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Unveiling Skeletal Fragility in Patients Diagnosed With
MGUS: No Longer a Condition of Undetermined
Significance?
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ABSTRACT
Monaoclonal gammopathy of undetermined significance (MGUS) is a commion finding in clinical practice, affecting greater than 3% of

adults aged 50 years and older. As originally described, the term MGUS reflected the inherent clinical uncertainty of distinguishing
patients with a benign stable monoclonal plasma cell disorder from subjects destined to progress to malignancy. There is now dear
epidemiologic evidence, however, that patients with MGUS suffer from a significantly increased fracture risk and that the prevalence
of MGUS is increased in patients with osteoporosis. Despite this relationship, no clinical care guidelines exist for the routine evaluation
or treatment of the skeietal health of patients with MGUS. Recent work has demonstrated that cireulating levels of at least two
cytokines (CCL3/MIP-1or and DKK1) with well-recognized roles in bone disease in the related monoclonal gammopathy muitiple
myeloma are aiso increased in patients with MGUS. Further, recent imaging studies using high-resolution peripheral quantitative CT
have documented that patients with MGUS have substantial skeletal microarchitectural deterioration and deficits in biomechanical
bone strength that likely underlie the increased skeletal fragility in these patients. Accordingly, this Perspective provides evidence
that the “undetermined significance” portion of the MGUS acronym may be best replaced in favor of the term "monoclonal
gammopathy of skeletal significance” (MGSS) in order to more accurately reflect the enhanced skeletal risks inherent in this condition,
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ge-related bone loss and fractures are a burgeoning public

health problem that will only worsen with our growing
elderly population.®® Indeed, the United States (US) National
Osteoporosis Foundation estimates that an overwhelming
proportion {(~60%) of Americans aged >>50 years will suffer
osteoporoticrelated fragility fractures.? Sadly, comparable rates
of bone loss and fractures are well documented in other
populations and are similarly expected to increase as the
worldwide population ages at an unprecedented rate.®
Consequently, fractures impose enormous health care costs
and burdens on society.

Although pharmacclogic prophylaxis in patients with prior
fragility fractures, osteopenia and additional clinical risk factors,
or osteoporosis as defined by the World Health Organization
(WHO} (dual-energy X-ray absorptiometry [DXA] areal bone
mineral density [aBMD] T-score <-2.5) is efficacious,” it comes
with risks of side effects™ and treating the entire aging
population is unaffordable. Therefore, identifying individuals at
greatest risk far fragility fractures, who remain incompletely
characterized by established fracture prediction tools {ie, aBMD
T-score or the WHO Fracture Risk Algorithm [FRAX] score), is of
critical importance.,

Multiple risk factors for low BMD and fragility fractures have
been identified and incorporated into FRAX. These include
both commaonly recognized risk factors {eg, age, sex, history of
personal or parental fragility fracture, and tobacco, aleohol,
or glucocorticoid use} and risk factors for the development of
secondary osteoporosis. As acknowledged by the FRAX algo-
rithm authors, however, the current models of risk factors for
predicting the development of low BMD and fragility fractures
remain imperfect;” thus, greater efforts are needed to establish
the extent to which fracture prediction can be improved in
subsets of patients beyond that provided by BMD or FRAX,

Emerging evidence suggests that one such population may
include patients with a monoclonal gammopathy, a spectrum of
closely related plasma cell disorders compesed of monacional
gammopathy of undetermined significance (MGUS), smoldering
multiple myeloma, and multiple myeloma. It is noteworthy that
the age-associated increased riskin fractures is paralleled by the
age-assoclated increased risk for developing these disorders. In
each, monacional plasma cell proliferation within the bone
marrow (BM) cavity is associated with the production of
abnormal levels of a single monoclenal {M) protein. Among
the monoclonal gammopathies, MGUS is by far the most
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that has been reported in patients with MGUS.® Finally, recent
data suggest that osteocyte dysfunction may also play an
integral role in impaired bone cell activity in myeloma bone
disease,”® although whether bone loss in MGUS results from
similar alterations in osteocyte function is unknown,

To determine whether similar alterations in cytokine levels
occur in patients with MGUS, we recently assessed circulating
levels of several factors with well-established roles in myeloma
bone disease. Whereas serum levels of the Wnt inhibitor
sclerostin were not different between patients with MGUS and
matched control subjects, circulating levels of the osteoclast-
activating factor CCL3/MIP-1c"" were increased nearly sixfold,
and circulating levels of the osteoblast-suppressive factor
DKK1"® were increased approximately twofold in MGUS
patients compared with healthy age-, sex-, and body mass index
(BMU-matched control subjects®® Collectively, these data
strongly suggest that circulating biochemical factors implicated
in multiple myeloma-associated bone disease manifest in MGUS.
Given the long lead time preceding the diagnosis of MGUS in
most patients, it is concelvable that these increases in circulating
cytokine levels may impact skeletal metabaolism. Although =20
other factors that either increase osteoclast activity or suppress
osteoblast function have been identified in multiple myeloma,
few have been examined in MGUS. Whether similar mechanisms
underfie skefetal disease across the monodonal gammopathy
spectrum is currently unclear, but this represents an intriguing
and sclentifically testable hypothesis.

Although MGUS is associated with increased fracture risk and
circulating levels of at least some cytokines in patients with
MGUS, whether these patients have altered bone turnover has
also been unclear.® Whereas some studies have reported that
biochemical markers of bone tumover are increased in
MGLS, 5" other groups, including our own,®*5%42 have not
found significant differences in markers of either bone resarption
or formation. Reasons for these differences are unclear, as are
explanations for the apparent discrepancy between the elevated
cytokine levels found in patients with MGUS and the absence (at
least in some studies) of differences in circulating bone turnover
marker levels. One potential explanation is that bone turnover is
modestly different in patients with MGUS when compared with
unaffected subjects of the same age group, but that given the
significant variability in bone turnover marker levels found even
in individuals without MGUS, small variances are not evident. An
alternative, but not mutually exclusive, explanation for this lack
of difference may reflect the relative insensitivity of circulating
bone tumever markers to detect alterations in bone metabolism
occurring within the bone marrow microenvironment, Given the
prolonged length of time, which typically precedes formal
diagnasis, however, it is plausible that even slight perturbations
to the normal bone balance via effects on bone resorption and/or
formation may lead to clinically meaningful skeletal deficits aver
time.

Finally, it is also of note that despite higher monoclonal protein
levels correlating with risk for MGUS progression to multiple
myeloma, no association between monoclonal protein levels and
fracture risk has been found.?%?? Thus, neither standard bone
tumover markers nor monoclonal protein fevels obtained during
routine clinical care are likely to be of value in the prediction of
bone loss or fractures in patients with MGUS. Whether
measurement of circulating cytokine levels might be predictive
is also unclear, but the provocative findings noted above with
CCL3I/MIP-1a and DKK1 levels suggest the need for future studies
to definitively test their potential clinical utility, Additional

deficits to our current understanding of bone disease in MGUS
include both the absence of knawledge regarding the genes and
pathways altered within each type of bone cell (osteohlasts,
osteoclasts, and osteocytes) that contribute to the skeletal
phenotype, and the absence of an appropriate animal model of
disease, thereby increasing the relevance of human studies.

Adthough fracture incidence is increased in MGUS, 292224
several studies, which used DXA imaging, have provided
conflicting results as to whether MGUS subjects have decreased
bone mass.?2* Although DXA is a safe and widely available
clinical tool for monitoring overall skeletal health and it can
accurately determine areal BMD (aBMD), it has several
limitations, including the extrapolation of a two-dimensional
{areal) measurement of bone mineral content to derive a three-
dimensional volumetric density, as well as the inability to
accurately assess bone structure and to differentiate between
cortical and trabecular bone compartments. Colectively, these
constraints limit the ability of DXA to estimate bone strength and
do nat allow DXA to provide microstructural information, which
can be used to assess bone quality.

To address whether bone strength and microarchitecture are
altered in patients with MGUS, we recently examined volumetric
BMD and bone microarchitecture by high-resolution peripheral
quantitative computed tomography (HRpQCT} and hone
strength by micro-finite element (WFE) analysis in a cohont of
50 patients with MGUS and 100 age-, sex-, and BMI-matched
control subjects.*®" Relative to contrals, the MGUS cohort
showed only a significant decrease in DXA-derived aBMD at the
total femur (-5.0%; p=0.044), with no differences in femoral
neck, lumbar spine, tctal body, or radial aBMD. In contrast,
HRpQCT imaging of the distal radius showed significant
decreases in total vBMD (-10.4%; p =0.005), cortical vBMD
{-4.7%; p=0.001), and cortical thickness (-9.5%; p =0.029), as
well as a significant increase in cortical porosity {+16.8%;
p=0.048). Interestingly, trabecular number and separation did
not differ between the groups, but MGUS subjects did have a
significant decrease In trabecular thickness {(~8.1%; p = 0.004).
These microarchitectural alterations contributed toward reduced
biomechanical strength in the MGUS patients, as determined
by wFE analysis, with apparent modulus reduced by ~8.9%
(p =0.04). Notably, both failure load and stiffness were lower in
MGUS patients relative to controls (by -4.0% and -4.6%,
respectively), although these deficits did not reach statistical
significance, likely because of a compensatory increase in radial
bone size resulting from progressive periosteal bone apposition
with concomitant increases in endocortical resorption, ultimately
leading to a thinner cortex. Although this net outward cortical
displacement increases resistance to bending stresses, it only
provides a partial biomechanical adaptation to limit the overall
loss of bone strength owing to the decrease in cortical
thickness.™ Collectively, these findings represent the first
demonstration of compromised hone microarchitecture and
strength in patients with MGUS and strongly suggest the
skeleton needs to be recognized as a tissue of significance in this
disease.

Given that the greatest fracture increase in patients with
MGUS occurs at axial sites, it will be important to determine
whether the skeletal abnormalities at the radius of MGUS
patients are also present at the axial skeleton, Indeed, because
DXA cannot accurately distinguish bone compartments (ie,
cortical versus trabecular) and hiomechanically relevant struc-
tures (eg, trabecular connectivity and cortical poresity), it is not
well suited for this purpose. This likely explains why DXA was
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pencil beam (Lunar DPX; GE Lunar) if the measurement was
raken before the year 2000 or fan beam (Lunar Prodigy; GE
Lunar) if the measurement was taken after the year 2000. These
densitometers have been cross-calibrased and demonstrated no
clinically important differences across scanners {eg, within 0.1
SD at the femoral neck) and have shown stable long-term per-
formance {eg, coefficient of variation <0.5%}and good in vivo
precision (eg, coefficient of variation of 1.1% for the total hip)
{16-18). Femoral neck T-scores (number of $Ds above or below
young adult mean BMD}) were calculated based an reference data
for US white females from the National Health and Nutrition
Examination Survey Il survey {19},

Potential confounders and other measurements

Ten-year probability of MOF risk and hip fracture risk was
calculated using the World Health Organization FRAX tool,
Canadian version (FRAX Desktop Multi-Patient Entry, version
3.7}). The Canadian FRAX tool was calibrated using nationwide
hip fracture data, and its predictions agreed closely with ob-
served fracture risk {17). Weight and height were obtained by
self-report at the time of the DXA examination before the year
2000; thereafter height was assessed with a wall-mounted sta-
diometer and weight was assessed without shoes using a stan-
dasd floor scale. Body mass index {BMI [in kilograms per square
meter]) wascalculared asweight {in kilograms) divided by height
{in meters) squared. Prior fracture, other FRAX input variables,
and falls requiting hospitalization were assessed using hospial
discharge abstracts and physician billing claims as previously
described {3, 13, 16-18), We defined prior fragility fracture as
any nontraumatic MOF that occureed before the baseline DXA
test using records back to 1987 and used both hospiral discharge
abstracts and physician billing claims to capture any fracture that
required treatment whether or not the patient was hospitalized.
" Prolonged oral corticosteroid use (>>90 d dispensed in the 1 y
prior 1o DXA), as well as any use of prescription osteoporosis
therapy (ie, bisphosphonates, calcitonin, systemic estrogen prod-
ucts, raloxifene, teriparatide} or any oral antidiabetic agents ot
insulin in the 1 year prior to baseline DXA test, was obtained
from the provincial pharmacy system. Lastly, to define burden of
comorbidiry in the 1 year prior to their baseline DX A test foreach
subject, we used the Johns Hopkins Adjusted Clinical Group
(ACG) Case-Mix System (version 9} (20, 21). Aggregated diag-
nosis groups {(ADGs) represent 32 comorbidity clusters of every
ICD-9-CM diagnostic codes {20, 21), The number of ADGs was
categorized as less than three (reference group) vs three to five vs
six or more {22}.

Statistical analysis

Sociodemographic and clinical characteristics of subjects
with and without type 2 diabetes at the time of the baseline DXA
test were described using means and SDs for continuous vari-
ables and frequencies and percentages for categorical variables;
between-group comparisons were conducted using appropriate
statistical tests (e, ¥ tests of independenice for categorical vasi-
ables). Cumulative incidence of fractures, MOF, and hip frac.
ture, stratified by the presence and duration of diabetes, werc
plotted. Then multivariable Cox proportional hazards regres-
sion models were used to test the independent association be-
rween a diagnosis of type 2 diabetes and incident fractures. After
this, we examined the independent association between the du-
ration of diabetes {no diabetes [reference] vs new onset diabetes

press.endocrine.org/journal/jcem 4491

vs <5 y duration vs 5-10 y duration vs >10 y deration) and
incident fracture. The model was first adjusted for FRAX scores
computed with femoral neck BMD (log transformed due to a
skewed distribution), hereafter referred to as FRAX adjusted,
Then another model was fit to the data that adjusted for FRAX
scores in addition to burden of comorbidity, hospitalized falls,
prescription osteoporosis treatment, and insulin therapy, here-
after referred to as fully adjusted. The proportional hazards as-
sumption was confirmed for each mode! by testing scaled Schoe-
nfeld residuals vs time, and no violations were detecred.

Lastly, we examined the calibeation of FRAX computed with
femoral neck BMD according to different durations of diabetes.
The magnitude of potential miscalibration of FRAX was evalu-
ated by calculating ratios for the observed 10-year incident frac-
ture probability to the expected 10-year fracture probability pre-
dicted by FRAX across each strata of diabetes duration. These
ratios explicitly considered the effect of competing morzality,
which is a component of the FRAX methodology (23}. A priori,
we considered observed fracture rates within 10% of FRAX pre-
dicted rates (ie, an observed to expecred calibration rario any-
wherebetween 0.90 and 1.10) to represent good calibration (18).
All statistical analyses were performed with Stacistica (version
10.0; StarSoft Inc),

Results

The final study cohort included 8840 women with type 2
diabetes and 49 098 women without diabetes. Women
with diabetes were significantly older and heavier with a
greater burden of comorbidity and more prior falls than
women without diabetes (Table 1). Women with diabetes
were also significantly more likely to have had a prior
fracture, and had higher predicted risk of MOF and hip
fractures, than women without diabetes (Table 1). Over
more than 420 000 person-years of follow-up {mean 7 y
per subject], women with diabetes were significantly mare
likely to suffer an incident MOF than women without
diabetes (814 [9.2% or 14.3 per 1000 person-years] vs
4211 {8.6% or 11.5 per 1000 person-years]; FRAX-ad-
justed hazard ratio [HR] 1.19,95% [CI] 1,10-1.28, P <
001; fully adjusted HR 1.11, 95% CI 1.03-1.21, P =
.007) and significantly more likely to suffer a hip fracture
than women without diabetes (279 [3.2% or 4.9 per 1000
person-years] vs 1109 [2.3% or 3.0 per 1000 person-
years); FRAX adjusted HR 1.66, 95% CI 1.45-1.89, P <
.001; fully adjusted HR 1.56, 95% CI 1.36-1.79, P <
.001). Unlike these osteoporotic fractures, incident ankle
fractures were not associated with the presence of diabetes
{P =.2; Table 1).

Duration of diabetes and incident fractures

Most diagnoses of diabetes preceded DXA testing (n =
2776 [31.4%1>10y duration; n = 1776 [20.1%] 5-10 y;
n = 2098 [23.7%] <5 y duration) with a minority of
diabetes being diagnosed after DXA testing (n = 2190




Table 1. Characteristics and Outcomes Stratified According to the Presence or Absence of Diabetes
Diabetes No Diabetes P Value for
{n = 8840), % (n = 49 098), % Difference
Characteristics
Age, y . 67.1 =104 638111 <.0007
BMI, kg/m? B3I x64 265 +51 <0001
Height, cm 159.2 = 65 1605 £ 6.6 <2.0001
Weight, kg 769 £ 172 683 £ 13.9 <0001
Prior fracture 1462 (16.5) 7045 {14.3) <000
Insulin use 832(9.4) 0{0) <.0001
Qsteoporosis treatment 1103 ¢12.5) 8054 (16.4) <0001
fFracture probability (FRAX MOF with BMD) 12.7 8.7 11.3 86 <.0001
Fracture probability (FRAX hip with BMD) 28+ 46 2645 <.0001
Femoral neck T-score -1.3+1.1 -1.4 1 <.0001
Femoral neck Z-score 03 x1 0,0x09 <.0001
Femoral neck osteoporosis (T-score =<-—2.5) 974 (11} 6136 {(12.5) <.0001
Hospitalization for a fall in the tast 3 y 428 (4.8) 1610{3.3) <0001
ADG score 5628 46+ 26 <2.0001
Observation time, y 6539 7.5+42 <.0001
Qutcomes

Incident hip fractures 2793.2) 1109 (2.3} <. 0001
Incident vertebral fractures 200 (2.3) 945 (1.9) .04

incident humerus fractures 201 (2.3) 844 (1.7 <. 0001
Incident forearm fraciures 248(2.8) 1793 (3.7) <.0001
incident MOF fractures 814 (9.2) 4211 (8.6} 05

Incident ankle fractures 183 (1.7} 751{1.5) .20

Deaths 1666 (18.8) 5454 (11.1) <2.0001

{24.8%] new onset). If we considered any subject who ever
used insufin but never used an oral antidiabetes agent to
represent type 1 diabetes, only 207 of 8840 (2.3%) women
with diabetes in our population met this definition, sup-
porting our assumption that our cohort contained pre-
dominantly type 2 diabetes.

Table 2 provides selected baseline characteristics ac-
cording to the duration of diabetes. Compared with those
without diabetes, there was a statistically significant (P for
linear trend <.001) gradient in age, BMI, prior fractures,
and FRAX scores (but not femoral neck bone density)
according to the duration of diabetcs (Table 2}. A similar
linear gradient in observed rates of incident fracture was
seen according to the duration of diabetes for both MOF
and hip fracture, with a greatest risk of both types of frac-

tures observed in those with more than 10 years of diabetes
duration (Table 3).

Multivariable analyses of diabetes duration

With respect to MOF, in FRAX-adjusted analyses, only
diabetes present for a duration longer than 10 years was
independently associated with incident fracture, and this as-
sociation remained statistically significant in the fully ad-
justed model {adjusted HR 1.34, 95% CI 1.17-1.54, P <
.001; Table 4). Treatment with insulin was not associated
with MOF (P = .5), and excluding the 207 women with
possible type 1 diabetes did not affect either the magnitude or
statistical significance of these findings {data not shown).

With respect to hip fracture, however, any duration of
diabetes was independently associated with an increased

Table 2. Selected Baseline Characteristics Stratified According to the Presence and Duration of Diabetes
New-Onset
No Diabetes Diabetes Duration, <5y Duration, 5-10y Duration, >10y
(n=49028) (n=2190) (n = 2098) (n = 1776) (n = 2776)
Characteristics, mean (£5D)
Age, y 63.8 = 11.1 656 * 10.7 £6.5*10.3 £78+£99 684 *+ 104
Body mass index, kg/m? 26,5 +51 30462 305*64 304 £ 64 300 = 64
Prior fracture, % . 143+03 145 + 0.4 16004 159+04 19.0 + 0.4
Fracture probability (FRAX MQF  10.9 = 8.0 11.1 £ 8.0 11278 11.7+8.2 123+79
with BMD)
Fracture probability (FRAX hip 26x45 26x46 26+44 28+%52 3.1*+45
with BMD)
Femoral neck T-score —14+10 -12=*1. -1.2 £ 1.1 -1.2=*10 —1.4 1.1
Femoral neck Z-score 0.0 =09 0309 0310 04+10 0.2+1.0
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Table 3. Ratés per 1000 Person-Years (95% Confidence intervals) of Major Osteoporotic Fracture, Hip Fracture,
and Death According to the Presence and Duration of Diabetes

Major Osteoporotic

n Fractures Hip Fractures Deaths
No diabetes 49 098 11.4{10.5-12.4) 3.0{2.5-3.5) 14.8(13.8-15.9)
Diabetes 8840 14.3(11.8-16.7) 4.9{3.4-6.3) 29.2(25.7-32.7)
Diabetes duration
New onset 2190 11.9(7.4-16.4) 3.8(1.3-6.9) 22.4(16.2-28.6)
<5y 2098 13.3(8.4-18.2) 45(01.7-7.4) 27.5(20.5-34.5)
5-10y 1776 13.9 (8.5-19.4) 48(1.6-8) 29.3{21.4-37.1
>10y 2776 18.0 (13.1-23.0) 6.4 (3.5-9.4) 38.3{31.2-45.5)

risk of incident fracture {Table 4). A dose-response gra-
dient was present with diabetes duration longer than 10
years associated with the greatest risk of hip fracture in
both the FRAX-adjusted models (adjusted HR 2.10, 95%
CI 1.71-2.59, P < .001) and fully adjusted models {ad-
justed HR 1.94, 95% CI 1.54-2.44, P < .001; see Table
4). Treatment with insulin was not associated with hip
fracture (P = .7) and excluding 207 women with presump-
tive type 1 diabetes did not materially affect either the
magnitude or statistical significance of these findings (data
not shown).

FRAX calibration and diabetes duration

FRAX was well calibrated for MOF prediction in women
without diabetes {ie, desirable range for the calibration ratio
0.90-1.10). With respect to MOF in womeén with diabetes,
FRAX was well calibrated in fully adjusted models except
when diabetes duration was longer than 10 years (Figure 1).
In those with a long duration of diabetes, the observed to
expected calibration ratio was 1.24 {95% CI 1.0§-1.39),
representing a statistically significant and clinically impor-
tant underestimation of MOF risk {Table 5}.

FRAX calibration for hip fracture prediction was again
within the desirable range in women wirhout diabetes.
FRAX was not well calibrated in woinen with diabetes of
any duration (Figure 1). Irrespective of statistical signifi-
cance, the observed to expected calibration ratios ex-

ceeded in magnitude the 1.10 threshold across all dura-
tions of diabetes and statistically significantly exceeded
1.90 in those with the longest duration of diabetes (1.93,
95% CI 1.50-2.35; see Table 5). This represents a clini-
cally important and substantial underestimation of the hip
fractire risk in those with diabetes, particularly in those
with the longest durations of diabetes.

Di\scussion

In a large cohort of more than 50 000 women undergoing
DXA testing for clinical indications, we confirmed that
type 2 diabetes is a FRAX-independent risk factor for
MOF and hip fractures and demonstrated that the dura-
tion of diabetes is important in terms of understanding and
quantifying this increased risk. Indeed, at least 10 years of
a diagnosis with diabetes needed to be present before
women were at a significantly increased risk of MOF,
whereas thé risk of hip fracture was increased even before
the diagnosis of diabetes. That said, the risk of hip fracture
increased with duration of diabetes, such that women with
10 years or more of diabetes had almost a doubling in their
hip fracture risk when compared with women withour
diabetes, even after adjusting for FRAX with BMD, co-
morbidity, falls, osteoporosis treatment, and insulin thet-
apy. Whereas FRAX is known to underestimate the risk of

Table 4. FRAX-Adjusted and Fully Adjusted® Associations With Incident Fractures According to the Duration of

Diabetes®
Major Osteoporotic Fractures Hip Fractures
FRAX-Adjusted Fully Adjusted FRAX-Adjusted Fully Adjusted
n HR (95% CI) HR (95% ClI) HR (95% CI) HR {95% CI)

No diabetes 49 098 1.00 (reference) 1.00 {reference) 1.00 (reference) 1.00 (reference)
New onset 2190 1.02{0.89-1.17) 0.99 {0.86-1.14) 1.32 (1.03-1.69) 1.30 {1.01-1.65)
<5y 2098 1.13{0.98-1.32) 1.07 (0.92-1.25) 1.59 {(1.23-2.06) 1.54 {(1.19-1.99)
510y 1776 1.16 {0.99-1.37) 1.10(0.93-1.29) 1.61 (1.21-2.13) 1.55 (1.17-2.06)
>10y 2776 1.47 (1.30-1.66) 1.34 (1.17-1.54) 2.10 {1.71-2.59) 1.94 (1.54-2.44)

2 Fully adjusted models included FRAX scores {computed with BMD), burden of comorbidity, falls, prescription osteoporosis treatments, and insulin

therapy,
b Siatistically significant (P < .05) HRs in bold.
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and RR 1.46 [9.5% CI0.98-2.17] compared with short du-
ration of diabetes}. This association with a longer duration
has been confirmed by Forsen et al {Nord-Trondelag Health
Study [8] ), Ivers et al (Blue Mountains Eye Study [9]), and
Meltor et al {Rochester Minnesota cohort [10]), who ob-
served significantly an increased risk of fracture only after 5
years, 10 years, and 10 years of duration of diabetes, respec-
tively. Janghorbani et al (Nurses’ Health Study [11]) reported
an increased risk of hip fracture with any diabetes duration,
although the risk was greatest with a long (>>11 y) duration
of disease, findings nearly identical with that of Nicodemus
and Felsom {Iowa Women's Health Study [12]),

Finally, in a population-based case-control study
drawn from the same province as the cutrent study, Leslie
etal (13) showed rhat a longer (>>5 y) duration of diabetes
was associated with an increased risk of MOF (RR 1.15,
95% CI 0.86-0.95) and hip fractures (RR 1.40, 95% CI
1.28-1.53). These investigators also found a biphasic as-
sociation with diabetes wherein subjects with new-onset
diabetes during follow-up had a 9% reduced risk of MOF
and a 17% reduced risk of hip fracture (13}). This latter
finding has not been replicated by others and is not con-
sistent with our current work or the findings of Nicodernus
and Folsom {12) in which new-onset diabetes was very
similar in fracture risk to established diabetes of less than
5 years’ duration. This protective benefit of a new diag-
nosis of diabetes is also difficult to interpret, given that
type 2 diabetes often has a 5- to 10-year asymptomatic
latency period and that at the time of diagnosis most pa-
tients already have some diabetes-related complications or
comorbidities {24).

Although the literature is not straightforward to inter-
pret, we believe that the totality of evidence indicates that
type 2 diabetes increases the risk of MOF and hip fractures
and that the longer the duration of disease, the greater the
risk of fracture, particularly a decade after the diagnosis.
What doesthis imply for fracture risk assessment? For type
1 diabetes, the current consensus is to consider it a sec-
ondary osteoporosis FRAX input and assumes that some
(altbough not all} of the increased risk relates to reduced
BMD in this population (2,25). For type 2 diabetes, FRAX
computed with BMD is miscalibrated and underestimates
the risk, especially for hip fracture and especially for those
with a long duration of disease. Although more work
needs to be done and our findings need to be replicated,
type 2 dia betes of 10 years’ duration should be considered
a red flag for greater attention to osteoporosis, perhaps
thought of as a previous fracture equivalent at the bedside
{24} in the way that a long duration of diabetes is some-
rimes considered a coronary heart disease equivalent when
undertaking cardiac risk stratification (26).
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This study has several strengths, inctuding its large and
population-based sample size, its long look-back and fol-
low-up periods, its capture of both BMI and BMD, and its
use of previously validated methods to capture both ex-
posure (diabetes) and outcome (fractures), Nevertheless, it
also has several important limitations. First, we cannot
distinguish type 1 from type 2 diabetes, and this may be an
important pathophysiological distinction. Given the age
of cohort entry (40 y}and the look-back period {10 ¥), only
a very small proportion {maximum 2.3%) of those with
diabetes in our study potentially had type 1 diabetes. Fur-
thermore, sensitivity analyses in which we excluded all
207 subjects who ever used insulin and never used oral
antidiabetes agents did not materially affect any of our
findings, confirming that this was a study dominated by
those with type 2 diaberes as was intended.

Second, diagnoses of diabetes were based on adminis-
trative data, and we did not have measurements of fasting
glucose or glycated hemoglobiu, and thus, we could not
exarmine the role of impaired fasting glucose or prediabe-
tes on the one hand nor guarantee that our control group
did not have undiagnosed diabetes on the other hand.
Third, we did not have any measures of glycemic control
or, related to this, measures of bone strength or quality as
influenced by glycemic control. Fourth, we had no detailed
informatton on smoking; physical activity; falls not re-
quiring hospitalization or mediators of falling such as hy-
poglycemia; or measures of diabetic complications such as
neuropathy, myopathy, retinopathy, or nephropathy; or
chronic kidney disease, Fifth, we did not examine time-
updated covariates such as changes in BMI, BMD, or
FRAX clinical risk factors or the addition of new medi-
cations during follow-up but rather examined only cova-
riates at the time of rhe baseline DX A test. Sixth, our frac-
ture data were based on claims data and procedure codes,
and although validated and specific {27, 28}, we did not
have information with respect to asymptomatic or non-
clinical vertebral fractures. Lastly, our findings may lack
generalizability because the population was drawn from
one province in Canada and the subjects were predomi-
nantly white, and we examined only women.

In conclusion, confirming a diagnosis of type 2 diabetes
significantly increases the risk of hip fracture, and once a
wornan has had type 2 diabetes for a decade (all else being
equal), she has more than a 30% increased risk of MOF
and more than a 90% increased risk of hip fracture when
compared with a woman without diabetes. These substan-
tially elevated risks as they relate to duration of disease
have not been captured using conventioual fracture risk
assessment tools such as FRAX.
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