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The Rise and Fall of Rosiglitazone
P. Tatti
Endocrinology and Diabetes Unit, ASL RMH Rome.

Summary: Rosiglitazone is a member of the Thiazolidinedione class of drugs with a potent insulin sensitizing action. The 
drug has been extensively used and many early warnings on its potential risks were ignored mostly due to an aggressive 
commercial strategy. In 2007 some papers raised doubts on the cardiovascular safety of the drug and started a serious dispute. 
Irrespective of the real existence of this risk the story of Rosiglitazone led to the unveiling of many other side effects and 
emphasizes the need for a more accurate evaluation of any drug before is approved by the regulatory authority.
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The story of Rosiglitazone can be conveniently divided in 2 periods, before and after a controversial 
paper by Niessen.1 This paper changed the attitude of many physicians towards the drug. Furthermore 
this paper paved the way for an unremitting discussion among medical professionals and scientists on 
the role of the pharmaceutical companies and the use of surrogate end points. A simple search of Pub 
Med with the word “Rosiglitazone” returned 2753 titles.

It is probable that all the uncertainty concerning the use of this drug and its possible risks derive 
from the ruthlessness of the producer, trying to fi nd an all inclusive marketing position for the molecule. 
Unfortunately this led to the widespread and unwary prescription of the drug.

When Rosiglitazone entered the market was under the unfortunate legacy of its predecessor, 
Troglitazone (Rezulin), which the FDA withdrew due to unwanted hepatic side effects on 08-08-03.2 
This drug, marketed to treat type 2 diabetes, was approved by the FDA in 1997. Rezulin lowered the 
blood sugar in rats without producing adverse effects, but reports of severe and even fatal liver failure 
appeared immediately after the approval. Due largely to an aggressive investigation by the Los Angeles 
Times and after four label changes, Rezulin was withdrawn in 2000 after 391 deaths were attributed 
to the drug. (Willman D. Los Angeles Times, December 20, 2000).

Mechanism of Action
Rosiglitazone belongs to the thiazolidinedione (TZD) class of antidiabetic agents and improves 
glycemic control by improving insulin sensitivity. The drug is an extremely selective and potent agonist 
of the peroxisome proliferator-activated receptor-gamma (PPARγ). In humans, these receptors are 
located in key target tissues for insulin action such as adipose tissue, skeletal muscle, and the liver. 
The activation of PPARγ nuclear receptors regulates the transcription of insulin-responsive genes 
involved in the control of glucose production, transport, utilization and regulation of fatty acid 
metabolism, but this list may well be not all inclusive and unfortunately no other possibly untoward 
effects can be excluded with certainty. Rosiglitazone reduces blood glucose concentrations and reduces 
hyperinsulinemia in the experimental animal through increased sensitivity to insulin’s action in the 
insulin dependent tissues. Part of this action is mediated by an increase in the insulin-regulated glucose 
transporter GLUT-4 in the adipose tissue. Rosiglitazone is predominantly metabolized by Cytochrome 
P450 and is more than 99% bound to plasma proteins, primarily albumin.

In monotherapy studies, a greater therapeutic response was observed in females and this can be 
explained on the basis of the greater fat mass since PPARγ, the molecular target of Rosiglitazone is 
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expressed in adipose tissue. In more obese patients, 
gender differences were less evident. Rosiglitazone 
can be administered with or without food.

Hepatic Impairment
Oral clearance of Rosiglitazone was signifi cantly 
lower in patients with moderate to severe liver 
disease (Child-Pugh Class B/C) compared to 
healthy subjects. Elimination half-life for Rosi-
glitazone was about 2 hours longer.

Signifi cant drug Interactions have been demon-
strated for drugs that inhibit, induce, or are metabolized 
by Cytochrome P450. To the contrary a single 
administration of a moderate dose of alcohol did not 
increase the risk of acute hypoglycemia in type 2 
diabetes mellitus patients treated with Rosiglitazone.

The debate on the safety 
of rosiglitazone
Before the metanalysis of  Niessen, mostly 
according to the laws of the market, there has been 
a fl urry of publications in favor of the benefi cial 
effects of Rosiglitazone. This in part refl ects the 
current trend to push the drugs on the market before 
there is defi nitive clinical proof of effectiveness 
and safety, and this also holds true for the recently 
marketed Ezetimibe.3 In 1998 a benefi cial effect 
of Rosiglitazone on the pancreatic β cells in Zucker 
rats, a strain of obese rats with insulin resistance, 
altered β cell morphology and a marked tendency 
to develop diabetes was demonstrated.4 On the 
basis of some experimental data the hypothesis 
was generated that such benefi cial effect could 
occur also in the human pancreas.5–6 One of the 
most intriguing observations is that Rosiglitazone 
can re-entrain the disrupted insulin pulsatile 
secretion of type two diabetics, a fact too 
often overlooked.7 In one study by Lupi et al8 
Rosiglitazone prevented the Free Fatty Acid (FFA) 
induced functional damage to β cells in vitro. 
However the main effect of Rosiglitazone is its 
action on insulin resistance, mediated through the 
affi nity with the PPARγreceptor in insulin sensitive 
cells. Rosiglitazone binds to PPARγ9 acting on the 
expression of the molecules involved in insulin 
signaling and glucose transport systems.10 
Rosiglitazone is a potent member of the 
Thiazolidinedione class, with a binding affi nity for 
PPARγ that is 100-fold greater than that of 
Pioglitazone and 190-fold greater than that of 
Troglitazone.11 This is indirectly confi rmed by the 

greater response to the treatment of the obese sub-
jects with the more pronounced markers of insulin 
resistance.12 The great power of Rosiglitazone as 
an insulin sensitizing agent is probably the basis 
for its effi cacy in PCOD,13,14 a condition of severely 
reduced insulin sensitivity. The same mechanism 
holds true for psoriasis and other diseases in which 
insulin resistance is prominent.15 The drug has bees 
recently demonstrated to be useful in Alzheimer’s 
disease with an uncertain mechanism.16 The effect 
of Rosiglitazone on the lipid pattern in the body 
has been explored in comparison with Pioglitazone,17 
and is summarized in Table 1.

Rosiglitazone signifi cantly increased the total 
VLDL particles and all the subfractions, large, 
medium and small, increased the LDL particles 
and caused a minor and nonsignifi cant decrease in 
number of the small LDL particles. The HDL 
particle number was also slightly decreased. 
Furthermore Freed et al demonstrated an increase 
in total plasma and LDL apoB lipoproteins with 
Rosiglitazone treatment.18

In summary Rosiglitazone was associated with 
unfavorable variations in the lipid pattern. In the 
same study Pioglitazone performed much better 
with the lipid profi le. It should be noted however 
that this elegant study was protracted only for 
6 months, and in the longer run the results might 
have turned out different. Substantially similar 
results were obtained in a smaller study of shorter 
duration,19 and it is likely that these adverse 
changes in the lipid pattern have a bearing on the 
cardiovascular effects of the drug.

Contrary to its negative effects on the lipid profi le 
Rosiglitazone performs very well on the blood 
glucose control and this is largely expected in view 
of its potency. In a study in which Rosiglitazone or 
placebo were added on top of insulin20 HbA1c 
decreased �0.7% or �1% on 4 and 8 mg daily dose 
respectively. However the change in HbA1c is a 
poor surrogate for cardiovascular outcomes in Type 

Table 1.

 Direction 
of variation

Signifi cance

Triglycerides Slightly increased NS

Total cholesterol Increased �0.001
LDL cholesterol Increased �0.001
HDL cholesterol Increased �0.001
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2 diabetes, accounting for only 5 to 15% of the 
reduction in ischemic risk.21 Rosiglitazone has been 
used in various settings and combinations, even too 
many and in 2006 nearly 37% of the market share 
of the oral euglycemic medications was held by 
Rosiglitazone.22 One indication widely accepted in 
the U.S.A is in association with insulin,12 although 
this may pose additional risks.

The turning point of the fortune of Rosiglitazone 
was the publication of the data from the metanaly-
sis by Niessen in 2007,1 but this is only the tip of 
the iceberg. Niessen and Wolski in their paper con-
clude that “Rosiglitazone was associated with a 
signifi cant increase in the risk of myocardial infarc-
tion and in the risk of death from cardiovascular 
causes with borderline signifi cance”. However this 
paper deserves a closer scrutiny: a metanalysis is 
fraught with methodological diffi culties. In this case 
the inclusion criteria were a study duration of �24 
weeks, the use of a control group not receiving 
Rosiglitazone, and the availability of outcome data 
for myocardial infarction or death for cardiovascu-
lar causes. Throughout these studies the inclusion/
exclusion criteria were not the same, and both pro-
tocols and drug dosages were different. The authors 
included all these studies because the Cochrane Q 
test, used to test the heterogeneity across the trials 
gave a p � 0.1 nominal value. However it should 
be considered that the Q test is a questionable choice 
in these circumstances.23 Furthermore the authors 
could not obtain the original data and were not able 
to discern whether the same patient had both events, 
acute myocardial infarction and death, and in all 

these studies except the DREAM study the criteria 
for adjudication of myocardial infarction or death 
from cardiovascular causes were not reported. They 
could not obtain time to event and data for cardio-
vascular accidents and Strokes were not reported. 
A look at table 1 of their paper (clinical trials 
included in the metanalysis) discloses that at least 
4 included subjects treated with Rosiglitazone plus 
insulin, a total of 918, and the association of these 
two drugs carries such a high risk that even if 
allowed by the FDA was not accepted in other 
countries. From the same table is apparent that one 
study targeted subjects with Alzheimer’s disease 
(study AVA100193 n = 124) and two subjects with 
psoriasis (Study 49653/234, n = 61 and 4965/331, 
n = 325) who did not have diabetes. Of greater 
concern is the inclusion of study 49653/211 
(n = 114) with subjects having congestive heart 
failure, a condition that in itself is a contraindication 
to the use of Rosiglitazone. As expected this group 
of subjects had the greatest number of myocardial 
infarctions (fi ve) and deaths from cardiovascular 
causes (three). Forty-eight studies were originally 
included in the metanalysis, but six were discarded 
because did not report any myocardial infarction 
or death from any cardiovascular cause. We do not 
know more details on these studies, but the exclu-
sion, warranted or not, certainly weighted on the 
results against the safety of Rosiglitazone. Among 
the remaining 42 studies 26 were unpublished and 
we do not know why, and if they were peer 
reviewed. The studies included came from three 
sources, 1-submitted to the FDA for approval,24 

Table 2. Summary of some of the most important studies on the safety of Rosiglitazone.

Study N studies/pts Events OR (95% CI)
Niessen and Wolski
NEJM. 2007;356:2457

42
(27847)

AMI
CV death

1.43* (1.03–1.98)
1.64 (0.98–2.74)

Home et al
NEJM. 2007;367:28

– 
(4447)

AMI
CHF

CV death

1.16 (0.75–1.81) 
2.24* (1.27–3.97)
0.94 (0.73–1.29)

Diamond et al
Ann Int Med. 2007;147:578

42
(27847)

AMI
CV death

1.26 (0.99–1.69)
1.17 (0.77-1.77)

Singh et al
JAMA. 2007;298:1187

4
14291

AMI
CHF

CV death

1.42* (1.06–1.91)
2.09* (1.52–2.88)
0.90 (0.63–1.26)

Lincoff et al
JAMA. 2007;298:1189

19
(16390)

MACE
CHF

0.82* (0.72–0.94)
1.41* (1.14–1.76)

Lago et al
Lancet. 2007;370:1129

7
(20191)

CHF
CV death

0.72* (1.21–2.42)
0.93 (0.67–1.29)
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2-from the Glaxo_SK clinical trial registry,25 
3-ADOPT and Dream trials.26,27 None was designed 
to evaluate the cardiovascular effects of the drug. 
When we examine the results we see that the odds 
ratio for myocardial infarction was 1.43 in the 
Rosiglitazone group (CI = 1.03–1.98, P = 0.03) and 
1.64 (0.98–2.74, p = 0.06) for death from cardio-
vascular causes. The CI of this second value is 
extended across the unit and is barely acceptable 
as signifi cant. The authors had to use the Odds Ratio 
(OR) because they did not have the time to event 
data, but the OR may not be the best way to 
represent the risk at an individual level. It should 
also be observed that in those trials in which 
Rosiglitazone was compared to placebo there 
was statistical difference in risk of Myocardial 
ischemic events, but the difference disappeared in 
those studies in which was compared to an active 
diabetes drug. There are many more consistent 
objections to the validity of the paper by Niessen 
and are elegantly clarifi ed in a paper in Annals of 
Internal Medicine.27 These authors conclude that 
the risk for myocardial infarction and death from 
cardiovascular disease for diabetic subjects taking 
Rosiglitazone is uncertain:“Neither increased or 
decreased risk is established.”

Prompted by this paper there was a fl urry of 
publications. Home et al conducted an interim 
analysis of the RECORD trial29 that was specifi -
cally designed to measure the effects of treatment 
with Rosiglitazone plus Metformin or Sulfonylurea 
on cardiovascular outcomes, and was planned with 
the interventions of some employees of the Glaxo-
Smith-Kline, which may be a cause for concern, 
and could not confi rm the excess of cardiovascular 
problems for Rosiglitazone. However as Nathan 
points out30 during the RECORD trial there was 
an unexpected high rate of drop out and a low rate 
of cardiovascular accidents that left the study 
underpowered at the time of the interim analysis. 
Furthermore the comparator drug was a combination 
of Metformin plus Sulfanylurea a that was 
associated with 96% increase in mortality among 
the diabetics in the UKPDS study.31 Third at the 
time of the interim report 29 the curves of the 
cumulative incidence for the adjudicated primary 
events became separated in disfavor of Rosigli-
tazone from the 24th week up to the 60th, although 
the difference is not statistically signifi cant. In 
addition looking at panel B that compares the 
adjudicated plus the primary events not yet adju-
dicated (pending) the separation in disfavor of 

Rosiglitazone is of even greater magnitude and 
consistency. The risk of  heart failure more than 
doubled with Rosiglitazone.29 Thus the conclusion 
of Nathan that “Unless further studies can provide 
convincing assurance that treatment with Rosigli-
tazone does not increase the risk of cardiovascular 
disease, the largely circumstantial evidence of the 
meta-analyses and the nonsignifi cant trend in the 
current report from the RECORD trial must be 
taken seriously.”

Another metanalysis was published in September 
200732 with more stringent criteria, using only trials 
specifi cally intended to monitor cardiovascular 
adverse events and the pooled data from 14291 
diabetic subjects showed that Rosiglitazone 
signifi cantly increased the risk of  Acute Myocardial 
Infarction (RR 1.42 p = 0.02) versus control and of 
heart failure versus placebo (RR = 2.09, p � 0.001). 
There was no signifi cant increase in the risk of 
cardiovascular mortality (RR = 0.9, p = 0.53).

More recently an interim analysis of the data 
of the Veterans Administration Diabetes Trial 
(VADT) designed to study tight blood glucose 
control and cardiovascular disease (CVD) risk in 
Type 2 diabetes, not yet published, was presented 
at the June 2008 ADA Scientifi c Sessions. The 
VADT was not designed to test the effect of one 
single drug, and thus Rosiglitazone was used in 
the intensive and conventional arm of the study. 
The Authors used a case control design and a time 
dependent covariate survival analysis that allowed 
them to calculate the Hazard Ratio rather than the 
Odds ratio. Of the 1791 subjects enrolled in the 
VADT study 16% (=297) received at any time 
point 4 mg/day of Rosiglitazone, and 79% (=1408) 
received 8 mg. The Authors conclude that there is 
no evidence that the use of Rosiglitazone increases 
the risk for cardiovascular mortality or morbidity 
in patients with type 2 diabetes mellitus. It should 
be mentioned that Glaxo Smith Kline had no role 
in the analysis or the presentation of the data.

On July 30 2007 the FDA Advisory Committee 
listened to a testimony by the Health Research 
group of Public Citizen that concluded that”33 the 
evidence presented justifi es the removal of the drug 
from the market, and due to the ubiquitous nature 
of PPRγ receptor sites in so many parts of the body 
it is hardly surprising that there are many other 
signifi cant kinds of damage this drug is causing to 
patients.” During this testimony the HRG called 
attention to many other important side effects of 
the drug, viz. anemia, liver toxicity, peripheral 
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oedema, heart failure, extremity fractures, macular 
oedema threatening vision, and increase in weight. 
It must also be emphasized that as far as 1999 in 
a pharmacology review of animal toxicity 
“Rosiglitazone produced various toxicities such as 
left atrial thrombosis, hydrothorax, cardiac hyper-
trophy and elevations of hepatic enzymes in the 
high dose group,” In the reviewer’s opinion “it is 
not possible to anticipate potential human 
toxicities”…“these fi ndings appear as long term 
clinical concern.”

The FDA adverse reaction reports fi led since 
marketing to the end of 2006 lists 698 cases of 
heart failure with Rosiglitazone compared with 39 
for the older diabetes drugs, although a greater 
alertness to glitazones may have played a role in 
this reporting. After adjusting for differences in the 
number of prescription for the 2 drugs the rate of 
heart failure reports for Rosiglitazone compared 
with Glucotrol was 15.2 times higher.34

The unexpected effect on fractures first 
appeared in the ADOPT Study:28 more specifi cally 
60 women, (9.3%) in the Rosiglitazone group had 
fractures versus 30 (5.08%) in the Metformin and 
21 (3.47%) in the Glyburide group, both p � 0.001 
in comparison with Rosiglitazone. If ever one 
should have expected more broken bones in the 
Glyburide group more prone to hypoglycaemia. 
There was no statistically signifi cant difference in 
men. The mean age of the female subjects in the 
Rosiglitazone group was 56.3 ± 10, thus there is a 
prevalence of postmenopausal women, and intrigu-
ingly the excess fractures were distally located 
(upper limb: humerus and hand; lower limb: foot), 
which is extremely uncommon in this age group 
and as such adds value to the observation. However 
in a case control study involving an older female 
population (60% of participants being over 60 y.o.) 
the fractures of hip and femur were signifi cantly 
associated with thiazolidinedione therapy.35 There 
are indications that higher levels of sex steroids 
are protective in men.36 A recent metanalysis37 
revealed that for women of mean 55 years of age 
the 1-year number of subjects treated needed to 
harm is 55, and this fi gure decreases to 31 and 
21 respectively at mean age 65 and 72. In the same 
paper the authors calculate that an excess 30000 
fractures may have occurred out of 2 million thia-
zolidinedione users for more than one year. Among 
the proposed mechanisms of this effect are osteo-
clast differentiation, bone reabsorption38-41 and a 
negative effect on PTH.42,43

There is evidence that concerns had been 
raised much earlier and probably were ignored by 
the FDA. A memorandum from the Department of 
Health and Human Services, Public health Service, 
and FDA: Center for Drug Evaluation and 
Research34 dated 07/16/2002 states that “data 
from this series provide evidence that TZD 
(Thiazolidinedions) may be associated with Hearth 
Failure to an extent not clearly defi ned in the 
product label.”44

Personal Experience
We treated 189 subjects with Rosiglitazone from 
the introduction in our market, and this amounts 
to 1.2% of our type 2 diabetic population and is 
the same as throughout the country. From the start 
we were very cautious with the drug and monitored 
the fl uid accumulation with the Body Impedance 
Analyzer and warned that if the fl uid expansion in 
both the intra or extracellular compartment 
exceeded 2 liters the risk of heart failure could be 
very high.45 Using this technique we only had one 
case of heart failure rapidly resolved upon suspen-
sion of the drug.

We also retrospectively evaluated our subjects 
for cardiovascular problems (mean 18 + 4 months) 
and found only 2 episodes of angina, and no distal 
limb fractures (unpublished observation). Although 
we had no control group and thus this observation 
must be interpreted as it is, it is worth to mention 
that we used Rosiglitazone only in subjects under 
50 years old, with a short duration of disease 
and monitored them closely. Furthermore we never 
used Rosiglitazone together with insulin. In 
this direction it is worthwhile noting that a 
further analysis of the Niessen’s data demonstrates 
that while the risk difference of cardiovascular 
events for the overall populations was 1 event per 
100-patient-years, in a high risk subgroup where 
Rosiglitazone was used with insulin the risk dif-
ference was 3 events per-100 patients-ys. Further-
more a subgroup analysis presented at an FDA staff 
Hearing on July 30, 2007 suggested that the risk 
of ischemic events with Rosiglitazone may be 
potentiated with the concurrent use of insulin or 
nitrates (Division of Endocrine and Metabolic 
products and Offi ce of Surveillance and Epidemi-
ology, U.S Food and Drug Administration. FDA 
Briefi ng Document: joint meting of the Endocrine 
and Metabolic Drugs Advisory Committee. July 
30, 2007. http://www.fda-gov/ohrms/dockets/
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ac/07/briefi ng/2007-430b1-02-fda-backgrounder.
pdf). We also studied the prevalence of macular 
edema in a retrospective series and found no 
increased prevalence.46 Unfortunately, irrespective 
of the debate being held a swarm of legal sharks 
have recently appeared to increase the confusion 
and further reducing the space for a serious scien-
tifi c evaluation.47 It should be mentioned that on 
December 2008 the FDA issued a new guidance 
document recommending greatest attention that all 
the new drugs evaluated for the treatment of type 2 
diabetes should not increase the risk of cardiovas-
cular events,48 and that even earlier in July 2008 
the Endo and Metabolic drug Advisory Committee 
voted overwhelmingly that sponsors must conduct 
long term clinical trials to exclude cardiovas-
cular problems and that these must include patients 
at high risk (elderly, kidney diseases, advanced 
disease). Sponsors must establish an independent 
end point committee to assess cardiovascular 
events in phase 2 and 3.

Conclusions
The data presented here and the numerous studies 
in the literature unfortunately do not resolve 
conclusively the doubts on the safety of Rosigli-
tazone. However there is suffi cient evidence to 
raise concern and since there is the availability of 
other effective drugs it is diffi cult now to use Rosi-
glitazone lightly. The Glitazones are diffi cult drugs, 
yielding much less than they require in terms of 
cost, need for control of and incumbent risks. If 
Rosiglitazone is to be used at all probably should 
be limited to young people of male sex, with a short 
duration of disease, without any risk factor for 
cardiovascular disease, and planning for a close 
follow up of blood lipid levels, fl uid accumulation, 
body weight and liver enzymes. In addition one 
should not forget that the PPARs have complex 
biological activity interacting with many genes and 
at present the effects of these interactions are not 
known. Nearly 50 investigational PPAR drugs have 
been fi led for application unsuccessfully. It is very 
diffi cult at present to fi nd a place for Rosiglitazone. 
In a recent poll at a website49 asking professionals 
if Rosiglitazone should be removed from the 
market 56% of the respondents answered Yes, 
44% no.

Disclosure
The author reports no confl icts of interest.

References
 1. Niessen S, Wolski K. Effect of Rosiglitazone on the risk of myocardial 

infarction and death from cardiovascular causes. NEJM. 2007;356:
24:2457–41.

 2. http://www.fda.gov/ohrms/dockets/98fr/2003n-0350-nwl0001.pdf.
 3. Rossebo AB, et al. Intensive Lipid Lowering with Simvastatin and 

Ezetimibe in Aortic Stenosis. NEJM. 359:1343, September 25.
 4. Buckingham RE, et al. PPARgamma agonist Rosiglitazone protects 

against nephropathy and pancreatic islet abnormalities in Zucker fatty 
rats. Diabetes. 1998;47:1326–34.

 5. DREAM stydy. Effect of Rosiglitazone on the frequency of diabetes 
in patients with IGT or IFG. A randomized controlled trial. Lancet. 
2006;368:1096–105.

 6. Ovalle F, Belle DS. Effects of Rosiglitazone vs. insulin on the pancre-
atic B cell function of subjects with T2DM. Diabetes Care. 
2004;27:2585–9.

 7. Juhl CB, et al. Infl uence of Rosiglitazone treatment on B cell function 
in T2DM: evidence of an increase in the ability of glucose to entrain 
high frequency insulin pulsatility. J Clin Endocrinol Metab. 2003;88:
3794–800.

 8. Lupil, et al. Prolonged exposure to FFA has cytostatic and pro-apoptotic 
effects on human pamìncreatic islets. Evidence that B-cell death is 
capspase mediated , partially dependent on ceramide pathway. Diabetes. 
2002;51:1437–42.

 9. Young PW, et al. Identifi cation of high-affi nity binding sites for the 
insulin sensitizer Rosiglitazone (BRL-49653) inrodent and human 
adipocytes using a radioiodinated ligand for peroxisomal proliferator- 
activated receptor. J Pharmacol Exp Ther. 1998;284:751–9.

10. Saltiel AR, Olefsky JM. Thiazolidinediones in the treatment of insulin 
resistance and type II diabetes. Diabetes. 1996;45:1661–9.

11. Cantello BCC, et al. The synthesis of BRL 49653: a novel and potent 
antihyperglycaemic agent. Bioorg Med Chem Lett. 1997;4:1181–4.

12. Suzanne M, et al. The Effect of Rosiglitazone on Overweight Subjects 
with Type 1 Diabetes. Diabetes Care. 2005;28:1562–7.

13. Vaughan TB, Bell DSH. Stockpiling of ovarian follicles and the response 
to Rosiglitazone (Letter). Diabetes Care. 2005;28:2333–4.

14. Sepilian V, Nagamani M. Effects of Rosiglitazone in obese women 
with polycystic ovary syndrome and severe insulin resistance. J Clin 
Endocrinol Metab. 2004;90:60–5.

15. Bloomgarten ZT. Second World Congress on the Insulin Resistance 
Syndrome. Diabetes Care. 2005;8:28.

16. Escribano L, et al. Rosiglitazone reverses memory decline and hip-
pocampal glucocorticoid receptor down-regulation in an Alzheimer’s 
disease mouse model. Biochem Biophys Res Commun. 2008 Dec 22. 
[Epub ahead of print].

17. Mark A, et al. Pioglitazone and Rosiglitazone Have Different Effects 
on Serum Lipoprotein Particle Concentrations and Sizes in Patients 
With Type 2 Diabetes and Dyslipidemia. Diabetes Care. 2007;
30(10).

18. Freed MI, et al. Effects of Rosiglitazone alone and in combination with 
atorvastatin on the metabolic abnormalities in type 2 diabetes mellitus. 
Am J Cardiol. 2002;90:947–52.

19. Mehmood A Khan. A Prospective, Randomized Comparison of the 
Metabolic Effects of Pioglitazone or Rosiglitazone in Patients With 
Type 2 Diabetes Who Were Previously Treated With Troglitazone. 
Diabetes Care. 2002;25:708–11.

20. Raskin P, Rappaport EB. Rosiglitazone short-term monotherapy lowers 
fasting and post-prandial glucose in patients with type II diabetes. 
Diabetologia. 2000;43:278–84.

21. Richter B, et al. Rosiglitazone for type 2 diabetes mellitus. Cochrane 
database Syst Rev. 2007;3:D006063.

22. Glaxo SK. A human Race: annual report 2006. Page 31. http://www.
gsk.com/investors/reps06/annual-report-2006.pdf.

23. Sankey SS, Weissfeld LA, Fine MJ, Kapoor W. An assessment of the 
use of the continuity correction for sparse data in meta-analysis. 
Communications in Statistics: Simulation and Computation. 1996;25:
1031–56.



319

The rise and fall of rosiglitazone

Clinical Medicine:  Therapeutics 2009:1 

24. Available at http://www.fda.gov/cder/foi/nda/99_21071_Avandia_
medr.pdf.

25. http://ctr.gsk.co.uk/Summary/Rosiglitazone/studylist.asp.
26. The DREAM (Diabetes Reduction Assessment with ramipril and 

RosiglitazoneMedication) Investigators. Effect of Rosiglitazone on the 
frequency of diabetes in patients with impaired glucose tolerance or 
impaired fasting glucose: a randomized controlled trial. Lancet 
2006;368:1096–105. [Erratum. Lancet. 2006;368:1770].

27. George A. Diamond, MD, Uncertain Effects of Rosiglitazone on the 
Risk for Myocardial Infarction and Cardiovascular Death. Ann Intern 
Med. 2007;147:578–81.

28. Kahn SE. Glycemic durability of Rosiglitazone, metformin, or glybu-
ride monotherapy. NEJM 2006;355:2427–43. [Erratum, N Engl J Med. 
2007;356:1387–8].

29. Home PD, et al. Rosiglitazone Evaluated for Cardiovascular Out-
comes—An Interim Analysis. NEJM. 2007;357(1):28–8.

30. Nathan DM. Rosiglitazone and cardiotoxicity—weighing the evidence. 
NEJM. 2007;357(1):64–7.

31. UK Prospective Diabetes Study (UKPDS) Group. Effect of intensive 
blood-glucose control with metformin on complications in overweight 
patients with type 2 diabetes (UKPDS 34). Lancet. 1998;352:854–65. 
[Erratum. Lancet. 1998;352:1558].

32. Singh S, Furberg CD. Long-term risk of Cardiovascular events with 
Rosiglitazone. JAMA. 2007;12,298(10):1189–95

33. HRG publication #1820.
34. Accessible at http://www.citizen.org/documents/Avandiamemo.pdf
35. Meier C, Kraenzlin ME, Bodmer M, et al. Use of thiazolidinediones 

and fracture risk. Arch Intern Med. 2008;168:820–5.
36. Schwartz AV, Cummings SR. Does rosiglitazone adversely affect bone 

formation and bone mineral density in postmenopausal women? Nat 
Clin Pract Endocrinol Metab. 2007;3:622–3.

37. Yoon K. Loke, Long-term use of thiazolidinediones and fractures 
in type 2 diabetes: a meta-analysis. CMAJ. 2009;180(1):32–9.

38. Ali AA, Weinstein RS, Stewart SA, et al. Rosiglitazone causes bone 
loss in mice by suppressing osteoblast differentiation and bone 
formation. Endocrinology. 2005;146:1226–35.

39. Rzonca SO, Suva LJ, Gaddy D, et al. Bone is a target for the antidiabetic 
compound rosiglitazone. Endocrinology. 2004;145:401–6.

40. Soroceanu MA, Miao D, Bai XY, et al. Rosiglitazone impacts negatively 
on bone by promoting osteoblast/osteocyte apoptosis. J Endocrinol. 
2004;183:203–16.

41. Wan Y, Chong LW, Evans RM. PPAR-gamma regulates osteoclasto-
genesis in mice. Nat Med. 2007;13:1496–503.

42. Grey A, Bolland M, Gamble G, et al. The peroxisome proliferator-
activated receptor-{gamma} agonist rosiglitazone decreases bone 
formation and bone mineral density in healthy postmenopausal women: 
a randomized, controlled trial. J Clin Endocrinol Metab. 2007;92:
1305–10.

43. Glintborg D, Andersen M, Hagen C, et al. Association of pioglitazone 
treatment with decreased bone mineral density in obese premeno-
pausal patients with polycystic ovary syndrome: a random-
ized, placebo-controlled trial. J Clin Endocrinol Metab. 2008;93:
1696–701.

44. Accessible at http://www.citizen.org/publications/print_release.
cfm?ID=7523.

45. Tatti P, Costanza F. A simple method to evaluate the risk of heart fail-
ure during glitazone therapy. Diabetes Technol Ther. 2006;
8(2):256–7.

46. Tattip, et al. Retrospective analysis of Rosiglitazone and macular 
oedema in patients with type 2 diabetes mellitus. Clin Drug Investig. 
2008;28(5):327–32.

47. Available among others at http://www.onlinelawyersource.com/
avandia/litigation.html.

48. http://www.FDA.gov/bbs/topics/news/208/new0/928.html.
49. Available at http://boards.medscape.com/forums/.29ed7126.

29ed7124/0.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


