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Abstract
Purpose To examine the independent association between type II diabetes and fracture risk in a population of predominantly
postmenopausal women referred to a specialist clinic for osteoporosis evaluation.
Methods Type II diabetes associated fracture risk were evaluated among to 229 patients with type II diabetes in a cohort of
6285 women followed on average (until major osteoporotic fracture (MOF), death or end of study) for 5.8 years. Information
of fracture risk factors was obtained from a clinical database and from national registries.
Results An elevated fracture risk was present. Prevalent fractures (43.7 vs. 33.2%, p= 0.0010) and prevalent MOF (26.2 vs.
20.5% p= 0.038) were more common among patients with type II diabetes. The unadjusted incident fracture risk was
increased with a higher relative risk of 42%. An elevated MOF hazard ratio was present (HR= 1.726, p= 0.0006).
Adjustment for prevalent osteoporosis and other possible confounders did not change this finding (HR= 1.558, p= 0.0207).
Conclusions An association between type II diabetes and an increased risk of MOF primarily driven by an increased hip
fracture risk was documented. This finding was independent of the presence of osteoporosis. Clinicians need to be aware of
and adjust for these findings when evaluating patients with diabetes. Additional research examining pathophysiological
mechanisms are needed.
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Background and introduction

Type II diabetes is a chronic, metabolic disease character-
ized by high blood glucose caused by insulin resistance.
Type II diabetes is affecting an increasing proportion of
individuals all over the world with numbers estimated to
around 285 million worldwide and with a major expected
increase in the prevalence in the years to come [1]. The
disease leads to a wide range of complications. As such
complications attributable to neuropathy, nephropathy, and
retinopathy are common [2]. Although the most serious
consequence of type II diabetes is the observed elevated risk

of cardiovascular disease a long list of other comorbid
conditions can cause considerable morbidity and reduced
quality of life [2]. In recent years increasing evidence that
an elevated susceptibility to fractures should be considered
a complication of diabetes type II has been documented but
is not incorporated into clinical guidelines [3].

The etiology of fractures among patients with type II
diabetes are presumably multifactorial and are as of now not
fully understood [4]. Possible mechanisms are depicted in
Fig. 1. Important disease effects might include a predis-
position to falls [5], but also a possible direct detrimental
effect on diabetic bone due to changes in blood glucose and
insulin levels. Possible reasons for an elevated risk of fall-
ing might include impaired vision, episodes of hypoglyce-
mia, peripheral neuropathy, and/or decreased muscle
strength [6]. On the other hand changes in architecture and
the quality of bone matrix components due to inflammatory
cytokines, accumulation of advanced glycation end pro-
ducts (AGE), and oxidative stress have been proposed as an
explanation for changes in bone structural and bone strength
properties [7, 8]. Furthermore changes due to microvascular
disease might play a role.
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Special attention in the past decades has been paid to
bone collagen cross-link formation. Patients with type II
diabetes tend to have a negative shift in the balance
between enzymatically and non-enzymatically formed
collagen cross-links. The non-enzymatic formation of col-
lagen cross-links in the form of AGEs has unfavorable
effects on bone and accumulation of AGEs reduces bone
strength in rats without changes in BMD compared to
healthy controls [9]. In one human study patients with type
II diabetes had an increase in AGEs (as measured by urine
pentosidine) which was associated with an increased risk of
fractures [10].

In addition to this direct effect on bone biomechanical
properties high AGE levels might have a direct negative
effect on osteoblasts and enhance osteoclast function [6],
which may well impair micro fracture damage repair.

In this study we sought to examine the independent
association between type II diabetes and fracture risk in a
population of predominantly postmenopausal women
referred to a specialist clinic for osteoporosis evaluation. In
addition we sought to further characterize fracture risk
according to fracture site.

Subjects and methods

This study is a historical cohort study of patients referred to
an osteoporosis specialist unit at the Copenhagen University
Hospital Hvidovre. The first patients were seen in 2002 and
patient risk profile was routinely registered in a clinical
database the following decade. All subjects included in the
study had information related to self-reported general risk
factors of osteoporosis available from the database. Patients
who did not have this information recorded or who parti-
cipated in bone related research before or during follow-up
were excluded. The cohort consisted of 6285 women of
which 229 had type II diabetes.

A comprehensive description of the available informa-
tion from both the mentioned database as well as supple-
mentary information from Danish national registries
(comorbidities: Danish National Patient Register) [11],
mortality: Register of Causes of Death [12] and redeemed
medications: The Danish National Prescription Registry
[13]) have been described in detail in previous studies
within this cohort of patients examining associations of
different risk factors and bone mass findings [14, 15]. All
data were available in anonymized form only.

Exposure and covariate status was defined based on
status at first visit. Relating to medications dosages of
redeemed glucocorticoids during the previous year were
converted to prednisolone/prednisone equivalent dosages in
milligrams/day [16]. Patients were classified as high users if
they had redeemed more than 450 mg during the previous
year. Other medications including selective serotonin
receptor inhibitors (SSRI), tricyclic anti-depressants (TCA)
and different types of diuretics and antihypertensives (ACE,
ANGII, loop, thiazide) were evaluated and defined daily
dosages (DDD) during the previous year were calculated.
Current medicine use was thought present if a patient had
redeemed any prescriptions of the drug in question within
the previous year.

A positive exposure towards diabetes type II was clas-
sified based on the presence of a registration in the Danish
National Patient Register prior to 3 months after first visit or
if they before first visit had redeemed any oral antidiabetic
medications. A similar timeframe relating to other indivi-
dual comorbidities was used. A proxy of excessive alcohol
consumption was defined as having an alcohol related
diagnosis. Further, prevalent hyperthyroidism, rheumatoid
arthritis (RA), inflammatory bowel disease (IBD), major
osteoporotic fracture (MOF), and chronic pulmonary dis-
ease (CPD) was included in the multivariate analysis, (see
supplementary material regarding ICD-8/ICD-10, ATC
codes used).

Fig. 1 Possible mechanisms
involved in diabetes associated
fracture risk
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A de novo fracture was only thought present if a regis-
tration at the same MOF site was not present within the year
predating the fracture in question.

General risk factor status obtained from the database and
national registries thus included the following potential
predictors of osteoporosis corrected for in this study: history
of fractures among parents and siblings, early menopause
(before age 45 without hormone replacement therapy), an
approximation of daily consumption of dietary calcium
(<420, 540–780, and >900 mg/day), use of calcium sup-
plements, exercise less than once a week, current smoking
status, age, BMI, modified Charlson index, hyperthyroid-
ism, RA, CPD, prevalent MOF, former osteoporosis treat-
ment, glucocorticoid use >450 prednisone eq, alcohol
related diagnoses and current use of ACE, ANGII, loop,
thiazide, SSRI, TCA.

BMD measurement by dual-energy X-ray absorptio-
metry (DXA) at baseline was available on all included
patients from which patients were classified as having
osteoporosis if T-score was below −2.5 at the femoral neck,
total hip or spine [17]. No allocation to specific scanners
based on exposure status was done.

Statistics

Baseline characteristics are presented as mean with standard
deviations (SD) or in case of continuous variables being
non-normally distributed medians with interquartile range
(IQR). Categorical variables are presented as number of
observations and percentages hereof. Comparison between
groups was performed using wilcoxon, χ2-test or student t-
test. Calculated p-values using Satterwaite statistics in case
of unequal variances were performed. Fisher’s exact test
was used when the predicted value of any cell was less than
five.

Univariate fracture (overall and site specific) compar-
isons between groups were done using cox proportional
hazard models by running an unadjusted cox proportional
hazard model with fracture as response and baseline type II
diabetes as an explanatory variable. Included persons were
followed until first incident fracture or censored at time of
death or the 31/12 2012, whatever came first. Fractures
were registered according to fracture site and identified as
MOF (femoral, vertebral, humeral, lower arm) or others.
Individuals could be included in several site specific out-
comes, but only once for any particular site.

Furthermore a comprehensive multivariate cox regres-
sion analysis including a wide range of proposed baseline
risk factors was performed hereby presenting hazard ratios
for baseline type II diabetes with corresponding confidence
intervals.

Covariates for the multivariate analysis included use of
different medications known to be associated with fracture

risk, certain comorbidities as well as general risk factors for
osteoporosis. Furthermore, a modified Charlson index score
[18] was calculated to adjust for difference in overall
comorbidity.

The hazard ratio can be regarded as a relative risk in
this study. Risk was calculated for all fractures as well
as according to MOF fracture site. Assumptions of
proportional hazards and linearity of continuous variables
were evaluated. When evidence of violation of these
assumptions was detected the corresponding covariate was
either categorized into groups or the analysis stratified
hereupon.

Results

In total 6285 patients were included in the univariate
analysis.

At baseline 229 women were exposed (had diabetes
according to our definition). The women with diabetes were
significantly older (Table 1), had a higher BMI, more
comorbidity and were more often users of a wide variety of
medicine. Fewer had osteoporosis by DXA and fewer were
exercising more than once weekly. In the total cohort of
patients 3563 fractures among 1234 patients had occurred at
baseline. On average patients were followed (until MOF,
death or end of study) for 5.8 years.

After baseline measurement of bone mineral density
1734 fractures occurred among 1314 persons during follow-
up. Among patients with type II diabetes 22.7% sustained
an incident fracture whereas that was the case for 19.0% of
non-diabetics. As such an unadjusted/crude increased rela-
tive risk of 42% was evident (Table 2). Prevalent fractures
(43.67 vs. 33.22%, p= 0.0010) at baseline were more
common among patients with diabetes. This was likewise
the case for MOF 26.2 vs. 20.5% p= 0.038. Among
patients entering the multivariate analysis (n= 4587) 599
patients experienced a MOF during follow-up. As expected
significantly more patients with type II diabetes died before
the end of study 21.8 vs. 11.1%.

When comparing patients with type II diabetes with
patients without an elevated hazard ratio for MOF was
present HZ= 1.726, p= 0.0006. Adjustment for prevalent
osteoporosis and a wide selection of other co-variates did
not change these findings HZ= 1.558, p= 0.0207. When
looking at all fractures we failed to find any significant
association after multivariate adjustment were made (Table 3).
As limited number of fracture outcomes made such exten-
sive adjustments impossible when looking at individual
MOF sites analysis of these were performed adjusting for
fewer risk factors.

When looking at site specific fracture sites (Table 4) only
an association with hip fractures (HZ 1.833, p= 0.0442)
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was significantly present, but the estimated hazard ratios at
other fracture sites were all indicating a higher risk in
patients with type II diabetes.

Patients with type II diabetes experiencing a MOF during
follow up were significantly older (71.2 vs. 64.2, p= 0.001)
and correspondingly had a lower T-score at the total hip
(−1.63 vs. −0.82, p= < 0.0001) and femoral neck site
(−1.83 vs. −1.27, P= 0.0028) at baseline than patients
with type II diabetes not experiencing a MOF. No differ-
ences in bone mineral density were found when looking at
the lumbar spine.

Fewer patients with type II diabetes using a
ANGII inhibitor at baseline experienced a MOF
(6.5% vs. 18.6%, p= 0.047). When evaluating baseline
differences among patients with type II diabetes experien-
cing a MOF during follow up vs. patients who did not
sustain a fracture no other differences in the risk factor
profile evaluated in his study (behavioral risk factors,
medicinal use, and differences in comorbidity) were
identified.

Table 1 General characteristics and baseline comparison of patients with and without type II diabetes

Patients without type II diabetes (n= 6056) Patients with type II diabetics (n= 229) p-value

Age (SD), n 61.0 (11.6), 6056 65.3 (11.9),229 <0.0001

BMI (IQR), n 23.3 (21.0–26.1) 26.6 (23.4–31.6) <0.0001

Modified Charlson index (IQR), n 0 (0–1), 6056 1 (1–3), 229 <0.0001

Osteoporosis, n (%) 1804/6056 (29.8%) 53/229 (23.1%) 0.0305

Osteoporosis treatment n (%) 1072/6056 (17.7%) 40/229 (17.5%) 0.92

Dietary calcium low n (%) 1360/5972 (22.8%) 37/224 (16.5%)

Dietary calcium medium n (%) 2713/5972 (45.4%) 107/224 (47.8%) 0.0804

Dietary calcium high n (%) 1899/5972 (31.8%) 80/224 (35.7%)

Familial fracture disposition n (%) 2866/5996 (47.8%) 86/223 (38.6%) 0.0003

Current smoking n (%) 1699/5933 (28.6%) 59/219 (26.9%) 0.59

Thiazide diuretics n (%) 1005/6056 (16.6%) 75/229 (32.8%) <0.0001

Loop diuretics n (%) 332/6056 (5.3%) 36/229 (15.7%) <0.0001

Rheumatoid arthritis n (%) 145/6056 (2.2%) 5/229 (2.2%) 0.84

Hyperthyroidism n (%) 215/6056 (3.6%) 11/229 (4.8%) 0.32

CPD n (%) 586/6056 9.7% 32/229 14.0% 0.032

SSRI n (%) 482/6056 (8.0%) 26/229 (11.4%) 0.064

Alcohol related diagnosis n (%) 212/6056 (3.5%) 12/229 (5.2%) 0.16

Prevalent MOF n (%) 1243/6056 (20.5%) 60/229 (26.2%) 0.038

Glucocorticoid >450 mg n (%) 362/6056 (6.0%) 24/229 (10.5%) 0.0053

Exercise n (%) 4019/5750 (69.9%) 111/210 (52.9%) <0.0001

T-score at total hip (SD), n −1.12 (1.11), 5995 −0.95 (1.18), 227 0.0242

T-score at femoral neck (SD), n −1.45 (0.99), 5936 −1.36 (1.05), 226 0.17

T-score at lumbar spine (SD), n −1.48 (1.43), 6053 −1.11 (1.55), 229 <0.0001

Estrogen deficiency n (%) 475/5260 (9.0%) 19/184 (10.3%) 0.55

Calcium suplementation n (%) 3621/5719 (63.3%) 136/217 (62.7%) 0.85

ANGII n (%) 380/6056 (6.3%) 46/229 (20.1%) <0.0001

ACE inhibitors n (%) 419/6056 (6.9%) 67/229 (29.3%) <0.0001

Insulin n (%) 9/6056 (0.2%) 39/190 (17.0%) <0.0001

TCA n (%) 131/6056 (2.2%) 10/229 (4.4%) 0.0271

n number of patients, SD standard deviation, IQR interquartile range

Table 2 Univariate association with fracture

Parameter Hazard ratio 95% CI p-value

Fracture 1.415 1.077-1.858 0.0128

MOF 1.726 1.265-2.355 0.0006

HIP 2.759 1.678-4.534 <0.0001

Lower arm 1.300 0.811-2.084 0.28

Upper arm 1.883 1.051-3.374 0.0333

Lumbar spine 1.986 0.721-5.464 0.18

Other fractures 1.192 0.779-1.826 0.42

Hazard ratio with corresponding CI and p-values for diabetes type II
association with fractures. Censored at death or end of study
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Discussion

Our findings confirm that women with type II diabetes are at
an increased risk of sustaining a fracture, but that the risk
differs according to site.

We found that women with a registration of type II dia-
betes at the time of their first visit had a 56% increased risk
of sustaining a MOF during an average of 5.8 years of
follow-up. This association was independent of age group,
BMI, exercise status, and use of different medications and
comorbidities as well as osteoporosis status at baseline.
Certainly, a noteworthy ability of this study is that we were
able to adjust for differences in osteoporosis status based on
DXA measurements something only few earlier studies have
been able to do. As most studies published only have been
able to make a limited adjustment for potential confounders
i.e., both differences in bone mass, BMI, physical activity
etc. previous findings may to some extent have been affected
by a high degree of bias. In this study we tried to adjust for
multiple potential confounders attributable to both heredi-
tary, lifestyle, comorbidities, and use of different medica-
tions seeking to further elucidate on the possible association.

We found that fracture risk differed according to fracture
site. The highest fracture risk and indeed only significant
association was documented when looking at hip fractures
driving a lot of the significance at the overall fracture sites
(all fractures and MOF).

This is in accordance with the majority of existing lit-
erature. A meta-analysis by Janghorbani et al. [19] found
this risk to be more than doubled among women. Similarly
Vestergaard et al. [3] found in a meta-analysis from 2007
that patients with type II diabetes had a 1.38 times risk of

sustaining a hip fracture. In a recent meta-analysis including
recent studies not included in the earlier meta-analysis there
was likewise demonstrated an elevated risk of hip fractures
for patients with type II diabetes at 34% [20].

Leslie et al. [21] examined the hazard of MOF according
to diabetes type II status adjusted for FRAX risk factors and
found an elevated HR of 1.32.

We found an univariate association between type II dia-
betes and “all fractures”. This association could not be con-
firmed when more extensive adjustments were made. The
failure to document a significant association after adjustments
when looking at overall fractures might relate to sample size.

In several other epidemiological studies such a negative
overall fracture association has been documented, but
results are inconsistent. Janghorbani et al. [19] found that
overall risk of any fracture was slightly elevated (summary
RR= 1.2). These findings were further supported by a large
observational study by Bonds et al. [22] were type II dia-
betics had a 20% increased overall fracture risk. On the
other hand Vestergaard et al. [3] found, using crude esti-
mates of fracture risk, that the relative risk of any fracture in
type II diabetics was not increased.

We failed to demonstrate a fracture association at indi-
vidual fracture sites besides at the hip although risk estimates
at all sites indicated a trend towards increased risk of frac-
tures. It is quite possible that the reason why we could not
demonstrate an increased fracture risk at individual sites is
partly likewise due to low statistical power. On the other
hand the Women´s Health Initiative observational study [22]
which included more than 90.000 women, the meta-analysis
by Janghorbani et al. [19] as well as the nationwide study by
Vestergard et al. [4] failed to find any significant associa-
tions at specific fractures sites beside either at the feet or
forearm. We did as described not specifically investigate
foot fractures as the number of those were limited.

Table 4 Multivariate site specific analysis

Parameter Hazard ratio 95% CI p-value

Lower arma 1.451 0.856-2.462 0.1672

Upper arma 1.621 0.840-3.128 0.1501

Hipb 1.833 1.016-3.308 0.0442

Lumbar spinec 1.314 0.400-4.318 0.6523

Hazard ratio with corresponding CI and p-values for diabetes type II
association with site specific fractures censored at death or end of
study
aAdjusted for baseline age, BMI group (<20, 20–30, >30), modified
Charlson index, estrogen deficiency, MOF, prevalent rheumatoid
arthritis, former osteoporosis treatment, glucocorticoid use >450
prednisone eq., family fracture history, current smoking, exercise
level, prevalent alcohol related diagnoses
bAs above but stratified on family fracture history and current smoking
cAdjusted for baseline age, BMI group, modified Charlson index,
former osteoporosis treatment

Table 3 Overall multivariate analysis

Parameter Hazard ratio 95% CI p-value

All fracturesa 1.287 0.924 - 1,793 0.1352

All fractures +osteoporosisb 1.294

0.930 - 1.802 0.1266

MOFc 1.533 1.053 - 2.232 0.0260

MOF +osteoporosisc 1.558

1.070 - 2.267 0.0207

Hazard ratio with corresponding CI and p-values for diabetes type II
association with fractures and MOF
aAdjusted for baseline age group (<50, 50–65, >65), BMI group (<20,
20–30, >30), modified Charlson index, estrogen deficiency, prevalent
hyperthyroidism, rheumatoid arthritis, CPD, MOF, former osteoporo-
sis treatment, glucocorticoid use >450 prednisone eq, dietary calcium
intake, use of calcium supplementation, family fracture history, current
smoking, exercise alcohol related diagnoses and current use of ACE,
ANGII, loop, thiazide, SSRI, TCA
bAs above, but stratified on prevalent rheumatoid arthritis
cAs above, but stratified on former osteoporosis treatment and age
group
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The reason why results differ at non-hip fracture sites
might reflect differences in study populations in terms of
diabetes severity and duration as it has been proposed that
fracture risk is predominantly elevated in patients with long
duration and severity.

A Canadian observational study even found that newly
diagnosed type II diabetics were protected against osteo-
porotic fractures [23]. The authors of this study suggested
that fracture risk in type II diabetes is biphasic, that is
patients are protected from fractures during the first years
after diagnosis, but prolonged disease duration at some
point increases the risk. The osteoprotective effects of
hyperinsulinaemia in early stages of the disease may in part
account for this. On the other hand in a recent study from
Germany including almost 300,000 patients with newly
diagnosed diabetes an increased fracture risk was docu-
mented at all evaluated specific fracture sites. This was
evident as early as the following year after establishment of
a diagnosis [24]. Conclusions drawn from this study how-
ever is hampered by the fact that no information of BMD
was available and because patients with osteoporosis and
glucocorticoid users were excluded. Furthermore, evalua-
tion of many potential confounders including inflammatory
diseases and use of different medicinal products often used
by patients with type II diabetes that might have an effect on
fracture risk were not adjusted for.

Our results confirm findings by others that bone density
is similar or higher in patients with type II diabetes [3] and
that fewer patients with type II diabetes have osteoporosis
by DXA compared to controls. In a previous study within
this cohort of patients [14] looking at the relationship of
different risk factors of osteoporosis we found a strong
univariate association between type II diabetes and high
bone mass density at all sites. This difference was non-
significant when other confounders predominantly differ-
ences in BMI were taken into account. Our results thus
show that adjustment for prevalent osteoporosis does not
change risk estimates. Furthermore, we found that an
increased fracture risk is present despite patient with type II
diabetes having a higher body weight. Our results thereby
also lend support to findings by Schwarz et al. [25] and
others showing that estimated fracture risk based on find-
ings of bone mass or commonly used fracture risk algo-
rithms such as FRAX is underestimated [26]. Efforts should
therefore be made to establish type II diabetes adjusted
treatment thresholds in the future.

Limitations

BMD measurements can be flawed in the very obese [27].
Although this study is not population based it represents a
broad selection of people thought to be at risk of

osteoporosis by the GP. As almost all fractures are thought
to be recorded bias attributable to the registration of fracture
outcome is thought to be limited. We were not able to adjust
for the severity, level of glycemic control or duration of
diabetes, all of which have been documented to affect
fracture risk [28, 29]. In other studies insulin use has been
associated with an increased fracture risk, but this finding is
most likely to reflect diabetes duration and severity of the
disease and is not a direct consequence of insulin treatment
as such [7]. In this study we did not stratify type II diabetes
based on use of insulin as statistical power would be
reduced but it is likely that the association found is stronger
among patients with more advanced disease.

As the majority of cases with type II diabetes are man-
aged at primary health care level not all patients with type II
diabetes are registered in the National Patient Register
where only hospital contacts are recorded. In order to partly
address this issue patients who had collected oral anti-
diabetics before first visit were also thought to have type II
diabetes. The positive predictive value (PPV) of having a
registration of evaluated comorbidities including diabetes
has been shown to be high [18]. Patients with type II dia-
betes treated exclusively with insulin before 1995 who were
not registered in LPR will not have been captured, but this
will, if it had occurred at all, have been very few. Still
patients only treated by lifestyle intervention were not
registered as having type II diabetes. These patients will be
included in the reference group and will presumably as such
weaken the documented association. In spite of this we were
still able to show that type II diabetes is associated with an
elevated risk of MOF primarily due to the association with
hip fractures.

Furthermore a large proportion of people presumably
have undiagnosed diabetes and we did not take into account
changes in exposure covariate status from initial evaluation
to time of event or censoring. These differences would
presumably likewise tend to underestimate any association
of diabetes type II and fractures. Finally misclassification
between type I and II diabetes might have happened but
overall possible misclassification in this study is thought to
be minimal. In cases where type I diabetes was misclassified
this would possibly have affected the result in favor of
shoving an increased hazard ratio of fractures as type I
diabetes generally has been shown to be stronger associated
with fractures than type II diabetics [19]. We saw a limited
number of spinal fractures. As the majority of spinal frac-
tures are unrecognized by the patients underestimation of
these fractures is clearly evident. A limitation of this study
is thus the lack of data regarding prevalence and incidence
of morphometric vertebral fractures. Zhukouskaya et al.
[30] have previously among others shown prevalence of
these fractures to be increased among patients with type II
diabetes. As the numbers of spinal fractures were low

156 Endocrine (2018) 60:151–158



although the risk estimate was quite high we thus failed to
find any significant association. Finally we did not have any
information about falls, but literature shows that an
increased risk of falling in type II diabetics is evident. This
elevated risk of falling has in other studies not been fully
able to account for a higher fracture risk [22].

Severe Vitamin D deficiency leads to secondary hyper-
parathyroidism and thus results in an accelerated bone loss,
compromised bone quality and could play a part in type II
diabetes related fracture risk. A limitation of this study was
that 25-OH vitamin D levels before 2008 where not per-
formed routinely. When comparing the levels of 25-OH
vitamin D in patients with and without type II diabetes in
the population with available vitamin D measurements (n=
3106) no difference was found (67.3 nmol/L vs. 71.1 nmol/
L p= 0.15) however.

A further limitation of the study was that information of
actual time since menopause was not available and women
were thus only categorized in groups and considered to be
estrogen deficient if they indicated to be hormone replace-
ment therapy treatment naive and had had both ovaries
surgically removed or experienced menopause before 45
years of age [14].

Conclusion

To conclude our findings strongly support an association
between type II diabetes and increased risk of MOF an
association primarily driven by an increased hip fracture
risk. Increased risk at other individual fracture sites was not
confirmed although risk estimates indicated an increased
risk.

Our evidence thus suggests that an elevated fracture risk
among type II diabetics persists even after adjustment for a
wide variety of possible confounders including medicinal
use, comorbidities, differences in BMD, and other modifi-
able risk factors. Clinicians need to be aware of and adjust
for these findings when evaluating patients with diabetes.
Additional research is needed as to describe pathophysio-
logical mechanisms and to further describe the relation to
disease duration and blood glucose regulation. Furthermore
studies describing the effect of commonly used drugs used
to treat osteoporosis in this population are needed.
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