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Context: Thiazolidinedione (TZD) use has recently been associated with an increased risk of
fractures.

Objective: The aim of this study was to determine the time-dependent relationship between TZD
use and fracture risk.

Design: We conducted a retrospective cohort study in a large health system in southeast
Michigan.

Patients: Patients who received care from the health system were included if they were at least 18
yr of age, had a diagnosis of diabetes, and had at least one prescription for an oral diabetes
medication. These criteria identified 19,070 individuals (9,620 women and 9,450 men).

Intervention: This study compared patients treated with TZDs to patients without TZD treatment.
Cox proportional hazard models were used to assess the relationship between exposure and
outcomes.

Main Outcome Measures: The primary outcome was the time to fracture. Secondary analyses
examined the risk of fractures in subgroups defined by sex and age.

Results: TZD use was associated with an increased risk of fracture in the cohort overall [adjusted
hazard ratio (aHR), 1.35; 95% confidence interval (CI), 1.05–1.71] and in women (aHR, 1.57; 95%
CI, 1.16–2.14), but not in men (aHR, 1.05; 95% CI, 0.70–1.58). Women more than 65 yr of age
appeared to be at greatest risk for fracture (aHR, 1.72; 95% CI, 1.17–2.52). Among women, the
increased fracture risk was not apparent until after 1 yr of TZD treatment.

Conclusions: TZD use was associated with an increased risk for fractures in women, particularly at ages
above 65 yr. Clinicians should be aware of this association when considering TZD therapy so as to
appropriately manage and counsel their patients. (J Clin Endocrinol Metab 95: 592–600, 2010)

Osteoporosis-related fractures represent a significant
health and economic burden in the United States. In

the year 2005, the incidence of fractures in the United
States was predicted at 2 million, with an estimated cost of
$17 billion, and these numbers are projected to increase by
50% by the year 2025 (1). In recent years, numerous med-

ications have been implicated in causing bone loss and
increasing fracture risk (2), such as antiepileptic drugs
(3, 4), antidepressants (5), proton pump inhibitors (6), and
recently, thiazolidinediones (TZDs) (7–13).

TZDs are mainly used to treat insulin resistance in pa-
tients with type 2 diabetes mellitus (DM), and they have

ISSN Print 0021-972X ISSN Online 1945-7197
Printed in U.S.A.
Copyright © 2010 by The Endocrine Society
doi: 10.1210/jc.2009-1385 Received June 30, 2009. Accepted November 25, 2009.
First Published Online January 8, 2010

Abbreviations: aHR, Adjusted HR; CHD, coronary heart disease; CHF, congestive heart
failure; CI, confidence interval; CKD, chronic kidney disease; CVA, cerebrovascular acci-
dent; DM, diabetes mellitus; ESRD, end-staged renal disease; HbA1c, glycated hemoglobin;
HMO, health maintenance organization; HR, hazard ratio; PPAR�, peroxisome proliferator-
activated receptor-�; PVOD, peripheral vascular occlusive disease; TIA, transient ischemic
attack; TZD, thiazolidinedione.

O R I G I N A L A R T I C L E

E n d o c r i n e C a r e

592 jcem.endojournals.org J Clin Endocrinol Metab, February 2010, 95(2):592–600

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/95/2/592/2596749 by guest on 20 August 2022



accounted for up to 21% of prescribed oral antidiabetic
agents in the United States (14). The potential increased
fracture risk associated with TZDs further compounds the
complex relationship between type 2 DM and fractures.
Although initially thought to be protective due to the as-
sociated high body mass index, type 2 DM is now known
to be independently associated with rapid bone loss and an
increased risk of fragility fractures (15–18). Furthermore,
insulin use was found to be an independent predictor of
fracture risk in diabetic individuals (19). Patients with DM
may also be predisposed to develop fractures due to mi-
crovascular and macrovascular sequelae of DM (20). For
example, diabetic neuropathy and retinopathy as well as
cerebrovascular accidents lead to an increased propensity
to fall (19, 21, 22); diabetic neuropathy may result in re-
gional osteopenia (23); and chronic or end-stage kidney
disease due to diabetic nephropathy is associated with os-
teodystrophy and bone loss (24).

Most of the published literature on TZDs and fractures
in humans consists of adverse event reporting from large
randomized controlled trials (8, 10, 12), small observa-
tional studies (7, 13), a case-control study (9), and a meta-
analysis (11). To date, there has been only one randomized
controlled trial to assess the effect of rosiglitazone on bone
turnover (25). This trial, however, looked at markers of
bone turnover, not fractures. There was also a recent lon-
gitudinal, observation study of TZD use on fracture risk,
but this was restricted to older adults and estimates pre-
sented in comparison to other oral hypoglycemic medica-
tions (26).

Given the prevalent use of TZDs in patients with dia-
betes and that this patient population is already at risk for
fractures, it is important to assess the effect of these drugs
on fracture risk. Therefore, we examined the longitudinal
relationship between TZD use and fracture events in a
large, population-based cohort of patients followed for
type 2 DM. We also attempted to identify population sub-
groups most susceptible to this potential adverse drug
event.

Patients and Methods

Study design, setting, and population
This study was approved by the Institutional Review Board at

Henry Ford Health System. The study was also in compliance
with the health system’s Health Insurance Portability and Ac-
countability Act policy. This study is reported in accordance with
the Strengthening the Reporting of Observational Studies in Ep-
idemiology recommendations (27). Patients were members of a
large health maintenance organization (HMO) in southeast
Michigan and received their care from a large multispecialty
medical group. All patients had prescription coverage, with
tiered copayments based on the covering entity’s formulary. In-

clusion criteria for the cohort were as follows: age of at least 18
yr; at least one clinical encounter with a coded diagnosis of di-
abetes [international classification of diseases (ICD)-9 code
250.xx] between January 1, 2000, and May 31, 2007; and at
least one prescription for an oral diabetes medication during this
same time period. For patients meeting these criteria, the index
date was the first date during the observation period that the
patient had a clinical encounter coded as diabetes or the filling of
an oral diabetes medication. We required patients to have at least
12 months of continuous enrollment in the HMO before the
index date to establish baseline characteristics. Patients were
observed until the date of the first fracture event, disenrollment
from the HMO, or the last date of observation (i.e. May 31,
2007), whichever came first.

Demographic, clinical, and exposure variables
Demographic data (e.g. age, sex, and race-ethnicity), labora-

tory results, encounter diagnoses, and pharmacy claims were all
maintained electronically by the health system. Race-ethnicity
was usually patient self-identified, but on occasion could have
been assigned by health care personnel. Household income was
estimated using software that mapped the patient’s address to a
census block (Pitney Bowes MapInfo, Troy, NY). Individuals’
household income was taken as the median household income
for their census block using year 2000 data from the U.S. Census
Bureau. We abstracted laboratory data for percentage glycated
hemoglobin (HbA1c). Baseline clinical status was based on di-
agnoses and procedures extending 1 yr before the index date for
the following conditions: coronary heart disease (CHD), con-
gestive heart failure (CHF), cerebrovascular accident (CVA) and
transient ischemic attack (TIA), peripheral vascular occlusive
disease (PVOD), chronic kidney disease (CKD), and end-staged
renal disease (ESRD). We also used diagnosis and procedural
codes to calculate an adaptation of the Charlson comorbidity
index as an estimate of baseline comorbidity (28).

Prescription fills for TZDs, insulin, oral steroids, and lipid-
lowering agents were identified through pharmacy claims. Any
patient with one or more prescription fills for a TZD was con-
sidered to be exposed from the time of their first fill.

Outcome assessment
Outcomes were assessed without knowledge of the individ-

uals’ medication exposure. We identified fractures from elec-
tronically maintained medical claims data in a manner similar to
that which has been reported elsewhere (29). These data included
diagnosis and procedural codes for events that occurred both
within and outside the health system. Each individual event had
to be identified by the presence of at least two fracture-specific
ICD-9 codes within a 3-month period, along with an appropriate
procedural code, to be included in the analysis. Codes represent-
ing fractures with trauma (ICD-9 E codes) were excluded.

Statistical analysis
The primary study outcome was the time to first fracture at

any location. Student’s t test and the �2 test were used to compare
characteristics between study individuals treated with a TZD
and persons not so treated. To examine the relationship between
TZDs and fracture risk, we calculated unadjusted event rates per
patient-years of follow-up for the TZD-treated and untreated
individuals in the entire cohort, among females only, and among
males only. We performed a time-to-event analysis starting from
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the index date; however, individuals treated with TZDs were
considered exposed from the time of their first prescription fill.
This affected the calculation of rates with follow-up time pre-
ceding the TZD use counting toward the untreated group. Sim-
ilarly, TZD exposure was entered into the regression models as
a time-updated covariate, such that exposure in the TZD-treated
group began after the first TZD fill. Patients were followed until
one of the following events occurred: a fracture at any location,
disenrollment from the HMO, or the last date of observation.
The unadjusted hazard ratio (HR) was shown with a Kaplan-
Meier curve of the proportion of patients without fractures over
time comparing TZD-treated patients with those without TZD
treatment. To account for other potential confounders, we used
Cox proportional hazards models to calculate adjusted HRs
(aHRs) for TZD exposure, adjusting for age, sex, race-ethnicity,
marital status, median household income, HbA1c levels, insulin
use, oral corticosteroid use, lipid-lowering agent use, baseline
clinical diagnoses (i.e. CHD, CHF, CVA/TIA, PVOD, CKD, and
ESRD), and the Charlson comorbidity index. Secondary analy-
ses included the same covariates predicting the time to first frac-
ture, but stratified by sex, age (�65 yr and �65 yr), and both. As
a post hoc analysis, we assessed the adjusted relationship be-
tween TZD exposure and the time to fractures at particular lo-
cations (i.e. the combination of humeral and distal upper ex-
tremity and distal lower extremity fractures and the combination
of femur and vertebral fractures) in all women and in women
more than 65 yr of age. All analyses were performed using SAS
v9.1 (SAS Institute Inc., Cary, NC) (30). A P value �0.05 was
considered statistically significant.

Role of the funding source
The funding source had no role in the design of the study, the

collection of data, analysis, review of the manuscript for critical
content, or the decision to publish.

Results

We identified 19,070 patients with diabetes who met our
study criteria between January 1, 2000, and May 31,
2007. Of the 19,070 patients, 4,511 had at least one fill for
a TZD during the study period. Baseline comparisons be-
tween individuals treated with a TZD and individuals who
did not receive TZD treatment are shown in Table 1. Sig-
nificant differences between the two groups were observed
in age, marital status, race-ethnicity, insulin use, oral cor-
ticosteroid use, HbA1c, and baseline clinical diagnoses of
CHD, CHF, and CVA. Without accounting for the period
of follow-up, the number of fractures appeared to be
higher in patients who did not use TZDs when compared
with those who did. During the observation period, 477
patients had at least one fracture (95 patients in the TZD-
treated group and 382 patients not treated with a TZD).

Because TZD exposure was assessed from the time of
the first fill, the calculation of fracture rates had to account
for between-group differences in patient-years of follow-
up. The 4,511 TZD-treated individuals had a total of

13,498 patient-years of follow-up (i.e. average follow-up
of 2.99 yr), and 95 patients with at least one fracture for
an unadjusted first event rate of 7.0 per 1000 patient-
years. The 14,559 individuals without TZD treatment had
a total of 72,625 patient-years of follow-up (i.e. average
follow-up, 4.99 yr) and 382 patients with at least one
fracture for an unadjusted first event rate of 5.3 per 1000
patient-years. The Kaplan-Meier curve comparing the
proportion of patients without fractures over time be-
tween the TZD-exposed and nonexposed individuals is
shown in Fig. 1. The unadjusted risk of fracture was higher
in those treated with TZDs when compared with those not
so treated [HR, 1.34; 95% confidence interval (CI) 1.06–
1.70]. At approximately 1.5 yr, the curves for the two
treatment groups began to separate and remained sepa-
rated for the remaining duration of observation.

Of 19,070 study patients, 18,309 (9,286 women and
9,023 men) had complete data for inclusion in the multi-
variable Cox regression analysis. There were 463 events
identified in this group, and the results are shown in Table
2. In the adjusted analysis, TZD use was again associated
with an elevated fracture risk when compared with pa-
tients not treated with a TZD (aHR, 1.34; 95% CI, 1.05–
1.71). With the exception of oral steroid use (aHR, 1.23;
95% CI, 0.99–1.51), we observed significant relation-
ships with other factors commonly associated with frac-
ture risk, such as female sex (aHR, 1.71; 95% CI, 1.41–
2.09), age (aHR, 1.05; 95% CI, 1.04–1.05), ESRD (aHR,
4.49; 95% CI, 2.09–9.66), CVA (aHR, 1.75; 95% CI,
1.35–2.27), and insulin use (aHR, 1.74; 95% CI, 1.37–
2.21). African-American race-ethnicity was protective for
fractures when compared with other race-ethnic groups
(aHR, 0.49; 95% CI, 0.39–0.61), which were predomi-
nately white. With the exception of the aforementioned
factors and CHF, none of the other covariates was signif-
icantly associated with fracture risk.

Because previous studies have suggested a heightened
risk of TZD-associated fractures in women (8, 12), we
stratified our analyses by sex. For the 9,620 women in-
cluded in our cohort, we had 6,600 patient-years of fol-
low-up and 63 patients with at least one fracture for an
unadjusted first event rate of 9.5 per 1000 patient-years
for TZD users. In comparison, we had 36,264 patient-
years of follow-up and 236 patients with at least one frac-
ture for unadjusted first event rate of 6.5 per 1000 patient-
years in women who did not use TZDs. The Kaplan-Meier
curve comparing the proportion of women without frac-
tures over time between the TZD-exposed and nonex-
posed individuals is shown in Fig. 2A. The unadjusted risk
of fracture was higher in women treated with TZDs when
compared with those not so treated (HR, 1.52; 95% CI,
1.13–2.30; P value, 0.005). Among women, the curves for

594 Habib et al. Thiazolidinediones and Fracture Risk J Clin Endocrinol Metab, February 2010, 95(2):592–600

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/95/2/592/2596749 by guest on 20 August 2022



the two treatment groups appear to separate after 1 yr of
TZD exposure.

For the 9,450 men included in our cohort, there were
6,897 patient-years of follow-up and 32 patients with at
least one fracture for an unadjusted first event rate of 4.6
per 1000 patient-years for TZD users, and there were
36,361 patient-years of follow-up and 146 patients with at
least one fracture for an unadjusted first event rate of 4.0
per 1000 patient-years for men who did not use TZDs. The
Kaplan-Meier curve comparing the proportion of men
without fractures over time between the TZD-exposed
and nonexposed individuals is shown in Fig. 2B. The un-

adjusted risk of fracture was not significantly higher in
men treated with TZDs when compared with those not so
treated (HR, 1.11; 95% CI, 0.75–1.65; P value, 0.602).
Accordingly, the curves for the two treatment groups do
not appear to separate over time.

We calculated aHRs for TZD use on the time to first
fracture stratified by sex. Results for women and men with
complete data (i.e. n � 9,286 and n � 9,023, respectively)
are shown in Table 3. Compared with no TZD use, TZD
treatment was associated with an elevated risk among
women (aHR, 1.57; 95% CI, 1.16–2.14), but not in men
(aHR, 1.05; 95% CI, 0.70–1.58). In these stratified anal-

TABLE 1. Characteristics of study patients with type 2 DM stratified by TZD use

Characteristic All patients
Patients who
used a TZD

Patients who did
not use a TZD P valuea

n 19,070 4,511 14,559
Age (yr) 58.3 � 13.0 57.4 � 12.2 58.6 � 13.2 �0.001
Females 9,620 (50.4) 2,222 (49.3) 7,398 (50.8) 0.068
Race �0.001

African-American 7,965 (41.8) 1,946 (43.1) 6,019 (41.3)
White 9,887 (51.8) 2,290 (50.8) 7,597 (52.2)
Other/unknown 1,218 (6.4) 275 (6.1) 943 (6.5)

Married (398 with missing marital status) 12,068 (64.6) 2,956 (66.7) 9,112 (64.0) 0.001
Household income (374 with missing income) $48,258 � 21,858 $48,454 � 21,731 $48,197 � 21,898 0.495
Charlson comorbidity score 1.6 � 1.4 1.6 � 1.4 1.6 � 1.4 0.261
TZD use (�1 fill during observation period)b

Rosiglitazone alone 999 (5.2) 999 (22.1)
Pioglitazone alone 3,170 (16.6) 3,170 (70.3)
Both rosiglitazone and pioglitazone 342 (1.8) 342 (7.6)

Oral corticosteroid medication use (�1 fill during
observation period)b

5,501 (28.9) 1,479 (32.8) 4,022 (27.6) �0.001

Baseline insulin use (�1 fill during baseline period)c 2,042 (10.7) 682 (15.1) 1,360 (9.3) �0.001
Baseline lipid-lowering medication use

(�1 fill during baseline period)c
5,775 (30.3) 1,417 (31.4) 4,358 (29.9) 0.059

Baseline clinical diagnosesc

CHDd 1,383 (7.3) 363 (8.1) 1,020 (7.0) 0.019
CHF 1,698 (8.9) 356 (7.9) 1,342 (9.2) 0.006
CVAs/TIAs 1,391 (7.3) 295 (6.5) 1,096 (7.5) 0.026
PVOD 1,000 (5.2) 236 (5.2) 764 (5.2) 0.967
CKD 620 (3.3) 165 (3.7) 455 (3.1) 0.078
ESRD 100 (0.5) 31 (0.7) 69 (0.5) 0.083

Baseline HbA1c levele 8.3 � 2.3 8.7 � 2.2 8.2 � 2.2 �0.001
Fracture (�1 during observation period)b

Any location 477 (2.5) 95 (2.1) 382 (2.6) 0.052
Vertebral 55 (0.3) 9 (0.2) 46 (0.3)
Femur 99 (0.5) 21 (0.5) 78 (0.5)
Humerus 89 (0.5) 23 (0.5) 66 (0.5)
Distal upper or lower extremity 189 (1.0) 32 (0.7) 157 (1.1)
Pelvis 18 (0.1) 7 (0.2) 11 (0.1)
Ribs 26 (0.1) 3 (0.1) 23 (0.2)
Other 1 (0.01) 0 (0.0) 1 (0.01)

Data are expressed as mean � SD or number (percentage).
a P value for the comparison of individuals who did and did not use a TZD during the study period.
b The observation period refers to the time between the index date and the date of censoring. The index date is the first diagnosis of diabetes or
the first fill of an oral diabetes medication between January 1, 2000 and May 31, 2007. The last day of any follow-up was May 31, 2007.
c Occurring up to 1 yr before index date.
d Includes a previous diagnosis of myocardial infarction, other acute coronary syndromes, and coronary revascularization procedures 1 yr before
the index date.
e Based on the HbA1c measurement in closest proximity to index date.
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yses, other covariateswereagainassociatedwith increased
fracture risk in the expected direction. In addition, CHF
was associated with an increased fracture risk (aHR, 1.53;
95% CI, 1.09–2.17) among women, and higher baseline
HbA1c was associated with an increased risk of fracture
(aHR, 1.08; 95% CI, 1.01–1.16) in men.

We additionally stratified by age and by both age and
sex; these results are shown in Table 4. The positive as-
sociation between TZD use and fracture risk was seen in
patients older than 65 yr (aHR, 1.54; 95% CI, 1.11–2.12),

but not patients 65 yr or younger (aHR, 1.15; 95% CI,
0.79–1.66). In the age by sex subgroups, only women
older than 65 yr demonstrated a significantly heightened
risk (aHR, 1.72; 95% CI, 1.17–2.52). The association in
women 65 yr old or younger did not reach statistical sig-
nificance (aHR, 1.35; 95% CI, 0.82–2.23), and men re-
gardless of age strata did not appear to be at marked in-
creased risk.

In a post hoc analysis looking at fracture subtypes in
women, we found TZD use to be associated with fractures
of the upper extremity and distal lower extremity com-
bined (aHR, 1.55; 95% CI, 1.05–2.29), but the associa-
tion with femur and vertebral fractures combined did not
reach statistical significance (aHR, 1.34; 95% CI, 0.77–
2.33). Similar findings were observed in women over 65 yr
of age where TZD use was again associated with fractures
of the upper extremity and distal lower extremity com-
bined (aHR, 1.72; 95% CI, 1.03–2.89) but did not reach
statistical significance for femur and vertebral fractures
combined (aHR, 1.37; 95% CI, 0.70–2.68). In addition,
we repeated all analyses accounting for the use of other
oral hypoglycemic agents, and this had no substantive ef-
fect on any of the aforementioned relationships presented
in the tables.

Discussion

As the evidence incriminating TZD use as a risk factor for
fractures accumulates (7–12), clinicians may be inclined to
avoid using these drugs in treating their diabetic patients,
especially those who are at high risk for low bone mass and
fractures. This study comprises one of the largest cohorts
to examine the longitudinal relationship between TZD use
and fractures to date, and unlike earlier studies was not
limited to either particular age groups of adults with type
2 DM or comparisons with other hypoglycemic agents.
Our results are consistent with the published literature in
that TZD use was found to be associated with an increased
risk of fractures, particularly in women above 65 yr of age
(7–12). Based on the unadjusted event rates for the entire
cohort and women alone, the approximate number
needed to harm (i.e. the number needed to be treated with
TZDs to have one excess fracture) would be 588 and 333,
respectively. The number needed to harm may be even
lower for women, however, given the higher adjusted rate
in this group. Of interest, the current study also suggests
that the increased risk of fracture among women does not
accrue until after 1 yr of TZD treatment.

Although initial studies suggested that troglitazone, a
TZD no longer available in the United States market (31),
had a favorable effect on bone turnover (32), rosiglitazone
has been shown to induce bone loss in rodent models (33,

TABLE 2. Relationship of TZD use and other covariates
to fracture risk among patients with type 2 DM
(n � 18,309; 463 events)a

aHRb (95% CI) P value
TZD use 1.34 (1.05–1.71) 0.019
Oral steroid use 1.23 (0.99–1.51) 0.056
African-American race 0.49 (0.39–0.61) �0.001
Married 0.95 (0.78–1.16) 0.606
Female 1.71 (1.41–2.09) �0.001
Charlson score 1.05 (0.98–1.11) 0.138
Age 1.05 (1.04–1.05) �0.001
Median household income 1.00 (0.95–1.04) 0.848
Baseline CHD 0.98 (0.71–1.34) 0.877
Baseline CHF 1.41 (1.06–1.86) 0.016
Baseline PVOD 1.12 (0.81–1.56) 0.491
Baseline ESRD 4.49 (2.09–9.66) �0.001
Baseline CVAs 1.75 (1.35–2.27) �0.001
Baseline CKD 0.91 (0.55–1.49) 0.693
Baseline insulin usec 1.74 (1.37–2.21) �0.001
Baseline lipid-lowering

medication usec
0.91 (0.75–1.11) 0.366

Baseline HbA1cd 1.04 (0.99–1.09) 0.080
a A total of 761 patients were excluded from the multivariable analysis
due to missing data.
b Multivariable models adjusted for all covariates shown in the table.
c Defined as any prescription fill for these medications in the year prior
to the index date.
d HbA1c measurement closest to index date.

FIG. 1. Kaplan Meier curve showing the relationship between TZD use
and time to first fracture among patients with type 2 DM. Includes all
individuals in the study cohort (n � 19,070). Individuals treated with a
TZD are shown in the solid line, and individuals without TZD treatment
are shown in the dashed line. HR denotes the unadjusted hazard ratio.
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34). Subsequently, observation of diabetic patients from
both the Health, Aging, and Body Composition observa-
tional study and the UK General Practice Research Data-
base suggested that rosiglitazone and pioglitazone are as-
sociated with increased bone loss and a higher risk of
fracture (7, 9). In addition, an increased fracture risk has
been reported from large randomized controlled trials in-
volving both rosiglitazone and pioglitazone (8, 10, 12).
Therefore, both TZDs available in the United States ap-
pear to possess an increased risk for fractures.

TZDs are agonists of the peroxisome proliferator-ac-
tivated receptor-� (PPAR�), a nuclear transcription factor

expressed in adipocytes. Activation of the
PPAR� by TZDs regulates adipocyte differ-
entiation and promotes insulin sensitivity
(35). However, PPAR� is also expressed in
bone marrow stromal cells, osteoblasts, and
osteoclasts (36). Activation of PPAR� in
bone marrow stromal cells has been shown
to promote the differentiation of mesenchy-
mal stem cells into adipocytes and inhibit
their differentiation into osteoblasts (36,
37). In addition, PPAR� activation can in-
hibit osteoblast differentiation while induc-
ing osteoclast differentiation, thus resulting
in decreased bone formation and increased
bone resorption (36, 38). These functions of
PPAR� are the likely mechanism of TZD-
associated bone loss.

A post hoc analysis of A Diabetes Out-
come Progression Trial (ADOPT) suggested
that the increased risk of fractures is similar
among pre- and postmenopausal women ex-
posed to TZDs (39). In a recent case-control
study, the association between TZD use and
the higher fracture risk was also found to be
independent of age (9). In our cohort,
however, TZD use was associated with a
higher risk of fractures in all women, but
it only reached statistical significance among
women more than 65 yr of age. Yet, older
women are already at a higher risk of osteo-
porosis and osteoporosis-related fractures,
and this might explain why they appeared to
be the most affected by TZDs. In addition,
one rodent study found that rosiglitazone
induced bone loss in ovariectomized, but not
intact rats (40). This finding suggests that
estrogen deprivation may permit or poten-
tiate the detrimental skeletal effects of TZDs
(41). Similar to the ADOPT study (39), we
also show that the increased risk of fractures
appears after approximately 1 yr of TZD use

among women but is not apparent among men over time.
Although two recent studies suggest that men may also be
at increased risk for fractures after TZD exposure (42, 43),
we did not observe this association for men despite having
nearly equal numbers of men and women in our analyses.

We also observed that the increased fracture risk ap-
peared to involve primarily the upper extremity and distal
lower extremity. These findings are similar to those noted
in ADOPT and RECORD (8, 12, 39); however, some ob-
servational data suggest a generalized increased risk of
fractures (9). Animal models may again profer a potential

FIG. 2. Kaplan Meier curves showing the relationship between TZD use and time to
first fracture among women (A) and men (B) with type 2 DM. Persons treated with a
TZD are shown in the solid line and those without TZD treatment are shown in the
dashed line. Includes all women (n � 9,620) and men (n � 9,450) in the cohort study.
HR denotes the unadjusted hazard ratio.
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mechanism because bone denervation in rats has been
shown to result in regional osteopenia (44). Because pa-
tients with diabetes are at risk for peripheral neuropathy,
TZD use may act synergistically to increase the likelihood
of distal extremity fractures.

This study must be interpreted in light of its limitations.
Similar to the methods of others (9, 29), we relied on
claims data and electronic medical records to identify our
outcomes. As such, we did not review the radiological
evidence of fractures in our study patients. Likewise, be-
cause we primarily relied on pharmacy claims data from
one insurance carrier to identify TZD exposure, medica-
tions obtained from alternative sources (e.g. dual insur-
ance coverage) may have been missed. Fortunately, pre-
vious analyses by our group showed that very few patients
filled medications via other coverage (45).

Because adverse events may occur during or after treat-
ment, we considered individuals to be continually exposed
to TZDs from the time of their first fill. However, among
those persons exposed to TZDs, the average time between

initiation of therapy and completion of the last TZD fill
was 1.9 yr (SD, 1.8 yr) (data not shown). In contrast, the
average follow-up time for this group was 3.0 yr (SD, 2.1
yr). This may explain why the separation between Kaplan-
Meier curves for TZD-treated and untreated individuals
appeared to stabilize, rather than continue to diverge, over
time. However, this potential misclassification implies
that our estimates are conservative, such that the actual
risk of fracture in TZD-treated individuals is higher than
reported here.

As an observational study, treatment groups may have
differed in important ways that were not accounted for in
our regression models. For example, we did not have in-
formation on other important risk factors for fractures
such as body mass index, smoking, diabetic retinopathy
and nephropathy, and bone mineral density, and we were
therefore unable to account for these variables in our mod-
els. Moreover, despite our large study size, the numbers of
patients and events became much smaller after further
stratification. This may have limited power for some of

TABLE 4. Relationship between TZD use and fracture risk among patients with type 2 DM stratified by age and sex

Strata
No. of patients included

in the model No. of events aHRa (95% CI) P value
Age �65 12,396 188 1.15 (0.79–1.66) 0.465
Age �65 5,913 275 1.54 (1.11–2.12) 0.009
Age �65, male 6,197 85 0.95 (0.54–1.67) 0.869
Age �65, female 6,199 103 1.35 (0.82–2.23) 0.234
Age �65, male 2,826 86 1.18 (0.64–2.15) 0.599
Age �65, female 3,087 189 1.72 (1.17–2.52) 0.006

a Adjusted for race-ethnicity, marital status, and median household income; HbA1c; insulin, oral steroid, and lipid-lowering agent use; baseline
clinical status for CHD, CHF, CVAs/TIAs, PVOD, CKD, and ESRD; and the Charlson comorbidity index.

TABLE 3. Relationship of TZD use and other covariates to fracture risk among female (n � 9,286; 292 events) and
male (n � 9,023; 171 events) patients with type 2 DM

Females Males

aHRa (95% CI) P value aHRa (95% CI) P value
TZD use 1.57 (1.16–2.14) 0.004 1.05 (0.70–1.58) 0.817
Oral steroid use 1.18 (0.92–1.53) 0.196 1.32 (0.92–1.91) 0.136
African-American race 0.47 (0.35–0.62) �0.001 0.55 (0.38–0.79) 0.002
Married 0.96 (0.76–1.23) 0.756 1.02 (0.71–1.47) 0.894
Charlson score 1.05 (0.97–1.14) 0.225 1.05 (0.96–1.16) 0.306
Age 1.06 (1.04–1.07) �0.001 1.03 (1.01–1.04) �0.001
Median household income 1.00 (0.94–1.07) 0.930 0.98 (0.91–1.06) 0.666
Baseline CHD 0.92 (0.60–1.41) 0.696 1.13 (0.71–1.82) 0.609
Baseline CHF 1.53 (1.09–2.17) 0.015 1.18 (0.73–1.89) 0.497
Baseline PVOD 1.01 (0.65–1.57) 0.973 1.31 (0.81–2.17) 0.259
Baseline ESRD 3.68 (1.05–12.96) 0.043 5.31 (1.95–14.49) 0.001
Baseline CVAs 1.73 (1.26–2.38) 0.001 1.71 (1.15–2.78) 0.011
Baseline CKD 0.81 (0.42–1.59) 0.548 1.03 (0.49–2.18) 0.931
Baseline insulin useb 1.77 (1.31–2.37) �0.001 1.71 (1.15–2.56) 0.009
Baseline lipid-lowering medication useb 0.95 (0.74–1.21) 0.675 0.84 (0.61–1.17) 0.309
Baseline HbA1cc 1.01 (0.94–1.07) 0.885 1.08 (1.01–1.16) 0.020

a Multivariable models adjusted for all covariates shown in the table.
b Defined as any prescription fill for these medications in the year prior to the index date.
c HbA1c measurement closest to index date.
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our subanalyses. Nonetheless, the consistency of our re-
sults with the finding of others suggests that estimates are
correct. Moreover, we found that other covariates, such as
age, race-ethnicity, insulin use, CVA, and ESRD, were
significantly associated with fractures in the direction ex-
pected (19, 22, 46). These findings lend further credence
to the reliability of our reported findings.

In summary, our study suggests that TZD use in pa-
tients with diabetes is associated with an increased risk of
fractures in women, particularly over 65 yr of age and after
an exposure duration of approximately 1 yr. Given that
this population is already at high risk for fractures, more
data are needed to guide physicians on the frequency and
modality of screening when TZDs are used. For example,
the increase in bone marrow fat caused by TZDs may
result in underestimating dual-energy x-ray absorptiom-
etry-measured bone mineral density (41). Nevertheless, it
is essential for the clinicians to be aware of this potential
adverse drug association so as to appropriately counsel
their patients when prescribing TZDs.
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