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Abstract

Summary In an observational study population of 62,413
individuals (6,455 [10 %] with diabetes), diabetes was inde-
pendently associated with major osteoporotic fractures
(MOFs) but did not significantly modify the effect of
FRAX™ risk factors or prior fracture site. However, the
presence of diabetes exerted a much stronger effect on hip
fracture risk in younger versus older individuals.
Introduction Diabetes mellitus increases fracture risk inde-
pendent of risk factors that comprise the WHO FRAX™ tool.
We explored whether diabetes modifies the effect of FRAX
clinical risk factors on MOF and hip fracture risk.

Methods Using a registry of clinical dual-energy X-ray
absorptiometry (DXA) results for Manitoba, Canada, we iden-
tified women and men aged 40 years and older undergoing
baseline DXA in 1996-2011. Health services data were used
to identify diabetes diagnosis, FRAX risk factors and incident
fractures using previously validated algorithms. Prior fracture
was stratified as clinical vertebral, hip, humerus, forearm,
pelvis and ‘other’. Cox proportional hazards models were
used to test for statistical interactions of diabetes with FRAX
clinical risk factors and prior fracture site.
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Results During a mean follow-up of 6 years, there were 4,218
MOF and 1,108 hip fractures. Diabetes was a significant
independent risk factor for MOF adjusted for FRAX risk
factors including bone mineral density (BMD) (adjusted haz-
ard ratio [aHR] 1.32 [95 % confidence interval (CI) 1.20—
1.46]). No significant interactions of FRAX risk factors or
prior fracture site with diabetes were identified in analyses of
MOF. For predicting hip fractures, age significantly modified
the effect of diabetes (aHR age <60, 4.67 [95 % CI 2.76—
7.89], age 60-69, 2.68 [1.77-4.04], age 70-79, 1.57 [1.20—
2.04], age >80, 1.42 [1. 10-1.99]; pinteraction <0.001).
Conclusions Diabetes is an independent risk factor for MOFs
and does not significantly modify the effect of FRAX risk
factors or prior fracture site. However, diabetes exerts a much
stronger effect on hip fracture risk in younger than older
individuals which needs to be considered in hip fracture
prediction.
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Introduction

The prevalence of osteoporosis, characterized by reduced
bone strength and an increased risk for low-trauma fractures,
increases dramatically with age [1]. Diabetes is also present
more frequently in the elderly, and therefore, diabetes and
osteoporosis often co-exist in older adults [2, 3]. Type 1
diabetes, and more recently type 2 diabetes, has been associ-
ated with increased fracture risk [4—6]. This increased risk of
fractures in individuals with diabetes is evident even after
adjustment for bone mineral density (BMD), despite the ob-
servation that BMD is higher in individuals with type 2
diabetes compared with non-diabetic individuals [7-10].
Since BMD is central to fracture prediction, a consequence
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of this paradox is a lack of suitable methods, including the
WHO Fracture Risk Assessment tool (FRAX™), to predict
fracture risk in older adults with type 2 diabetes [11, 12]. Type
1 diabetes is considered among the causes of secondary oste-
oporosis in FRAX, but diabetes status is not a primary risk
factor in the current formulation of FRAX and therefore does
not affect fracture probability when BMD is included in the
FRAX calculation [13].

Although a growing body of research suggests that diabe-
tes is a clinical indicator of increased fracture risk independent
of BMD and independent of the factors that comprise FRAX
[11, 12], it remains uncertain how best to consider the effect of
diabetes for better identifying the high-risk individuals most
likely to benefit from treatment [14]. Therefore, we explored
whether diabetes simply adds to, or modifies the effect of,
FRAX clinical risk factors on the prediction of major osteo-
porotic fractures (MOF) and hip fractures.

Methods
Subjects and setting

Using a registry of all clinical dual-energy X-ray absorptiom-
etry (DXA) results for Manitoba, Canada, we identified wom-
en and men aged 40 years and older undergoing baseline
DXA in years 1996-2011. Age of 40 years was used as the
inclusion cut-off since this is the minimum age considered by
FRAX. In the Province of Manitoba, Canada, health services
are provided to virtually all residents through a single public
health care system. Bone density testing DXA has been man-
aged as an integrated program since 1997 [15]. DXA testing
criteria are broadly consistent with clinical guidelines and
emphasize screening for women aged 65 years and older or
targeted testing in men and younger women with additional
risk factors (see www.gov.mb.ca/health/primarycare/
providers/chronicdisease/bonedensity). The program
maintains a database of all DXA results that can be linked
with other population-based computerized health databases
through an anonymous personal identifier. The DXA data-
base, with a completeness and accuracy in excess of 99 %, has
been previously described in detail [16]. For those individuals
with more than one DXA examination, only the first record
was included. The study was approved by the Health Research
Ethics Board for the University of Manitoba, and data access
was granted by the Health Information Privacy Committee.

DXA
Proximal femur DXA scans were performed and analyzed by
technicians according to the manufacturer’s guidelines using

either pencil-beam dual x-ray absorptiometry (DXA) (Lunar
DPX; GE Lunar, Madison, WI, USA) if the measurement was
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taken before the year 2000 or fan-beam DXA (Lunar Prodigy;
GE Lunar, Madison, WI, USA) after the year 2000. We cross-
calibrated the instruments using 63 volunteers and did not
identify any clinically important differences (<0.1 standard
deviation (SD) femoral neck). Densitometers showed stable
long-term performance (coefficient of variation [CV] <0.5 %)
and good in vivo precision (CV 1.1 % for the total hip) [17].
Femoral neck (FN) T-scores (number of SDs above or below
young adult mean BMD) were calculated based on reference
data for US White females from the NHANES III survey [18].

Diabetes diagnosis

Subjects were categorized as to the presence or absence of
diabetes using a previously validated method for identifying
individuals with diabetes in population-based health services
data [2]. Using data sources since 1987, diabetes was
ascertained from the presence of two separate physician
claims for diabetes within 2 years (coded using the Interna-
tional Classification of Diseases, Ninth Revision, Clinical
Modification [ICD-9-CM]) or a hospitalization with a diabetes
diagnosis (coded using the ICD-9-CM prior to 2004 and ICD-
10-CA thereafter). It is important to note that these adminis-
trative data sources cannot reliably distinguish between type 1
and type 2 diabetes in older adults.

Clinical risk factors

Weight and height were obtained by self-report at the time of
the DXA examination before the year 2000, and after 2000,
height was assessed with a wall-mounted stadiometer, and
weight was assessed without shoes using a standard floor
scale. Body mass index (BMI [in kg/m?]) was calculated as
weight (in kg) divided by height (in m) squared. Current
smoking and parental hip fracture were by self-report but were
only available from March 2005 onwards. Prior fracture and
other variables required for FRAX were assessed using hos-
pital discharge abstracts and physician billing claims since
1987 as previously described [19]. We defined prior fragility
fracture as fracture that occurred before the index BMD test-
ing. Since the effect of prior fracture is modified by anatomical
site, prior fracture was stratified as clinical vertebral, hip,
humerus, forearm, pelvis and ‘other’ (excluding the head,
neck, hands and feet) [20, 21]. Prolonged corticosteroid use
(over 90 days dispensed in the year prior to DXA testing) was
obtained from the provincial pharmacy system [22].

Fracture-related outcomes

Incident fractures that occurred after the index BMD measure-
ment (observation period from the first recorded DXA exam-
ination to March 31 2011) were assessed through a combina-
tion of hospital discharge abstracts and physician billing


http://www.gov.mb.ca/health/primarycare/providers/chronicdisease/bonedensity
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claims [23]. Longitudinal health service records were assessed
for the presence of hip, clinical vertebral, forearm and humer-
us fracture codes (collectively designated as major osteopo-
rotic fractures) that were not associated with trauma codes
[24]. Hip and forearm fractures were required to have a site-
specific fracture reduction, fixation or casting code fracture to
enhance specificity for an acute fracture event. To minimize
potential misclassification of prior incident fractures, we re-
quired that there be no hospitalization or physician visit(s)
with the same fracture type in the 6 months preceding an
incident fracture diagnosis.

Statistical analysis

Demographic and clinical characteristics of individuals with
and without diabetes at the time of the index date (baseline
BMD measurement) are presented using means and SDs for
continuous variables and frequencies and percentages for
categorical variables. Group comparisons for continuous data
were conducted with the Student’s ¢ test and for categorical
data using a x? test of independence. Cox proportional haz-
ards models were used to test for associations between indi-
vidual covariates and incident MOFs and incident hip frac-
tures. Models were initially stratified by diabetes status, with a
final model that combined both groups to test for a statistically
significant interaction (i.e. effect modification according to the
presence or absence of diabetes) with individual clinical risk
factors. Model 1 examined FRAX clinical risk factors includ-
ing femoral neck BMD; model 2 examined FRAX clinical risk

factors without BMD; model 3 examined prior fracture ac-
cording to site (sex and age-adjusted). To estimate parameters
for current smoking and parental hip fracture, separate models
were run for the subgroup with index dates after March 2005.
Due to multiple comparisons (up to 10 risk factors in model
1), a statistically significant interaction was defined using a
conservative Bonferroni-adjusted p value of 0.01 (0.1 divided
by 10). We also performed an omnibus test of all two-way
interaction effects using the change in likelihood ratio statis-
tics between a main effect only model and a model containing
multiple two-way interaction terms [25]. The proportional
hazards assumption was tested and no violations were detect-
ed. Statistical analyses were performed with Statistica (Ver-
sion 10.0, StatSoft Inc, Tulsa, OK, USA).

Results
Study population

The study population included 62,413 individuals of whom
6,455 (10 %) had a diagnosis of diabetes. Self-reported eth-
nicity was predominantly White (97.8 %). Current smoking
and parental hip fracture information was available in 27,401
individuals with a index date of BMD testing after March
2005 (3,239 with diabetes). Table 1 summarizes the baseline
characteristics of the study population. Individuals with dia-
betes tended to be older (average age 66.5+10.5 years vs 63.7

Table 1 Study population base-

line characteristics Without diabetes With diabetes p value
N=55,958 N=6455
Age (years) 63.7+11.3 66.5+10.5 <0.001
Sex (female) 51,477 (92.0) 5,526 (85.6) <0.001
BMI (kg/m?) 26.6+5.2 30.246.2 <0.001
Current smoker® 7,805 (13.9) 841 (13.0) 0.155
Parental hip fracture® 6,816 (12.2) 680 (10.5) 0.007
Glucocorticoid use 2,944 (5.3) 601 (9.3) <0.001
Rheumatoid arthritis 2,055 (3.7) 289 (4.5) 0.001
High alcohol use 1,200 (2.1) 163 (2.5) 0.048
Femoral neck T-score -1.4£1.0 -1.2+1.1 <0.001
Prior vertebral fracture 1,837 (3.3) 248 (3.8) 0.018
Prior hip fracture 803 (1.4) 146 (2.3) <0.001
Prior humerus fracture 1,414 (2.5) 245 (3.8) <0.001
Data expressed as mean£SD Prior forearm fracture 3,440 (6.1) 384 (5.9) 0.529
or N (%) Prior pelvis fracture 361 (0.6) 46 (0.7) 0.524
2 For those with an index date af- Prior other fracture 4,645 (8.3) 766 (11.9) <0.001
ter March 2005 (N=24,162 with- Prior any fracture 10,636 (19.0) 1,525 (23.6) <0.001
out diabetes and 3,239 with  [ncident hip fracture 954 (1.7) 154 (2.4) <0.001
diabetes) Any incident major osteoporotic fracture 3,726 (6.7) 492 (7.6) 0.004

BMI body mass index
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+11.3, p value <0.001) and less likely to be female (85.6 vs
92.0 %, p value <0.001). As expected, individuals with dia-
betes also had a significantly higher BMI (30.2+6.2 kg/m® vs
26.6+5.2 kg/m?, p value <0.001) and greater femoral neck T-
scores (—1.2+1.1 vs —1.4+1.2, p value <0.001) than those
without diabetes.

Diabetes and major fractures

During a mean follow-up of 6 years, 4,218 individuals expe-
rienced one or more incident MOFs of which 492 (7.6 %)
occurred in those with diabetes and 3,726 (6.7 %) in those
without diabetes (p value 0.004). Table 2 summarizes hazard
ratios (HRs) for incident MOFs from multivariable Cox

proportional hazards regression analyses. With the exception
of sex and parental hip fracture, all other variables showed
significant associations with incident MOFs in one or more
analyses. No statistically significant interactions (i.e. effect
modification) of diabetes with any individual risk factors were
identified (all Bonferroni-adjusted p values >0.01), and the
omnibus tests for interactions were not statistically significant
(all p values >0.1). There was a trend suggesting that higher
BMI might be more protective in those without diabetes when
adjusted for femoral neck T-score (model 1 p value interac-
tion=0.080), but this was not evident in without femoral neck
T-score adjustment (model 2 p value interaction=0.276). Di-
abetes was a significant independent risk factor for fracture
after adjustment for all variables in model 1 (adjusted hazard

Table 2 Hazard ratios (HR) and
95 % confidence intervals (Cls)

Without diabetes

With diabetes

for incident major osteoporotic
fracture Model 1

Age (per 10 years)
Sex (male vs female)
BMI (per 5 kg/m?)
Current smoker®
Parental hip fracture®
Glucocorticoid use
Rheumatoid arthritis
High alcohol use
Any prior fracture

Femoral neck T-score (per SD decrease)

Model 2
Age (per 10 years)
Sex (male vs female)
BMI (per 5 kg/m?)
Current smoker®
Parental hip fracture®
Glucocorticoid use
Rheumatoid arthritis
High alcohol use
Any prior fracture

Model 3
Age (per 10 years)
Sex (male vs female)
Prior vertebral fracture
Prior hip fracture
Prior humerus fracture
Prior forearm fracture

Significant effects are set in bold Prior pelvis fracture

2 For those with an index date
after March 2005

BMI body mass index

Prior other fracture

HR (95 % CI)
1.43 (1.38-1.47)

HR (95 % CI)
1.39 (1.27-1.53)

p value interaction
0.781

0.90 (0.79-1.02) 1.04 (0.78-1.39) 0.407
0.98 (0.95-1.02) 0.90 (0.83-0.98) 0.080
1.31 (1.06-1.64) 1.75 (1.06-2.87) 0.392
0.82 (0.64-1.04) 0.69 (0.37-1.29) 0.584
1.30 (1.14-1.48) 1.13 (0.83-1.54) 0.398
1.43 (1.24-1.64) 1.74 (1.21-2.49) 0.325
2.02 (1.70-2.41) 1.98 (1.27-3.09) 0.941
1.62 (1.51-1.74) 1.72 (1.42-2.07) 0.588
1.68 (1.61-1.75) 1.60 (1.44-1.79) 0.456
omnibus test of all interactions: p value 0.140

HR (95 % CI)

HR (95 % CI)

p value interaction

1.69 (1.64-1.74) 158 (1.44-1.73) 0262
1.09 (0.95-124) 124 (0.93-1.65) 0472
0.83 (0.80-0.86)  0.79 (0.73-0.86)  0.276
143 (1.14-1.78)  1.82(1.10-3.00) 0418
0.86 (0.68-1.09)  0.74 (0.40-1.37)  0.650
138 (121-157)  122(0.89-1.66)  0.441
156 (1.36-1.79) 174 (1.22-2.50)  0.575
2.05(1.73-245)  2.01(1.29-3.14) 0937
1.89 (1.76-2.02)  2.06 (1.71-2.47)  0.387

omnibus test of all interactions: p value

HR (95 % CI)
1.68 (1.63-1.73)

HR (95 % CI)
1.61 (1.47-1.76)

0.111
p value interaction
0.535

1.00 (0.88-1.14) 1.15 (0.86-1.52) 0.454
2.33 (2.07-2.62) 2.67 (1.95-3.66) 0.420
1.55 (1.30-1.85) 1.67 (1.08-2.58) 0.802
1.86 (1.61-2.14) 1.89 (1.33-2.68) 0.941
1.43 (1.29-1.60) 1.57 (1.15-2.14) 0.573
1.67 (1.28-2.18) 0.81 (0.33-1.99) 0.130
1.32 (1.19-1.46) 1.31 (1.02-1.69) 0.992
omnibus test of all interactions: p value 0.817
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ratio [aHR] 1.32 [95 % confidence interval (CI) 1.20-1.46]).
Lower femoral neck BMD was strongly predictive of MOF
(aHR per SD reduction 1.60 [95 % CI 1.44—1.79] with diabe-
tes, 1.68 [95 % CI 1.61-1.75] without diabetes; p value for
interaction 0.456). Results were similar in analyses without
BMD (model 2) except that higher BMI showed a stronger
protective effect (aHR per 5 kg/m? 0.79 [95 % CI 0.73-0.86]
with diabetes, 0.83 [95 % CI 0.80-0.86] without diabetes; p
interaction 0.276). Any prior fracture (excluding head, neck,
hands and feet) was associated with an increased risk for
subsequent MOF in models that adjusted for femoral neck

BMD (aHR 1.72 [95 % CI 1.42-2.07] with diabetes, 1.68
[95 % CI 1.61-1.75] without diabetes; p value for interaction
0.588) as well as those that did not adjust for BMD (aHR 2.06
[95 % CI1.71-2.47] with diabetes, 1.89 [95 % CI 1.76-2.02]
without diabetes; p value interaction 0.387).

When prior fracture was stratified by anatomical site, ver-
tebral fracture showed the strongest association with subse-
quent MOF in those with diabetes or without diabetes. Other
fracture sites were also predictive of subsequent MOF (with
the exception of a prior pelvis fracture in those with diabetes).
There were no statistically significant interactions between

Table 3 Hazard ratios (HR) and 95 % confidence intervals (Cls) for incident hip fracture

With diabetes

Without diabetes

Model 1 HR (95 % CI)
Age (per 10 years) 2.59 (2.40-2.79)
Sex (male vs female) 0.92 (0.70-1.20)
BMI (per 5 kg/m?) 0.82 (0.76-0.89)

Current smoker”

Parental hip fracture®

Glucocorticoid use

Rheumatoid arthritis

High alcohol use

Any prior fracture

Femoral neck T-score (per SD decrease)

Model 2

Age (per 10 years)
Sex (male vs female)
BMI (per 5 kg/m?)
Current smoker”
Parental hip fracture®
Glucocorticoid use
Rheumatoid arthritis
High alcohol use
Any prior fracture

Model 3

Age (per 10 years)

2.01 (1.28-3.16)
0.57 (0.31-1.05)
1.49 (1.17-1.89)
1.90 (1.48-2.42)
3.88 (2.91-5.19)
1.17 (1.02-1.34)
2.17 (1.98-2.38)

HR (95 % CI)
1.64 (1.38-1.96)

p value interaction
<0.001

0.85(0.51-1.41) 0.661
0.81 (0.69-0.95) 0.891
1.71 (0.62—4.65) 0.841
1.02 (0.36-2.89) 0.364
1.56 (0.95-2.56) 0.938
0.84 (0.36-1.92) 0.061
1.41 (0.57-3.50) 0.035
1.34 (0.96-1.88) 0.457
2.15 (1.75-2.65) 0.956

0.151

omnibus test of all interactions except age: p value

HR (95 % CI)

3.28 (3.05-3.52)
1.28 (0.97-1.67)
0.63 (0.58-0.68)
2.28 (1.45-3.59)
0.63 (0.34-1.16)
1.51 (1.19-1.93)
2.18 (1.71-2.78)
3.91(2.93-5.22)
1.46 (1.28-1.68)

HR (95 % CI)
1.99 (1.68-2.37)

p value interaction
<0.001

1.18 (0.72-1.94) 0.656
0.64 (0.54-0.75) 0.827
1.74 (0.62-4.87) 0.778
1.14 (0.40-3.27) 0320
1.77 (1.07-2.90) 0.638
0.87 (0.38-2.01) 0.038
1.43 (0.58-3.53) 0.036
1.76 (1.26-2.46) 0313

0.079

omnibus test of all interactions except age: p value

HR (95 % CI)
3.27 (3.04-3.51)

HR (95 % CI)
2.14 (1.80-2.55)

p value interaction
<0.001

Sex (male vs female) 1.12 (0.86-1.46) 0.98 (0.60-1.59) 0.527
Prior vertebral fracture 1.39 (1.08-1.80) 2.41 (1.38-4.20) 0.089
Prior hip fracture 1.93 (1.48-2.52) 2.46 (1.28-4.72) 0.525
Prior humerus fracture 1.75 (1.35-2.26) 0.97 (0.45-2.09) 0.153
Prior forearm fracture 0.94 (0.75-1.19) 1.50 (0.86-2.61) 0.122
Prior pelvis fracture 1.81 (1.16-2.82) 0.49 (0.07-3.53) 0.212
Prior other fracture 1.23 (1.01-1.51) 1.25(0.79-1.97) 0.942

omnibus test of all interactions except age: p value 0.300

Significant effects are set in bold
For those with index date after March 2005
BMI body mass index
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diabetes diagnosis and site of prior fracture tested individually
or with an omnibus test of all interactions (all p values >0.1).

Diabetes and hip fractures

Table 3 summarizes analyses for 1,108 incident hip fractures
which were more common in those with diabetes (2.4 %) than
those without diabetes (1.7 %, p value <0.001). Once again,
with the exception of sex and parental hip fracture, all other
variables showed significant associations with incident frac-
tures in one or more analyses. Analysis by prior fracture site
generally paralleled the results for incident MOF except that
prior forearm fracture was not a significant risk factor for hip
fracture in those with or without diabetes. There was a statis-
tically significant interaction between diabetes status and age
in all models, whereby age significantly modified the effect of
diabetes hip fracture occurrence (Fig. 1). Although diabetes
was independently associated with a significantly higher risk
of hip fracture for all age subgroups, effect modification was
much greater in the youngest subgroup with progressively less
effect modification in older age subgroups (aHR age <60 years
4.67[95 % CI 2.76-7.89], age 60—69 years 2.68 [1.77-4.04],
age 70-79 years 1.57 [1.20-2.04], age >80 years 1.42 [1.01—
1.99]; p value for interaction <0.001). Using a competing
mortality framework [26] only slightly attenuated the effect
modification for age (aHR age <60 years 3.84 [95 % CI 2.25—
6.54], age 60—69 years 2.34 [1.55-3.53], age 70-79 years 1.32
[1.02-1.72], age >80 years 1.37 [0.97-1.93]; p value for
interaction <0.001).

There was inconsistent evidence for significant interactions
with other risk factors. The omnibus tests for interaction
effects in hip fracture prediction (excluding age) were border-
line (p value=0.079 for model 2, other models' p value >0.1).
There were trends suggesting larger effects in those without
diabetes for rheumatoid arthritis (p value interaction=0.061
for model 1, 0.038 for model 2) and high alcohol use (p value

interaction=0.035 for model 1, 0.036 for model 2), but this
failed to reach the predefined cut-off for significance
(Bonferroni-adjusted p value <0.01).

Discussion

Our study further supports that diabetes is a risk factor for both
MOF and hip fracture, independent of age, sex, higher BMI,
higher femoral neck BMD and other clinical risk factors. The
absence of statistically significant interactions (effect modifi-
cation) between diabetes status and risk factors for predicting
MOF suggests a simple additive effect of diabetes to the MOF
probability derived from FRAX clinical risk factors. This
simplifies how this information can be incorporated into im-
proved MOF prediction for individuals with diabetes. The
only strong and consistent interaction that we observed was
for hip fracture prediction where younger individuals showed
a much larger diabetes-related risk than did older individuals,
consistent with the previous report from Giangregorio et al.
[11]. Indeed, the diabetes-related risk of hip fracture was
threefold larger for those younger than 60 years compared
with those aged 80 years and older and was only slightly
attenuated when competing mortality was considered [26].
Additional studies are needed to confirm or exclude borderline
interactions (e.g. rheumatoid arthritis and high alcohol use for
hip fracture but not MOF prediction).

This study confirms and extends our previous report that
was limited to incident MOF in women aged 50 years and
older with diabetes compared with age-matched women with-
out diabetes [27]. The current analysis includes men, has a
wider age spectrum (40 years and above), was not matched on
age thus permitting age-specific analyses, included more than
twice the number of individuals with diabetes (6,455 vs
3,054), had a longer period of observation (6 vs 4 years) and

P-interaction (Age*Diabetes) <0.001

Fig. 1 Adjusted hazard ratios 8
(HRs) for incident hip fracture
according to age subgroup and 7
diabetes status. Results are
adjusted for age, sex, BMI, 6
glucocorticoid use, rheumatoid »
arthritis, high alcohol use, any 9
prior fracture, and femoral neck 3 4
T-score. Error bars are 95 % 8
confidence intervals 2 3
I
2
1
0

<60 years

@ Springer

60-69 years 70-79 years >80 years

Age Subgroup



Osteoporos Int (2014) 25:2817-2824

2823

had sufficient power to analyze incident hip fractures in addi-
tion to MOF.

Our findings have implications for fracture risk assess-
ment in diabetes and for identifying high-risk individuals.
Statistically significant interaction effects complicate the
development of risk prediction models, and therefore, it
is reassuring that the only effect modification associated
with diabetes that we observed was for age and incident
hip fractures. A meta-analysis found the risk of hip frac-
ture to be higher among individuals with type 1 diabetes
(relative risk (RR)=6.3 [95 % CI 2.6-15.1]) than those
with type 2 diabetes (RR=1.7 [95 % CI 1.3-2.2]); type 2
diabetes showed a weaker association with fractures at
non-hip sites [5, 6]. The relative proportion of type 1
diabetes decreases with age, and this may be contributing
to the diminishing risk of diabetes for hip fracture with
older age.

Limitations of the current study are acknowledged. Frac-
ture risk may be different among individuals with type 1
versus type 2 diabetes, and we were not able to account for
these differences in our databases. Given the age of our cohort,
the great majority of the sample with diabetes would have type
2 diabetes; in the population-based Canadian Multicentre
Osteoporosis Study (CaMos), 1.3 % of participants over the
age of 50 years had type 1 diabetes, and 6.8 % had type 2
diabetes [8]. Furthermore, we do not have access to measures
of glycemic control, duration of diabetes, episodes of hypo-
glycemia, or medications associated with falls that are more
commonly used in people with diabetes such as anti-
hypertensive agents. Whether changing diagnostic criteria
for diabetes would affect our results is unknown. As well,
the sample represents individuals referred for BMD testing
and therefore is subject to selection bias. Despite the relatively
large number of people with diagnosed diabetes available for
this analysis (N=6,455), when substratified by FRAX risk
factors and incident fracture status, some cell sizes were small
with limited power to detect or exclude interactions. Similar
issues may affect other low-prevalence conditions not consid-
ered by FRAX.

In conclusion, diabetes is an independent risk factor for
MOFs but did not significantly modify the effect of FRAX
risk factors or prior fracture site. However, diabetes exerted a
much stronger effect on hip fracture risk in younger versus
older individuals. Methods need to be developed to incorpo-
rate these findings into risk prediction models in order to avoid
systematically underestimating the risk of osteoporosis-
related fracture in those with diabetes.
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