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Adolfo Figueirase

aDepartment of Medical Sciences and Institute for Biomedicine – iBiMED, University of Aveiro, Campus Universitário

de Santiago, 3810-193, Aveiro, Portugal
bCESPU, Instituto de Investigac�~ao e Formac�~ao Avanc�ada em Cîencias e Tecnologias da Sa�ude, Rua Central de Gandra,
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ABSTRACT

Pharmacovigilance systems are important to monitor the safety of on-market drugs

after approval. The aim of this study was to assess the impact of rosiglitazone

safety alerts on trends in the sale of rosiglitazone and other oral antidiabetic drugs.

An ecological study was conducted, using temporally aggregated data and linking

safety alerts to countrywide sales of all oral antidiabetic drugs in Portugal from

January 2002 to December 2012. Sales figures for oral antidiabetic drugs mar-

keted in Portugal were supplied by IMS Health Portugal with a breakdown by

active substance and fixed combinations. The number of defined daily doses per

1000 inhabitants per day (DIDs) of each oral antidiabetic drug sold to the esti-

mated diabetic population using oral antidiabetic drugs in Portugal was calculated.

Particular attention was paid to the case of rosiglitazone, with the results being

adjusted for changes in rosiglitazone reimbursement policies. A total of four safety

alerts were issued about rosiglitazone. Rosiglitazone sales registered an increase of

32.9% (0.202 DIDs; P < 0.001) after the first alert (risk of macular oedema or

worsening of pre-existent macular oedema) in January 2006. After subsequent

alerts about cardiovascular risks, this trend was not, however, repeated and sales

fell. Following the January 2006 and January 2008 safety alerts, rosiglitazone

sales described a long-term downward trend, with decreases of 3.75% (�0023

DIDs; P > 0.05) and 0.24% (�0.001 DIDs; P > 0.05), respectively. It is important

to promote the dissemination and publication of drug safety alerts.

INTRODUCT ION

Drug safety information at the time a new drug is

placed on the market is limited; consequently, drug

authorities have developed and implemented pharma-

covigilance systems that monitor the safety of on-

market drugs after approval [1]. If a signal is detected,

there is a benefit–risk evaluation, which can affect deci-

sion-making in different ways, ranging from direct

communication to health professionals in the form of a

‘Dear Doctor’ letter, restriction to approved indications,

new contraindications, new or reinforced warnings,

urgent safety restrictions, or even suspension or with-

drawal of marketing authorization [2,3].
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Rosiglitazone is an oral antihyperglycaemic agent,

from the group of thiazolidinediones, used to maintain

glucose homoeostasis and control type 2 diabetes, and

is one example of the importance of the role of phar-

macovigilance. According to the Portuguese Guidelines

of the Directorate-General of Health, thiazolidinediones

are important to the management of diabetes type 2 in

double therapy when patients show marked resistance

to insulin [4].

The drug was first authorized in Portugal in July

2000, and several safety alerts have been published

[5–7] following its market suspension in November

2010 [6,8–10].
Previous studies have assessed the impact of safety

alerts on drug prescribing, dispensing and sales [11–
18], with inconsistent results [19,20]. In the case of

rosiglitazone, the safety alerts also had an uneven

impact on drug sales in different settings [13–17], and
there are authors who report a delay in the effect of

such alerts.

Accordingly, this study sought to evaluate the

impact of these measures in Portugal by: (i) analysing

the impact of rosiglitazone safety alerts on sales trends

for rosiglitazone and other oral antidiabetic drugs

(OAD); and (ii) comparing the impact of different types

of rosiglitazone safety alerts according to the nature of

the alert (ocular or cardiovascular risk).

MATER IALS AND METHODS

Settings

The study covered almost the entire Portuguese popu-

lation, using data on total sales of oral antidiabetic

drugs (not including insulin). Prevalence of diagnosed

diabetes in Portugal is 7.2%, with 90% of those

affected having type 2 diabetes and thus being poten-

tial users of oral antidiabetic drugs [21].

The Portuguese National Health Service is universal,

general and largely free of charge. Moderate fees are

applied according to each person’s individual situation,

for example with exemptions for pregnant women, chil-

dren aged under 12 years, economically inactive per-

sons, blood donors, alcoholics and drug dependents

while in recovery programmes, and patients with

chronic diseases such as diabetes [22]. Reimbursement

policies vary according to patients’ financial and clini-

cal situation [23,24].

Rosiglitazone was first authorized on 11 July 2000,

and four alerts were issued over the course of its lifes-

pan, namely in January 2006, May 2007, January

2008 and September 2010. In November 2010, the

drug was suspended. The first alert – alert a) in Jan-

uary 2006 – voiced safety concerns about rosiglita-

zone-related development of macular oedema or

worsening of pre-existing macular oedema. The second

alert – alert b) in May 2007 – was issued after the

publication of a meta-analysis that associated rosiglita-

zone use with increased risk of myocardial infarction

and risk of death. The third alert – alert c) in January

2008 – recommended that the patient leaflet and sum-

mary of the product’s characteristics be updated; and

lastly, the fourth alert – alert d) in September 2010 –
recommended the market suspension of the drug due

to its association with increased risk of cardiovascular

complications. Reimbursement policies also changed

during the time that rosiglitazone was on the market,

with the rate rising from 20% during the period July

2003–December 2006 (the rate for other OAD was

95%) to 95% in January 2007 (being equal to other

OAD).

Design

The study had an ecological design, using temporally

aggregated (monthly) data on the sales of all oral

antidiabetic drugs in Portugal across the period Jan-

uary 2002–December 2012. Although the impact of

safety alerts on rosiglitazone has been described in the

USA [12,16,17,25] and Europe [13,15,18], relatively

little is known about rosiglitazone sales trends in Por-

tugal following safety alerts. The study was conducted

after the market withdrawal of rosiglitazone, thus not

influencing sales in any way.

Variables and data sources

A search was made in the National Portuguese

Authority for Medicines & Health Products (Autoridade

Nacional do Medicamento e Produtos de Sa�ude I.P. –
INFARMED) website [26], which is updated daily, and

the Pharmacovigilance Bulletin (PhB) [27] published

quarterly by INFARMED. The data retrieved were sup-

plemented with information posted on the European

Medicines Agency (EMA) website [10]. Selection was

based on the type of alert, specifically targeting those

relating to drug safety.

Data on the sale of oral antidiabetic drugs (not

including insulin) by distributors to pharmacies were

supplied by IMS Health Portugal. Active substances

were classified according to the WHO Anatomical

Therapeutic Chemical Index 2013 and were used to

obtain the defined daily dose (DDD) per 1000
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inhabitants per day (DID) for each pharmaceutical pre-

sentation [11,14,28].

A breakdown of sales trends of all oral antidiabetic

drugs marketed in Portugal was obtained by active

substance and fixed combination. We then calculated

DDDs per presentation of active substance per month

and the number of DIDs sold (DDDs per thousand

inhabitants per day by the estimated diabetic popula-

tion using oral antidiabetic drugs in Portugal) for each

oral antidiabetic drug [20,28]. Results were adjusted

both for changes in the rosiglitazone reimbursement

rate (from 20%, [29] to 95%, [30]) and, due to Por-

tuguese Government budgetary constraints, for the

change in the reimbursement rate for all oral antidia-

betic drugs to 90% in October 2010 [23,24].

Statistical analysis

A segmented regression analysis model [31] was

designed to analyse the differences observed after each of

the four rosiglitazone safety alerts. Values were deemed

significant in any case where P < 0.05. The 95% confi-

dence interval (95% Confidence Interval) for the coeffi-

cients (postalert changes in DIDs in the short term and

long term, and associated with a unit of time, i.e. month)

[32] afforded 95% assurance of nonrandom information

per alert. The dependent variable was defined as the DID

per active substance (rosiglitazone and pioglitazone),

group (thiazolidinediones, i.e. rosiglitazone and pioglita-

zone; sulphonylureas; biguanides, gliptins, intestinal

alpha-glucosidase inhibitors and meglitinides) and fixed

combination (metformin–rosiglitazone; metformin–pi-
oglitazone; metformin–vildagliptin; metformin–sitaglip-
tin; glibenclamide–metformin; and glimepiride–
pioglitazone). The independent variables were defined as:

time (t : 1, 2, 3. . .), a binary variable taking values of 0

before and 1 after the safety alert, and used to see the

immediate leap in sales caused by a given safety alert

(short term); and a variable for the time elapsed since

the alert, which took the value of 0 before and values of

1, 2, 3. . . after each alert, and used to see the gradual

change after a given safety alert (long term). These two

variables, defined by short and long periods after safety

alerts, were, respectively, level, that is the value at the

beginning of a given time interval, showing the immedi-

ate value following each change point as a jump or drop

after the safety alert, and trend, that is a given measure’s

rate of change, showing the gradual shift over time after

each safety alert [31].

Values were adjusted for changes in rosiglitazone

reimbursement policies (20%, [29] 95% [30]), using a

binary variable with values of 0 before and 1 after

changes in the reimbursement policy.

The percentage change in sales of oral antidiabetic

drugs following rosiglitazone safety alerts was calcu-

lated on the basis of the coefficients obtained through

statistical analysis of postalert changes in the short and

long term, and on the baseline value, calculated for the

3 months preceding each alert (January 2006, May

2007, January 2008 and September 2010).

RESULTS

Table I shows the lifespan of rosiglitazone from market

authorization to suspension or withdrawal of market-

ing authorization, the outcomes of each safety alert

(identified through the INFARMED and EMA websites

and the INFARMED Pharmacovigilance Bulletin), and

changes in Portuguese reimbursement policies for this

drug.

Figure 1 depicts the sales trends for rosiglitazone and

pioglitazone, by reference to total oral antidiabetic

drugs sold. Rosiglitazone sales showed a statistically

significant short-term increase of 32.9% (0.202 DIDs;

P < 0.001) after the first alert (alert a).

In 2007, following a rise in the reimbursement rate

(r), a sudden increase from 20% to 95%, there was a

new increase in rosiglitazone sales. Subsequently, sales

started to decline, registering an initial short-term

decrease of 7.6% (�0.041 DIDs; P > 0.05) after the

second alert (alert b) and an even greater short-term

decrease of 42.87% (�0.183 DIDs; P < 0.05) after the

third alert, until the drug’s market suspension follow-

ing the fourth alert (alert d).

Figure 1 also shows that pioglitazone sales registered

an increase in January 2010. With respect to long-

term trends, after safety alerts a) and c) rosiglitazone

sales fell by 3.75% (�0023 DIDs; P > 0.05) and

0.24% (�0.001 DIDs; P > 0.05), respectively.

This can be seen in Table II, which shows the differ-

ences in drug sales for the various groups of oral

antidiabetic drugs in the short term immediately fol-

lowing each of the four rosiglitazone safety alerts and

their effect over the longer term. In the short term,

postalert effects were seen as immediate changes in the

DID, and in the long term as changes in the DID asso-

ciated with a unit of time (month).

Pioglitazone displayed a negative short-term trend

after each rosiglitazone alert, which reached statistical

significance after alert c) with a decrease of 0.004

(P = 0.003).
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Combinations of rosiglitazone with other drugs regis-

tered downward sales trends in the short term after

each alert. After alert d), which led to the suspension

of rosiglitazone, the fixed combination of glimepiride–pi-
oglitazone showed a statistically significant rising trend

in both the short (151.0%) and long term (3.6%), with

values of 0.001 (P < 0.001) and 2.383 9 10�5

(P < 0.001), respectively. Metformin–pioglitazone like-

wise displayed an upward trend soon after alert c). The

other alerts were followed by a downward trend in sales

in both the short and long term.

After the last rosiglitazone safety alert, a number of

groups registered statistically significant rising trends in

the short and long term, namely sulphonylureas

[3723.0% (11.655 DIDs; P = 0.001) in the short term

and 421.0% (1.318 DIDs; P < 0.001) in the long term];

intestinal alpha-glucosidase inhibitors [2656.0% (0.611

DIDs; P = 0.001) in the short term and 795.0% (0.183

DIDs; P < 0.001) in the long term]; and the fixed com-

bination of glibenclamide–metformin [5915.0% (0.394

DIDs; P = 0.005) in the short term and 660.0% (0.044

DIDs; P = 0.001) in the long term].

In contrast, other drugs, such as biguanides and the

fixed combinations of metformin–vildagliptin and met-

formin–sitagliptin, displayed an opposite tendency after

the last rosiglitazone safety alert. These active sub-

stances described statistically significant decreasing

trends, with short-term postalert values of 19.0%

(18.100 DIDs; P = 0.001), 18.2% (9.348 DIDs;

P = 0.020) and 48.4% (17.294 DIDs; P < 0.001), and

long-term postalert values of 2.44% (2.301 DIDs;

P < 0.001), 3.1% (1.581 DIDs, P < 0.001) and 3.9%

(1.691 DIDs; P < 0.001), respectively.

DISCUSS ION

Whereas rosiglitazone sales decreased after the safety

alerts which voiced cardiovascular concerns, there was

no such decrease after the safety alert that indicated

risk of macular oedema or worsening of pre-existing

macular oedema. On evaluating the impact of rosiglita-

zone safety alerts, our results show that: (i) the overall

rosiglitazone sales trend was downward; (ii) drug sales

of fixed combinations using rosiglitazone, such as met-

formin–rosiglitazone, also decreased across the study

period; and (iii) rosiglitazone was replaced, not by

drugs from the same pharmacotherapeutic group, but

instead by sulphonylureas (which registered a signifi-

cant increase in sales after the last rosiglitazone safety

alert) [17].T
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As is well known, there are undesirable side effects

associated with the use of drugs, and rosiglitazone is

no exception [7,12–17,19,25,34,35]. Furthermore,

diabetes prevalence levels are high [21] and so oral

antidiabetic drugs are used by a large number of per-

sons worldwide. It is thus important to assess the

impact of safety alerts on drug sales patterns, in order

to assess the efficacy and efficiency of communication

channels in the dissemination of these alerts to health

professionals and patients alike. Rosiglitazone assumes

greater importance due to the cardiovascular effects

associated with its use.

Bearing in mind the adverse events associated with

rosiglitazone use and in line with the literature

[13,14,16,25], our results show that safety alerts pub-

lished by the EMA [36] and INFARMED [5] have an

impact on drug sales.

Assessment of the overall sales trends for rosiglita-

zone in Portugal showed that safety alerts influenced

this oral antidiabetic drug’s market lifespan, a finding

in line with those reported by other studies undertaken

in the United States [12,16,17,25] and Europe

[13,15,18]. Moreover, the effects of such safety alerts

are immediately felt on drug sales. While these results

are consistent with those of Stewart et al. (2009) [17],

they nevertheless differ from some studies which found

that a downward trend in prescriptions only became

observable after several safety alerts [14], and others

which reported that an upward trend in sales was

maintained after alerts, albeit at a lower rate [37].

Comparison of the magnitude of the effect of the

three safety alerts issued in Portugal from 2005 to

2008 indicated a 98.4% decrease in rosiglitazone sales;

and when Ruitter et al. [13] (June 2012) analysed

differences in prescribing trends among general practi-

tioners and specialists in the Netherlands over the

self-same period, they observed that the EMA press

releases were followed by an overall downward trend.

Similarly, Starner et al. [16] (July–August 2008)

reported a 48.8% decrease in the number of rosiglita-

zone users across the period January 2007–May 2008,

a time when there were two safety alerts in Portugal

accompanied by a 31.02% decrease in rosiglitazone

sales. Cohen et al. [25] (April 2010) likewise observed

a 60% decline in rosiglitazone use following FDA warn-

ings between February 2007 and May 2008, a period

during which two safety alerts were issued in Portugal

with an ensuing 42.2% fall in rosiglitazone sales.

Lastly, the study conducted by Shah et al. [12]

(November 2010) revealed a 75.6% drop in the

Figure 1 Sales of rosiglitazone and pioglitazone (DIDs) by reference to the total of oral antidiabetic drugs sold. a) European Regulatory

Authorities issue safety alert about the use of rosiglitazone and macular oedema or the worsening of pre-existing macular oedema

(January 2006). b) European Medicines Agency (EMA) issues safety alert about the cardiac effects of rosiglitazone (May 2007). c) EMA

recommends new warnings and contraindications (January 2008). d) EMA recommends market suspension (September 2010). r) Change

in the rosiglitazone reimbursement policy (from 20% to 95%). DID, defined daily dose/1000 inhabitants/day.
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number of monthly rosiglitazone prescriptions (going

from 1.3 million in January 2007 to almost 317 000

in June 2009) linked to the publication of one alert in

May 2007. During the same period, there were two

rosiglitazone safety alerts in Portugal, one in May

2007 and another in January 2008, and here too

there was a sharp fall in rosiglitazone sales (a 99.3%

reduction in DIDs sold).

Oral antidiabetic drugs were seen to behave differ-

ently according to whether a safety alert was non-

life-threatening or life-threatening. Our results are

consistent with those obtained elsewhere, which report

that non-life-threatening safety alerts either had no

effect [20,38,39] or that the effect was felt only after

several such alerts [14].

After alert a) for ocular problems associated with

rosiglitazone use (non-life-threatening), there was a

change in the reimbursement policies for this drug,

leading to a reduced cost to the patient. Indeed, it is

this very aspect that might have influenced rosiglita-

zone sales, which actually rose after alert a), contrary

to what might have been expected. Changes in reim-

bursement policies might thus have an influence on

drug sales, with lower costs leading to increased sales.

Analysis of the overall sale trends showed that, con-

trary to what might have been expected [17,25], sales

of pioglitazone did not directly increase in response to

the decrease in rosiglitazone sales. This might be

explained by the fact that, after the alerts, not all pre-

scribers chose to replace rosiglitazone with the thiazo-

lidinedione group: some chose other groups, such as

sulphonylureas, intestinal alpha-glucosidase inhibitors

or glibenclamide–metformin in a fixed combination

[15,17]. Fixed combinations containing rosiglitazone

and pioglitazone displayed a tendency to decrease across

the study period, except after alert c), when a short-term

increase was observed in metformin–pioglitazone, some-

thing that might be accounted for by official approval of

marketing authorization in December 2007.

There was a wide variation in the rates of change

registered by the different pharmacotherapeutic groups,

for example following the last rosiglitazone safety alert,

the long-term change in sulphonylurea sales was

421.0% versus 2.4% for biguanides. This might be

explained by the fact that the baseline value of sulpho-

nylurea sales (0.313 DIDs for the 3 months leading up

to the safety alert) was smaller than the baseline value

of biguanide sales (94.2 DIDs). This would mean that

smaller baseline values were accompanied by greater

percentage changes.

This was a countrywide study, and the authors are

unaware of any other study of this type conducted in

Portugal. The study uses data on oral antidiabetic drug

sales to pharmacies in Portugal (thereby giving a close

approximation of real use by the overall population

using this type of medication from January 2002 to

December 2012) to assess trends in drug sales before

and after rosiglitazone safety alerts [17,40]. The data

analysed pertained to rosiglitazone and other oral

antidiabetic drugs, thus enabling drugs used as a post-

alert alternative to rosiglitazone to be studied.

An important limitation of our study is the impossi-

bility of measure some possible interfering factors like

the effect on sales change of new OAD on market

between the study period and the influence of changes

on sociodemographic characteristics of the patients as

a result from the changes in the economic situation of

the country. Other limitation is that the data we used

are sales data, not prescription data, so we cannot

analyse the sales of rosiglitazone alone and the sales of

rosiglitazone with other OAD.

As with any ecological study, other limitation of ours

is the fact that the results cannot be extrapolated at an

individual level. A further limitation is that the applica-

bility of our results to other settings is not known.

One strength was, as previously recommended [40],

the use of an interrupted time series for analysis pur-

poses, with the inclusion of known external factors,

like changes in reimbursement policies, as potential

confounders. On the other hand, other potential con-

founders, such as corporate lobbying, could not be con-

trolled for, and these could have influenced overall

sales trends [17,20,40].

Our results suggest that whereas life-threatening

alerts appear to have a great and almost immediate

impact on drug sales and use, this would not seem to

be the case with alerts which, despite not constituting

a threat to life, are nonetheless important for the

patient’s safety. The precise reasons for these different

responses on the part of health professionals would

have to be studied. Even so, one of these factors is any

change in reimbursement policies that tends to reduce

the cost to the patient. It would therefore be advisable

for health authorities not to reduce the cost to patients

in any case where a drug has become the subject of a

safety alert.

The main conclusion of our study is that a decreased

reimbursement rate might always and quickly follow

an alert and it is a very important concern for sanitary

policy.
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