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Abstract Background: The risk of myocardial infarction, macular oedema and bone frac-
tures associated with thiazolidinediones (TZDs) has been extensively investigated.
Objective: The aim of the study was to verify if the analysis of a large spon-
taneous reporting database could generate early signals on these adverse drug
reactions (ADRs) associated with TZDs.

Methods: A case/non-case study, restricted to antidiabetic drugs, was per-
formed on spontaneous reports of ADRs (2005-2008) in the US FDA Ad-
verse Event Reporting System (AERS). The method was applied to TZDs,
both as a drug class and as single agents. The reporting odds ratio (ROR)
with 95% CI was calculated as a measure of disproportionality in the whole
dataset and in a quarter-by-quarter analysis.

Results: TZD use was registered in 49 589 out of 301 950 drug-reaction pairs
(16%), with significant disproportionality for myocardial infarction (ROR
4.71;95% CI 4.40, 5.05), macular oedema (3.88; 2.79, 5.39) and bone fractures
(1.73; 1.53, 1.96). Separate analysis of the two TZDs showed that only ro-
siglitazone was associated with myocardial infarction (7.86; 7.34, 8.34) and
macular oedema (5.55; 3.94, 7.79), whereas pioglitazone was associated with
multiple site fractures (2.00; 1.70, 2.35), in particular upper and lower limb and
pelvic fractures. The quarter-by-quarter analysis identified disproportionality
for myocardial infarction (3.13; 2.38, 4.10) and bone fractures since January—
March 2005 (2.70; 1.04, 2.78).

Conclusions: The frequency of reporting of myocardial infarction, macular
oedema and fractures was significantly higher for TZDs in comparison with
other antidiabetic drugs, with large intraclass differences. Both myocardial
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infarction and bone fracture signals appeared before major publications on
these safety issues.

Background All these warning data on the safety profile of

Thiazolidinediones (TZDs), rosiglitazone and
pioglitazone, are widely used drugs, alone or in
combination with other glucose-lowering agents,
in the treatment of type 2 diabetes mellitus. TZDs
are agonists for peroxisome proliferator-activated
receptor-y (PPAR-y), which are ligand-activated
nuclear transcription factors that modulate gene
expression, lowering blood glucose mainly by
increasing insulin sensitivity in peripheral tissues.
In the last few years, several warnings on their
safety profile have been raised, concerning, in
particular, a higher cardiovascular risk for ro-
siglitazone compared with placebo or older anti-
diabetic drugs and a higher risk of bone fractures
both in men and women, in particular for piogli-
tazone. The first systematic evidence for the cardio-
vascular risk of rosiglitazone was published by
Nissen and Wolskill in June 2007. On the basis of
a large meta-analysis, the authors concluded that
rosiglitazone increased the risk of myocardial
infarction by about 40% compared with placebo;
this risk was confirmed by further meta-analyses
by Singh et al.,” who also found that the risk of
heart failure was more than doubled, and by an
update of the meta-analysis by Nissen and
Wolski.’l On the contrary, an association with a
significantly lower risk of death, myocardial in-
farction or stroke was found for pioglitazone use
among patients with diabetes,[ but a recent ob-
servational study using medical records and ad-
ministrative data did not detect any difference in
cardiovascular outcomes between the two TZDs. P!

A lot of evidence is also available on the risk of
TZD-associated multiple site fractures both in
women and men.[>7 A case-control analysis pub-
lished in 2009 showed that this risk exists for both
drugs,®! with a recent retrospective cohort study
confirming this risk for women but not for men.”! As
to the risk of macular oedema, a role of TZDs as a
definite cause of its exacerbation in diabetic patients
is based on an exhaustive literature review.['"’
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TZDs affect their benefit-risk ratio, in particular
for rosiglitazone, and have raised the debate as to
whether these drugs should be on the market or
should be withdrawn. Both the US FDA and the
European Medicines Agency (EMA) took action,
restricting rosiglitazone use or withdrawing it
from the market, respectively.l'!-12]

The aim of our study was to verify if the quanti-
tative analysis of large spontancous reporting
databases, such as the FDA Adverse Event Re-
porting System (AERS), could have generated
early signals on the risks associated with TZD
use. To this purpose, myocardial infarction, ma-
cular oedema and bone fractures were selected as
examples of already known TZD-associated re-
actions that arose only several years after mar-
keting approval.

Methods

The AERS is a computerized information
database designed to support the FDA postmar-
keting safety surveillance programme for all ap-
proved drugs and therapeutic biological products.
Healthcare professionals and consumers send re-
ports voluntarily through the MedWatch pro-
gramme or to manufacturers who are required to
send these reports to the FDA as specified by
regulations.['31 The AERS also includes serious
and unlabelled spontaneous reports from non-US
sources, sent mainly by the national/international
Regulatory Agencies for collaborative purposes.
The FDA staff code all reported adverse events
using standardized international terminology, the
Medical Dictionary for Regulatory Activities
(MedDRA®),['*'and use reports from the AERS
in conducting postmarketing drug surveillance
and compliance activities and in responding to
outside requests for information.

The raw data of the AERS database can be
freely downloaded from the FDA website,[!”]
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starting from 2004, but their quality and com-
pleteness improved in 2005.

In the present study, we analysed the reports of
the 4-year period January 2005-December 2008,
during which warnings were issued on TZD use.
For each 3-month period, tables including drug/
biological information for as many medications
as were reported for the event (DRUG file) and
adverse events coded by MedDRA® terms
(REACTION file) were retrieved. A unique number
for identifying AERS reports allows the ability to
link all the information from the different tables.

The Anatomical Therapeutic Chemical (ATC)
code was used to identify TZDs and other anti-
diabetic drugs under investigation.!'® In order to
collect all AERS reports containing antidiabetic
drugs, a drug name archive including all generic
and trade names of drugs marketed in the US and
in most European countries was created by using
public lists freely available on authoritative web-
sites.['”-181 To compare ADRs reported for TZDs
with those for other antidiabetics, we performed
the analysis in terms of drug-reaction pairs. There-
fore, reports concerning the combinations of differ-
ent antidiabetics were split into different reports,
depending on the number of active substances.
An automated multistep process was applied to
detect and exclude as many duplicates as possible
in the database. It was performed using a record-
linkage strategy, which groups records over-
lapping in four key fields: event date, patient’s
age and sex, and reporter country. Records with
three overlaps and just one missing datum were
considered as duplicates.

The association between drugs and ADRs was
analysed by using a case/non-case method.[!%-2%]
Cases were represented by the reports of ADR in
which TZDs were the suspected drug for each
level of MedDRA® hierarchy; non-cases were all
the reports of the same reactions induced by drugs
different from TZDs. The association between TZDs
and ADRs were calculated by using the ADR
reporting odds ratio (ROR) as a measure of dis-
proportionality. The ROR compares the case/
non-case ratio for a drug with the corresponding
ratio for all other drugs.?'">31 A significant dis-
proportionality was formally defined when the
lower limit of 95% CI was >1. To this purpose, the
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statistical package Epi Info™, version 3.4.3-2007,
was used.[4]

Safety data for TZDs were compared against
other antidiabetic drugs. The method was applied
to TZDs as a drug class but also as single agents,
and for the specific ADRs compared with those
observed with the use of other glucose-lowering
agents. The ROR analysis was firstly performed
for each System Organ Class (SOC), then for
High-Level Classes (High-Level Group Term
[HLGT] and High-Level Term [HLT]) and Pre-
ferred Terms (PT) related to the predefined
ADRs of TZDs: myocardial infarction, bone
fractures and macular oedema.

We also analysed the ROR quarter-by-quarter
trend in order to describe the spontaneous report-
ing behaviour before, during and after the main
publications on the safety concerns of these drugs.

Results

From 2005 to 2008, 77 669 reports concerning
antidiabetic drugs were reported to the FDA
AERS, corresponding to 301950 drug-reaction
pairs, with 49 589 pairs concerning TZDs. Bi-
guanides were the class most frequently reported
(26% of all antidiabetic ADR reports), followed
by sulfonylureas (22%), exenatide (18%) and
TZDs (16%). Among TZD-reported ADRs, ro-
siglitazone and pioglitazone accounted for 56%
and 44% of cases, respectively. In 8045 reports
out of 12 469 (65%), TZDs were co-suspected
with other antidiabetic drugs. Figure 1 shows the
quarterly trend in reporting frequency; almost all
classes were characterized by a peak in the first
quarter 20006, followed by a continuous decrease,
particularly for exenatide (a reduction of 96%
through the fourth quarter 2008).

According to the SOC level of the MedDRA®
terminology, the most frequently reported SOCs
for TZDs were ‘investigations’ (n=_8553), ‘general
disorders’ (n=7471), ‘gastrointestinal disorders’
(n=6347) and ‘cardiac disorders’ (n=15760; see
table SI, Supplemental Digital Content, http://
links.adisonline.com/DSZ/A65). Disproportionality
analysis showed a significant ROR for the SOC
‘cardiac disorders’ (3.04; 95% CI 2.94, 3.14) and
‘eye disorders’ (1.37; 95% CI 1.27, 1.47), whereas it
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Fig. 1. Trend in spontaneous reporting of ADRs for antidiabetic drugs. ADRs = adverse drug reactions. Grey-shaded area = thiazolidediones.

did not find any statistically significant difference
for ‘injury, poisoning and procedural complica-
tions’ (1.01; 95% CI 0.96, 1.06), which comprises
the SOC for fractures (see table SI, SDC).

Table I shows, for TZDs, the ROR of myo-
cardial infarction, macular oedema and fractures
(bone and joint injuries). A significant dis-
proportionality for all the investigated ADRs
was found, with RORs of 4.71 (95% CI 4.40,
5.05), 3.88 (95% CI1 2.79, 5.39) and 1.73 (95% CI
1.53, 1.96), respectively. Among the other anti-
diabetic classes, only insulin and gliclazide re-
sulted in a significant ROR for bone and joint
injuries (1.23; 95% CI 1.07, 1.42, and 1.51; 95%
CI 1.08, 2.09, respectively).

The analysis of the trend of ROR for myo-
cardial infarction showed disproportionality in
all quarters observed (figure 2a). In January—
March 2005, the ROR value was 3.13 (95% CI
2.38, 4.10). It peaked in October—December 2007
(ROR 8.71; 95% CI 6.02, 12.60), followed by a
rapid decrease in the quarters of 2008. The sepa-
rate analysis of TZDs (table II) showed that only
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rosiglitazone was associated with myocardial in-
farction (ROR 7.86; 95% CI 7.34, 8.34).

As to the risk of macular oedema, the low
number of cases (67) was insufficient to calculate
a trend analysis by quarters because of the large
CI range (figure 2b). No changes were observed
during the observation period. Also in this case,
only rosiglitazone use was associated with this
ADR (ROR 5.55; 95% CI 3.94, 7.79; table 1I).

The disproportionality signal of bone and
joint injuries by TZDs first appeared in January—
March 2005 (2.70; 95% CI 1.04, 2.78) and became
progressively evident in the course of 2007 and
2008 (figure 2c), with a peak ROR to 5.35 (95%
CI 2.65, 10.64) in July—September 2008. The
ROR was remarkably higher in females than in
males (ROR 2.07; 95% CI 1.78, 2.37, and ROR
1.24;95% C1 0.97, 1.59, respectively). By pooling
all the fractures by anatomical site (HLT of
MedDRA® terminology), the signal was present
for fractures of upper and lower limbs for both
drugs, and pelvic fractures only for pioglitazone
(data not shown).

Drug Saf 2012; 35 (4)
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Table 1. ROR of myocardial infarction, macular oedema and bone and joint injuries for antidiabetic drugs
Therapeutic group ~ Myocardial infarction® Macular oedema® Bone and joint injuries®
No.of ROR (95% Cl) pMH No.of  ROR (95% Cl) pMH No.of ROR (95% Cl) pMH
cases cases cases
Biguanides 923 1.05(0.97,1.13) 0.201 43 1.10(0.76, 1.59) 0.583 314 0.86 (0.75,0.97) 0.153
DPP-4 inhibitors 29 0.33(0.23,0.48) <0.001 NA NA 10 0.29(0.15,0.55)  <0.001
Exenatide 58 0.08(0.06,0.10)  <0.001 0.06 (0.01,0.25) <0.001 135 0.51(0.43,0.61)  <0.001
Insulins 318 0.56 (0.50,0.63)  <0.001 0.34(0.16,0.70)  <0.001  247° 1.23(1.07,1.42) <0.001
Repaglinide 1 0.11(0.01,0.73) 0.008 1 2.55 (NA) 0.333 5 1.44(0.53, 3.59) 0.413
Sulfonylureas 484 0.57(0.51,0.63) <0.001 33 0.95(0.63, 1.41) 0.776 310 1.02(0.90, 1.17) 0.709
Thiazolidinediones 1636 4.71 (4.40,5.05) <0.001 67 3.88(2.79,5.39) <0.001 347 1.73(1.53,1.96) <0.001

a PT: myocardial infarction, acute myocardial infarction, silent myocardial infarction.

b PT: macular oedema, retinal oedema, diabetic retinal oedema.
¢ HLGT: bone and joint injuries.

d Statistically significant disproportionality (ROR >1 and pMH <0.001) is shown in bold.

DPP-4=Dipeptidyl peptidase-4; HLGT=High-Level Group Term; NA=not available; pMH=p-value Mantel-Haenszel corrected;

PT =Preferred Term; ROR = reporting odds ratio.

Discussion

Pharmacovigilance is specifically aimed at the
early detection of ADRs of marketed drugs. Auto-
mated signal detection algorithms are routinely
applied to large spontancous reporting data-
bases.?>?3 Currently, a gold-standard technique is
not available and debate exists on the ideal data
mining approach — Bayesian??! or frequentist®”!
methods. In this study, ROR was used because of
its better performance in terms of sensitivity and
timing of early signal detection compared with
Bayesian algorithms.[?8l

Our analysis showed that the frequency of ADR
reporting of myocardial infarction, macular oedema
and fractures was significantly higher for TZDs
in comparison with other antidiabetic drugs. The
signal for myocardial infarction and fractures
appeared earlier than major warnings were issued
or studies pinpointing the risk were published.
The two TZDs showed different risks — rosiglita-
zone resulted in a significant disproportionality
for myocardial infarction and macular edema,
whereas pioglitazone showed disproportionaly
only for multiple site fractures.

The frequency of reporting was highly variable
during the period of the analysis — almost all
classes of antidiabetic agents showed a similar
trend of ADRs characterized by a very high peak

© 2012 Adis Data Information BV. All rights reserved.

in the first quarter of 2006 and by a continuous
decrease throughout 2008. The reasons for these
peaks are at present unclear, but a Weber effect
can be excluded for TZDs (US marketing launch
in 1999) and older antidiabetics (e.g. biguanides).
Marketing authorization of new drugs (incretin
mimetics and dipeptidyl peptidase-4 inhibitors),
as well as the occurrence of severe, unexpected
ADRs (pancreatitis), could be the reason for the
observed ADR reporting trends. Actually, no
parallel trend was found in the entire FDA AERS
database, where the number of ADRs is pro-
gressively increasing year-by-year.l?’l Moreover,
the progressive awareness of a possible risk of
myocardial infarction with TZDs, together with
their frequent coadministration with other anti-
diabetics, could probably generate a similar re-
porting trend for all classes. The notable decrease
in reporting, especially for TZDs, in the last
period of our observation could be partially ex-
plained by a substantial decrease in US prescrip-
tions of rosiglitazone in 2007,13% due to both the
concerns on their safety profile and the avail-
ability of older and safer therapeutic options.[!1
In the field of spontaneous ADR reporting, it is
not infrequent that a period of great attention
(and reporting) for a given safety concern is fol-
lowed by a tailing-off of interest; in this case, at
the end of 2008 the number of ADRs for most

Drug Saf 2012; 35 (4)
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drugs under scrutiny reverted to those observed
in early 2005.

As mentioned above, the most eye-catching
result of our analysis is that a signal on TZD-
associated myocardial infarction or fractures
appeared earlier than the main publications on
their safety concern, and even before the relevant
safety alerts. Therefore, no notoriety bias should
affect disproportionality, but could affect only
the overall ROR (2005-8). This finding strengthens
the use of the spontaneous ADR reports database
as an early source of information on drug safety,
in particular for new drugs. The presence of a
signal should trigger further studies to substantiate,
confirm or refute the pharmacovigilance hypo-
thesis. Clinical trials and meta-analyses remain

the best source of evidence, but data mining of
large pharmacovigilance databases such as the
FDA AERS, as well as observational studies using
healthcare registries, may be valuable tools to
investigate the safety profile of any given ther-
apeutic class in clinical practice, in the presence of
co-morbidities observed in the ‘real world” of
drug use. In fact, recent studies tried to assess the
risks associated with antidiabetics through the
analysis of large spontaneous reporting systems.[3>33

Concerning the warning on TZD-associated
fractures, the risk should be taken into account in
susceptible patients (e.g. women or men with
osteoporosis, long-term corticosteroid recipients,
in the elderly). Our data strengthen the already
existing precautions of use reported in the pio-
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Fig. 2. Quarter-by-quarter ROR trend in (a) myocardial infarction; (b) macular oedema; and (c) bone and joint injuries for thiazolidinediones.

ROR =reporting odds ratio.
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Table II. ROR of myocardial infarction, macular oedema and fractures for rosiglitazone and pioglitazone
ADR of interest Pioglitazone Rosiglitazone

ROR (95% Cl) pMH ROR (95% ClI) pMH
Myocardial infarction® 0.55 (0.46, 0.65) <0.001 7.86 (7.34, 8.34)° <0.001
Macular oedema® 0.99 (0.51, 1.88) 0.978 5.55 (3.94, 7.79) <0.001
Bone and joint injuries® 2.00 (1.70, 2.35) <0.001 1.34 (1.14, 1.59) <0.001

a PT: myocardial infarction, acute myocardial infarction, silent myocardial infarction.

b Statistically significant disproportionality (ROR >1 and pMH <0.001) is shown in bold

¢ PT: macular oedema, retinal oedema, diabetic retinal oedema.
d HLGT: bone and joint injuries.

ADR=adverse drug reaction; HLGT =High-Level Group Term; pMH =p-value Mantel-Haenszel corrected; PT=Preferred Term; ROR=

reporting odds ratio.

glitazone Summary of Product Characteristics in
this group of patients’®# and suggest the need for
additional observational studies to quantify the
relative risk of the old and the new TZDs on the
horizon.

Also, the potential risk of macular oedema,
which is strongly related to rosiglitazone treat-
ment (relevant increase in ROR from SOC to
PT), requires consideration in high-risk patients
such as diabetic individuals.

We acknowledge a number of limitations that
should be taken into account when interpreting
the results obtained from spontaneous report
analysis: (a) duplicates, missing data, misspelling
of drug names; (b) underreporting; (c) over-
reporting for drugs involved in safety alerts or
regulatory measures (the so-called ‘notoriety bias’,
already discussed above); and (d) dependence of
reporting rate by time on the market of each drug
(the so-called ‘Weber effect’).[2>-35-3°1 Concerning
myocardial infarction and ocular damage, con-
founding by indications should also be con-
sidered. In particular, these two unwanted effects
were also inherent in the progression of the dis-
ease and therefore a high rate of these reports
should be considered as expected. However, in
the calculation of ROR, we compared TZDs with
other antidiabetic agents, and the comparison
strongly limits this sort of bias. Finally, TZDs
represent a second-line treatment in subjects who
do not achieve or sustain the glycaemic goals with
the maximal tolerated dose of metformin. % As
such, TZD-treated subjects may be affected by a
more advanced or severe stage of diabetes, and
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may be at increased risk of cardiovascular events
and ocular damage. This confounder, the so-
called channelling bias, cannot be fully removed
by our approach.®!]

Conclusions

Our findings showed that signals for myo-
cardial infarction and fractures from the FDA
AERS database were detectable 2 years before
the main publications on the relevant safety con-
cerns. Moreover, these results are consistent with
observational and experimental studies and in
line with the recent regulatory decisions — the
FDA hardly restricted use of rosiglitazone to
patients who cannot control their diabetes on
other medications, whereas the EMA finally deci-
ded to withdraw the drug from the market be-
cause of the risk of coronary events.[!?]

The frequency of ADRs of myocardial in-
farction, macular oedema and fractures was sig-
nificantly higher for TZDs in comparison with
other glucose-lowering drugs for the treatment of
type 2 diabetes, with significant intraclass differ-
ences. Rosiglitazone showed a significant dis-
proportionality for myocardial infarction and
macular oedema, whereas pioglitazone was only
associated with multiple site fractures.

This kind of study might thus represent an
important source of evidence to generate early
hypothesis on the risk profile of drugs. If per-
formed in a timely manner, it should guide the
planning of observational studies. Public access
and availability of raw data increase transpar-
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ency, and the periodic publication of signals
raised by data mining, routinely performed by
international regulatory agencies (the FDA,
EMA and WHO) could be an additional opportu-
nity to increase collaboration among Regulatory
Agencies, pharmacovigilance researchers and man-
ufacturers. This process should guide efforts to-
wards in-depth examination of emerging safety
issues and allow timely regulatory measures.
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