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Context: Activation of peroxisome proliferator-activated receptor-y
by thiazolidinediones (TZDs) results in lower bone mass in mice.

Objective: The objective of the study was to determine whether TZD
use is associated with changes in bone mineral density (BMD) in older
adults with type 2 diabetes.

Design: We analyzed 4-yr follow-up data from the Health, Aging, and
Body Composition observational study.

Setting: The study was conducted in a general community.

Patients: White and black, physically able men and women, aged
70-79 yr at baseline with diabetes defined by self-report, use of
hypoglycemic medication, elevated fasting glucose (=126 mg/dl), or
elevated 2-h glucose tolerance test (=200 mg/dl) participated in the
study.

Main Outcome Measures: Whole-body, lumbar spine (derived from

whole body), and hip BMD were measured by dual-energy x-ray ab-
sorptiometry at 2-yr intervals.

Results: Of 666 diabetic participants, 69 reported TZD use at an
annual visit, including troglitazone (n = 22), pioglitazone (n = 30),
and/or rosiglitazone (n = 31). Those with TZD use had higher baseline
hemoglobin A,, and less weight loss over 4 yr but similar baseline
BMD and weight than others with diabetes. In repeated-measures
models adjusted for potential confounders associated with TZD use
and BMD, each year of TZD use was associated with greater bone loss
at the whole body [additional loss of —0.61% per year; 95% confidence
interval (CI) —1.02, —0.21% per year], lumbar spine (—1.23% per
year; 95% CI —2.06, —0.40% per year), and trochanter (—0.65%
per year; 95% CI —1.18, —0.12% per year) in women, but not men,
with diabetes.

Conclusion: These observational results suggest that TZDs may
cause bone loss in older women. These results need to be tested in a
randomized trial. (J Clin Endocrinol Metab 91: 3349-3354, 2006)

HIAZOLIDINEDIONES (TZDS) ARE an effective and
frequently prescribed treatment for diabetes and may

have the potential to be used as a prevention treatment in
adults and adolescents at high risk of diabetes (1-3). How-
ever, the effect of TZDs on bone mass is unclear. TZDs are
reported to cause bone loss in some (4-6), but not all (7),
rodent models. Rzonca ef al. (4) and others (5) have reported
bone loss with rosiglitazone treatment in mouse models, and
Sottile et al. (6) found bone loss in ovariectomized rats treated
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with rosiglitazone, although no effect was seen in intact
animals. However, Tornvig et al. (7) reported that troglita-
zone treatment did not cause bone loss in mice.

Little information is available on the effects of TZDs on
bone in humans. In a small study of troglitazone use, Wa-
tanabe ef al. (8) found that lumbar spine bone mineral density
(BMD) Z-scores were not changed after 12 months of treat-
ment in 25 diabetic patients, including 14 women. In this
study levels of urine type 1 collagen N-telopeptide and se-
rum bone alkaline phosphatase were reduced after the first
month of treatment but returned to baseline levels by 12
months. A study in 33 type 2 diabetic patients also found that
troglitazone treatment for 4 wk reduced markers of bone
turnover by 7-18% (9). We are not aware of published reports
on the effects of pioglitazone or rosiglitazone on BMD or
bone markers.

TZDs increase insulin sensitivity and thus improve gly-
cemic control through activation of peroxisome proliferator-
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activated receptor (PPAR)-y. PPAR-vy activation by TZDs
may also affect bone through an increase in bone marrow
adiposity and a decrease in osteoblastogenesis, resulting in
reduced bone formation (4). In addition, TZDs affect the
aromatase pathway, leading to decreased estrogen produc-
tion and possibly an increase in bone resorption (10). Simul-
taneously, TZD use causes weight gain that could theoreti-
cally preserve bone.

Based on findings that TZDs alter bone metabolism in
rodents, the purpose of this study was to assess whether TZD
use is associated with changes in BMD in older adults with
type 2 diabetes using 4-yr follow-up data from the Health,
Aging and Body Composition (Health ABC) cohort study.

Subjects and Methods
Health ABC participants

The Health ABC study is a prospective cohort study investigating
whether changes in body composition act as a common pathway by
which multiple diseases affect morbidity, disability, and risk of mor-
tality. The study has been previously described in a report on diabetes
and BMD (11). Briefly, the cohort consists of 3075 men and women, with
approximately equal numbers of black and white participants, aged
70-79 yr recruited at two centers, University of Pittsburgh and Univer-
sity of Tennessee, Memphis. Participants were recruited from a random
sample of white Medicare beneficiaries and all age-eligible black com-
munity residents in Pittsburgh, Pennsylvania, and Memphis, Tennessee.
Participants were excluded if they reported any difficulty with activities
of daily living, walking up 10 steps without resting, or walking a quarter
of a mile. The study procedures were approved by the institutional
review boards of the participating institutions, and written informed
consent was provided by all participants. The baseline examination took
place during 1997-1998.

Diabetes

At baseline, participants were asked, Has a doctor ever told you that
you have diabetes or sugar diabetes? Women were asked not to include
diabetes that occurred only during pregnancy. A similar question was
asked at each of the annual follow-up visits to identify any recently
diagnosed cases of diabetes. An inventory of current medications, in-
cluding hypoglycemic medications, was taken during the baseline and
follow-up interviews, with the exception of the third follow-up visit.
Fasting glucose was measured at the baseline, yr 1, and yr 3 visits. A 75-g,
2-h oral glucose tolerance test (OGTT) was performed at baseline. A total
of 817 participants had diabetes at baseline or were diagnosed during
follow-up. At baseline, previously diagnosed diabetes was found in 468
participants who reported a physician diagnosis of diabetes or use of
hypoglycemic medications. An additional 251 participants were found
to have diabetes, based on a fasting glucose (FG) 126 mg/dl or greater
or a 75-g, 2-h OGTT 200 mg/dl or greater. The participant and the
participant’s health care provider (if participant gave permission) were
notified of any elevated FG or OGTT throughout the study. In addition,
98 incident cases of diabetes were identified during 4 yr of follow-up,
based on self-report of a physician diagnosis (all exams), hypoglycemic
medication use (yr 1, 2, and 4), and/or elevated FG (yr 1 and 3). At
baseline, participants who reported diabetes were asked how many
years ago they were diagnosed.

Hypoglycemic medication use

At each annual visit except yr 3, participants were asked to identify
prescription and over-the-counter medications used in the previous 2
wk. Medications were coded according to the Iowa Drug Information
System (12). The TZDs, troglitazone, rosiglitazone, and pioglitazone,
were the medications of central interest in this analysis and were
grouped together. Other hypolgycemic medications were classified sep-
arately as insulins, sulfonylureas, and metformin. a-Glucosidase inhib-
itors and meglitinides were combined as other hypoglycemic medica-
tions. Years of medication use for each 2-yr period between BMD
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measurements were assigned in half-year (for the first period) and 1-yr
(for the second period) increments, based on reported use at the annual
visits.

Bone density measurements

BD was measured at the proximal femur and whole body using
dual-energy x-ray absorptiometry (DXA; QDR 4500A; Hologic, Inc.,
Bedford, MA). Lumbar spine BMD was determined from the subre-
gional lumbar spine BMD in the whole-body scan. DXA quality assur-
ance measurements, including use of daily and cross-calibration phan-
toms, were performed at both study sites to ensure scanner reliability.
The in vivo precision for whole-body BMD was evaluated by performing
duplicate scans on five volunteers for each scanner. The percent coef-
ficient of variation (CV) for these scans was 1.0% in Memphis and 0.4%
in Pittsburgh for whole-body BMD and 2.5 and 3.1%, respectively, for
subregional lumbar spine BMD. I vivo precision for total hip BMD was
not available for these particular instruments but has been reported
previously for the QDR 4500A as 0.91% (13) and 1.2% (14). The longi-
tudinal precision of BMD scans was assessed using phantoms. The
phantom percent CV for total hip BMD was less than 1% at both sites;
the whole-body BMD percent CV was 1.2% at Memphis and 1.8% at
Pittsburgh, indicating well-controlled densitometers. Measurements
were obtained every 2 yr at baseline, yr 2, and yr 4. Of those with
diabetes, 666 participants had at least two BMD measurements and were
included in these analyses.

Covariates

Weight was measured with a calibrated balance beam scale at base-
line and was repeated at each annual clinic visit. Weight change for each
2-yr interval was calculated as the difference between weight measured
at yr 2 and baseline and at yr 4 and 2. Height was measured at baseline
with a Harpenden stadiometer (Holtain Ltd., Crymych, UK). Body mass
index was calculated as weight divided by height squared (kilograms
per square meter). Participants were queried regarding current cigarette
smoking, alcohol consumption, and physical activity during the baseline
interview.

Use of thiazide diuretics, oral estrogen, statins, oral steroids, bisphos-
phonates, calcitonin, raloxifene, and calcium and vitamin D supple-
ments was ascertained from the medication inventory at clinic visits
described above. In this report, bisphosphonates, calcitonin, and ralox-
ifene were grouped together as osteoporosis medications. Oral estrogen
and other bone-active medications listed above were each considered as
separate variables. Years of use for each medication for the 2-yr periods
between BMD measurements were based on reported use at the annual
visits, as described previously for hypoglycemic medication use.

Laboratory measurements

Laboratory measurements were performed at the Laboratory of Clin-
ical Biochemistry at the University of Vermont (Burlington, VT). For
measurements of plasma glucose at baseline, yr 1, and yr 3, blood was
drawn after an overnight fast (=8 h). At baseline, immediately after the
fasting blood draw, participants ingested 75 g glucose in solution (glu-
cola), and a second blood sample was drawn 2 h later. The 2-h glucose
tolerance test was not conducted on participants who reported a history
of diabetes. Hemoglobin A, (A1C) was measured in serum specimens
using standard laboratory procedures at baseline, yr 3, and yr 5. These
values were used to calculate a weighted average for the A1C level
during each 2-yr period of the study. Glomerular filtration rate (GFR)
was estimated using the abbreviated Modification of Diet in Renal
Disease study equation that includes serum creatinine, age, gender, and
race (15).

Statistical analyses

Baseline characteristics of the cohort are presented separately for
those with and without any reported TZD use during 4 yr of follow-up.
X tests were calculated for categorical variables, and a t test was used
for continuous variables to test for any statistical differences between the
two groups.

Linear models were used to assess the association of repeated mea-
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sures of change in BMD (baseline to yr 2, yr 2 to yr 4) with duration of
use of TZDs during the same interval (16). This approach, implemented
using the repeated statement in SAS Proc Mixed (SAS Institute Inc.,
Cary, NC), explicitly models the inverse covariance between the out-
comes in the first and second intervals for each participant. The outcome
was annualized percent change in BMD, calculated as the change in
BMD from the beginning to end of the interval divided by BMD at the
beginning of the interval and length of the interval in years. A test for
interaction indicated that the effect of TZDs on change in whole body
(P = 0.002), lumbar spine (P = 0.050), and total hip BMD (P = 0.099)
differed by gender, so results were modeled separately for women and
men. There was no indication of an interaction between race and TZD
use (all P = 0.36).

In the initial model, we adjusted for age, race, baseline weight, base-
line BMD, use of other diabetic medications, average A1C (a potential
confounder by indication of TZD use), duration of diabetes, and bone-
active medications and supplements. To this model we then added
change in weight during the interval, a possible mediator that may mask
an adverse effect of TZD use on hip BMD by other pathways. In sup-
plementary analysis, we also considered annualized absolute changes in
BMD. All statistical analyses were performed in SAS version 9.1 (SAS
Institute).

Results

Among the 666 participants with diabetes, 69 reported
TZD use at an annual visit. Those with any TZD use during
4 yr of follow-up had higher A1C at baseline and yr 3 and
were more likely to use other hypoglycemic medications
than those with no TZD use. TZD users experienced less
weight loss over 4 yr but had similar baseline BMD and
weight than others with diabetes (Table 1). Those with and
without TZD use did not differ in smoking status, reported
alcohol consumption, or level of physical activity at baseline
(data not shown).

At the baseline exam (1997-1998), 11 participants reported
troglitazone use. Pioglitazone and rosiglitazone became
available in 1999, and troglitazone was taken off the market
in 2000. The number of participants reporting TZD use dur-
ing the 4 yr of follow-up is summarized in Table 2. Of those
using a TZD, 19 (28%) also reported use of insulin, 50 (72%)
reported use of a sulfonylurea, and 28 (41%) reported use of
metformin during the 4 yr of follow-up in Health ABC.

In this cohort of older diabetic adults, the mean annual
change in BMD among women who did not report any TZD
use was —0.41% for whole body, +1.11% for the whole body
lumbar spine subregion, and —0.35% at the total hip. The
mean annual change in BMD for men who did not report any
TZD use was —0.62% for whole body, +1.27% for the whole
body lumbar spine subregion, and —0.35% at the total hip.
The increase in spine BMD as measured by DXA is a common
finding in older adults and reflects an increase in aortic
calcifications, osteophytes, and other degenerative changes
rather than an actual gain in bone mass (17, 18).

Change in whole-body bone density

In repeated-measures models adjusted for age and race,
longer duration of TZD use in women was associated with
greater whole-body bone loss. Each year of TZD use was
associated with additional whole-body BMD loss of —0.67%
per year [95% confidence interval (CI) —1.03, —0.30%]. Mul-
tivariable adjustment had little effect on the association be-
tween TZD use and bone loss (Table 3). In men, the associ-
ation between TZD use and whole-body bone loss was not
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TABLE 1. Characteristics of diabetic participants in the Health
ABC study of older well-functioning adults

Variable Non-TZD users TZD users
(n = 597) (n = 69)
Gender (% women) 46.6 46.4
Race (% black) 48.2 53.6
Age at baseline (yr) 73.6 £ 2.8 73.2 25
Baseline weight (kg) 812+ 151 827+145
Four-year weight change (kg) —14£55 0.5 = 6.0*
A1C (%)
Baseline 7.3+ 15 8.4 +1.6%
3 yr after baseline 6.7+ 14 7.6 £ 1.5¢
5 yr after baseline 6.6 +1.2 7.1+0.9¢
Duration of diabetes (yr) 7.1+ 113 9.5 + 10.7
GFR (ml/min per 1.73 m?)>? 73.0 = 17.5 76.9 + 20.2
Baseline BMD (g/cm?)
Whole-body BMD 1.12 = 0.14 1.14 = 0.15
Lumbar spine BMD* 1.08 = 0.22 1.11 = 0.23
Total hip BMD 0.94 = 0.17  0.96 = 0.18
Femoral neck BMD 0.79 £ 0.14 0.79 + 0.15
Trochanter BMD 0.73 = 0.15 0.75 = 0.15
Medication use at baseline (% yes)
Insulin 134 18.8
Metformin 7.1 14.5¢
Sulfonylurea 29.2 55.1¢
Oral estrogen (women only) 20.5 15.6
Oral steroid 2.7 0.0
Any osteoporosis drugs 2.7 14
Thiazide diuretics 22.9 15.9
Statin 14.3 29.0*
Calcium supplement 13.9 13.0
Vitamin D supplement 6.2 2.9

Data are mean =* SD or percent.

¢ P < 0.05, comparing non-TZD and TZD users.

® Estimated with abbreviated Modification of Diet in Renal Disease
equation.

¢ Obtained from lumbar spine subregion of whole-body DXA scans.

statistically significant in age- and race-adjusted or multiva-
riable models.

Change in whole-body lumbar spine subregion bone density

Longer duration of TZD use in women was also associated
with bone loss at the lumbar spine. Each year of TZD use was
associated with an additional change in lumbar spine BMD
of —1.14% per year (95% CI — 1.90, —0.37%) adjusted for age
and race. Multivariable adjustment had little effect on this
association (Table 3). In men, the association between TZD
use and bone loss at the lumbar spine was not statistically
significant in age- and race-adjusted or multivariable
models.

Change in hip bone density

In women, each year of TZD use was associated with
additional bone loss at the total hip (—0.38% per year; 95%
CI —0.93, 0.17% per year) adjusted for age and race, but the
difference was not statistically significant. With multivari-
able adjustment, the association between TZD use and bone
loss increased but was still not statistically significant
(—0.49% per year; 95% CI —1.04, 0.07% per year). Much of
this increase was due to the adjustment for weight change.
Additional annual bone loss at the trochanter associated with
each year of TZD use in women was —0.50% (95% CI —1.02,
0.03%) in age- and race-adjusted models and —0.65% (95% CI
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TABLE 2. TZD use in the Health ABC cohort over 4 yr

Baseline, yr 4 Baseline, yr 2 yr 2-4
(4 yr) (first 2 yr) (second 2 yr)
No. reporting use of any TZD* 69 32 64
Troglitazone 22 22 13
Pioglitazone 30 5 30
Rosiglitazone 31 7 31
Use of any TZD (yr)® 1.67 = 1.03 1.09 = 0.60 1.25 = 0.44

“ Total number of patients reporting use of the three specific TZDs does not equal those using any TZD because a participant may have used

more than one type of TZD during the follow-up period.
® Mean * SD.

—1.18, —0.12%) in a multivariable model. However, addi-
tional bone loss at the femoral neck associated with each year
of TZD use was smaller in magnitude and was not statisti-
cally significant (Table 3). In men, the associations between
TZD use and bone loss at the total hip, trochanter, and
femoral neck were not statistically significant in age- and
race-adjusted or multivariable models (Table 3).

Change in BMD among those using TZDs for at least 2
consecutive years

To assess bone loss in those using TZDs for at least 2
consecutive years, we identified 15 participants who re-
ported use of a TZD at both the yr 2 and yr 4 visits. The
unadjusted average annual bone loss (yr 2—-4) in these par-
ticipants was —1.59% (sE 0.59%) at the total hip, — 1.12% (sE
0.72%) at the lumbar spine, and —0.63% (sE 0.64%) for whole
body. To assess bone loss in those likely to be compliant with
TZD use, we identified six of the 15 participants who expe-
rienced an improvement in glycemic control between the yr
3 and yr 5 visits. Among these six participants, unadjusted
average annual bone loss (yr 2—-4) was —2.5% (sE 1.0%) at the
total hip, —1.6% (sE 1.3%) at the lumbar spine, and —0.9% (sE
0.7%) for the whole body.

Discussion

Our data suggest that among older adults with diabetes,
TZD use is associated with additional bone loss in women

but not men. The magnitude of the additional bone loss
associated with a year of TZD use was —0.6% per year for
whole body. Over 5 yr for women using TZDs continuously,
the average additional bone loss would be 3%. The average
whole-body bone loss among diabetic women who were not
using a TZD in Health ABC was —0.4% per year. TZD use
appears to increase whole-body bone loss by a factor of 2.5.
Bone loss is a potent predictor of fracture risk, suggesting that
TZD use may be associated with a measurable burden on
skeletal health.

Although type 2 diabetes is associated with higher BMD,
previous studies suggest that the risk of nonvertebral frac-
tures is increased by 30-60% in older adults with diabetes
(19-21). In addition, fracture severity may be worse with
greater body mass index (22). We previously reported an
association between type 2 diabetes and bone loss in older
women (11). The rate of bone loss appears to increase the risk
of fracture independent of baseline BMD (23) and may be of
particular concern in this population that already has a
higher risk of fracture.

For both whole-body and spine BMD, the estimated as-
sociation with TZD use was not substantially altered by
adjustment for potential confounders, including weight gain.
However, estimates of hip BMD loss associated with TZD use
were greater in multivariable-adjusted models, mainly due
to adjustment for weight change. This suggests that TZD use
may have opposing effects on bone loss at the hip, increasing

TABLE 3. Additional annualized percentage change in BMD per year of TZD use

Model Women Men
oce Estimate (% change) 95% CI P value Estimate (% change) 95% CI P value

Whole body

Adjusted for age and race -0.67 —1.03, —0.30 <0.001 0.00 -0.32, 0.31 0.987

Multivariable® -0.61 -1.02, —0.21 0.003 0.04 -0.30, 0.39 0.810
Lumbar spine®

Adjusted for age and race -1.14 -1.90, —0.37 0.004 -0.19 -0.96, 0.58 0.627

Multivariable® -1.23 —2.06, —0.40 0.004 -0.25 -1.10, 0.60 0.567
Total hip

Adjusted for age and race -0.38 -0.93, 0.17 0.178 -0.12 —0.54, 0.29 0.555

Multivariable® —0.49 —1.04, 0.07 0.087 -0.19 —-0.61, 0.22 0.358
Femoral neck

Adjusted for age and race -0.26 —0.86, 0.34 0.391 0.09 -0.39, 0.56 0.713

Multivariable® —-0.32 -0.94, 0.29 0.303 -0.05 —0.54, 0.44 0.843
Trochanter

Adjusted for age and race -0.50 —1.02, 0.03 0.063 -0.17 -0.57, 0.23 0.414

Multivariable® —0.65 —1.18, —0.12 0.016 —0.32 -0.72, 0.09 0.124

“ Age, race, baseline BMD, baseline weight, weight change, average A1C, insulin, metformin, sulfonylureas, other hypoglycemic medications,
diabetes duration, GFR, vitamin D supplements, calcium supplements, oral steroids, osteoporosis drugs (bisphophonates, calcitonin, raloxifene),
thiazide diuretics, statins, and oral estrogen (women only).

® Obtained from lumbar spine subregion of whole-body DXA scans.
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bone loss perhaps through PPARYy activation but at the same
time preserving bone through the effects of weight gain.

In contrast to our findings, Watanabe et al. (8) reported no
effect of troglitazone, administered for 12 months, on lumbar
spine BMD Z-score in a study of 25 patients with type 2
diabetes. However, this study included only 14 women and
did not report results separately by gender. The results of this
previous study are not inconsistent with our observation that
TZD use affected only bone loss in women. It is also possible
that troglitazone has a different effect than the other TZDs on
bone and that our results are driven by effects of TZDs other
than troglitazone. This possibility is difficult to evaluate.
Given the small numbers of users for each individual TZD,
we combined the three TZDs and were unable to investigate
the individual effects of each TZD on bone loss.

Our study was not designed to distinguish possible mech-
anisms by which TZDs may impact bone metabolism. From
rodent models, there is evidence that TZDs may affect bone
through an increase in bone marrow adiposity and a decrease
in osteoblastogenesis, resulting in reduced bone formation
(4). TZDs are known to inhibit the aromatase pathway, the
main source of estrogen in postmenopausal women (10).
TZDs also decrease testosterone levels in women with poly-
cystic ovary syndrome (24, 25). The effect of TZDs on tes-
tosterone levels in men is more controversial. Vierhapper et
al. (26) found decreased levels of testosterone after short-term
treatment with pioglitazone in healthy men. However, Patel
et al. (27) reported that, in nondiabetic insulin-resistant sub-
jects, pioglitazone increased testosterone levels in men and
decreased levels in women without polycystic ovary
syndrome.

Our finding of increased bone loss with TZD use in women
but not men may be the result of increased bone turnover in
women, providing a greater opportunity for TZDs to influ-
ence bone mass. It is also possible that TZDs may have
different effects on androgens, and thus on bone metabolism,
in women and men.

Inherent limitations of DXA measurements pose difficul-
ties in studying changes in bone density associated with TZD
use. Although DXA is the standard for measuring changes in
BMD, increases in body weight, a common side effect of TZD
use, may cause artifactual increases in BMD. Because DXA
determines BMD by comparing the bone with surrounding
soft tissue, changes in fat composition with weight gain may
alter BMD results. Increases in tissue thickness, resulting
from weight gain, could also introduce artifactual increases
in DXA measurements. However, because the weight gain in
this cohort was modest, changes in tissue thickness and fat
and lean tissue composition should be minimal (28). In ad-
dition, the increased weight and body fat associated with
TZD use would tend to artificially increase the BMD mea-
surements and artificially reduce any observed bone loss. In
this case, the bone loss we observed would tend to under-
estimate the actual bone loss.

DXA measurements may be artificially lowered by in-
creased bone marrow fat, the opposite effect of weight gain
(29). Little is known about bone marrow changes with TZD
use in humans. In rodent models, TZD use has been reported
to increase (4), and to have no effect on (5), bone marrow fat.
We did not have measurements of marrow fat and could not
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assess the extent or possible impact of any changes on DXA
measurement of BMD.

Our measurement of lumbar spine BMD was derived from
whole-body scans rather than DXA scans specific for the
spine because these were not available in Health ABC. Lum-
bar spine BMD derived from whole-body scans correlates
well with site-specific lumbar spine BMD and has also been
shown to predict fracture risk (30).

Some misclassification of TZD use is possible because we
relied on self-reported medication use at annual visits. How-
ever, such misclassification would likely be nondifferential
with respect to the outcome of change in BMD and would
therefore attenuate any real association between duration of
TZD use and bone loss.

Our models adjusted for potential confounders, including
higher A1C levels, longer duration of diabetes, and use of
other hypoglycemic medications that are associated with
TZD use. However, because our study was observational,
rather than a randomized treatment, it remains vulnerable to
bias from unmeasured or inadequately measured confound-
ers. These methodological issues could be overcome with a
well-designed clinical trial planned specifically to examine
the impact of TZD use on bone density.

In conclusion, we found that TZD use is associated with
bone loss at the whole body, lumbar spine and trochanter in
older women, but not men, with type 2 diabetes. Because
older women with type 2 diabetes are at increased risk of
fracture, further study of the impact of TZDs on bone density
and fracture risk is needed.
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