patient choice initiative (after June 2016), the time trend is also 
allowed to have a shift at this date, the percentage of patients within the target wait-
ing time for surgery (1 month lag) and the percentage of patients within target time 
for appointments (1 month lag). Finally, fixed effects at the hospital level and at the 
month level (to capture seasonality) were included.

A technical point in the design of the empirical analysis is the appropriate band-
width (of months) to be included. Given the large cross-section dimension (number 
of hospitals) relative to the time dimension, the option was to use all the available 
information in the time dimension, which also ensures a balance between time peri-
ods prior and after the policy was adopted. Also relevant is the time unit to be used, 
with the available choices ranging from monthly to annual data. One may reasonable 
argue that “quality” responses by hospital management to the policy will take time to 
unfold and will not be adequately captured by monthly variations. Using annual data 
(or semester data) leads to an implicit higher weight placed in the cross-section dimen-
sion (differences across hospitals) rather than reaction to the policy. Quarterly data is 
another possibility that one may consider. Taking all into consideration, including the 
role of a time trend variable, monthly data makes use of all available information.

At the time of the PCI, there were no other public policies aimed at waiting times 
(or hospital quality, in general). A different issue is about lead and lag times associated 

16 Details available upon request.
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with the policy. In case hospitals anticipate the policy, effects could start earlier than 
the formal introduction of the policy. On another direction, if hospitals are mainly 
reactive to the enactment of the policy, then a lag in changes if quality may occur. 
Given the uncertainties surrounding the political process of policy approval in Portu-
gal, only after official publication of policy measures the exact details become known. 
It is more natural to have lags in reaction than leads. This will be taken into account in 
robustness checks on the results.

To relate the testable implications from the model with the available data, several 
assumptions are made. In particular, we assume that a higher percentage of patients 
within waiting-time target has a positive association with lower waiting times in the 
hospital, and that hospital admissions pattern reflects specialists’ appointments geo-
graphic pattern (to some extent, as not all hospitals treat all conditions). Only elec-
tive, programmed, activity is considered, with emergency department cases being 
removed.

The estimated equations have the following form:

where T denotes a trend variable, Dp represents the period after introduction of the 
policy (taking value 1 after and value 0 before the policy), Xit are other explanatory 
elements (information-related variables in the regression with the dependent vari-
able “number of first consultations”, the change in target waiting time in the case 
of dependent variable “proportion of patients within the target waiting time”). The 
term �i captures hospital fixed effects and sm are a set of monthly seasonal dummies. 
Finally, �it denotes a stochastic error. The relevant dependent variable, yit , is defined, 
in one set of estimates, as the proportion of patients waiting for a first appointment 
within the target waiting time, and in the other set of estimates, as the total num-
ber of first appointments. Subscripit t indexes months. A separate equation, for each 
dependent variable of interest, is estimated for “top” and “non-top” performance 
hospitals.

Table 3 in Appendix describes the main variables used in the analysis. Tables 4 and 5 
in Appendix reports basic descriptive statistics on the main variables.

4.3  Clustering standard errors

An essential decision for statistical inference is how to compute the correct variance-
covariance matrix of estimators. The concern with a common unobserved shock at the 
group level, creating correlation between all observations of the group, leads to the 
suggestion of computing clustered standard errors for statistical inference (Bertrand 
et al. 2004; Hansen 2007). Abadie et al. (2020) address the issue of clustering standard 
errors when the entire population is observed, which is the case here. According to 
their analysis, if sampling is completely random, then adjusting for clustering in stand-
ard errors is not appropriate. Abadie et al. (2021) suggest that the clustering adjust-
ment can be unnecessarily conservative under some conditions.

(17)yit = �0 + �1Tt + �2Dpit × Tt + �3Dpit +
∑

i

�iXit + sm + �i + �it
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The residual is likely to be correlated by hospital, leading to the suggestion of 
clustering by hospital. But common shocks per period may also be relevant. In this 
case, clustering by month-year would be suggestion. Whether one should cluster, or 
not, should not be decided by the observation that changes something in the results 
(Abadie et al. 2020). Cameron and Miller (2015) suggest that clustering should take 
place whenever there is the expectation of correlation within groups. They also 
suggest to compute cluster robust standard errors and compare to default standard 
errors. Clustered standard errors should be used when there is an important differ-
ence. Wrongly assuming that the clusters are a sample of more clusters in the main 
population may lead to incorrect clustering. In our data, the full population and clus-
ters (hospitals) are used. In addition, all hospitals were assigned to treatment (sub-
ject to the new policy). Thus, the current literature suggests that either clustering at 
hospital level or at month level may be appropriate (there are hospital unobservable 
factors, there are time unobservable factors common to all hospitals in the sample, 
as they all belong to the Portuguese NHS) (MacKinnon et al. 2022). For complete-
ness, both approaches to clustering standard errors are implemented and reported.

5  The effects of patient choice

Figure 1 reports the average value, over hospitals, per month of observation of the 
percentage of patients within the target waiting time for first specialty appointment 
at the hospital, divided by group, top and non-top hospitals. The vertical dashed line 
points to the starting month of the patient choice initiative. From visual inspection, 

Fig. 1  Proportion of patients within target waiting time (average per month, by group of hospitals)
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it results visible a decrease over time of the proportion of patients having a first spe-
cialty consultation within the target waiting time in the top performance hospitals 
after entering in place of the new freedom of choice policy. No clear evolution or 
change takes place in non-top performance hospitals. Thus, lower quality, meaning 
higher waiting times on average, seems to have resulted from the PCI.

Figure  2 describes the average per month of the total number of first appoint-
ments, divided according to top performance and non-top performance hospitals. 
Top performance hospitals are, on average, smaller in size (receive smaller numbers 
of patients). There seems to be no systematic change associated with the PCI.

Regression analysis, reported in Table  2, provides a quantitative view of the 
changes produced by the new policy, using as unit of observation each hospital in 
each month over the years 2013-2019.

According to the results in Table 2, the changes in the trend of the variable “per-
cent of patients within the target waiting time”, with non-clustered standard errors, 
indicate asymmetric responses. The hospitals with a better starting point (higher 
number of patients within target time) see a negative trend after the policy change. 
The introduction of freedom of choice by patients resulted in an increase of wait-
ing times (lower quality), as measured by the proportion of patients within the tar-
get waiting time. On the other hand, the opposite holds for the hospitals that were 
not in the top performance group: these hospitals on average increased the propor-
tion of patients within the target waiting time, meaning that waiting times have been 
reduced (better quality after the policy was introduced).

Regarding the intensity of patient flows and the role of information decision vari-
ables (relevant for the shared decision making introduced by the freedom of choice 

Fig. 2  Number of first appointments (average per month, by group of hospitals
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Table 2  Changes associated with the patient choice initiative

t-statistics based on standard errors clustered at the hospital level in square brackets, based on clustered 
standard errors at the period level in curly brackets
* p < 0.1; **p < 0.05; ***p < 0.01

% within target waiting time number of first appointments

top non-top top non-top

Trend 0.006 −0.081 3.38 6.81
(0.25) (−3.20)*** (0.59) (1.96)**

[0.28] [−0.99] [0.55] [1.85]
{0.46} {−5.08}*** {0.86} {1.18}

Policy 1.766 −4.370 −1934.00 1200.68
(0.85) (−2.20)*** (−1.37) (2.68)***

[0.42] [−0.71] [−2.17] [1.54]
{2.09}** {−2.56}** {−1.78}** {2.73}***

Trend × Policy −0.089 0.117 0.238 −0.955
(−1.86) (2.58)** (0.04) (−0.26)
[−1.33] [0.72] [0.03] [−0.22]
{−4.32}*** {3.08}*** {0.05} {−0.13}

Surgery WTt−1 2.397 15.12
(0.26) (3.17)***

[0.53] [1.79]∗

{0.34} {3.56}***

First −1.92 −2.45
appointmentst−1 (−0.15) (−1.15)

[−0.19] [−0.84]
{−0.20} {−1.93}∗

Surgery WTt−1 12.641 −13.61
× Policy (1.97) (−3.11)

[3.05]*** [−1.89]∗

{2.54}** {−3.98}***

First appointmentst−1 × Policy 9.15 −0,35
(0.76) (−0.13)
[1.24] [−0.08]
{1.03} {−0.21}

Δ definition of waiting time −1.593 −1.646
(−1.45) (−1.56)
[−0.86] [−0.48]
{−4.13}*** {−2.60}**

Observ. 1003 3104 567 2331
Fixed effects yes yes yes yes
Nr Hospitals 12 37 9 37
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policy), we see that differences across the two groups are substantial. The informa-
tion variables do not seem to guide demand of top performance hospitals but for 
surgery indications within target waiting times in the previous period. In contrast, 
information on past performance is relevant for the demand directed to the non-top 
performance hospitals. However, the change associated with the new policy of free-
dom of choice is in the direction of becoming less, not more, sensitive to informa-
tion regarding the waiting times for surgery in the hospital (actually, testing for a 
zero role of information after the introduction of the new policy does not reject the 
null hypothesis).17

The more relevant element of information is, according to the results, the waiting 
for surgery, with patients choosing to go to hospitals with lower waiting times (higher 
proportion of patients within the target waiting time for surgery). Since the movement 
of patients is the booking of first appointments for specialty consultations, it suggests 
that concerns with eventual future surgery needs are present in patients’ decisions.

From the several groups of results, two features are worth highlighting even 
though statistical significance is not very high. The impact of the policy on the top 
performing hospitals is in line with an increase in waiting times (lower quality), as 
proxied by the proportion of patients that are in the waiting list below the target 
waiting time. The opposite effect seems to be present in the non-top performing hos-
pitals, with an increase in the proportion of patients within the target time.

Taking as quality measure the proportion of patients waiting longer than a target 
waiting time, for the same managerial effort, patients’ reaction to the PCI would 
lead to an automatic change in the indicator used, even if quality set by the hospital 
is unchanged. This mechanic effect cannot be independently observed in the data 
and separated from the impact of hospitals’ management decisions. If the hospital 
management has a pre-policy target for waiting times (quality), then the PCI would 
lead to adjustment in the hospital to keep the target quality level. The mechanical 
effect on waiting times resulting from flows of demand would be accommodated to 
keep quality constant. However, the quality objective of a hospital does change with 
intensity of demand, even if the hospital does not internalize the strategic interac-
tion with other hospitals (resulting from quality choices driving patients’ decisions). 
Ignoring that hospitals’ qualities influence the demand faced, the observation of an 
increase in demand should lead to a quality (decrease in waiting time). Finally, when 
hospitals recognize their interdependence, the ability to influence flows of patients 
with quality choices (waiting times) creates an additional incentive that, under suf-
ficiently high costs of treating patients and/or sufficiently low altruism) leads hospi-
tals to decrease quality (increase waiting times) as an indirect way to avoid increases 
in costs of operation.

Overall, there is no clear systematic regularity in terms of statistical significance. 
Most coefficients do not pass the standard t-test of individual statistical significance 
of being different from zero. For the few cases where the results suggest different 

17 The test corresponds to the null hypothesis of the sum of the coefficient of the variable plus the coef-
ficient of the same variable interacted with the past policy period being equal to zero.
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effects prevailing at the top and at the bottom (performance) of hospitals in accord-
ance to the predictions of the model. Moreover, the effect for the best performing 
hospitals (measured before introduction of the new policy introduced in 2016) points 
to a negative effect. Those hospitals have fewer proportion of patients within the tar-
get waiting time for appointments, our measure of quality, after the policy. Hospitals 
that were not classified in the top performing group (prior to the new policy) appear 
to have a larger proportion of patients within the target waiting time (lower waiting 
times).

In the future, the absence of payments associated with patient flows creates a bur-
den on the financial position of hospitals that attract more patients, while alleviat-
ing the financial pressure on the others. At some point, by the way hospital global 
budgets are set, financial flows will be affected with a two-years lag, or more. The 
anticipation of revenues two or more years into the future, together with many other 
elements of hospital activity that will change and that also shape the global budget 
awarded (yearly) to the hospital is unlikely to produce a financial incentive that 
induces an interest in attracting patients by offering higher quality to obtain a higher 
budget. Thus, over time, the global budget may accommodate some of the financial 
impact without creating an explicit incentive (operating more as a future lump-sum 
change rather than a direct consequence of increased patient flows).

6  Robustness checks

Several robustness checks were performed. The monthly time trend in Tables 6 and 
7 was assumed to have the same linear functional form prior and after the policy 
measure entered place. To test for the robustness of results to this assumption, a 
more flexible quadratic functional form for the trend prior and after the policy adop-
tion. Table 6 in Appendix presents the results. This more flexible structure has the 
same features of the linear trend version, pointing to an increase in waiting times of 
top performance hospitals and a decrease in waiting times of non-top performance 
hospitals.

Using a policy dummy assumes that policy is in full effect immediately. But 
patients and GPs may take some time to learn about the policy and how to use it. 
And after patients start to eventually use the policy, hospitals may try to act upon 
it. This suggests that the impact of the policy will not take place at a moment in 
time, and it eventually unfolds only after some time. Thus, another robustness check 
involved the exclusion from the regression analysis of the 6 months after enactment 
of the policy, to account for an adjustment period. Identification of treatment effects 
from regression discontinuity donuts is subject to discussion (Dowd 2021), thus we 
retain as main results the ones without data omission.

The essential features of the results (including the lack of precision in estimating 
effects) are common to all variants.18

18 Details available upon request.

374 P. P. Barros



1 3

7  Final remarks

Health care markets are widely recognised to be subject to specific structural con-
ditions, including price regulation in the payment to providers of care, definition 
of mandatory catchment areas (in some healths, in particular those where a pub-
lic National Health Service is present, etc.). We explored here a policy change 
that introduced more freedom of choice in a hospital system with regulated prices 
(and previously mandatory catchment areas). The main concern addressed was the 
choice of hospitals, and the likely effects of the new policy into quality decisions of 
hospitals.

Policies that introduce freedom of choice to patients are often regarded as pro-
competitive. In a context of regulated prices, the impact on quality of care pro-
vided will be influenced by several elements. We highlight here the role of initial 
asymmetries across providers, in their quality levels, and how such asymmetries 
will influence their response to the policy change. A stylised model of the mar-
ket, under symmetry of providers of care (hospitals), shows that, under condi-
tions that are reasonable, an increase in quality should be anticipated as optimal 
response. However, allowing for asymmetries across providers pre-policy change 
leads to a more diverse picture. In particular, allowing for two basic sources of 
asymmetry – different costs of treating patients and different costs of improv-
ing quality – leads to the possibility that each provider of care may increase or 
decrease quality in response to a policy change introducing freedom of choice to 
patients.

An empirical testing of the model with Portuguese hospital data is broadly 
in line with predictions from the model on asymmetric responses in reaction to 
the introduction of patient choice. The overall statistical significance of results 
is weak. It suggests, still, that reactions to the policy change are richer and more 
uncertain than the simple expectation that more freedom of choice triggers qual-
ity competition and quality improvements uniformly across providers of care.

In terms of demand directed to each hospital, there is no clear picture. Patients 
that choose to go to the non-top performing hospitals seem to react to informa-
tion variables, with hospitals with a lower proportion of patients within the tar-
get within time experiencing a drop in the demand, although the effect becomes 
smaller after the policy. This demand effect is consistent with the change in trend 
observed in this group of hospitals, after the policy adoption with an improve-
ment in the proportion of patients within target waiting time. These broad obser-
vations emerge, with variable levels of statistical significance, under the several 
variants explored here.
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Appendix

Table 3  Definition of variables

Variable Definition

Trend Takes value 1 in January 2013. Increments 1 each month.
Policy Takes value 1 after June 2016. Takes value 0 otherwise.
Surgery WTt−1 Percent of patients waiting for surgery within the target waiting time, in the 

previous month
First appointmentst−1 Percent of patients with first appointments within the target waiting time, in 

the previous month
Δ definition of waiting time Takes value 1 after May 2017. Takes value 0 otherwise. Captures change in 

the target waiting time definition.

Table 4  Descriptive statistics I

Proportion of patients within waiting target time

Top performance hospitals

Obs Mean Std. Dev. Min Max

Total 1003 91.57 10.2 40.3 100
Policy = 0 487 93,99 6,32 49,61 100
Policy = 1 516 89.29 12.49 40.34 100

Non-top performance hospitals

Obs Mean Std. Dev. Min Max

Total 3104 70.76 14.16 0 99.89
Policy = 0 1513 71.67 14.71 0 99.89
Policy = 1 1591 69.89 13.57 6.91 99.44

Number of first appointments

Top performance hospitals

Obs Mean Std. Dev. Min Max

Total 567 4623.8 4382,76 762 19243
Policy = 0 180 4640.8 4505.5 776 18264
Policy = 1 387 4615.9 4330.4 702 19243

Non-top performance hospitals

Obs Mean Std. Dev. Min Max

Total 2331 6727.3 4388.8 0 23558
Policy = 0 740 6726.5 4284.6 0 21601
Policy = 1 1591 6727.6 4437.6 487 23558
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Table 5  Descriptive statistics II

Proportion of patients in list for surgery

previous month, within target waiting time

Top performance hospitals

Obs Mean Std. Dev. Min Max

Total 567 85.93 12.00 48.90 100
Policy = 0 180 87.93 9.10 71.8 100
Policy = 1 387 84.99 13.05 48.9 100

Non-top performance hospitals

Obs Mean Std. Dev. Min Max

Total 2331 87.44 8.72 3.3 100
Policy = 0 740 89.50 7.51 67.6 100
Policy = 1 1591 86.48 9.08 3.3 100

Proportion of patients in list for appointment

previous month, within target waiting time

Top performance hospitals

Obs Mean Std. Dev. Min Max

Total 567 89.55 10.46 49.2 100
Policy = 0 180 93.28 4.38 81.6 99.9
Policy = 1 387 87.57 11.80 49.2 100

Non-top performance hospitals

Obs Mean Std. Dev. Min Max

Total 2331 70.86 13.12 0 99.4
Policy = 0 740 71.22 14.53 0 99.4
Policy = 1 1591 70.70 12.42 10.1 99.4
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Table 6  Change in quantities 
and qualities associated with 
the PCI

t-statistics based on standard errors clustered at the hospital level 
in square brackets, based on clustered standard errors at the period 
level in curly brackets
* p < 0.1; **p < 0.05; ***p < 0.01

% within number of

target waiting time first appointments

top non-top top non-top

trend (prior) –0.021 0.048 –9.88 –15.51
(–0.19) (0.45) (–0,38) (–0.99)
[–0.14] [0.14] [–0.36] [–0.95]
{–0.37} {0.83} {–0.61} {–0.66}

trend (prior) squared 0.66 –3.07 0.26 0.44
(0.25) (–1.24) (0.53) (1.45)
[0.19] [–0,42] [0.60] [1.42]
{0.80} {–2.16}** {0.77} {0.89}

trend (after) –0.43 0.74 –46.78 –63.90
(–0.90) (1.63) (–1.57) (–3.54)***

[–0.43] [1.05] [–1.71] [–2.36]**

{2.06}** {–2.05}** {–1.47} {–1.57}
trend (after) squared 0.003 –0.005 0.398 0.553

(0.73) (–1.56) (1.70)∗ (3.88)***

[–0.35[] [–0.91] [2.01]∗ [2.57]**

{2.06}** {–2.05}** {1.55} {1.71}
Policy 12.23 –25.20 –510.24 3108.88

(0.82) (0.07) (–0.30) (4.38)**

[0.62] [–1.25] [0.35] [2.98]**

{2.34}** {–2.52}** {–0.37} {2.20}**
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Table 7  Change in quantities and qualities associated with the PCI (continuation)

t-statistics based on standard errors clustered at the hospital level in square brackets, based on clustered 
standard errors at the period level in curly brackets
* p < 0.1; **p < 0.05; ***p < 0.01

% within number of

target waiting time first appointments

top non-top top non-top

Δ definition of waiting time target –0.678 –3.50
(–0.40) (–2.18)**

[–0.51] [–1.93]∗

{–1.31} {4.08}***

Surgery WTt−1 5.25 18.11
(0.56) (3.75)***

[1.07] [2.12]**

{0.81} {4.43}***

Surgery WTt−1 × Policy 11.77 –13.54
(1.83)∗ (–3.09)***

[3.54]*** [–1.86]∗

{2.38}** {–4.05}***

First appointmentst−1 –3.50 –2.53
(–0.27) (–1.18)
[–0.35] [–0.87]
{–0,36} {–1.97}∗

First appointmentst−1 × Policy 9.61 –0.789
(0.80) (–0.31)
[1.39] [–0.19]
{1.09} {–0.96}

Observ. 1003 3104 567 2331
Fixed effects (hosp. & month) yes yes yes yes
Nr Hospitals 12 37 9 37
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