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bstract

bjectives: The objective of this study was to evaluate the intended and unintended impact on pharmaceutical use and sales of
hree public reimbursement reforms applied to the prescription of statins: a Spanish generic reference pricing system, and two
ompeting policies introduced by the Andalusian Public Health Service.
ethods: This study is designed as an interrupted time series analysis with comparison series of 46 monthly drug use and sales

gures from January 2001 to October 2004 for each active ingredient.
esults: The mean monthly saving for the year after the introduction of reference pricing was 16.7% of total lovastatin sales,

epresenting only 1.1% of total statins sales. Mean monthly savings for the 10 months after reference pricing being applied to
imvastatin were 51.8% of simvastatin sales, and 13.9% of statin sales. Over the 46 months of the study, all analysed public
nterventions resulted in a 2.2% average monthly decrease in statin sales in the rest of Spain and savings non-significantly

ifferent from zero in Andalusia.
onclusion: RP has been effective at reducing the volume of sales growth of the off-patent statins, yet its overall impact on

ales of all statins has been relatively modest.
2007 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

With 43.2 million inhabitants, Spain is the fifth
argest market in Europe for pharmaceuticals. Public

rug expenditures in Spain set an unprecedented trend
n the 1990s and the first years of this century. Per
apita public spending on prescription drugs, adjusted
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or general inflation, more than doubled from 1989 to
003, from D 96 (0.8% of the gross domestic product,
DP) to D 194 (1.2% of the GDP) [1].
Reference pricing (RP) is a reimbursement policy

hat sets a maximum allowable cost that will be cov-
red [2,3]. RP systems can be grouped into different

evels according to drug interchangeability [2,4–6]:
hemical equivalence (level 1), pharmacological equiv-
lence (level 2), and therapeutic equivalence (level 3).

generic RP system was effectively introduced into

ved.
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he Spanish National Public Health System (henceforth
PHS) in December 2000. This system is applied to
ff-patent drugs with the same active ingredient (level
). All the pharmaceutical products included in the
ame homogeneous group are bio-equivalent (quality
nd reliability of products in the same group differ lit-
le, being nearly perfect substitutes), and at least one
f them has to be a generic product. For each homoge-
eous set of products a reference price is calculated on
he basis of the weighted average (year on year) of the
owest-priced products that account for at least 20% of
he market volume of sales [7].

A notable change in this generic RP system was
ntroduced in January 2004. Since then the RP has been
alculated as the average of the three lowest costs per
ay of treatment for each form of administration of an
ctive ingredient, according to its defined daily dose. If
he prescription price exceeds the reference price and
here are other generic products in the same group, the
harmacist has to dispense the lowest-priced generic in
hat group.

The regional devolution of health services manage-
ent to the autonomous communities (ACs) completed

n January 2002 allowed all these regional authorities
o introduce their own procurement mechanisms. In
eptember 2001 the Andalusian Public Health Ser-
ice (henceforth APHS) (a regional subsystem with
.7 million inhabitants insured) introduced a new phar-
aceutical procurement mechanism based on a more

intensive” RP system, which is additional to the RP
ystem applied by the rest of the NPHS and competes
ith it. In this regional RP system, product coverage

s defined by all those active ingredients with more
han two products on the market (originator or licensed
rand names, copies or generics) which are being sold
t different consumer prices. In the APHS the reference
rice level is set at the level of the higher price of the
wo lowest-priced products for each active ingredient
ith the same package size and dose strength. The main

eature of this regional RP system is that it requires pre-
criptions to be made out using the name of the active
ngredient and not the commercial name of the product
International Nonproprietary Name, INN). This RP
ystem only works when and if physicians prescribe

he active ingredient of the product. The pharmacies
greed with the regional government to dispense the
owest-priced product for each active ingredient, inde-
endently of its generic status. In addition, economic
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ncentives were introduced for physicians to prescribe
sing the non-commercial name of the active ingredi-
nt. This prescribing incentive consists of an additional
alary positively related to the proportion of prescrip-
ions using the INN and negatively related to the excess
rug cost, defined as the cost above the regional refer-
nce price level.

We focused the study on HMG-CoA reductase
nhibitors (i.e., statins), which lessen the risk of coro-
ary events. Since the introduction of statins into
he market as effective lipid-lowering agents in the
arly 1990s, they have become blockbusters in many
eveloped countries. Statins accounted for 6.86% of
rescription sales in Spain in 2004 [8]. Atorvastatin
anked as the first active ingredient in terms of sales
olume (D 344 million), and pravastatin as the sixth
D 148 million).

A doctor prescribing a statin first faces a choice
mong the alternative active ingredients in this ther-
peutic group, and then a choice among brands (the
riginator’s brand name, or those brands resulting from
icensing agreements) and generics after patent expi-
ation. However, which statin is prescribed clearly
atters in terms of cost [9] (in the absence of solid

vidence of differences in clinical benefits/outcomes).
In this paper we look at six particular compounds

statins) sold primarily in oral dosage forms (atorvas-
atin, fluvastatin, lovastatin, pravastatin, simvastatin,
nd cerivastatin), which are close therapeutic substi-
utes, i.e., they can be prescribed for many of the same
onditions, but with significant price differences. Three
f these drugs (lovastatin, simvastatin, and pravastatin)
ost patent protection and experienced generic entry
uring or before the period under review. Cerivastatin
as withdrawn from the market in August 2001.
During the study period the results of several impor-

ant clinical trials were published which provided
vidence of a notable improvement and extension of
he efficacy of statins in cholesterol management [10].
hese clinical trials had major implications for choles-

erol management that resulted in an increase in the
umber of patients for whom statins may be considered
linically appropriate.

The purpose of this study was to evaluate the

ntended and unintended impact on pharmaceutical use
nd volume of sales of three public financing reforms
pplied to the prescription of the six commercially
vailable statins from January 2001 to October 2004:
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Spanish generic RP system for lovastatin and sim-
astatin, and two competing policies introduced by the
PHS for all statins, first a maximum consumer price

MCP) and then a so called quality prescribing incen-
ive for general practitioners (MCP plus PI), similar to
generic prescribing incentive.

Spain provides an excellent setting to study the
mpact of several gradual and competing generic ref-
rence pricing measures on public expenditure, in the
ontext of a heavily regulated pharmaceutical market
nd a small generic share. The present study adds to and
mproves on the current body of literature evaluating
eference pricing policies in three ways: by combin-
ng a conventional before-and-after time series design
ith a comparison of aggregate time series for the same

ime period; by taking into account other simultane-
us supply and demand-side interventions; and also by
stimating the impact of public financing measures on
herapeutic substitutes.

In this paper we chose to examine statins for several
easons. First, three out of the six compounds (lovas-
atin, simvastatin, and pravastatin) lost patent protec-
ion and experienced significant generic entry. Second,
wo of these three off-patent compounds, allowing a
hoice between brands and generics, were included
nder the NPHS reference pricing system, undergoing
nly one official revision of the reference price during
he study period. This enables us to study the impact
f reference pricing coverage and price revision on
he active ingredients included under this system, and
lso to analyse the impact on close therapeutic substi-
utes not included under the RP system. Third, statins
ave been the subject of several regional procurement
nnovations by the APHS (a second RP system and
conomic incentives for primary physicians).

Potential out-of-pocket expenses implicit in the RP
ystem may effectively disappear if all brand and
eneric statin producers with prices above the refer-
nce price immediately reduce them to the reference
evel after RP introduction, and if many patients have
early free access to prescribed medicines (only a small
raction of the costs are borne directly by the patients).
otwithstanding, even though this is the case in Spain,

he widespread price reduction observed in brand-name

roducts and some generics under RP (a change in the
elative price between active ingredients under and not
nder the RP system) may affect the use and volume
f sales of statins subject to RP (own price elasticity),
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nd also that of those not subject to RP (cross-price
lasticity).

Pavcnik [11] observed that the overall quantity of
roduct sold is, on average, unaffected by RP, that is,
verall quantity is not sensitive to prices. In the present
aper it is hypothesized that the effect of lower prices
or products under RP may be amplified or compen-
ated by an increase in the number of prescriptions
quantity). Lower prices for some statins following RP
ntroduction may result in an increase in prescriptions
n the wake of substantial price reduction, depending
n the price sensitivity of patients and doctors.

From the supply perspective, two opposing poten-
ial trends may be hypothesized for the use of statins
nder RP. First, substantial brand-name price reduc-
ions will probably result in a reduction in commercial
nd promotional effort by brand producers among
hysicians, and a corresponding decline in sales. But,
econd, the increasing number of generic entrants may
xert greater commercial pressure from generic firms
n prescribing decisions.

The number of prescriptions of statins not included
n the RP system can also undergo changes as a result of
he introduction of RP. This substitution effect on con-
umption of substitute therapies may reflect decisions
aken by the patient, the prescriber and/or the influence
xerted by the pharmaceutical industry on prescribing
ecisions.

. Methods

The data for this paper come initially from IMS
pain, a firm that does marketing research for the phar-
aceutical industry.
The data are in the form of a monthly time series

rom January 2001 to October 2004 (46 monthly peri-
ds) of quantity and volume of sales valued at regulated
x-factory prices (not including potential producer dis-
ounts to wholesale distribution firms or to pharmacies)
t the level of each active ingredient for the six statins
vailable in the Spanish market during that period, sep-
rated into Andalusia and the rest of Spain. An observa-
ion is equal to an active ingredient-month. Quantity is

easured as the aggregate number of prescribed units

or each active ingredient, which may differ in dosages.
hus, this variable only represents a proxy of quantity,
iven that it allows us neither to calculate the quan-
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ity of the active ingredient or the number of defined
aily doses (DDD), nor to calculate meaningful aver-
ge prices. Additional consumer price information was
btained from the centralized National Health System
harmaceutical consumption database of the Spanish
inistry of Health and Consumer Affairs.

.1. The empirical model

This section proposes an empirical approach to iden-
ify the effect of RP measures on quantity and volume
f sales for statins. Outcome variables of interest are
onthly volume of sales (in euros) and number of pre-

criptions dispensed per person for each of the six
ctive ingredients in the therapeutic group of statins.
olume of sales and quantity are measured as monthly
ales and quantity ratios between the per capita value in
ach period and the per capita value of the initial period.
utcome variables are observed before and after the
ublic insurer interventions.

The following specifications are used for each active
ngredient:

it = β0 + β1time +
∑

β2jadoptjit +
∑

β3jpostjit

+
∑

β4jpostjit × timej + εit (1)

here yit is the outcome variable of interest for region i
Andalusia, and rest of Spain) at time t (t = 0, 1, . . ., 45);
ime is a secular trend before insurer interventions for
ach time period t, being 0 in the first period; adoptjit is
design variable that identifies the time period t when

he insurance intervention j is adopted for the first time
adoptjit is 1 if intervention j is adopted in region i at
ime t, and 0 otherwise); postjit is a design variable indi-
ating whether region i at period t is affected by insurer
ntervention j (postjit is an indicator that is 1 if the active
ngredient at time t is covered by insurer intervention
in region i, and 0 otherwise); the interaction terms
etween postjit and timej denote changes in time trend
fter the implementation of intervention j; and εit could
epresent a measurement error in the outcome variable
r unobserved factors that affect it. Note that the vari-
ble adopt is 0 both before and after the initiation of
jit

he intervention, while the variable postjit is 1 for all
ime periods after intervention.

In the absence of any uncontrolled factors or other
nterventions affecting the outcome variables in Eq.
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1), the intercept coefficient β0 represents the initial
evel of the outcome variable; the coefficient β1 on
he time trend reflects the monthly trend change (lin-
ar slope) in the outcome variable; coefficients β2j on
he first period of adoption of the insurance interven-
ion j depict the one-time transitory level effect of the

onth of intervention activation; coefficients β3j on the
ndicator post of each insurer intervention j depict the
ermanent impact of changes in insurer interventions
n the initial level of the outcome variable; and coef-
cients β4j on the interaction terms between postj and

imej depict the impact of insurer interventions on the
onthly trend change of the outcome variable (base-

ine trend changes). Insurer interventions could thus be
valuated for one-time effect of the month of activation,
ermanent changes in the trend and/or instantaneous
ermanent changes in magnitude.

The coefficient estimates in Eq. (1) might be biased
y intertemporal variation unrelated to insurer inter-
entions, such as changes in technology or demand.
he time trend may partially account for technology
hanges. To mitigate this, the paper compares outcome
ariables for statins in the APHS with outcome
ariables in the rest of the NPHS for which it may be
ssumed that there are no differences in technology
hanges.

Table 1 provides a detailed summary of nine supply-
ide or demand-side interventions observed in the
panish statin market during the study period. The pre-
ious situation was characterized by the absence of
ncentives to prescribe lower-cost drugs with the same
ctive ingredient, and by the absence of incentives for
rand firms to lower prices even in the presence of
ower-priced generics.

For research purposes, the interventions evaluated
n the empirical model may be classified into three
roups. First, three Spanish reference pricing interven-
ions adopted by the NPHS: lovastatin under reference
ricing (RP) in May 2002; simvastatin under reference
ricing (RP) in January 2004; and a revision of the
eference price for lovastatin in January 2004. Second,
wo regional procurement interventions adopted by
he APHS: maximum consumer price (MCP) for all
tatins in September 2001; and MCP plus economic

rescribing incentives (PI) for off-patent statins in
arch 2003. And third, four other concomitant

nterventions occurred simultaneously during the
tudy period which could also exert a notable influence
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Table 1
Main demand-side and supply-side interventions in the Spanish statin market during the study period

Month/year Intervention

September 2001 Maximum consumer price (MCP) potentially for all statins in the APHS
August 2001 Cerivastatin withdrawal from the market
January 2002 First generic entry for simvastatin
May 2002 Lovastatin under reference pricing (RP)
October 2002 Entry of an extended release form of fluvastatin
January 2003 MCP plus economic prescribing incentives (MCP plus PI) for off-patent statins in the APHS
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anuary 2004 Simvastatin under
anuary 2004 Substantial decrea
anuary 2004 First generic entry

n outcome variables: cerivastatin withdrawal from
he market in August 2001; first generic entry for
imvastatin in January 2002; entry of an extended
elease form (a line extension) of fluvastatin in October
002; and first generic entry for pravastatin in January
004. Thus, j interventions considered in the empirical
mplementation of Eq. (1) include the nine events
escribed in Table 1.

Regional random effects are added to Eq. (1) in order
o control for the time-invariant region-specific char-
cteristics. Anticipation effects for the months before
he insurer intervention were also considered in the
mpirical specification of Eq. (1). Eq. (1) assumes lin-
arity in the relation between the explanatory variables
nd the outcome variables, but after empirically testing
on-linear patterns, linearity was maintained in the pre-
erred model. Seasonal fluctuations were controlled by
ncluding a term for August in the regression model.
easonal variation is observed in the monthly peri-
ds resulting in a significant decrease during summer
olidays (August).

The design of this study is an observational, retro-
pective, interrupted time series analysis with compar-
son series of 46 monthly drug use and volume of sales
atios from January 2001 to October 2004. These types
f studies represent the strongest quasi-experimental
esigns for estimating intervention effects in non-
andomized settings [12,13]. It should be noted that in a
ecent review of the research design of studies evaluat-
ng pharmaceutical policy outcomes of administrative
nterventions, only two papers out of 18 in the literature
ere found to use time series with appropriate compar-
son series, and only one was a before-and-after design
ncluding a comparison group [14].

As time is an explanatory variable in the regres-
ion analysis of Eq. (1), error terms of consecutive

p
s

ce pricing (RP)
vastatin reference price (RP)
vastatin

bservations are probably correlated. For each active
ngredient, Eq. (1) is estimated using generalized least
quares (GLS) and the Prais–Winsten method was used
o correct for serial correlation [15]. Robust standard
rrors were estimated, adjusting for clustering at a
egional level. These standard errors are robust to the
resence of general forms of heteroskedasticity and
hey also take into account general forms of serial cor-
elation within each active ingredient over time. The
urbin–Watson statistic was used as a test for serial

utocorrelation of the error terms in the regression
odel. Eq. (1) was estimated using the linear and log-

inear empirical specification.
Prediction models were constructed in order to

btain a measure of savings that might result from
nsurer intervention analysed in this paper after poli-
ies were enacted. Potential savings were estimated
y comparing volume of sales patterns before imple-
entation of the reform and after it, according

o the empirical estimation of Eq. (1), and confi-
ence intervals for potential savings were reported.
olume of sales before implementation of the RP

nterventions were extrapolated for 12 months, when
ata permitted, using the estimated linear model to
stimate savings accrued by consumers and the pub-
ic insurer (or losses incurred by pharmaceutical
rms).

. Results

.1. Descriptive statistics
Table 2 presents a comparison of the average cost
er defined daily dose (DDD) for whole tablets or cap-
ules of statins dispensed in Spain in October 2004.



J. Puig-Junoy / Health Policy 84 (2007) 14–29 19

Table 2
Average cost per defined daily dose (DDD) for originator brand-name and lowest-priced generic statins dispensed in Spain

Generic (brand name) Dose (28 tablets)
(mg)

DDD cost for
brand name, D a

DDD cost for
lowest-priced generica

Atorvastatin (Cardyl, Zarator) 10 1.05 –
20 0.89 –
40 0.54 –
80 0.26 –

Fluvastatin (Lescol) 20 1.18 –
40 0.86 –
80 0.68 –

Lovastatin (Mevacor) 20 0.57 0.45
40 0.57 0.43

Pravastatin (Lipemol) 10 1.77 1.28
20 1.22 0.91
40 1.09 0.82

Simvastatin (Zocor) 10 0.39 0.32
20 0.39 0.29
40 0.39 0.20
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a Average cost per whole tablet or capsule in October 2004. Sourc
alculations.

or whole pills and most commonly used doses, sim-
astatin is the least costly.

Fig. 1 plots the prices of the brand-name product, the
rst generic to enter the market and the lowest-priced
eneric for the most frequently dispensed presenta-
ions of lovastatin and simvastatin from January 2001
ntil October 2004. Descriptive data on consumer price
rends confirm previous price trends observed for other
ctive ingredients in Spain [7]. First, brand-name lovas-
atin and simvastatin and their generic substitutes, with

price higher than the centralized reference price,
mmediately reduced their price to the reference level
hen RP was introduced. The introduction of the RP

ystem tends to decrease the price of the original rel-
tive to the price of generics, as observed in other
ountries [16].

Second, the price of new generic entrants for lovas-
atin and simvastatin in the period after RP introduction
as in all cases lower than the lowest preceding price,
sually corresponding to the lowest-priced generic in
ach period of time.

And third, the price of all products already on the

arket before the introduction of RP with a price equal

o or lower than the reference level remained absolutely
onstant during the period after, and did not experience
ny consumer price competition effect because of RP

h
S
t
r

ish Ministry of Health and Consumer Affairs database and author’s

r because of the lower price of new generic entrants.
t the same time, the data suggest that RP has not been

ffective in reducing the consumer price of products
ith a price initially below the reference level. Zweifel

nd Crivelli [17] also observed that RP had little impact
n generic prices, which were already below the reim-
ursement ceiling. The number of generics firms in the
arket does not affect the prices of brands or generics in

he market when their previous price was not above the
eference level. That is, price decline for brand-name
nd generic products is not clearly explained by vari-
tion in their exposure to competition: it only depends
n arbitrary regulatory decisions as to the period for
hich the product is covered by the RP system and the
oment at which the reference price is revised (Fig. 1).
In January 2001, average volume of sales valued at

egulated ex-factory prices per 1000 inhabitants was
696.9 in the rest of Spain and 20.7% lower in the
PHS (D 552.7). Per capita volume of sales in the initial
eriod was lower in the APHS for all active ingredi-
nts. At the end of the study period, October 2004,
onthly volume of sales per capita was significantly
igher than at the beginning (D 943.9 in the rest of the
panish Health System, and D 772.8 in the APHS), but

he average difference between the two regions had nar-
owed slightly (18.1%). Trends in per capita volume of
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ig. 1. Price of brands and generics, and number of generic firms
imvastatin 20 mg 28 tablets.

ales for each active ingredient in the APHS and in the
est of the Spanish Health System are depicted in Fig. 2.

Quantity and volume of sales ratios for each active
ngredient show that the largest increase for volume of
ales and number of prescriptions per 1000 inhabitants
as observed for the two on-patent statins, fluvastatin

nd atorvastatin. For fluvastatin, volume of sales per
apita was 4.8 times greater in October 2004 than in
anuary 2001 in the rest of Spain, and 5.8 times in
he APHS (number of prescriptions per capita was 3.1

nd 3.8 times greater, respectively). For atorvastatin,
olume of sales experienced a 139.3% increase in the
est of Spain during the period, and a 155% increase in
he APHS. Volume of sales ratio trends for each active

S
o
i
D

nuary 2001 to October 2004. (a) Lovastatin 20 mg 28 tablets; (b)

ngredient is also depicted in Fig. 3. A higher sales
rend can be observed for on-patent and highest-priced
tatins (atorvastatin and fluvastatin) than for off-patent
nd lowest-priced statins (lovastatin, simvastatin and
ravastatin).

At the other extreme, the greatest volume of sales
ecline was observed for lovastatin and simvastatin,
oth off patent at the end of the period. Lovastatin, the
rst statin to reach patent expiration, underwent a pro-
ounced decline in volume of sales (48.6% in the rest of

pain, and 58.4% in the APHS), but also in the number
f prescriptions (6.5% in the rest of Spain, and 24.3%
n the APHS). Simvastatin, the lowest-cost statin per
DD, experienced an increase in quantity (86.4% in the
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Fig. 2. Volume of sales per 1000

est of Spain, and 21.5% in the APHS) that was partially
ffset by price reductions, resulting in a 25.3% volume
f sales decline in the rest of Spain and a 52.7% decline
n the APHS. The more pronounced sales reduction
bserved in the APHS region may be related to a higher
ubstitution rate for simvastatin, which experienced a
arger increase in this region.

For statins as a whole, volume of sales increased
uring this period by 35.4% in the rest of Spain, and
fairly similar rate in the APHS (39.8%). Notwith-
tanding, pattern trends in quantity and volume of sales
atios during this period present significant differences
etween the two regions. Compared with the rest of
pain, the APHS displayed higher growth rates for

v
T
v

nts. (a) APHS; (b) rest of Spain.

uantities and volume of sales for both on-patent statins
fluvastatin and atorvastatin), and also for pravastatin.
n the other hand, the APHS also showed a steeper
ecline or more moderate increase for off-patent and
ower-priced statins, resulting in a clearly more pro-
ounced volume of sales reduction for lovastatin and
imvastatin.

.2. Pre-reform series trends
Results of the estimation of Eq. (1) for quantity and
olume of sales ratios are presented in Tables 3 and 4.
he results depicted in these tables give the best-fitting
ersion of the models. Residuals are assumed to be nor-
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Fig. 3. Volume of sales ratio (Janua

ally distributed, we corrected for heterogeneity, and
he Durbin–Watson statistic values indicate no serious
utocorrelation of the error terms. No statistically sig-
ificant anticipatory effects were detected. The linear
odel, rather than the log-linear model, was the one

hat best fit the data during the study period.
Pre-reform series trends indicate that the initial level

f the outcome variables (quantity and volume of sales

atios) were, as expected by the definition of these
ariables, not significantly different from one, being
lightly higher in the APHS for lovastatin in compari-
on with the rest of Spain.

1
T
u
S

= 1). (a) APHS; (b) Rest of Spain.

The baseline time trend for volume of sales ratio,
quivalent to the average monthly trend change in the
bsence of reforms, was positive for all active ingredi-
nts, being higher for on-patent statins and very low for
he first off-patent statin: fluvastatin (4.1%; 95% CI 2.8
o 5.5), atorvastatin (3.4%; 95% CI 1.1 to 5.7), pravas-
atin (0.6%; 95% CI 0.5 to 2.4), simvastatin (1.4%; 95%
I 1.3 to 1.5), and lovastatin (0.1%; 95% CI −0.8 to

.1). Similar trends were observed for quantity ratios.
he rise in the baseline trend of pravastatin for vol-
me of sales ratio in the APHS compared to the rest of
pain was slight but statistically significant, indicating
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Table 3
Parameters estimated for quantity ratio models

Coefficients Atorvastatin Fluvastatin Lovastatin Pravastatin Simvastatin

Initial level (intercept) 1.0305a 0.8440a 0.9208a 1.0484a 0.9521a

APHS initial level – – 0.0924a −0.0284a –
Baseline trend 0.0217b 0.0347b 0.0063c 0.0125b 0.0182b

APHS baseline trend – – – 0.0059a –
August −0.1737c −0.2960a −0.1193 −0.1528c −0.1617

Centralized reference pricing system
Trend change after lovastatin RP – – −0.0058c – –
Trend change after lovastatin RP in the APHS – – −0.0042a – –
Level change for only one period after lovastatin RP revision – – 0.4648b – –
Level change for only one period after simvastatin RP – – – – 0.6315c

Trend change after simvastatin RP – – – – 0.0023c

Trend change after simvastatin RP in the APHS 0.0036b – – – –

Andalusian reforms
Trend change after MCP 0.0198a 0.0076b – – 0.0138a

Level change after MCP plus PI 1.2377a 0.5500a – – 0.9144a

Trend change after MCP plus PI −0.0319b – – – −0.0348b

Other interventions
Level change after cerivastatin withdrawal (one trimester) – – – 0.0556b –
Level change after the introduction of a new form of fluvastatin – 0.6833b – – –

R 0.92
N 92
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-squared
umber of observations

: P-value < 0.01; b: P-value < 0.05; c: P-value < 0.10.

larger monthly trend increase in the volume of sales
or this active ingredient.

.3. Impact of the general Spanish RP system

The impact of including lovastatin under the RP sys-
em in May 2002 was a permanent reduction in the
revious monthly trend of 0.76% (95% CI −1.4% to
0.2%) for the volume of sales in the rest of Spain, this

eduction being greater for the APHS (−1.2%; 95% CI
1.8 to −0.60). However, volume of sales reduction

annot be attributed solely to price reduction forced by
he RP system, but also to a quantity reduction after
he introduction of RP. A shift in the drug use within
ach active ingredient could contribute to a reduction in
olume of sales. In the case of the statin whose patent
rst expired, lovastatin, RP coverage and price decline
as also accompanied by a negative quantity effect that

einforced the volume of sales reduction. The monthly

rend of quantity ratio after RP introduction declined by
.6% in the rest of Spain (95% CI −1.5 to 0.0) and by
% in the APHS (95% CI −1.9 to −0.4). All the addi-
ional volume of sales reduction observed in the APHS

s
u
C
t

91 0.9349 0.7263 0.8819 0.9121
92 92 92 92

orresponds to an additional regional negative quan-
ity effect. The quantity reduction of the lowest-priced
tatin in May 2002 observed in this case, as a response
o RP coverage, may indicate a potential transfer of
rescriptions to statins not under RP, which, however,
as not detected in the models presented in Table 3.
s a related effect of including lovastatin under RP,
ravastatin experienced a one-time increase of 2.4%
95% CI 0.7 to 4.0) in its volume of sales level in the
est of Spain.

The revision of the reference price of lovastatin in
anuary 2004 resulted in a permanent decrease in the
nitial volume of sales level of 12.3% (95% CI −17.5
o −7.1), without any statistically significant effect
n the number of prescriptions such as was observed
hen lovastatin was included under RP for the first

ime.
Although the first generic entry for simvastatin

ccurred in January 2002, it was not covered by the RP

ystem until 2 years later. The monthly trend for vol-
me of sales of simvastatin decreased nearly 2% (95%
I −2.0 to −1.9) after RP introduction. In contrast with

he decline in quantity of lovastatin after RP was intro-
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Table 4
Parameters estimated for volume of sales ratio models

Coefficients Atorvastatin Fluvastatin Lovastatin Pravastatin Simvastatin

Initial level (intercept) 1.0320b 0.8594a 0.9022a 1.0622b 0.9762a

APHS initial level – – 0.0635a −0.0456a –
Baseline trend 0.0339b 0.0417b 0.0014 0.0135b 0.0146a

APHS baseline trend – – – 0.0059a 0.0115b

August −0.2026c −0.4360a −0.0704 −0.1611c −0.1202

Centralized reference pricing system
Level change after lovastatin RP – – – 0.0235b –
Trend change after lovastatin RP – – −0.0076b – –
Trend change after lovastatin RP in the APHS – – −0.0041a – –
Level change for only one period after lovastatin RP revision – – 0.2065a – –
Level change after lovastatin RP revision – – −0.1229b – –
Level change after lovastatin RP revision in the APHS – – 0.0427a – –
Trend change after simvastatin RP – – – – −0.0198a

Trend change after simvastatin RP in the APHS 0.0043b – – – 0.0144a

Andalusian reforms
Trend change after MCP 0.0225a – – – –
Level change after MCP plus PI 1.4654a 0.7267a – – 1.0112b

Trend change after MCP plus PI −0.0372b – – – −0.0564b

Other interventions
Level change after cerivastatin withdrawal (one trimester) – – – 0.0509b –
Level change after the introduction of a new form of fluvastatin – 0.0499b – – –

R 0.95
N 92
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: P-value < 0.01; b: P-value < 0.05; c: P-value < 0.10.

uced, simvastatin showed a permanent increase in the
onthly trend in the number of prescriptions equiva-

ent to 0.2% after RP introduction (95% CI −0.0 to
0.5). The inclusion of simvastatin under RP, and its

orresponding price decline, produced a negative cross-
ffect on the monthly trend for quantity and volume of
ales of atorvastatin in the rest of Spain, but not in the
PHS, where the monthly trend for atorvastatin actu-

lly increased. Neither the volume of sales impact nor
he quantity impact of simvastatin inclusion under RP
as observed in the APHS, probably due to the impact
f prior Andalusian reforms that affected this active
ngredient.

In the rest of Spain, the mean monthly saving for
he 12 months after intervention attributed to the initial
pplication of RP to lovastatin (May 2002–April 2003)
as 16.7% of total lovastatin sales (95% CI −20.4 to
13.0), representing 1.1% (95% CI −1.3 to −0.9) of
he total volume of sales of statins. In the APHS, sav-
ngs attributed to this intervention in the 12 months after
P introduction were larger than in the rest of Spain,
eing equivalent to 23.7% of the volume of sales of

(
v
1
s

06 0.9484 0.9548 0.9006 0.9176
92 92 92 92

ovastatin (95% CI −29.0 to −18.3), but only 1.3% of
otal statin sales (95% CI −1.0 to −0.4).

In the rest of Spain, the mean monthly saving for
he 10 months after intervention attributed to the ref-
rence price revision applied to lovastatin (January
004–October 2004) was 16.3% of total lovastatin sales
95% CI −23.4 to −9.1), but a mere 0.7% (95% CI
1.0 to −0.4) of the total volume of sales of statins.
hese figures represent the impact of reference price

evision in addition to the previous inclusion of this
ctive ingredient under RP. In the APHS, the additional
mpact of reference price revision was equivalent to an
1.5% (95% CI −19.5 to −3.5) reduction in the volume
f sales of lovastatin for the 10 months after interven-
ion, yet a reduction of only 0.3% (95% CI −0.6 to

0.1) in total statin sales.
In the rest of Spain, the mean monthly savings for

he 10 months after RP first being applied to simvastatin

January 2004–October 2004) was 51.8% of total sim-
astatin sales (95% CI −54.6 to −48.9), and a notable
3.9% (95% CI −14.7 to −13.0) of the total volume of
ales of statins. Taking into consideration regional ran-
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om effects and the regional interventions previously
dopted in the APHS, the impact of simvastatin under
P was notably more modest than in the rest of Spain:
reduction of 29.7% (95% CI −32.6 to −26.8) in sim-
astatin sales in the APHS, and a 3.9% reduction (95%
I −4.1 to −3.6) of the total volume of sales of statins.

.4. Impact of the Andalusian reforms

The introduction in September 2001 of maximum
onsumer prices (MCP) for all statins in the APHS,
omplemented by an economic incentive for physicians
o prescribe using the non-commercial name in order
o allow lower-priced equivalent dispensing substitu-
ion, did not contribute, contrary to policy objectives, to
educe the volume of sales of statins. Despite the inclu-
ion of regional fixed effects for the APHS in the model,
he impact of this measure was a notable increase in the

onthly sales ratio trend of atorvastatin (2.3%; 95% CI
.8 to 3.7).

The mean monthly change for the 12 months
fter intervention attributed to MCP (September
001–August 2002) was an unexpected 21.4% (95%
I −23.7 to −19.0) increase in volume of sales for total

tatins in the APHS, as a result of quantity increases of
torvastatin (substitution of statins under RP for ator-
astatin, not under RP coverage). This sales increase
as equivalent to an 8.1% increase (95% CI −9.2 to
.1) in total statin sales.

Early in 2003, the APHS added to the economic
ncentive system an indicator considering the propor-
ion of off-patent statin prescriptions (MCP plus PI).
his intervention resulted in a reduction in quantity

3.2%; 95% CI −5.6 to −0.8) and volume of sales
3.7%; 95% CI −6.7 to −0.8) in the monthly trend
or atorvastatin, one of the two on-patent statins. How-
ver, the main unintended impact of this intervention
as a decline in the initial level and the monthly trend

n the volume of sales (5.6%; 95% CI −7.8 to −3.5)
nd the quantity ratio (3.5%; 95% CI −3.8 to −3.2)
f simvastatin, which was precisely the lowest-priced
tatin at the end of the period, and one that contributed
ositively to the economic incentive.

The mean monthly saving for the 12 months after

ntervention attributed to MCP plus PI was a slight
ecrease of −3.0% (95% CI −6.5 to 0.5) in volume
f sales for total statins in the APHS; the main factors
n this change were a notable reduction of 35.4% (95%

3
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I −44.6 to 26.2) in simvastatin sales and an increase
f 16.6% (95% CI 10.6 to 21.3) in the volume of sales
f atorvastatin.

.5. Impact of cerivastatin withdrawal

Cerivastatin withdrawal occurred in August 2001
s a result of internationally reported safety problems.
his withdrawal produced a temporary increase in the

ollowing trimester in the number of prescriptions of
ravastatin.

.6. Impact of a supply-side policy

Probably the most successful intervention in the
tatin market during the study period was a supply-
ide policy, the introduction of an innovative extended
elease form of fluvastatin. The introduction of new
orms of active ingredients still under patent protection
s often used in the pharmaceutical market by origina-
ors as a way to effectively reduce the impact of future
eneric competition. The introduction of this new form
f fluvastatin, with a higher price than previous forms
till in the market, may also be considered a government
olicy in the sense that its impact has been allowed by
ts inclusion under public insurance coverage.

This supply-side measure led to a major permanent
ncrease of 68% in the initial number of prescriptions,
nd also an additional increase of 5% (95% CI 4.2 to
.8) in the monthly volume of sales trend. The magni-
ude of the volume of sales impact of this measure was
reater than the effects produced by any of the public
nancing reforms analysed in this paper.

In the rest of Spain, the mean monthly increase in
olume of sales for the 12 months after the market entry
f the extended release form of fluvastatin (October
002–September 2003) was 70.2% of the total volume
f sales of fluvastatin (95% CI 61.3 to 79.1), and 2.2%
95% CI 2.1 to 2.4) of total statin sales. In the APHS,
he impact of this measure was equivalent to 52.4%
f total fluvastatin sales (95% CI 46.6 to 58.2), and
.4% (95% CI 2.1 to 2.7) of the total volume of sales
f statins.
.7. Overall impact of the interventions

Over the 46 months of the study period, all the pro-
ressively introduced public financing interventions
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eported in Table 2 resulted in a 2.2% (95% CI −3.8 to
0.6) average monthly decrease in the volume of sales

f statins in the rest of Spain.
The year 2004 was the only year in which the accu-

ulated impact of the interventions was an average
onthly decrease of 12.2% in the volume of sales (95%
I −12.9 to −11.5), as a direct result of the inclusion of

imvastatin under RP and the revision of the reference
rice of lovastatin, which appears as the only interven-
ion with a significant impact on the volume of sales in
he rest of Spain.

In the APHS, the aggregate effect of all the inter-
entions considered during the overall study period
as a change in the monthly volume of sales that was
on-significantly different from zero. However, as was
bserved in the rest of Spain, in 2004 the accumulated
ffect of all interventions in this market resulted in a
5.3% average decrease in the monthly volume of sales
95% CI −18.3 to −12.3), which may also be attributed
ainly to the inclusion of simvastatin under RP.

. Discussion

The results of the impact evaluation model presented
n this paper lead to the following basic conclusions for
he statin market in Spain during the study period.

First, in a heavily regulated market such as the
panish one, the decline in the consumer price of
rand-name and generic off-patent products was not
ssociated with potential competition from lower-
riced new entrants, but with arbitrary regulatory
ecisions as to the period for which the product is cov-
red by RP or the moment at which its reference price
s revised.

Second, the results confirm that prices of off-patent
rand-name drugs and generics with a price higher than
he reference price tend to drop to this level immedi-
tely when RP is introduced, but RP was not effective
n reducing the price of products initially below the
eference level.

Third, RP coverage of the first off-patent statin,
ovastatin, was the only intervention that was observed
o be effective in reducing its volume of sales growth,

espite previous entry of lower-priced generics, while
he impact of the delayed revision of its reference
rice was of similar importance. This indicates that the
oment (number of generic firms in the market at that

I
l
S
p

y 84 (2007) 14–29

ime) at which the reference price is fixed, when it is
pdated, and the method of calculation of the reference
rice are key determinants of the impact of RP on the
olume of sales. In fact, however, the importance of the
elfare contribution of the impact of interventions on

his statin may be diminished when we take into con-
ideration that they may have contributed to reinforce
he shift to more expensive on-patent statins.

Fourth, including simvastatin under RP 2 years after
he entry of generics, when more than 20 generic
rms had entered the market, resulted in a delayed but
ubstantial price reduction and therefore a substantial
ecrease in the volume of sales equivalent to a reduc-
ion of nearly 14% in overall statins sales in the 10

onths after RP introduction in the rest of Spain.
Fifth, dispensed quantities of statins are not inelastic

o price variations: price reductions of lovastatin forced
r induced by RP interventions were accompanied by
reduction in the number of prescriptions of this first
ff-patent statin, although the other statins maintained
heir time trend growth as observed before RP; in con-
rast, price reduction of simvastatin was accompanied
y a slight increase in its growth rate, and also a slight
ecrease in the number of prescriptions of atorvastatin,
he top-selling on-patent statin.

Sixth, the regional public financing reforms adopted
n the APHS only resulted in a slight volume of sales
ecrease in the case of simvastatin and atorvastatin. In
he first year after MCP there was even a differential
ncrease in atorvastatin, an on-patent statin uncovered
y RP, possibly as a result of an unobserved marketing
ffort to shift drug use to higher-priced statins in order
o counteract more intensive regional policies.

And seventh, the intervention occurring in the study
eriod that had the greatest impact on the volume of
ales was the marketing of an extended release form of
uvastatin, a still on-patent statin.

This study presents several limitations that merit
onsideration. First, public expenditure data on dis-
ensed statins are proxied in this paper by overall
olume of sales, including publicly financed but also
ut-of-pocket sales, valued at regulated ex-factory
rices. Several potential problems could arise from
his data set, in view of the purpose of this paper.

n order to evaluate public financing reforms, pub-
ic procurement data should be used. However, in the
panish market, most dispensed prescription drugs are
ublicly financed, out-of-pocket prescription sales rep-
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esenting a very small market share. Furthermore, the
ublic financing reforms established the reimburse-
ent limits at the level of the consumer price, therefore

olume of sales valued at consumer prices would be
ore appropriate for evaluating the impact of these

eforms. Notwithstanding, in this case price regulation
stablishes consumer prices by adding proportional
istribution margins to the regulated ex-factory price,
o this ex-factory price presents a perfect correlation
ith consumer prices. And lastly, the quantity data
o not allow the calculation of defined daily doses,
hich would have provided a more precise quantity
easure than is possible by simply using the number

f prescriptions.
Second, a key feature of the method employed in

his paper is that the difference between the observed
alue for the outcome variable in the period before
he intervention and the value that would have been
btained in the absence of the intervention in the after
eriod depends only on past trends. However, when
ontrolled prospective randomized trials are not pos-
ible, the quasi-experimental techniques used in this
aper are a recommended method of assessing impacts
f interventions [12,13].

Third, the impact of the interventions under eval-
ation on other health services and on health status
s not considered in this paper. Although these fac-
ors are important, this paper restricts its attention to
uantity and volume of sales changes attributable to
ublic financing reforms in the statin market, as all the
nterventions examined here involve pharmaceutical
reatment substitution for patients using the same bio-
quivalent active ingredient, and therefore the impact
n other health services and health status is expected
o be very low. Furthermore, the impact of administra-
ion costs and time spent (by government, physicians,
tc.) as a result of the policies are not included in the
nalysis.

A fourth limitation inherent in all policy evaluations
pplied to a class of drugs is that results cannot be easily
eneralized to all drug categories or to other health
ystems or pharmaceutical markets.

And, finally, a fifth limitation of this paper is that
ome potential confounding factors such as marketing

xpenditure have not been considered because of lack
f reliable data.

Despite some data and method limitations, the
esults of this paper can be regarded as important for

q
o
b

y 84 (2007) 14–29 27

number of reasons, at least relative to the case under
nalysis but also for the design of similar interventions
n the pharmaceutical market. The observed persistent
xpenditure inelasticity to potential price competition
ven after RP introduction is probably the result of the
idespread absence of cost-consciousness and proper

fficiency incentives for the patient and the prescriber.
ncentives on the patient and prescriber side remained
early unchanged during the study period, at least in
he rest of Spain; notwithstanding, their price inelastic-
ty was substituted by potential co-payments under RP,
hich were effective at changing the pricing behaviour
f producers. However, the sensitivity of pricing deci-
ions to potential co-payments has not been able to
ake advantage of decentralized market decisions after
atent expiry, but instead has been associated with a
ighly demanding and detailed regulation through RP,
hich may have intended but also unintended con-

equences on market performance. As an example,
t would be of great interest, although it is beyond
he scope of this paper, to know whether the RP sys-
em resulted in a clustering of prices of new generic
ntrants around the reference price with little varia-
ion, or whether RP resulted in a smaller generic market
hare than would have been expected without RP.

The question that still remains to be answered
s to what extent long-term welfare effects of other
lternative interventions more directed towards intro-
ucing cost incentives for patient and prescriber
ehaviour (e.g., generic substitution by the cheapest
quivalent, differential co-payments for lower-priced
ost-effective products in order to make patients more
ost-conscious, transferring financial responsibility for
rescription drugs to physicians, etc.) could have been
ore effective to curb the rise in drug spending and

chieve a more cost-effective use of drugs than the
hort-term regulatory interventions under evaluation.
ven when the evaluation is restricted to quantity and
xpenditure impact, it is important to note that the
esults obtained in this paper are only indicative of the
mpact of the interventions on quantity and volume of
ales ratios compared with the status quo or simply
ompared to doing nothing different from before the
nterventions (used as a counterfactual).
The magnitude of the impact of interventions on
uantity and volume of sales ratios is highly dependent
n RP regulatory details. The RP systems employed
y each insurer differ greatly in details and scope.
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n fact, we should think of RP as a family of many
ifferent pharmaceutical insurance coverage policies.
n the case analysed in this paper, the impact of RP
nterventions on price and volume of sales ratios was
ependent on the moment at which RP was introduced
s of the first generic entry (and the number of entrants
t that time), the reference price calculation method
nd the updating frequency. Arbitrary regulatory deci-
ions in the Spanish statin market led lovastatin to come
nder RP 17 months later than the introduction of RP
with 12 generic products in the market). The refer-
nce price of lovastatin was maintained 34% higher
han the lowest-priced generic until its price revision
0 months after being covered by RP. And, after lovas-
atin price revision, in October 2004 the reference price
as maintained 27% higher than the lowest-priced
eneric with significant sales in the market. In the same
ay, simvastatin was included under the centralized
P scheme only after 23 generic firms had effectively
ntered the market, and with a reference price that
n October 2004 still remained 36% higher than the
owest-priced generic. The comparison between a pol-
cy of generic substitution by the cheapest equivalent,
ith free generic pricing, and the centralized Spanish
P system would probably provide an approximation

o the distance between a genuine cost-minimization
erspective and the present RP system.

The results of this paper show that the market
emand for a given drug (i.e., the combined demand
or the original drug and its generic substitutes) is
ot perfectly inelastic in relation to its own price
hange induced by RP. Pavcnik [11] observed that for
ral antidiabetics and antiulcerants in Germany, the
uantity of products sold was unaffected after RP intro-
uction. However, in this paper it has been observed
hat when the first off-patent statin, lovastatin, was cov-
red by RP, the quantity ratio after RP introduction
as lower than before RP. Thus, the 0.76% monthly
ecline in lovastatin volume of sales is not only a
roxy of expenditure savings for the public insurer,
ut also a proxy of a transfer of consumption to other
igher-priced therapeutic alternatives, especially when
he other active ingredients in this group maintained
he larger monthly trend increases in the number of

rescriptions. Market behaviour was different, at least
n the rest of Spain, when simvastatin, the second off-
atent statin, was covered by the RP system. In this
ase, pharmaceutical management by regions in the

t
g
s
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y 84 (2007) 14–29

est of Spain was probably able to control the quan-
ity reduction of this active ingredient, contrary to the

arket reaction to lovastatin price reduction, and the
bserved outcome was not only a quantity increase in
imvastatin but also a quantity decline in atorvastatin,
higher-price and top-selling statin. Depending on the
egree to which clinical decision makers believe that
ifferent active ingredients in the group of statins are
lose substitutes in a therapeutic sense, these results
ould point to possible scope for RP equivalence crite-
ia reforms.

Furthermore, the unexpected results obtained for the
egional public financing reforms adopted in the APHS
erve to underline the need for close attention to inter-
ention design and details by policy makers. First, the
nly significant reduction in volume of sales attributed
o the regional reforms was observed for simvastatin,
robably as a result of applying a reference price as
f the entry of the first generics and not waiting until
he arbitrarily delayed coverage of simvastatin under
he centralized RP system. Second, the introduction
f a physician incentive to prescribe statins without
sing the commercial name cannot be automatically
xpected to generate cost-effective behaviour: in fact,
he regional public insurer could be fostering statin pre-
cription generally, independently of price and patent
tatus. And third, according to the results of this paper,
he physician incentive to increase the proportion of
ff-patent prescribed statins has not been enough to
ounteract industry pressure in favour of on-patent
tatin prescriptions.
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