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Reason for posting: Pioglitazone is an
oral hypoglycemic agent widely used as
monotherapy or combination therapy
for type 2 diabetes mellitus. However, a
recent analysis by the drug’s manufac-
turer of several unpublished clinical
trials in the company’s database re-
vealed an increased risk of bone frac-
ture among pioglitazone users. Health
Canada and the drug’s manufacturer
recently issued a letter warning health
care professionals about this potential
serious adverse effect.1

The drug: Pioglitazone is a thiazoli-
dinedione (also known as a TZD, or
“glitazone”). It binds to and activates
peroxisome proliferator-activated re-
ceptors (PPAR), including the PPAR
gamma and alpha subtypes. These re-
ceptors in turn increase glucose utiliza-
tion and decrease glucose production

by the liver, and increase insulin sensi-
tivity in adipose and muscle tissue.

The Health Canada advisory1 was
based on an unpublished, manufac-
turer-led review of double-blind ran-
domized controlled trials of pioglita-
zone use in diabetic patients. Primary
outcome measures in the trials in-
cluded glycemic control, liver function
and vascular events. The trials were not
designed specifically to assess fracture
risk, and fractures were recorded as ad-
verse events. The doses of pioglitazone
used are unclear. Participants in the
comparison group were given either a
placebo or another diabetic drug (met-
formin or a sulfonylurea).

Nineteen studies were included in
the review. The durations varied from
16 weeks to 3.5 years. No clinically rele-
vant demographic details about the
participants were provided (e.g., age,

risk factors for osteoporosis), and it is
unclear whether the treatment and
comparison groups were comparable.
In total, 8157 patients received pioglita-
zone, and 7442 were in the comparison
group.

There was no apparent increase in
fracture risk among men, but the ad-
visory did not state baseline fracture
rates for the treatment or comparison
groups. Among women, 2.6% of those
in the pioglitazone group experienced
fractures, as compared with only 1.7%
in the comparison group. This trans-
lates to a number needed to harm of
111 patients. The fracture rate was 1.9
fractures per 100 patient-years in the
pioglitazone treated group and 1.1 frac-
tures per 100 patient-years in the com-
parison group. In other words, frac-
tures occurred in 1 of 52 patients taking
pioglitazone for a year, as compared
with 1 of 90 patients taking either a
placebo or another diabetes drug.

Most of the fractures occurred in
distal upper and lower limbs and, to a
lesser degree, in the hip and spine.2

The specific proportions involving each
skeletal location was not stated in the
advisory, nor was the severity or the
mechanism of the fracture (i.e., trauma
v. osteoporosis-related).

Thiazolidinediones have been found
to cause bone loss in some rodent
models. In humans, their effects may
occur because of increased bone mar-
row adiposity, decreased osteoblast ac-
tivity, or reduced aromatase activity
leading to altered estrogen production
and increased bone resorption.2 In a
separate prospective observational
study, 3075 community-dwelling
adults in their 70s were followed for
4 years; thiazolidinedione use was as-
sociated with reduced bone mineral
density in women but not in men.2

Prospective randomized trials of thi-
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Table 1: Factors that identify people who should be assessed for osteoporosis 

Major risk factors Minor risk factors 

• Age > 65 years 

• Vertebral compression fracture 

• Fragility fracture after age 40 

• Family history of osteoporosis fracture 
(especially maternal hip fracture) 

• Systemic glucocorticoid therapy of  
> 3 months’ duration 

• Malabsorption syndrome 

• Primary hyperparathyroidism 

• Propensity to fall 

• Osteopenia apparent on x-ray film 

• Hypogonadism 

• Early menopause (before age 45) 

• Rheumatoid arthritis 

• Past history of clinical 
hyperthyroidism 

• Long-term anticonvulsant therapy 

• Low dietary calcium intake 

• Smoker 

• Excessive alcohol intake 

• Excessive caffeine intake 

• Weight < 57 kg 

• Weight loss > 10% of weight at age 25 

• Chronic heparin therapy 

Adapted from CMAJ 2002;167(Suppl 10):1-34.3 
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azolidinediones, including pioglita-
zone, that have bone density or fracture
risk, or both, as outcome measures are
lacking. It is unclear whether another
thiazolidinedione, rosiglitazone, is as-
sociated with a similar risk of reduced
bone mineral density.

What to do: Use of thiazolidinediones,
specifically pioglitazone, may be asso-
ciated with an increased risk of frac-
ture in women. Women taking pio-
glitazone should be warned of this
adverse event. It is unclear whether the
risk of fracture can be mitigated by use
of other agents (e.g., bisphosphanates,
calcium or vitamin D), and unfortu-
nately a lack of clinical details in the
advisory does not allow clinicians to
pinpoint women who may be at in-
creased risk of this adverse event. 

Pioglitazone use can be added to a
growing list of risk factors for osteo-
porosis (Table 1). Close monitoring of
bone mineral density in women taking
the drug, particularly those with other
known risk factors for osteoporosis,
may be wise, and alternative therapies
might be considered in these women.
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