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Summary Do Primary Care Physicians (PCPs) react strategically to ﬁnancial incentives and if so how? To address this question, we follow a quasi-natural experiment in Quebec, using a panel system technique. In so doing, we both correct for underestimation biases in earlier time series ﬁndings and generate new results on the issue of complementarity/substitution between consultations with varying levels of technicality. Under both techniques, we show that PCPs are sensitive to the enforcement and subsequent temporary removals of expenditure caps and more generally, to changes in consultations’ relative prices over time. These results support the existence of a discretionary power over the choice of consultation, PCPs increasing strategically the number of the more technical (and therefore more lucrative) consultations when pressed to defend their income. This ﬁnding for primary care parallels the now well-established DRG creep in hospitals. The panel system approach oﬀers a better account of the complexity surrounding PCPs’ decision-making process. In particular, it successfully addresses issues of physician heterogeneity, jointness between consultations and temporal breaks and generates robust estimates of PCPs volume and quality reactions to regulatory changes. Copyright # 2005 John Wiley & Sons, Ltd. JEL classiﬁcation: I10; I18; J24; C30 Keywords health care supply; supplier induced demand; moral hazard; two-stage budgeting; expenditure caps; dependant multivariate panel



Introduction Do physicians react strategically to ﬁnancial incentives and if so, how? Such is the question addressed in this paper, adopting a line of investigation opened by Phelps [1], which entails following over time changes in remuneration systems which might lead to strategic reactions from health care providers. The central hypothesis is that exogenous shocks such as tariﬀ freezes or relative price changes constitute natural experiments which can usefully be followed over time in



order to bring more lighta on the issue of supplier induced demand (SID). Although not a standard test of SID [3, 4] which would for its part conclude on the relationship between medical density and the level of fees and/or utilization of physicians’ services, the line of investigation adopted here addresses another question that is just as relevant to policy-makers, i.e. do physicians have discretionary power over the utilization of medical services, both in terms of the volume of services prescribed and more importantly in their technical content? Is there an incentive for physicians to
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50 strategically use more technical and usually more lucrative procedures? Can an appropriate bundling of services into a baseline unit prevent procedure inﬂation? The potential drift towards more complex procedures in primary care echoes that of the Diagnostic Related Group (DRG) creep evidenced for hospital services under prospective payment systems [5, 6]. These questions are addressed by following a quasi natural experiment in Quebec for Primary Care Physicians (PCPs). In Canada, the fee-bargaining process has evolved over time from the negotiation of each fee level to that of a global amount, this being particularly true for Quebec, where the trend originated.b In this Province, the unique thirdparty payer system guarantees a bilateral monopoly bargaining situation, in which the provincial government ﬁnds a strong base for cost-containment policies. There, physicians’ associations determine internally both the level and structure of their own fee schedule, the government deciding on what it will actually pay on a take it or leave it basis. In order to curb the procedure inﬂation which is often entailed by a fee for service remuneration, the 1976 agreement between the government and PCPs’ representatives led to a redeﬁnition of the fee schedule which implied the bundling of a number of diagnostic tests and therapeutic procedures into the consultation itself. Three levels of consultations were deﬁned (baseline, major and complete), the latter two including increasingly more technical tests with correspondingly higher levels of fees.c The sickness fund undertakes random checks at patient level to prevent fraudulent reporting of activity (i.e. claiming the fee for the most complex consultation when only performing the baseline one). Yet a systematic drift towards the use of more complex and therefore more lucrative consultations is very likely, all the more that patients only incur extra time costs when oﬀered a complete rather than a baseline consultation since access to care is free of charge. This agreement has far reaching implications which stretch much beyond the bundling exercise outlined above. It represents the ﬁrst known attempt at directly controlling the volume of services provided, through global caps placed on PCPs’ gross incomes. The regulation system involves both a collective and an individual dimension. First, PCPs’ representatives negotiate a prospective target income with the government,d which is then translated into the overall rate of fee Copyright # 2005 John Wiley & Sons, Ltd.
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increase necessary to achieve it, under the assumption of constant quantity of services per physician, number of hours worked and physician density. Overshooting of the collective cap at the end of the period is sanctioned by a proportional reduction of the overall rate of fee increase to be granted in the next period to account for inﬂation. As a result, total PCPs’ expenditures can exceed the predicted expenditure level in a particular year, but the collective sanction (in terms of reduced rates of increase of overall fees in the coming year) prevents a cumulative departure from the target, the overshooting being recaptured in the following year. The system, however, was potentially unfair since a collective sanction could be brought about by the behaviour of a small group of PCPs with high activity rates. Consequently, PCPs’ representatives proposed an individual level of regulation which entails the implementation of a quarterly gross income cap (ceiling), high enough to only aﬀect those high activity physicians (about 10%), who might bring about the sanction. In practice, the ceiling entails a 75% reduction of the fee paid by the insurance fund to the physician for any procedure provided over and above the ceiling. In eﬀect, this combination of collective and individual caps, together with a regulation of physician density conferred the Quebec regulator a strong handle on total expenditure for PCPs’ services. Measuring the eﬀectiveness of this intertwined macro–micro level regulation is clearly important for policy makers, and such will be the purpose of this econometric exercise. It takes advantage of the fact that the ceiling has been removed on two occasions over the study period, which constitutes a quasi natural experiment. Building on a framework deﬁned by Rochaix [8, 9], the present analysis aims at both corroborating earlier time series ﬁndings and extending the analysis in order to explicitly consider the underlying relationship between consultations. It contributes to further document PCPs’ strategic behaviour when faced with major regulatory changes.



The model The theoretical background In this paper, we analyse PCPs’ choices of procedures, using a two stage budgeting model Health Econ. 15: 49–64 (2006)
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following Deaton and Muellbauer [10] and Berndt and Christensen [11]. We assume separabilitye between the two stages to capture PCPs’ decision making as a two step process. The ﬁrst stage deals with the standard tradeoﬀ between income and leisure, yielding an aggregate monthly activity level while the second stage analyses the choice between alternative uses of time (in eﬀect, procedures), given this aggregate activity level. Consequently, while in the ﬁrst stage (hereafter called the aggregate level) physicians are inﬂuenced by the real wage rate and its relationship over time with the Consumer Price Index (CPI), in the second stage (disaggregate level), the CPI no longer inﬂuences the choice of a particular procedure. Here we focus on three types of practice consultations which account for about 70% of the cohort’s total activity (denoted Q1 for the baseline consultation, Q2 for the major consultation and Q3 for the complete consultation). Under the separability hypothesis between the two stages, the model is written as follows: Aggregate level; Q : Q ¼ f ðIMS; CPI; X; aÞ



ð1Þ



Disaggregate level; Qi ; i ¼ 1; 2; 3: i



i



i



Q ¼ f ðQ; IMS; PRICE ; X; a Þ



The empirical speciﬁcation ð2Þ



In the ﬁrst stage, the physician trades oﬀ income for leisure and is therefore assumed to seek an aggregate activity level Q, determined both by the index of medical services IMS and the consumer price index CPI. In the second stage, he chooses how to share his aggregate activity level Q between the three procedures, Qi being the volume of each procedure i, i ¼ 1; 2; 3, for each physician per month. The aggregate activity level over the three procedures, denoted Q, chosen in (1) enters as a regressor in (2) along with the relative price of that particular procedure PRICEi with respect to the other two. Note that the separability assumption between the two levels implies that the consumer price index does not enter in the choice between procedures.f Individual characteristics, whether observable or not, enter for their part in both stages, as well as temporal determinants. X is the matrix of the observable variables whether individual (such as age), temporal (such as the changes in the remuneration system of the Quebec physicians) or ﬁnally both individual and temporal (number of hours worked per working day). Considering the relative importance of temporal variables comCopyright # 2005 John Wiley & Sons, Ltd.



pared to the individual dimension, the latter requires a speciﬁc econometric treatment. In particular, a panel speciﬁcation with random individual eﬀects and ﬁxed temporal eﬀects is chosen and applied to both stages. The introduction of individual eﬀects enables us to control for unobservable individual diﬀerences which may remain between physicians, beyond those captured by the X matrix. These eﬀects are deﬁned in two ways: the ﬁrst, denoted a, corresponds to the criteria inﬂuencing the choice of target level in the ﬁrst stage and has been the focus of an earlier paper [12]. The second relates to the second stage of the decision process and is the main focus of this paper. We deﬁne three components among the non observable individual characteristics entering the second stage: a1 , a2 and a3 with respect to each procedure. Contrary to previous speciﬁcations, these components are no longer assumed independent to account for the interaction between the three procedures. As will be shown, the choice of a panel system alleviates some of the limitations encountered in earlier results.



Let yj;t be a random variable for the aggregate activity level over the three chosen procedures and for each procedure i, i ¼ yij;t the activity level P 1; 2; 3, so that yj;t ¼ 3i¼1 yij;t  PRICEi1980 with yij;t ¼ Qij;t =WDt . Here Qij;t corresponds to the number of procedures i that physician j prescribes on average during a representative working dayg of the month t, with yj;t the value of these procedures at 1980 prices. In the econometric speciﬁcation of the two stages (1) and (2), we deﬁne lnðyj;t Þ and lnðyij;t Þ as the two endogenous variables. The heterogeneity between procedures (in particular, in terms of technicality) is also accounted for by using the 1980 relative prices of each procedure (PRICEi1980 ) as a weight in the aggregation. The econometric speciﬁcation for (2) is 8 dj;t Þ þ m1 > lnðy1j;t Þ ¼ y10 þ y1t þ Xj;t b1 þ d1 lnðy > j;t > < 2 2 2 2 d 2 ð3Þ lnðyj;t Þ ¼ y0 þ yt þ Xj;t b þ d lnðyj;t Þ þ m2j;t > > > 3 3 3 3 : lnðy3 Þ ¼ y þ y þ X b þ d lnðy dj;t Þ þ m3 j;t j;t j;t 0 t The explanatory variable relative to the aggregate dj;t Þ, is the result level of income, represented by lnðy of the ﬁrst stage estimation to which the same functional formh is applied. Health Econ. 15: 49–64 (2006)



52 The behaviour of physicians, assumed stochastic and represented by mij;t , is split into two components for each procedure: mij;t ¼ aij þ eij;t with aij the individual random eﬀect measuring the behaviour of the jth physician regarding the choice of procedure i and eij;t is the non informative error term of the model. In this model, the level of activity for each procedure i is accounted for by a panel structure with two dimensions: individual and temporal. In keeping with earlier speciﬁcations, we impose to the panel structure of each procedure i an individual eﬀect aij to control for important yet unobservable diﬀerences between physicians. This individual eﬀect is assumed random according to the following structure: Eðaij Þ¼0; 8i; 8j (H.1), Eðaij :aij 0 Þ ¼ 0; 8i; 8j=j 0 (H.2), Eðaij :aij Þ ¼ si;i ; 8i; 8j (H.3). The other residual component, eij;t , follows the usual assumptions of a homoscedastic model with no error correlation, whether between periods or between physicians: Eðeij;t Þ ¼ 0; 8i; 8j; 8t (H.4), Eðeij;t :eij0 ;t0 Þ ¼ 0; 8i; 8j; 8j 0 ; 8t=t0 (H.5), Eðeij;t :eij0 ;t0 Þ¼ 0; 8i; 8j=j 0 ; 8t; 8t0 ðH:6Þ;Eðeij;t :eij;t Þ¼vi;i ;8i; 8j; 8tðH:7Þ. The relationship between procedures is encompassed by the use of a SUR model.i The correlation between the three procedures is assumed invariant over time. Yet it appears both in its in permanent physician behaviour, aij , and 0 transitory variations, eij;t . We have: Eðaij :aij Þ ¼ si;i0 ; 0 8i=i0 ; 8j (H.8), Eðeij;t :eij;t Þ ¼ vi;i0 ; 8i=i0 ; 8j; 8t (H.9). Clearly, (H.2) is still eﬀective between two diﬀerent physicians, and (H.5)–(H.6) between two diﬀerent periods. Consequently, the model fulﬁlls the 0 following additional conditions: Eðaij :aij 0 Þ ¼ 0; 8i= 0 i0 ; 8j=j 0 , Eðeij;t :eij 0 ;t0 Þ ¼ 0; 8i=i0 ; 8j; 8j 0 ; 8t=t0 , and 0 Eðeij;t :eij0 ;t0 Þ ¼ 0; 8i=i0 ; 8j=j 0 ; 8t; 8t0 . In eﬀect, the structure chosen here is identical to that by Baltagi [13], i.e. that of a dependant panel systemj (hereafter PS) with the following compoi0 ¼1;...;n site variance–covariance matrix:0 O ¼ ðOi;i0 Þi¼1;...;n 0 where Oi;i0 ¼ IJ  Si;i and Si;i ¼ vi;i0 IT þ si;i0 1T ; IT being the identity matrix of rank T, and 1T the squared matrix of size ðT  TÞ composed of 1. Among the parameters to estimate, the yit , i ¼ 1; . . . ; 3 and t ¼ 1; . . . ; T, represent ﬁxed monthly eﬀects which control for any trend.



Data and summary statistics The data comprises monthly information on the number of the 50 most frequently prescribed Copyright # 2005 John Wiley & Sons, Ltd.
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procedures by each of the 677 PCPs of a panel deﬁned for the area of Montreal Metropolitan between 1977 and 1983. Additional information was also made available on a yearly basis on the total number of hours worked, on income from other sources than fee for service (salary, capitation) and on PCPs’ personal characteristics (age, gender, language, university). Finally, cross sectional information (mid-period) at CLSCk level was used to control for diﬀerences in demand characteristics (average income, education levels and unemployment rates for the population in the CLSC geographical area). Our study focuses on four time dummies of interest (NC1, NC2, D2, D3) which capture in complementary ways the impact of the quarterly gross income ceiling implemented for Quebec PCPs. NC1 corresponds to the ﬁrst period of ceiling deregulation which stretches over 15 months (coupled with a contemporaneous tariﬀ freeze) while NC2 covers a subsequent 9 months deregulation period (itself coupled with a hospital strike). D2 and D3 on the other hand, capture monthly activity variations when the ceiling applies (respectively, during the second and third month). The physician cohort is characterized by an important behaviour heterogeneity. We attempt to reduce it by partitioning the sample in subgroups characterized by diﬀerent professional proﬁles. As in previous time series analyses, the partition is based on the following criteria: an outlier group (denoted G0) identiﬁed on the basis of a level of activity well below full time; a ﬁrst group of PCP (denoted G1) at the minimum standard of income or above, but below the negotiated target; a second group (denoted G2) at this target income level and above, but below a cutoﬀ point deﬁned as the ceiling minus 10%; a third group (denoted G3) at this cutoﬀ point and above.l Of these, only two groups will be considered here, namely G2 and G3, since the focus is on the impact of the expenditure cap regulation. In eﬀect G2 fulﬁlls the role of the control group since both groups have high incomes but do not adopt the same strategy with respect to the cap. In particular, whereas G2 physicians manage to keep their income levels under the cap, G3 physicians usually incur the sanction involved once the cap is reached (i.e. a 75% drop in their fee for any procedure prescribed above the cap). This diﬀerence will constitute the basis for our econometric testing. G2 and G3 are comparable, at least in terms of the individual characteristics available in the data Health Econ. 15: 49–64 (2006)
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set. They are respectively composed of 113 (110) individuals with an average age of 42 (41) and comparable standard deviations of about 8 years. In order to account for the remaining intra-group age heterogeneity, we introduce both age and age squared as instruments to identify non monotonic professional cycles. Clearly, if the parameter of the ﬁrst instrument is non signiﬁcant while the second is positive (respectively, negative), this will indicate a downward (respectively, upward) phase in the professional cycle. It is stable if both parameters are not statistically signiﬁcant. Fee for service is by far the dominant payment scheme for both groups. Their activity levels are high (see Table 1). Monthly average billings for the three procedures (i.e. the number of each procedure times its 1980 fee) amount to 4991 C$ for G2 and 6314 C$ for G3. Note that for physicians sanctioned by the ceiling, actual billings will be lower since the fee for each procedure used once the ceiling is reached is reduced by 75%. G2 and G3 billings follow a comparable pattern over time (see Figure 1), although with a mark up of about 26.5% for G3. Two points need to be stressed when comparing the relative contribution of each procedure in these monthly average billings (see Table 1 and Figure 1). (i) The ﬁrst highlights their common characteristics. In both cases, it is Q1 which is prescribed most frequently and Q3 less frequently. During a working day, a physician of group G2 makes on average 10.82 prescriptions of Q1 compared to 15.24 for G3. Although levels are still high, the diﬀerence between the two groups is not as marked for Q2 (8.15 for G2 compared to 9.76 for G3Þ. As for the most technical procedure, Q3 , prescriptions are much less frequent for both groups: about one procedure Q3 a day on average. Clearly, the daily



rate of use of the two more technical procedures, Q2 and Q3 , is comparable between the two physician groups (disparities between the two groups are not statistically signiﬁcant).m As can be seen from Table 2, inter-group diﬀerences are not as important as inter-temporal ones. In Table 2, for both groups, the individual dimension is always weaker than the permanent temporal dimension. This is not counterintuitive since by stratiﬁcation, we eliminated most of the individual heterogeneity by focusing on groups G2 and G3. This ﬁnding simply indicates that for these two groups of physicians, practices vary more over time than between groups. Note that the dominance of the permanent temporal dimension at aggregate level is also veriﬁed at disaggregate level, i.e. for each of the three procedures. This being said, the intra individual–temporal variation, which measures the transitory variations, remains substantial for both groups, although less important for G3 (31:97%) compared to G2 (40:09%). For G2, transitory variations are mainly the result of changes in Q2 (25:65%) levels whereas for G3 it is Q3 (19:73%). From this, we see that physicians from both groups do not display a regular activity pattern during the study period. They seem to adopt a strategic behaviour over time in reaction to changes in regulation. Such behaviour, as will be shown in the next section, can take two forms: seasonal reactions which are permanent, and transitory ones, which happen at certain times over the study period. (ii) The second point underlines diﬀerences between the two groups. While G2 physicians display a constant activity for all three procedures over the period, the same does not hold for G3: Q1 follows a downward trend, partially compensated



Table 1. Average levels (Standard deviation within brackets) G2



G3



237.66 C$ (88.51) Daily gross income of the three procedures (Price 1980), y:: Monthly quantity of each procedure, Qi::



Pn



j¼1



PT



t¼1



yj;t where yjt ¼



P3



Qij;t i¼1 WDt



Copyright # 2005 John Wiley & Sons, Ltd.



Q2



Q3



Q1



Q2



Q3



223.31 168.10 14.25 314.47 201.49 15.52 (173.06) (98.90) (25.20) (279.04) (137.87) (25.25) 10.82 8.15 0.69 15.24 9.76 0.75 (8.39) (4.79) (1.25) (13.25) (6.68) (1.26)



Daily quantity of each procedure, yi:: y:: ¼ nn1T



Q1



300.68 C$ (121.20)



n PRICEi1980 , Qi:: ¼



1 nnT



Pn



j¼1



PT



t¼1



Qij;t and yi:: ¼ nn1T



Pn



j¼1



PT



t¼1



yij;t .



Health Econ. 15: 49–64 (2006)
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Figure 1. Daily gross income (a) and daily quantity of each procedure (b) over the study period (January 1977–December 1983)



Table 2. Variability (%) Inter-temporal



Daily Daily Daily Daily



level of activity, quantity of procedure n0 1, quantity of procedure n0 2, quantity of procedure n0 3,



yj;t y1j;t y2j;t y3j;t



Intra-indiv.-temp.



G2



G3



G2



G3



G2



G3



52.39 76.74 71.07 83.47



60.94 83.29 78.34 79.27



7.51 2.37 3.28 0.46



7.08 2.18 2.80 1.00



40.09 20.90 25.65 16.06



31.97 14.52 18.86 19.73



by an increase in Q2 . For G2, the most important permanent temporal variation is found for Q3 (83:47%) with conversely the lowest transitory variation (16:06%). On the contrary, for G3, the highest temporal variation is for Q1 (83:29%), with the lowest transitory variation (14:52%). For G2; Copyright # 2005 John Wiley & Sons, Ltd.



Inter-individual



the permanent temporal variations are more marked for Q3 and for G3, it is the baseline procedure Q1 . Another source of diﬀerence between PCPs has to be stressed, regarding their workload (measured by the total number of hours worked per week) Health Econ. 15: 49–64 (2006)
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which is available annually at individual level.n The variable HW is of interest here inasmuch as it shows great variability between physicians, including within the same age group. For instance, physicians declared an average number of hours worked per week of about 50 for G2 compared to 54 for G3. Compared to these averages, some only work 34 h a week when others work up to 83 (the standard deviation being 9 h for G2 and 11 for G3).



Results and discussion To the question ‘Do physicians react strategically to ﬁnancial incentives, and if so, how?’ initially raised, our answer is yes. Both time series and panel results tend to show that physicians are sensitive to ﬁnancial considerations. In order to defend their income, they are prepared to adjust both quantitatively and qualitatively their choice of consultation type. But one question remains to be addressed, in relation to the structural form of the time series analyses. In particular, to what extent does this structural form take into account the complexity surrounding physicians’ decision making process? In the following subsections, we will show that these earlier time series results suﬀer from a number of biases which lead to a substantial underestimation (up to 75% in some cases) of the impact of these behavioural responses. The panel estimation technique used here oﬀers a number of advantages. In particular, it provides a more precise measure of individual behaviour compared to previous time series results which relied on an aggregation over physicians at cohort level or within each physician subgroup. More importantly, both time series and earlier univariate panel estimations [12] hinged on the implicit assumption of independence in the prescription of each of the three procedures considered. Compared to these earlier results, the current multivariate dependent estimation gives a better ﬁt since it simultaneously handles the three dimensions of the data: physicians, procedures and time in the ﬁrst subsection. Since the main focus of our study is the before and after analysis of physicians’ strategic responses (both in terms of volume and intensity) to the implementation of regulatory instruments in the 1980s in Quebec, the temporal dimension is by Copyright # 2005 John Wiley & Sons, Ltd.



55 far the most important of the three dimensions entailed by the data. This dimension has been successfully stationarized by using temporal ﬁxed eﬀects. The results show that the trend is of the TPS typeo characterized by both permanent and temporary variations. Spurious estimations are therefore ruled out in the next subsection. The previous time series analyses systematically reduced the physician dimension by aggregating over physicians within subgroups. Most of the results were thus derived only from the temporal dimension even though a cross section estimation carried out for the mid-period showed that physicians’ characteristics (age, sex, university of graduation) and their practice characteristics (location, type of cliente`le) were signiﬁcant [8]. To account at least partly for this heterogeneity, physician subgroups were deﬁned and time series analyses were carried out both at cohort level and at physician subgroup level. However, as corroborated by the present PS results, an heterogeneity bias still remains within subgroups.p Beyond, this subgroup aggregation process smoothes out the individual behaviour diﬀerences with respect to changes in the regulatory framework. As a result, the parameters of the interest dummies (NC1, NC2, D3) tend to underestimate the impact of these policy changes in ‘Impact of ceiling deregulation’. For instance, the drop in activity for G3 during the third month, measured by D3 is three times greater under the PS estimation compared to the time series results as shown in the next section. Another indication of the loss in variation due to aggregation can be found when comparing the same parameter estimates for G2 physicians. While in the time series no statistically signiﬁcant coeﬃcient was found, the panel results show a signiﬁcant drop in activity in the third month. However, the PS results being more precise, we are able to identify the procedure on which the downward adjustment is made (i.e. Q1). In fact, as will be shown, it is through a substantial drop in Q1 that G2 physicians manage to avoid hitting the ceiling and being subsequently sanctioned. In earlier time series analyses, the relationship between heterogenous procedures was only mediated through relative prices. Yet since prices are administered and part of a general upward trend, previous results have suﬀered from a misspeciﬁcation of the degree of substitutability between procedures due to price multicolinearity. Dealing with this technical problem enables us to Health Econ. 15: 49–64 (2006)
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derive new results in ‘Income eﬀects, price eﬀects and substitutability’. The penultimate subsection highlights the existence of a non linear professional cycle which requires more ﬂexible speciﬁcation than that used previously. The new econometric speciﬁcation uses a second degree polynomial function of the form l1 AGE þ l2 AGE2 in order to take into account both non monotonic and non linear cycles. However, only l2 comes out signiﬁcant, which implies that PCPs’ professional cycles during 1977–1983 are not linear but monotonic (either increasing or decreasing). Finally, the last subsection measures the change in the prescription rate when PCPs decide to increase their overall activity. We generate new results with the PS approach and ﬁnd that when physicians of both groups decide to increase their weekly number of hours worked by a comparable amount, G3 physicians tend to increase their volume of technical prescriptions (Q2; Q3) more signiﬁcantly than G2 physicians, at the expense of the baseline procedure (Q1).



Unobservable physician heterogeneity jointness between procedures



and



Although prices are clearly an important explanatory factor for physicians’ choices,q there are other important determinants which are unobservable, such as practice costs and their possible increase over the study period, or factors which are diﬃcult to measure, such as the consultation duration. The speciﬁcation tests used for our estimations show that indeed there is still unexplained heterogeneity among PCPs. To correct for this, we use a random eﬀects speciﬁcation which seems legitimate since these other factors do not appear to be correlated with the observable individual characteristics. The conditional model (with respect to these unobservable determinants) that we estimate uses a simple structural form of the health care production function of PCPs. We use a Cobb– Douglas where labour is the only input considered in the production of the three procedures. However restrictive the assumptions implicit in this production function may appear, in particular the separability assumption between outputs, the econometric multivariate speciﬁcation chosen here partially addresses this issue. In fact, the correlation matrix corroborates the ﬁnding that the Copyright # 2005 John Wiley & Sons, Ltd.



Table 3. Estimated correlation matrix between consultations for both groups G2 (Italic) and G3 (bold) (%) 0 1 100 22:86 20:14 @ 2:91 100 0:6 A 26:08 6:75 100



prescription of these three procedures is not independent (Table 3), which implies that a joint structure underlines these three prescriptions. The negative correlations imply that, under the inﬂuence of non observable factors, the prescription of these three procedures follows a reverse trend over the period 1977–83. Procedures are therefore substitutes rather than complements for both physician groups. This result corroborates the susbstitution eﬀect that is evidenced, using price changes, in favour of the more technical procedures, in particular Q2.



Temporal breaks: permanent vs transitory variations The temporal parameters, yt and yit , i ¼ 1; 2; 3, identify signiﬁcant monthly variations during the study period, t ¼ 1; . . . ; 84. Beside temporary variations which only appear signiﬁcant for some months, a number of months show important variations which are permanent and repeated every year. These permanent variations are evidenced for February, July, August and December, and their values are given in Table 4. The other months show temporary variations which are only reported in Table 4 with either a positive ðþÞ or a negative sign ðÞ when signiﬁcant. These permanent variations correspond to a general decrease in aggregate activity for both groups (except February which is only signiﬁcant for G3), and the rates of decrease obtained through the panel estimation seem to be more marked than those obtained earlier. We note that the increase at aggregate level (0:103) in February for G3 physicians corresponds, at disaggregate (procedure) level to a strong increase in the use of Q2 (0:240) and Q3 (0:252) which overcompensates the decrease (0:253) in the use of the baseline consultation Q1 . By disentangling permanent and temporary variations, the new estimation also yields better estimates for December for G3 physicians. Compared to earlier time series results, Health Econ. 15: 49–64 (2006)
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0.155



0.770 0.196



All these estimates are statistically signiﬁcant. Blank spaces indicate that the estimated parameter is not statistically signiﬁcant. TS: Time Series results. #: The variable is not introduced in the estimated model.
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the overall decrease in activity in the panel estimation is only 7.8% compared to 11.4% previously. This diﬀerence comes from the fact that the December drop in activity is partly attributable to a permanent drop (7.8%) and a strong temporary dropr (22.72%) for the last December month of the study period. Overall, the monthly activity of G3 appears to be more stable than that of G2 during the study period. Since both groups face the same changes in health care demand over time, one can safely conclude that the temporal evolution documented here does not contain major unobserved demand side changes. The strategic tradeoﬀs between the three procedures are therefore mainly determined by changes in PCPs’ regulation and prices.



Impact of ceiling deregulation In the time series estimation, the aggregate activity rates of G2 and G3 were not found to change during the second ceiling deregulation period. During the ﬁrst ceiling deregulation, a 6.9% increase in activity was evidenced for G3, compared to only 4.9% for G2 (see column denoted TS in Table 5). The PS estimation results show on the contrary that G3 physicians’ activity levels are aﬀected during both deregulation periods, the coeﬃcients of NC1 and NC2 being highly signiﬁcant, whereas G2 physicians are only aﬀected during the ﬁrst period (NC1) and only at 10% level. Using the PS estimation, we now ﬁnd that G3 physicians increase their overall activity by 12.27% during the ﬁrst deregulation period, which gives an underestimation bias for the time series results of about 43.76%. NC1 captures two eﬀects: a ceiling deregulation and a tariﬀ freeze which should both lead to higher levels of activity. We may approximate the relative importance of both eﬀects by comparing G2 and G3 coeﬃcients for NC1, knowing that G2 are, by construction, not aﬀected by the ceiling deregulation. Consequently, the extras 0:08288 of the G3 coeﬃcient compared to that of G2 should give the pure ceiling deregulation eﬀect and the G2 coeﬃcient of 0:03981 the pure tariﬀ freeze eﬀect. NC2 also captures two eﬀects: another ceiling deregulation of nine months coupled with a strike in hospitals. Following the same line of argument, we compare the reaction of G2 and G3 to these two eﬀects. The non signiﬁcance of the NC2 coeﬃcient for G2 however tends to indicate that the hospital Health Econ. 15: 49–64 (2006)
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Table 5. Results relative to the two ceiling deregulation periods Aggregate level



G2



NC1 NC2



G3



NC1 NC2



Disaggregate level (PS) Q2



Q3



0.13393 (6.04) 0.00307 (0.09)



0.03197 (1.72) 0.02615 (1.30)



0.06209 (1.61) 0.07178 (1.572)



0.305915 (6.17) 0.186859 (5.32)



0.309186 (6.68) 0.213328 (6.44)



TS



PS



Q



0.049 (2.58) 0.041 (1.48)



0.03981 (1.81) 0.02697 (0.88)



0.069 (4.14) 0.013 (0.6)



0.12269 (4.56) 0.080682 (2.23)



1



0.190745 (2.98) 0.157139 (3.18)



t-statistic between brackets. TS: Time Series results. PS: Panel System results.



Table 6. Impact of the individual quarterly expenditure cap Aggregate level



G2



G3



Disaggregate level (PS) 1



Q2



Q3



TS



PS



D2



#



D3



0.012 (0.704)



0.033777 (1.50) 0.307454 (4.86)



0.023527 (0.43) 0.056601 (2.48)



0.022202 (1.09) 0.05966 (1.67)



0.033584 (0.90) 0.047814 (0.40)



0.082741 (2.98) 0.089817 (2.79)



0.161392 (4) 0.175983 (3.84)



0.162856 (4.31) 0.22295 (5.18)



0.1507 (2.81) 0.147148 (2.38)



D2 D3



# 0.097 (6.028)



Q



t-statistic between brackets. #: Dummy not included. TS: Time series results. PS: Panel System results.



strike had little eﬀect on private practice activity and that the signiﬁcance of the NC2 coeﬃcient for G3, 0:08068, is mainly due to the ceiling deregulation. This 8% increase in activity during the ﬁrst deregulation period (NC1) is also present during the second deregulation period: the parameter for NC2 has the same value. Compared to time series results (see Table 6 and Figure 2) where this increase was only estimated at 2%, the underestimation bias in this case is as high as 75%. At disaggregate level, we notice a major diﬀerence between Q1 and the other two procedures which holds for both G2 and G3, but is particularly marked for the latter. In eﬀect, we ﬁnd evidence of a substitution between both types of procedures whereby physicians adjust strategically their use of Q2 and Q3 at the expense of Q1 under certain circumstances. This can be further documented by analysing intra-quarter behaviour, using the variables D2 and D3. Copyright # 2005 John Wiley & Sons, Ltd.



Impact of the quarterly expenditure cap Here again, physicians are found to diﬀer in their reactions, although their global activity levels are comparable and close to the ceiling. Whereas G2 keeps global activity constant in the second month, G3 increases substantially activity over the same month. As for the third month, we ﬁnd additional diﬀerences between the two groups: a global activity reduction of nearly 30:74% for G2, compared to a much less marked decrease of 8:98% for G3. Compared to time series results which used the average activity over the ﬁrst two months of the quarter as the reference for D3, the current month to month speciﬁcation of the impact of the ceiling is more ﬂexible. The D3 parameter shows permanent drops in activity, following substantial increases in the second month, now captured Health Econ. 15: 49–64 (2006)
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Figure 2. Monthly activity rates – intra-quarter – D2; D3 (The heavy dotted line corresponds to time series results)



through D2, in particular for the most technical procedure. At disaggregate level, we ﬁnd that for G3, the increase in activity for the second month is mainly eﬀected through a more frequent use of the two most lucrative procedures (Q2 and Q3 ) at the expense of Q1 , this trend being reversed in the third month. The aforementioned substitution between procedures is clearly evidenced here (see Figure 2). For G2, a diﬀerent strategy is followed in order to avoid the ceiling sanction: the strong activity reduction in the third month is eﬀected through a reduction of Q1 with no corresponding increase in the other two procedures. In this manner, G2 physicians succeed in avoiding the ceiling sanction, unlike G3.



Income eﬀects, price eﬀects and substitutability dj;t Þ shown in Table 7 document The results for lnðy the relationship between aggregate income and its decomposition between the three procedures. We note that, all things being equal, G2 physicians, being further away from the ceiling, can aﬀord to Copyright # 2005 John Wiley & Sons, Ltd.



Table 7. Results relative to the aggregate activity level, dj;t Þ lnðy Q1



Q2



Q3



G2



1.0089 (7.52)



0.6899 (10.43)



0.1717 (0.81)



G3



2.60 (5.998)



1.60 (3.98)



1.20 (2.27)



t-statistic between brackets.



increase their income either through an increase in Q1 or in Q2 , whereas G3 physicians can only do so with Q1 which is less lucrative. To estimate the degree of substitutability (or complementarity) between the three procedures, we initially introduced the price of the other two procedures as regressors but the estimates were biased, due to multicollinearity between the three prices.t To solve for this, we only use the price of Q2 as a reference price (since it is the only price that has experienced a substantial increase relative to the other two during the study period).u This strategy should correct for previous price elasticity Health Econ. 15: 49–64 (2006)
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misspeciﬁcations (multicollinearity between the three prices and with the index of medical services) which led to cross-price elasticities being non signiﬁcant for both physician groups (Table 8, Figure 3).



Results in Table 9 show that G3 and G2 physicians now react diﬀerently. G3 physicians adjust to the increase in the price of Q2 by using this procedure more readily: the price elasticity of Q2 with respect to its own price is 0.2141 with a



Table 8. Procedure prices trend (C$)
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Figure 3. Trend of three procedures relative prices over the study period (January 1977–December 1983). The plain (heavy dotted) line corresponds to the observed (estimated) trend in price rates Copyright # 2005 John Wiley & Sons, Ltd.
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highly signiﬁcant t-statistic (2.86). This increase is operated at the expense of the most technical procedure Q3 with no eﬀect on the baseline procedure Q1: the price elasticity of the prescription of Q3 with respect to the reference price (Q2) is negative, 0:365, and highly signiﬁcant with a tstatistic of 3:25, while the price elasticity of Q1 with respect to the reference price is non signiﬁcant. G2 physicians, for their part, do not change their prescription behaviour as a result of the increase in the price of Q2 (the price elasticity being non signiﬁcant). In parallel, they reduce their prescription of Q1 (the price elasticity of Q1 with respect to that of Q2 is negative, 0:32, and highly signiﬁcant) and increase their use of Q3 (the price elasticity of Q3 with respect to that of Q2 being positive: 0:2727, and signiﬁcant). Overall, the PS results conﬁrm the original idea developed in the time series analyses according to which procedures are, to a certain extent, substitutes. However, the new results enable us to document these eﬀects more precisely. We ﬁnd that G3 physicians increase Q2 at the expense of Q3 , while G2 physicians reduce Q1 without changing their use of Q2 .



Table 9. Price eﬀects and substitutability (elasticities w.r.t p2) Q1



Q2



Q3



G2



0.32 (4.03)



NS NS



G3



NS



0.2141 (2.86)



0.2727 (2.50) 0.365 (3.25)



t-statistic between brackets. NS: Non signiﬁcant.



Non linear professional cycle The empirical model allows the estimation of a non linear professional life cyclev through the AGE2 regressor (see Table 10). As mentioned in the ‘Data and summary statistics’ section, the two physician groups were deﬁned in such a way as to ensure a homogenous class structure. The results obtained at aggregate level reﬂect this homogeneity. AGE2 has no signiﬁcant eﬀect for either group, which implies that the professional cycle is rather ﬂat at aggregate level. At disaggregate level however, signiﬁcant diﬀerences are found between the two groups: G3 physicians seem to be on a downward sloping segment of their professional cycle (most marked for Q1 ), while G2 physicians appear, on the contrary, to be on an upward sloping segment, at least for the two most technical procedures, Q2 and Q3 .



Prescription intensity of hours worked In Table 11, we show new elasticity estimates to capture the relationship between overall workload (deﬁned as the average number of hours worked per week) and prescription intensity (the total number of procedures prescribed). At aggregate level, this elasticity is positive for both physician groups, although slightly higher for G3. This implies that when a G3 physician chooses to increase his overall workload by 1%, his prescription intensity increases by 0:203% compared to 0:121% for G2. At disaggregate level, we ﬁnd on the contrary that this elasticity becomes negative for Q1 , which would indicate that an increase in prescription intensity following an



Table 10. Parameter of age squared (AGE2 )



G2



G3



Aggregate level



Q1



Q2



Q3



Estimates



NS



Professional cycle shape



Stable



0:000346 ð27:98Þ Decreasing concave



0.000072 (7.50) Increasing convex



0.000143 (23.59) Increasing convex



Estimates



NS



Professional cycle shape



Stable



0:000303 ð16:10Þ Decreasing concave



0:000222 ð13:25Þ Decreasing concave



0:000154 ð13:25Þ Decreasing concave



t-statistic between brackets. NS: Not signiﬁcant. Copyright # 2005 John Wiley & Sons, Ltd.
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Table 11. Elasticity of prescription intensity regarding overall workload Disaggregate level Aggregate level G2



0.12124 (2.41)



G3



0.203067 (2.62)



Q



1



Q2



Q3



0.37408 0.27534 0.44095 (11.18) (10.14) (21.53) 0.363371 0.187154 0.284671 (5.68) (3.3) (9.86)



t-statistic between brackets.



overall workload increase is more likely to happen for the most technical procedures than for the baseline one.



that prospective payment schemes (deﬁned through a bundling of procedures such as that carried out in Quebec for consultations) can still be gamed by providers, leading to a drift towards more complex consultations, which parallels the well known DRG creep evidenced for hospital services.
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Conclusion The quasi-natural experiment on which this study draws enable us to derive robust estimates of physicians’ reactions to changes in payment schemes. By following physicians’ activity levels and type of prescription over a period during which an expenditure cap has been withdrawn on two occasions, we are able to draw evidence on PCPs’ strategic behaviour regarding both prescription volume and type. The econometric ﬁndings based on panel estimation techniques oﬀer a validation of earlier time series results. They clearly indicate that physicians react strategically: to defend their income, they are willing to increase their aggregate volume of prescriptions, and this is particularly marked for the more technical (and therefore more lucrative) procedures. The new estimation strategy shows that procedures, although diﬀerent in their prices and levels of technicality, are not separable. Related variations have indeed been found in the prescription of the three procedures considered. The strategic adjustments eﬀected by physicians have both a quantitative and a qualitative dimension: the increase in overall activity during the ceiling deregulation periods has been estimated at around 8%, while the qualitative dimension refers to the substitution towards the more technical and therefore better paid procedures. The policy implications are ﬁrst that quarterly income caps such as those implemented in Quebec have the expected impact of containing overall activity levels. However, the results also show Copyright # 2005 John Wiley & Sons, Ltd.



Notes a. See Mitchell et al. [2] for one of the ﬁrst studies following this approach. b. See Lomas et al. [7]. c. See Figure 3. d. The target is deﬁned as an average over the relevant physician population, with exclusion criteria to avoid including very low income physicians. e. According to Deaton and Muellbauer [10, p. 126]: ‘Implicit separability allows a form of two-stage budgeting whereby the ﬁrst stage is accomplished perfectly using group price indices. . ., while, at the second stage, the fractions of group outlay going to each group are a function of total utility and in-group prices alone’. f. Relaxing this assumption requires opting for an alternative speciﬁcation with a multiproduct function (such as Leontieﬀ or Translog). Preliminary results using Leontieﬀ were not very conclusive as it requires introducing all procedure fees as regressors. Yet fees being set administratively once a year, multicollinearity prevents the full identiﬁcation of this functional form. Note also that focusing on only three procedures among those used at least once by a GP of the cohort over the time period (more than 2000) implies another separability assumption. However, the procedures left out only represent 30% of the activity of a representative physician. Heterogeneity among theses procedures is such that it would make their introduction in a panel system diﬃcult. Ideally, a qualitative panel should also be used in order to take into account the implicitly sequential nature of the decision analysed here: ﬁrst which procedure (a qualitative decision), then how much of each Health Econ. 15: 49–64 (2006)



64 procedure (the quantitative decision), the latter being the only one considered here. g. The empirical analysis takes into account the variations in the length of months by dividing the quantity of each procedure by the number of working days of that month, WDt . h. lnðyj;t Þ ¼ y0 þ yt þ Xj;t b þ Zi þ zi;t . i. Seemingly unrelated regression. j. In order to estimate this model, we use a Gauss library speciﬁcally written for this study, though largely inspired from TSCS for univariate panel models estimation and from LSUR for the SUR linear models. Results are given in the ﬁgures and tables. k. Centres Locaux de Soins Commnunautaires (Local Community Health Care Centers). l. The rationale for choosing this cutoﬀ point is to ensure that physicians in G2 were never aﬀected by the ceiling, while including in G3 all those who gravitate around it; see Rochaix [9] for a more detailed presentation of the procedure selection process and physician subgroup deﬁnition. m. The t-statistic of a mean comparison test between the two groups is very low for both Q2 and Q3 (respectively, 0.046 and 0.048). n. The treatment of missing values for certain physicians or deﬁnite periods of time follows a two step procedure: ﬁrst a comparison with respect to the physician’s professional proﬁle over time, then with physicians of similar age. o. Trend process stationary. p. To test for a possible heterogeneity bias, we may compare the magnitude of the intercept in both settings (much higher for time series than for the PS results). q. Feldman and Sloan [14] and Wedig et al. [15]. r. The estimated value of this drop is 0:2272. Note that only the sign appears in Table 4. s. 0:08288 ¼ 0:12269  0:03981: the diﬀerence between the parameters of NC1 for both G2 and G3 in Table 5. t. Correlations between procedure prices are equal to r1;2 ¼ 99:8%, r1;3 ¼ 99:3%, and r2;3 ¼ 99:7% (all signiﬁcant at 0.01 level). u. See Figure 3. v. Alternative speciﬁcations have been tried [12] but econometric tests have shown that this speciﬁcation was the most adequate.
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