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Context: Some but not all studies have shown higher rates of fracture
in individuals with type 2 diabetes.

Objective: The objective of the study was to determine the risk of
fracture in postmenopausal women with type 2 diabetes and determine
whether risk varies by fracture site, ethnicity, and baseline bone density.

Design, Setting, and Participants: Women with clinically diag-
nosed type 2 diabetes at baseline in the Women’s Health Initiative
Observational Cohort, a prospective study of postmenopausal women
(n � 93,676), were compared with women without diagnosed diabetes
and risk of fracture overall and at specific sites determined.

Main Outcome Measures: All fractures and specific sites separately
(hip/pelvis/upper leg; lower leg/ankle/knee; foot; upper arm/shoulder/
elbow; lower arm/wrist/hand; spine/tailbone) were measured. Bone
mineral density (BMD) in a subset also was measured.

Results: The overall risk of fracture after 7 yr of follow-up was higher
in women with diabetes at baseline after controlling for multiple risk
factors including frequency of falls [adjusted relative risk (RR) 1.20,
95% confidence interval (CI) 1.11–1.30]. In a subsample of women
with baseline BMD scores, women with diabetes had greater hip and
spine BMD. The elevated fracture risk was found at multiple sites
(hip/pelvis/upper leg; foot; spine/tailbone) among black women (RR
1.33, 95% CI 1.00–1.75) and women with increased baseline bone
density (RR 1.26, 95% CI 0.96–1.66).

Conclusion: Women with type 2 diabetes are at increased risk for
fractures. This risk is also seen among black and non-Hispanic white
women after adjustment for multiple risk factors including frequent
falls and increased BMD (in a subset). (J Clin Endocrinol Metab 91:
3404–3410, 2006)

OSTEOPOROTIC FRACTURES ARE associated with sig-
nificant morbidity, mortality, and reduction in quality

of life (1–3). Known risk factors associated with the devel-
opment of osteoporosis and fractures include female gender,
older age, lower body mass index (BMI), and family history
(4, 5). Diabetes is not well recognized as a risk factor for
fractures, despite increasing evidence of association. Studies
have reported lower bone mineral density (BMD) (6–8) and
increased risk of fractures (6.9- to 12-fold increase) in patients
with type 1 diabetes (9–11). The relationship among type 2
diabetes, osteoporosis, and fractures is less well defined.
Patients with type 2 diabetes often have higher BMI and thus
might be expected to be at lower risk for the development of
osteoporosis and fracture. Supporting this, several studies
have found increased BMD (12–15) in women with diabetes
when compared with controls, although other studies have

reported no difference (8, 16, 17). Despite higher BMD, pa-
tients with type 2 diabetes appear to have higher rates of foot
and ankle (18, 19), hip (9–11, 19–21), and arm fractures (19,
22). This paradoxical increase in fracture rate may be a result
of increased rate of falls among patients with diabetes (15) or
lower bone quality (23). The Women’s Health Initiative Ob-
servational Study (WHI-OS), enrolled a racially diverse
group of postmenopausal women (n � 93,676), collected
detailed data on risk factors for fractures, and prospectively
followed up women for incident falls and fractures. We
sought to further elucidate the relationship among type 2
diabetes, fractures, falls, and BMD.

Subjects and Methods

The WHI-OS is a prospective cohort study established to explore the
predictors of morbidity and mortality of postmenopausal women. Full
details have been previously published (24–26). Participants were en-
rolled at 40 centers throughout the United States between October 1,
1993, and December 31, 1998. Potential subjects were excluded if they did
not plan to reside in the area for at least 3 yr; had medical conditions
predictive of survival less than 3 yr; or had complicating conditions such
as alcoholism, drug dependency, or dementia. All participants provided
informed consent using materials approved by institutional review
boards at each center. Demographic, risk exposure data, family medical
history, and number of falls were obtained by self-report using stan-
dardized questionnaires. Certified staff took physical measurements
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(blood pressure, height, and weight) and blood samples at the baseline
clinic visit and again 3 yr later. Participants were asked to bring all
medications (prescription and over the counter) and supplements to the
baseline clinic visit. The product or generic name was entered into the
study database and matched to the corresponding item in a pharmacy
database: the Master Drug Data Base (Medi-Span, Indianapolis, IN).
Participants were mailed annual forms to update selected exposures and
ascertain medical outcomes. This study was approved by the institu-
tional review boards at each clinical site and the coordinating center.

Diabetes ascertainment

Our primary definition of diabetes was an affirmative answer to the
question asked at baseline: did a doctor ever say that you had sugar
diabetes or high blood sugar when you were not pregnant? or the
reported use of a medication to treat diabetes at baseline. Participants
with type 1 diabetes, defined as those diagnosed before age 20 yr or who
were ever hospitalized for a diabetic coma, were excluded from the
analysis (n � 185) as were those individuals with missing baseline
diabetes information (n � 87). After these exclusions there were 5285
women with probable type 2 diabetes. To account for potential undi-
agnosed diabetics at baseline, we compared the results obtained with
our primary definition to results obtained using two alternative defi-
nitions of diabetes: 1) affirmative answer to the diabetes question or the
baseline medication inventory included a drug to treat diabetes or a
glucose greater than 125 mg/dl (in those with an available baseline
blood glucose) or 2) self-reported use of insulin or pills to treat diabetes
at any time during the study. For more restrictive criteria, we defined
diabetes in sensitivity analysis as an affirmative answer to the diabetes
question at baseline, and the baseline medication inventory included a
drug to treat diabetes.

Fracture ascertainment

Questions on fractures were included in the annual questionnaire.
Participants were asked whether they had had a fracture since they last
completed the medical history questionnaire and to identify the location
(vertebral, shoulder, upper arm, lower arm, wrist, hip, upper leg, lower
leg, and foot). All hip fractures were adjudicated by centrally trained
adjudicators. Nonhospitalized fractures were collected through self-
report only. A validation study of self-reported fractures was conducted
on the WHI-OS (27) and found good agreement between self-report and
adjudicated fracture for hip (78%) and forearm/wrist (81%) but lower
agreement for clinical spine fractures (51%) (27). Fracture data through
August 31, 2004, were included in this analysis.

BMD ascertainment

BMD was performed at three (n � 6,384) of the 40 clinical sites in the
Women’s Health Initiative using dual-energy x-ray absorptiometry
(QDR 2000, 2000�, or 4500W; Hologic, Inc., Bedford, MA). BMDs were
obtained at baseline and yr 3, 6, and 9 (with fewer performed in yr 9).
One set of spine, hip, and linearity phantoms was circulated during 1995
for measurement on the five QDR2000 scanners (two at Pittsburgh, two
at Tucson, one at Birmingham). The variability in scanners did not
warrant correction factors across sites. Multivariate models including
BMD have been adjusted for scanner used to account for the slight
differences found. For longitudinal changes in each scanner, correction
factors were derived from spine and hip phantoms measured through-
out the study (28). In Tucson, a QDR2000 scanner was replaced with a
QDR4500W in 1999; the same upgrade was made in Birmingham in 2003.
Before the upgrades, measurements were obtained on the same subjects
on both the QDR2000 and QDR4500 (50 subjects in Tucson and 25 in
Birmingham). Linear regression was used to derive correction factors
from these in vivo cross-scanner measurements to allow conversion of
the QDR4500 to QDR2000 values.

Other variables

Several possible confounding variables were obtained. Ethnicity, ed-
ucational level, previous fractures, and history of osteoporosis were
obtained from self-report at baseline. Participants were asked whether
they were current, past, or never smokers. Alcohol use was also deter-

mined through survey, and the average number of drinks per week was
determined at baseline. Physical activity was reported as the expendi-
ture of energy from recreational physical activity reported at baseline
(including walking, mild, moderate, and strenuous physical activity)
and computed in metabolic equivalent task scores (29). Total calcium
and vitamin D intake was obtained by combining the dietary intake as
determined through the food frequency questionnaire administered at
baseline and the daily intake from supplements. BMI was calculated
using height and weight measured by clinic staff. To account for the
increased risk of fracture in women with frequent falls, a time-depen-
dent variable defined as three falls in the past 12 months at baseline or
two or more falls in the last 6 months during follow-up was included.

Statistical analysis

Descriptive statistics, including means, frequencies, and percentages,
were used to both describe the study population and look at differences
between those participants with type 2 diabetes at baseline and those
without (Table 1). Comparisons for the continuous variables were done
by running ANOVA models with a response of the continuous covariate
of interest and an explanatory variable of type 2 diabetes at baseline
(yes/no). Means and sd values are presented. For the categorical co-
variates, a �2 test was used to evaluate differences in the distribution of
the categorical levels of the covariate of interest between the diabetic and
nondiabetic women. Frequencies and percentages are presented.

Incidence rates of fracture per 1000 person-years were computed for
each possible fracture site by dividing the total person-years of eligible
follow-up by the total number of fractures for the given site and then
multiplying by 1000 (see Table 3). A participant’s eligible follow-up was
defined as the time from baseline to event if they had the fracture of
interest and time from baseline to the date of death, loss to follow-up,
or August 31, 2004 (whichever occurred first) for those without an event.
Comparisons between the incidence rates of those with and without
diabetes at baseline were done by running an unadjusted Cox propor-
tional hazards model with a response of the fracture site of interest and
explanatory variable of diabetes at baseline. A participant was counted
once at the time of their first fracture for the any fracture outcome.
Individuals could be included in several site-specific outcomes (i.e. wrist
and hip) but only once for any particular site.

To evaluate the relationship between diabetes and incident fracture,
a series of successive Cox proportional hazards models was run for each
fracture end point (see Table 4). For each fracture outcome, the first
model was adjusted for age. Next, a second model was run, also ad-
justing for baseline height, weight, and falls as a time-dependent vari-
able. Finally, the primary outcome was run, a fully adjusted model,
adjusting for the same covariates as the first two with the addition of
ethnicity, alcohol use, smoking, hormone use, physical activity, calci-
um/vitamin D intake, moderate to severe trouble seeing, history of
fracture, history of osteoporosis, bisphosphonate use at baseline, steroid
use, selective estrogen receptor modulator (SERM) use at baseline, in-
sulin use, and thyroid hormone use. The hazard ratios for baseline
diabetes along with its 95% confidence limits are presented for each
model run. The Cox proportional hazards assumption was checked
graphically, whereas collinearity was checked by analyzing a table of
correlations between the various covariates in the model. All analyses
were done in the SAS System for Windows (version 9.1; SAS Institute,
Cary, NC).

Results

At baseline there were 5,285 women with type 2 diabetes
and 88,120 without diabetes. The women with diabetes had
mean duration of disease of 9.3 yr, and 16.7% used insulin at
baseline. In comparison with women without diabetes, the
women with diabetes were older at baseline (Table 1), were
less likely to be white, reported lower energy expenditure,
and had more trouble seeing. They were equally likely to
have a history of osteoporosis and slightly less likely to have
a previous fracture but were more likely to have a history of
a fall and be a current smoker. They also reported less cal-
cium, vitamin D, and bisphosphonate use but were more
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likely to have used oral steroid hormones. Women with
diabetes were shorter at baseline and heavier (Table 1) and,
for the subset that underwent BMD measurements at base-
line, had a higher hip and spine BMD (Table 2).

After an average of 7 yr of total follow-up, there was a
higher rate of fracture among women with diabetes (Table 3).
When fractures were broken down by location, women with
diabetes had a higher rate of hip/pelvis/upper leg, lower
leg/ankle/knee, foot, upper arm/shoulder/elbow, and
spine/tailbone fractures. There was an equal rate of fracture
of the lower arm/wrist/hand reported by both groups.

Women with diabetes were 29% more likely to have suf-
fered a fracture during the follow-up period (Table 4). This
increased risk remained after adjustment for other baseline
differences in the multivariate adjusted model, our primary
outcome. When fractures by region were compared, women
with diabetes had a significantly increased risk of the hip/
pelvis/upper leg, foot, and spine/tailbone fracture (Table 4).
There was also an increased risk of lower leg/ankle/knee
and upper arm/shoulder/elbow fractures that did not meet
statistical significance.

In sensitivity analyses, we reran the above analyses using

TABLE 1. Baseline characteristics of the population

Variable Diabetic women (n � 5,285),
mean � SD or percentage (n)

Nondiabetic women (n � 88,120),
mean � SD or percentage (n) P value

Age at screening (yr) 64.9 � 7.0 (5,285) 63.5 � 7.4 (88,120) �0.01
Duration of diabetes (yr) 9.3 � 10.0 (5,079)
Ethnicity/race

NHW 65% (3,443) 84% (74,400) �0.01
Black 21% (1,091) 7% (6,495)
Hispanic 7% (358) 4% (3,241)
American Indian 2% (86) 0.5% (330)
Asian/Pacific Islander 4% (214) 3% (2,452)
Unknown 2% (93) 1% (1,202)

Total METs per week 9.9 � 12.6 (5,207) 13.3 � 14.4 (87,153) �0.01
Moderate or severe trouble seeing 11.2% (581) 5.0% (4,338) �0.01
History of previous fracture 37% (1,924) 39% (33,623) 0.02
History of osteoporosis 10% (503) 9% (7,750) 0.07
Falls at baseline or follow-up 44% (2,277) 32% (28,219) �0.001
Smoking history

Never 52% (2,681) 51% (44,199) �0.01
Previous 41% (2,124) 43% (37,289)
Current 7% (369) 6% (5,400)

Alcohol use
Nondrinker 20% (1,020) 11% (9,410) �0.01
Past drinker 39% (2,051) 18% (15,433)
Less than one drink per month 12% (628) 12% (10,071)
Less than one drink per week 15% (793) 20% (17,892)
One to less than seven drinks per week 10% (534) 27% (23,265)
Seven or more drinks per week 4% (191) 13% (11,488)

Calcium intake (mg/d) 1043.3 � 672.6 (4,926) 1185.3 � SD 758.7 (84,734) �0.01
Vitamin D intake (IU/d) 381.8 � 278.7 (4,926) 414.6 � 287.0 (84,734) �0.01
Estrogen usage

Never used 53.4% (2,818) 39.9% (35,090) �0.01
Past user 15.8% (835) 14.8% (13,040)
Current user 30.8% (1,625) 45.3% (39,912)

Bisphosphonate usage 1.6% (85) 2.6% (2,286) �0.01
Steroid usage 2.4% (126) 1.4% (1,247) �0.01
SERM usage 0.06% (3) 0.04% (39) 0.68
Thiazide diuretic usage 8.7% (460) 4.4% (3,834) �0.01
Statin usage 17.1% (904) 7.7% (6,768) �0.01
Thyroid hormone usage 16.5% (871) 14.4% (12,723) �0.01
Insulin usage 16.7% (881)
Height (cm) 160.8 � 6.8 (5,245) 161.7 � 6.7 (87,409) �0.01
Weight (kg) 82.1 � 19.8 (5,261) 71.1 � 16.5 (87,673) �0.01

MET, Metabolic equivalent task.

TABLE 2. BMD measurements at spine and hipa

Spine BMD (g/cm2) Hip BMD (g/cm2)

Diabetic women (n) Nondiabetic women (n) Diabetic women (n) Nondiabetic women (n)

Baselineb 1.04 � 0.19 (472) 0.97 � 0.17 (5922) 0.90 � 0.16 (469) 0.84 � 0.14 (5915)
Year 3 1.06 � 0.20 (331) 0.99 � 0.17 (4839) 0.89 � 0.16 (331) 0.84 � 0.13 (4831)
Year 6 1.07 � 0.21 (253) 1.00 � 0.18 (4203) 0.87 � 0.16 (261) 0.84 � 0.13 (4262)
Year 9 1.12 � 0.24 (91) 1.02 � 0.18 (1608) 0.88 � 0.17 (92) 0.82 � 0.13 (1606)

a All comparisons of diabetic women vs. nondiabetic women were P � 0.01.
b Corrected for the use of multiple scanners and the longitudinal nature of the data.

3406 J Clin Endocrinol Metab, September 2006, 91(9):3404–3410 Bonds et al. • Risk of Fracture in Women with Diabetes

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/91/9/3404/2656462 by guest on 09 April 2024



our alternative definition of diabetes and found no signifi-
cant variation in the results. We also used a cutoff of age 39
yr for diagnosis of diabetes instead of 20 yr and found no
variation in the results. We then included only women who
had baseline BMD measurements and added baseline hip
BMD to the model. The addition of baseline hip BMD had

little effect on the risk of any fracture and increased the risk
of hip/pelvis/upper leg fractures despite the higher mean
BMD for women with diabetes. We next ran the any-fracture
model for those with type 2 diabetes who used insulin at
baseline and found an increased risk of any fracture [relative
risk (RR) 1.58, 95% confidence interval (CI) 1.18–2.11]. Fi-
nally, we stratified women by race [non-Hispanic white
(NHW), black] to determine whether the risk varied. Using
the same multivariate model described above, we found a
somewhat higher risk of any fracture for black women with
diabetes (RR 1.33, 95% CI 1.00–1.75), compared with that for
NHW women with diabetes (RR 1.18, 95% CI 1.08–1.29).

Discussion

The results of this study confirm the conclusion that post-
menopausal women with diabetes are at an increased risk of
fractures overall and an increased risk of hip, foot, and spine
fractures separately. We found that women with diabetes
had a 20% (RR 1.20, 95% CI 1.11–1.30) increased risk of
having any fracture during an average of 7 yr of follow-up.
The WHI-OS substantially adds to the literature on the risk
of fracture among women with diabetes. Our study dem-
onstrates that diabetes is a risk factor for fractures in black
women, who are generally at lower risk than NHW women
(RR 1.33 for black women vs. 1.18 for NHW). Due to the large
number of women in the study, we are able to compare rates
of fracture at multiple sites. Women with diabetes had a 46%
increased risk of having a fracture of the hip/pelvis/upper
leg (RR 1.46, 95% CI 1.17–1.83) and were approximately 30%
more likely to report a fracture of the foot or spine. We were
also able to explore the contribution of BMD on fracture risk.
In the subset with baseline BMD, the increased risk of frac-
ture remained despite the higher baseline BMD in these
women. These increased risks remained after adjustment of
other known fracture risk factors.

Our results support the findings of previous studies. When
older women with diabetes were compared with women
without diabetes in the Study of Osteoporotic Fractures, a
30–39% increased risk of a nonvertebral fracture was found
(noninsulin user: RR 1.30, 95% CI 1.10–1.53; insulin user: RR
1.39, 95% CI 0.97–1.98) (19). Specific fracture types that were
found to be increased in the Study of Osteoporotic Fractures
included hip, proximal humerus, foot, and ankle fractures; as
in our study, distal forearm fractures were not increased. In
the Iowa Women’s Health Study, women with type 2 dia-
betes had a higher risk of hip fracture (RR 1.70, 95% CI
1.21–2.38) than women without diabetes after adjustment for
multiple risk factors (11). Similar findings were seen in the
Health ABC study, which found a 23% increased risk of hip
fracture (RR 1.23, 95% CI 0.82–1.86) (21). This increased risk
has also been demonstrated among Hispanic women (20)
and Norwegian women (9, 10).

The underlying mechanism is not clear. Women with di-
abetes often suffer from neuropathy and retinopathy and
thus are at greater risk of falls and the fractures that may
result from these falls. In the WHI-OS cohort, more women
with diabetes reported falls at baseline and during follow-up
(44 vs. 32%), and more women with diabetes reported mod-
erate or severe trouble seeing at baseline (11 vs. 5%). How-

TABLE 3. Rate of fracture per 1000 person-years for women with
diabetes vs. nondiabetic women

Fractures per 1,000 person-yr (n)
P valueDiabetic

women
Nondiabetic

women

Any fracture 28.6 (899) 22.0 (12,575) �0.0001
Hip/pelvis/upper leg 3.8 (128) 2.5 (1,531) �0.0001
Lower leg/ankle/knee 6.2 (207) 4.7 (2,828) 0.0001
Foot 4.6 (153) 3.2 (1,940) �0.0001
Upper arm/shoulder/elbow 3.8 (129) 2.8 (1,717) 0.0008
Lower arm/wrist/hand 5.3 (177) 5.2 (3,161) 0.83
Spine/tailbone 2.9 (99) 2.2 (1,336) 0.004

TABLE 4. Adjusted RRs and 95% CIs for fracture among women
with diabetes, compared with those without diabetes

Site RR (95% CI)

Any fracture
Age 1.29 (1.20, 1.38)
Age, weight, height, fallsa 1.22 (1.14, 1.31)
Multivariateb 1.20 (1.11, 1.30)
Multivariate, BL hip BMDc 1.24 (0.96, 1.63)

Hip/pelvis/upper leg
Age 1.41 (1.17, 1.70)
Age, weight, height, fallsa 1.55 (1.28, 1.87)
Multivariateb 1.46 (1.17, 1.83)
Multivariate, BL hip BMDc 1.82 (0.90, 3.64)

Lower leg/ankle/knee
Age 1.34 (1.16, 1.55)
Age, weight, height, fallsa 1.15 (0.99, 1.34)
Multivariateb 1.13 (0.95, 1.34)
Multivariate, BL hip BMDc 1.31 (0.76, 2.24)

Foot
Age 1.44 (1.21, 1.71)
Age, weight, height, fallsa 1.39 (1.16, 1.66)
Multivariateb 1.32 (1.07, 1.62)
Multivariate, BL hip BMDc 1.27 (0.61, 2.64)

Upper arm/shoulder/elbow
Age 1.30 (1.07, 1.56)
Age, weight, height, fallsa 1.15 (0.95, 1.39)
Multivariateb 1.13 (0.90, 1.41)
Multivariate, BL hip BMDc 0.90 (0.39, 2.07)

Lower arm/wrist/hand
Age 0.98 (0.84, 1.15)
Age, weight, height, fallsa 0.95 (0.81, 1.12)
Multivariateb 1.02 (0.85, 1.22)
Multivariate, BL hip BMDc 1.27 (0.71, 2.25)

Spine/tailbone
Age 1.28 (1.04, 1.56)
Age, weight, height, fallsa 1.27 (1.04, 1.56)
Multivariateb 1.27 (1.00, 1.61)
Multivariate, BL hip BMDc 1.57 (0.72, 3.44)

BL, Baseline.
a Defined as three or more falls in past year at baseline, two or more

falls in last 6 months during follow-up.
b Adjusted for age; ethnicity; weight; height; time-dependent his-

tory of falls; previous fracture; history of osteoporosis; trouble seeing
at baseline; alcohol or tobacco use; calcium and vitamin D intake;
exercise; bisphosphonate, estrogen, steroid, insulin, SERM, or thyroid
hormone use.

c Includes only BMD participants.
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ever, women with diabetes remained at greater risk for a
fracture, even after adjustment for falls and difficulty seeing.
It is possible that the women with diabetes experienced more
severe falls or falls resulting from a different mechanism and
thus have a higher risk of injury in any given fall or that they
experienced a greater load on their bones from their in-
creased weight. WHI-OS does not collect information on the
severity or the mechanism of the fall. In a study on the
mechanism of arm fractures, wrist fractures were more likely
to result from falls that were obliquely forward, whereas
upper arm injuries were associated equally with forward and
lateral falls (30). Although the women with diabetes in our
study had more falls, it is possible that the mechanism of the
fall was such that they were less able to break their fall with
their hand, thus decreasing their risk of wrist fractures.

Our study and others have reported increased BMD in
women with diabetes, perhaps caused by the increased body
weight during adolescence and early 20s, the years of peak
bone formation. Thus, the increased risk does not appear to
be due to an increased risk of osteoporosis. It is possible that
the BMD of women with diabetes may be overestimated due
to measurement error caused by the increased BMI (31, 32).
We did find an increase in spine BMD over time in both
groups. This is a common finding attributable to an increase
in aortic calcifications, osteophytes, and other degenerative
changes rather than an actual gain in bone mass (33, 34).
Animal models have indicated that although the bone den-
sity is greater in diabetes, the bone structure is more fragile,
with fractures occurring under a smaller load and the bones
exhibiting reduced mechanical indices (35). The higher se-
rum level of glucose in women with diabetes may result in
a larger concentration of advanced glycation end products in
collagen-containing tissues such as bone (36). Advanced gly-
cation end products have been associated with decreased
strength in human cadaver femurs (37). Thus, women with
diabetes may be more likely to suffer a fracture from a fall
or minor trauma due to the decreased bone strength. There
may be increased bone loss in women with diabetes due to
lower levels of IGF-I (38), hypercalciuria secondary to ele-
vated glucose in the urine (39), or increased inflammation
(40). In the subsample of women with diabetes who under-
went bone density testing, we found a similar increased risk
of any fracture despite the increased bone density of the
women with diabetes at baseline.

It is not clear what can be done to prevent the increased
fracture rate seen among women with diabetes. Observa-
tional studies have found a greater risk of fractures among
women with diabetes that have higher fasting glucose levels
(22), suggesting that better control of blood glucose may
reduce the risk. One study that examined the effect of alen-
dronate on BMD found it to be effective in increasing bone
density in women with diabetes (41). However, this study
was limited to women who had a low bone density at base-
line. Additional studies testing methods to prevent fractures
in postmenopausal diabetic women are needed, including
studies that assess biochemical markers of bone turnover.

There are several limitations to this study. There was no
confirmation of the self-reported diabetes diagnosis with
medical records, as was also the case with most previous
studies. Based on baseline fasting glucose levels greater than

125 mg/dl in women who did not self-report diabetes, 3% of
women in the WHI-OS had undiagnosed diabetes. We tested
a variety of definitions of diabetes in sensitivity analysis and
had similar results, regardless of the definition used. The
women with diabetes who participate in the WHI-OS may be
healthier than the general population and thus not repre-
sentative of all women with diabetes. There may be under-
or overreporting of fractures. To minimize bias in the com-
parison of fracture rates, it is most important to identify
false-positive reports and achieve a high specificity in the
adjudication of fractures. With 100% specificity, underascer-
tainment will not attenuate RR estimates (42). For hip frac-
tures, central adjudication eliminated virtually all false-pos-
itive reports, and we can therefore be most confident of a lack
of bias in this outcome. As described in Subjects and Methods,
a validation study of fracture was conducted in the WHI-OS
(27). Whereas this study did not examine results separately
for women with and without diabetes, there is no reason to
believe that there would be a systematic difference. Women
with diabetes may see physicians more frequently than
women without and consequently may have clinical verte-
bral fractures diagnosed more frequently. Whereas we did
see a higher rate of vertebral fractures in women with dia-
betes, the consistently higher rates of fractures at all sites
make this less likely. Finally, no measurements of visual
acuity or neuropathy were available, and it was necessary to
rely on self-report. Diabetic women may underreport de-
creased visual acuity, which is a known risk factor for frac-
tures (43).

Conclusion

In conclusion, we found an elevated risk of any fractures
in women with diabetes and an elevated risk of hip, foot, and
spine fracture, supporting the findings of other studies. The
underlying mechanism of this is unclear and is likely mul-
tifactorial. Women with diabetes did suffer more falls at
baseline and follow-up, but the increased risk remained after
adjustment. Similarly, in the subsample of women with mea-
sures of BMD, women with diabetes had an increased base-
line bone density but continued to have an increased risk of
fracture, supporting a possible structural change of the bone.
Further research on the underlying mechanisms of the frac-
ture and development of techniques to mitigate the fracture
risk such as blood glucose control in women with diabetes
is needed.
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