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Introduction
It is well known that microvascular disease in type 2 

diabetes mellitus can be halted with aggressive glycemic 
control. Even with nine classes of antidiabetic agents 
currently on the market, only the biguanide metformin 
has shown a trend toward decreasing macrovascular dis-
ease. The goal so far, understandably, has been focused 
on glycemic control. However, with the abundance of 
hypoglycemic agents on the market, medications will 
have to be chosen to not only achieve glycemic control 
but also decrease cardiovascular mortality.

The thiazolidinediones (TZDs) are the first group of 
antidiabetic medications that attempted to scale this pin-
nacle of reducing cardiovascular mortality within a highly 
competitive arena. In July 2008, the US Food and Drug 
Administration (FDA) convened a meeting to discuss 
the question of whether there should be a requirement 
that any antidiabetic medications without a concerning 
cardiovascular safety signal during early-phase clinical 

trials be further studied in a long-term cardiovascular 
trial.1 The answer was resoundingly in the affirmative for 
the need to have future antidiabetic medications achieve 
a beneficial cardiovascular mortality profile before FDA 
approval is given.

TZDs are a class of medications currently approved 
by the FDA to treat type 2 diabetes mellitus. However, 
there is significant debate surrounding its safety. Trogli-
tazone, the first TZD to be approved by the FDA to treat 
type 2 diabetes mellitus was withdrawn in the year 2000 
because of idiosyncratic hepatotoxicity. Currently there 
are two TZDs on the market: rosiglitazone (Avandia) and 
pioglitazone (Actos). Because they improve insulin sensi-
tivity2 and carry a low risk of causing hypoglycemia, they 
have been quickly incorporated into clinical practice and 
represent as much as 25% of total prescriptions for oral 
hypoglycemia medications.3 However, the TZDs—specif-
ically, rosiglitazone—have faced a great deal of criticism 
because of the discovery of worrisome adverse affects. 
This has affected TZD prescribing patterns within Kaiser 
Permanente Northern California (KPNC) (Table 1). The 
most debated side effect is whether rosiglitazone causes 
heart attacks. The aim of this review is to shed light on 
the overall understanding of TZDs. Subsequently, we 
hope that it provokes a healthy discussion regarding the 
appropriate use and placement of TZDs (specifically, 
pioglitazone) within the KPNC PHASE (Prevent Heart 
Attack and Stroke Everyday) program. 

Biology of Peroxisome Proliferator–
Activated Receptors

Peroxisome proliferator-activated receptors (PPARs) 
are a family of intracellular receptors for fatty acids and 
fatty-acid derivatives. Three types of PPARs are expressed 
in a variety of metabolic tissues: PPAR-α, PPAR-β/δ, and 
PPAR-γ. PPARs, unlike other receptors, are located within 
the cell nucleus, where they are thought to exert their 
effect of regulating gene transcription directly within the 
cell. Each receptor has unique locations and functions.

PPAR-α is expressed in metabolically active tis-

Abstract
A large number of cardiology clinical trials have mor-

tality as an endpoint unless adequate surrogate endpoints 
are available. Although there are nine classes of agents 
used in the treatment of diabetes mellitus, none have 
shown a mortality benefit in clinical trials. The United 
Kingdom Prospective Diabetic Study was the first to sug-
gest that metformin given for diabetes mellitus had a trend 
toward lowering mortality. The accidental discovery of 
peroxisome proliferator-activated receptors (PPARs) led 
to the introduction of the thiazolidinediones (TZD), a 
PPAR agent with a suggestion of a promise for the fu-
ture. As the incidence of cardiovascular complications 
related to diabetes mellitus increases, there is a sense 
of urgency to produce antidiabetic medications that 
achieve not only nontoxic glycemic control but also im-
proved cardiovascular outcomes. The goal of this review 
is to aid the clinician to appropriately assess the benefits 
and risks of TZD use when prescribing for patients.

credits available for this article — see page 95.



65The Permanente Journal/ Fall 2010/ Volume 14 No. 3

REVIEW ARTICLE
Thiazolidinediones: A 2010 Perspective

sues such as the liver and plays a large role in lipid 
and lipoprotein metabolism and also in suppressing 
vascular and systemic inflammation. Fenofibrate and 
gemfibrozil are some important examples of ligands 
for this receptor. PPAR-δ is the most widely distributed 
PPAR. Its exact role is yet unclear, but it too plays a role 
in lipid metabolism; it also plays a role in cholesterol 
homeostasis in macrophages, embryo implantation, and 
cell proliferation. PPAR-γ is mostly expressed in adipose 
tissue (adipocytes). It is also found in skeletal muscle, 
hepatocytes, intestinal tissue, endothelial cells, cardiac 
muscle, the renal collecting duct, and in macrophages.

The primary role of PPAR-γ appears to be in regulating 
adipogenesis along with glucose and lipid metabolism. 
PPAR-γ is thought to enhance the actions of insulin and 
decrease resistance to insulin. Ligands for PPAR-γ include 
free fatty acids, certain prostaglandin derivatives, non-
steroidal anti-inflammatory agents, and TZDs. All TZDs 
have varying selectivity for each PPAR receptor and thus 
have a variety of effects on the human body besides their 
primary action3–7 (Table 2).

Effects of Thiazolidinediones on 
Diabetes Mellitus, Lipids, and 
Adipocytes

TZDs have additional effects besides their primary role 
as antihypoglycemics. They typically reduce glycated 
HbA1c by 1% to 2% when compared with placebo. This 

is similar to the hypoglycemic effects of the sulfonylureas 
and metformin.8 They do this primarily by increasing 
skeletal muscle glucose uptake and less by decreasing 
hepatic production of glucose. They also are thought to 
preserve β-cell function; this effect has been shown in 
animal models as well as in human studies.

They have varying effects on lipid metabolism. Both 
TZDs increase high-density lipoprotein (HDL) cholesterol 
and low-density lipoprotein (LDL) cholesterol. A varia-
tion between the two TZDs has been noted in respect 
to their effects on LDL particle concentration and size, 
producing an overall shift to a larger, more buoyant LDL 
particle. Triglyceride levels are also decreased with both 
TZDs, with there being a larger decrease with piogli-
tazone. These effects may be related to pioglitazone’s 
effect on hepatic PPAR-α.

TZDs also increase body weight by differentiation of 
preadipocytes to adipocytes and increasing adipocyte 
mass. Although it is known that increased levels of 
adiposity increase the propensity of cardiovascular risk, 
other features of TZDs are thought to perhaps attenuate 
this risk. One such example is redistribution of fat from 
visceral to subcutaneous depots, a pattern that is thought 
to be associated with decreased risk for cardiovascular 
disease (CVD).3 This pattern of change is also associated 
with increased adiponectin and decreased tissue-necrosis 
factor–α levels. Both are associated with favorable 
changes in CVD risk profile. TZDs also decrease circu-

Table 1. Crude thiazolidinedione (pioglitazone and rosiglitazone) use within Kaiser Permanente 
Northern California in two contiguous years

September 2006–August 2007 September 2007–August 2008
Pioglitazone prescriptions 84,882 83,011
Total number of patients taking pioglitazone 29,507 28,049
Rosiglitazone prescriptions 2227 737
Total number of patients taking rosiglitazone 851 276

Data from written personal communication from Jim Chan, PharmD, PhD, September 30, 2008.a 

Table 2. The beneficial and harmful effects of thiazolidinediones
Beneficial effects Harmful effects
Improvement in cardiac function Increase in body weight
Improvement in cardiac metabolism and glucose uptake Fluid retention
Coronary vasodilation Possible congestive heart failure
Regression of left ventricular hypertrophy Possible macular edema
Improvement in vascular insulin resistance Fractures
Decrease in blood pressure Increase in LDL-cholesterol
Improvement in endothelial function Highly debated risk of myocardial infarctiona

Increase in HDL cholesterol and decrease in triglycerides
Decrease in HbA1c by 1-2%
a Exact risk is unknown. Prospective randomized clinical trial planned by GlaxoSmithKline, producer of rosiglitazone halted by the US Food and 
Drug Administration. 
LDL = low-density lipoprotein; HDL = high-density lipoprotein. 
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lating free fatty acids, with resultant favorable effects 
on the liver and skeletal muscle.3

Effects of Thiazolidinediones on 
Inflammation and Endothelial Function

Vascular inflammation is a fundamental component 
in the process of atherosclerosis. This process, with 
subsequent thrombosis, is lengthy and complicated, 
developing usually over decades. The final rupture 
of the atherosclerotic cap, with spillage of the highly 
thrombogenic infracap contents into the coronary ves-
sel lumen, is the explanation for most fatal coronary 
thromboses. However, for coronary plaque progression 
to occur, continued inflammation is needed. Numerous 
mediators of inflammation are expressed, such as adhe-
sion molecules and growth factors, whereas release of 
chemoattractants and elaboration of cytokines weaken 
the fibrous atherosclerotic cap. It is thought that transcrip-
tion factor nuclear factor (NF)-kB mediates many of the 
inflammatory processes that occur during the develop-
ment of atherosclerosis. Multiple studies have suggested 
that PPAR activation favorably modulates NF-kB action.3

TZDs also favorably affect coronary and peripheral 
vasodilation, along with minimally improving blood 
pressure. These effects are thought to be mediated by 
increasing endothelial release of nitric oxide, increased 
expression of vascular endothelial growth factor, and 
decreased expression of endothelin-1. TZDs also par-
tially inhibit voltage-gated L-type calcium channels. 
These channels are the mechanisms of action on the 
nondihydropyridine calcium-channel blockers. Although 
the effect of blood pressure reduction is minimal, epi-
demiologic estimates suggest that this small change may 
provide a significant decrease in the risk of stroke and 
myocardial infarctions.3

Data Favoring Thiazolidinediones  
(the Good or Neutral)

The Diabetes Control and Complications Trial (DCCT) 
conclusively demonstrated that tight glucose control in 
persons with type 1 diabetes significantly decreased 
microvascular complications such as retinopathy, ne-
phropathy, and neuropathy.9 After a follow-up period of 
7 to 9 years of 1205 persons with well-controlled type 1 
diabetes who were involved in the DCCT study, the Epi-
demiology of Diabetes Interventions and Complications 
study showed decreased macrovascular complications 
(coronary calcification).10

A decrease in microvascular complications in persons 
with type 2 diabetes mellitus is thought to be backed up 
by reasonably strong data.11,12 Although it was shown 

in 1982 that intensive glycemic control decreases micro-
vascular complications in type 1 diabetes mellitus, there 
is yet no conclusive proof that a current FDA-approved 
treatment can reduce the risk of macrovascular compli-
cations in persons with type 2 diabetes mellitus. The 
University Group Diabetes Program actually showed 
that tolbutamide increased cardiovascular mortality.8 
The United Kingdom Prospective Diabetes Study was 
the first study to suggest that a diabetic medication had 
a favorable CVD risk profile. It showed a nonsignificant 
reduction (p = 0.052) in myocardial infarction in patients 
treated intensively with insulin or sulfonylureas. It also 
showed a reduction in diabetes-related death and all-
cause mortality in a substudy of 342 overweight persons 
given metformin.12 In a 10-year post-trial observational 
follow-up assessment, the reduction in these CVD events 
became statistically significant.13

Numerous studies have assessed the role of TZDs in 
persons with type 2 diabetes mellitus. Small controlled 
studies using surrogate markers such as carotid intimal-
media thickness (IMT) have shown a decrease in the 
progression of carotid IMT in persons treated with a 
TZD. Protective effects against restenosis after percutane-
ous intervention in TZD-treated patients have also been 
noted.3 Large randomized, controlled trials that have 
assessed the effects of TZDs on major CVD events that 
are completed or ongoing are described in the following 
paragraphs. In evaluating the results of all these trials, 
one should distinguish those that compare TZDs with 
placebo as an add-on therapy to those that compare 
TZDs with other hypoglycemic drugs.

PROactive14 (the PROspective pioglitAzone Clinical 
Trial In macroVascular Events) was the first study that 
assessed the effect of an antidiabetic medication on 
cardiovascular outcomes. PROactive was a well-run 
prospective randomized-controlled trial in 5238 patients, 
designed to assess whether pioglitazone titrated to a 
maximum dose of 45 mg/d, compared with placebo 
in addition to the usual standard of glycemic therapy 
care, decreased macrovascular events. The average 
follow-up period was 34.5 months. The results showed 
a statistically nonsignificant reduction in the primary 
endpoint (all-cause mortality, nonfatal myocardial in-
farction, stroke, acute coronary syndrome, endovascular 
or surgical intervention in the coronary or leg arteries, 
or above-the-knee amputation) in the pioglitazone 
group. This was despite an adequate number of events 
in both arms of the study (514 of 2605 in the piogli-
tazone group and 572 of 2633 in the placebo group;  
p = 0.095). However, the secondary endpoint that was 
predefined (all-cause mortality, myocardial infarction, 
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or stroke) was significantly reduced in the pioglitazone 
group (301 patients in the pioglitazone group and 358 in 
the placebo group; p = 0.027). It is noteworthy that the 
time to permanent insulin use was significantly decreased 
in the pioglitazone group.

ADOPT15 (A Diabetes Outcome Progression Trial) 
was a multicenter, randomized, double-blind, controlled 
clinical trial that sought to answer whether monotherapy 
with either rosiglitazone, metformin, or glyburide was 
sufficient to maintain euglycemia in persons in whom 
type 2 diabetes mellitus had recently been diagnosed 
and who had not taken any diabetes medications before. 
The primary outcome was the time to monotherapy 
failure (plasma glucose >180 mg/dL after an overnight 
fast). Analysis of the outcomes showed a cumulative 
incidence of monotherapy failure at 5 years of 15% 
with rosiglitazone, 21% with metformin, and 34% with 
glyburide. This was a 32% greater risk reduction for rosi-
glitazone compared with metformin, and a 63% greater 
risk reduction compared with glyburide (p < 0.0001 for 
both comparisons). However, some important limitations 
of the study should be mentioned: 1) the study was an 
efficacy and safety trial and not a primary cardiovascular 
endpoint trial; 2) there was a large withdrawal rate; and 
3) patients with type 2 diabetes mellitus were in a very 
early stage in this study, and thus they may not represent 
the general population of patients with type 2 diabetes 
mellitus. Preliminary cardiovascular safety findings had 
not detected a significant difference in cardiac ischemic 
event rates between rosiglitazone and metformin or gly-
buride, but many believe that an increased risk cannot 
be ruled out.1 There were understandably more patients 
with heart-failure events with rosiglitazone than with 
metformin or glyburide.

The DREAM16 (Diabetes REduction Assessment with 
ramipril and rosiglitazone Medication) trial was a primary 
prevention study to assess whether rosiglitazone would 
prevent type 2 diabetes mellitus in persons at high risk for 
developing the disease. The inclusion criteria included 
either impaired fasting glucose (fasting plasma glucose 
of 110–126 mg/dL and 2-hour plasma glucose <200 mg/
dL during the oral glucose tolerance test) or impaired 
glucose tolerance (either fasting plasma glucose <126 
mg/dL and 2-hour plasma glucose of 140–200 mg/dL). 
The exclusion criteria were a history of type 2 diabetes 
mellitus, CVD, or intolerance of either medication. For 
the study, 24,592 patients were screened (18,784 were 
excluded), with a total of 5269 patients randomized to 
treatments (2635 to the rosiglitazone arm; 2634 to the 
placebo arm) and followed for a median of 3.0 years. 
Rosiglitazone was titrated to a maximum dose of 8 mg/d 

and ramipril was titrated to a maximum dose of 15 mg/d 
in a 2 × 2 factorial design. The primary outcome was a 
composite of incident type 2 diabetes mellitus or death. 
The results of the study showed that fewer individuals 
experienced the composite primary outcome in the 
rosiglitazone group compared with the placebo group 
[306 (11.6%), 686 (26.0%); p < 0.0001]. One-half of the 
individuals in the rosiglitazone group and approximately 
one-third of the placebo group achieved normoglycemia 
[1330 (50.5%), 798 (30.3%); p < 0.0001]. Also among 
individuals with impaired fasting glucose or impaired 
glucose tolerance, taking ramipril for 3 years significantly 
increased regression to normoglycemia but did not 
significantly decrease the incidence of type 2 diabetes 
mellitus or death.

The ACT NOW17 trial, presented at the American 
Diabetes Association 2008 meeting, randomized par-
ticipants to placebo or pioglitazone titrated to 45 mg/d. 
Pioglitazone decreased the rate of progression to type 2 
diabetes mellitus (1.5% per year) compared with placebo 
(6.8% per year; hazard ratio [HR], 0.19; p < 0.00001). The 
risk of fracture, heart failure, and other adverse events 
was similar except for a higher rate of edema in the pio-
glitazone group compared with placebo (22% vs 15%).

In April 2008, results of the PERISCOPE18 (Comparison 
of Pioglitazone versus Glimepiride on Progression of 
Coronary Atherosclerosis in Patients with Type 2 Dia-
betes) trial were published. PERISCOPE was a coronary 
intravascular ultrasound (IVUS) study in 547 patients 
with type 2 diabetes mellitus who underwent coronary 
angiography for clinical indications with a “target vessel” 
for IVUS that had a stenosis of <50% in an area of 40 mm 
or longer. The primary endpoint was change in percent 
atheroma volume (PAV) from baseline. They were then 
randomized to receive either glimepiride or pioglitazone, 
which was then titrated to a maximum tolerated dose. 
If a patient required cardiac catheterization for a clinical 
indication at a point between 12 and 18 months, a follow-
up IVUS study was performed. Only 181 patients in the 
glimepiride group and 179 patients in the pioglitazone 
group were included in the primary analysis (66% of 
the initial cohort). The least-squares mean of the PAV 
increased in patients taking glimepiride and decreased 
in patients taking pioglitazone (0.73 vs –0.16; p = 0.002).

RECORD (Rosiglitazone Evaluated for Cardiovascular 
Outcomes in oRal agent combination therapy for type 2 
Diabetes) was a multicenter, open-label, noninferiority 
trial that randomized persons who had inadequate 
glycemic control with metformin or sulfonylurea to 
either receive add-on rosiglitazone or not. An interim 
analysis19 to assess for increased rates of myocardial 
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infarction was not conclusive. The final analysis20 again 
noted no differences in the primary endpoint, with 321 
events in the rosiglitazone group and 323 events in the 
control group (HR, 0.99; 95% confidence interval [CI], 
0.85–1.16). As suspected, there was an increased risk of 
congestive heart failure (HR, 2.10; 95% CI, 1.35–3.27) 
and fractures (HR, 1.57; 95% CI, 1.12–2.19).

The APPROACH21 (Assessment on the Prevention 
of Progression by ROsiglitazone on Atherosclerosis in 
diabetes patients with Cardiovascular History) trial, the 
results of which were published recently, was an IVUS 
trial that randomized patients presenting to a cardiac 
catheterization laboratory who had at least one area in 
their epicardial coronary arterial system that contained 
an atherosclerotic plaque that was not intervened upon 
prior with a stenosis of 10-50%. This trial noted no 
change in the primary endpoint (PAV), whereas one 
secondary outcome, normalized total atheroma volume, 
was significantly reduced (–5.1 mm3; 95% CI, –10.0 to 
–0.3; p = 0.04).

Recently published findings of three clinical tri-
als—Action to Control CardiOvascular Risk in Diabetes 
(ACCORD),22 the Veterans Administration Diabetes 
Study,23 and the Bypass Angioplasty Revascularization 
Investigation in Type 2 Diabetes (BARI 2D)24—showed 
no firm causal association between rosiglitazone and 
ischemic heart disease (IHD) events.

Data Not Favoring Thiazolidinediones 
(the Bad)

Known adverse effects that occur with the use of 
TZDs are discussed in the following sections. Some 
of these are thought be unique to a particular TZD, 
and others may be thought of as a class effect. Some 
have a more robust backing of scientific data; others 
have less. The most-recognized adverse effects include 
peripheral edema, heart failure, macular edema, and 
fractures. The overall medical community now is well 
aware of the effects of TZDs on peripheral edema and 
heart failure. However, the unknown risk of myocar-
dial infarction with rosiglitazone is the biggest and 
most heated debate.

Edema
The incidence of new or worsening edema is noted to 

occur in 2.5% to 16.2% of persons with type 2 diabetes 
mellitus. This risk increases with increasing age, higher 
doses, female sex, and increasing creatinine levels, 
with concomitant use of insulin. Two mechanisms are 
thought to contribute to this problem with TZDs. The 
first is increasing sodium retention and plasma volume 

expansion because of the presence of PPAR-γ in the 
epithelium of the renal collecting duct. There is some 
thought that amiloride or spironolactone could decrease 
this effect. The second is the similarity of TZDs to 
perhaps the dihydropyridine type of calcium-channel 
blockers (eg, nifedipine, nicardipine, amlodipine) that 
exert their effects through L-type calcium channels that 
may cause an increased fluid permeability.3,25

Heart Failure
The second and more serious problem of heart fail-

ure is thought to occur much less frequently, in 0.25% 
to 0.45% of persons with type 2 diabetes mellitus per 
year.3,25 In May 2007, the FDA recommended, on the 
basis of clinical data, that TZD use in patients with 
any degree of heart failure be avoided. It is of interest, 
however, that no TZD has shown a harmful effect on 
cardiac structure or function. In fact, some small studies 
have shown improvement in hemodynamic values such 
as stroke volume index and cardiac index. One small 
randomized study assessed the effect of rosiglitazone 
versus placebo in patients with New York Heart As-
sociation class I and II heart failure and with a left ven-
tricular ejection fraction of <45%. This trial showed an 
increase in peripheral edema in the rosiglitazone group 
compared with the placebo group (25.5% vs 8.8%; p = 
0.037). There was no deterioration of systolic function 
and perhaps an improvement in diastolic function.3 
In the PROactive study, nonadjudicated heart-failure 
events were more common in the pioglitazone group, 
but no evidence of increase in heart failure mortality 
was noted.14 A similar finding was noted in the interim 
analysis of the RECORD study.19 These studies’ results 
suggest an overall low but distinct risk of hospitaliza-
tions for heart failure.

Macular Edema
Although there have been case reports,26 and ret-

rospective studies27–30 in the literature suggesting the 
association of macular edema with use of a TZD, the 
overall evidence either proving or disproving it is fair 
at best. However, most experts in the field believe 
that TZDs probably exacerbate macular edema and 
that with discontinuation of TZDs, macular edema 
may decrease or abate completely. A case example is 
given in Figure 1.

Bone Loss
Another important aspect of TZDs is its effect on 

bone. Early basic science and preclinical work have 
shown that TZDs decrease osteoblast differentiation 
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and increase osteoclast formation, suggesting overall 
bone loss. The mechanism of TZD effect on bone has 
not been completely elucidated but again appears to be 
due to its effect on PPAR-γ. There is hope that eventu-
ally selective PPAR-γ modulators may overcome the 
undesirable extraglycemic effects. In 2006, the ADOPT 
group published a separate analysis of the fracture risk 
associated with rosiglitazone in comparison with met-
formin and glyburide. Rosiglitazone had an increased 
relative risk (RR) of 1.81 compared with metformin and 
2.13 compared with glyburide. A sex-based association 
of risk was noted, with women having an increased 
risk for both upper and lower limb factures; men did 
not have an increased risk in this study. The risk ratios 
calculated showed the largest increases in fracture risk 
for the foot (RR = 3.3), the hand (RR = 2.6), and the 
proximal humerus (RR > 8). There was an insufficient 
number of fractures of the hip and spine to assess the 
risks for these fractures.31,32 Pioglitazone carried a similar 
risk for all clinical fractures (1.9 per 100 person-years). 
Significant research is needed in many areas in this field. 
Specifically, there is a need to further define which 
subgroups are at high risk and also to determine the 
effects of osteoporosis treatment in persons with type 
2 diabetes mellitus who are taking a TZD.

The Ugly?
The possible association of TZDs with myocardial 

infarction came to light after a Peto fixed-effects meta-
analysis, published in 2007, of 42 clinical trials concern-
ing rosiglitazone use in approximately 28,000 patients 
suggested an odds ratio (OR) of 1.43, or a 43% greater 
risk, for myocardial infarction and an OR of 1.64, or 
a 64% greater risk, for cardiovascular death compared 
with placebo or other antidiabetics.33 A subsequent edi-
torial suggested that there were numerous limitations to 
this meta-analysis, including possible misclassification, 
ascertainment errors, and a variability of entry criteria 
and outcome definitions among the original studies. The 
Peto fixed-effects model that was used for analysis was 
also thought to be more favorable for obtaining statis-
tical significance. The conclusion of the editorial was 
that “the risk for myocardial infarction or death from 
cardiovascular patients taking rosiglitazone is uncertain: 
neither increased nor decreased risk is established.”34

Whether any risk is due to an individual drug or 
a class effect is not known. Another meta-analysis of 
randomized trials concerning pioglitazone use was 
undertaken that suggested that pioglitazone decreased 
rather than increased adverse CVD events. This study 
evaluated 19 clinical trials, with a total participant 

enrollment of 16,390. The duration of treatment was 
between 4 months and 3.5 years. Death, myocardial 
infarction, or stroke occurred in 4.4% (375 of 8554) of 
participants receiving pioglitazone and 5.7% (450 of 
7836) of participants receiving control therapy (HR, 
0.82; 95% CI, 0.72–0.94; p = 0.005).35

An excellent overview of the safety of TZDs in relation 
to IHD risk is provided in a recent scientific advisory 
reported by Kaul et al.36 The advisory statement ad-
dressed 1) rosiglitazone and IHD risk, 2) pioglitazone 
and IHD risk, and 3) pioglitazone versus rosiglitazone 
and IHD risk. Their conclusions were that 1) an as-
sociation between rosiglitazone and IHD outcomes 
has not yet been firmly established, but sufficient 
safety signals have emerged to raise concerns; 2) the 
majority of published study findings do not positively 
correlate an increased risk for IHD in patients treated 
with pioglitazone, and hence there has been no black-
box warning issued for pioglitazone; and 3) current 
evidence suggests that TZDs should not be used with 
the expectation of benefit with respect to IHD events. 

Figure 1. Results of optical coherence tomography (OCT) and fluorescein angiography 
in a man with diabetes.a

Foveal thickness and macular volume are noted for each date. On August 2, 2007, only the right eye was 
scanned. Rosiglitazone was stopped after the visit of May 11, 2007. Because of residual symptoms, the right 
eye was treated by laser on August 2, 2007; follow-up evaluation on October 8, 2007, showed significant 
resolution. OCT uses a laser in a technique similar to ultrasound to obtain information about the macula. Laser 
light reflected from the retina is detected, and because of the partial transparency of the retina, different layers 
reflect differing amounts of laser light. A computer-reconstructed scan is produced that allows very accurate 
measurements of macular contour and thickness. OCT is extremely useful in the diagnosis and evaluation of 
diabetic macular edema and can be used to monitor the effect of treatment on retinal thickness. 
OD = ocular dextra (right eye); OS = ocular sinistra (left eye).
a Figure available in color at: www.thepermanentejournal.org/images/Fall2010/p69.jpg. 



70 The Permanente Journal/ Fall 2010/ Volume 14 No. 3

REVIEW ARTICLE
Thiazolidinediones: A 2010 Perspective

Update
In June of 2010, Nissen and Wolksi 

published yet another meta-analysis: 
Rosiglitazone Revisited.37 The conclu-
sion of this meta-analysis including 
data from the RECORD study noted 
an increased risk of myocardial in-
farction (OR = 1.28; 95% CI 1.02-1.63, 
p = 0.04) but not cardiovascular mor-
tality (OR = 1.03; 95% CI 0.78-1.36; 
p = 0.86). Excluding the RECORD 
trial yielded qualitatively similar re-
sults but quantitatively higher odds 
ratio disfavoring rosiglitazone.37 The 
fi restorm over TZDs has continued 
and led to an FDA advisory com-
mittee meeting again on July 14, 
2010 to decide the fate of Avandia. 
Numerous presentations were made 
from many leaders in the academic 
community as well from GlaxoSmith-
Kline.38 Two decisions were made. 
The fi rst was to keep Avandia on the 
market but recommend stricter warn-
ing labels. The second was that the 
postmarketing trial known as TIDE 
(Thiazolidinedione Intervention with 
vitamin D Evaluation) be placed 
on partial clinical hold.39 Under the 
partial clinical hold no new patients 
may be enrolled into the trial until 
further notice from the FDA. Patients 
already enrolled in the trial will be 
allowed to continue to participate.

Conclusion
In medicine, as in many other 

areas of innovation, initial enthu-
siasm is usually tempered with the 
realities of subsequent knowledge. 

The evolution of TZD development is a prime ex-
ample. Once seen as holding a promise of mortality 
reduction, TZDs are currently used with a focus on 
additional glycemic control, with careful patient 
selection to avoid possible toxicities. 

The primary prevention of type 2 diabetes mellitus 
and cardiovascular mortality in persons with type 2 
diabetes mellitus is of the utmost importance. The 
current PHASE program at KPNC addresses this exact 
need of improving the outcome in these high-risk 
patients. Without current data suggesting any benefi ts 

of prescribing a TZD except for improving glycemic 
control, care should be taken to avoid subgroups of 
patients who may have a higher risk of developing 
edema, congestive heart failure, fractures, and pos-
sibly macular edema. These subgroups may include 
patients of advancing age, those taking higher doses 
of a TZD, women, those with renal insuffi ciency, and 
those who also take insulin. The type 2 diabetes mel-
litus treatment algorithm currently proposed may need 
to be further refi ned to balance adequate glycemic 
control, costs, and expected future risks in individu-
als (Figure 2-4).40

Figure 2. The diabetes mellitus por-
tion of the current Kaiser Perma-
nente Northern California PHASE 
(Prevent Heart Attack and Stroke 
Everyday) program. 

Cr = creatinine; HF = heart failure; LFT = 
liver function test; NPH = neutral protamine 
Hagedorn (insulin); SMBG = self-monitoring 
of blood glucose; SQ = subcutaneous; 
ULN = upper limit of normal; bid = twice daily; 
hs = at bedtime; q2days = every 2 days.

Figure 3. Proposed antihyperglycemic strategy in the 
patient with type 2 diabetes mellitus and coronary artery 
disease. 
a Because of the risk of lactic acidosis, metformin should be avoided in 
patients whose coronary artery disease is complicated by acute or unstable 
heart failure. 
b Because of the risk of fl uid retention, pioglitazone should be avoided in 
patients whose coronary artery disease is complicated by heart failure; it 
is contraindicated in those with New York Heart Association class III to IV 
symptoms. Because of recent concerns regarding the increased risk of myo-
cardial infarction with rosiglitazone, this drug is best avoided in coronary 
artery disease patients until further safety data become available. 
c Secretagogues include the sulfonylureas and the nonsulfonylurea 
glinides. Certain sulfonylureas (eg, glyburide) may impair ischemic 
preconditioning and are probably best avoided in patients with active 
coronary insuffi ciency. 
d Insulin can be added to or substituted for oral agents at any point in the 
disease course. When more advanced regimens are used, insulin secre-
tagogues traditionally are discontinued. Reprinted with permission from 
Inzucchi SE, McGuire DK. New drugs for treatment of diabetes: part II: 
Incretin-based therapy and beyond. Circulation 2008 Jan 29;117(4):574-
84; Figure 1.
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Aleglitazar, a promising novel dual PPAR agent that is 
currently being tested in a phase III clinical trial, again 
brings hope to this field. We will await the results of 
this and other ongoing studies of diabetes medications 
that can now enter the market only if a favorable car-
diovascular risk profile is attained. v
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