A Service of

[ ) [ J
(] [ )
J ﬂ Leibniz-Informationszentrum
° Wirtschaft
o Leibniz Information Centre
h for Economics

Make Your Publications Visible.

Granlund, David

Article

Direct and indirect savings from parallel imports in

Sweden

Health Economics Review

Provided in Cooperation with:
Springer Nature

Suggested Citation: Granlund, David (2022) : Direct and indirect savings from parallel imports in
Sweden, Health Economics Review, ISSN 2191-1991, Springer, Heidelberg, Vol. 12, Iss. 1, pp. 1-14,

https://doi.org/10.1186/513561-022-00391-x

This Version is available at:
https://hdl.handle.net/10419/285283

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewahrten Nutzungsrechte.

-. https://creativecommons.org/licenses/by/4.0/

WWW.ECONSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.1186/s13561-022-00391-x%0A
https://hdl.handle.net/10419/285283
https://creativecommons.org/licenses/by/4.0/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Granlund Health Economics Review (2022) 12:46
https://doi.org/10.1186/513561-022-00391-x

RESEARCH

Direct and indirect savings from parallel

imports in Sweden

David Granlund”

Abstract

Health Economics Review

Open Access

=

Check for
updates

Background: The aim was: i) to quantify the direct and indirect savings from parallel imports in Sweden during a
period when sellers were forbidden from giving discounts to pharmacies, and ii) to study if the effects of competition
from parallel imports on list prices became smaller in absolute size when sellers were allowed to give discounts to

pharmacies.

Methods: We analyzed the monthly prices for 3068 products during 61 months when discounts were forbidden and
for 2504 products during 84 months when discounts were allowed. The price effects were estimated using dynamic
models that rendered lagged numbers of competitors into valid and strong instruments for the current values.

Results: When discounts were forbidden, parallel imports had a market share of 16% and were on average 9%
cheaper than locally sourced drugs, which yielded a direct saving of 231 million Swedish kronor (SEK) (24 million EUR)
per year. Also, parallel imports reduced the prices of products with the same substance by, on average, 6% in the
long-term, which yielded indirect savings of 421 million SEK (44 million EUR) per year. In total, parallel imports reduced
the cost for on-patent pharmaceuticals by 4%. When discounts were allowed, the average gap in list price between
parallel imports and locally sourced products was reduced to 0.8%, and the list prices of locally sourced products were
no longer significantly affected by competition from parallel imports.

Conclusion: When discounts were allowed, the savings of parallel imports through lower list prices were replaced by

savings of pharmacies through secret discounts.

Keywords: Brand-name drugs, Parallel trade, Pharmaceutical industry, Pharmacies, Price competition

Background

In an attempt to practice third-degree price discrimina-
tion, producers may charge wholesalers in low-income
countries less than they charge wholesalers in high-
income countries. Parallel traders take advantage of
these price differences by buying products intended for
low-price countries and, without authorization from the
patent holder, selling them to wholesalers in high-price
countries. Parallel trade is allowed within the European
Economic Area to help fulfill the objective of creating a
single market.

*Correspondence: david.granlund@umu.se

Department of Economics, Umed University, Umed, Sweden

B BMC

This paper evaluates the savings from parallel imports
in Sweden during a period when sellers of pharmaceu-
ticals were forbidden from giving discounts to pharma-
cies. This situation implied that the official list prices
were actual transaction prices, which enabled us to
quantify the total savings. We also studied whether
the effects of competition from parallel imports on list
prices became smaller in absolute size when sellers were
allowed to give discounts to pharmacies. There are sev-
eral reasons why firms might prefer to give discounts,
rather that lower official list prices, to reduce the market
share of parallel imports. Lower list prices, for example,
can reduce the revenues from other countries where the
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Swedish list prices are used as external reference prices,’
and, in Sweden, list prices might not be allowed to be
increased within the benefit scheme when the competi-
tion diminishes.

With access to data on market shares for parallel
imports and relative prices, direct savings can be eas-
ily calculated. This has been done previously, for exam-
ple, by West and Mahon [2], who reported direct savings
for Sweden of 424 million Swedish kronor (SEK) in 2002
(measured in retail prices).

West and Mahon [2] also showed price plots and com-
parisons of price changes over 5—6years, which indicated
that parallel imports exerted downward pressure on prices.
Estimating this effect is difficult, however, because paral-
lel imports are more likely to be sold the higher the prices
of the locally sourced products are, rendering the variable
endogenous. To address this endogeneity problem, Gan-
slandt and Maskus [3] and Granlund and Koksal-Ayhan [4,
5] used exchange rates and the age of drugs as instruments
for competition from parallel imports and reported point
estimates suggesting that competition from parallel imports
reduced the prices of locally sourced drugs in Sweden by 12
to 21%. However, these instruments may affect the prices of
locally sourced drugs in other ways than through the exist-
ence of parallel imports, which can create bias. For example,
with a stronger Swedish currency, a producer can reduce the
nominal price in Sweden without having to reduce the price
in countries where the maximum allowed prices depend on
Swedish prices measured in Euros.

Vandoros and Kanavos [6] instead used instruments
based on the number of policies promoting parallel
imports and the distance between the source countries
and the four destination countries they analyzed (Ger-
many, Sweden, the Netherlands, and the United King-
dom). They found no statistically significant price effect,
but because of large standard errors, they could neither
reject the premise that the price effect was large.” Van-
doros and Kanavos also analyzed the effect of the market
share of parallel imports—following Kanavos and Costa-
Font [7] and Kanavos and Vandoros [8]—but, like the
previous studies, they found no statistically significant
price effects. Christian Gollier, the discussant to Kanavos
and Costa-Font, mentioned as one potential explanation
for the lack of a significant estimate the possibility that

! Several countries use international reference pricing in which Swedish
prices influence the highest price that the producers are allowed to charge. For
example, the reference prices in Austria, Ireland, and Switzerland are the aver-
age of prices in Sweden and 26, 13, and 8 other countries, respectively [1].

2 Vandoros and Kanavos [6] did not discuss the magnitude of their esti-
mates, but their point estimates for the indicator variable pt suggest that the
presence of parallel imports reduced the prices of locally sourced product
by 81 and 38%, respectively. These figures are calculated using the formula
100*[exp(pB)-1].
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“the local manufacturer actually matches the price of
the importers by using hidden discounts to distributors
rather than reducing the list price” [6, p. 793].

To overcome the problem with weak and potentially
endogenous instruments, Granlund [9] used a dynamic
model that allowed lags of competition variables to
be used as instruments for their current values. This
approach yielded sufficiently many strong instruments for
also studying the causal effects on the intensive margins,
i.e., how the number of parallel traders and the number of
therapeutic competitors affect prices. Granlund [9] used
part of the data used in the present study: that for tablets
and capsules sold in October 2002—October 2007. For this
study, we estimated similar price functions as Granlund
[9], but also did so for the period of January 2011-Decem-
ber 2017, for all forms of administrations, and calculated
the direct and indirect savings yielded by parallel imports.

Rules regarding parallel imports
All Swedish residents are covered by a mandatory and uni-
form pharmaceutical benefit scheme. Since October 2002,
a substitution legislation requires that pharmacy personnel
inform consumers if cheaper substitute products are avail-
able, unless the prescriber has vetoed substitution or if the
pharmacist has reasons to believe that the patient would be
adversely affected, e.g., when the low-cost alternative has a
package that the patient would find difficult to open. The
Swedish Medical Products Agency defines a product as a
substitute if it has the same active substance, strength, and
form of administration (e.g., pills or oral fluid) and nearly
identical package size.®> If consumers oppose the substi-
tution, or choose to switch to a substitute other than the
cheapest one available, they will be charged the entire incre-
mental cost. For parallel imports, available substitutes are
defined as those in stock at the pharmacy in question [10].*
Pharmaceutical producers and parallel traders are
free to set their own prices, but to be included in the

3 Packet sizes are allowed to vary slightly for non-narcotic groups; for exam-
ple, substitution can be made from a 30-pill package to a package in the
28-32-pill range. For the 3% of observations classified as narcotic drugs,
exactly the same packet size is required. Parallel imports usually have exactly
the same package size as the locally sourced product. For locally sourced
products that are exchangeable to at least one parallel imports, all parallel
imported substitutes had exactly the same package size in 85% of cases in the
first dataset and 79% in the second dataset. It is rare that locally sourced on-
patent products are exchangeable with each other and share substitutes, but
this is the case for 5% of the locally sourced observations in the first dataset
and 3% in the second dataset.

* For off-patent pharmaceuticals, the cheapest substitute declared by the
seller to be available in Sweden throughout the month is declared to be the
product of the month, and this product is considered available at all phar-
macies. In other words, consumers opposing substitution for off-patent
pharmaceuticals must pay the price difference between the prescribed prod-
uct and the product of the month, irrespective of whether it is in stock at
the pharmacy. As a result, pharmacies in general have the products of the
month in stock.
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pharmaceutical benefits scheme, they must submit
their prices for month ¢ to the Pharmaceutical Benefits
Agency (PBA) in month ¢ — 2. The PBA approves prices
not exceeding the price cap, which is equal to the high-
est existing price of exchangeable products, which implies
that parallel imports are allowed to be as highly priced as
locally sourced products [11, 12]. The price cap may pre-
vent the seller of a product that is already the most expen-
sive among its substitutes from increasing the price, if they
want their product to remain within the benefit scheme.
This means that a price cut retrospectively found to be too
large cannot always be reversed. Before July 2009, pro-
ducers and parallel importers were not allowed to offer
their products below the prices approved by the PBA
prices. That is, they were not allowed to give discounts to
pharmacies.

Methods

Data

This study was based on two panel datasets obtained by
merging datasets of pharmaceutical sales compiled by
IMS Sweden (now part of IQVIA) with datasets contain-
ing detailed information of each pharmaceutical product,
which were provided by the Visterbotten county council.®
An observation in the datasets represents a product with a
certain active ingredient, strength, administrative form, and
package size, supplied by a certain firm and sold in a cer-
tain month. The datasets cover all prescription drugs sold in
Sweden during the periods of October 2002—October 2007
and January 2011-December 2017. Data from Novem-
ber 2007-June 2009 were not used because prices during
this period could have been affected by anticipation of the
possibilities of giving discounts. Because price increases
are not always allowed within the benefit scheme, it would
have been rational for firms to stop reducing list prices in
response to competition upon discovering the possibility of
giving discounts to pharmacies in the future. In this manner,
they would have had higher list prices and therefore greater
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We also excluded data from July 2009—December 2010, as
the business models related to discounts might still have
been under rapid development under this period. Lacking
information on patent expiration, we defined pharmaceu-
ticals as off-patent starting from the first time any gener-
ics with the same active ingredient (ie., the same 7-digit
ATC code) were sold in Sweden, and pharmaceuticals are
included in the analyses until the month they are designated
to be off-patent. After excluding off-patent pharmaceuticals,
the first and second datasets respectively contained 132,008
and 101,489 observations of locally sourced product and
31,999 and 70,540 observations of parallel-imported prod-
ucts. That is, for an average year, the first and second data-
sets respectively contained 25,969 and 14,498 observations
of locally sourced products and 6295 and 10,077 observa-
tions of parallel-imported products.

Estimation of price effects and descriptive statistics
For several reasons, prices are not expected to adjust
instantaneously to new long-term equilibriums when
market conditions change. One reason is possible price
coordination between therapeutic alternatives, which
can cause companies to limit price changes to reduce
the risk of triggering price wars [14]. Another reason
is the dynamic price cap on drugs in Sweden, which
means that a drug whose price is raised to a figure
higher than that of the most expensive substitute can
be excluded from the pharmaceutical benefit scheme. A
company that is uncertain about what the new optimal
price is after it has received competition may, because
of this price cap, find it wise to lower the price gradu-
ally, rather than to lower it more directly and then risk
not being able to adjust the price if it is found that the
price cut was unnecessarily large. For these reasons, we
estimated price effects with dynamic models.

The preferred specification, which was estimated
with two-stage least squares using the STATA package
xtivreg2, is written as:

InPjy; = 0InP;;_1 + B1D_PiSubstances + BoD_PiE;s + B3lnN_PiSubstancess + BalnN_PiEj;
+ BsD_Thg + BeD_ThGeng + B7inN_This + BsinN_ThGeng + 0y + w; + €ir,

possibilities to give discounts upon legalization of the prac-
tice, compared to if they continued reacting to competition
with lower list prices until the day discount was legalized.®

5 Note that the latter data are for all products available in Sweden and that the
products’ characteristics are identical throughout the country, so no regional
data was used in this study.

® In January 2008, the public inquiry [13] published their suggestions to
allow discounts to pharmacies. A reference group with stake holders were
connected to the inquiry and likely knew the final suggestions by the inquiry
a few months before it was published.

in which indices i, s, and ¢ represent product, substance,
and time in months, respectively. Variable definitions are
presented in Table 1 and in the text below. The dependent
variable [nP,, is the natural logarithm of the listed pur-
chase price for all pharmacies for the on-patent locally
sourced product i in month ¢ The first lag of this variable,
InP; ; _,, was included as an explanatory variable to make
the model dynamic.

The variable D_PiSubstance is an indicator that takes
the value of 1 if one or more parallel-imported prod-
ucts with the same substance as product i were sold in
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Table 1 Variable definitions
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InP;, Natural logarithm of the listed purchase price for product i in month t.

D_PiSubstance,
D_Pi;
N_PiSubstance,
InN_PiSubstance,

Equals one if one or more parallel imported product with the same active substance as product i were sold in Sweden in month t.
Equals one if one or more parallel imported product exchangeable with product j was sold in month t.

The number of parallel traders that sold products with the same substance as product i in month t.

Natural logarithm of N_PiSubstance,, when N_PiSubstance, > 0, but equal to zero when N_PiSubstance,, = 0.

N_Pi; The number of parallel traders that in month t sold products exchangeable with product i.

InN _Pi; Natural logarithm of N_Pi;, when N_Pi; >0, but equal to zero when N_Pi;=0.

D_Th; Takes the value of one if one or more other firm in month t sold a locally sourced product with the same five-digit ATC code as
product i.

D_ThGen,, Takes the value of one if, in Sweden, there existed a generic version of a substance that was sold in month t with the same five-
digit ATC code as product .

N_Th, The number of pharmaceutical substances with the same five-digit ATC code and with locally sourced drugs sold by firms other
than the seller of product j in month t.

InN _Th; Natural logarithm of N_Th,, when N_Th; > 0, but equal to zero when N_Th,, = 0.

N_ThGen,, Number of substances with generic versions and the same five-digit ATC code as product i for which generic as product i that was
sold in month t.

InN_ThGen,, Natural logarithm of N_ThGen,, when N_ThGen,, > 0, but equal to zero when N_ThGen,, = 0.

e number of defined daily doses sold of products with substance s in month t.
Qy Th ber of defined daily d Id of prod ith sub i h
InQy, Natural logarithm of Q..

Sweden in month t. D_PiE, is also an indicator, but it
only takes the value of 1 if at least one parallel imported
product exchangeable with product i was sold in Sweden
in month ¢ In accordance with the substitution rules,
an exchangeable product was defined as a drug with the
same active substance, form of administration, strength,
and nearly identical package size.

The variable [nN_PiSubstance, was defined as the nat-
ural logarithm of the number of parallel traders selling
products with the same substance when N_PiSubstance,,
is strictly positive, and takes the value of 0 otherwise.
The variable /nN_PiE;, has the corresponding definition
for the number of parallel traders selling exchangeable
products.” As the natural logarithm of one is zero, [nN_
PiSubstancey, and InN_PiE;, do not change values when
the numbers of parallel traders selling products with
the same substance and the number of traders selling
exchangeable products, respectively, change from zero
to one. Therefore, the coefficients for D_PiSubstance,,
and D_PiE;, capture the effects of the first parallel trader
within the same substance and exchange groups, respec-
tively, whereas the coefficient for InN_ PiSubstance,, and
InN_PiE;, capture the effects of variations in strictly posi-
tive numbers of parallel traders.

The variables D_ Th,— InN_ ThGen,, were included to
control for competition from firms that sold therapeutic
alternatives, that is, products with other pharmaceutical

7 In the first dataset, 382 observations were not used in the regressions, as
InN_PiE;, could not be defined because of missing information on package
size for at least one product with the same substance, strength, and form of
administration.

substances that are intended for the same or similar med-
ical diagnoses. D_ Th,, takes the value of 1 if at least one
other firm sold a locally sourced product with the same
five-digit ATC code in month ¢. If there was a generic ver-
sion of at least one of these substances, also D_ ThGen,,
takes the value of 1. The variable N_Th;, (not included
in the specification) was defined as the number of phar-
maceutical substances with the same five-digit ATC code
and with locally sourced drugs sold by firms other than
the seller of product i during month ¢. [uN_Th,, is the
natural logarithm of N_ Th,, for strictly positive values of
this variable and is otherwise 0. Lastly, [uN_ ThGen was
defined as the natural logarithm of the number of thera-
peutic alternatives for which generic versions exist when
this variable is strictly positive, and takes the value of 0
otherwise.

The eight competition variables were all instrumented
with their first lags and with [nQ; ; 3, which is the natu-
ral logarithm of the quantity of substance s sold in month
t— 3.8 Producers have good information about the values
of these instruments when, at the end of ¢ —2, they set
their prices for month ¢. For the first eight instruments,
the reason for this is that the prices of all products that
can be sold within the benefit scheme in month £—1
are announced in the first half of month ¢—2. Hence,

8 The first dataset included information on the defined daily dozes for 83%
of observations, which was then used to create the quantity variable. For the
remaining observations, we used the sum over products of number of pills
sold of each product multiplied by the strength of each pill. This yielded val-
ues that are proportional to daily doses, which is all that is needed for using
variations in InQ,, over time as a proxy for market growth.
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Table 2 Descriptive statistics

Oct. 2002-Oct. 2007 Jan.2011-Dec. 2017

Mean sD Mean SD Min Max
Py 1462.75 4594.54 3762.37 12,019.43 6.31 290,670.50
D_PiSubstance, 0.24 043 046 0.50 0 1
D_PiE, 0.1 032 0.25 043 0 1
N_PiSubstance 0.62 1.36 1.52 211 0 1"
N _PiE; 0.24 0.82 0.61 1.34 0 9
D_Th,, 0.82 0.39 0.84 0.37 0 1
D_ThGen,, 053 0.50 0.54 0.50 0 1
N_Th; 293 2.50 3.23 3.86 0 28
N_ThGen,, 0.89 1.15 1.11 141 0 8
Q,; (in millions) 1291 66.71 9.34 4440 0.00 85,300.00

Note: The number of observations is 132,008 for the first dataset and 101,489 for the second dataset. See Table 1 for variable definitions

producers can observe how many potential competitors
they will have in month ¢ — 1 and can, based on this, pre-
dict the competition they will face in month ¢. Regarding
InQg ;3 IMS/IQVIA had delivered sales data for month
t—3 to its customers when prices from month ¢ were
set. The validity of the instruments is discussed and ana-
lyzed in the Appendix. Lastly, month and product fixed
effects (1, and y;) were included in the specification, and
the error terms were allowed to be correlated within
substances.

To study if the functional form of the preferred
specification was too restrictive, we also estimated
a specification where D_PiSubstancey,, D_PiE,,
InN_PiSubstance,, and [nN_PiE, were replaced by ten
indicator variables for number of parallel trades within
the substance and exchange group, respectively. In this
specification, the lags of the ten indicator variables were
used as instruments instead of D_PiSubstances, 1
D_PiE; ;, ,, InN_PiSubstance; , |, and [nN_PiE; , i;
otherwise the specifications were identical to the pre-
ferred specification.

Descriptive statistics are presented in Table 2.

Regression results
The estimation results for the preferred specification are
presented in Table 3, while model checks, results from
ordinary least square regressions, and robustness analy-
ses are presented in the Appendix. The results for the
lag of the dependent variable ({nP; , ;) show that prices
reacted slowly to changes in competition. Taking one
minus the coefficient for /nP; ,_, and multiplying by 100
reveals that only 4 and 8% of the long-term effects were
realized immediately in the two sample, respectively.

The coefficients for the eight competition variables
show their short-term effects, whereas dividing them by

one minus the coefficient for InP; ,_, yields their long-
term effects. To obtain the exact effect in percentage
terms, the formula 100 [exp(B) — 1] should be applied,
in which B is the coefficient estimate, or long-term esti-
mate, of interest.

For the first study period, the estimates for D_ PiSub-
stancey, and InP; ;_; show that the first parallel trader
selling products with the same active substance, but
which were not exchangeable with product i, reduced
the price of product i by 0.17% in the short-term and
3.9% [~0.17/(1-0.9568)] in the long term. If the paral-
lel trader instead sold an exchangeable product, so that
D _PiE,;, also equaled one, the price fell by an additional
2.7% in the long term. Additional parallel importers only
reduced the price if they sold exchangeable products, but
in this case the effect was small as well; if the sellers of
exchangeable products increased from one to three, the
price was reduced by 2.2% in the long term.

The differential dinP]/dD_PiSubstance], shows the
weighted average long-term effect of facing competition
from at least one parallel importer selling the same sub-
stance.” Applying the formula 100 [exp(—0.0601) — 1],
the effect equaled a price reduction by 5.83% for the
first study period. In comparison, the raw (unweighted)
average price reduction equaled 5.47%. The results are
similar to those reported for tablets and capsules by
Granlund [9]. For example, the long-term effect of a first
parallel trader that also sold exchangeable products was
estimated to be —7.0% by Granlund [9], whereas here it
was — 6.5%.

®The  differential  dInPf/dD_PiSubstancef, ~ was  defined  as
(By+myfy+myfs+m,pB,)/(1—06), in which m,, m;, and m, are the within-
sample weighted means of D_PiE;, InN_PiSubstancey, and [nN_PiE,,
respectively, when D _ PiSubstance,=1.
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Discounts forbidden
Oct. 2002-Oct. 2007

Discounts allowed
Jan.2011-Dec. 2017

InP; ., 0.9568*** 0.9171%%*
(0.0055) (0.0174)
D_PiSubstance, —0.0017%** —0.0012
(0.0006) (0.0009)
D_PiE;, —0.0012* —0.0003
(0.0007) (0.0005)
InN _PiSubstance, 0.0001 —0.0002
(0.0004) (0.0008)
InN _PiE, —0.0010* 0.0009
(0.0006) (0.0008)
D_Th, —0.0001 0.0005
(0.0008) (0.0019)
D_ThGen,, —0.0007 0.0002
(0.0006) (0.0012)
InN_Th; —0.0012 —0.0026%*
(0.0012) (0.0012)
InN_ThGen,, 00010 —00011
(0.0007) (0.0015)
dInP} /dD_PiSubstance}, —0.0601%** —0.0128
(0.0151) (0.0116)
Observations 119,945 90,228
R? 0.9183 0.8797
K-P rk LM 72.9704 65.2018
K-P rk LM, p-value 0.0000 0.0000
Hansen J, p-value 0.1293 0.1792

Note: See Table 1 for variable definitions. The specifications include product-
specific fixed effects and 58 and 81 indicator variables for months, respectively.
In the first-stage regressions, data from Oct. 2002-Oct. 2007 and Jan. 2011-Dec.
2017 were used. K-P rk LM refers to the Kleibergen-Paap rk LM statistic, which
indicates the strength of the instruments. The null hypothesis in the K-P test is
that the model is under-identified. The null hypothesis for the Hansen J test is
that the instruments are valid, i.e., uncorrelated with the error term. Standard
errors, robust to correlations within substances, are given in parentheses. ***, **,
and * indicate that the coefficient is significantly different from zero on the 1, 5
and 10% significance levels, respectively. The estimation results for the indicator
variables for months and for the first-stage regressions are available on request.
In short, the first-stage regressions show that their own lag is the strongest
instrument for each of the eight competition variables, with t-values ranging
from 12 to 143 and point estimates from 0.67 to 0.93, and the R? for the first
stage regressions range from 0.49 to 0.89

Column 3 of Table 3 shows that competition from parallel
imports had no significant effect on the list prices of locally
sourced products in the study period when discounts were
allowed. Also, the weighted average effect of facing compe-
tition from at least one parallel importer selling the same
substance was at the 5% level significantly smaller in the
second study period compared with the first study period.

Figure 1 shows that similar results were obtained when
instead using a more flexible specification with indicator
variables for the numbers of parallel importers. However,
for the period when discounts were forbidden, the confi-
dence intervals were larger when indicator variables were
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used, which resulted in some estimates not being statis-
tically significantly different from zero. For the period
when discounts were allowed, the most notable differ-
ence was that the indicator variable for five parallel trad-
ers selling products with the same active substance was
significantly different from zero, while no significant esti-
mate was obtained using the preferred specification.
Regarding the results for therapeutic competition,
there were no statistically significant price effects in the
first study period. For the second study period, the esti-
mates for D_Th,, and D_ThGen,, imply that there was
no significant price effect from a first therapeutic com-
petitor, but the estimates for [nN_ Th;, and InN _ ThGen,,
indicate that prices fell with additional competitors.

Total savings of parallel imports when discounts
were forbidden

The pharmaceutical costs in the absence of parallel
imports were calculated by multiplying the sold quan-
tity of all products (both locally sourced products and
parallel imports) by the price that locally sourced prod-
ucts would have had in the absence of parallel imports.'°
The savings are the difference between this cost and the
actual cost. The savings were calculated using data from
January 2003—October 2007 (i.e., for the period used in
the second stage of the IV regressions) and divided into
one direct and two indirect parts; one for locally sourced
products and one for parallel-imported products.

The direct savings consists of the sum over all paral-
lel-imported products of the number of packages sold
multiplied by the price difference between these and
their locally sourced counterparts. Parallel imports were
on average 9% cheaper than locally sourced products,
yielding an average annual direct saving of 231 million
SEK (24 million Euros) in 2017 prices.'! After discounts

10 This means that the total quantity (including both parallel imports and
locally sourced drugs) are assumed to be unaffected by the price. If this
assumption does not hold, the saving should only be interpreted as an esti-
mate of how much more the sold pharmaceutical quantities would have cost
without parallel imports. If, instead, a price elasticity of 0.2% is assumed (as in
[15]), parallel imports would have been estimated to have reduced the expen-
ditures by 80% of the figures reported in this paper. However, in this case, par-
allel imports would have also resulted in consumer surplus from additional
quantities used. As reported by Kanavos and Costa-Font [7], estimates on the
demand elasticity for prescription pharmaceuticals range from close to 0 to
—0.33.

1 In 2017, the average exchange rate was 9.64 SEK for one EURO. For 17%
of the observations of parallel-imported products, locally sourced prod-
ucts with the same active substance, form of administration, strength, and
package size were not available in the same month. For these observations,
the relative price has been assumed to equal the weighted average relative
price of parallel-imported products in this month. As weight, we used the
product of the number of sold packages of the parallel imported product
and the price of the locally sourced product, i.e., the sales values the paral-
lel imports would have had if they had been sold at the same price as the
locally sourced products.
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Fig. 1 Estimated long-term price effects in percentages of the number of parallel traders selling products with the same active substance and
exchangeable products, respectively; comparison of logarithmic-form and flexible-form estimates. The effects in the left panels are plotted holding
N _PiE; at zero, while the effects in the right panels are plotted holding N_PiSubstance,, equal to N_PiE;, see Table 1 for variable definitions. The

itr

smooth lines are the long-term effects predicted from the preferred specification of D_PiSubstance,, and InN _PiSubstance; (left panels) and of

and InN _PiE;; (right panels). The gray area shows the associated 95% confidence intervals. Dummy point
est. shows the long-term effects of indicator variables for the numbers of N_PiSubstance,, (left panels) and for the numbers of N_PiSubstance,, and
N _PiE; (right panels), and Dummy Cl, upper and Dummy Cl, lower show the lower and upper bounds of the associated 95% confidence intervals.
These estimates come from an IV specification including indicator variables for the numbers of parallel importers. However, groups with few
observations were grouped together to avoid indicators that take the value of one for less than 1% of the observations. The estimates for these
merged groups are plotted at the average value of N_PiSubstance,; and N_PiE;, in each merged group, respectively

were allowed, the gaps in list prices between parallel
imports and locally sourced drugs were on average only
0.8%."

The indirect savings for locally sourced products were
calculated as the total sales value of locally sourced prod-
ucts for which D_ PiSubstance,= 1, multiplied by 0.0619,
which shows in decimal form the estimate of how much
more expensive the products would have been if they

12 Allowing for correlation within substances, the standard error for the price
difference is only 0.3%, implying that 0.8% is statistically significantly different
from zero.

had not faced competition from parallel imports.'® These
savings were estimated to average 260 million SEK (27
million EUR) per year. The indirect savings for parallel-
imported products were calculated correspondingly,
except that we used the sales values that would have
existed if these products had been sold at the same price
as the locally sourced products. This yielded an estimated

13 The value 0.0619 is calculated with the equation C/(1 - C), in which
C=0.0583 is the weighted average long-term reduction in prices resulting
from competition from at least one parallel imported product, as reported in
the previous section. The formula reflects that a price cut of 5.83% must be
followed by a price increase of 6.19% to be fully off-set.
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Fig. 2 lllustration of average yearly savings for January 2003-October 2007. LS refers to locally sourced products; Pl refers to parallel-imported
products. The amounts are measured in million SEK of pharmacies’ purchase prices and are expressed in year 2017 prices. In 2017, the average

average indirect savings for the parallel imports of 161
million SEK (17 million EUR) per year.

The savings are illustrated in Fig. 2 and summarized in
Table 4. The rectangle of Fig. 2 illustrates how large the
annual expenditure on patent prescription pharmaceu-
tical was estimated to have been without competition
from parallel imports. For locally sourced products that
did not face competition from parallel imports, no sav-
ings occurred. The savings for the other two categories
are illustrated in the upper right corner of the figure. All
in all, the estimated annual savings generated by paral-
lel imports of pharmaceuticals before discounts were
allowed totaled 652 million SEK (= 260+ 161+ 231) (68
million EUR). This amounts to 4% of the 16.619 billion
SEK that on-patent prescription pharmaceuticals were
predicted to have cost without parallel imports.

In Table 4, Column 2 reports the point estimates, and
Column 3 reports the 95% confidence intervals (95% CI)
that reflect uncertainty in the estimated price effects of
competition from parallel imports only. The last column
reports the ClIs from a probabilistic sensitivity analy-
sis (PSA) that also accounted for variability in competi-
tion from parallel imports, market shares, and relative
prices. The Cls are further described and discussed in the
Appendix.

Discussion and conclusions

When discounts were forbidden, parallel imports had
a market share of 16% and were on average 9% cheaper
than locally sourced drugs, which directly reduced the
cost for on-patent pharmaceuticals by 1.4%. Additionally,

we estimated that parallel imports reduced the prices
of products with the same substance by, on average, 6%
in the long-term. Combining this with the share facing
competition from parallel imports indicates that, in total,
parallel imports reduced the cost of on-patent pharma-
ceuticals by 4%.

The estimated price-effects of competition from par-
allel imports are significantly lower than reported by
previous studies [3-5] that used possible endogenous
instruments, such as exchange rates. A main advantage
of the dynamic model used in this study is that the lagged
dependent variable controls for previous price shocks,
which makes lagged values of the competition variables
valid instruments for the current values. This provides

Table 4 Predicted savings with Cls, in millions SEK

Point estimate  95% Cl 95% CI PSA

estimation

uncertainty
Direct savings 231 113-375
Indirect LS 260 130-394 134-424
Indirect Pl 161 81-245 81-271
Indirect LS+ Pl 421 211-638 223-679
Direct+indirect Pl 393 312-476 238-577
Total savings 652 442-869 391-968

Note: The asymmetry in the Cls in Column 3 is explained by the concavity of C/
(100 - C) (described in footnote 13), which is only partly offset by the convexity
of C=100*[exp(B)-11. For the PSA Cls, the randomness of the Monte Carlo
simulations is also a source of asymmetry. In 2017, the average exchange rate
was 9.64 SEK for one EUR
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enough strong instruments to estimate the price effects
of competition from parallel imports on both the exten-
sive and intensive margin and to do this using flexible
specifications. A drawback of the dynamic model is that
including a lag of the dependent variable in models with
fixed effects can result in bias [16]. As described in the
Appendix, this bias is expected to be very small for data-
sets with high numbers of time periods, such as those
used in this study. For short study periods, researchers
might have to address this problem by using methods
such as an Arellano-Bond estimator [17], which can, in
turn, make it difficult to find strong instruments for the
competition variables.

For the period when discounts were forbidden, we
found no statistically significant effects on list prices
despite narrow confidence intervals. This strengthens
the conjecture that the preference of locally sourced
product sellers to compete with parallel imports by giv-
ing discounts to pharmacies is a main reason that pre-
vious studies [6—8] have not found significant effects on
list prices when discounts were legal. Some advantages
of using discounts are that they can be quickly reverted
and do not affect the maximum prices producers are
allowed to charge in countries that use external refer-
ence pricing [18].

No estimates exist regarding the discounts given by
sellers of locally sourced products, but the discounts
given by parallel traders have been estimated to be about
470 million SEK per year (49 million EUR)."* This is
within the CI of savings in the pre-reform period caused
by parallel imports having lower prices than their locally
sourced counterparts would have had if their prices
had not been lowered due to competition from parallel
imports (point estimate, 393 million SEK). It is conceiv-
able that allowing discounts had small effects on the total
savings caused by parallel imports, but allowed those sav-
ing to go to pharmacies rather than to consumers and the
pharmaceutical benefit scheme. In the case of Sweden,
the government can easily redirect savings from pharma-
cies to consumers and the pharmaceutical benefit scheme
by changing the formula that dictates how high the prices
pharmacies charge should be in relation to the list prices
they pay when not receiving discounts.

From the results of this study, one cannot draw any
conclusion on whether it is preferable to allow or forbid
sellers of on-patent pharmaceutical to give discounts to
pharmacies, as the savings caused by parallel imports
can be equally large under both conditions. However, the
results clearly show that, from the perspective of pay-
ers in destination countries, it is beneficial to continue

4 Our own calculations based on [19-21].
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allowing parallel imports. Likewise, introducing rules
that are hard to meet for parallel imports—for example
that firms selling pharmaceuticals to pharmacies need to
have large quantities in stock, as suggested by a Swedish
government inquiry—will be costly. From a global wel-
fare perspective, it is harder to draw policy conclusions
regarding parallel trade because the savings of consumers
and insurances come at the expense of reduced revenues
for sellers of locally sourced drugs. To reduce the amount
of parallel trade, these sellers might also increase prices
and delay launch of new drugs in low-income countries,
which could cause welfare losses [22]. Theoretical studies
indicate that the total welfare effects of allowing parallel
trade with pharmaceuticals are generally ambiguous and
partly depend on differences in national pricing rules [23,
24], patients’ preferences [23, 25] and the vertical integra-
tion of trading companies [26].

Appendix

Model checks, OLS results, and robustness analyses
Because non-stationarity can result in spurious results,
we tested for this using the ADF version of a Fisher-type
test, as implemented in xtunitroot in STATA. This test
allows for unbalanced panels with gaps within panels
and rejected non-stationarity of /nP;, at the 1 % level for
both samples. We included panel means and time trends
and tested for non-stationarity both with one lag and
without lags.

The instruments used in the two-stage least squares
estimations were made valid by including the lag of the
dependent variable. This lag controls for previous price
changes, which makes the error term dependent only on
the current price shock. Therefore, the exclusion restric-
tion for the instrument Q; , 3 should be fulfilled as pre-
vious quantities should have no effect on the current
price shock, or in other words, Q; ; ; should not have
any additional effect on prices in month ¢ after control-
ling for prices in month ¢ — 1. Also, if parallel traders and
therapeutic competitors cannot predict the price shock
in month ¢, and hence not ¢, their decisions to be active
in the Swedish market in month t—1 cannot be a func-
tion of ¢,. Therefore, if competitors cannot predict price
shocks of locally sourced products, the one-month lags of
the competition variables should not be a function of ¢
and therefore be exogenous. As the lags of the competi-
tion variables should not have any independent effect on
the dependent variable except through the endogenous
variables and the lag of the dependent variable, the exclu-
sions restrictions for them should therefore be fulfilled.

However, competitors might be able to predict price
shocks of locally sourced products if the error-terms
are serially correlated. Therefore, we tested for serial
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correlation up to the third order using the test proposed
by Cumby and Huizinga [27]. The null hypothesis of no
serial correlation of the second order was rejected at the
5% significance level for the first estimation presented in
the paper. Still, the Hansen ] test (reported in Table 3)
does not reject that the instruments are valid, suggest-
ing that the serial correlation must be small. The first
lags of the competition variables would be invalid instru-
ment if firms, when they in month ¢ — 3 decides whether
or not to have a price for month ¢t—1, can predict the
error term for month ¢. Because prices for month ¢t —2 is
announced in month ¢ — 3, firms can partly do this if they
have information about serial correlation of the second,
or higher, order, but serial correlation of the first order is
not problematic in this respect. Estimations using a gen-
eralized linear model accounting for serial correlation up
to order three confirmed that the serial correlations of
order two and three are small even though three of them
are statistically different from zero. In the first and sec-
ond datasets the estimated correlations are respectively
0.03 and —0.01 between ¢, and ¢; ,_,, and 0.01 and —0.02
between ¢, and ¢; ;, ».

With a correlation of 0.03 between ¢, and ¢; ,_,, firms
could (if they had estimated models like those presented
here) predict 3% of the variation in ¢; when taking deci-
sions that affect the value of the first lags of the competi-
tion variables. This could cause a small bias. For example,
based on Monte Carlo simulations, Keele and Kelly [28]
reported biases of less than 1 % for both the short- and
long-term effects when the correlation coefficient is 0.10.
The bias would be smaller if the second lags of the com-
petition variables were used as instruments instead of
the first lags, because ¢;, is less correlated with ¢; ,_5 than
with ¢ ; ,. Tables 5 and 6 therefore report estimation
results obtained when using second lags of the competi-
tion variables as instruments (specification IV 2). Using
second lags reduces the number of observations. There-
fore, to separate direct effects of the choice of instru-
ments from the effects of changed sample, we report the
results obtained by using first lags on the samples used
for specification IV 2 (specification IV 1 s2). To facili-
tate comparisons, the other specifications presented in
Tables 5 and 6 are also estimated on the same samples.
The results of specifications IV 2 and IV 1 s2 are similar,
which indicates that the choice of instruments had minor
effects on the results and confirms that the possible bias
is small. Additionally, comparison with the results of
Table 3 shows that using slightly smaller samples had no
important effect on the results.

Specification IV 1 s2 cl5 only differs from specification
IV 1 s2 by allowing error terms to be correlated within
therapeutic groups (ie., 5-digit ATC groups) instead
of within substances (i.e., 7-digit ATC groups). Tables 5
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and 6 show that the results are robust to this choice of
clustering unit. In the first study period, most estimated
standard errors are identical up to the fourth decimal.
In the second study period, the standard errors change
slightly more but do not alter the conclusion that paral-
lel imports had no significant effect on list prices in that
period.

Tables 5 and 6 also reports ordinary least squares
results for the preferred specifications as well as for a
static specification. IV results are not reported for the
static specifications because we lack instruments that are
valid when the lagged dependent variable is not included.
This is because, without the lagged dependent variable,
the error term is a function of past price shocks which
makes lagged variables of number of competitors invalid
as instruments.

As for the results obtained for the dynamic speci-
fications for the first study period, the negative point
estimates for the effects of competition from paral-
lel imports become slightly less negative when OLS
is used. As a result, the estimate for the differential
dInP} /dD_PiSubstance},, which shows the weighted
average long-term effect of competition from at least
one parallel importer selling the same substance,'® falls
by about 1 %age point in absolute size when OLS is used.
For the second study period, the estimates for D_ PiSub-
stancey, and D_ PiE;, change oppositely when OLS is used
instead of IV, but the sum of the estimates for these two
variables are nearly unaffected.

The differences between the dynamic and static OLS
specifications are larger. The static specification gives
significantly positive estimates for [nN_PiE; in both
study periods, indicating that reverse causality (that par-
allel traders are attracted to exchange groups with high
prices) dominates for this variable. This is one indica-
tion of that the static OLS specification is not a valid
specification in this setting. In the static specification,
the estimates for the other variables measuring compe-
tition from parallel imports either becomes more posi-
tive or is amplified by less than what is required to give
the same long-term effects as in the dynamic specifi-
cation. Specifically, the negative estimates are ampli-
fied by less than 1/(1 — 6), where 0 is the parameter for
nP;; | in the dynamic specification. As a result, the dif-
ferential dinP}/dD_PiSubstance], becomes positive for
both study periods when the static OLS specification is
used. Overall, the results in Table 5 indicate that includ-
ing the lagged dependent variable (/nP; , ;) reduces the

5 The  differential  dInPf/dD_PiSubstancel, = was  defined  as
(By +myfsy+myPfs+myB,)/(1—6), in which m,, ms, and m, are the within-
sample weighted means of D_PiE;, InN_PiSubstancey, and I[nN_PiE,,
respectively, when D _ PiSubstance,=1.
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Table 5 Robustness checks for Oct. 2002-Oct. 2007, estimation results for InP;,

\"] IV1s2 IV1s2cl5 OLS s2 Static OLS s2
InP, ., 0.9568** 0.9568*** 0.9568*** 0.9568***
(0.0055) (0.0055) (0.0057) (0.0055)
D_PiSubstance, —0.0019*** —0.0017%** —0.001 7% —0.0015%** —0.0106**
(0.0007) (0.0006) (0.0006) (0.0005) (0.0045)
D_PiE; —0.0012 —0.0012* —0.0012 —0.0010* 0.0068
(0.0008) (0.0007) (0.0007) (0.0005) (0.0049)
InN _PiSubstance 0.0000 0.0001 0.0001 0.0001 0.0057
(0.0004) (0.0004) (0.0004) (0.0003) (0.0057)
InN _PiE;, —0.0012* —0.0011* —0.0011* —0.0007 0.0298***
(0.0007) (0.0006) (0.0006) (0.0005) (0.0110)
D_Thy, —0.0002 —0.0001 —0.0001 —0.0002 0.0040
(0.0010) (0.0009) (0.0009) (0.0007) (0.0099)
D_ThGen,, —0.0012** —0.0007 —0.0007 —0.0002 —0.0127%%*
(0.0006) (0.0006) (0.0006) (0.0003) (0.0045)
InN_Th,, —0.0003 —0.0012 —0.0012 —0.0004 —0.0049
(0.0013) (0.0012) (0.0013) (0.0010) (0.0127)
InN _ThGen, 0.0010 0.0009 0.0009 0.0007 —0.0199**
(0.0008) (0.0007) (0.0007) (0.0006) (0.0095)
dInP} /dD_PiSubstance? —0.0671%** —0.0603*** —0.0603*** —0.0496*** 0.0067
(0.0165) (0.0151) (0.0156) (0.0129) (0.0087)
Observations 119,058 119,058 119,058 119,058 119,058
R? 0.9181 0.9181 0.9181 0.9181 0.0201
K-Prk LM 69.1940 729573 41.6238
K-P rk LM, p-val. 0.0000 0.0000 0.0000
Hansen J, p-value 0.1496 0.1346 0.1439

Note: See Table 1 for variable definitions. The specifications include product-specific fixed effects and indicator variables for year x month combinations. In the
first-stage regressions, data from Oct. 2002-Oct. 2007 and Jan. 2011-Dec. 2017 were used. K-P rk LM refers to the Kleibergen-Paap rk LM statistic, which indicates the
strength of the instruments. The null hypothesis in the K-P test is that the model is under-identified. The null hypothesis for the Hansen J test is that the instruments
are valid, i.e., uncorrelated with the error term. Standard errors, robust to correlations within substances, are given in parentheses. ***, ** and * indicate that the
coefficient is statistically significant different from zero on the 1, 5 and 10% significance levels, respectively. The estimation results for the indicator variables for year x

month combinations and for the first-stage regression are available on request

endogeneity problem, but that it can still be important to
instrument potentially endogenous variables.
Simultaneously including fixed effects and a lag of the
dependent variable can cause bias. Fortunately, this bias
in the estimator for the coefficient of the lagged depend-
ent variable (6) decreases in the number of time periods.
According to Nickell [16], the limit of the bias for the
parameter 9 as N approaches infinity can be approximated
by —(1+6)/(T —1), in which N and T are the number of
fixed effects and time periods, respectively. Addition-
ally, for 8=0.9 and when 90% (95%) of the total variance
is due to fixed effects, Nerlove [29] found a bias that was
just 40% (26%) of the bias suggested by the approxima-
tion written above. For the two samples, the fixed effects
explain 93 and 96% of the total variation, and the averages
of time periods a product is included in the analyses are
42 and 43, respectively. With 6-values of 0.96 and 0.92,
respectively, this bias would be about —0.016 and — 0.012,
assuming that the bias is 33% (= (40% +26%)/2) and 26%

of —(146)/(T —1), respectively. Because of the small
magnitudes of the expected biases and since we were not
able to instrument the explanatory variables when using
first-difference transformation, we presented results
from estimations in which we have not accounted for this
small bias. Using the first-difference transformation and
estimators such as the Arellano-Bond estimator gave far
less robust and precise estimates than the chosen partial
adjustment estimator.

To study if the functional form of the preferred speci-
fication is too restrictive to accurately capture the price
effects of the numbers of on- and off patent therapeu-
tic alternatives, we have also estimated specifications
where D_Th,, D_ThGengy, InN_Th,, and InN_ThGen,,
were replaced by 12 indicator variables of N_Th, and
N_ThGen,, in the first study period and 17 indicator vari-
ables in the second study period. In these specifications,
the lags of the indicator variables were used as instru-
ments instead of D_Th, , ,, D_ThGen, , ,, InN_Th,
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Table 6 Robustness checks for Jan. 2011-Dec. 2017, estimation results for InP;

V2 IV1s2 IV1s2cl5 OLS s2 Static OLS s2
InP, 0.9193*** 0.9194*** 0.9194%* 0.9194%**
(0.0177) (0.0176) (0.0202) (0.0176)
D_PiSubstance, —0.0011 —0.0012 —0.0012 —0.0007 —0.0069
(0.0010) (0.0009) (0.0009) (0.0005) (0.0070)
D_PiE;, —0.0005 —0.0003 —0.0003 —0.0006 0.0022
(0.0006) (0.0005) (0.0005) (0.0004) (0.0046)
InN _PiSubstance —0.0003 —0.0001 —0.0001 —0.0001 0.0018
(0.0009) (0.0008) (0.0009) (0.0006) (0.0087)
InN _PiE;, 0.0010 0.0009 0.0009 0.0009 0.01671%**
(0.0009) (0.0008) (0.0007) (0.0007) (0.0061)
D_Th,, 0.0021 0.0010 0.0010 —0.0000 —0.0235
(0.0020) (0.0017) (0.0018) (0.0011) (0.0209)
D_ThGen,, 0.0004 0.0003 0.0003 0.0000 0.0115
(0.0012) (0.0012) (0.0014) (0.0010) (0.0119)
InN _Th; —0.0037** —0.0025** —0.0025* —0.0011 —0.0183*
(0.0015) (0.0012) (0.0014) (0.0009) (0.0101)
InN_ThGen,, —0.0010 —0.0012 —0.0012 —0.0011 —0.0091
(0.0017) (0.0015) (0.0017) (0.0013) (0.0128)
dInP} /dD_PiSubstance? —0.0152 —0.0132 —0.0132 —0.0085 0.0055
(0.0122) (0.0112) (0.0128) (0.0107) (0.0104)
Observations 89,292 89,292 89,292 89,292 89,292
R? 0.8830 0.8831 0.8831 0.8831 0.0122
K-Prk LM 72.1080 65.6942 24.1794
K-P rk LM, p-val. 0.0000 0.0000 0.0000
Hansen J, p-value 0.1830 0.1639 0.1950

Note: See Table 1 for variable definitions. The specifications include product-specific fixed effects and indicator variables for year x month combinations. In the
first-stage regressions, data from October 2002-October 2007 and Jan. 2011-Dec. 2017 were used. K-P rk LM refers to the Kleibergen-Paap rk LM statistic, which
indicates the strength of the instruments. The null hypothesis in the K-P test is that the model is under-identified. The null hypothesis for the Hansen J test is that the
instruments are valid, i.e., uncorrelated with the error term. Standard errors, robust to correlations within substances, are given in parentheses. ***, ** and * indicate
that the coefficient is statistically significant different from zero on the 1, 5 and 10% significance levels, respectively. The estimation results for the indicator variables
for year x month combinations and for the first-stage regression are available on request

1 and InN_ThGen, , ,. Figure 3 show the predicted
price-effects of number of therapeutic alternatives from
these specifications together with the predictions from
the preferred semi-logarithmic specification. The pre-
dictions are similar, but while the predictions from the
preferred specification are not significantly different
from zero in the ranges of the graphs, the flexible speci-
fications indicate that the price-effects of number of
therapeutic alternatives are statistically significant when
the number of alternatives is very high; more precisely,
when the number of on-patent alternatives are eight or
more in the first study period and seven or more in the
second study period, and when the number of off-patent
therapeutic alternatives exceeds five in the second study
period. Lastly, results not presented in figures or tables
show that the estimates for the price effects of competi-
tion from parallel imports were nearly identical for the
flexible specifications and the preferred specification.

Discussion about the confidence intervals reported
in Table 4
Table 4 in the paper lists the point estimates of the savings
together with 95% confidence intervals. The confidence
intervals that only reflect the uncertainty in the estimated
price effects of facing competition from parallel imports are
relevant if one knows: i) the sales values for locally sourced
products facing competition from parallel imports, ii) the
extent of the competition these products face, and iii) mar-
ket shares and relative prices of parallel imports. However,
beforehand also these variables are unknown because they
depend on, among else, the decision of parallel traders and
prescribers, pharmacies policies and patient preferences.
Therefore, Column 4 presents confidence intervals from a
probabilistic sensitivity analysis (PSA) that also accounts for
these sources of uncertainty.

The PSA was performed by making 10,000 independent
draws from the distribution of the estimates for the lag of
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Fig. 3 Estimated long-term price effects in percentages of on- and off-patent therapeutic alternatives, respectively; comparison of logarithmic-form
and flexible-form estimates. The effects in the left panels are plotted holding N_ ThGen,; at zero, while the effects in the right panels are plotted
holding N_Th; equal to N_ThGen,,. The smooth lines are the long-term effects predicted from the preferred specification of D_Th,, and InN_Th;,
(left panels) and of D_Thy, D_ThGeny, InN_Th;, and InN_ThGen; (right panels). The gray area shows the associated 95% confidence intervals.
Dummy point est. shows the long-term effects of indicator variables for the numbers of N_Th;, (left panels) and for the numbers of N_Th;, and
N_ThGen,, (right panels), and Dummy Cl, upper and Dummy Cl, lower show the upper and lower bounds of the associated 95% confidence
intervals. These estimates come from an IV specification including indicator variables for the numbers of therapeutic alternatives. However, groups
with few observations were grouped together to avoid indicators that take the value of one for less than one percent of the observations. The
estimates for these merged groups are plotted at the average value of N_Th, and N_ThGen,, in each merged group, respectively. In the left panels,

the dependent variable and for the variables describing the
extent of competition from parallel imports, and of one of the
61 months in the data. For each month drawn and the follow-
ing eleven months, direct savings, averages values (weighted
with sales) of the four variables describing competition from
parallel imports, and markets share of parallel imports were
calculated. Together with the draws from the distribution of
the estimates, these were used to calculate estimates of yearly
savings. To equalize the expected number of times data from
each month were used, we treated time in a circular manner
meaning that, e.g,, if the 61st month was drawn, also data from
the first 11 month were used to calculate 12-months values.
Column 3 of Table 4 shows the additive property
of the confidence intervals that only accounts for

the estimation uncertainty. For example, the sum of
the confidence interval for Indirect LS and Indirect PI
equals the confidence interval for Indirect LS+ PI,
except from rounding effects, and the widths of the
confidence intervals for Total Savings and Indirect
LS+ PI are equal because Direct savings is not affected
by the estimation uncertainty. This property does not
hold for the confidence intervals from the probabilistic
sensitivity analysis. The reason is that uncertainties in
some variables canceled out at least partially. For exam-
ple, variation in the market shares of parallel imports
affects the PSA confidence intervals for both Indirect
LS and Indirect PI, but do not affect the PSA confidence
interval for Indirect LS+ PI.



Granlund Health Economics Review (2022) 12:46

Abbreviations
Cl: Confidence Intervals; K-P rk LM: Kleibergen-Paap rk LM statistic; PBA: Pharmaceu-
tical Benefits Agency; PSA: Probabilistic sensitivity analysis; SEK: Swedish krona.

Acknowledgements

I'am grateful to IMS Sweden/IQVIA and Vésterbotten County Council for supplying
the data that are used in this article. | also gratefully acknowledge a research grant
from the Swedish Competition Authority [grant number 382/2018].

Code availability
The analysis code is available on request.

Funding

Open access funding provided by Umea University. The research was sup-
ported by the Swedish Competition Authority (grant number 382/2018). The
authority granted an application where the aim of the research and possible
methods was prescribed, but has besides that it had not any influence on the
development of the article.

Availability of data and materials

The datasets generated for the study are available from the author on
reasonable request, except that data on quantities cannot be released
without consent from IQVIA.

Declarations

Ethics approval and consent to participate
Not Applicable.

Consent for publication
Not Applicable.

Competing interests
None.

Received: 23 March 2022 Accepted: 15 August 2022
Published online: 31 August 2022

References

1. Aho E, Johansson P, Rbnnholm G. International price comparison of phar-
maceuticals 2017 — a volume based analysis of Swedish pharmaceutical
prices and volumes relative to 19 other European countries. The Dental
and Pharmaceutical Benefits Agency.

2. West P, Mahon J. Benefits to payers and patients from parallel trade. York:
York Health Economics Consortium; 2003.

3. Ganslandt M, Maskus KE. Parallel imports and the pricing of pharma-
ceutical products: evidence from the European Union. J Health Econ.
2004,23(5):1035-57.

4. Granlund D, Kdksal-Ayhan MY. Parallel imports and mandatory substitu-
tion reform-a kick or a muff for price competition in pharmaceuticals?
Eur J Health Econ. 2015;16:969-83.

5. Granlund D, Kdksal-Ayhan MY. EU enlargement, parallel trade and price
competition in pharmaceuticals: has the price competition increased?
The B.E. J Econ Anal Policy. 2016;16:1069-92.

6. Vandoros S, Kanavos P. Parallel trade and pharmaceutical prices: a game-
theoretic approach and empirical evidence from the European Union.
World Econ. 2014;37(6):856-80.

7. Kanavos P, Costa-Font J. Pharmaceutical parallel trade in Europe: stake-
holder and competition effects. Econ Policy. 2005;20(44):751-98.

8. Kanavos P, Vandoros S. Competition in prescription drug markets: is paral-
lel trade the answer? Manag Decis Econ. 2010;31(5):325-38.

9. Granlund D.The price effects of competition from parallel imports and
therapeutic alternatives: using dynamic models to estimate the causal effect
on the extensive and intensive margins. Rev Indust Organ. 2022;60(1):63-92.

10. Dental and Pharmaceutical Benefits Agency. TLVFS 2009:4, Tandvards- och
lakemedelsformansverkets foreskrifter och allmanna rad om prissattning
av utbytbara ldkemedel och utbyte av ldkemedel m.m. [Dental- and Phar-
maceutical Benefit Agency’s regulations and general advices about price

Page 14 of 14

setting of exchangeable pharmaceuticals and substitution of pharmaceu-
ticals etc] (in Swedish) 2009. http://www.tlv.se. Accessed 2 Apr 2012.

11. Pharmaceutical Benefits Agency. LENFS 2003:1, Lédkemedelsférman-
snamndens foreskrifter om ansdkan och beslut hos Lakemedelsférman-
snamnden. 2003. [The Pharmaceutical Benefits Board's regulations about
applications and decisions at the Pharmaceutical Benefits Board] (in
Swedish) https://www.tlv.se/download/18.73f061881604dfc0a6ca916/
1513168391008/ LFNFS-2003-1.pdf. Accessed 10 June 2020.

12. Pharmaceutical Benefits Agency. LFNAR 2006:1, Lakemedelsforman-
snamndens allmanna rad om grunder for prishojningar pa lakemedel.
2006. [Guidelines Concerning Price Increases of Pharmaceuticals from
the Pharmaceutical Benefits Board]. (in Swedish) www.tlv.se/download/
18.7€3d365215ec82458645b2/1510316403476/LAG-Ifnar-2006-1.pdf.
Accessed 10 June 2020.

13. Reje L, Ohlsson U, Landgren F, Erlinge B, Boman D, Nilsson H. Omregler-
ingav apoteksmarknaden. Huvudbetédnkande av Apoteksmarknadsu-
tredningen [Reregulation of the pharmacy market. Main report of the
Pharmacy Market Inquiry] (in Swedish) SOU 2008:4.

14. Bolotova Y, Connor JM, Miller DJ. The impact of collusion on price
behavior: empirical results from two recent cases. Int J Indust Organ.
2008;26(6):1290-307.

15. Linnosmaa I, Karhunen T, Vohlonen I. Parallel importation of Pharmaceuti-
cals in Finland. Pharm Dev Regul. 2003;1(1):67-74.

16. Nickell S. Biases in dynamic models with fixed effects, Econometrica. J
Econometr Soc. 1981;49(6):1417-26.

17. Arellano M, Bond S. Some tests of specification for panel data: Monte
Carlo evidence and an application to employment equations. Rev Econ
Stud. 1991,58(2):277-97.

18. Granlund D.The effect of pharmacies'right to negotiate discounts on the
market share of parallel imported pharmaceuticals, the B.E. journal of.
Econ Anal Policy. 2015;15(3):1197-235.

19. Dental- and Pharmaceutical Benefit Agency. 2014/2015 ars Gversyn av apotek-
ens handelsmarginal - slutrapport. 2015. [The years 2014/2015's review of the
pharmacy trade margin —final report] (in Swedish) https//www.tlv.se/downl
0ad/18.1d85645215ec7 de2846bf339/1510316371481/0versyn_apotekens_
handel_marginal_del_5_slutrapport.pdf. Accessed 10 June 2020.

20. Dental- and Pharmaceutical Benefit Agency. 2017 ars uppfoljning av
apoteksmarknadens utveckling. 2018. [The year 2017's follow-up of
pharmacy market development.] (in Swedish) https://www.tlv.se/
download/18.13a4b04161527df3769591a/1517836689989/uppfo
lining_av_apoteksmarknadens_%20utveckling_2017.pdf. Accessed 10
June 2020.

21. Dental- and Pharmaceutical Benefit Agency. 2018 ars uppfoljning av
apoteksmarknadens utveckling. 2018. [The year 2018's follow-up of phar-
macy market development] (in Swedish) https://wwuw.tlv.se/download/
18.192533fa166f516fb27da81b/1542378329327/uppfoljining_av_apote
ksmarknadens_utveckling_2018.pdf. Accessed 10 June 2020.

22. Kyle M. Pharmaceutical price controls and entry strategies. Rev Econ Stat.
2007;89(1):88-99.

23. Jelovac |, Bordoy C. Pricing and welfare implications of parallel imports in
the pharmaceutical industry. Int J Health Care Finance Econ. 2005;5(1):5-21.

24. Bennato AR, Valletti H. Pharmaceutical innovation and parallel trade. Int J
Indust Organ. 2014,30:83-92.

25. Matteucci G, Reverberi P. Drug innovation, price controls, and parallel
trade. Int J Health Econ Manag. 2017;17(2):159-79.

26. Ganslandt M, Maskus KE. Vertical distribution, parallel trade, and price
divergence in integrated markets. Eur Econ Rev. 2007;51(4):943-70.

27. Cumby RE, Huizinga J. Testing the autocorrelation structure of distur-
bances in ordinary least squares and instrumental variables regressions.
Econometrica. 1992;60(1):185-95.

28. Keele L, Kelly NJ. Dynamic models for dynamic theories: the ins and outs
of lagged dependent variables. Polit Anal. 2006;14(2):186-205.

29. Nerlove M. Experimental evidence on the estimation of dynamic
economic: relations from a time series of cross-sections. Econ Stud Q.
1967;18(3):42-74.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


http://www.tlv.se
https://www.tlv.se/download/18.73f061881604dfc0a6ca916/1513168391008/%20LFNFS-2003-1.pdf
https://www.tlv.se/download/18.73f061881604dfc0a6ca916/1513168391008/%20LFNFS-2003-1.pdf
https://www.tlv.se/download/18.7e3d365215ec82458645b2/1510316403476/LAG-lfnar-2006-1.pdf
https://www.tlv.se/download/18.7e3d365215ec82458645b2/1510316403476/LAG-lfnar-2006-1.pdf
https://www.tlv.se/download/18.1d85645215ec7%20de2846bf339/1510316371481/oversyn_apotekens_handel_marginal_del_5_slutrapport.pdf
https://www.tlv.se/download/18.1d85645215ec7%20de2846bf339/1510316371481/oversyn_apotekens_handel_marginal_del_5_slutrapport.pdf
https://www.tlv.se/download/18.1d85645215ec7%20de2846bf339/1510316371481/oversyn_apotekens_handel_marginal_del_5_slutrapport.pdf
https://www.tlv.se/download/18.13a4b04161527df3769591a/1517836689989/uppfoljning_av_apoteksmarknadens_%20utveckling_2017.pdf
https://www.tlv.se/download/18.13a4b04161527df3769591a/1517836689989/uppfoljning_av_apoteksmarknadens_%20utveckling_2017.pdf
https://www.tlv.se/download/18.13a4b04161527df3769591a/1517836689989/uppfoljning_av_apoteksmarknadens_%20utveckling_2017.pdf
https://www.tlv.se/download/18.192533fa166f516fb27da81b/1542378329327/uppfoljning_av_apoteksmarknadens_utveckling_2018.pdf
https://www.tlv.se/download/18.192533fa166f516fb27da81b/1542378329327/uppfoljning_av_apoteksmarknadens_utveckling_2018.pdf
https://www.tlv.se/download/18.192533fa166f516fb27da81b/1542378329327/uppfoljning_av_apoteksmarknadens_utveckling_2018.pdf

	Direct and indirect savings from parallel imports in Sweden
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Rules regarding parallel imports
	Methods
	Data
	Estimation of price effects and descriptive statistics

	Regression results
	Total savings of parallel imports when discounts were forbidden
	Discussion and conclusions
	Acknowledgements
	References


