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Underlying Factors in Type 2 Diabetes: 
Insulin Resistance and β-Cell Dysfunction

Bergenstal RM, et al. Endocrinology. 4th ed. 2001
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Leibowitz G, Diabetes Obes Metab. 2010 Oct;12 Suppl 2:66-75. 

High glucose and FFA results in excess generation of ROS  from mitochondria and ER of β-cell.
ROS impair mitochondrial and ER function which induce transcription failure and cellular apoptosis.

“ Glucolipotoxicity” – the main mechanisms for islet dysfunction
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Case: 56/M

• Admitted to Endo in 2001.2

• Weight loss 5 kg/3 months

• Pp2hrs 242 mg/dL, HbA1c 6.7%

• BMI 27.8 kg/m2

• MFMT 500 mg bid + TZD



Case: 56/M

• 2015.8

• HbA1c 6.6%

• PIO 15 mg + MFMT 850 mg bid

• C-peptide level (fasting/pp) : 1.21 / 3.76 
ng/mL



TZD is a steady seller…

KDA Diabetes Fact Sheet, 2015



PPAR gamma: Peroxisome proliferator-activated 
receptor-gamma

• Member of the peroxisome 
proliferator-activated receptor 
subfamily of nuclear receptors

• Regulates transcription of various 
genes associated with fatty acid 
storage and glucose metabolism, 
adipocyte differentiation 

Ahmadin M et al. Nat Med, 2013



‘Lipid-steal’ theory of TZD

Rangwara SM et al. Trends Pharmacol Sci, 2004



Diabetes 2009;58:773-795

TZD produced sustained, long-term reductions in HbA1c in contrast to SU

SU TZDs

Durability of TZDs



PIO prevents diabetes in insulin-resistant non-diabetic 
patients with cerebrovascular disease 

PIO

In 3,875 insulin resistant patients (HOMA-IR > 3.0) with TIA or ischemic stroke
Randomized to placebo or PIO for 4.8 years

Inzucchi SE et al. Diabetes Care, 2016

7.7 vs. 3.8%



Effects of TZD Tx on Pancreatic Beta cell mass

Pioglitazone Tx in ob/ob mouse 
islet

Rosiglitazone Tx in Zucker
Diabetic Fatty Rats

Diani et al, AJP 286: E116, 2004
Finegood DT et al. Diabetes, 2001

Control               Pioglitazone     



TZD improves beta-cell function in T2DM through the 
attenuation of FFA levels

Gastaldelli A et al. AJPEM, 2007



Effect in early and advanced stage
(pioglitazone and/or liraglutide)

Kimura T, et al. Mol Cell Endocrinol 2015;400:78

Animal 7-(early) or 16-week (advanced) old db/db mice

Treatment Pioglitazone 25 mg/kg PO, liraglutide 0.4 mg/kg SC for 
2 weeks

Early stage Advanced stage





Effect of pioglitazone on recurrent MI in 2,445 patients with 
T2DM and previous MI: sub-analysis of PROactive study

Time to fatal/nonfatal MI Time to nonfatal, coronary 
revascularization, acute 

coronary SD or cardiac death

In 2,445 patients with previous MI

Erdmann E et al. JACC, 2007

↓28% ↓19%



Effect of pioglitazone in patients with T2DM with or without 
previous stroke: sub-analysis of PROactive study

In T2DM patients with (n=984) and      without (n=4254) 
prior stroke

Wilcox R et al. Stroke, 2007

↓47%



TZD and CVD – meta-analyses

Schernthaner G et al. DOM, 2010
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Impact of weight gain on all-cause mortality and 
CVD mortality in PROactive study

Doehner W et al. IJC, 2012



Subjects with high WHR responds better to TZD

In 125 T2DM patients, 12 wks of RSG Tx

Kim YM et al. DRCP, 2005



Weight gain-fluid? Fat?

Om 19 diabetic subjects before and 
after 45 mg of PIO for 12 weeks

2.4 kg increase (75%) of total 
weight gain (3.1kg) due to body 
water 

50 patients with T2DM in placebo 
or PIO 45 mg for 16 weeks

89% 
increment of 
body weight 
due to fat

Basu A et al. Diabetes Care, 2006
Berria R et al. Nat Med, 2007



Subjects with high WHR responds better to TZD

In 125 T2DM patients, 12 wks of RSG Tx

Kim YM et al. DRCP, 2005



TZD increases the number of small adipocytes without 
the change of WAT mass in obese rats

Okuno A et al. JCI, 1998

Tro did not change the total weight of WAT

Tro administered in obese Zucker rat for 15 days 



Depot specific effects of PPARγ activation on 
preadipocyte differentiation

Adams M et al. J Clin Invest, 1997

sc
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control TZD
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Increased risk of HF in DREAM trial

DREAM Trial Investigators.  NEJM, 2008 



Increased risk of serious heart failure in PIO user –
PROactive

Erdmann E et al. Diabetes Care, 2007



Mortality not increased in patients with serious 
heart failure

Erdmann E et al. Diabetes Care, 2007

All-cause mortality Composite end-point of all-cause 
mortality, nonfatal MI, stroke



Differences of the effects on HF according to drug

In 227,571 Medicare beneficiaries (>65 yrs)

Graham DJ et al. JAMA, 2010



Variation in association between TZD and heart failure across ethnic groups: 
Retrospective analysis of large healthcare claims databases in 6 countries

Asian PharmacoEpidemiology Network (AsPEN)

Furosemide dispensing

Hospitalization for HF

Roughead EF et al. Drug Saf, 2015

1.21



CD-specific deletion of PPARγ blocks  TZD-induced 
fluid retention

Zhang H et al. PNAS, 2005

In collecting duct-specific deletion of PPARγ



TZD expand body fluid volume through PPARγ stimulation of 
ENaC-mediated renal salt absorption

Amiloride blocked weight gain 
produced by PIO

Guan YF et al. Nat Med, 2005

PIO stimulates Scnn1 (ENaCγ) 
expression in mouse inner medullary 
collection duct





Recommendation

• Start from as low dose as possible

• Combine diuretics if edema feels intolerable 
to the patient

• Inform the patient about the mechanism of 
drug and side effect

• Consider anti-diabetic drug that is known to 
reduce weight 

• Do not prescribe TZD in patients with NYHA 
III/IV
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Rosiglitazone-associated fracture in type 2 diabetes 
– Analysis from ADOPT

Kahn SE et al., Diabetes Care 31:845-851, 2008

5.6% lower limb Fx vs. 3.1 in MFMT, 1.3 
in glyburide
3.4% in upper limb Fx vs. 1.7% with 
MFMT, 1.5% with glyburide

All Men

Women



TZD and bone loss in older diabetic adults

Whole body, L-spine, Trochanter BMD decreased in participants in 
Health, Aging, Body Composition study

Schwartz AV et al. JCEM, 2006

In 666 diabetic participants (70-79 yrs)



Decreased BMD in RSG users – 1 yrs F/U

Bilezikian JP et al. JCEM, 2013

In 225 postmenopausal women with T2DM



Effects of TZD on fracture-Meta-analysis

Zhu ZN et al. Bone, 2014

Women, Treated longer than 2 yrs, >60yrs, 

Pio < Rosi

In 24,554 participants in 22 RCTs



PPARγ is a crucial cellular and metabolic switch

Wan Y. Trends Endocrinol Metab, 2010



PPARγ insufficiency enhances osteogenesis through 
osteoblast formation from bone marrow progenitors

Akune T et al. JCI, 2004



PPARγ regulates osteoclastogenesis in mice

Wan Y et al. Nat Med, 2007



TZD treatment on human BMC differentiation in 
vivo in T2DM patients

Beck GR et al. Transl Res, 2013



The effect of TZD on bone resembles aged bone

6 mo

1 mo

24 mo

Oxana P et al. Endocrinology, 2007



Factors identifying people who should be assessed for 
osteoporosis before starting PIO Tx

Consoli A et al. DOM, 2013
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Increased bladder cancer with PIO 
exposure

Neumann A et al. Diabetologia, 2012

In 1,491,060 (155,535 PIO exposurer)





Korhonen P et al. BMJ, 2016

In 56,337 patients with T2DM in Healthcare database from 4 european
countries



Pioglitazone and bladder cancer – Taiwan study

In 54,928 patients with T2DM

Tseng CH et al. Diabetes Care, 2012



Risk of bladder cancer among patients with T2DM 
treated with 15 mg pioglitazone dose in Korea

In 101953 control patients and 11240 PIO-treated patients

Jin SM et al. KJIM, 2014



Mechanism of anti-tumor effect of TZD

Shafiei-Irannejad et al. 



PPARγ expressed in human breast cancer cell lines and 
its activation decreases tumor growth

Mueller et al. Mol Cell, 1998 



Number needed to harm =1/20,000
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Effect of PIO on the incidence of dementia
Observational data from 2004-2010 in 145,928 German subjects aged ≥60 years

Heneka MT et al. Ann Neurol, 2015



Effects of TZD on mild cognitive dysfunction

Total of 9 studies comprising 1314 patients and 
1311 controls

Cheng H et al. Int J Neurosci, 2016



PPARγ activation could rescue vascular, glial, and 
neuronal compartments in AD brain

Nicolakakis N et al. Front Aging Neurosci, 2010
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Pathophysiological processes involved in NAFLD leading to CV risk

Bhatia LS et al. Eur Heart J, 2012



Effects of Pioglitazone on NAFLD in subjects without 
diabetes: the PIVENS trial

Sanyal AJ et al. NEJM, 2010



Ratziu V et al, Gastroenterology 2008; 135:100-110

Rosiglitazone for Nonalcoholic Steatohepatitis: 
One-Year Results of the Randomized Placebo-
Controlled Fatty Liver Improvement With 
Rosiglitazone Therapy (FLIRT) Trial

±

Figure 1.

Figure 2.



Long-Term Pioglitazone Treatment for Patients With 
Nonalcoholic Steatohepatitis and Prediabetes or 
T2DM

Cusi K et al. Ann Intern Med. 2016 Jun 21. doi: 10.7326/M15-1774











EASL-EASD-ESO Clinical Practice Guidelines for the 
management of NAFLD

Diabetologia, 2016



EASL-EASD-ESO Clinical Practice Guidelines for the 
management of NAFLD



Soccio et al. Cell Metab 20:573, 2014


