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Abstract The aim of this study was to determine the
association between type-2 diabetes mellitus (DM),
BMD and fractures in 6,655 men and women aged
55 years and over from the Rotterdam Study. We
compared subjects with type-2 DM to subjects without
DM. Additionally, subset analyses were performed,
dividing subjects on the basis of the glucose tolerance
test into already treated DM, newly diagnosed DM,
impaired glucose tolerance (IGT) and normal glucose
tolerance (NGT, reference). Femoral neck and lumbar
spine BMD were measured using DEXA. Nonvertebral
fracture ascertainment was performed using an auto-
mated record system involving GPs and local hospitals.
Although subjects with DM had higher BMD, they had
an increased nonvertebral fracture risk: hazard ratio
(HR) 1.33 (1.00–1.77). In subset analysis, the increased
fracture risk appeared restricted to treated DM subjects
only: HR 1.69 (1.16–2.46). Subjects with IGT had a
higher BMD, but contrary to treated DM, they had a
lower fracture risk: HR 0.80 (0.63–1.00). In conclusion,
subjects with type-2 DM and IGT both have a higher
BMD. Whereas, subjects with IGT have a decreased
fracture risk, subjects with DM (primarily those with
already established and treated DM) had an increased
fracture risk, probably due to long-term complications
associated with DM.

Keywords Bone mineral density Æ Diabetes mellitus Æ
Elderly Æ Fracture Æ Impaired glucose tolerance Æ
Population study

Introduction

It is well known that insulin plays an important role
in glucose metabolism, since it is necessary for the
transport of glucose into the cell. Failures in the insulin
pathway result in diabetes mellitus (DM). DM is a
metabolic disease characterized by hyperglycemia,
resulting in a long-term damage, dysfunction and failure
of various organs. The majority of subjects with DM can
be divided into two types, where type-1 DM is caused by
a deficiency of insulin secretion, and type-2 DM is the
result of resistance to insulin and an inadequate
compensatory insulin secretion response to glucose [1].
Besides the role of insulin in glucose metabolism, it is
thought that insulin also has an anabolic effect on bone,
resulting in a higher bone mineral density (BMD) [2,3].
Therefore, diabetes mellitus has become a topic of
interest in bone research.

Previous studies have shown that subjects with type-1
DM, probably as a result of insulin deficiency, have a
decreased BMD as compared with subjects without
type-1 DM [4–6]. With regard to the association between
BMD and type-2 DM, some conflicting results have
been reported. We and others observed an increased
BMD in subjects with type-2 DM [5,7–10].

On the other hand, some studies reported a decreased
BMD in subjects with type-2 DM, whilst others reported
no association at all [11–17]. Also, uncertainty exists
concerning the association between type 2-DM and
fractures. Previously, we reported a decreased risk of
prevalent fractures in the preceding 5 years in subjects
with DM [8]. This seems in line with the higher BMD
found in type-2 DM in our study [8]. However, in the
Study of Osteoporotic Fractures (SOF), an increased
risk of incident fractures in women with known DM was
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observed [10]. The results obtained in the SOF study
were supported by others, while opposite findings were
also reported and some studies found no association at
all [8, 10,18–22].

In the present study we compared BMD and incident
nonvertebral fracture risk in a large prospective cohort
study of men and women who were stratified according
to different levels of insulin resistance.

Methods

The Rotterdam study

The Rotterdam Study is a prospective population-based
cohort study of men and women aged 55 years and over
and has the objective of investigating the incidence of,
and risk factors for, chronic disabling diseases. Both the
rationale and the study design have been described
previously [23]. The focus of the Rotterdam Study is on
neurologic, cardiovascular, ophthalmologic and loco-
motor diseases. All 10,275 inhabitants of Ommoord, a
district in Rotterdam, the Netherlands, were invited to
participate. Of these, 7,983 (4,878 women) participated
in the study (resulting in a response rate of 78%). The
Medical Ethics Committee of the Erasmus Medical
Centre has approved the Rotterdam Study, and in-
formed consent was obtained.

Measurements

Baseline home interview

Between 1990 and 1993, a baseline home interview on
medical history, risk factors for chronic diseases and
medication use, including the use of thiazides or loop
diuretics, was taken by trained interviewers.

Impairment in daily activities was assessed using a
questionnaire adapted from the Stanford Health
Assessment Questionnaire. Lower limb disability was
calculated by the average scores for rising, walking,
bending and getting out of a car. The score ranged from
0 to 3, where 0 indicated no impairment and 3 indicated
no ability to do the activities. Falling frequency was
recorded as ‘‘never,’’ ‘‘less than once a month,’’ and
‘‘more than once a month.’’ Smoking habits were coded
as ‘‘current,’’ ‘‘former’’ and ‘‘never.’’ To have informa-
tion about previous fractures, participants were asked if
they had experienced at least one nonvertebral fracture
in the preceding 5 years.

Clinical examination

Subsequently, participants were invited to the research
center for clinical examination. Height and weight were
measured with indoor clothing and no shoes. Body mass
index (BMI) was calculated as weight in kg/height in m2.
Visual acuity of both eyes was measured at a 3-m

distance using the Lighthouse Distance Acuity Test. To
evaluate best-corrected visual acuity, optimal refraction
was obtained subjectively after objective autorefraction
[24]. The best visual acuity of one of the eyes was used to
compare the visual acuity between subjects. In serum of
the participants, creatinine was measured using standard
laboratory methods.

Classification of type-2 diabetes mellitus

At the research center, all participants, except those on
anti-diabetic medication, underwent an oral glucose
tolerance test (OGTT) with a 37.5% oral glucose solu-
tion (75 g of glucose) in a non-fasting state. Both before
and 2 h after the glucose solution was administered,
blood samples were drawn by venepuncture and the
serum glucose levels were measured in both samples
using the glucose hexokinase method. Serum insulin
levels were measured by radioimmunoassay (MedGenix
Diagnostics, Brussels, Belgium) in the post-load serum
only. Subjects were classified as having DM if they used
anti-diabetic medication or when the pre-load or post-
load serum glucose levels were at or above 11.1 mmol/l.
Subjects with serum glucose levels (pre- or post-load)
lower than 11.1 mmol/l were classified as non-diabetics.
To restrict the analysis to subjects with type-2 DM,
those who reported having DM at or before the age of
30 were excluded.

Sub-stratification for level of insulin resistance

To determine the effect of different levels of insulin
resistance and the effects of long-term DM with its
associated complications, subset analyses were per-
formed. The following four groups were defined: sub-
jects with already treated DM, subjects with newly
diagnosed DM, subjects with impaired glucose tolerance
(IGT), having a pre-load or post-load serum glucose
level from 7.8 mmol/l to 11.1 mmol/l, and subjects with
normal glucose tolerance (NGT), who had a serum
glucose level lower than 7.8 mmol/l. These classifications
are based on World Health Organization (WHO) crite-
ria [25–27].

BMD measurement

BMD of the femoral neck and lumbar spine was mea-
sured by dual-energy X-ray absorptiometry (DEXA),
using a Lunar DPX-L densitometer (Lunar Radiation
Corporation, Madison, WI, USA) as described previ-
ously [28].

Follow-up procedure

All events, including nonvertebral fractures and death
were reported by general practitioners (GPs) in the re-
search area (covering 80% of the cohort) by means of a
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computerized system. Information from GPs outside the
research area was obtained by regular checking of pa-
tient records by research physicians. All reported events
were verified by two trained research physicians, who
independently reviewed and coded the information.
Subsequently, all coded events were reviewed by a
medical expert for final classification. Subjects were
followed from their baseline visit until either death, first
nonvertebral fracture or until January 1, 2000, which-
ever occurred first.

Population for analyses of type-2 diabetes mellitus

Of all 7,983 participants from the Rotterdam Study, 177
(2.2%) were excluded from the analyses since no in-
formed consent was obtained for follow-up data regis-
tration. Data on the use of anti-diabetic medication and
data of pre-load or post-load OGTT were available for
6,655 individuals, of which 5,754 subjects had data
available on femoral neck and lumbar spine BMD.
According to the glucose tolerance test, 807 subjects
were classified as having DM. However, to restrict the
analyses to type-2 DM, 15 subjects with an onset of
diabetes at or before the age of 30 were excluded, leaving
792 subjects with DM for the analyses.

Population for subset analyses of level of insulin
resistance

The numbers and percentages of subjects with treated
DM, subjects with newly diagnosed DM, subjects with
IGT and subjects with NGT are shown in Fig. 1. Half of
the subjects with DM were newly diagnosed at the
beginning of the study.

No information on the use of anti-diabetic medica-
tion was available for 14 subjects with DM. Therefore,
these subjects could not be separated into one of the
groups for the subset analyses and were excluded in
these analyses. Of the 6,641 individuals in the subset
analyses, there were data available of femoral neck and
lumbar spine BMD for 5,746 subjects.

Statistical analysis

At first, analyses were performed comparing all subjects
with type-2 DM to subjects without DM. To define
differences in baseline characteristics between subjects
with DM and without DM, we used a chi-square test for
categorical variables and a student- t -test for continu-
ous variables.

Differences in BMD, as measured at the femoral neck
and lumbar spine were evaluated using analysis of var-
iance (ANOVA). Analyses were performed crude,
adjusting for age and gender and finally for age, gender,
BMI, lower-limb disability, smoking, and use of either
loop or thiazide diuretics at baseline. Because the prev-
alence of the use of hormonal replacement therapy or
systemic corticosteroids at baseline was low, we did not
adjust for them in the analyses. Analyses were repeated
stratifying for gender.

To investigate the relation between type-2 DM and
nonvertebral fractures, a Cox proportional hazard
regression model was used. To express these associa-
tions, hazard ratios were calculated with the corre-
sponding 95% confidence intervals. In the analyses, only
nonvertebral fractures, including hip and wrist fractures,
were studied. First the analyses were performed crude,
then adjusted for age and gender, and finally adjust-
ments were made for age, gender, BMI, smoking, serum
creatinine, visual acuity, falling frequency and lower
limb disability. In addition, analyses were repeated with
an additional adjustment for femoral neck BMD.

Following the analyses in which we compared sub-
jects with and without DM, we performed the same
analyses using a different classification. Subjects with
DM were sub-classified into subjects with previously
known and newly diagnosed diabetes, whereas, subjects
without DM were sub-classified into subjects with IGT
and with NGT, using the latter category as reference. In
addition, we repeated these analyses stratifying for
gender. SPSS 11.0 for windows was used for all analyses.

Results

Type-2 diabetes mellitus

The baseline characteristics of subjects with and without
type-2 DM are shown in Table 1. Men and women were
equally distributed between groups. As expected, sub-
jects with DM were significantly older, had a higher
BMI and more comorbidity as compared with subjects
without DM. The post-load serum insulin level in sub-
jects with DM was considerably higher. Fig. 2 shows
mean values of BMD, as measured at femoral neck and
lumbar spine according to diabetic status, with adjust-
ment for the full model. We did not include the use of
hormonal replacement therapy or systemic corticoster-
oids in this full model, because of the low prevalence,
and adjustment did not influence the results. At both
sites, after adjustment for potential confounders, BMD

Fig. 1 Numbers and percentages of subjects with treated type-2
diabetes mellitus, subjects with newly diagnosed type-2 diabetes
mellitus, subjects with impaired glucose tolerance and subjects with
normal glucose tolerance, in the study population
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was substantially higher in subjects with DM as com-
pared with subjects without DM. Similar significant re-
sults were observed when analyses were repeated
stratifying for gender (data not shown).

The fracture-risk analyses are based on follow-up
data collected from baseline (1990–1993) until January
1, 2000, with an average follow-up period of 6.8 years
(SD 2.3 years). During follow-up, 771 subjects suffered
at least one nonvertebral fracture. In total, 25 (8.1%)

men and 79 (16.4%) women with DM suffered at least
one nonvertebral fracture, including nine (2.9%) hip
and two (0.6%) wrist fractures in men and 28 (5.8%)
hip and 23 (4.8%) wrist fractures in women. In con-
trast, 143 (6.0%) men and 525 (5.1%) women without
DM suffered at least one nonvertebral fracture,
including 41 (1.7%) hip and 21 (0.9%) wrist fractures
in men and 137 (3.9%) hip and 158 (4.5%) wrist
fractures in women.

In the fracture-risk analyses—in which subjects with
type-2 DM, men and women combined are compared
with subjects without DM, subjects with DM had an
increased risk of overall nonvertebral fractures, despite
their higher BMD values (Table 2). There was also a
similar but nonsignificant trend observed for the hip
and wrist fracture risks. When we stratified by gender,
we observed a comparable trend as well, although
some analyses were not significant, especially in men,
due to the low fracture numbers when stratified (Ta-
ble 2).

Level of insulin resistance

In order to evaluate the effect of different levels of
insulin resistance and long-term DM, we repeated all
these analyses by comparing subjects with treated DM,
subjects with newly diagnosed DM, subjects with IGT
and subjects with NGT.

The baseline characteristics of subjects with treated
DM, newly diagnosed DM, IGT and NGT are shown in
Table 3. Subjects with treated DM were older and had
more comorbidity than subjects with newly diagnosed
DM, IGT or NGT. Subjects with IGT had less comor-
bidity than subjects with newly diagnosed DM, but more
comorbidity than subjects with NGT. Insulin levels, not
measured in subjects with anti-diabetic medication, were
the highest in subjects with newly diagnosed DM and the
lowest in subjects with NGT.

Table 4 shows average femoral neck and lumbar
spine BMD values according to the level of insulin
resistance, using subjects with NGT as a reference.
Subjects with treated DM and newly diagnosed DM
had a substantially higher BMD measurement at both
sites compared with subjects with NGT, independent of
potential confounders. The BMD in subjects with IGT
was lower than the BMD in treated DM, but it was
higher compared with subjects with NGT. Analyses
stratified by gender yielded similar results (data not
shown).

The fracture risks in subjects with treated DM, newly
diagnosed DM and IGT as compared with subjects with
NGT are shown in Table 5. The increased fracture risk,
which was observed in the overall analyses, appeared to
be restricted to subjects with treated DM. Subjects with
newly diagnosed DM were not at an increased risk for
any of the investigated fracture types. In contrast, sub-
jects with IGT have a 20–40% decreased fracture risk
independent of potential confounders and BMD.

Table 1 Baseline characteristics of subjects with and without type-2
diabetes mellitus. Values are means with standard deviations or
numbers with percentages

Characteristic Subjects with
diabetes

Subjects without
diabetes

(n=792) (n=5863)

Gender (%)
Men 309 (39.0) 2,382 (40.6)
Women 483 (61.0) 3,481 (59.4)

Age (years) 73.8 (9.2)* 68.8 (9.0)
Body mass index (kg/m2) 26.8 (4.1)* 26.2 (3.6)
Serum creatinine (lmol/l) 89.0 (23.5)* 82.6 (21.1)
Serum insulin level (mU/l) 103.7 (83.6)* 59.7 (48.7)
Lower limb disability (%) All* All
No 254 (32.7) 2,923 (50.5)
Moderate 317 (40.8) 2,186 (37.8)
Severe 206 (26.5) 680 (11.7)
Falling frequency (%) All* All
No 595 (77.0) 4,839 (83.6)
Yes:<1·/month 154 (19.9) 865 (15.0)
Yes:>1·/month 24 (3.1) 81 (1.4)
Smoking (%) All* All
Current 171 (22.4) 1,314 (22.7)
Former 290 (38.0) 2,452 (42.4)
Never 303 (39.7) 2,019 (34.9)
Visual acuity 0.83 (0.23) * 0.91 (0.18)
Use of loop diuretics (%) 98 (12.4) * 239 (4.1)
Use of thiazides (%) 16 (2.0)* 76 (1.3)
Nonvertebral fractures
in previous 5 years (%)

100 (13.5) 839 (14.5)

*p value <0.05

Fig. 2Mean BMD of the femoral neck and lumbar spine in subjects
with and without type-2 diabetes mellitus (� Full model including:
age, gender, BMI, lower limb disability, smoking, baseline use of
thiazides and baseline use of loop diuretics)
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Results did not substantially differ when stratifying for
gender (data not shown).

Discussion

The results of our study confirm earlier observations
that subjects with type-2 DM have a higher BMD. De-
spite this higher BMD, an increased fracture risk was
observed. More detailed analyses revealed that the in-
crease in fracture risk was restricted to subjects with
already established and treated DM only. Subjects with

IGT also had a higher BMD, but in contrast to subjects
with treated DM, these subjects had a significantly de-
creased fracture risk.

To our knowledge, this is the first study that inves-
tigates the association between BMD, fracture risk and
different levels of insulin resistance. The different levels
of insulin resistance in the subgroups in our study are
reflected by the different levels of serum insulin. Tripa-
thy et al. also observed a progressive increase in insulin
resistance between subjects with NGT, IGT, mild DM
and DM, which supports that our sub-classifications
indeed reflect different levels of insulin resistance [29].

Table 2 Hazard ratios (HR) of fracture risk by subjects with and without type-2 diabetes mellitus in both men and women combined and
separately (CI confidence interval)

Fracture Adjustment Combined Men Women
Subjects with diabetes Subjects with diabetes Subjects with diabetes
HR (95% CI) HR (95% CI) HR (95% CI)

Nonvertebral Crude 1.36 (1.10–1.67) 1.61 (1.05–2.46) 1.27 (1.00–1.61)
Age 1.09 (0.88–1.34) 1.34 (0.87–2.06) 1.03 (0.81–1.31)
Full model� 1.18 (0.92–1.52) 1.37 (0.82–2.29) 1.15 (0.86–1.54)
Full model�, BMD femoral neck 1.33 (1.00–1.76) 1.64 (0.93–2.90) 1.28 (0.92–1.77)

Hip Crude 1.82 (1.28–2.60) 2.02 (0.98–4.16) 1.75 (1.16–2.62)
Age 1.16 (0.81–1.65) 1.37 (0.66–2.85) 1.10 (0.73–1.65)
Full model� 1.18 (0.76–1.83) 1.30 (0.53–3.20) 1.18 (0.71–1.98)
Full model�, BMD femoral neck 1.34 (0.79–2.28) 1.34 (0.42–4.23) 1.37 (0.75–2.51)

Wrist Crude 1.22 (0.80–1.85) 0.88 (0.21–3.75) 1.23 (0.80–1.91)
Age 1.08 (0.71–1.66) 0.74 (0.17–3.17) 1.14 (0.73–1.78)
Full model� 1.23 (0.74–2.05) 0.70 (0.09–5.42) 1.33 (0.78–2.26)
Full model�, BMD femoral neck 1.40 (0.81–2.41) 1.29 (0.16–10.39) 1.45 (0.82–2.57)

�Adjusted for age, gender, BMI, smoking, serum creatinine, visual acuity, falling frequency, lower limb disability

Table 3 Baseline characteristics of subjects with treated type-2 diabetes mellitus, subjects with newly diagnosed type-2 diabetes mellitus,
subjects with impaired glucose tolerance subjects and subjects with normal glucose tolerance. Values are means with standard deviations
or numbers with percentages

Characteristic Subjects with
treated diabetes

Subjects with
newly diagnosed
diabetes

Subjects with
impaired glucose
tolerance

Subjects with
normal glucose
tolerance

(n=354) (n=424) (n=1,543) (n=4,320)

Age (years) 74.4 (8.5)* 73.1 (9.7)* 70.7 (9.4)* 68.1 (8.7)
Body mass index (kg/m2) 26.8 (4.1)* 26.9 (4.2)* 26.7 (3.8)* 26.1 (3.6)
Serum creatinine (lmol/l) 88.7 (25.0)* 89.0 (22.6)* 84.9 (20.2)* 81.7 (21.4)
Serum insulin level (mU/l) - 103.7 (83.6)* 87.8 (63.1)* 49.0 (36.8)
Lower limb disability (%) All* All* All* -
No 97 (28.1) 153 (36.6) 706 (46.7) 2,217 (51.9)
Moderate 137 (39.7) 174 (41.6) 564 (37.2) 1,622 (38.0)
Severe 111 (32.2) 91 (21.8) 246 (16.2) 434 (10.2)
Falling frequency (%) All* All* All* -
No 256 (74.6) 331 (79.4) 1,232 (81.4) 3,607 (84.5)
Yes:<1·/month 74 (21.9) 75 (17.7) 252 (16.6) 613 (14.4)
Yes:>1·/month 12 (3.5) 12 (2.9) 30 (2.0) 51 (1.2)
Smoking (%) All* All All* -
Current 72 (21.2) 96 (23.4) 363 (24.0) 951 (22.3)
Former 116 (34.1) 170 (41.5) 599 (39.5) 1,853 (43.4)
Never 152 (44.7) 144 (35.1) 553 (36.5) 1,466 (34.3)
Visual acuity 0.81 (0.23)* 0.84 (0.22)* 0.88 (0.21)* 0.92 (0.17)
Use of loop diuretics (%) 60 (16.9) * 38 (9.0) * 98 (6.4) * 141 (3.3)
Use of thiazides (%) 6 (1.7) 10 (2.4) * 27 (1.7) 49 (1.1)
Nonvertebral fractures
in previous 5 years (%)

45 (13.7) 53 (13.3) 219 (14.5) 620 (14.5)

*p value <0.05, subjects with normal glucose tolerance are reference
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Recent literature suggests that an association between
insulin levels, BMD and fractures might exist [2,30–32].
It is hypothesized that insulin has an anabolic effect on
bone formation by interacting with the IGF-1 receptor,
which is present on osteoblasts in bone, resulting in
higher bone mass, which consequently might result in a
reduced fracture risk [2,3].

In our BMD analyses, we indeed observed a higher
BMD in subjects with DM, with the highest BMD in
subjects with DM and subjects with IGT, while the
lowest BMD was observed in subjects with NGT.
These BMD results were independent of several con-
founders such as age, gender, BMI, lower limb dis-
ability, smoking, and use of either loop or thiazide
diuretics, suggesting that these factors did not play an
important role in explaining the observed association.
Aortic calcifications and osteoarthritis could have

influenced BMD measurements at the lumbar spine.
However, this would not explain the higher BMD at
the femoral neck.

Our BMD results of subjects with type-2 DM confirm
other studies [5,7–10]. Some other investigators observed
different BMD results in subjects with DM [11–17]. For
instance, Levin et al. reported a decreased BMD in adult
onset diabetes [11]. However, they did not describe
which criteria were used to separate adult onset diabetes
from juvenile onset. It is likely that they included sub-
jects with type-1 DM in the adult onset DM group,
considering the age distribution and the percentage of
insulin-treated subjects.

The results of BMD in subjects with newly diagnosed
DM and subjects with IGT could not be compared with
other studies, because to our knowledge no other study
has yet investigated these associations.

Table 4 Mean bone mineral density at the femoral neck and lumbar spine in subjects with treated type-2 diabetes mellitus, subjects with
newly diagnosed type-2 diabetes mellitus, subjects with impaired glucose tolerance and subjects with normal glucose tolerance. Values are
means with standard errors

Bone mineral density (BMD) Subjects with
treated diabetes
( n =231)

Subjects with
newly diagnosed
diabetes
(n=332)

Subjects with
impaired glucose
tolerance
( n =1,295)

Subjects with
normal glucose
tolerance
( n =3,888)
Reference

BMD femoral neck (g/cm2 ± SE)
Crude 0.839±0.009 0.858±0.008* 0.843±0.004* 0.834±0.002
Adjusted for age, gender 0.859±0.009* 0.869±0.007* 0.841±0.004* 0.831±0.004
Full model� 0.852±0.008* 0.861±0.007* 0.836±0.004 0.833±0.002

BMD lumbar spine (g/cm2 ± SE)
Crude 1.131±0.013* 1.134±0.011* 1.090±0.006 1.084±0.003
Adjusted for age, gender 1.135±0.013* 1.132±0.010* 1.088±0.005 1.084±0.003
Full model� 1.120±0.012* 1.121±0.010* 1.081±0.006 1.086±0.003

*p value <0.05
�Full model including: age, gender, BMI, lower limb disability, smoking, baseline use of thiazides and baseline use of loop diuretics

Table 5 Hazard ratios ( HR) and 95% confidence interval ( CI) of fracture risk by subjects with treated type-2 diabetes mellitus, subjects
with newly diagnosed type 2-diabetes mellitus and subjects with impaired glucose tolerance compared with subjects with normal glucose
tolerance

Fracture Adjustments Subjects with
treated diabetes

Subjects with
newly diagnosed
diabetes

Subject with
impaired glucose
tolerance

Subjects with
normal glucose
tolerance

( n =354) ( n =424) ( n =1,543) ( n =4,320)
HR (95%CI) HR (95%CI) HR (95%CI) HRReference

Nonvertebral Crude 1.82 (1.39–2.39) 0.98 (0.72–1.34) 0.96 (0.80–1.14) 1
Age, gender 1.38 (1.05–1.82) 0.80 (0.58–1.09) 0.85 (0.71–1.01) 1
Full model� 1.68 (1.20–2.36) 0.82 (0.56–1.18) 0.83 (0.67–1.02) 1
Full model�,
BMD femoral neck

1.69 (1.16–2.46) 1.01 (0.68–1.52) 0.80 (0.63–1.00) 1

Hip Crude 2.51 (1.56–4.03) 1.54 (0.91–2.59) 1.35 (0.99–1.86) 1
Age, gender 1.41 (0.88–2.27) 0.90 (0.52–1.52) 0.98 (0.72–1.36) 1
Full model� 1.64 (0.89–3.02) 0.86 (0.45–1.64) 1.08 (0.74–1.57) 1
Full model�,
BMD femoral neck

1.26 (0.57–2.78) 1.47 (0.73–2.97) 1.19 (0.77–1.83) 1

Wrist Crude 1.59 (0.94–2.71) 0.72 (0.37–1.41) 0.68 (0.47-.99) 1
Age, gender 1.40 (0.81–2.40) 0.67 (0.34–1.31) 0.64 (0.44–93) 1
Full model� 2.04 (1.08–3.85) 0.73 (0.29–1.01) 0.58 (0.37-.91) 1
Full model�,
BMD femoral neck

2.14 (1.10–4.18) 0.82 (0.33–2.02) 0.49 (0.29-.82) 1

�Full model including: age, gender, BMI, smoking, serum creatinine, visual acuity, falling frequency and lower limb disability
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In the analyses, we observed that the increased frac-
ture risk found in subjects with DM was restricted to
subjects with already established and treated DM only.
This result suggests that an association exists between
the duration of the disease and the risk of fractures.

One explanation for this observed increased fracture
risk in treated DM is that, due to long-term DM, sub-
jects with established and treated DM suffer more from
disease-related complications, such as poor balance and
vision, cardiovascular disease and peripheral neuropa-
thy, which might increase falling frequency [33]. In our
fracture-risk analyses, we did adjust for falling fre-
quency. However, this variable was only measured at
baseline, and, therefore, the confounding effect could
not be entirely ruled out.

A second explanation is glycation of collagen in bone.
Hyperglycemia instigates a higher concentration of ad-
vanced glycation end products in collagen, which might
cause a decrease in bone strength, resulting in an in-
creased fracture risk [34–36]. Given the fact that glyca-
tion might increase with the duration of the disease, this
would explain that especially subjects with already
established and treated DM have an increase in fracture
risk.

In contrast to subjects with already treated DM, we
observed a significantly decreased fracture risk in sub-
jects with IGT, which is in line with the hypothesis that
insulin has an anabolic effect on bone, resulting in a
lower fracture risk. Subjects with IGT already have an
increased insulin resistance, displayed by a higher serum
insulin concentration compared with subjects with
NGT, but they do not yet suffer as much from disease-
related complications as subjects with DM do. In addi-
tion, one could hypothesize that the level and the
duration of hyperglycemia is less than in subjects with
treated DM, which might result in less glycation of
collagen in bone than in subjects with already treated
DM.

However, if the increased BMD is the most important
factor for the reduced fracture risk, we expected that
adjustment for BMD would have had a large effect on
this risk [2,3]. However, the fracture risk was only mildly
affected by the adjustment for BMD, suggesting that
insulin might also have other effects that influence bone
fragility. Therefore, further studies are needed to
establish the effect of hyperinsulinemia on bone quality.

The increased fracture risk results seen in our study
are in agreement with findings of other previous studies
[10,18–20]. A study of The Nord-Trøndelag Health
Survey reported an increased hip fracture risk in women
with type-2 DM known for more than 5 years [18].
Schwartz et al., in the SOF study, reported an increase
of nonvertebral fracture risk in women with DM, both
insulin and non-insulin treated [10]. On the other hand,
some studies found other results than ours [8, 21,22]. We
previously reported a decreased risk of prevalent non-
vertebral fractures, occurring in the preceding 5 years
before the baseline visit, in subjects with DM [8].
However, it is very likely that these subjects who were

thought to have DM had IGT instead of DM, at the
time they suffered a fracture. Therefore, the results of the
previous study are not in contrast to the findings of the
present study. Health et al., studying fractures occurring
before diagnosis of DM, observed a decreased fracture
risk in subjects with DM as well [21]. In contrast, they
also reported a decreased fracture risk after the diag-
nosis. However, they did not adjust for BMI and did not
investigate the association between the duration of the
disease and the fracture risk.

Although our study is a large population-based
study, we did not perform a fasting OGTT but used the
2-h post-glucose level as recommended by the WHO
[25]. It appears that the 2-h post-load glucose is the best
indicator of the presence of DM [37–39]. There is also
evidence that a non-fasting OGTT provides similar re-
sults as a fasting OGTT [40]. When we performed in 69
participants both the fasting and non-fasting OGTT,
glucose levels were comparable [38]. Furthermore, the
prevalence of DM in this population is equivalent with
the prevalence in the Dutch population [41]. Neverthe-
less, it could still be possible that some subjects were
misclassified, but this is equally likely with subjects with
NGT, which would only result in an underestimation of
the observed effects.

In conclusion, the results of our study confirm earlier
observations that subjects with type-2 DM have a higher
BMD. Despite this higher BMD, an increased fracture
risk was observed. More detailed analyses revealed that
the increase in fracture risk was restricted to subjects
with already established and treated DM. Subjects with
IGT had a higher BMD as well, but in contrast to
subjects with treated DM, these subjects had a signifi-
cantly lower fracture risk. The results suggest that
insulin can affect BMD and fracture risk, but in the
long-term, the fracture risk increases, probably due to
complications and general comorbidity as a result of
long-term DM.
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