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Abstract
Background: Increased risk of osteoporosis and its clinical significance in patients with diabetes is controversial. We
analyze osteoporosis prevalence and determinants of bone mineral density (BMD) in patients with type 1 and 2
diabetes.
Methods: Three hundred and ninety-eight consecutive diabetic patients from a single outpatient clinic received a
standardized questionnaire on osteoporosis risk factors, and were evaluated for diabetes-related complications,
HbA1c levels, and lumbar spine (LS) and femoral neck (FN) BMD. Of these, 139 (71 men, 68 women) type 1 and 243
(115 men, 128 women) type 2 diabetes patients were included in the study. BMD (T-scores and values adjusted for
age, BMI and duration of disease) was compared between patient groups and between patients with type 2
diabetes and population-based controls (255 men, 249 women).
Results: For both genders, adjusted BMD was not different between the type 1 and type 2 diabetes groups but
was higher in the type 2 group compared with controls (p < 0.0001). Osteoporosis prevalence (BMD T-score < −2.5
SD) at FN and LS was equivalent in the type 1 and type 2 diabetes groups, but lower in type 2 patients compared
with controls (FN: 13.0% vs 21.2%, LS: 6.1% vs 14.9% men; FN: 21.9% vs 32.1%, LS: 9.4% vs 26.9% women). Osteoporosis
prevalence was higher at FN-BMD than at LS-BMD. BMD was positively correlated with BMI and negatively
correlated with age, but not correlated with diabetes-specific parameters (therapy, HbBA1c, micro- and
macrovascular complications) in all subgroups. Fragility fracture prevalence was low (5.2%) and not different
between diabetes groups. Fracture patients had lower BMDs compared with those without fractures; however,
BMD T-score was above −2.5 SD in most patients.
Conclusions: Diabetes-specific parameters did not predict BMD. Fracture occurrence was similar in both diabetes
groups and related to lower BMD, but seems unrelated to the threshold T-score, <−2.5 SD. These results suggest
that osteoporosis, and related fractures, is a clinically significant and commonly underestimated problem in diabetes
patients.
Keywords: Bone mineral density, Diabetes mellitus, Fractures, Osteoporosis, Vascular complications

Background
Although skeletal disorders in patients with diabetes mellitus have been reported, there is still controversy over the
risk of osteoporosis and its clinical significance in patients
with diabetes mellitus [1-3]. Many studies have demonstrated osteopenia and increased fracture risk in patients
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with type 1 diabetes, however the evidence for this risk in
type 2 diabetics is controversial [4-9]. Findings of increased
BMD and body weight, coupled with older epidemiological
studies suggesting no increase or even a decrease in fracture risk led to speculation that patients with type 2 diabetes could have a decreased risk of osteoporosis [10].
However, recent epidemiological and clinical studies provide substantial evidence for an increased fracture risk in
patients with type 2 diabetes, despite an increased BMD or
independently of BMD [3,11-20]. Diabetes mellitus type 1
and type 2 are considered clinical risk factors within the
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FRAX-algorithm which is a validated instrument to assess
fracture probability [21].
The majority of older clinical studies focusing on diabetes mellitus and risk of osteoporosis are hampered by
methodological problems, such as: relatively small sample sizes; heterogeneous study populations; and the use
of different techniques and measurement sites for BMD.
Within epidemiological studies, the information on diabetes status is often limited to self-reports without precise information on diabetes classification or control
[1,2,20,22].
Osteoporosis and type 2 diabetes mellitus are commonly observed in the elderly population and will likely
increase in the future. Therefore, there is a need for further investigation into the relationship between diabetes
and osteoporosis risk, and related fractures. The aim of
this study was to investigate the prevalence of osteoporosis (lumbar spine (LS) and femoral neck (FN) BMD
< −2.5 SD T-score) and of fragility fractures, as well as
determinants of BMD in a cohort of consecutive patients
with known type 1 and type 2 diabetes mellitus. The
prevalence of low BMD in patients with type 2 diabetes
was compared with a population-based control group of
the same age range living in the same area. Among possible determinants of LS-BMD and FN-BMD and risk of
osteoporosis, we focused on the influence of diabetesspecific parameters like control of blood sugar, diabetes
therapy, duration of disease and presence of vascular
complications.

Methods
Patients

Diabetes group: A total of 398 patients with diabetes mellitus, comprising 155 patients with type 1 diabetes and 243
with type 2 diabetes were recruited consecutively from the
outpatient clinic at the University of Heidelberg. Recruitment was performed as part of a cross-sectional, singlecenter study, performed in the Heidelberg study center in
connection with the European Vertebral Osteoporosis
Study (EVOS), which was a multicenter study to determine
possible risk factors for osteoporosis [23,24]. Data collection
was performed during routine follow up visits for the control of diabetes between 12/1997–12/1999.
Control group: Participants in the EVOS within the
Heidelberg study center without a history of diabetes
mellitus were used as a control group. These were a suitable control group for our patients with type 2 diabetes
because they were a randomly selected population-based
sample living in the same region with the same age distribution as the patient group. This control group comprised 255 men and 249 women [25,26].
Ethical approval was obtained from the Ethics Committee of the Heidelberg University for the EVOS and
this additional study, including recruitment of diabetic
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patients from our outpatient department. All participants and patients gave written informed consent.
Methods

Diabetes ascertainment and classification of diabetes
type:
Diagnosis of type 1 or type 2 diabetes was based on a review of the patients’ medical records within the outpatient
clinic of the Department of Internal Medicine, Endocrinology and Metabolism, University Hospital Heidelberg. The
classification of type 1 diabetes was based on: hyperglycemia and insulin deficiency requiring insulin treatment;
clinical course of disease with diabetic coma or other clinical manifestations; and, in most patients, on additional laboratory findings (low insulin and low C-peptide serum
levels and positive GAD antibodies). There were 16/398
consecutive patients whose disease was classified as type 1
diabetes within the clinical records, who did not need insulin treatment at the time of the study (either patients with
recently diagnosed diabetes or patients with longer duration
of diabetes who might be misclassified as type 1). These 16
patients without need of insulin treatment were excluded
from the present study. Therefore, the final study cohort
comprised 139 patients (71 men, 68 women) with type 1
diabetes.
Type 2 diabetes was defined by hyperglycemia (i.e.,
two consecutive fasting glucose levels ≥ 7.0 mmol/dl
(>100 mg/dl)) in combination with insulin resistance
(obesity). Furthermore, patients who required medication typically used for treatment of hyperglycemia in
type 2 diabetes (e.g. metformin) were classified as type 2
diabetics. Additional laboratory tests (insulin or Cpeptide levels or GAD-antibodies) were performed only
in those patients who could not be unequivocally classified by clinical parameters.
All diabetic patients were subjected to the standardized
questionnaire on general risk factors for osteoporosis and
for fragility fractures developed for the EVOS [26,27]. The
fracture related questions were detailed with respect to
location (vertebral, hip, wrist, rib and other fractures), fracture occurrence (year) and trauma severity. A fracture occurring spontaneously or after a fall from standing position
was defined as a low trauma fracture. Fractures occurring
after a fall from a higher position or caused by other
traumatic events were classified as traumatic fractures
and excluded from the analysis. Comorbidities and comedications were assessed through a standardized questionnaire examining the following parameters: surgical therapies (gastric, intestinal, thyroid or parathyroid surgery;
ovariectomy); rheumatoid arthritis; hyperthyroidism; hyperparathyroidism; hypercortisolism; chronic liver diseases;
chronic gastrointestinal diseases; chronic renal diseases;
nephrolithiasis; chronic lung diseases and asthma. Comedication taken for longer than 3 months was recorded
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for: glucocorticoids; antacids; diuretic medications; and hormone replacement therapy.
Furthermore, standardized questions on the history of
diabetes were included in the questionnaire (age at diagnosis of diabetes, diabetes specific therapy: diet, oral antidiabetics including metformin, sulfonylurea, insulin).
We evaluated data from patient records regarding microvascular and/or macrovascular complications. All respective
clinical investigations were performed during the routine
care of the patients within the diabetes department. With
respect to microvascular complications, the presence of diabetic nephropathy was evaluated by measurement of serum
creatinine and albumin excretion in morning spot urine by
standardized laboratory methods (albuminuria <20 mg/l
normal; 20–200 mg/l microalbuminuria, >200 mg/l macroalbuminuria). Data on diabetic retinopathy were collected
from written reports from ophthalmologists and classified
as normal or pathological. The ophthalmologists did not
use a standardized protocol for classification of retinopathy
at the time when the study was performed. The
pathological findings included: maculopathy; proliferative
retinopathy; vitreous hemorrhage; and nonproliferative retinopathy. Furthermore, we recorded whether laser therapy
was performed. The presence of polyneuropathy was determined by clinical investigation (measurement of vibration).
Macrovascular complications (coronary heart disease, myocardial infarction, stroke, peripheral arterial disease) were
determined by reviewing patient records or, in cases where
no positive history had been recorded, by screening for cardiological abnormalities (exercise test, echocardiography).
During clinical follow up, the following tests were performed on all patients: blood pressure measurement; detection of peripheral pulse status; inspection of feet; a
neurological evaluation; and blood tests (blood sugar,
HbA1c, and lipid levels; renal function). Blood samples
were taken from all patients and stored at −80°C.
Bone mineral density (BMD) was measured at the LS
(L2–L4, LS) and at the FN by dual-energy x-ray absorptiometry (DXA) using a Hologic 4500 bone densitometer.
Reference data provided by Hologic for Caucasian populations were used to compare the patients’ measurements
with age- and sex-matched normal BMD data and to calculate T-scores, according to the WHO criteria [osteoporosis
(t-score < −2.5 SD), osteopenia (t-score from −1 to −2.5 SD)
and normal (t-score > −1 SD)] [28].
Statistical analysis

Descriptive statistics for continuous variables included
mean, median and standard deviation, categorical variables
were reported with absolute and relative frequencies. The
distribution of BMD was reported, stratified by gender and
diabetes type, for absolute measurements and T-scores. To
investigate the factors underlying the respective differences
between the type 1 and type 2 diabetes groups, we used
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analysis of covariance (ANCOVA), with age, body mass
index (BMI) and disease duration as covariates, to calculate
adjusted BMD values and reported the respective least
square means (LSMEANS) ± standard error (SE) for the
subgroups. Pearson correlation analyses were used to assess
the univariate relationship between BMD and risk factors.
In addition, multiple linear regression analysis was performed to evaluate determinants of BMD, analyzed separately for type of diabetes. Age, gender, and BMI were
included in the model as known predictors of BMD, and in
addition, diabetic specific parameters (duration of diabetes,
HbA1c level and presence of micro- or macrovascular
complications) were considered. Logistic regression models
were used to assess determinants of osteoporosis defined
by T-score < −2.5 SD. Between-group differences were
tested using t-test or ANCOVA. The difference in prevalence rates of osteoporosis between the LS-BMD and FNBMD were analyzed using the McNemar test. Due to the
low prevalence of fragility fractures, all analyses referring to
fractures must be considered as descriptive and therefore
no multivariate analysis on fracture determinants was performed. The level of significance was set to 5%. All statistical calculations were carried out using SAS version 9.1.

Results
Clinical characteristics of the patients with diabetes mellitus
and the control group are described in Table 1 according to
diabetes type and gender. At the time of this study, patients
with type 1 diabetes were approximately 20 years younger
than those with type 2 diabetes (Table 1, Figure 1B) and the
BMI was significantly lower in type 1 than type 2 patients
(Table 1, p < 0.0001). Type 1 diabetes was diagnosed at a
younger age than type 2 diabetes, with around 15% of patients diagnosed during childhood (before 12 years of age),
presumably before the onset of puberty (Figure 1A). The
time since diagnosis (mean duration) of diabetes mellitus
was longer in patients with type 1 diabetes than in those
with type 2 diabetes (p < 0.001). Macrovascular complications including coronary heart disease, cerebrovascular
complications, and peripheral artery disease as well as
major comorbidities, such as hypertension, were more
likely to be present in patients with type 2 diabetes than in
those with type 1 diabetes. The presence of microvascular
complications was not uniformly distributed: polyneuropathy was more frequent in type 2 than in type 1 diabetes,
while retinopathy was more frequent in type 1 diabetes – especially the more severe forms of retinopathy (proliferative changes found in 17/137 (12.4%)
type 1 diabetes patients compared with 13/237 (5.5%)
in type 2 diabetes patients); no clear differences were
seen for nephropathy.
The distribution of comorbidities and co-medications
is summarized in the Additional file 1: Table S1. Among
patients with type 1 diabetes the majority of assessed
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Table 1 Characteristics of patients and control group

Age (years)
2

BMI (g/cm )

Age at menopause

Type 1 diabetes mellitus
(n = 139)

Type 2 diabetes mellitus
(n = 243)

Control group
(n = 504)

Men
(n = 71)

Women
(n = 68)

Men
(n = 115)

Women
(n = 128)

Men
(n = 255)

Women
(n = 249)

Mean ± SD
(Min. - max.)

Mean ± SD
(Min. - max.)

Mean ± SD
(Min. - max.)

Mean ± SD
(Min. - max.)

Mean ± SD
(Min. - max.)

Mean ± SD
(Min. - max.)

42.0 ± 12.9*

45.8 ± 13.0*

62.7 ± 8.5

62.9 ± 8.5

64.9 ± 8.4#

64.1 ± 8.0

(17–42)

(22–79)

(37–83)

(28–87)

(51–82)

(51–81)

25.2 ± 3.3*

24.6 ± 2.9*

28.9 ± 4.5

29.7 ± 5.3

27.6 ± 3.5##

26.9 ± 4.5##

(15.9–24.8)

(18.9–32.0)

(21.6–47.8)

(18.9–47.3)

(19–45)

(16.8–42.1)

(n = 13)

-

(n = 84)

-

-

41.4 ± 6.2
(30–52)
Systolic blood pressure

Diastolic blood pressure

49.9 ± 4.7

(27–58)

(32–60)

127.8 ± 18.6

123.0 ± 17.2

136.8 ± 19.4

135.6 ± 21.1

(85–175)

(90–125)

(100–225)

(80–190)

74.9 ± 10.7

71.4 ± 10.2

76.2 ± 11.2

73.2 ± 11.9

(45–75)

(55–95)

(50.0–110.)

(45–110)

Diabetes specific parameters
Age at first diagnosis of diabetes

Duration of diabetes (years)

HbA1c

Diabetes therapy

26.4 ± 10.2*

25.1 ± 11.1*

51.9 ± 9.4

51.3 ± 11.9

(8–53)

(1–55)

(31–75)

(20–80)

15.6 ± 12.0**

20.7 ± 12.2*

12 ± 9

11 ± 8

(0.2–44.0)

(0.4–46.2)

(0–34)

(0–33)

7.09 ± 1.17

7.15 ± 1.07

7.22 ± 1.34

7.26 ± 1.19

(5.3–10.4)

(4.7–10.4)

(4.8–11.4)

(4.9–11.1)

n (%)

n (%)

n (%)

n (%)

50 (43.5)

59 (46.1)

68 (100.0)

65 (56.5)

69 (53.9)

Diet or oral antidiabetics
Insulin

71 100.0)

Microvascular complications
Retinopathy

(n = 69)

(n = 68)

(n = 111)

(n = 126)

No

41 (59.4)

42 (61.8)

86 (77.5)

86 (68.2)

Yes

28 (40.6)

26 (38.2)

25 (22.5)

40 (31.8)

Polyneuropathy

(n = 70)

(n = 67)

(n = 115)

(n = 128)

No

49 (70)

47 (70.2)

48 (41.7)

63 (49.2)

Yes

21 (30)

20 (29.8)

67 (58.3)

65 (50.8)

Nephropathy

(n = 71)

(n = 68)

(n = 106)

(n = 116)

Normal

50 (70.4)

55 (80.9)

61 (57.6)

81 (69.8)

Microalbuminuria

15 (21.1)

12 (17.7)

35 (33.0)

26 (22.4)

Macroalbuminuria

6 (8.5)

1 (1.4)

10 (9.4)

9 (7.8)

(n = 66)

(n = 65)

(n = 108)

(n = 123)

No

58 (87.9)

60 (92.3)

77 (71.3)

100 (81.3)

Yes

8 (12.1)

5 (7.7)

31 (28.7)

23 (18.7)

Myocardial infarction

6 (8.5)

2 (2.9)

24 (20.9)

16 (12.5)

2 (2.9)

0 (0)

6 (5.2)

7 (5.5)

Macrovascular complications
Coronary heart disease

Cerebrovascular disease
(Stroke, TIA, PRIND)

(n = 198)

46.6 ± 7.2
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Table 1 Characteristics of patients and control group (Continued)
Peripheral artery disease

(n = 68)

(n = 68)

(n = 111)

(n = 124)

No

62 (91.2)

63 (92.6)

91 (82.0)

105 (84.7)

Yes

6 (8.8)

5 (7.4)

20 (18.0)

19 (15.3)

27 (38.0)

21 (30.9)

83 (72.2)

97 (75.8)

Hypertension
yes

Comparison between type 1 and type 2 diabetes groups by gender: *p < 0.0001; **p < 0.001.
Comparison between type 2 diabetes group with control group by gender: #p < 0.02, ##p < 0.006.
TIA (transient ischemic attack); PRIND (prolonged ischemic neurological deficit).

comorbidities were rarely reported (prevalence less than
5%). However, hyperthyroidism, rheumatoid arthritis and
chronic lung disease were each reported in up to 10% of
the women. For both men and women with type 2 diabetes, a history of rheumatoid arthritis, hyperthyroidism,

nephropathy or chronic lung disease was reported in
5–15% of patients. Use of glucocorticoids was reported
in 6–12.5% and antacids were used by 6.5–18.6% of
patients.
Distribution of BMD in patients with type 1 and type 2
diabetes

A

35

Type 1
Type of Diabetes

Percent

30
25
20
15
10
5
0
35

Type 2

Percent

30
25
20
15
10
5
0
0

8

16 24 32 40 48 56 64 72 80 88
Age at diagnosis of diabetes (years)

35

B

Percent

Type of Diabetes

Type 1

30
25
20
15
10

Percent

Type 2

5
0
35
30
25
20

Figure 2 illustrates the age and sex specific distributions
of FN-BMD in patients with type 1 and type 2 diabetes
in relation to the respective reference distributions. Men
and women with type 1 diabetes had BMD values usually within the reference range and the linear regression
lines fitted to the data did not significantly differ from
the mean reference curve values. In contrast, patients
with type 2 diabetes had significantly higher mean FNBMD compared with the mean reference values. Similar
distributions were found for LS-BMD in all subgroups
(data not shown).
The comparison of BMD values between patients with
type 1 and type 2 diabetes mellitus and the control
group is shown, stratified by gender, in Tables 2 and 3
(absolute measurements, T-scores and adjusted BMD
values). Age-adjusted mean BMD at the FN was significantly lower in men and women with type 1 diabetes
compared with those with type 2 diabetes (p = 0.0004
and p = 0004). A similar trend was found for BMD at
the LS, while the differences were smaller and reached
significance only in women (p = 0.02). However, when
BMD values were adjusted for age, BMI and duration of
disease, the adjusted values were not different between
patients with type 1 and type 2 diabetes. In contrast, in
both male and female patients with type 2 diabetes, the
adjusted BMD values remained significantly higher at
the FN and LS compared with the age-matched control
group.

15
10

Prevalence of osteoporosis in patients with diabetes
compared with the control group

5
0
0

8

16

24

32 40

48

56

64

72

80

88

Age at onset of study (years)

Figure 1 Distribution of age at time of diagnosis of diabetes
subgrouped by type 1 and type 2 diabetes (A) and distribution
of age at time of study performance (B).

The prevalence of osteoporosis, osteopenia and normal
BMD in patients with diabetes and the control group
based on femoral BMD and LS-BMD measurements is
summarized in Tables 2 and 3, stratified by gender. No
difference was observed between men and women with
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Women - type 1

Men - type 1
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Figure 2 Distribution of femoral neck bone mineral density (BMD) subgrouped according to type of diabetes and gender in
comparison to the normal distribution (Hologic reference population, mean ± 2 SD).

type 1 diabetes for the prevalence of osteoporosis at the
FN (9.9% of men and 10.3% of women). However,
women with type 2 diabetes had a higher prevalence
(21.9%) than men with type 2 diabetes (13.0%). The respective prevalence of osteoporosis at the LS was 5.6%
in men and 5.9% in women with type 1 diabetes and
6.1% in men and 9.4% in women with type 2 diabetes.
The proportion of patients with osteoporosis at the FN
(T-score < −2.5 SD) was higher compared with the proportion of patients with osteoporosis at the LS in all
groups, however this difference only reached statistical
significance in patients with type 2 diabetes (p = 0.03 in
men, p = 0.001 in women).
The prevalence of osteoporosis was significantly lower
at both measurement sites in patients with type 2 diabetes in comparison with the age-matched, populationbased control group (LS-BMD: men 14.9%, women
26.9%; FN-BMD: men 21.2%, women 32.1%). The risk of
having osteoporosis according to BMD criteria was approximately halved in patients with type 2 diabetes compared with the control group [LS-BMD Odds ratio (95%
CI): men 0.36 (0.16–0.83); women 0.28 (0.14–0.53) and
FN-BMD Odds ratio (95% CI): men 0.52 (0.28–0.97);
women 0.59 (0.36–0.97)].

Determinants of BMD in patients with type 1 and type 2
diabetes

We observed a significant and positive correlation between
BMI and FN-BMD. The correlation was more pronounced
in men and women with type 2 diabetes (r = 0.37,
p < 0.0001 and r = 0.44, p <0.0001) than men and women
with type 1 diabetes (r = 0.24, p <0.04 and r = 0.20, p <0.09).
Duration of diabetes and FN-BMD were significantly and
negatively correlated in women with type 1 diabetes
(r = −0.34, p < 0.005) but not in men with type 1 diabetes
(r = −0.18, p < 0.13) and not in patients with type 2 diabetes
(r = −0.11, p = 0.2 in women, r = −0.15, p = 0.1 in men).
HbA1c levels were not correlated with BMD in any subgroup (type 1 diabetes: women: r = −0.03, men: r = −0.03;
type 2 diabetes: women: r = −0.076, men: r = −0.07). Furthermore, there was no difference in BMD between women
with type 2 diabetes treated with diet, oral antidiabetics or
insulin therapy, but BMD was lower in men with type 2
diabetes undergoing insulin treatment (LSMEAN ± SE; FNBMD 0.86 ± 0.02 g/cm2; LS-BMD 1.035 ± 0.02 g/cm2)
compared with those treated with other therapies (FNBMD 0.91 ± 0.02 g/cm2; LS-BMD 1.13 ± 0.02 g/cm2) (p =
0.02; p = 0.004). Age-adjusted FN-BMD was compared with
respect to the presence of micro- or macrovascular
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Table 2 Distribution of bone mineral density (BMD) in patients with type 1 and type 2 diabetes mellitus and the
control group by gender (men)
Men
BMD
2

Type 1 n = 71

Type 2 n = 115

Control n = 255

Type 1 vs. type 2

Type 2 vs. control

Mean ± SD

Mean ± SD

Mean ± SD

p-value

p-value

Lumbar BMD (g/cm )

1.05 ± 0. 14

1.08 ± 0.18

1.03 ± 0.20

0.263

0.03

Femoral Neck BMD (g/cm2)

0.84 ± 0.12

0.88 ± 0.15

0.81 ± 0.13

0.079

0.0001

T-Score (SD) Lumbar BMD

−0.56 ± 1.34

−0.31 ± 1.61

−0.76 ± 1.78

0.268

0.017

T-Score (SD) Femoral Neck BMD

−1.20 ± 1.11

−0.90 ± 1.39

−1.55 ± 1.24

0.104

0.0001

Adjusted BMD*

LSMEAN ± SE

LSMEAN ± SE

LSMEAN ± SE

Lumbar BMD (g/cm2)

1.05 ± 0.03

1. 08 ± 0.02

1.03 ± 0.01

0.453

0.027

Femoral Neck (g/cm )

0.83 ± 0.02

0. 88 ± 0.02

0.81 ± 0.01

0.11

0.0011

WHO-criteria

% (n)

% (n)

% (n)

<−2.5 SD (Osteoporosis)

5.6 (4)

6.1 (7)

14.9 (38)

−2.5 SD – −1.0 SD (Osteopenia)

31.0 (22)

30.4 (35)

32.9 (84)

>−1.0 SD (Normal)

63.4 (45)

63.5 (73)

52.2 (133)

2

Lumbar BMD T-score

WHO-criteria
Femoral Neck BMD T-score
<−2.5 SD (Osteoporosis)

9.9 (7)

13.0 (15)

21.2 (54)

−2.5 SD – −1.0 SD (Osteopenia)

45.1 (32)

35.7 (41)

49.8 (127)

>−1.0 SD (Normal)

45.1 (32)

51.3 (59)

29.0 (74)

SD = Standard deviation.
LSMEAN = Least Square Mean (age adjusted BMD-values), SE = Standard Error.
*Adjusted for age, duration of diabetes and BMI.

complications subgrouped by diabetes type and gender. For
women with type 1 diabetes, there was a tendency for lower
BMD values in patients with coronary heart disease than in
those without coronary heart disease (FN-BMD LSMEAN
0.73 ± 0.05 g/cm2 vs. 0.80 ± 0.013 g/cm2; p = 0.13). The respective differences were only marginal within the other
subgroups. None of the other micro- and macrovascular
complications (retinopathy, polyneuropathy, nephropathy,
peripheral artery disease), showed a relationship to BMD
(data not shown, available on request).
Multiple linear regression analyses were performed to
identify determinants of LS-BMD and FN-BMD in patients with type 1 and type 2 diabetes (detailed results
see Table 4). In patients with type 1 diabetes, only age
and BMI were significantly associated with LS-BMD and
FN-BMD, while diabetes-specific variables (duration of
diabetes, HbA1c level, presence of vascular complications) showed no significant influence. In patients with
type 2 diabetes, LS-BMD was significantly determined
by gender, age, BMI and duration of diabetes, while FNBMD was dependent on gender, age and BMI. Similar
results were found within a multivariable logistic regression analysis to identify determinants of a FN-BMD
below a T-score of −2.5 SD. Age was the only significant
predictor of a FN-BMD below T-score of −2.5 SD in

patients with type 1 diabetes, while in type 2 diabetes,
age and BMI were significantly associated with a low
BMD.
Fracture history in type 1 and type 2 diabetes

Information on fracture history was complete in 85% of
our diabetic patients (n = 325). Traumatic fractures were
reported in 12 patients (3 rib fractures, 4 wrist and 7
other fractures (note some patients had multiple fractures)) - these fractures were excluded from further analysis. At least one low trauma fracture was reported for
17 patients after diabetes was confirmed. The mean time
between diagnosis of diabetes and fracture occurrence
was 10.3 ± 8.5 years in patients with type 1 and 5.8 ±
6.7 years in patients with type 2 diabetes. In these 17 patients, a total of 22 low trauma fractures were reported
and distributed as follows: two vertebral, one hip, four
rib, four wrist, and 11 other fractures. The overall prevalence of persons with a history of low trauma fracture
(17/325, 5.2%) did not significantly differ according to
gender or type of diabetes [type 1 diabetes: men 4/63
(6.4%); women 4/63 (6.4%); type 2 diabetes: men 3/94
(3.2%); women 6/105 (5.7%)].
The distribution of FN-BMD and LS-BMD (T-scores)
subgrouped into patients with and without fractures by
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Table 3 Distribution of bone mineral density (BMD) in patients with type 1 and type 2 diabetes mellitus and the
control group by gender (women)
Women
BMD
2

Type 1 n = 68

Type 2 n = 128

Control n = 249

Type 1 vs. type 2

Type 2 vs. control

Mean ± SD

Mean ± SD

Mean ± SD

p-value

p-value

Lumbar BMD (g/cm )

1.03 ± 0.15

1.02 ± 0.17

0.90 ± 0.18

0.733

0.0001

Femoral Neck BMD (g/cm2)

0.80 ± 0.12

0.79 ± 0.16

0.70 ± 0.12

0.940

0.0001

T-Score (SD) Lumbar BMD

−0.45 ± 1.37

−0.46 ± 1.56

−1.65 ± 1.53

0.974

0.0001

T-Score (SD) Femoral Neck BMD

−1.01 ± 1.15

−0.95 ± 1.57

−1.96 ± 1.13

0.772

0.0001

Adjusted BMD*

LSMEAN ± SE

LSMEAN ± SE

LSMEAN ± SE

Lumbar BMD (g/cm2)

1.01 ± 0.03

1.05 ± 0.01

0.91 ± 0.01

0.337

0.0001

Femoral Neck (g/cm )

0.78 ± 0.02

0.80 ± 0.01

0.71 ± 0.01

0.560

0.0001

WHO-criteria

% (n)

% (n)

% (n)

<−2.5 SD (Osteoporosis)

5.9 (4)

9.4 (12)

26.9 (67)

−2.5 SD – −1.0 SD (Osteopenia)

29.4 (20)

27.3 (35)

42.6 (108)

>−1.0 SD (Normal)

64.7 (44)

63.3 (81)

30.5 (76)

2

Lumbar BMD T-score

WHO-criteria
Femoral Neck BMD T-score
<−2.5 SD (Osteoporosis)

10.3 (7)

21.9 (28)

32.1 (80)

−2.5 SD – −1.0 SD (Osteopenia)

41.2 (28)

31.2 (40)

45.8 (114)

>−1.0 SD (Normal)

48.5 (33)

46.9 (60)

22.1 (55)

SD = Standard deviation.
LSMEAN = Least Square Mean (age adjusted BMD-values), SE = Standard Error.
*Adjusted for age, duration of diabetes and BMI.

Table 4 Multiple linear regression analyses of determinants of bone mineral density (BMD) in patients with type 1 and
type 2 diabetes
Diabetes mellitus type 1
Dependent variable: lumbar BMD

Dependent variable: femoral neck BMD

Parameter estimate; SE

p-value

Parameter estimate; SE

p-value

Gender (women vs. men)

0.0050; 0.02

0.84

−0.019; 0.02

0.32

Age

−0.0025; 0.001

0.04

−0.003; 0.0009

0.0004

Duration of diabetes

−0.0009; 0.001

0.51

−0.0009; 0.001

0.51

BMI

0.013; 0.004

0.001

0.011; 0.003

0.0003

Presence of micro- or macrovascularcomplications

0.004; 0.03

0.88

0.022; 0.02

0.38

HbA1c

−0.02; 0.01

0.08

−0.008; 0.008

0.37

Diabetes mellitus type 2
Dependent variable: lumbar BMD

Dependent variable: femoral neck BMD

Parameter estimate; SE

p-value

Parameter estimate; SE

p-value

Gender (women vs. men)

−0.05; 0.02

0.02

−0.079; 0.02

0.0001

Age

−0.003; 0.001

0.02

−0.003; 0.001

0.001

Duration of diabetes

0.004; 0.001

0.01

0.00047; 0.001

0.704

BMI

0.007; 0.002

0.002

0.010; 0.002

0.0001

Presence of micro- or macrovascularcomplications

−0.0006; 0.03

0.98

−0.016; 0.02

0.51

HbA1c

−0.0126; 0.008

0.15

−0.01; 0.007

0.14
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type of diabetes is shown in Figure 3. There was a trend
for lower BMD values in patients with fractures compared with those without fractures in all subgroups,
however BMD showed a remarkable overlap between
patients with fractures and those without and most patients with fractures had T-scores above −2.5 SD. In patients with type 1 diabetes, LS-BMD and FN-BMD were
significantly lower in those with fractures compared with

Diabetes mellitus
Type 1

Type 2

Discussion
Distribution of BMD in patients with type 1 and type 2
diabetes

6.00

T-score. femoral neck

4.00
2.00
0.00
-2.00
-4.00
-6.00
yes

no

yes

no

Fractures

Diabetes mellitus
Type 1

Type 2

6.00

4.00
T-score. lumbar spine

those without fractures (LS-BMD p <0.02 and FN-BMD
p < 0.03) while in patients with type 2 diabetes there was
a similar trend which did not reach statistical significance (LS-BMD p < 0.2 and FN-BMD p < 0.2). Age, BMI,
diabetes duration and HbA1c levels were not different
between patients with and without fractures, subgrouped
by diabetes type. The occurrence of fractures was not
significantly different between men and women and
showed no association with the presence of vascular
complications in patients with type 1 and type 2
diabetes.

2.00

0.00

-2.00

-4.00
yes

no

yes

no

Fractures

Figure 3 Distribution of bone mineral density (BMD) (Box-plots)
in patients with and without insufficiency fractures subgrouped
by type of diabetes mellitus; T-score femoral neck BMD (upper
part), T-score lumbar spine BMD (lower part).

In summary, our study shows that the prevalence of low
BMD and fractures was similar in patients with type 1
and type 2 diabetes, although patients with type 1 were
about 20 years younger than those with type 2 diabetes.
The comparison of BMD distribution with a populationbased control group suggests a lower risk of osteoporosis
in type 2 diabetes. However, the prevalence of fragility
fractures was not different between patients with type 1
(6.4%) and type 2 diabetes (4.5%). In both diabetic
groups, we found lower BMD values at the FN than at
the LS. Determinants of BMD were body mass index
and age, but not diabetes specific parameters including
diabetes control (HbA1c level), duration and vascular
complications. Occurrence of low trauma fracture was
related to lower BMD values, however most patients
with fractures had BMD-values above a threshold of Tscore of −2.5 SD.
Our finding of lower FN-BMD than LS-BMD in patients
with diabetes is in agreement with some studies, while
others did not find such a difference [6,9,29-32]. Most studies focus on either type 1 or 2 diabetes, or do not precisely
define the diabetes type at all and, thus, the assessment of a
cohort of consecutive patients of both diabetes types is
unique to our study. The increased bone loss at the FN
compared with the LS-BMD suggests that osteoporosis in
diabetic patients preferentially develops within the appendicular skeleton with predominantly cortical bone. One
possible explanation could be the presence of secondary
hyperparathyroidism due to vitamin D deficiency, as PTH
causes predominantly cortical bone loss. However, this
needs further investigation. Another explanation for increased LS-BMD values in patients with type 2 diabetes
could be an artificially high determination of BMD due to
degenerative changes and diffuse idiopathic skeletal hyperostosis, frequently found in such patients [33-36]. Although
the reasons for the divergent distribution of bone mass at
the FN and LS cannot be clarified by our study, this finding
is of practical relevance and suggests that evaluation of
osteoporosis risk in diabetic patients should include both
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measurement sites and not rely on one. Ideally, measurement of the forearm with predominantly cortical bone
should also be included.
The increased LS-BMD and FN-BMD found in our
patients with type 2 diabetes in comparison with a
population-based control group confirms similar findings from epidemiological studies. There is growing evidence for an increased risk of fractures in patients with
diabetes mellitus despite normal or even high BMD
values [3,16,37]. Although our study size was not powered for the assessment of fracture determinants, and
the number of patients with fragility fracture was relatively low, it was evident that patients with fractures had
significantly lower (type 1 diabetes) or a trend towards
lower (type 2 diabetes) BMD values than patients without fractures. However, BMD values were above the Tscore of −2.5 SD in most patients with fractures. This
suggests that there is an association between fracture
risk and BMD in diabetic patients, but the fracture
threshold is higher than that associated with nondiabetic populations (T-score < −2.5 SD). Our data support findings of a recent epidemiological study on the
association between BMD, FRAX-score and fracture risk
in older adults with diabetes [22], showing that the level
for increased fracture risk seems to be about 0.5 SD
T-Score higher than in nondiabetics. In contrast,
Yamamoto et al., found no relationship between fracture
risk and BMD in diabetic patients, although the rate of
fractures was rather high (30%) in this study, suggesting
some selection bias [19]. Both studies [19,22] focus on
patients with type 2 diabetes, while association studies
on fracture risk and BMD in patients with type 1 diabetes are rare [3]. The relatively high rate of low trauma
fractures and of low BMD found in our patients with
type 1 diabetes mellitus with a median age of 45 years,
underlines the clinical importance of changes in bone
metabolism as a complication associated with type 1 diabetes mellitus that is probably underestimated and deserves more consideration during patient care.
Predictors of BMD and fractures in type 1 and 2 diabetes

The assessment of diabetes specific parameters and
osteoporosis only showed some weak relationships, and
our data did not permit the reliable prediction of the risk
of low BMD (T-score < −2.5 SD) or the occurrence of
low trauma fractures from clinical parameters. There
was a weak negative correlation between diabetes duration and FN-BMD in type 1 but not in type 2 diabetes.
A lack of insulin is speculated to exert a negative influence on bone formation resulting in a decreased peak
bone mass in patients with type 1 diabetes, as the disease often starts at a time when peak bone mass is not
yet achieved [38,39]. About 15% of our patients with
type 1 diabetes were diagnosed before puberty. Further
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longitudinal studies are required to assess the influence
of diabetes onset before or after puberty on the development of peak bone mass and risk of osteoporosis during
later life. In patients with type 2 diabetes the type of
therapy (diet, oral antidiabetics, insulin) was not related
to the risk of osteoporosis in women, while men with insulin therapy had slightly lower BMD values. None of
our patients were treated with thiazolidinedione, so this
known risk factor for osteoporosis was not relevant in
our analysis.
We investigated the contribution of several comorbidities
and co-medications known to influence bone health – the
prevalence was low (<5%) for most of these factors within
our patient groups, with a number reported between 5 and
15%. However, the frequencies of affected patients were not
different between subgroups. As the number of affected patients was so low, it was not feasible to consider these aspects within multivariate analysis.
One aim of our study was to assess the relationship
between the occurrence of micro- and macrovascular
complications and the risk of osteoporosis. We found no
significant relationship between vascular complications
and BMD. However, in female type 1 diabetes patients,
there was a trend for lower FN-BMD in patients with
coronary heart disease than in those without. This supports the hypothesis that vascular changes and complications influence bone metabolism and contribute to the
development of osteoporosis as long suggested by histopathological studies of bone biopsies [40] and from studies showing an association between atherosclerosis and
low bone mineral density [41-45].
In a multivariate model, only age and BMI were significant predictors of BMD in type 1 diabetes, while in
type 2 diabetes, gender was also predictive for BMD,
probably reflecting the higher prevalence of postmenopausal status within this subgroup. Neither gender, nor
parameters of disease control (such as HbA1c levels,
therapy regimen (oral antidiabetics vs. insulin), duration
and complications of diabetes), predicted BMD. Schwarz
et al., had shown that insulin treatment increased the
risk of falls, which probably contributes to the increased
fracture risk [46].
Due to the study size and the relatively low number of
fragility fractures, our data does permit the assessment of
fracture determinants by a multivariate model. In both diabetes groups, the mean BMD values were lower in patients
with fragility fractures compared with those without. However, there was a remarkable overlap between patients with
and without fractures, and in most patients with fractures,
the BMD was above the fracture threshold of −2.5 SD Tscore. Possible reasons for the increased bone fragility independent of BMD include changes in bone structure and
bone quality caused by hyperglycemia and the accumulation of advanced glycated end products (AGES) of bone
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matrix proteins. Therefore, the longer duration of disease
with concomitant longer period of potential hyperglycemia
in type 1 diabetes mellitus may be associated with fracture
risk independently of BMD. Furthermore, several nonskeletal factors may be related to fracture risk, such as an
increased propensity of falls, secondary to diabetic complications like visual impairment or neuropathy [2,15,46].
Although most low trauma fractures recorded in our
patients were not located at the skeletal sites considered
typical for osteoporosis, like vertebrae or hip, they are of
clinical importance as these fractures are known to account for 80% of the clinical fractures especially in younger patients, and may precede a hip fracture [47]. The
association of these low trauma fractures at any site to a
lower BMD in our diabetic patients supports these as
being “osteoporotic” fractures. In clinical practice, the
occurrence of any low trauma fracture in diabetic patients should be closely monitored, to identify those patients who are at increased risk for further fractures, and
to initiate diagnostic evaluation for osteoporosis and
therapy.
Strengths and limitations

The strength of our study is the standardized evaluation
of diabetic patients including a questionnaire of possible
osteoporosis risk factors and BMD measurements, which
applied the same regimen as a population-based study
on osteoporosis (EVOS), performed within a similar time
period and region, and used as a control group for the
type 2 diabetes patient group. We were able to assess a
relatively large, unselected cohort of consecutive patients
with type 1 and type 2 diabetes with a nearly equally distributed number of men and women, allowing a comparison between the respective subgroups. In all diabetic
patients, standardized documentation of diabetes-related
parameters including type of diabetes, diabetes therapy,
control and diabetes-related vascular complications was
available, ensuring a high data quality. One limitation is
the lack of an adequate control group for the type 1 diabetes patient group, due to the age difference between
the population-based control group and most patients
with type 1 diabetes, although this limitation was minimized through adjustment of BMD values according to
age, BMI and duration of diabetes. A second limitation
is the relatively small sample size of diabetic patients in
this study with respect to the complex questions
addressed, especially when stratified by diabetes type
and gender. Thus, our findings have to be considered
descriptive.
A third limitation of our study is the cross-sectional
design, which restricts the assessment of causal relationships. Furthermore, data on low trauma fractures were
only based on a questionnaire and patient records. Nonskeletal parameters such as the risk of falls, including
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muscle weakness, dizziness and cerebrovascular diseases
are major determinants of fractures in addition to BMD
and were not assessed within the present study. Finally,
the relatively low number of patients with fragility fractures limits conclusive statistical analysis, especially regarding fracture occurrence.

Conclusion
Our study shows a similar risk of osteoporosis in patients
with type 1 diabetes based on low BMD (T-score < −2.5
SD), which was not different from the prevalence in patients with type 2 diabetes despite them being approximately 20 years older. The FN-BMD was particularly
decreased; therefore evaluation of osteoporosis risk in
younger patients with type 1 diabetes should include both
spinal and FN-BMD-measurements.
In agreement with others, we found increased LSBMD and FN-BMD in patients with type 2 diabetes in
comparison with a non-diabetic population-based control group. There was a trend for lower BMD in diabetic
patients (type 1 and 2) with osteoporotic fractures compared with those without fractures, however the fracture
threshold is higher than in non-diabetic populations.
Further longitudinal cohort studies are required, focusing on the risk of fractures and changes in bone metabolism in patients with diabetes. BMD measurements and
the evaluation of BMD-independent risk factors for fractures should be included in the routine management of
patients with diabetes mellitus because the prediction of
osteoporosis solely by clinical diabetes-specific parameters was not possible. The evidence suggests that osteoporosis, and related fractures, is a clinically significant
and commonly underestimated problem in patients with
type 1 and type 2 diabetes mellitus.
Additional file
Additional file 1: Table S1. Comorbidities and co-medications.
Competing interests
All authors (GLB, SG, TB, CSN, PN, JGS) declare that they have no competing
interests.
Authors’ contributions
GLB, CSN, JGS were responsible for the design, acquisition, analysis and
interpretation of the data. TB participated in the design of the study and
performed statistical analyses. SG, JGS conducted chart review of diabetic
patients, CSN was responsible for the EVOS study. All authors (GLB, SG, TB,
CSN, PN, JGS) participated in interpretation of the study, drafting the
manuscript and approve of the final submission.
Acknowledgements
The authors would like to thank the technician Mechthild Henkels from the
Diabetes Outpatient Department and Research Laboratory, Heidelberg
University Hospital, and Marina Götz from the Department of Endocrinology,
University of Heidelberg, for the measurements of bone mineral density and
their invaluable help in performing the study procedures. We would also like
to thank Christina Klose, Institute for Medical Biometry and Informatics,

Leidig-Bruckner et al. BMC Endocrine Disorders 2014, 14:33
http://www.biomedcentral.com/1472-6823/14/33

University of Heidelberg, for her continuous support during data collection
and data management. The study was funded in part by a research grant
from the University of Heidelberg (Young Research programme).
Author details
1
Practice for Endocrinology and Nuclear Medicine, Brückenstraße 21,
Heidelberg 69120, Germany. 2Department of Internal Medicine,
Endocrinology and Metabolism, University of Heidelberg, INF 410, Heidelberg
69120, Germany. 3Institute for Medical Biometry and Informatics, University of
Heidelberg, INF 305, Heidelberg 69120, Germany. 4Robert Koch Institute,
Department of Epidemiology and Health Monitoring, General-Pape-Straße
62-66, Berlin 12101, Germany. 5Luxembourg Centre for Systems Biomedicine
(LCSB), Université du Luxembourg & Internal Medicine II, Saarland University
Medical Center at Homburg/Saar, Kirrbergerstrasse 100, Homburg/Saar 66421,
Germany.
Received: 17 November 2013 Accepted: 8 April 2014
Published: 11 April 2014
References
1. Leidig-Bruckner G, Ziegler R: Diabetes mellitus a risk for osteoporosis?
Exp Clin Endocrinol Diabetes 2001, 109(Suppl 2):S493–S514.
2. Hofbauer LC, Brueck CC, Singh SK, Dobnig H: Osteoporosis in patients with
diabetes mellitus. J Bone Miner Res 2007, 22(9):1317–1328.
3. Janghorbani M, Van Dam RM, Willett WC, Hu FB: Systematic review of type
1 and type 2 diabetes mellitus and risk of fracture. Am J Epidemiol 2007,
166(5):495–505.
4. Lunt H, Florkowski CM, Cundy T, Kendall D, Brown LJ, Elliot JR, Wells JE,
Turner JG: A population-based study of bone mineral density in women
with longstanding type 1 (insulin dependent) diabetes. Diabetes Res Clin
Pract 1998, 40(1):31–38.
5. Gunczler P, Lanes R, Paz-Martinez V, Martins R, Esaa S, Colmenares V,
Weisinger JR: Decreased lumbar spine bone mass and low bone turnover
in children and adolescents with insulin dependent diabetes mellitus
followed longitudinally. J Pediatr Endocrinol Metab 1998, 11(3):413–419.
6. Forst T, Pfutzner A, Kann P, Schehler B, Lobmann R, Schafer H, Andreas J,
Bockisch A, Beyer J: Peripheral osteopenia in adult patients with insulindependent diabetes mellitus. Diabet Med 1995, 12(10):874–879.
7. Hui SL, Epstein S, Johnston CC Jr: A prospective study of bone mass in
patients with type I diabetes. J Clin Endocrinol Metab 1985, 60(1):74–80.
8. Levin ME, Boisseau VC, Avioli LV: Effects of diabetes mellitus on bone
mass in juvenile and adult-onset diabetes. N Engl J Med 1976,
294(5):241–245.
9. Mastrandrea LD, Wactawski-Wende J, Donahue RP, Hovey KM, Clark A,
Quattrin T: Young women with type 1 diabetes have lower bone mineral
density that persists over time. Diabetes Care 2008, 31(9):1729–1735.
10. Heath H 3rd, Melton LJ 3rd, Chu CP: Diabetes mellitus and risk of skeletal
fracture. N Engl J Med 1980, 303(10):567–570.
11. Schwartz AV, Sellmeyer DE, Ensrud KE, Cauley JA, Tabor HK, Schreiner PJ,
Jamal SA, Black DM, Cummings SR: Older women with diabetes have an
increased risk of fracture: a prospective study. J Clin Endocrinol Metab
2001, 86(1):32–38.
12. Nicodemus KK, Folsom AR: Type 1 and type 2 diabetes and incident hip
fractures in postmenopausal women. Diabetes Care 2001, 24(7):1192–1197.
13. Strotmeyer ES, Cauley JA, Schwartz AV, Nevitt MC, Resnick HE, Zmuda JM,
Bauer DC, Tylavsky FA, de Rekeneire N, Harris TB, Newman AB: Diabetes is
associated independently of body composition with BMD and bone
volume in older white and black men and women: The Health, Aging,
and Body Composition Study. J Bone Miner Res 2004, 19(7):1084–1091.
14. Bonds DE, Larson JC, Schwartz AV, Strotmeyer ES, Robbins J, Rodriguez BL,
Johnson KC, Margolis KL: Risk of fracture in women with type 2 diabetes:
the Women’s Health Initiative Observational Study. J Clin Endocrinol
Metab 2006, 91(9):3404–3410.
15. Dobnig H, Piswanger-Solkner JC, Roth M, Obermayer-Pietsch B, Tiran A,
Strele A, Maier E, Maritschnegg P, Sieberer C, Fahrleitner-Pammer A: Type 2
diabetes mellitus in nursing home patients: effects on bone turnover,
bone mass, and fracture risk. J Clin Endocrinol Metab 2006,
91(9):3355–3363.
16. Vestergaard P: Discrepancies in bone mineral density and fracture risk in
patients with type 1 and type 2 diabetes–a meta-analysis. Osteoporos Int
2007, 18(4):427–444.

Page 12 of 13

17. Lipscombe LL, Jamal SA, Booth GL, Hawker GA: The risk of hip fractures in
older individuals with diabetes: a population-based study. Diabetes Care
2007, 30(4):835–841.
18. Melton LJ 3rd, Leibson CL, Achenbach SJ, Therneau TM, Khosla S: Fracture risk in
type 2 diabetes: update of a population-based study. J Bone Miner Res 2008,
23(8):1334–1342.
19. Yamamoto M, Yamaguchi T, Yamauchi M, Kaji H, Sugimoto T: Diabetic
patients have an increased risk of vertebral fractures independent of
BMD or diabetic complications. J Bone Miner Res 2009, 24(4):702–709.
20. de Liefde I, van der Klift M, de Laet CE, van Daele PL, Hofman A, Pols HA:
Bone mineral density and fracture risk in type-2 diabetes mellitus: the
Rotterdam Study. Osteoporos Int 2005, 16(12):1713–1720.
21. Kanis JA, Johnell O, Oden A, Johansson H, McCloskey E: FRAX and the
assessment of fracture probability in men and women from the UK.
Osteoporos Int 2008, 19(4):385–397.
22. Schwartz AV, Vittinghoff E, Bauer DC, Hillier TA, Strotmeyer ES, Ensrud KE,
Donaldson MG, Cauley JA, Harris TB, Womack CR KA, Palermo L, Black DM,
Study of Osteoporotic Fractures (SOF) Research Group; Osteoporotic
Fractures in Men (MrOS) Research Group; Health, Aging, and Body
Composition (Health ABC) Research Group: Association of BMD and FRAX
score with risk of fracture in older adults with type 2 diabetes.
JAMA 2011, 305(21):2184–2192.
23. Lunt M, Felsenberg D, Reeve J, Benevolenskaya L, Cannata J, Dequeker J,
Dodenhof C, Falch JA, Masaryk P, Pols HA Poor G, Reid DM, Scheidt-Nave C,
Weber K, Varlow J, Kanis JA, O'Neill TW, Silman AJ: Bone density variation and its
effects on risk of vertebral deformity in men and women studied in thirteen
European centers: the EVOS Study. J Bone Miner Res 1997, 12(11):1883–1894.
24. Scheidt-Nave C, Felsenberg D, Kragi G, Bruckner T, Leidig-Bruckner G, Wuster
C, Ziegler R: Vertebral deformity as an index of osteoporosis-induced
spinal fracture–an external validity construct based on bone density
data. Med Klin (Munich) 1998, 93(Suppl 2):46–55.
25. Raspe A, Matthis C, Scheidt-Nave C, Raspe H: European Study of Vertebral
Osteoporosis (EVOS): design and implementation in 8 German study
centers. Med Klin (Munich) 1998, 93(Suppl 2):12–16,18.
26. O’Neill TW, Felsenberg D, Varlow J, Cooper C, Kanis JA, Silman AJ: The
prevalence of vertebral deformity in european men and women: the
European Vertebral Osteoporosis Study. J Bone Miner Res 1996,
11(7):1010–1018.
27. O’Neill TW, Cooper C, Cannata JB, Diaz Lopez JB, Hoszowski K, Johnell O,
Lorenc RS, Nilsson B, Raspe H, Stewart O: Reproducibility of a
questionnaire on risk factors for osteoporosis in a multicentre
prevalence survey: the European Vertebral Osteoporosis Study. Int J
Epidemiol 1994, 23(3):559–565.
28. Kanis JA: Diagnosis of osteoporosis and assessment of fracture risk.
Lancet 2002, 359(9321):1929–1936.
29. Isaia GC, Ardissone P, Di Stefano M, Ferrari D, Martina V, Porta M, Tagliabue
M, Molinatti GM: Bone metabolism in type 2 diabetes mellitus.
Acta Diabetol 1999, 36(1–2):35–38.
30. Compston JE, Smith EM, Matthews C, Schofield P: Whole body
composition and regional bone mass in women with insulin-dependent
diabetes mellitus. Clin Endocrinol (Oxf ) 1994, 41(3):289–293.
31. Tuominen JT, Impivaara O, Puukka P, Ronnemaa T: Bone mineral density in
patients with type 1 and type 2 diabetes. Diabetes Care 1999, 22(7):1196–1200.
32. Majima T, Komatsu Y, Yamada T, Koike Y, Shigemoto M, Takagi C, Hatanaka
I, Nakao K: Decreased bone mineral density at the distal radius, but not
at the lumbar spine or the femoral neck, in Japanese type 2 diabetic
patients. Osteoporos Int 2005, 16(8):907–913.
33. Forestier J, Lagier R: Ankylosing hyperostosis of the spine. Clin Orthop
Relat Res 1971, 74:65–83.
34. Resnick D, Shapiro RF, Wiesner KB, Niwayama G, Utsinger PD, Shaul SR:
Diffuse idiopathic skeletal hyperostosis (DISH) ankylosing hyperostosis of
Forestier and Rotes-Querol]. Semin Arthritis Rheum 1978, 7(3):153–187.
35. Spagnola AM, Bennett PH, Terasaki PI: Vertebral ankylosing hyperostosis
(Forestier’s disease) and HLA antigens in Pima Indians. Arthritis Rheum
1978, 21(4):467–472.
36. Sencan D, Elden H, Nacitarhan V, Sencan M, Kaptanoglu E: The prevalence
of diffuse idiopathic skeletal hyperostosis in patients with diabetes
mellitus. Rheumatol Int 2005, 25(7):518–521.
37. Vestergaard P, Rejnmark L, Mosekilde L: Diabetes and its complications
and their relationship with risk of fractures in type 1 and 2 diabetes.
Calcif Tissue Int 2009, 84(1):45–55.

Leidig-Bruckner et al. BMC Endocrine Disorders 2014, 14:33
http://www.biomedcentral.com/1472-6823/14/33

Page 13 of 13

38. Kemink SA, Hermus AR, Swinkels LM, Lutterman JA, Smals AG: Osteopenia
in insulin-dependent diabetes mellitus; prevalence and aspects of
pathophysiology. J Endocrinol Invest 2000, 23(5):295–303.
39. Bouillon R, Bex M, Van Herck E, Laureys J, Dooms L, Lesaffre E, Ravussin E:
Influence of age, sex, and insulin on osteoblast function: osteoblast
dysfunction in diabetes mellitus. J Clin Endocrinol Metab 1995,
80(4):1194–1202.
40. Burkhardt R, Moser W, Bartl R, Mahl G: Is diabetic osteoporosis due to
microangiopathy? Lancet 1981, 1(8224):844.
41. Bandeira E, Neves AP, Costa C, Bandeira F: Association between vascular
calcification and osteoporosis in men with type 2 diabetes. J Clin
Densitom 2012, 15(1):55–60.
42. van der Klift M, Pols HA, Hak AE, Witteman JC, Hofman A, de Laet CE: Bone
mineral density and the risk of peripheral arterial disease: the Rotterdam
Study. Calcif Tissue Int 2002, 70(6):443–449.
43. Collins TC, Ewing SK, Diem SJ, Taylor BC, Orwoll ES, Cummings SR,
Strotmeyer ES, Ensrud KE: Peripheral arterial disease is associated with
higher rates of hip bone loss and increased fracture risk in older men.
Circulation 2009, 119(17):2305–2312.
44. Farhat GN, Cauley JA, Matthews KA, Newman AB, Johnston J, Mackey R,
Edmundowicz D, Sutton-Tyrrell K: Volumetric BMD and vascular calcification
in middle-aged women: the Study of Women’s Health Across the Nation.
J Bone Miner Res 2006, 21(12):1839–1846.
45. Hyder JA, Allison MA, Wong N, Papa A, Lang TF, Sirlin C, Gapstur SM,
Ouyang P, Carr JJ, Criqui MH: Association of coronary artery and aortic
calcium with lumbar bone density: the MESA Abdominal Aortic Calcium
Study. Am J Epidemiol 2009, 169(2):186–194.
46. Schwartz AV, Hillier TA, Sellmeyer DE, Resnick HE, Gregg E, Ensrud KE,
Schreiner PJ, Margolis KL, Cauley JA, Nevitt MC Black DM, Cummings SR:
Older women with diabetes have a higher risk of falls: a prospective
study. Diabetes Care 2002, 25(10):1749–1754.
47. Eisman JA, Bogoch ER, Dell R, Harrington JT, McKinney RE Jr, McLellan A,
Mitchell PJ, Silverman S, Singleton R, Siris E: Making the first fracture the
last fracture: ASBMR task force report on secondary fracture prevention.
J Bone Miner Res 2012, 27(10):2039–2046.
doi:10.1186/1472-6823-14-33
Cite this article as: Leidig-Bruckner et al.: Prevalence and determinants
of osteoporosis in patients with type 1 and type 2 diabetes mellitus.
BMC Endocrine Disorders 2014 14:33.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

