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Introduction

The scenario of treating diabetes is changing with steps of 
invention of different groups of drugs. Initially treatment 

was centred upon insulin replacement or stimulating insulin 
secretion. Nevertheless, the most important aetiology of Type 2 
Diabetes mellitus (T2DM) is insulin resistance. With invention of 
biguanides in 1950’s, treatment started to focus on amelioration 
of insulin resistance. The treatment cascade has further been 
strengthened by invention of thiazolidinediones (Rosiglitazone, 
Pioglitazone), which act through Peroxisome Proliferators 
Activated Receptor (PPAR) γ as agonist. They act upon insulin 
resistance synergistically with metformin and exert different 
important non-glycaemic effects. They act upon majority of the 
components of insulin resistance like adiposity, dyslipidaemia, 
hyperglycaemia, hypertension, cardiovascular abnormalities, 
hyper coagulation, vasculopathy, accelerated atherosclerosis, 
and changes in liver and ovary. 

Actions of Thiazolidinediones
Probably thiazolidinediones exert their primary action on 

the adipocyte. The effect is also on skeletal muscles, liver and 
other tissues to improve insulin action and secondary action 
due to changes in FFA, adiponectin and some other signals. In 
the pancreatic beta cell, they improve beta cell function, insulin 
sensitivity and prevent apoptosis of beta cells. In the endothelial 
wall they lower adhesion molecule and retards atherosclerotic 
progression.

Thiazolidinediones are potent anti-hyperglycaemic agents 
when used in proper dosage, the effect is more or less comparable 
to the effects of sulphonylurea, and metformin as seen in the 
treatment of type 2 DM. When combined with sulphonylurea, 
thiazolidinediones exert additional effect on blood sugar 
lowering capacity. Both the thiazolidinediones if combined with 
already existing metformin therapy improve glycaemic state, 
beta cell function and insulin sensitivity.

Thiazolidinediones are also effective even if added at late 
part of diagnosis after use of metformin and sulphonylurea 
with unsuccessful glycaemic control. In one study, 35 T2DM 
patients received PIOG or ROSI after inadequate control with 
sulphonylurea and metformin. After 72 months, 51% remained 
well controlled by achieving HbA1C of 6.9%, rest 49% patient 
required insulin therapy. This study established the utility of 
thiazolidinediones even at late stage and effect is maintained 
upto 6 years.1

Thiazolidinediones combination with Insulin therapy not 
only improves glycaemic state, but also ultimately lowers the 
daily insulin requirement by its protective effect on beta cells. 
Thiazolidinediones improves insulin sensitivity in the periphery 
and in the liver, muscle and other organs rich in insulin receptors. 
This improvement is seen not only in type 2 diabetes but also 
in pre-diabetes (IGT and/or IFG), polycystic ovarian syndrome 
and some cases of Type 1 diabetes. In one study of 205 newly 
diagnosed treatment naive T2DM patients, PIO was compared 

with metformin. After 24 weeks the results of improvement in 
HbA1C (~1.3%) and FPG (~54 mg/dl) were similar in both group 
but insulin sensitively improved much higher with PIO (17.4%) 
than metformin (8.9%) as assessed by HOMA-S model.2

Thiazolidinediones and Insulin 
Sensitivity

PPAR γ receptors are expressed in human pancreatic 
islet cells and multiple studies have established the role 
of thiazolidinediones in improving beta cell function. 
Probably major effect is mediated through suppression of 
FFA. Improvement in beta cell function may also be due to 
improvement in insulin receptor sensitivity, glucotoxicity and 
lipotoxicity, oxidative stress etc.3

Thiazolidinediones and Adipocytes
Thiazolidinediones stimulates proliferation of pre-adipocytes 

to neo-adipocytes which can store more fat or fatty acids and 
prevents their release into the circulation. They act also on 
the important enzymes of the lipogenesis system.4 Visceral 
fat are more resistant to insulin action than subcutaneous fat 
and increased visceral fat aggravate the problems of metabolic 
syndrome.

On the reverse, reduction of visceral fat and increase 
in subcutaneous fat, which effectively respond to insulin 
action and subsequent FFA entry and storage, is a factor for 
improving the metabolism. The same phenomenon is observed 
with thiazolidinedione treatment in CT Scan assessment of 
visceral and subcutaneous fat.In recent years, more improved 
technologies like MRI and DEXA scan has also confirmed the 
same observation and additionally shown that PIO and ROSI 
both mobilizes hepatic fat to peripheral subcutaneous tissue 
with improvement in so called Non Alcoholic Steato-Hepatitis 
(NASH). They also reduce hepatic lipid content.6

Thiazolidinediones and  
Lipid Metabolism

In Type 2 DM, common lipid abnormalities observed are 
higher triglyceride level, lower HDL and moderately elevated 
LDL. In Indian sub-continent first two lipid abnormalities are 
more common. Out of LDL concentration again majorities are 
type β small dense type and highly pro-atherogenic in nature.7

Both PIO and ROSI alter the lipid parameters but not in 
uniform manner. These drugs increase LDL Cholesterol level by 
10 to 15%.8,9 Nevertheless, favourably enough there is diminution 
of the atherogenic fraction of LDL (small dense LDL type B) 
and increase in less atherogenic fraction (highly byount type A 
particle) together with decreased affinity for oxidation.9 Both the 
drugs also raise HDL from 10 to 15%.8,9 But notable favourable 
effects on triglyceride level are seen with PIO than ROSI. 

In a double blind head to head comparison of 802 type 2 
diabetes patients with dyslipidaemia without lipid lowering 
drugs ,diet alone were randomized into PIO 45 mg or ROSI 8mg 
for 24 weeks. Glycaemic control was same in both groups evident 
by lowering of HbA1C (0.7%). But triglyceride was diminished 
by 51.9 mg/dl by PIO but increased by ROSI upto 13.1mg/dl 
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(p<.001). Increase in HDL was greater (5.2 vs. 2.4 mg/dl, p<.001) 
and rise in LDL was less (12.3 vs. 21.3/dl, p<0.001) with PIO than 
ROSI. More over LDL particle size increased more with PIO 
(p<0.005) than ROSI.10 This study calls for specific use of PIO in 
T2DM cases with dyslipidaemia preferentially.

Effects on Heart
In a study, PIO in nondiabetic insulin resistant hypertensive 

persons, significantly improved LV diastolic dysfunction 
without left ventricular mass regression by ameliorating insulin 
resistance.11

One of the most important causes for hypertension in 
diabetes, which is very frequent , is impaired insulin mediated 
vasodilatation. This is due to endothelial dysfunction, 
enhancement of renal sodium absorption and increased 
sympathetic nervous system activity.7 Thiazolidinediones 
improve blood pressure by improving the toxic vasodilator 
response due to improvement in insulin resistance and 
subsequent improvement in peripheral resistance. They 
also ameliorate the insulin induced excess renal sodium and 
sympathetic over activity.7 In a meta-analysis of 37 clinical trials 
thiazolidinediones reduced systolic B.P. by 4.70 mm Hg and 
diastolic BP by 3.79 mm Hg compared to base line. Compared 
to placebo the reduction was 3.47 mmHg and 1.84 mmHg 
respectively.12

Thiazolidinediones also inhibit accelerated vascular 
atherosclerosis by its action on endothelial, monocyte / 
macrophage and vascular smooth muscle cells. With these 
mechanisms, thiazolidinediones inhibit thrombogenecity, 
stabilises the atherosclerotic plaque if present. These changes 
have been reflected in studies showing improvement in both 
carotid intimo-medial thickening by Doppler study13 and 
in neo-intimal tissue proliferation after coronary stenting in 
intravascular ultra sound studies.14

Thiazolidinediones and Liver
A large group of patients of diabetes suffer from Non 

Alcoholic Fatty Liver Disease (NAFLD). Thiazolidinediones 
improve the condition both symptomatic and histological 
changes. Administration of PIO for 6 months has shown these 
results in a recent trial.15 Thiazolidinediones mobilizes intra 
hepato-cellular fat, inhibits inflammation and subsequent 
damage in NAFLD.

Thiazolidinediones and Ovary
Polycystic ovarian syndrome consists of hyper-androgenism, 

chronic anovulation, obesity and other features of insulin 
resistance. Thiazolidinediones exert insulin sensitizing and 
ovulation induction effect in women with this syndrome.17

Thiazolidinediones and Malignancy
Thiazolidinediones have anti-tumour activity because of 

expression of PPAR- γ receptor in neoplastic cell line of colon, 
breast, and pancreas, prostate and leukaemia. Other than 
PPAR- γ activity, this anticancer effect is also due to PPAR- γ 
independent activity and anti-angiogenic activity.19,20 But this 
in vitro data was not reflected in human trials with colorectal 
and prostatic carcinoma.19 Rather in murine models, this drug 
showed some tumour inducing activity and hence they should 
be avoided in patients with adenomatous polyposis coli.19

PPAR γ agonists have several anticancer activities, such as 
inhibiting growth and inducing apoptosis and cell differentiation, 
and PPAR γ is currently considered a potential target for both 

chemoprevention and cancer therapy based on other preclinical 
studies.20 Studies in rodents have shown that PPAR agonists 
can potentiate tumorigenesis, and are multispecies, multisex 
carcinogens. Therefore, TZDs may increase, decrease, or have 
a neutral effect on the risk of cancer or cancer progression in 
humans.21 

Definitive human data regarding the cancer risk associated 
with TZDs are not available. Meta-analysis of clinical trials of 
rosiglitazone demonstrated no statistically significant increase or 
decrease in the risk of cancer though the numbers of cancer cases 
at these specific sites were small.22 This epidemiologic studies 
examined only short-term exposure, due to recent introduction 
of these medications and the shorter duration of many trials. 
Few clinical trials conducted of TZDs for cancer treatment, show 
negative results.

Ferrara A et al22 found no clear evidence of an association 
between use of pioglitazone and risk of the incident cancers 
examined and as because the maximum duration of follow-up 
was fewer than 6 years after the initiation of pioglitazone, longer-
term studies are needed.

Long Term Safety Profile
Thiazolidinediones are considered as a very useful 

antidiabetic, acting as potent insulin sensitizer. They can be 
combined with other antibiotics but with caution with insulin in 
cases with heart failure and oedema. They are slower in action 
but of longer duration. Their glycaemic effect is comparable 
with sulphonylurea and metformin. Other than glycaemic effect, 
they have multiple favourable effects. Unfortunately, the drug 
is under utilized in the treatment strategy of diabetes.

Recent Debate 
Recently a bubbling has been created for banning the drug 

with the allegation of incidence of cancer. It is really bad news 
for patients and doctors and the Drug Company, but good news 
for Law Graduates!! Not a single trial based on this issue is a 
prospective well balanced one where pioglitazone was started 
after screening for cancer. Diabetes itself is a precancerous 
condition, carcinogenesis may be due to other drugs used 
concomitantly with pioglitazone. As drugs can kill a person, 
there are persons who have killed multiple drugs also. As 
discussed above , presently pioglitazone is such a drug that 
provides us all the requirement of an antidiabetic agent more 
so in affordable price. If we banish it, we will have  to switch 
over to injections (insulin or incretin mimetics) or ultra costly 
gliptins. It has been suggested that metformin, pioglitazone 
and GLP1 agonists may represent the optimum combination 
of agents for the modern management of type 2 diabetes 
based on the pathophysiology of the disease. If pioglitazone 
use is suspended many patients will experience worsening 
of glycaemic control and risk from acute hyperglycaemic 
syndromes as well as potentially increased microvascular and 
macrovascular damage. Pioglitazone will shortly emerge from 
patent and with the exception of sulphonylureas there are no 
other popular alternative low cost pharmaceutical options.

A substantial number of people with diabetes are on triple 
oral hypoglycaemic therapy including pioglitazone so in the 
event of total withdrawal, many will need to change to expensive 
options including injectables (a major stress on specialist 
resources nationally) or gliptins. A number of occupational 
drivers may lose their licence as a result of a total withdrawal of 
pioglitazone –these include occupational drivers on pioglitazone 
alongside GLP1-based treatment most of whom will migrate to 
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insulin or be inadequately controlled.
Gliptins have an increasing market share and are a pressure 

on pharmaceutical budgets. Although heavily marketed across 
the UK, India and other countries there are no long term safety 
data available and there are concerns that the ubiquity of the 
enzyme system which they inhibit might predispose to long 
term safety issues. Many people with diabetes will therefore be 
moving from one drug with a possible safety problem to another 
with an unknown long term safety record. Risk factors for 
bladder cancer should be assessed before initiating pioglitazone 
treatment (risks include age, smoking history, exposure to some 
occupational or chemotherapy agents e.g. cyclophosphamide or 
prior radiation treatment in the pelvic region). Any macroscopic 
haematuria should be investigated before starting pioglitazone 
therapy. Patients should be advised to promptly seek the 
attention of their physician if macroscopic haematuria or other 
symptoms such as dysuria or urinary urgency. 

European Medicines Agency (EMA) 
Update24

As published by Shelly Wood on 21st July, The European 
Medicines Agency (EMA) has reached a decision in its review 
of pioglitazone), opting to recommend new contraindications 
and warnings be added to the drug label, noting that there 
is a small increased risk of bladder cancer with the diabetes 
drug. The EMA’s alert concludes that the “benefit/risk balance 
remains positive in a limited population of type 2 diabetics” and 
that “the small increased risk could be reduced by appropriate 
patient selection and exclusion, including a requirement for 
periodic review of the efficacy and safety of the individual 
patient’s treatment.” Risk factors for bladder cancer should be 
“investigated,” particularly in elderly patients, before physicians 
move forward with the choice of pioglitazone, the EMA alert 
states. Patients in whom pioglitazone should not be considered 
include those with current or a history of bladder cancer or those 
with uninvestigated macroscopic haematuria. 

The Agency’s Committee for Medicinal Products for Human 
Use (CHMP) concluded that, although there is a small risk 
of bladder cancer with pioglitazone, its benefits continue to 
outweigh its risks in a limited population of type 2 diabetes 
patients. The issue of the possible risk of bladder cancer 
was raised at the time of marketing authorisation of the first 
pioglitazone-containing medicines in 2000. At that time, some 
preclinical studies identified cases of bladder cancer in male rats, 
but the evidence did not point to a risk in humans. 

At the time of authorisation, the company committed to 
perform a population-based study (KPNC )(25) on the long-term 
safety of pioglitazone. The study is still ongoing and the Agency’s 
Committee for Medicinal Products for Human Use (CHMP) 
reviewed preliminary results showing a small risk of bladder 
cancer in the patients treated with pioglitazone. 

In a clinical trial (PROactive)26 more bladder cancer cases 
were reported for pioglitazone than placebo, and there has been 
a higher than expected number of reports of bladder cancer in 
patients taking pioglitazone in the EU and the United States. 
The CHMP has been studying the data as they have become 
available and, although they are inconclusive on their own, the 
accumulated evidence pointed to a signal of bladder cancer that 
warranted a full review. 

The CHMP carried out this review to establish whether, in 
light of the evidence regarding bladder cancer, the marketing 
authorisations for pioglitazone-containing medicines should 
be maintained, varied, suspended or withdrawn across the EU. 

As the CHMP was carrying out its review, new data emerged 
from a population-based study in France which also pointed 
to a risk of bladder cancer with pioglitazone, prompting the 
French medicines agency to suspend the use of the medicines 
in France. Germany and Luxembourg took the precautionary 
measure of recommending that doctors not start new patients 
on pioglitazone while the review was ongoing. 

What are the Conclusions of the 
CHMP? 

The CHMP concluded that the evidence from different 
sources shows that there is a small risk of bladder cancer with 
pioglitazone. Recent data from population-based studies (the 
KPNC study, the French study, and a GPRD 2 case control study) 
showed a risk of bladder cancer, particularly in patients treated 
for the longest periods and at the highest doses. 

In an analysis of several clinical trials together (a meta-
analysis), 19 out of 12,506 patients taking pioglitazone had 
bladder cancer (0.15%) compared with 7 out of 10,212 patients 
not taking pioglitazone (0.07%). 

The CHMP noted that there are some patients who cannot be 
adequately treated by other treatments and who will benefit from 
pioglitazone. Considering the risks associated with pioglitazone 
and its benefits to some patients, the CHMP concluded that the 
benefits outweigh the risks in those patients responding well to 
pioglitazone. Prescribers are advised to carefully select patients 
and monitor how they respond to treatment. 

The CHMP also made recommendations in the prescribing 
information to reduce the risk of bladder cancer. These 
recommendations cover the monitoring of the effects of 
treatment, restrictions in its use and factors that prescribers 
and patients should take into account when using pioglitazone-
containing medicines. 

What are the Recommendations for 
Prescribers? 

Prescribers are reminded that the benefits of pioglitazone 
continue to outweigh its risk in patients responding adequately 
to treatment, but that certain measures will need to be taken to 
reduce the risk of bladder cancer. 

Some patients will need to be taken off pioglitazone, such as 
those who have or have had bladder cancer or those with blood 
in the urine that has not yet been investigated. 

Prescribers should review the treatment of new patients and 
patients currently on pioglitazone after three to six months, and 
discontinue treatment for those who are not deriving sufficient 
benefit. At subsequent reviews prescribers should confirm that 
benefits to patients are maintained. 

Prescribers should consider patients’ risk factors for bladder 
cancer (such as age, smoking and exposure to certain chemicals 
or treatments) before starting them on pioglitazone. 

Prescribers should start elderly patients on the lowest possible 
dose, as they are at a higher risk of bladder cancer, as well as 
heart failure, with pioglitazone. 

What are the Recommendations for 
Patients? 

Patients should immediately report any blood in their urine 
or other symptoms of a bladder condition (such as pain while 
urinating or urinary urgency) to their doctor. 
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Patients currently on pioglitazone will have their treatments 
evaluated by their doctor at their next scheduled appointment. 
Patients with any questions should speak to their doctor. 

A European Commission decision on this opinion will be 
issued in due course. 

The CHMP agreed that there is a need for further analysis of 
the types, evolution and severity of bladder cancer in patients 
treated with pioglitazone compared to diabetics not treated with 
pioglitazone. It remains unclear as to whether it is an early effect 
or a risk with prolonged use/high cumulative dose. Therefore, 
the CHMP has asked the marketing authorisation holder to 
conduct a pan-European epidemiological study focussing on 
more robust characterisation of the risk, in particular the risk 
period and risk with increasing age, to inform the evidence-base 
for risk minimisation measures. 

Opinion of ABCD
ABCD is the national Association of British Clinical 

Diabetologists in the UK. Dr C. Walton, Honorary Chairman of 
ABCD is of the opinion that “pioglitazone is the only glycaemic 
medication other than metformin with randomised controlled 
trial evidence that it reduces death, myocardial infarction and 
stroke. If it is suspended prematurely we may be losing an agent 
with such benefit for the sake of as yet uncertain, unproven risk. 
Pioglitazone is particularly beneficial in reducing the chances 
of a patient who has had a stroke from having further stroke”.

A meta-analysis of pioglitazone trials showed that among a 
diverse population of patients with type 2 diabetes, pioglitazone 
treatment was associated with a significantly lower risk of death, 
myocardial infarction or stroke.27 A retrospective cohort study 
using the UK general practice research database (91521 patients 
with diabetes) suggested that pioglitazone was associated the 
lowest all cause mortality amongst the oral hypoglycaemic 
agents.28

Randomised controlled trials of markers of carotid and 
coronary atherosclerosis (Carotid intima-media thickness and 
intravascular ultrasound) have shown benefit for pioglitazone 
compared to sulphonylureas.29 The primary composite 
endpoint in the PROactive study did not achieve statistical 
significance.26 Nevertheless, the first six factors in the primary 
composite endpoint: death, non fatal myocardial infarction, 
silent myocardial infarction, stroke, major leg amputation 
and acute coronary syndrome do show significant benefit for 
pioglitazone. Statistical significance is lost only when coronary 
and leg revascularisation is added. It has been suggested that 
this outcome might be explained by pioglitazone preserving 
people from death, myocardial infarction, acute coronary 
syndrome and leg amputation to be available for coronary or 
leg revascularisation. This interpretation suggests a real benefit 
of pioglitazone in the treatment of Type 2 diabetes.

Pioglitazone is widely prescribed in the UK and there are 
many patients who are stable with good glycaemic control 
on this agent. We believe that pioglitazone is making a major 
contribution to the improvement in glycaemic control amongst 
our patients – and it is accepted that improved glycaemic control 
is associated with improved microvascular outcomes.30

The most powerful evidence with regard to side effects of 
pioglitazone come from the PROactive study as it is the only 
randomised controlled trial. We note that there were more 
bladder cancers in the pioglitazone group, although this did 
not achieve significance. There were significantly fewer breast 
cancers in the pioglitazone group.26

We note that a publication in the current issue of Diabetes 

Care concerns spontaneous reports of bladder cancer the FDA 
Adverse Event Reporting System.31 It is of course possible that 
as it is well known that the link between bladder cancer and 
pioglitazone is being actively pursued, it is quite likely that 
bladder cancers are more likely to be reported in pioglitazone 
treated patients than in non pioglitazone treated patients..

We note that interim analysis of the Kaiser Permanente 
longitudinal cohort study found that overall ever use of 
pioglitazone was not associated with risk of bladder cancer but 
use for more than 2 years was weakly associated with increased 
risk.25 This is obviously of concern for long term use. The authors 
of that paper do acknowledge that there were proportionately 
more in situ cancers among the pioglitazone users and that this 
might be observed if pioglitazone-treated patients underwent 
greater surveillance for bladder cancer.

ABCD wishes to strongly encourage Medicines and 
Healthcare Products Regulatory Agency London( MHRA) to 
resist EMA following the French and German lead with regard 
to pioglitazone, pending ongoing long term investigations.

While ABCD deems patient safety to be paramount, we 
are concerned that far more harm than good will be done if 
pioglitazone is suspended and that on current evidence the 
risk/benefit balance is strongly in favour of continuing the 
current licence for the use of pioglitazone to reduce the risks 
of diabetes-driven morbidity and mortality. In the making of 
decisions ABCD believes that all factors should be taken into 
account including macrovascular benefits of pioglitazone, the 
contribution of pioglitazone to good glycaemic control and 
associated microvascular benefits and the threat of glycaemic 
deterioration if pioglitazone is withdrawn. A position aligned 
with that of the FDA, which recommends withdrawal of 
pioglitazone only in those with active bladder cancer, and a 
risk benefit analysis in those with previous cancer, would seem 
a sensible interim position.

Opinion of FDA
The FDA from USA has issued the following recommendations 

for health care professionals32

•	 do not use pioglitazone in patients with active bladder 
cancer;

•	 use pioglitazone with caution in patients with a prior history 
of bladder cancer;

•	 weigh the benefits of blood sugar control with pioglitazone 
against the unknown risks of cancer recurrence;

•	 counsel patients to report any signs or symptoms of blood 
in the urine, urinary urgency, pain during urination, or back 
or abdominal pain, as these may be due to bladder cancer;

•	 encourage patients to read the medication guide; 
•	 report adverse events to the FDA

Opinion of Australian Government 
Department of Health and Ageing

As a safety advisory on 18 July 2011 The Therapeutic Goods 
Administration (TGA) a division of the Australian Government 
Department of Health and Ageing, is advising health 
professionals and consumers that use of the diabetes medicine, 
pioglitazone, for more than a year may be associated with an 
increased risk of bladder cancer.

Incidence of bladder cancer varies from group to group, 
depending on risk factors such as age, gender, cigarette smoking 
and occupational exposure to certain chemicals. The Australian 
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Institute of Health and Welfare estimated there would be around 
2500 new cases of bladder cancer in Australia for 2010, about 
three-quarters of these in males.33

TGA has passed the information for Health Professionals 
more or less similar as FDA.

Conclusion
Some confusion has arisen amongst us because of triggering 

the panic button of cancer development out of pioglitazone. 
Recently same type of attack was targeted on insulin glargine 
and ARB’s, which could not be ultimately substantiated. My 
personal interaction with physicians in India have convinced me 
to accept that, pioglitazone should stay till we get a better drug 
which provides all the actions of pioglitazone in affordable price. 
Before that we should not sacrifice our patients for injections and 
costly medicine because of over zealous caution. 

We should not be the first person to accept a new thing (read 
without proper assessment), and also not be the last person to 
discard it (read  when really proved beyond doubt).When we 
venture for the rose, we should concentrate on its smell and 
beauty not on the thorns only, otherwise we will be looser. 
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