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Recent systematic reviews have focused on the ad-
verse cardiovascular effects of the thiazolidine-
diones rosiglitazone and pioglitazone.1–5 In late

2006, the risk of fractures with the use of rosiglitazone was
raised in a footnote of the report of the A Diabetes Outcome

and Progression Trial (ADOPT).6 The manufacturers of
rosiglitazone7 and pioglitazone followed this up by issuing
warning letters about the risk of fractures.7–9

Women with type 2 diabetes are at an increased risk of non-
vertebral fractures,10 with a near doubling in the risk of hip frac-
tures.11 Any additional risk from thiazolidinedione therapy could
have a considerable impact. Our primary objective was to deter-
mine systematically the relative and absolute risks of fractures
with long-term thiazolidinedione therapy for type 2 diabetes.
We also reviewed the effect of thiazolidinedione therapy on
bone mineral density to ascertain its biological plausibility.

Methods

Search strategy
We searched MEDLINE, EMBASE and the Cochrane Central
Registry of Controlled Trials (CENTRAL) through June 2008.
We also searched the websites of regulatory authorities, manu-
facturers’ product information sheets, and the registers of clini-
cal trials of GlaxoSmithKline,12 Takeda Pharmaceuticals,13 and
the Clinical Study Results database14 for unpublished studies.
We checked existing systematic reviews and the bibliographies
of the studies that were included. Finally, we used the Web of
Science Citation Index to identify relevant articles of high im-
pact. Our search strategy is outlined in Appendix 1 (available at
www.cmaj.ca/cgi/content/full/180/1/32/DC2).

Eligibility criteria
We selected randomized controlled trials and controlled ob-
servational studies that compared the risk of fracture among
patients with type 2 diabetes who were taking thiazolidine-
dione therapy and patients not taking this therapy.

We included randomized controlled trials that met the fol-
lowing inclusion criteria: parallel-design trial of any thiazo-
lidinedione (rosiglitazone, pioglitazone or troglitazone) of at
least one year’s duration. The participants had impaired glu-
cose tolerance or type 2 diabetes mellitus; each study used ei-
ther placebo or oral therapy with an active comparator as the
control arm; the treatment groups differed only in the use of
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diones. We calculated pooled odds ratios (ORs) for frac-
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Results: We analyzed data from 10 randomized controlled
trials involving 13 715 participants and from 2 observational
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oglitazone were associated with a significantly increased
risk of fractures overall in the 10 randomized controlled tri-
als (OR 1.45, 95% confidence interval [CI] 1.18–1.79; 
p < 0.001). Five randomized controlled trials showed a sig-
nificantly increased risk of fractures among women (OR
2.23, 95% CI 1.65–3.01; p < 0.001) but not among men (OR
1.00, 95% CI 0.73–1.39; p = 0.98). The 2 observational stud-
ies demonstrated an increased risk of fractures associated
with rosiglitazone and pioglitazone. Bone mineral density
in women exposed to thiazolidinediones was significantly
reduced at the lumbar spine (weighted mean difference
–1.11%, 95% CI –2.08% to –0.14%; p = 0.02) and hip
(weighted mean difference –1.24%, 95%CI –2.34% to
–0.67%; p < 0.001) in 2 randomized controlled trials.

Interpretation: Long-term thiazolidinedione use doubles
the risk of fractures among women with type 2 diabetes,
without a significant increase in risk of fractures among
men with type 2 diabetes.
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thiazolidinediones; and the studies reported clearly on frac-
ture outcomes.

For the secondary outcome of effects of thiazolidinediones
on bone mineral density, we selected randomized controlled
trials and controlled observational studies of any duration that
compared changes in bone mineral density in patients with
and without thiazolidinedione exposure.

Validity assessment
We assessed the reporting of allocation concealment and the
use of blinding in the randomized controlled trials. In accor-
dance with the Cochrane handbook for systematic reviews of
interventions, we assessed the strength of data on adverse ef-
fects in both the randomized controlled trials and the observa-
tional studies by noting how the investigators monitored and
recorded adverse effects.15

Data abstraction
Two reviewers (Y.K.L and S.S.), both independently and as a
team, assessed the eligibility and quality of studies for reporting
of adverse events. They extracted numerical data on outcomes
from the studies included in our analysis. The reviewers
achieved consensus on inclusion of the studies and data extrac-
tion. Any discrepancies were resolved through discussion. They
also contacted authors about items that required clarification.

Study characteristics
From the randomized controlled trials, we recorded the dose
and duration of thiazolidinedione therapy and the baseline
characteristics of the participants. From the observational
studies, we recorded information on the sources of data, the
participants, the verification of exposure and the outcomes.

Data synthesis
We used fixed-effects models to calculate
pooled odds ratios (ORs), with 95% con-
fidence intervals (CIs), for dichotomous
outcomes. We calculated weighted mean
differences for continuous outcomes. The
fixed-effects Mantel–Haenszel model is
the appropriate method for meta-analysis
of rare events.16 All reported p values are 2-
sided, with significance set at p less than
0.05. Statistical heterogeneity was assessed
using the I2 statistic, with 95% CIs.17,18 A
substantial level of heterogeneity is indi-
cated by I2 values of 50% or more.17

We also carried out a predefined sensitiv-
ity analysis to determine the influence of trial
duration and statistical models on effect size.
We estimated the fail-safe number using the
Rosenberg method to assess the potential
impact of missing data in the meta-analysis
(i.e., the number of additional negative trials
that would be required to reverse a signifi-
cant finding in the meta-analysis).19

We calculated the number needed to
harm by applying the pooled OR from the

meta-analysis to the control event rate in different populations.20,21

The number needed to harm is the number of patients with type 2
diabetes who must be treated with a thiazolidinedione (rather
than another intervention) for 1 additional patient to have a frac-
ture. To account for variation in follow-up, we calculated the
number needed to harm using person-years as denominators.22

Results

The selection of trials is summarized in Figure 1. Overall, 10
randomized controlled trials involving a total of 13 715 partic-
ipants reported on fractures.23–32 All of the trials were double-
blinded. We judged allocation concealment to be adequate in 
6 trials23,24,27,30,32 and unclear in 4 trials.26,28,29,31 All of the trials
included participants with impaired glucose tolerance31 and
type 2 diabetes.23–30,32 The duration was from 1 to 4 years.23

Data on fractures were available by sex in 5 trials.23,24,30,32 The
participants in the treatment groups were similar to the control
patients with respect to ethnic background, disease duration, 
glycosylated hemoglobin and body mass index in these 5 tri-
als. Full descriptions of the characteristics of the 10 trials are
shown in Appendix 2 (available at www.cmaj.ca/cgi/content
/full/180/1/32/DC2).

Risk of fractures
Figure 2 shows the pooled data from the 10 randomized con-
trolled trials evaluating the risk of fractures associated with
thiazolidinediones overall, and by sex.

We found that thiazolidinediones significantly increased
the risk of overall fractures compared with controls (OR 1.45,
95% CI 1.18–1.79; p < 0.001); the statistical heterogeneity
was moderate (I2 = 27%) (Figure 2A).

Trials included in analysis 
of fractures 

n = 10 

Excluded  n = 107
(Duration < 52 weeks) 

Duration of trial ≥ 52 weeks 
n = 38 

Excluded  n = 28
• No events in both study arms  n = 9 
• Fracture data not available  n = 17 
• Fractures in patients with psoriasis  n = 2  

Review of details of potentially 
relevant trials 

n = 145 

Excluded  n = 1245
(Did not meet inclusion criteria 
on basis of intervention, 
population or duration of study) 

Potentially relevant trials identified;
titles and abstracts screened 

n = 1390 

Figure 1: Selection of randomized controlled trials of thiazolidinedione use for meta-
analysis of risk of fractures in patients with type 2 diabetes mellitus.
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The pooled data from the 5 trials that reported fracture risk
by sex (4400 women, 7001 men) showed that thiazolidine-
diones significantly increased the risk of fractures among
women compared with controls (OR 2.23, 95% CI 1.65–3.01;
p < 0.001) (Figure 2B); there was no statistical heterogeneity
among the included trials (I2 = 0%). Thiazolidinediones did not
significantly increase the risk of fractures among men (OR
1.00, 95% CI 0.73–1.39; p = 0.98; I2 = 0%) (Figure 2C). Statis-
tical testing for interaction confirmed a significant difference
between the male and female subgroups (χ2 12.01, p < 0.001).

The characteristics of the 2 observational studies that re-
ported on the association between thiazolidinedione exposure
and fractures are shown in Appendix 3 (available at www
.cmaj.ca/cgi/content/full/180/1/32/DC2).33,34 The case–control
study by Meier and colleagues33 showed a significant associa-
tion between thiazolidinedione exposure (current users with 
> 8 prescriptions) and fractures among women (OR 2.56, 95%
CI 1.43–4.58). In the cohort study, rosiglitazone was signifi-
cantly associated with fractures when compared with women
taking metformin (OR 1.38, 95% CI 1.03–1.82), but no signif-

17.71 (1.02–308.42) 

Kahn et al.23

Dormandy et al.24

AVM100264 trial26

GSK49653 334 trial27

GSK49653 351 trial28

Jain et al.29
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DeFronzo et al.31

Seufert et al. (a)32

Seufert et al. (b)32

Overall (95% CI)
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Study Thiazolidinedione Control Odds ratio (95% CI)
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Odds ratio (95% CI) 
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treatment 
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control 

A. Fractures overall 
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B. Fractures in women 
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Seufert et al. (a)32
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Overall
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1/175
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4.89 (0.23–102.60)
Not estimable
0.34 (0.01–8.38)

1.00 (0.73–1.39)

Study Thiazolidinedione Control Odds ratio (95% CI)
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C. Fractures in men 
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treatment 
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control 

Odds ratio (95% CI) 
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0

Figure 2: Meta-analysis of fractures in randomized controlled trials of thiazolidinedione versus control.
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icant elevation of fracture risk was seen in
the comparison of rosiglitazone and sul-
fonylurea (OR 0.89, 95% CI 0.69–1.14).34

No significant association between thiazo-
lidinedione exposure and fractures among
men was found in either study.

Sensitivity analyses
The sensitivity analysis using a random-
effects model yielded estimates similar to
those of the fixed-effects model for the
risk of fractures associated with thiazo-
lidinediones among women (OR 2.19,
95% CI 1.62–2.97; p < 0.001). Overall
fractures (OR 1.32, 95% CI 0.91–1.92)
and fractures among men (OR 1.00, 95%
CI 0.73–1.39) were not statistically signif-
icant in the sensitivity analysis.

The sensitivity analysis based on the 6
longer-term randomized controlled trials
(18 months to 4 years)23,24,30–32 showed an
elevated risk of fracture (OR 1.51, 95% CI
1.18–1.79; p < 0.001). The sensitivity
analysis of the 4 smaller trials of 12
months’ duration26–29 showed a nonsignifi-
cant risk of fracture (OR 0.41, 95% CI
0.12–1.44; p = 0.16).

Similarly, the association with fractures
in the case–control study became apparent
among patients who received more than 8
thiazolidinedione prescriptions (corre-
sponding to about 12–18 months of ther-
apy).33 The cohort study enrolled 27 000
patients with 30 600 patient-years of fol-
low-up, which indicated that, on average,
participants were exposed for just over a
year.34 With this relatively short duration
of exposure, the OR for the rosiglita-
zone–metformin comparison was elevated
only moderately at 1.38, and no signifi-
cant association was seen in the rosiglita-
zone–sulfonylurea comparison.

To reverse the significantly increased risk
of fractures among women shown in our
meta-analysis, we estimated that 42 negative
studies with an average sample size of 880
women each would be required.19

Change in bone mineral density
We identified 2 relevant randomized con-
trolled trials35,36 and 2 observational
studies37,38 (Table 1). All 4 studies showed
a consistent decline in bone mineral den-
sity associated with thiazolidinediones
compared with controls.

The meta-analysis of the percentage
point change in bone mineral density in
both trials among women who used thia- Ta
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zolidinediones showed a significant reduction at the lumbar
spine (weighted mean difference –1.11%, 95% CI –2.08% to
–0.14%; p = 0.02; I2 = 0%) and at the hip (weighted mean dif-
ference –1.24% (95% CI –2.34% to –0.67%; p < 0.001; I2 =
0%).35,36 Adding the observational data from the study by
Yaturu and colleagues37 yielded similar findings at the lumbar
spine (weighted mean difference –1.36%, 95% CI –2.05% to
–0.67%; p = 0.001; I2 = 0%) and at the hip (weighted mean
difference –1.24%, 95% CI –1.78% to –0.70%; p < 0.001; I2

= 0%) compared with controls (Figure 3).
We excluded 1 observational study from the meta-analysis

because its outcome data were reported in a different format.38

Estimated number needed to harm
The relative risk of fractures with thiazolidinediones remained
consistently elevated irrespective of age33 or menopausal status
of women.23 Therefore, we used the single pooled relative risk
to estimate the number needed to harm across different age
groups.39 Table 2 shows the variation in the number needed to
harm and the number of excess fractures with different base-
line populations. The patient populations ranged from patients

with newly diagnosed type 2 diabetes at low risk of fractures
who were in the metformin arm of the ADOPT study (number
needed to harm 55, 95% CI 34–103)23 to older postmenopausal
women with type 2 diabetes at high risk of fracture (number
needed to harm 21, 95% CI 14–39).40

Interpretation

Our meta-analysis showed that the long-term use of thiazo-
lidinediones doubles the risk of fractures among women with
type 2 diabetes, without a significant increase in risk of frac-
tures among men with type 2 diabetes. Overall, use of thiazo-
lidinediones significantly increased the risk of fractures
among patients with type 2 diabetes. Thiazolidinedione expo-
sure was also associated with significant changes in bone
mineral density at the lumbar spine and the hip.

A posthoc analysis of fracture risk with rosiglitazone in the
ADOPT study failed to show any clear relation to ethnicity, hy-
poglycemia, weight gain or age.23 However, thiazolidinediones
may cause fractures by increasing adiposity of bone marrow,
decreasing osteoblast activity or reducing aromatase activity,
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each of which alters estrogen production and increases bone re-
sorption.38 Thiazolidinediones have a negative effect on mark-
ers of bone formation such as alkaline phosphatase and
parathyroid hormone.35,36,41 In rodent models, rosiglitazone was
found to decrease osteoblastic function, which led to bone
loss.42–44 Thiazolidinediones may also promote osteoclast differ-
entiation and bone resorption.45 No proven strategies exist for
reducing the risk of fractures induced by thiazolidinediones. El-
derly postmenopausal women with type 2 diabetes may not be
protected by bisphosphonate therapy.46

The underlying mechanism for the apparent sex-specific
effect of thiazolidinediones needs further investigation. In an-
imal studies, bone loss occurred with rosiglitazone treatment
in rats that had their ovaries removed, but not in rats that were
intact.47 This indicated that higher levels of sex steroids may
protect against fractures in men.48

The predominance of fractures in the upper and distal
lower limbs with thiazolidinedione therapy, with the relative
paucity of hip fractures in the trials, may be attributed to the
age of the participants (the mean age was 56 years in the
ADOPT study23). In the observational study by Sanders and
colleagues,49 the most commonly found fractures in people
55–64 years of age were in the distal upper and lower limbs,
whereas the majority (92%) of hip fractures occurred in
women over 75 years. The low baseline incidence of hip frac-
tures in the trials’ relatively young participants means that the
trials lacked the power to detect any significant increase in
hip fracture risk (Appendix 4, available at www.cmaj.ca/cgi
/content/full/180/1/32/DC2). However, the case–control study
involving an older female population (60% were over 60
years) showed that fractures of the hip and femur were signif-
icantly associated with thiazolidinedione therapy (OR 4.54,
95% CI 1.28–16.10).33

The public health impact may be considerable. There were
more than 4 million individual users of thiazolidinediones
in the United States in 2006.50 If one assumes that half of
those users were women and that the baseline risk of fractures
is similar to that found in the ADOPT study,23 an estimated

30 000 excess fractures may have occurred if these women
had been prescribed thiazolidinediones rather than metformin
for more than a year. The excess number of fractures with thi-
azolidinediones would be 3-fold higher if they experienced
fractures at the rates found in population studies10,40 rather than
at the conservative levels of baseline risk levels of the trials.
There is no clear evidence that other oral hypoglycemic
agents such as metformin and the sulfonylureas are associated
with an increased risk of fractures.51 Previous observational
studies have suggested an increased risk of fracture associated
with insulin use, likely due to confounding by severity and
duration of diabetes and the presence of comorbidities.52,53

Our results highlight the failure of pharmacovigilance
mechanisms that rely on follow-up of spontaneous reports.54

We found only a handful of reports of fracture with thiazo-
lidinedione use in the databases of the US Food and Drug Ad-
ministration in 2006 and Health Canada in 2006.55,56 However,
in 2001, Quesada-Gomez and Serrano-Alferez57 had already
called for randomized trials to “examine changes in bone
mass and risk for fractures.” Moreover, Rzonca and col-
leagues43 had warned in 2004 that “rosiglitazone therapy may
pose a significant risk of adverse skeletal effects in humans.”

Limitations
Our meta-analysis has several limitations, which are mainly
due to the paucity of reported data. None of the trials we in-
cluded was prospectively designed to measure the risk of
fractures. Nevertheless, incidence rates of fractures in the
control arms of the trials were consistent with those found in
large-scale epidemiologic studies.49 We did not have suffi-
cient data to determine whether the risk varied with the par-
ticular drug or with different fracture sites. Our estimates of
the number needed to harm are valid only for women receiv-
ing more than 12 months of thiazolidinedione therapy within
the context of specific populations.

We excluded 17 long-term trials of at least 12 months’ du-
ration from our analysis because they did not report fracture
rates. Although they are unlikely to reverse the direction or

Table 2: Number needed to harm and number of excess fractures in different populations of women with type 2 diabetes mellitus 
taking thiazolidinediones 

Population 

Baseline risk of 
fractures per 1000 

patient-years 

Odds ratio of fracture 
(95% CI) from  
meta-analysis 

1-year number 
needed to harm* 

(95% CI) 

Excess fractures with 
thiazolidinedione use per 

1000 patient-years (95% CI)

Women in the metformin arm of the 
ADOPT study; mean age 56 years; 
diabetes diagnosed within 3 years 
before study; no previous use of oral 
hypoglycemic agent24 

15.4 2.23 (1.65–3.01) 55 (34–103) 18 (10–29) 

Elderly postmenopausal women in 
Women’s Health Initiative 
Observational Study; mean age 65 
years10 

28.6 2.23 (1.65–3.01) 31 (19–57) 32 (18–53) 

Older cohort of women with diabetes 
not using insulin; mean age 72 years40 

43.5 2.23 (1.65–3.01) 21 (14–39) 48 (26–71) 

Note: ADOPT =  A Diabetes Outcome and Progression Trial. 
*Number of patients with type 2 diabetes who must be treated with a thiazolidinedione, rather than another intervention, for 1 additional patient to have a 
fracture. 
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statistical significance of the effect, they may alter the preci-
sion of the risk and the confidence intervals. However, not all
of the currently unavailable data are negative. An independent
interim analysis of fractures in a large long-term rosiglitazone
trial that is underway has yielded similar results to those of
the ADOPT study.7

The only available data from randomized controlled trials
on reduced bone mineral density were from healthy women35

and participants with polycystic ovary syndrome,36 rather than
patients with type 2 diabetes. However, women with diabetes
are likely at similar risk, as shown in the observational studies.38

Conclusion
Despite their limitations, our findings have potential regula-
tory and clinical implications. Only limited evidence exists
that thiazolidinedione-induced glycemic control leads to any
reduction in the complications of diabetes.58,59 The relatively
modest benefits of thiazolidinediones must be balanced
against their significant long-term effects on bone and the car-
diovascular system. Clinicians should reconsider the use of
thiazolidinediones in women with type 2 diabetes. This is in
accordance with the updated guidelines of the United King-
dom National Institute of Clinical Excellence.60 The guide-
lines state: “Do not commence or continue a thiazolidine-
dione in people who have evidence of heart failure, or who
are at higher risk of fracture.” Regulatory agencies should re-
strict the use of thiazolidinediones in women with diabetes
who are at risk for fractures.
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