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Abstract
Context—Type 2 diabetes is associated with higher bone density (BMD) and, paradoxically,
with increased fracture risk. It is not known if low BMD, central to fracture prediction in older
adults, identifies fracture risk in diabetic patients.

Objective—Determine if femoral neck (FN) BMD T-score and FRAX score are associated with
fracture in older diabetic adults.

Design—Three observational studies: Study of Osteoporotic Fractures, Osteoporotic Fractures in
Men, and Health, Aging and Body Composition study.

Setting—Older community-dwelling adults in U.S.

Participants—9,449 women; 7,436 men.

Main outcome measure(s)—Self-reported incident fractures, verified by radiology reports.
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Results—Of 770 diabetic women, 84 experienced a hip and 262 a non-spine fracture during
mean (SD) follow-up of 12.6 (5.3) years. Of 1,199 diabetic men, 32 experienced a hip and 133 a
non-spine fracture during mean follow-up of 7.9 (2.5) years. Age-adjusted hazard ratios (HR) for
one unit decrease in FN BMD T-score in diabetic women were 1.88 (95% confidence interval
[CI], 1.43–2.48) for hip and 1.52 (95% CI, 1.31–1.75) for non-spine fracture. HRs in diabetic men
were 5.71 (95% CI, 3.42–9.53) for hip and 2.17 (95% CI, 1.75–2.69) for non-spine fracture.
FRAX score was also associated with fracture risk in diabetic participants. However, for a given
T-score and age or FRAX score, diabetic participants had a higher fracture risk than those without
diabetes. For a similar hip fracture risk, diabetic participants had a higher T-score than non-
diabetic participants. The difference in T-score was 0.59 (95% CI, 0.31–0.87) for women and 0.38
(95% CI, 0.09–0.66) for men.

Conclusions—Among older adults with type 2 diabetes, FN BMD T-score and FRAX score
were associated with hip and non-spine fracture risk. However, in these patients, compared with
participants without diabetes, fracture risk was higher for a given T-score and age or a given
FRAX score.

INTRODUCTION
Prevention of fractures is an important goal in older adults. It is increasingly recognized that
those with type 2 diabetes (T2DM), an estimated 17% of older adults in the U.S.,1 have a
higher fracture rate.2–6 Preventive identification of those at higher fracture risk is based on
bone mineral density (BMD) T-scores, used alone or in the WHO Fracture Risk Algorithm
(FRAX).7 However, because T2DM is, paradoxically, associated with higher BMD and
increased fracture risk,8 there is concern that these established methods for predicting
fractures may not perform adequately in patients with T2DM.9, 10 There is a need to clarify
the utility of standard methods for assessing fracture risk in this expanding population of
older adults.

There are no prospective studies available on prediction of fracture in those with T2DM
using BMD T-scores or FRAX. We utilized data from three prospective observational
studies with adjudicated fracture outcomes, the Study of Osteoporotic Fractures, the
Osteoporotic Fractures in Men study, and the Health, Aging and Body Composition Study,
to assess the associations of BMD T-score and FRAX with hip and non-spine fracture risk in
older adults with T2DM. Those using insulin are reported to have a higher fracture risk,3, 6

so our results are stratified by insulin use.

METHODS
Study of Osteoporotic Fractures (SOF)

SOF is a longitudinal study of older white women (N=9,704) at four clinical centers in the
U.S. designed to identify risk factors for fracture.11 At baseline (1986–87), diabetes was
ascertained based on a self-reported diagnosis, and insulin use was ascertained in those
reporting diabetes. Women were queried regarding use of bone-active medications,
including oral glucocorticoids. Approximately two years after baseline, hip BMD was
measured at Visit 2 by dual energy x-ray absorptiometry (DXA) on 7,959 women. Twenty
women were excluded due to missing data on diabetes status, leaving a total of 7,939
women in these analyses. Women were queried about fractures every 4 months by postcard
and at clinic visits. Reported fractures were centrally adjudicated and confirmed based on a
radiology report or x-ray. In these analyses, only fractures occurring after the hip BMD
measurement at Visit 2 are included, from December 1988 through July 2008.
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Osteoporotic Fractures in Men (MrOS)
MrOS is a longitudinal study of older men (N=5,995) recruited at 6 clinical centers in the
U.S., designed to assess risk factors for fracture.12, 13 Diabetes was ascertained at baseline
based on a self-reported diagnosis, self-reported use of a diabetes medication, or an elevated
fasting glucose (≥126 mg/dl). Participants were asked to identify all prescription
medications used in the previous 30 days. Each medication was matched to its ingredient(s)
based on the Iowa Drug Information Service (IDIS) Drug Vocabulary (College of Pharmacy,
University of Iowa, Iowa City, IA). Hip BMD was measured at baseline using DXA on
5,994 men who are included in these analyses. Fractures were ascertained and adjudicated as
described above for SOF. These analyses include fractures that occurred between March
2000 and March 2009.

Health, Aging and Body Composition Study (Health ABC)
Health ABC is a longitudinal study of older adults (N=3,075), about 50% white and 50%
black, recruited at two clinical centers in the U.S., designed to assess body composition and
physical functioning changes in those 70–79 years old.14 Diabetes was ascertained at
baseline using the same criteria as MrOS. Participants were asked to identify all prescription
medications used in the previous two weeks. Medications were coded as described for
MrOS. Hip BMD was measured at baseline using DXA on 3,043 participants. Of these, 78
were excluded because of missing data on diabetes status. These analyses included 1,523
women and 1,442 men. Fractures were adjudicated at the clinical centers based on x-ray
confirmation. These analyses include fractures that occurred between April 1997 and June
2007.

In all three studies, race was determined based on self-report. Protocols were approved by
the institutional review boards at all institutions involved, and all participants signed an
informed consent.

Femoral neck BMD T-score
T-scores included in our models were calculated using gender- and race-specific young adult
reference values from NHANES III, the method currently used in the output from clinical
densitometers.15 T-scores included in the WHO FRAX (below) were calculated using
reference values for white women as required for this algorithm.16

WHO 10-year absolute fracture risk (FRAX score)
In SOF and MrOS, the WHO 10-yr absolute risks of hip and osteoporotic fracture (FRAX
scores) were calculated by the WHO Collaborating Center for Metabolic Bone Disease,
using the FRAX algorithm (version 3).16–20 The FRAX algorithm includes FN BMD T-
score, age, sex, body mass index, previous history of fracture, parental history of hip
fracture, current smoking, recent use of corticosteroids, presence of rheumatoid arthritis, and
≥3 alcoholic beverages per day. FRAX scores have not been calculated for Health ABC
participants.

Statistical methods
All regression analyses were conducted using Stata Version 11.2 (Stata Corp, College
Station, Tx). We used Cox proportional hazards models to estimate the effect of T-score,
adjusted for age, or the effect of FRAX score on the hazard of hip and non-spine fracture in
those with and without diabetes. We checked for interactions of T-score with age, race and
insulin use in those with diabetes, and verified the proportional hazards assumption.
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Cox models were also used to estimate the effects of diabetes with and without insulin use
on the hazard of hip and non-spine fracture, controlling for age and FN T-score. We did not
take incident diabetes into account in these analyses since our focus was on prediction in
those with prevalent diabetes. To minimize residual confounding, the effects of age and T-
score were flexibly modeled using restricted cubic splines. We checked for interaction
between diabetes and both covariates, and verified the proportional hazards assumption.
Ten-year cumulative risks were estimated using the baseline survival function, evaluated at
10 years, raised to the power of the relative hazard for each combination of diabetes group,
age, and T-score.

Similarly, we used Cox models to estimate the 10-year risk of fracture for women in SOF
with and without diabetes, stratified by insulin use, in models controlling for the FRAX 10-
year fracture risk score rather than T-score and age. For men, because none of the MrOS
participants had 10 years of follow-up, we calculated 8-year risks instead, adjusting the
FRAX scores under the assumption that the hazard for fracture is approximately constant.

To estimate the reduction in T-scores equivalent in terms of added fracture risk to having
diabetes, we equated the log hazards of fracture for two same-age participants with and
without diabetes, then solved for the difference in T-scores, given by the ratio of the
coefficient for diabetes to the coefficient for T-score. Confidence intervals for the
differences were obtained by the delta method, using the Stata nlcom command. Power to
detect associations between T-score or FRAX score and fracture can be evaluated based on
the lower limits of the 95% confidence intervals for the hazard ratios (HRs) in Table 2. For
interactions between diabetes and T-score, the combined samples provided 80% power in 2-
sided tests with a type-I error rate of 5% to detect the following ratios of the age-adjusted T-
score HRs in diabetes vs non-diabetes: in women, 1.37 for hip and 1.21 for non-spine
fracture, and in men, 1.72 for hip and 1.30 for non-spine fracture. For interactions between
diabetes and FRAX score, the minimally detectable ratios of the HRs were slightly higher.

RESULTS
Women

FN BMD T-score was higher in T2DM than in non-DM women (Table 1). In SOF and
Health ABC, 1,117 non-DM and 84 T2DM women had at least one hip fracture, and 3,231
non-DM and 262 T2DM women had at least one non-spine fracture during an average
follow-up of 12.6 (SD 5.3) years.

FN BMD T-score was associated with hip and non-spine fracture in diabetic women (Table
2). Since fracture risk varies with age, race and insulin use, we assessed interactions of these
variables with T-score. T-score had a greater effect on the hazard of non-spine fracture with
older age (p for interaction = 0.04). Otherwise, we found no statistically significant
interactions (p>0.10) between T-score and age, race or insulin use. FN BMD T-score was
also associated with fracture risk in non-diabetic women, as observed previously in older
women,21 with no evidence of interaction of T-score with diabetes status. The ability of FN
BMD T-score to predict fracture, based on the C-index, was similar in those with and
without diabetes (Table 2). For example, in diabetic women the hazard ratio (HR) for hip
fracture for each one unit decrease in T-score was 1.88 (95% CI, 1.43, 2.48). The
corresponding C-indexes were 0.72 in diabetic women, and 0.74 in non-diabetic women.

However, for a given T-score diabetic women had a higher risk of hip or non-spine fracture
than non-diabetic women of similar age. The increased fracture risk at a given T-score was
found for diabetic women using and not using insulin. This is illustrated in the plots of hip
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(Figure 1A) and non-spine (Figure 1B) fracture risk versus T-score for women aged 75
years, based on our Cox models.

FN BMD T-score is widely used in the diagnosis of osteoporosis.22 In diabetic women,
interpretation of a T-score has to consider the higher risk of fracture associated with diabetes
(Figure 1). To assist with this interpretation, Table 3 provides the average difference in T-
score, comparing diabetic and non-diabetic women with a similar fracture risk. For hip
fracture, the mean difference in T-scores, comparing women with and without diabetes who
have the same fracture risk, was 0.59 (95% CI, 0.31–0.87). Thus, a diabetic woman with a
T-score of −1.9 would have an estimated 10-year hip fracture risk similar to a non-diabetic
woman with a T-score of −2.5, the threshold generally used for a diagnosis of osteoporosis.

The FRAX score (available for SOF but not Health ABC) is an estimate of the 10-year risk
of fracture that takes into account age, BMD and additional risk factors for fracture (Table
1), but not diabetes status. A higher FRAX score was associated with a higher fracture risk
during follow-up for women with and without diabetes (Table 2). However, in SOF the
FRAX score in diabetic women underestimated the observed long-term risk of fracture,
illustrated for hip fracture in Figure 2A.

Men
As in women, FN BMD T-score was higher in diabetic than in non-diabetic men in MrOS
and in Health ABC (Table 1). In MrOS and Health ABC, 158 non-diabetic and 32 diabetic
men experienced at least one hip fracture, and 690 non-diabetic and 133 diabetic men had at
least one non-spine fracture during an average follow-up of 7.5 (2.0) years

FN BMD T-score was associated with hip and non-spine fracture in men with diabetes
(Table 2) with no evidence of interaction with age, race or insulin use. FN BMD T-score
was also strongly associated with fracture risk in non-diabetic men, as observed in previous
studies,21 with no evidence of interaction by diabetes status. The C-indexes were similar for
men with and without diabetes (Table 2).

Similar to the results for women, for a given FN BMD T-score diabetic men generally had a
higher risk of fracture than non-diabetic men of similar age. However, diabetic men who
were not using insulin did not have an elevated risk of non-spine fracture at a given BMD T-
score, compared with non-diabetic men. This is illustrated in the plots of hip (Figure 1C) and
non-spine (Figure 1D) fracture risk versus FN BMD T-score for men aged 75 years, based
on our Cox models.

Table 3 provides mean differences in T-scores, comparing men with and without diabetes at
a similar fracture risk, to assist with the interpretation of T-scores in diabetic men. For hip
fracture, the mean difference in T-scores, comparing men with and without diabetes who
have the same fracture risk, was 0.38 (95% CI, 0.09–0.66). Thus, a diabetic man with a T-
score of −2.1 would have an estimated 10-year hip fracture risk similar to a non-diabetic
man with a T-score of −2.5.

A higher FRAX score was associated with fracture risk for men in MrOS with and without
diabetes (Table 2). However, as with women, the FRAX score in diabetic men
underestimated the long term risk of fracture that was observed in MrOS, illustrated for hip
fracture in Figure 2B.

Sensitivity analyses
Because SOF relied solely on self-report to identify diabetes while fasting glucose assays
were available in MrOS and Health ABC, we performed a sensitivity analysis defining
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diabetes solely based on self-report in all cohorts. Because thiazolidinedione (TZD) use is
associated with increased fracture risk in women, and possibly in men,23 we performed a
sensitivity analysis excluding participants who reported TZD use during the study (63
participants in SOF, 204 in MrOS and, in Health ABC, 70 women and 79 men). These
sensitivity analyses supported our findings in the main analyses.

DISCUSSION
In this first study to prospectively examine the relationship between BMD and fracture in
older adults with type 2 diabetes, we found that lower FN BMD and higher FRAX score are
associated with hip and non-spine fracture risk.21 The ability of FN BMD T-score or FRAX
score to predict fracture is similar in those with and without diabetes. However, for a given
T-score and age, those with diabetes had a higher risk of fracture than those without
diabetes, consistent with previous reports.3, 4, 8 Diabetic participants also experienced higher
fracture rates at a given FRAX score than non-diabetic participants.

Cross-sectional studies have not found an association between BMD and fracture risk in
T2DM, perhaps due to small sample size. In a cross-sectional study of 150 older T2DM
women in England, those with a previous clinical fracture had lower age-matched lumbar
spine and total hip BMD (Z-scores), but the differences were not statistically significant.10

In older diabetic women in Japan (N=150), lumbar spine BMD Z-score was lower but not
statistically different in those with, compared to those without, prevalent vertebral
fractures.9 In contrast, in this prospective study, we found that FN BMD was associated with
risk of hip and non-spine fracture in older men and women with T2DM.

Our results indicate that FN BMD and the FRAX algorithm are as useful for the assessment
of fracture risk in older adults with, as in those without, diabetes. However, interpretation of
T-score or FRAX score in an older diabetic patient must take into account the higher
fracture risk associated with diabetes. For example, using the mean differences in T-scores
between those with and without diabetes estimated from these cohorts (Table 3), a T-score
in a diabetic woman is associated with hip fracture risk equivalent to a non-diabetic woman
with a T-score about 0.5 units lower (0.59 (95% CI, 0.31–0.87)).

FRAX was designed to provide an estimate of absolute fracture risk in older adults that
could be used in combination with country-specific cost effectiveness data to set
intervention thresholds.24 FRAX has been incorporated into U.S. guidelines for prevention
and treatment of osteoporosis.22 The FRAX algorithm does not currently include T2DM as a
risk factor for fracture, and our results indicate that use of the FRAX score in diabetic
patients will likely underestimate risk. Our results were most consistent for women, but also
indicate that FRAX tends to underestimate risk in diabetic men, particularly in those using
insulin. To be widely useful, FRAX must necessarily be as brief as possible. However, an
adjustment of this algorithm for T2DM seems justified, given the prevalence of diabetes
among older adults.

The reasons for increased fracture risk at a given BMD in older adults with diabetes are not
clearly understood. Bone strength may be compromised through changes that are not
captured with DXA, such as higher levels of advanced glycation endproducts in bone
collagen.25 More frequent falls in those with diabetes could also increase fracture risk for a
given BMD.26 We did not find an increased risk of non-spine fracture in diabetic men who
were not using insulin. Men may be relatively protected from the negative skeletal effects of
diabetes due to less rapid bone loss with aging. Our results suggest that insulin therapy
might be a useful marker of increased non-spine fracture risk at a given T-score or FRAX
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score. However, we had limited ability to assess these associations due to the small number
of fractures among patients using insulin.

Because of small numbers, we did not assess the ability of T-score or FRAX to predict
fracture risk among those using a TZD. There is growing evidence that TZD use increases
fracture risk in women, and possibly men.23, 27 Thus, the fracture risks presented here for a
given T-score (Figure 1) or FRAX score (Figure 2) are likely an underestimate of risk in
those using a TZD.

Our study has several limitations. We did not have glucose measurements in SOF. Diabetes
was ascertained solely by self-report which may have led to the inclusion of women with
diabetes among the non-diabetic women in SOF. However, this misclassification would tend
to underestimate any real differences between those with and without diabetes. It is possible
that some diabetic participants had type 1 diabetes as we were not able to distinguish type 1
and type 2 diabetes. However, given the age range of these cohorts, it is likely that very few
participants had type 1. Additionally, the analyses did not include vertebral fractures, and
FRAX scores were not available in Health ABC. Strengths of our study include the use of
data from three large and racially diverse cohorts of older men and women with extended
follow-up and adjudication of fracture outcomes.

In conclusion, we found that FN BMD T-score and FRAX are both associated with fracture
risk in older adults with type 2 diabetes and appear to be useful for clinical evaluation of
fracture risk, despite the paradox of higher BMD with increased fracture risk in this
population. However, a given T-score or FRAX score is associated with a higher risk of
fracture in older adults with, compared to those without, diabetes. Refinements are needed in
current treatment and diagnostic algorithms for use in older patients with type 2 diabetes.
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Figure 1. Femoral neck BMD T-score and 10-year fracture risk at age 75 by diabetes and insulin
use status
Ten-year cumulative risks were estimated using the Cox model baseline survival function,
evaluated at 10 years, raised to the power of the relative hazard for each combination of
diabetes group and T-score at age 75 years. Rug plot at top of figures indicates number of
participants (73–77 years old) at each level of T-score. A (N=41, 205, 2604); B (N=41, 196,
2468); C, D (N=40, 306, 1698).
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Figure 2. FRAX hip fracture risk score and risk estimated from hip fracture experience in SOF
and MrOS
A) Ten-year hip fracture risk based on FRAX model versus risk estimated from hip fracture
experience in SOF. B) Eight-year hip fracture risk based on FRAX model versus risk
estimated from hip fracture experience in MrOS. Rug plots at top of figures indicate number
of participants at each level of FRAX score. A (N = 78, 442, 7406), B (N = 80, 801, 5113)
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