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Context: Pioglitazone reduces cardiovascular risk in nondiabetic patients after an ischemic stroke or
transient ischemic attack (TIA) but is associated with increased risk for bone fracture.

Objective: To characterize fractures associated with pioglitazone by location, mechanism, severity,
timing, and sex.

Design, Setting, and Patients: Patients were 3876 nondiabetic participants in the Insulin Resistance
Intervention after Stroke trial randomized to pioglitazone or placebo and followed for a median of
4.8 years. Fractures were identified through quarterly interviews.

Results:At 5 years, the increment in fracture risk between pioglitazone and placebo groups was
4.9% [13.6% vs 8.8%; hazard ratio (HR), 1.53; 95% confidence interval (CI), 1.24 to 1.89). In each
group, ;80% of fractures were low energy (i.e., resulted from fall) and 45% were serious (i.e.,
required surgery or hospitalization). For serious fractures most likely to be related to piogli-
tazone (low energy, nonpathological), the risk increment was 1.6% (4.7% vs 3.1%; HR, 1.47;
95% CI, 1.03 to 2.09). Increased risk for any fracture was observed in men (9.4% vs 5.2%; HR,
1.83; 95% CI, 1.36 to 2.48) and women (14.9% vs 11.6%; HR, 1.32; 95% CI, 0.98 to 1.78; in-
teraction P = 0.13).

Conclusions: Fractures affected 8.8% of placebo-treated patients within 5 years after an ischemic
stroke or TIA. Pioglitazone increased the absolute fracture risk by 1.6% to 4.9% and the relative risk
by 47% to 60%, depending on fracture classification. Our analysis suggests that treatments to
improve bone health and prevent falls may help optimize the risk/benefit ratio for pioglitazone.
(J Clin Endocrinol Metab 102: 914–922, 2017)

P ioglitazone, an insulin sensitizer of the thiazolidine-
dione (TZD) class of peroxisome proliferator–

activated receptor (PPAR)g agonists, has been shown to
significantly reduce the risk of stroke and myocardial in-
farction (MI) in nondiabetic patients with cerebrovascular
disease enrolled in the Insulin Resistance Intervention After
Stroke (IRIS) trial (relative risk reduction of 24%) (1). This
risk reduction occurred in the setting of background

therapy that included statins, antihypertensive agents,
and antiplatelet therapy. However, among the monitored
adverse events in IRIS, the incidence rates for weight gain,
peripheral edema, and bone fracture were found to be
greater among participants assigned to pioglitazone
compared with placebo. Of these adverse effects, bone
fracture represents a particular concern for patients and
clinicians.
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The associationofTZDswith an increased risk for fracture
hasbeen reportedpreviously in clinical trials involvingpatients
with diabetes (2–4), and mechanistic studies have provided
additional evidence linking this drug class to adverse bone
effects (5). The present study was conducted to provide de-
tailed information on the incidence, severity, mechanism,
skeletal location, and timing of fractures observed in the IRIS
trial of patients with insulin resistance but without diabetes.

Methods

Study design
The methods, protocol, and main results for the IRIS trial have

been previously published (1, 6). IRISwas an investigator-initiated,
randomized, double-blind, placebo-controlled study in 3876
insulin-resistant, nondiabetic patients with a recent stroke or
transient ischemic attack (TIA) designed to test if pioglitazone
would reduce the incidence of stroke and MI. Participants were
recruited at 179 research sites in Australia, Canada, Germany,
Israel, Italy, the United Kingdom, and the United States. The study
was funded by the US National Institute of Neurologic Disorders
and Stroke. Active drug and placebo tablets were provided by
Takeda Pharmaceuticals International, Inc.

Study procedures
Eligible patientswere randomly assigned in a 1:1 ratio to receive

pioglitazone or placebowithin 6months of a qualifying neurologic
event. Patients were excluded when they had taken anti-
hyperglycemic therapy for a diagnosis of diabeteswithin 90 days of
the screening blood test orwhen theymet 2005AmericanDiabetes
Association criteria for diabetes (i.e., fasting plasma glucose $7.0
mmol/L, repeated and confirmed) or when hemoglobin
A1c$ 7.0% (the threshold for starting antidiabetic therapy). Insulin
resistance was defined as homeostasis model assessment of insulin
resistance score.3.0 on the screening test. Other major exclusions
included heart failure, dependent edema, predicted survival ,4
years, oral corticosteroid use, and history of bladder cancer.

Participants were interviewed every 2 weeks in the first
3months following randomization and then quarterly frommonth
4 through 60 or the last scheduled contact before August 2015,
whichever came first. At each contact, participants were asked
about potential adverse effects (weight gain, edema, shortness of
breath, or muscle aches), health events, and hospitalizations.

If no new or worsening potential adverse effects were re-
ported, the study drug dose was titrated from 15 mg of pio-
glitazone daily or matching placebo to 45 mg daily over
2 months. Dose reduction was permitted to manage adverse
effects and help participants remain on the drug. The study drug
was permanently stopped for heart failure, bladder cancer, or a
second low-energy fracture.

Bone fracture surveillance and adjudication
Bone fracture as a potential safety concern of TZD therapy

was identified shortly after the IRIS trial began recruitment in
2005. Following the report of a higher rate of fractures in
women receiving another TZD, rosiglitazone (7), the manu-
facturer of pioglitazone alerted health care providers to a similar
finding based on an analysis of its clinical trial database (8). In
response to these reports, bone fracture was added as a safety

outcome for the IRIS trial in 2007 and the informed consent was
modified to include language on fracture risk (6). Current par-
ticipants were asked about any fractures after trial entry, and a
fracture querywas added to the quarterly interview. Additionally,
participants were advised to follow standard strategies to preserve
bone health, including daily calcium and vitamin D intake and
weight-bearing exercise. Men and women who had reached 70
and 65 years of age, respectively, were advised to obtain a bone
density study if they had not had one within 5 years.

For any fracture reported by a participant or noted in a hospital
discharge diagnosis,medical records, including radiograph reports,
were obtained and submitted for adjudication to an independent
committee composed of an orthopedist, a radiologist, and a
metabolic bone specialist who were blinded to treatment assign-
ment. Two committee members had to agree on fracture occur-
rence, date, bone involved, andwhether the fracturewaspathologic
or nonpathologic, stress or nonstress, low or high energy, and
serious or nonserious. Apathologic fracturewas defined as fracture
caused by weakening in the bone due to underlying disease process
(e.g., neoplasia, Paget’s disease of bone, or osteomyelitis). A stress
fracture was characterized as one with imaging evidence of hairline
defect and localized pain in bone subject to repetitive stress or
minimal trauma. A low-energy fracture was defined as one oc-
curring after a fall from sitting or standing height, including
tripping on a flat surface, or after a fall from a low platform or bed.
A serious fracture was defined as one that required surgery (i.e.,
pinnings, vertebroplasties), caused or prolonged hospitalization, or
was considered serious by the investigator.

Statistical analysis
Analyses of fracture events were performed according to

the intention-to-treat principle. Kaplan–Meier analysis was
used to estimate cumulative fracture-free survival rates (9) and
the log-rank statistic with type I error of 0.05 (2-sided) was
used to assess the difference over time between treatment
groups. The effect of pioglitazone relative to placebo was
quantified as a hazard ratio (HR) with 95% confidence in-
terval (CI) from the Cox model (10). The effect of pioglitazone
was assessed overall, by bone involved, and by fracture type,
including an analysis of the subset of fractures that were low
energy and not related to pathology to isolate fractures that
were more likely to be medication related. Because initial
reports of fracture risk with TZDs were restricted to women
with diabetes (7, 8), analyses were also conducted for men and
women separately.

The association between study drug use during the trial and
fracture was examined by comparing fracture rates after
12 months within strata defined by mean daily study drug dose
during the first year. Mean dose was calculated as the cumu-
lative self-reported daily dose (0, 15, 30, or 45 mg) as a pro-
portion of number of days.

Except for overall fracture rate by treatment group, these
analyses were not prespecified in the IRIS protocol. Results have
not been adjusted for multiple comparisons. SAS version 9.3
was used for all analyses (SAS Institute Inc., Cary, NC).

Role of the funding source
The National Institute of Neurological Disorders and

Stroke, the funding agency, and Takeda Pharmaceuticals In-
ternational, Inc., which provided pioglitazone and matching pla-
cebo tablets for the trial, had no role in data collection, data
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analysis or interpretation, or writing of this report. The corre-
sponding author and coauthors had full access to the studydata and
had final responsibility for the decision to submit for publication.

Results

Study population
The study cohort comprised 3876 participants ran-

domized between February 2005 and January 2013.
Median years of follow-up were comparable for treat-
ment groups (pioglitazone vs placebo) overall and by sex
(4.8 vs 4.7 for men and 4.9 vs 5.0 for women). Total
participant-years of follow-up was 7951 for pioglitazone
(5343 in men, 2607 in women) and 7952 (5110 in men
and 2841 in women) for placebo.

Baseline features
Mean age at randomization was 63 years and 65% of

participants were male. Treatment groups, overall and

by sex, were comparable at baseline for most features
potentially related to risk for bone fracture (Table 1;
Supplemental Table 1), although there were a few dif-
ferences: men assigned to pioglitazone were more likely
to be taking antiepilepsy medication and thiazide di-
uretics comparedwithmen assigned to placebo, whereas
women in the pioglitazone group were more likely to be
taking proton pump inhibitors, less likely to be taking
drugs for osteoporosis, and more likely to report .1
alcohol drinks per day compared with women in the
placebo group.

Bone fractures during follow-up
Of the 634 bone fractures submitted for adjudication,

25 were ruled out (4.0% in pioglitazone group and 3.8%
in placebo group) and 8 were classified as having in-
sufficient information to make a diagnosis (1.3% in both
groups). Most fractures were low energy, not related to

Table 1. Baseline Features by Treatment Group

Baseline Feature

Pioglitazone(n=1939) Placebo (n = 1937)

Pan (%) n (%)

Demographics
Sex, female 646 33 692 36 0.11
Age, y 63 6 11 63 6 11 0.99
Race, black 218 11 225 12 0.71
Hispanic ethnicity 75 4 72 4 0.80

Lived alone 564 29 574 30 0.71
Medical history
Stroke at entry 1693 88 1682 87 0.53
National Institutes of Health stroke scale 0 (0, 2) 0 (0, 1) 0.32
Modified Rankin score 1 (0, 2) 1 (0, 1) 0.38
Coronary artery disease 241 12 221 11 0.33

Health practices
Current smoker 323 17 299 15 0.30
.2(1) drinks/d if male(female) 153 8 121 6 0.05
Aerobic exercise 936 48 929 48 0.98

Cognitive and physical examination
3MS scoreb 96 (92, 99) 97 (92, 99) 0.63
Body mass index 30 6 6 30 6 5 0.65
Hemoglobin A1c, % 5.8 (5.6, 6.1) 5.8 (5.5, 6.1) 0.89

Medications
Antidepressant 364 19 401 21 0.13
Proton pump inhibitor 392 20 371 19 0.40
Thiazide diuretic 521 27 499 26 0.42
Benzodiazepine or BzRA

c 170 9 169 9 0.95
Epilepsy drug 65 3 51 2 0.19
Osteoporosis drug 46 2 62 3 0.12
Vitamin Dd 275 19 289 20 0.44

The 6 values are means 6 standard deviation. Continuous variables with skewed distribution are shown as median (25th percentile, 75th percentile).
Participants with missing data by treatment group (pioglitazone, placebo) are: race (33, 33); Hispanic (12, 8); National Institutes of Health stroke scale
(1, 1); modified Rankin score (0, 1); smoking status (3, 2); alcohol use (23, 27); aerobic exercise (8, 19); modified Mini-Mental State score (67, 69); body
mass index (6, 6); hemoglobin A1c (1, 0); medications (7, 6); vitamin D (495, 506).
aP from x2 test for proportions or Wilcoxon rank sum test for continuous variables.
bModified Mini-Mental State examination score.
cBenzodiazepine receptor agonist.
dQuery regarding use of vitamin D supplements was added in 2008.
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stress or pathology, and not serious (i.e., did not require
surgery or hospitalization) (Table 2). Of the 277 fractures
classified as serious, all but 39 involvedhospitalization.Three
patients died within 30 days of a fracture (1 woman in the
pioglitazone group due to infection, 1 woman and 1man in
placebo group due to MI and infection, respectively).

Overall, a total of 376 fractures occurred in 218
participants assigned to pioglitazone compared with 225
fractures in 145 participants assigned to placebo [5-year
risk of first fracture, 13.6%vs 8.8%; risk difference (RD),
4.9%; HR, 1.53; 95% CI, 1.24 to 1.89] (Table 2). An
increase in risk in the pioglitazone group compared with
placebo group was observed for both nonserious and
serious fractures. Risks were low and similar across
treatment groups for fractures that were high energy,
stress type, or associated with pathology. In an analysis
restricted to the 470/601 (68%) of fractures that were low
energy and nonpathologic (and therefore more likely to
reflect differential risk due to the study drug), the RD at
5 years was 3.9% (11.1% vs 7.2%; HR, 1.51; 95% CI,
1.19 to 1.90). A further attenuation of the RD was ob-
served for low energy, nonpathologic fractures that re-
quired surgery or hospitalization (4.7% vs 3.1%; RD,
1.6%; HR, 1.47; 95% CI, 1.03 to 2.09). Adjustment for
fracture risk features that differed at baseline (i.e., alcohol
use . 2/1 drinks per day for men/women, proton
pump inhibitor, thiazide diuretic, epilepsy drug, and

osteoporosis drug use at baseline) did not change any of
these findings (Supplemental Table 2). The curves for
fracture-free survival appear to diverge after 2 years for
any fracture [Fig. 1(A)] and low-energy, nonpathologic
fractures [Supplemental Fig. 1(A)].

Risk of fracture by location and sex
Themost common bones fractured were (in descending

order) the spine, rib, foot (tarsal, metatarsal, phalanges),
fibula, radius, tibia, humerus, and hip (Supplemental
Table 3). In the overall cohort, we observed no selective
effect of pioglitazone on any specific bone or skeletal area.
HRs ranged from 1.28 (95% CI, 0.90 to 1.82) for upper
limb fractures to 2.07 for the spine (95%CI, 1.18 to 3.63)
(Fig. 2).

The risk of any fracture in the pioglitazone group
compared with placebo was increased in both men and
women (HR for men, 1.83; 95%CI, 1.36 to 2.48; HR for
women, 1.32; 95% CI, 0.98 to 1.78) (Fig. 2; Supple-
mental Table 2). A statistical test of the difference in HRs
between sexes was not significant (P for interaction of
treatment with sex = 0.13).

Risk for serious fracture in the pioglitazone group
compared with placebo was significantly elevated in
men (5.4% vs 2.2%; HR, 2.34; 95% CI, 1.45 to 3.76)
but not women (7.8% vs 6.4%; HR, 1.18; 95%CI, 0.76
to 1.83) (Supplemental Table 2). When serious fractures

Table 2. Risk of Fracture, Overall and by Type, by Treatment Group

Pioglitazone (n = 1939) Placebo (n = 1937)

Risk Δ (%)c HR (95% CI)Fractures Ptsa Risk (%)b Fractures Ptsa Risk (%)b

Any fracture 376 218 13.6 225 145 8.8 4.9 1.53 (1.24–1.89)
Energy
Low energy 295 178 11.2 184 119 7.2 4.0 1.51 (1.20–1.91)
High energy 67 35 2.1 31 22 1.3 0.8 1.60 (0.94–2.73)
Unknown 14 14 0.9 10 8 0.5 0.5 1.86 (0.74–4.66)

Stress
Nonstress 353 204 12.8 204 137 8.3 4.5 1.51 (1.22–1.88)
Stress 15 10 0.6 14 8 0.6 0.0 1.25 (0.49–3.17)
Unknown 8 8 0.5 7 6 0.4 0.1 1.40 (0.44–4.41)

Pathology
Nonpathologic 371 215 13.4 214 141 8.6 4.9 1.55 (1.26–1.92)
Pathologic 3 3 0.2 6 3 0.2 0.0 1.00 (0.20–4.96)
Unknown 2 2 0.1 5 4 0.2 20.1 0.50 (0.09–2.72)

Serious/nonseriousd

Serious 178 99 6.2 99 62 3.7 2.4 1.61 (1.17–2.21)
Nonserious 190 128 8.2 123 92 5.6 2.6 1.41 (1.07–1.84)
Unknown 8 6 0.4 3 2 0.1 0.3 3.00 (0.61–14.89)

Low energy, nonpathologice 292 176 11.1 178 118 7.2 3.9 1.51 (1.19–1.90)
Serious, low energy, nonpathologicd,e 127 76 4.7 83 52 3.1 1.6 1.47 (1.03–2.09)

aNumber of participants with fracture.
bFracture risk at 5 years from Kaplan–Meier life table.
cRD at 5 years from Kaplan–Meier life table.
dFracture considered serious if surgery, procedure, or hospitalization required.
eRestricted fracture is defined as low-energy and nonpathologic fracture.
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Figure 1. Time to first fracture. Overall fractures (A) and those by sex (B, men; C, women) are shown.
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were restricted to low-energy, nonpathologic events, the
risk remained elevated in men (3.8% vs 1.4%;HR, 2.64;
95% CI, 1.46 to 4.77) and was further reduced in
women (6.6% vs 6.2%; HR, 1.03; 95% CI, 0.65 to
1.63). For both any serious fractures and low-energy,
nonpathologic serious fractures, HRs for men were
significantly higher than for women (P for interaction of
treatment with sex = 0.04 and 0.01, respectively).

In men, a total of 198 fractures occurred in 122
participants in the pioglitazone group compared with
97 fractures in 65 participants in the placebo group
(11.4% vs 6.2%; RD, 5.2%). The risk increment for
low-energy, nonpathologic fractures in men was
4.0% (8.3% vs 4.3%; HR, 1.90; 95% CI, 1.33 to
2.72). Divergence of fracture-free survival curves for
men appeared to occur in the first year for any
fracture (log-rank P , 0.0001) [Fig. 1(B)] and after
year 1 for low-energy, nonpathologic fractures (log-rank
P = 0.0004) [Supplemental Fig. 1(B)]. The HR for fracture
in the pioglitazone group, compared with the placebo
group, was elevated for all anatomic sites and reached
statistical significance for the distal lower limb and spine
(Fig. 2; Supplemental Tables 3 and 4).

In women, there were a total of 178 fractures in 96
participants in the pioglitazone group and 128 fractures

in 80 participants in the placebo group (5-year risk,
18.1% vs 13.3%; RD, 4.8%). For low-energy, non-
pathologic fractures the risk increment in women was
4.5% (16.7% vs 12.3%; HR, 1.32; 95% CI, 0.97 to
1.80). Fracture-free survival curves for women did not
appear to diverge until after year 2 for any fracture (log-
rank P = 0.07) or low-energy, nonpathologic fractures
(log-rank P = 0.08) [Fig. 1(C); Supplemental Fig. 1(C)].
For women, the HR for fracture in the pioglitazone
compared with placebo group was nonsignificantly ele-
vated for all anatomic sites (except for the hip/femur,
where risk did not differ). The increased risk in women
appeared to be primarily for more common fractures of
the upper extremity and distal lower limbs (Fig. 2;
Supplemental Tables 3 and 4). Adjustment for fracture
risk features that differed at baseline did not change any
of the sex-specific findings (Supplemental Tables 2
and 4).

Study drug use and fracture risk
Among participants in the trial at year 1, women in

both treatment groups reported lower adherence to the
study drug during the first year compared with men
(Supplemental Table 5). Only 64% of women in the
pioglitazone group reported taking at least 30mg/d of the

Figure 2. Risk of fracture by location, overall, and by sex.
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study drug during year 1 compared with 76% of men.
The rates were 77% and 88% for women and men, re-
spectively, in the placebo group. Among men in the
pioglitazone group, those who reported taking at least
30 mg/day in year 1 were at higher risk of subsequent
fracture compared with men with lower adherence, but
this trend was not observed in women.

Discussion

In the IRIS trial of nondiabetic patients with insulin re-
sistance, pioglitazone reduced the risk for the primary
study outcome of stroke and myocardial infarction but
was associated with an increased incidence of bone
fracture. After 5 years, the relative increase in risk for any
fracture was 53% and the absolute risk increment was
4.9%. Not all fractures, however, were serious (i.e., re-
quired hospitalization or surgery) or likely to be related to
pioglitazone therapy (i.e., those not resulting from high-
energy trauma or malignancy). In an effort to help cli-
nicians and patients with personal decision-making, we
conducted an ancillary analysis that was restricted to
serious fractures most likely attributable to pioglitazone
(i.e., low energy, nonpathologic, requiring surgery or
hospitalization). In this analysis, the relative risk increase
was essentially unchanged (47%) but the absolute risk
increment was reduced to 1.6%. In IRIS, the effect of
pioglitazone on bone fracture appeared to emerge after
2 years of therapy. No one bone or skeletal region was
more affected than another.

The first signal that TZD therapy may increase frac-
ture risk emerged in 2006 as an unexpected finding from
nonadjudicated spontaneous adverse event reports in the
A Diabetes Outcome Progression Trial (ADOPT) in-
volving patients with type 2 diabetes (7). For women,
fracture rates per 100 patient years were 2.7, 1.5, and 1.3
for rosiglitazone, metformin, and glyburide groups, re-
spectively, whereas for men, fracture rates did not differ
significantly by treatment (1.2, 1.0, and 1.1, respectively).
Divergence in time-to-event curves for women occurred
after 1 year (2). A retrospective review of adverse events in
the Prospective Pioglitazone Clinical Trial in Macro-
vascular Events trial found higher fracture rates for women
assigned to pioglitazone comparedwith placebo (1.0 vs 0.5
per 100 patient-years) but not for men (0.6 vs 0.7) (3, 11).
As in ADOPT, risk curves began to diverge after 1 year of
follow-up. In the last large trial of TZD therapy to report
prior to IRIS, the Rosiglitazone Evaluated for Cardiovas-
cular Outcomes in Oral Agent Combination Therapy for
Type 2 Diabetes (RECORD) trial of rosiglitazone
reported a significantly higher risk for fractures for rosi-
glitazone compared with active control in women (2.1 vs
1.1 per 100 patient-years) but not in men (1.0 vs 0.8) (4).

Despite enrolling nondiabetic patients in IRIS, we
observed higher fracture rates compared with the trials in
diabetic patients (in IRIS, rates per 100 patient-years in
pioglitazone vs placebo: 2.3 vs 1.3 for men, 3.7 vs 2.8 for
women). These higher rates may reflect our protocol for
active fracture surveillance (RECORDwas the only prior
trial to include direct questioning for bone fracture), the
older average age of our participants (63 years vs 56 to 57
years in ADOPT and RECORD), longer follow-up (4.8
years vs 3 years in the Prospective Pioglitazone Clinical
Trial in Macrovascular Events), or the known increased
risk for fracture after stroke (12–15). Notwithstanding
these differences in fracture ascertainment and baseline
risk, our findings are consistent with the increased rel-
ative risk for any fracture for TZD-treated patients,
ranging from 27% to 56%, reported in earlier trials.

Although, the higher HR for men compared with
women in IRIS differs from previous reports, neither IRIS
nor the earlier trials were powered to rule out chance as
an explanation for the observed differences between
sexes. Our finding of a greater relative risk for serious
bone fractures (requiring surgery or hospitalization) in
men assigned to pioglitazone vs placebo, compared with
women (P for interaction of treatment and sex = 0.04),
may reflect better study drug adherence among male
participants, or a chance finding due to multiple statis-
tical comparisons. Indeed, our data do not exclude the
possibility of increased risk for women assigned to pio-
glitazone compared with placebo for serious fracture (or
serious, low-energy, nonpathologic fractures), because
the CIs are wide.

In contrast to prior reports, we found that the risk for
fracture was not confined to any specific group of bones
or skeletal area. In previous trials, differences between
placebo and active treatment groups were reported
mainly for the more common appendicular fracture sites,
such as the feet, hands, arms, tibia, and fibula. In IRIS,
hip/femur and spinal fractures were also increased in the
pioglitazone group, statistically so in the latter. The HR
for spine fracture for men in IRIS was 9.12 (95%CI, 2.13
to 39.16), compared with 1.24 (95%CI, 0.63 to 2.43) for
women, although this finding was striking, it was based
on only 21 men with spine fractures.

The mechanisms by which TZDs may affect bone
health are likely complex (16, 17) and not fully un-
derstood. Drugs in this class activate PPARg, and both
isoforms of PPARg are expressed in bone. Activation of
PPARg2 affects lineage allocation of mesenchymal stem
cells, suppressing osteoblast differentiation and inducing
marrow adipocyte proliferation (18). Activation of
PPARg1 enhances the formation and activity of osteo-
clasts (19). Most clinical trials that have examined
markers of bone turnover suggest a diminution in bone
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formation and an increase in bone resorption (5, 20–26),
which is consistent with experimental studies, although
several studies failed to confirm these findings (27–29).
Most (5), but not all (28), studies examining serial bone
mineral density by dual x-ray absorptiometry have found
modest bone loss. In the 5 studies that have examined
bone mineral density after TZD cessation, there is some
evidence for an attenuation of the adverse effect (20,
26–29).

A key cellular regulator of bone metabolism is the
osteocyte, a type of long-lived cell buried within bone tissue
that has the ability to sense mechanical strain on the
skeleton andorchestrate bone remodeling by controlling the
formation and activity of osteoclasts and osteoblasts. In-
terestingly, TZDs have also been reported to induce osteo-
cyte apoptosis (30). Osteocyte apoptosis in experimental
animals is associated with rapid changes in bone remod-
eling, with increased bone breakdown and suppressed bone
formation, as well as the appearance of microcracks (31).
These changes could, if they occur in humans, contribute to
the risk for fractures, particularly in long bones.

Our findings include new information on the general
problem of bone fracture after ischemic stroke or TIA.
Most fractures were low energy, involving a fall from a
sitting or standing position, or from bed. The most com-
mon bones fractured were the spine, followed by the rib,
foot, fibula, radius, tibia, humerus, andhip. Fractures of the
spine, radius, and hip are those most often observed in
patients with osteoporosis. Taken together, these findings
suggest that osteoporosis treatment and/or fall prevention
might reduce fracture risk after ischemic stroke or TIA for
all patients, including those treated with pioglitazone.

Our study had some limitations. First, we did not have
baseline information on bone density or prior fractures,
which are major risk factors for fracture in older adults.
Second, we did not monitor the incidence of falls after
baseline, another risk factor for fracture. Data on bone
density and fall risk might have identified specific op-
portunities to mitigate fracture risk in our population.
Finally, we did not measure the frequency or duration of
fracture-related disability.

The net benefit of pioglitazone after an ischemic stroke
or TIA is a function of the drug’s competing effects on
preventing vascular disease and causing bone fracture.
The effect on strokeorMI in IRIS has beenwell documented
(i.e., 24% relative risk reduction and 3% absolute risk
reduction over 5 years) (1). The effect on fracture is detailed
in this study and will help patients make an informed,
personal decision regarding pioglitazone therapy. It is
conceivable that fracture risk mitigation, including fall
prevention, and screening and treatment of osteoporosis
would further and favorably affect the benefit/harm ratio
for pioglitazone therapy.
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