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Abstract Background and aims: Bone fragility is recognized as a complication of type 2 diabetes
(T2D). However, the fracture risk in T2D is underestimated using the classical assessment tools.
An expert panel suggested the diagnostic approaches for the detection of T2D patients worthy of
bone-active treatment. The aim of the study was to apply these algorithms to a cohort of T2D
women to validate them in clinical practice.
Methods and results: The presence of T2D-specific fracture risk factors (T2D � 10 years, �1 T2D
complications, insulin or thiazolidinedione use, poor glycaemic control) was assessed at baseline
in 107 postmenopausal T2D women. In all patients at baseline and in 34 patients after a median
follow-up of 60.2 months we retrospectively evaluated bone mineral density and clinical and
morphometric vertebral fractures. No patient was treated with bone-active drug. Following
the protocols, 34 (31.8%) and 73 (68.2%) patients would have been pharmacologically and conser-
vatively treated, respectively. Among 49 patients without both clinical fractures and major T2D-
related risk factors, who would have been, therefore, conservatively followed-up without verte-
bral fracture assessment, only one showed a prevalent vertebral fracture (sensitivity 90%, nega-
tive predictive value 98%). The two patients who experienced an incident fracture would have
been pharmacologically treated at baseline.
Conclusions: The clinical consensus recommendations showed a very good sensitivity in identi-
fying T2D postmenopausal women at high fracture risk. Among those with treatment indication
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as many as 13% of patients experienced an incident fracture, and, conversely, among those
without treatment indication no incident fractures were observed.
ª 2022 Published by Elsevier B.V. on behalf of The Italian Diabetes Society, the Italian Society for
the Study of Atherosclerosis, the Italian Society of Human Nutrition and the Department of Clin-
ical Medicine and Surgery, Federico II University.
1. Introduction

Type 2 diabetes (T2D) and osteoporosis are both highly
prevalent chronic disorders associated with severe
morbidity and increased mortality. Individuals with T2D
have an increased risk of bone fragility fractures compared
to non-diabetic subjects. Accordingly, nowadays skeletal
fragility is considered a T2D-related complication [1].
However, the true prevalence of this complication can be
hard to be determined, as the increased fracture risk in
patients with T2D can be anyway underestimated by
conventional WHO criteria for osteoporosis [2]. Indeed, in
T2D patients for any given T-score of bone mineral density
(BMD) the fracture risk is increased with respect to the
general population and fragility fractures may occur
despite a normal or even increased BMD, thus suggesting a
deterioration of bone quality rather than of bone quantity
in the pathogenesis of T2D-related bone fragility.

Even the use of classical fracture risk assessment tools,
such as the FRAX (the Fracture Risk Assessment algorithm)
score, underestimates the risk of osteoporotic fractures in
T2D [3]. To date, surrogate measures have been proposed
for the improvement of FRAX performance, such as adding
the lumbar spine trabecular bone score (TBS), using
rheumatoid arthritis as a proxy for T2D or decreasing the
actual BMD hip T-score of the diabetic patient by 0.5 units
[4]. However, no single method was found to be optimal in
all settings of T2D and fracture risk remained under-
estimated by these approaches in this kind of patients,
particularly in those with long-lasting disease [5].

Based on available data, an Italian task force of experts
suggested the use of the following major T2D-specific risk
factors for the stratification of fracture risk in T2D patients:
a disease duration above 10 years, one or more chronic
T2D complications, the use of insulin or thiazolidinediones
and persistent poor glycaemic control (i.e. HbA1c levels
above 64 mmol/mol for at least 1 year) [6]. The scientific
rationale of choosing these specific risk factors for T2D
population is extensively described in the paper by Chio-
dini and colleagues [6]. Summarizing, the expert panel
identified the evidence from existing systematic reviews
and relevant publications (searched on PubMed, Cochrane
Register and EMBASE until April 2020), supplemented by
their multi-disciplinary expertise [6].

The same expert panel defined that the fracture risk in
T2D patients should firstly rely on the presence or absence
of a previous fragility fracture and on the individual risk
profile, with the inclusion of the above T2D-specific risk
factors [6]. Accordingly, a diagnostic approach was sug-
gested on the basis of the presence or the absence of a
prevalent fragility fracture (Fig. 1). The flowchart allows to
identify the different clinical situations for which the use
of bone-active drugs is suggested [6], in addition to life-
style intervention, medical nutrition therapy, weight-
bearing exercises and prevention of falls, which repre-
sent the basis of the therapy of T2D and T2D-related bone
involvement [1].

The aim of the present study was to validate the clinical
consensus recommendations on the assessment and
management of fracture risk in patients with T2D estab-
lished by the Italian multidisciplinary expert panel [6], and
in particular to assess, on the basis of such diagnostic ap-
proaches, whether T2D patients who would have been
treated were really at high risk of fracture and, conversely,
those who would have been conservatively followed up
were really at low risk of fracture.

2. Methods

The present study is the continuation of a previous pro-
tocol aimed to evaluate bone involvement in diabetic
postmenopausal female subjects with T2D and its rela-
tionship with cortisol secretion and sensitivity [7]. The
recruitment and the data collection started in September
2011 and ended in April 2021 with the analysis of the
retrospective data as soon as the expert panel perspective
has been published [6]. Patients were selected on the basis
of the following criteria: age 50e80 years, postmenopausal
status, T2D diagnosis after 30 years of age, body mass
index (BMI) 19e40 kg/m2, glycosylated haemoglobin
(HbA1c) �64 mmol/mol at the time of recruitment.

The exclusion criteria at study entry were the following:
insulin therapy during the first 2 years of the disease (in the
attempt to exclude primitive insulin deficiency due to a
possibly hidden form of autoimmune diabetes), history of
ketoacidosis or hypoglycaemia in the past 6 months before
enrolment, an ongoing treatment with drugs known to in-
fluence bone metabolism (e.g. glucocorticoids, antidepres-
sants, anticonvulsants, thiazolidinediones, sodiumeglucose
cotransporter inhibitors, acarbose), a recent treatment with
bone-active drugs (teriparatide or denosumab in the past 2
years and bisphosphonate or strontium ranelate in the past
5 years), endocrine diseases (e.g. hyperthyroidism, primary
hyperparathyroidism, hypercortisolism, idiopathic hyper-
calciuria, hyperandrogenism) or other diseases or condi-
tions known to influence bone metabolism (e.g. rheumatoid
arthritis, connective tissue diseases, malabsorption, intes-
tinal bowel diseases, chronic liver disease, malignant
neoplasia, alcoholism, depression, chronic obstructive pul-
monary disease, multiple sclerosis or other severe motor



Figure 1 The diagnostic approach suggested by the expert panel for the evaluation and management of bone fragility in T2D patients, depending on
the presence or absence of a prevalent clinical fragility fracture (modified from Chiodini et al. [6]). Numbers in the brackets indicate the number of
patients of our sample in each clinical situation.
DXA: Dual X-Ray Absorptiometry. FRAX: Fracture Risk Assessment algorithm. T2D: type 2 diabetes.
aFRAX criteria to be calculated without bone mineral density and with rheumatoid arthritis as surrogate risk factor of diabetes (FRAXþ, patients who
fulfil the National Osteoporosis Foundation criteria for treatment: 20% ten years risk of major fragility fractures and 3% ten years risk of hip fracture);
bmajor T2D risk factors for fracture: (1) diabetes duration >10 years, (2) insulin and/or thiazolidinedione treatment, (3) chronic diabetes compli-
cations, (4) glycosylated haemoglobin levels above 64 mmol/mol for at least 1 year; cDXA analysis to be performed in females �65 years or males
�75 years, according to the International Society of Clinical Densitometry indications for DXA [12].
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impairment, a history of severe vitamin D deficiency),
presence of proliferative or laser-treated retinopathy, overt
diabetic nephropathy (macroalbuminuria >300 mg/24-h or
chronic kidney disease), severe macroangiopathy (history of
myocardial infarction, coronary artery bypass graft surgery,
percutaneous transluminal coronary, carotid, femoral or
femoral-popliteus angioplasty).

Eventually, at baseline our sample included 107
Caucasian postmenopausal female subjects with T2D. At
the basal evaluation the presence of previous fragility
fracture and of the major T2D-specific fracture risk factors
according to the guidelines [6] was ascertained by the
clinical history and by the review of the medical reports.

In keeping with the expert panel [6], if requested by the
flow-chart, the FRAX score was calculated without BMD and
with rheumatoid arthritis as surrogate risk factor of dia-
betes [8]. The T2D patients were considered FRAX positive
(FRAXþ) if they fulfilled the National Osteoporosis Foun-
dation criteria for treatment: 20% ten years risk of major
fragility Fracture and 3% ten years risk of hip Fracture [9].
At the baseline and then after a minimum follow-up of
18 months data on BMD and on the presence of morpho-
metric vertebral fractures (VFx) were retrospectively
collected. Dual energy X-ray absorptiometry (DXA) scan
was carried out to measure BMD (Hologic Discovery or
Horizon A, Waltham, MA, USA) at lumbar spine (LS; in vivo
precision 1.7%), total femur (FT; in vivo precision 1.7%), and
femoral neck (FN; in vivo precision 1.8%), whereas VFx
assessment (VFA) by DXA [10] or a conventional spinal
radiograph in lateral and anteroposterior projection with
standardized technique were used to detect morphometric
VFx using the semiquantitative assessment previously
described by Genant [11]. Two trained physicians, blinded
to BMD and biochemical data, independently reviewed the
images, discussing questionable cases to agree on a diag-
nosis. According to the interdisciplinary expert panel [6],
only moderate and severe VFx were included in the
analysis.

Due to the retrospective design of the study, no patient
was treated with bone-active drug. Those patients who
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developed during the follow-up one of the exclusion
criteria were excluded from the follow-up analysis.

The BMD at the follow-up was considered increased or
decreased if the BMD variations were respectively higher
or lower than the least significant change (LSC) in at least
one skeletal site. Least significant change was calculated by
multiplying the precision error of each skeletal site by 2.77
[12].

Finally, the incidence of clinical fragility fractures dur-
ing the follow-up was recorded and confirmed by the re-
view of the medical reports.

The study was designed to answer the following ques-
tions: if the protocol would have been retrospectively
applied to our sample of patients:

i. How many T2D patients with clinical fractures
would have been pharmacologically treated?

ii. How many T2D patients without clinical fractures
would have been pharmacologically treated?

iii. How many T2D patients with asymptomatic VFx
would not have been pharmacologically treated and
how many patients without both clinical and
morphometric VFx would have been pharmacologi-
cally treated?

iv. How many T2D patients with at least 1 major T2D-
related risk factor for fracture, but without both
clinical and morphometric VFx would have been
either pharmacologically or conservatively treated
on the basis of the FRAX score and/or BMD levels?

v. How many T2D patients experienced a fragility
fracture during the follow-up and who of them
would have been pharmacologically treated?

Statistical analysis was performed by SPSS version 24.0
statistical package (SPSS Inc, Chicago, IL). The results were
expressed as mean � standard deviation (SD) with range
in parentheses or absolute number with percentage in
parentheses. The normality of distribution was tested by
KolmogoroveSmirnov test. The comparison of continuous
variables between groups were performed using Student’s
t-test or ManneWhitney U test as appropriate. Categorical
variables were compared by c2 test or Fisher Exact test, as
appropriate. A pooled odds ratio (OR) and the corre-
sponding 95% confidence interval (CI) was obtained ac-
cording to the random effect method proposed by Der
Simonian and Laird [13].

P-values of less than 0.05 were considered significant.

3. Results

3.1. General overview

Following the flow-chart depicted in Fig. 1, in our sample
of 107 T2D patients, 34 (31.8%) and 73 (68.2%) would have
been pharmacologically and conservatively treated,
respectively. The characteristics of the whole sample and
the comparison between the characteristics of T2D pa-
tients who would have been pharmacologically treated
and those of patients who would have been conservatively
followed-up are reported in Table 1. As compared with
patients who would not have been pharmacologically
treated, T2D subjects who would have been treated were
older, had a lower BMD at the femur and had a higher
prevalence of morphometric VFx, low BMD (T-
score � �2.0 in at least one skeletal site) and, as expected,
of insulin treatment, T2D duration above 10 years, neu-
ropathy, at least one T2D-related chronic complication and
at least one major T2D-related risk factor for fracture. In
patients who would have been pharmacologically treated
the BMD at the spine tended to be lower than in patients
who would not have been pharmacologically treated,
despite not reaching the statistical significance. The two
groups were not statistically different as far as BMI, HbA1c
levels, prevalence of retinopathy and nephropathy, even
though these T2D chronic complications were 3-4-fold
more frequent in patients who would have been phar-
macologically treated.

3.1.1. How many T2D patients with clinical fractures
would have been pharmacologically treated?
Following the flow-chart depicted in Fig. 1, among clini-
cally fractured patients (19 out of 107, 17.8%), we would
have pharmacologically treated one patient with hip
fracture and, among the 18 patients with a clinical non-hip
and non-vertebral (i.e. humerus or wrist) fracture, we
would have treated 7 patients with at least one moderate
or severe VFx, 3 patients without VFx but with BMD T-
score � �2.0, and 3 patients without VFx and without
BMD T-score � �2.0 but with FRAXþ. Overall 14 out of 19
patients (73.7%) with clinical fractures would have been
pharmacologically treated.

On the other hand, 5 patients (26.3%) with a non-hip
nor vertebral clinical fragility fracture would not have been
treated since they did not show morphometric, asymp-
tomatic VFx, had a BMD T-score above �2.0 and were at
low risk by FRAX score. Among these patients, in keeping
with a low-risk fracture profile in spite of the presence of a
prevalent fracture, no one had T2D complications, no one
was on insulin treatment and only one showed a T2D
duration above 10 years.

The comparison between the clinical characteristics of
T2D patients with clinical fractures and those without
clinical fractures is reported in Table 2.

As compared to patients without clinical fractures, T2D
patients with clinical fractures showed a lower BMD at the
FN and an increased prevalence of asymptomatic moder-
ate or severe VFx, retinopathy, nephropathy and neurop-
athy. Moreover, as expected, the prevalence of patients
with at least one T2D-related chronic complication was
increased in clinically fractured patients than in patients
without clinical fractures. Age, BMI, HbA1c levels, spine
BMD and the prevalence of T2D duration above 10 years,
insulin treated subjects and patients with at least one
major T2D-related risk factor for fracture were comparable
between the two groups.

The comparison between the clinical characteristics of
T2D patients with clinical and/or asymptomatic VFx and
those without fractures is reported in Table 3.



Table 1 Characteristics of T2D patients and comparison between those who would have been pharmacologically treated and those who would
have been conservatively followed-up.

Parameters All T2D patients (n Z 107) T2D patients who
would have been
pharmacologically
treated (n Z 34)

T2D patients who
would not have been
pharmacologically
treated (n Z 73)

p

Age (years) 65.6 � 7.3 (52e80) 68.5 � 7.1 (53e80) 64.3 � 7.0 (52e80) 0.005
BMI (kg/m2) 29.6 � 4.8 (21.0e40.0) 30.1 � 4.3 (21.0e40.0) 29.4 � 5.1 (21.3e40.0) 0.485
HbA1c (mmol/mol) 51 � 8 (31e64) 53 � 8 (40e64) 50 � 8 (31e64) 0.113
Patients with asymptomatic VFx

(moderate or severe)
17 (15.9) 16 (47.1) 1 (1.4) <0.0001

Patients with T2D duration � 10
years

45 (42.1) 26 (76.5) 19 (26.0) <0.0001

Patients on insulin treatment 20 (18.7) 10 (29.4) 10 (13.7) 0.05
Patients with retinopathy 5 (4.7) 3 (8.8) 2 (2.7) 0.182
Patients with nephropathy 6 (5.6) 4 (11.8) 2 (2.7) 0.079
Patients with neuropathy 4 (3.7) 4 (11.8) 0 (0.0) 0.009
Patients with at least one T2D

chronic complicationa
9 (8.4) 6 (17.6) 3 (4.1) 0.028

Patients with at least 1 major T2D-
related risk factor for Fxb

51 (47.7) 31 (91.2) 20 (27.4) <0.0001

Patients with BMD T-score � �2.0 34 (31.8) 20 (58.8) 14 (19.2) <0.0001
LS BMD (T-score) �0.84 � 1.44 (�5.30e2.90) �1.21 � 1.45 (�3.60

e1.50)
�0.67 � 1.41 (�5.30
e2.90)

0.068

FN BMD (T-score) �1.11 � 1.06 (�3.40e1.40) �1.65 � 0.92 (�3.20
e0.70)

�0.85 � 1.03 (�3.40
e1.40)

<0.0001

Data are mean � SD with range in parentheses or absolute number with percentage in parentheses. T2D: type 2 diabetes. BMI: body mass index.
HbA1c: glycosylated haemoglobin. BMD: bone mineral density; LS: lumbar spine. FN: femoral neck. VFx: vertebral fracture (moderate or severe).
Fx: fracture.
a Patients with at least one out of nephropathy, retinopathy and neuropathy.
b Patients with at least one out of a disease duration above 10 years, the presence of one or more chronic T2D complications, the use of insulin

and persistent poor glycaemic control (i.e. HbA1c levels above 64 mmol/mol for at least 1 year).
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As compared to patients without fractures, patients
with clinical and/or morphometric moderate or severe VFx
showed an increased prevalence of nephropathy and
Table 2 Comparisons between the clinical characteristics of T2D patients

Parameters T2D patients with clinica
(n Z 19)

Age (years) 66.5 � 7.9 (54e77)
BMI (kg/m2) 29.8 � 3.9 (24.2e40.0)
HbA1c (mmol/mol) 52 � 8 (40e64)
Patients with asymptomatic VFx

(moderate or severe)
7 (36.8)

Patients with T2D duration� 10 years 9 (47.4)
Patients on insulin treatment 4 (21.1)
Patients with retinopathy 3 (15.8)
Patients with nephropathy 4 (21.1)
Patients with neuropathy 4 (21.1)
Patients with at least one T2D chronic

complicationa
6 (31.6)

Patients with at least 1 major T2D-
related risk factor for Fxb

12 (63.2)

Patients with BMD T-score � �2.0 9 (47.4)
LS BMD (T-score) �1.18 � 1.47 (�3.20e1-
FN BMD (T-score) �1.56 � 0.89 (�3.20e0.3

Data are mean � SD with range in parentheses or absolute number with
T2D: type 2 diabetes. BMI: body mass index. HbA1c: glycosylated haemogl
LS: lumbar spine. FN: femoral neck.
a Patients with at least one out of nephropathy, retinopathy and neurop
b Patients with at least one out of a disease duration above 10 years, the

and persistent poor glycaemic control (i.e. HbA1c levels above 64 mmol/m
neuropathy. Moreover, they also showed a higher preva-
lence of subjects with insulin treatment, with a T2D
duration longer than 10 years, with at least one major T2D-
with clinical fractures and those without clinical fractures.

l Fx T2D subjects without clinical Fx
(n Z 88)

p

65.5 � 7.2 (52e80) 0.587
29.6 � 5.0 (21.0e40.0) 0.877
51 � 8 (31e64) 0.625
10 (11.4) 0.006

36 (40.9) 0.605
16 (18.2) 0.752
2 (2.3) 0.038
2 (2.3) 0.009
0 (0.0) 0.001
3 (3.4) 0.001

39 (44.3) 0.136

25 (28.4) 0.107
50) �0.76 � 1.43 (�5.30e2.90) 0.255
0) �1.01 � 1.07 (�3.40e1.40) 0.038

percentage in parentheses.
obin. VFx: vertebral fracture. Fx: fracture. BMD: bone mineral density.

athy.
presence of one or more chronic T2D complications, the use of insulin
ol for at least 1 year).



Table 3 Comparisons between the clinical characteristics of T2D patients with clinical and/or asymptomatic vertebral fracture and those of T2D
patients without fractures.

Parameters T2D patients with clinical Fx and/
or asymptomatic VFx (n Z 29)

T2D patients without clinical Fx
and asymptomatic VFx (n Z 78)

p

Age (years) 65.8 � 8.0 (52e77) 65.6 � 7.1 (52e80) 0.899
BMI (kg/m2) 30.1 � 3.8 (23.3e40.0) 29.5 � 5.2 (21.0e40.0) 0.535
HbA1c (mmol/mol) 52 � 7 (40e64) 50 � 9 (31e64) 0.257
Patients with asymptomatic VFx

(moderate or severe)
17 (58.6) 0 (0.0) <0.0001

Patients with T2D duration � 10
years

17 (58.6) 28 (35.9) 0.034

Patients on insulin treatment 9 (31.0) 11 (14.1) 0.046
Patients with retinopathy 3 (10.3) 2 (2.6) 0.122
Patients with nephropathy 4 (13.8) 2 (2.6) 0.045
Patients with neuropathy 4 (13.8) 0 (0.0) 0.005
Patients with at least one T2D

chronic complicationa
6 (20.7) 3 (3.8) 0.011

Patients with at least 1 major T2D-
related risk factor for Fxb

21 (72.4) 30 (38.5) 0.002

Patients with BMD T-score � �2.0 11 (37.9) 23 (29.5) 0.404
LS BMD (T-score) �0.89 � 1.36 (�3.20e1.50) �0.82 � 1.48 (�5.30e2.90) 0.140
FN BMD (T-score) �1.36 � 0.89 (�3.20e0.70) �1.01 � 1.11 (�3.40e1.40) 0.169

Data are mean � SD with range in parentheses or absolute number with percentage in parentheses.
T2D: type 2 diabetes. BMI: body mass index. HbA1c: glycosylated haemoglobin. VFx: vertebral fracture. Fx: fracture. BMD: bone mineral density.
LS: lumbar spine. FN: femoral neck.
a Patients with at least one out of nephropathy, retinopathy and neuropathy.
b Patients with at least one out of a disease duration above 10 years, the presence of one or more chronic T2D complications, the use of insulin

and persistent poor glycaemic control (i.e. HbA1c levels above 64 mmol/mol for at least 1 year).
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related risk factor for fracture and with at least one T2D
chronic complication. Age, BMI, BMD and HbA1c levels
were comparable between the two groups.

3.1.2. How many T2D patients without clinical fractures
would have been pharmacologically treated?
Following the flow-chart depicted in Fig. 1, among the 88
patients without clinical fractures, we would have phar-
macologically treated 20 patients (22.7%): 9 patients with
at least one morphometric moderate or severe VFx, 8 pa-
tients without morphometric VFx s but with a BMD T-
score � �2.0, 3 patients without a morphometric VFx but
with a FRAX score suggesting a high fracture risk regard-
less of BMD. On the other hand, 68 patients (77.3%) would
have been conservatively followed-up: 49 patients
without a major T2D-related risk factor for fracture, 10
patients with at least 1 major T2D-related risk factor for
fracture but without VFx and with a negative FRAX score
regardless of BMD and 9 patients with BMD T-score above
�2.0 and with a FRAX score suggesting low fracture risk.

3.1.3. How many T2D patients with asymptomatic VFx
would not have been pharmacologically treated and
how many patients without both clinical and
morphometric VFx would have been pharmacologically
treated?
The application of the flow-chart depicted in Fig. 1 selects
those patients for vertebral X-ray based on their fracture
risk profile. Since in our study the spinal radiographs have
been performed in all patients, regardless of basal fracture
risk, we were able to verify the algorithm’s reliability in
identifying patients worthy of bone-active treatment due
to the presence of asymptomatic morphometric VFx.
Among the overall group of 73 patients without treatment
indication, only 1 moderate morphometric VFx was pre-
sent at the spinal evaluation. In other words, in our sam-
ple, among patients with asymptomatic VFx (17 out of 107,
15.9%), following the flow-chart depicted in Fig. 1, 16
would have been pharmacologically treated (94.1%) and
only one would have not been pharmacologically treated
because of the absence of previous clinical fractures and of
major T2D-related risk factors and, thus, of indication to
VFx assessment according to the diagnostic approach
proposed by the expert panel [6].

Conversely, among the group of 78 patients without
both clinical and morphometric VFx, 11 patients (14.1%)
received anyway the treatment indication, according to the
presence of at least one major T2D-related risk factors and
a T-score � -2.0 (n Z 7) or a FRAXþ (n Z 4).

3.1.4. How many T2D patients with at least 1 major T2D-
related risk factor for fracture, but without both clinical
and morphometric VFx would have been
pharmacologically or conservatively treated on the
basis of the FRAX score and/or BMD levels?
Among the 30 patients without both clinical and
morphometric VFx but with at least 1 major T2D-related
risk factor for fracture, 13 were younger than 65 years of
age and then did not met the ISCD (International Society of
Clinical Densitometry) indication for performing a DXA
exam [12]. Among these latter, 11 patients were at low
fracture risk based on the FRAX score and, thus, would be
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conservatively treated, while 2 patients, who were found
to be at high risk for fracture on the basis of the FRAX
score, would have been pharmacologically treated.

On the other hand, among the same 30 patients, 17
were older than 65 years of age and then had the ISCD
indication for performing a DXA exam [12]. Among these
latter, 7 patients showing a BMD T-score equal or below
�2.0 and 2 patients showing a BMD T-score above �2.0
but a high risk of fracture on the basis of the FRAX score,
would be pharmacologically treated. Eight patients,
showing both a BMD above �2.0 and a low fracture risk by
FRAX score, would have been conservatively treated.

The comparisons between the clinical characteristics of
T2D patients without both clinical fractures and major
T2D-related risk factors and T2D patients without clinical
fractures but with at least one major T2D-related risk
factor for fracture is reported in Table 4.

As compared with patients without both clinical frac-
tures and major T2D-related risk factors, patients without
clinical fractures but with �1 major T2D-related risk factor
for fracture showed an increased prevalence of asymp-
tomatic VFx and, as expected, an increased prevalence of
T2D duration above 10 years and insulin treatment. No
statistically significant differences were found as far as age,
BMI, HbA1c levels, BMD at both spine and femur and
prevalence of T2D-related chronic complications and T-
score � �2.0. Importantly, among the 49 patients without
both clinical fractures and major T2D-related risk factors,
who would have been, therefore, conservatively followed
up, only one subject (2.0%, sensitivity 90%, negative pre-
dictive value NPV 98%), in fact, showed a prevalent VFx. On
the other hand, among the 39 patients without clinical
Table 4 Comparisons between the clinical characteristics of T2D patients
those of T2D patients without clinical fractures but with at least one maj

Parameters All T2D patients without
clinical Fx (n Z 88)

T2D pa
Fx but
related
(n Z 3

Age (years) 65.6 � 7.2 (52e80) 65.8 �
BMI (kg/m2) 29.6 � 5.0 (21.0e40.0) 29.8 �
HbA1c (mmol/mol) 51 � 8 (31e64) 52 � 8
Patients with asymptomatic

VFx (moderate or severe)
10 (11.4) 9 (23.1

Patients with T2D duration �
10 years

36 (40.9) 35 (89

Patients on insulin treatment 16 (18.2) 14 (35
Patients with retinopathy 2 (2.3) 2 (5.1)
Patients with nephropathy 2 (2.3) 1 (2.6)
Patients with neuropathy 0 (0.0) 0 (0.0)
Patients with at least one T2D

chronic complicationa
3 (3.4) 2 (5.1)

Patients with BMD T-score �
�2.0

25 (28.4) 11 (28

LS BMD (T-score) �0.76 � 1.43 (�5.30e2.90) �0.86
FN BMD (T-score) �1.01 � 1.07 (�3.40e1.40) �1.08

Data are mean � SD with range in parentheses or absolute number with
T2D: type 2 diabetes. BMI: body mass index. HbA1c: glycosylated haemogl
Fx: fracture. VFx: vertebral fracture. a: patients with at least one out of n
a p Z level of statistical significance between T2D patients without clin

T2D patients without both without clinical Fx and major T2D-related risk
fractures but with at least 1 major T2D-related risk factors
9 subjects (23.1%, specificity 61.5%) showed a VFx and then
they would have been pharmacologically treated, but 11
out of the remaining 30 would have received anyway the
treatment indication, according to the BMD T-score or to
the FRAX score.

3.1.5. How many T2D patients experienced a fragility
fracture during the follow-up and who of them would
have been pharmacologically treated?
Among the 107 patients evaluated at baseline, 16 patients
were excluded from the longitudinal arm of the study
because of the development in the course of follow-up of
one of exclusion criteria provided by the protocol (hyper-
thyroidism, n Z 3; primary hyperparathyroidism, n Z 3,
hypercortisolism, n Z 4, malignant neoplasia, n Z 6).
Among the remaining cases, 36 patients were lost at the
follow-up and 21 patients refused to join the longitudinal
arm. Eventually, a follow-up was available for 34 patients.
The median follow-up was of 60.2 months (range 18e108).

Following the flow-chart depicted in Fig. 1, 15 out of
these 34 T2D patients would have been pharmacologi-
cally treated: one patient had a prevalent clinical VFx, 3
patients reported a previous clinical non-vertebral and
non-hip fragility fracture associated with another factor
which justified the treatment indication (one had a
moderate morphometric VFx, one a BMD T-score � -2.0
and one a FRAX score suggesting a high fracture risk), 7
patients had at least one major T2D-related risk factor
and at least one morphometric VFx and finally 4 had at
least one major T2D-related risk factor and a BMD T-
score � �2.0.
without both clinical fractures and major T2D-related risk factors and
or T2D-related risk factor for fracture.

tients without clinical
with �1 major T2D-
risk factor for Fx
9)

T2D patients without both
clinical Fx and major T2D-
related risk factor for Fx
(n Z 49)

Pa

7.6 (52e80) 65.2 � 6.9 (52e80) 0.726
4.3 (21.0e39.5) 29.4 � 5.5 (21.3e40.0) 0.737
(31e63) 50 � 8 (31e64) 0.390
) 1 (2.0) 0.004

.7) 1 (2.0) <0.0001

.9) 2 (4.1) <0.0001
0 (0.0) 0.194
1 (2.0) 0.693
0 (0.0) e

1 (2.0) 0.582

.2) 14 (28.6) 0.970

� 1.30 (�3.6e2.5) �0.69 � 1.54 (�5.30e2.90) 0.595
� 1.12 (�2.9e1.00) �0.95 � 1.04 (�3.40e1.40) 0.567

percentage in parentheses.
obin. BMD: bone mineral density. LS: lumbar spine. FN: femoral neck.
ephropathy, retinopathy and neuropathy.
ical Fx but with �1 major T2D-related risk factor for Fx (n Z 39) and
factor for Fx (n Z 49).



Table 5 BMD variations and incident fractures at follow-up in T2D patients who would have been pharmacologically treated and who would
have been conservatively followed-up.

Follow-up parameters All T2D patients evaluated at
follow-up (n Z 34)

T2D patients who
would have been
pharmacologically
treated (n Z 15)

T2D patients who
would not have been
pharmacologically
treated (n Z 19)

p

Patients with stable BMD 22 (64.7) 10 (66.7) 12 (66.7) 0.826
Patients with increased BMD 6 (17.65) 3 (20.0) 3 (11.1)
Patients with decreased BMD 6 (17.65) 2 (13.3) 4 (22.2)
Patients with incident fractures 2 (6.5) 2 (13.0) 0 (0.0) 0.187

Data are absolute number with percentage in parentheses. BMD: bone mineral density. T2D: type 2 diabetes.
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At the follow-up evaluation 22 patients (64.7%) showed
no significant BMD variations. In 6 patients (17.65%) BMD
was significantly increased, whereas in the other 6 pa-
tients (17.65%) was significantly decreased. The BMD var-
iations according to the baseline treatment indication are
summarized in Table 5. It is noteworthy that in all 6 cases
of BMD gain the improvement was limited to only the
lumbar spine.

During the follow-up period two patients out of 34
experienced an incident fragility fracture (5.9%): one pa-
tient had a clinical VFx and one a morphometric moderate
VFx. In both cases VFx involved the dorsal tract. Both pa-
tients with incident fractures would have been pharma-
cologically treated at baseline (Table 5) on the basis of the
compresence of at least one major T2D-related factor risk
(T2D duration �10 years) and a BMD T-score � -2.0. At the
follow-up evaluation one patient showed no significant
BMD variations, whereas the other one experienced a
significant BMD gain at the vertebral site.

Based on these data, a T2D patient with bone-active
treatment indication according to the clinical recommen-
dations established by the Italian multidisciplinary expert
panel [6] tended to have a 7-fold increased risk of expe-
riencing an incident fracture in the subsequent years (OR
7.04, 95%I.C: 0.31e158.7, p Z 0.095) compared to patients
without this indication, although not reaching the statis-
tical significance probably because of the low number of
incident fractures.

4. Discussion

Individuals with T2D have an increased risk of bone
fragility compared to the general population and diabetic
patients with fragility fractures have higher mortality rates
than individuals (diabetic or not) without fractures
[14e16]. Bone fragility is then increasingly recognized as a
complication of T2D [1]. However, the underestimation of
fracture risk in T2D using the classical assessment tools
[2,4,5,17] pointed out the urgent need of clinical recom-
mendations for the routine assessment of bone health in
T2D subjects. The clinical consensus recommendations
formulated by the multidisciplinary expert panel by
Chiodini et al. suggested the diagnostic approach for the
detection of T2D patients worthy of bone-active treatment
for the fracture risk reduction [6].
This study was aimed at applying this algorithm to a
well-characterized cohort of postmenopausal women with
T2D in order to validate them in the clinical practice.

Following the flow-chart depicted in Fig. 1, about one
third of patients would have been pharmacologically
treated (Table 1). As expected, the group of subjects with
treatment indication showed a higher prevalence of risk
factors of fracture, both those common to the general
population (advanced age, prevalent asymptomatic VFx,
low femoral BMD) and those disease-specific (insulin
treatment, disease duration above 10 years, T2D chronic
complications considered as a whole). The lack of statis-
tical difference in the glycaemic control between the two
groups was due to the fact that, according to the inclusion
criteria of our protocol, all recruited patients had a good
glycaemic control.

According to the consensus, a previous non-vertebral,
non-hip clinical fracture does not represent per se a cri-
terion for treatment indication [6]. Among our T2D pa-
tients with prevalent clinical fractures (who were only 19
out of 107), about three-quarters of themwould have been
pharmacologically treated, whereas the remaining quarter
(nZ 5 subjects) would have been conservatively followed-
up because of the absence of other criteria for active
treatment (asymptomatic VFx, BMD T-score lower than
�2.0 or FRAXþ). Among these 5 patients only one had a
major T2D-related risk factor, in keeping with a low frac-
ture risk profile despite the previous non-hip and non-
vertebral clinical fractures.

According to the flow-chart illustrated in Fig. 1, among
our T2D patients without clinical fractures, nearly a
quarter of them (20 out of 88) would have pharmacolog-
ically treated: in 9 patients the treatment indication came
from the radiologic identification of morphometric mod-
erate or severe VFx, which, despite being asymptomatic,
are a known risk factor of subsequent fractures [18].

Considering all fractured patients together (both those
with clinical fractures and those with morphometric VFx,
Table 3), fractured patients had a more advanced disease
with a higher prevalence of each major T2D-related factor
risk than in patients without fractures, except for the poor
glycaemic control due to the same reason mentioned
above. These results strengthen the choice of T2D chronic
complications, insulin treatment and T2D duration >10
years as major T2D-specific risk factors for fracture.
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Conversely, about a third of patients without any fractures
received the treatment indication anyway on the basis of
DXA and FRAX data. This suggests that, despite the limited
value of DXA scan and FRAX calculation in most T2D pa-
tients [2,5,17], these tools are still useful in selected cases
for treatment decision (i.e. patients with non-hip and non-
vertebral fragility fractures or patients without any
fragility fractures, but with at least one of the major T2D-
related risk factors for fracture).

It is interesting to observe that, through the application
of the algorithm proposed by the multidisciplinary expert
panel to our well-studied sample of postmenopausal
women with T2D [6], only one out of 17 patients with
moderate or severe morphometric VFx, and then at
established high risk of fracture, would not have been
treated due to the lack of indication to VFx assessment and
then the non-recognition of prevalent morphometric VFx.

About this, from another point of view, among T2D
patients without clinical fractures the presence of at least
one of the major T2D-related risk factors for fracture
showed a very good sensitivity in identifying who expe-
rienced a previous asymptomatic moderate or severe VFx
and then was at increased risk of subsequent fractures
[18]. In other words, the application of the flow-chart
depicted in Fig. 1 to our sample confirmed that the
absence of both prevalent clinical fractures and major T2D-
related risk factors for fracture justifies the choice of a
conservative follow-up without the radiological VFx
assessment (NPV 98%). This supports the assessment of the
major T2D-related risk factors as the first-line, easy and
inexpensive tool to define the individual fracture risk
profile in T2D patients without prevalent clinical fractures.

Although on a limited fraction of patients, the follow-up
data gave us the opportunity to validate the clinical
consensus recommendations also in a longitudinal way.

Two incident fractures, both vertebral, occurred in our
sample of 34 T2D patients evaluated at follow-up.
Notwithstanding the low number of followed-up subjects
and incident fractures, it must be underlined that, based
on baseline data, both fractured patients would have been
pharmacologically treated if the diagnostic approach sug-
gested by the expert panel [6] had been applied at
baseline.

Conversely, no incident fractures occurred in the group
of patients without any indication for bone-active treat-
ment, thus suggesting the ability of the algorithm by
Chiodini and colleagues to correctly detect diabetic sub-
jects at relatively low risk of fracture despite the under-
lying disease. It is possible to postulate that the increased
risk of incident fracture occurrence in patients with one of
the criteria for active treatment indication compared to
those without this indication did not probably reach the
statistical significance because of the low number of ana-
lysed subjects and fracture events.

The application of the clinical consensus recommen-
dations proposed by the expert panel to our sample
confirmed the limited role of BMD in the monitoring of
fracture risk in T2D [2,17]. The BMD variation at the follow-
up examination in T2D patients who would have been
pharmacologically treated did not statistically differ from
those observed in T2D patients who would have been
conservatively followed-up. Indeed, in about two thirds of
patients bone mass showed no significant variations, in-
dependent of the basal fracture risk. Moreover, paradoxi-
cally, an incident fragility morphometric VFx occurred
exactly in a T2D patient who experienced a BMD gain at
the lumbar site. Precisely in this regard, it is noteworthy to
unþþderline that the BMD improvement at the follow-up
DXA scan interested the lumbar site in 6 out of 6 cases.
Then it is possible to hypothesize that in T2D subjects the
finding of a normal and/or improved LS BMD could not be
considered a reliable index of good bone health due to the
frequent association of T2D and osteoarthritis [19]. How-
ever, the finding of a BMD reduction at spine remains of
clinical significance. Therefore, in our opinion, the use of
BMD T-score lower than �2.0 in any skeletal site, as sug-
gested by the expert panel [6], can be considered
adequate.

This study has some limitations. First of all, as already
stated before, the small number of T2D patients evaluated
in the longitudinal arm prevent us to draw firm conclu-
sions. As the patients included in the longitudinal arm
were only a third of those originally enrolled, an unwanted
selection bias cannot be excluded. Moreover, the variable
length of follow-up can be also considered a limitation of
this study because the shortest follow-up can have
unavoidably underestimated the incidence of fragility
fractures.

Furthermore, according to the exclusion and inclusion
criteria provided by the protocol, our sample included
neither some categories of T2D patients at very high risk of
fracture (e.g. patients on treatment with thiazolidine-
diones, with advanced T2D chronic complications and
with poor glycaemic control i.e. HbA1c levels above
64 mmol/mol) nor male T2D subjects and we could not
estimate the long-term glycaemic control of recruited pa-
tients. However, some literature evidence suggest that a
persistent poor glycaemic control (according to the algo-
rithm, persistent HbA1c levels above 8% for at least 1 year)
should be considered in clinical practice as a risk factor for
fracture, irrespective from disease duration, ongoing
treatment or presence of complications [6,20e22].

Finally, mild morphometric VFx were not considered in
the decision-making for treatment, but this is in line with
the clinical consensus recommendations [6] which
excluded this kind of fractures from the assessment of
fracture risk in order to reduce the possibility of incorrect
classification of various vertebral deformities as VFx which
could lead to unnecessary treatment prescription [23].

Nevertheless, despite these limitations, the clinical
consensus recommendations established by the Italian
multidisciplinary expert panel [6] performed well in our
sample of postmenopausal women with T2D. Indeed,
among those subjects with bone-active treatment indica-
tion as many as 13% of patients experienced an incident
fracture during the follow-up, thus confirming the pres-
ence at baseline of a high fracture risk worthy of specific
treatment and conversely, among those subjects without
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bone-active treatment indication no incident fractures
were observed.

In the future, the application of the diagnostic ap-
proaches formulated by the multidisciplinary expert panel
[6] in a larger sample of T2D patients with the inclusion
also of subjects of both sexes and with a more severe
disease (i.e. patients with proliferative or laser-treated
retinopathy, overt diabetic nephropathy or severe macro-
angiopathy and patients with persistent HbA1c levels
above 64 mmol/mol) could confirm the feasibility of the
clinical consensus recommendations in the entire T2D
population. Clinical trials in those T2D patients at risk for
fragility fractures and deserving of bone-active treatment
will then be needed to determine the actual efficacy and
safety of available antiresorptive and anabolic agents in
this specific setting.
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