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negatively weakly correlated with BMI. 
Conclusions: Almost one quarter of the post-
menopausal prediabetic women had osteoporosis
and osteoporosis was more common in the predia-
betics than in the normoglycemic control group par-
ticipants. While evaluating prediabetics, it is impor-
tant to assess bone mineral density. 

Keywords: Bone density; Osteoporosis; Prediabetic
state.

INTRODUCTION

Osteoporosis is a disease characterized by low bone
mass and microarchitecture degradation of the skele-
ton leading to increased bone fragility and tendency
to fracture1. In 2009, there were about 24,000 hip
fractures reported in Turkey and those are estimated
to increase to nearly 64,000 in 20352. In 2012, the
prevalence of osteoporosis in the femoral neck was
7.5% in men and 33.3% in women, who were 50
years and over in Turkey2. In the USA, where ap-
proximately half of the population over 50-years-old
has osteoporosis, the economic burden of osteo-
porosis and its complications on the health care sys-
tem are estimated to be $25.3 billion annually by
20253. Although osteoporosis inherently affects all
bones, both hip and vertebral fractures are more spe-
cific for osteoporosis than others1.

Bone mineral density (BMD), which is evaluated
in the femoral and lumbar spine regions, is accept-
ed as the optimal diagnostic method of osteoporosis.
WHO announced diagnostic criteria of osteoporosis
as using the BMD connected to peak bone mass in
healthy people4. The measurement of BMD is rec-
ommended for elderly people, postmenopausal
women, and those with secondary diseases with an
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ABSTRACT

Objectives: There is comparatively scarce data on
bone health in prediabetes (PD). This study aimed to
evaluate osteoporosis, fracture risk, and to determine
related factors in adults with PD comparing them
with healthy participants.
Materials and Methods: A controlled, observatio-
nal, cross-sectional study was conducted. All post-
menopausal women and men aged over 65 years
were recruited from a tertiary care hospital. A total
of 120 participants (90 prediabetic, 30 control
group) were enrolled in the study. All participants
were screened for clinical status, Dual-Energy X-ray
Absorptiometry(DEXA) was used to assess for os-
teoporotic fracture risk factors, and then the Frac-
ture Risk Assessment Tool (FRAX) was calculated. 
Results: Age, gender, body mass index (BMI), pres-
ence of obesity, and risk factors for osteoporotic frac-
ture were similar between groups. Frequency of os-
teoporosis was higher in the PD group (p=0.045).
Bone mineral density (BMD) and T scores of the lum-
bar and femoral neck regions were lower in the PD
group (p=0.042, p=0.039, p=0.039, and p=0.042,
respectively). Although there were statistically sig-
nificant differences in BMD and T scores, 10-year
probability of hip fracture and major osteoporotic
fracture were similar in both groups. In the femoral
neck region, BMD and T scores were weakly and neg-
atively correlated with age. FRAX-major was corre-
lated positively and weakly with age and FRAX-hip
was positively and weakly correlated with age and
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increased frequency of osteoporosis to prevent com-
plications leading to high cost and decreased qual-
ity of life1,3,4. The prevalence of secondary osteo-
porosis is reported in 17-30% females and 21-80%
males according to the extensive study results in lit-
erature. Given the secondary causes of osteoporosis,
endocrinological diseases occupy a wide range. One
of them is diabetes mellitus (DM), with which the
world struggles with its complications5,6. 

Prediabetes (PD), diagnosed based on plasma glu-
cose criteria according to the American Diabetes As-
sociation, is an intermediate stage between DM and
normoglycemia7. Recent studies conducted in adults
stated that based on population, the prevalence of
PD is 38% in the USA8, 35.7% in China9, and 30.8%
in Turkey10. It was also emphasized that the inci-
dence of PD has experienced a serious yearly in-
crease in many studies7,10,11. 

The goal in the management of DM is to prevent
the development of complications by providing nor-
moglycemia7. Diabetes is a kind of cardiovascular
disease and its common complications are known as
microvasculary (retinopathy, nephropathy, and neu-
ropathy) and macrovasculary (cardiovascular
events, cerebrovascular disease, and peripheral
artery disease)12. Although these complications are
relatively rare in PD compared to DM, they can be
seen even in the prediabetic stage of hyper-
glycemia13,14. In addition, PD has been shown to be
associated with periodontal disorders, cognitive dys-
function, hypertension, obstructive sleep apnea syn-
drome, erectile dysfunction, metabolic syndrome,
cancer, nonalcoholic fatty liver disease, and steato-
hepatitis, just like diabetes15-18. What about osteo-
porosis and bone health in prediabetics? Could os-
teoporosis, which is closely related to diabetes and
shown as a complication of diabetes in some
sources, have a relationship with PD? There is com-
paratively scarce data on this subject19-21.

Therefore, the aims of this study were to evaluate
osteoporosis, fracture risk, and to determine relat-
ed factors in adults with PD by comparing them with
healthy participants.

MeTHODS

pARTICIpANTS

A cross-sectional study was conducted from May
2019 to November 2019. Fasting plasma glucose

(FPG) and HbA1c levels were measured for all par-
ticipants, who were admitted to an internal medicine
outpatient clinic for routine health checkups. Glu-
cose values of oral glucose tolerance test (OGTT)
were conducted for all participants without diag-
nosed diabetes. PD was defined as 0-hour plasma
glucose value (OGTT-0) of 100-125 mg/dL (IFG)
and/or 2-hour plasma glucose value (OGTT-2nd) of
140 mg/dL to 199 mg/dL (IGT). An HbA1c value of
5.7to 6.4% was also considered PD7.

Then, patients with blood glucose levels in the
prediabetic or normal range and those who had
screening indication for osteoporosis were included
in the study, consecutively1,3,4. Men aged over 65
years and all the postmenopausal women were
screened for osteoporosis by Dual-Energy X-ray Ab-
sorptiometry (DEXA), assessed for osteoporotic frac-
ture risk factors, and then the Fracture Risk Assess-
ment Tool (FRAX) was calculated. 

A total of 120 participants (90 prediabetic and 30
control group participants) were enrolled in the
study. Exclusion criteria were as follows: a history of
DM or a medication for DM, using any medication
known to affect bone turnover and having causes of
secondary osteoporosis, such as rheumatoid arthri-
tis, corticosteroid use, hyperthyroidism, etc. When
evaluating causes of secondary osteoporosis, both la-
boratory analyzes were performed and patients were
asked by anamnesis.

HeAlTH INDICATORS

Height and weight were measured and body mass
index (BMI) calculated as weight in kilograms di-
vided by height in meters squared. BMI was catego-
rized as obesity (BMI: 30 kg/m2 and above) and non-
obesity (BMI <30 kg/m2)22. 

MeASUReMeNT Of lABORATORy pARAMeTeRS

A fasting venous blood sample was collected after an
overnight fast of at least 12-h for biochemical inves-
tigations and samples were processed in the hospi-
tal laboratory on the same day. Fasting plasma glu-
cose, serum blood urea nitrogen (BUN), serum
creatinine (sCre), and plasma and urine protein were
estimated using a Roche Cobas 8000 immunoassay
analyzer (Roche Diagnostics, USA). Plasma glucose
values at 0 and the 2nd hour were conducted by
OGTT, and glycated hemoglobin (HbA1c) levels
were measured for all participants. HbA1c levels
were estimated using an Adams A1C HA-8180V au-
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tomatic analyzer (Arkray Diagnostics, USA). All as-
says were performed with specific kits and calibra-
tors supplied by the manufacturers.

BONe MINeRAl DeNSITy

Bone mineral density was assessed by DEXA (DRA:
Stratos 800) in the lumbar spine (L1-L4 vertebrae)
and proximal femur (neck and total). Participants
were sub grouped according to the criteria defined
by the World Health Organization (WHO) as having
osteoporosis with a T-score ≤ -2.5 standard devia-
tion (SD) in either the lumbar spine or hip23.

fRACTURe RISk (fR)

The 10-year probabilities of hip fracture and a ma-
jor osteoporotic fracture were calculated using the
Turkish FRAX model (version 4.1), which includes
age, BMI, assessment of prior fragility fracture,
parental history of hip fracture, current tobacco smok-
ing, use of long-term oral glucocorticoids, rheuma-
toid arthritis, other causes of secondary osteoporosis,
and alcohol consumption. The BMD value of the
femoral neck was also included in the calculation of
the FRAX (http://www.shef.ac.uk/FRAX)24,25.

STATISTICAl ANAlySIS

Statistical analyses were performed using the SPSS
software version 22.0 (IBM Corp., Armonk, NY,
USA). Number of cases and percentages were used
for categorical variables. Categorical data was ana-
lyzed by Chi-square or Fisher’s exact test, where
appro priate. The Shapiro-Wilks test and histograms
were used to determine whether continuous vari-
ables were normally distributed. Normally dis-
tributed variables were presented as means and stan-
dard deviations (SD), non-normally distributed
variables were presented as medians and interquar-
tile ranges (IQR). Two independent groups of para-
metric variables were compared using the Student t
test. For non-parametric variables, the Mann Whit-
ney U test was administered. Relationships between
non-parametric variables were analyzed by Spear-
man correlation tests and relationships between
parametric variables were analyzed by Pearson cor-
relation tests. A p value of <0.05 was considered to
indicate statistically significant differences.

eTHICAl ISSUeS

This study was performed in accordance with the
Declaration of Helsinki and Good Clinical Practice.

The patient's written informed consent to publish
the clinical information and materials was obtained.
Local Ethical Committee approval was received
(Date: 22.05.2019, Approval Number: 2019/380).  

ReSUlTS

A total of 90 prediabetic patients and 30 control
group participants were enrolled in the study. There
were 81 females (90%) in the prediabetic and 27
(90%) in the control group participants. Risk factors
for osteoporotic fracture, age, gender, BMI, presence
of obesity, and smoking status were similar between
the groups (Table I). Frequency of osteoporosis was
higher in the PD group (n=21, 23.3%) than in the
control group (n=2, 6.7%) (p=0.045). Although
BMD and T scores of the lumbar and femoral neck
region were lower in the PD group than in the con-
trol group (p=0.042, p=0.039, p=0.039, and
p=0.042, respectively), Z scores were similar be-
tween groups. In the region of total femur, T scores
were lower in the PD group than in the control group
(p=0.043), but BMD and z scores were similar be-
tween groups (p>0.05). Although there were statisti-
cally significant differences in BMD and T scores, 10-
year probability of hip fracture and major osteoporotic
fracture were similar in both groups (Table I).

In correlation analyses, DEXA values did not have
any relationship with age, BMI, OGTT 0 and 2nd,
and HbA1c. In the femoral neck region, while BMD
and T scores were weakly and negatively correlated
with age (r=-0.254, p=0.016 and r=-0.325, p=0.002,
respectively), Z scores were positively and weakly
correlated with BMI (r=0.273, p=0.009). In the to-
tal femoral region, both BMD and T scores were pos-
itively and weakly correlated with BMI (r=0.258,
p=0.015 and r=0.358, p=0.001, respectively), like-
wise Z scores were positively and weakly correlated
with BMI (r=0.392, p<0.001). The FRAX-major was
correlated positively and weakly with age (r=0.306,
p=0.003), FRAX-hip was positively and weakly cor-
related with age and negatively weakly correlated
with BMI (r=0.350, p=0.001 and r=-292, p=0.005,
respectively). All correlation analyses in the PD
group are in Table II.

Prediabetic patients with or without osteoporosis
were also compared in terms of age, BMI, OGTT 0
and 2nd values, and HbA1c. All of them were simi-
lar between groups (Table III).
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TABle I. COMpARISON Of pReDIABeTIC pATIeNTS wITH CONTROl gROUp

Prediabetes (n=90) Control (n=30) P value
Gender (F/M), n (%) 81 (90) / 9 (10) 27 (90) / 3 (10) 1.000
Age (year), mean (SD) 57.8 (7.2) 57.1 (7.2) 0.666
Smoking, n (%)

Never 72 (80) 22 (73.3)
Quit 9 (10) 1 (3.3)
Smoker 9 (10) 7 (23.3) 0.209

BMI (kg/m2), mean (SD) 34.2 (6.5) 32.9 (5.9) 0.324
Obesity (+)ve, n (%) 66 (73.3) 19 (63.3) 0.297
OGTT-0th, mean (SD) 104.5 (8.9) 91.3 (5.8) <0.001
OGTT-2nd, mean (SD) 133.5 (32.3) 101.2 (14.4) <0.001
HbA1c, median (per 25-75) 6 (5.9-6.2) 5.5 (5.4-5.6) <0.001
Osteoporosis (+)ve, n (%) 21 (23.3) 2 (6.7) 0.045
Osteoporosis risk factors, n (%)

Aged ≥65 years old 15 (16.9) 3 (10) 0.557
Alcohol 3 or more units/day 6 (6.7) 1 (3.3) 0.679
Parent Fractured Hip 5 (5.6) 1 (3.3) 1.000
Previous Fracture 0 (0) 0 (0) -
Secondary osteoporosis 0 (0) 0 (0) -
Rheumatoid arthritis 0 (0) 0 (0) -
Glucocorticoids 0 (0) 0 (0) -

DEXA; L1-L4
BMD, gr/cm2;median (per 25/75) 0.878 (0.811 / 1.022) 0.952 (0.849/1.160) 0.042
T score, median (per 25/75) -1.7 (-2.3/-0.7) -1.15 (-1.9/-0.3) 0.039
Z score, median (per 25/75) -0.4 (-1.0/0.9) 0.1 (-0.5/1.0) 0.072

DEXA ; Femur Neck
BMD, gr/cm2, mean (SD) 0.876 (0.144) 0.955 (0.184) 0.039
T score, mean (SD) -0.3 (1.2) 0.4 (1.6) 0.042
Z score, mean (SD) 0.9 (1.2) 1.6 (1.5) 0.430

DEXA ; Femur Total
BMD, gr/cm2, mean (SD) 1.0 (0.2) 1.0 (0.2) 0.667
T score, mean (SD) -0.5 (1.0) -0.3 (1.1) 0.043
Z score, mean (SD) 0.2 (1.0) 0.3 (1.0) 0.613

FRAX
Major, median (per 25/75) 3.2 (2.8/4.3) 3.0 (2.5/3.6) 0.084
Hip, median (per 25/75) 0.1 (0.1/0.6) 0.1 (0.0/0.2) 0.135

X-ray Absorptiometry; BMD: Bone mineral density; FRAX: Fracture Risk Assessment Tool; DEXA: Dual-Energy X-ray Absorptiometry.
(P<0.05 considered statistically significant)

DISCUSSION

To our best information, the present study is the first
attempt to introduce the relationship between PD
and osteoporosis by including both genders in a
cross-sectional study. As well as the confounders in-
cluding sociodemographic and lifestyle related risk
factors (age, gender, race, education level, BMI) be-

ing similar, we found evidence of a lower BMD and
a higher prevalence of osteoporosis in both lumbar
spine and femoral neck in patients with PD com-
pared with normoglycemic participants.

BMD values of patients with DM compared to
those without DM have been repeatedly shown in
literature. Type 1 diabetes has a lower BMD, while
type 2 diabetes is characterized with average or high-
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er BMD26-30. Considering the suffering of patients
with fracture, both type 1 and type 2 diabetes are re-
ported among the causes of secondary osteoporo-
sis25,31. The effect of PD on the skeletal system is not
clear, whereas there are many studies in literature on
the relationship between diabetes and osteoporosis27-
31. Yet, few studies have documented the relation-
ship between PD and bone health. In studies com-
paring prediabetic patients with healthy controls,
there are results showing that BMD values   are low,
high, and similar21,32-34. In a large cross-sectional
study by Ebrahimpur, participants aged 60 years and

over were compared based on glycemic index (dia-
betic, prediabetic, and normoglycemic individuals).
They reported that spinal and femoral osteoporosis
was observed more commonly in normoglycemics
than in prediabetics, while it was more common in
prediabetics than in diabetics35. There is a severe con-
flict with these results, which is incompatible with
literature. Regardless of BMD values, diabetic pa-
tients have been proven many times in prospective,
large population-based studies and meta-analysis
that the risk of fractures is higher than in non-dia-
betics26-31. It is also a serious criticism that con-

TABle II. CORRelATION ANAlySeS Of pATIeNTS wITH pReDIABeTeS

Age BMI OGTT-0th OGTT-2nd HbA1c
r p r p r p r p rho p

DEXA; L1-L4
BMD -0.182 0.091 0.134 0.217 0.084 0.442 0.027 0.803 0.035 0.748
T score -0.219 0.041 0.158 0.144 0.079 0.464 0.012 0.909 0.023 0.832
Z score 0.143 0.185 0.186 0.084 0.128 0.236 0.046 0.675 0.187 0.087

DEXA; F-Neck
BMD -0.254 0.016 0.181 0.088 0.134 0.207 0.003 0.981 -0.133 0.218
T score -0.325 0.002 0.236 0.025 0.105 0.327 0.011 0.918 -0.119 0.269
Z score -0.074 0.489 0.273 0.009 0.116 0.275 0.060 0.576 -0.064 0.553

DEXA; F-Total
BMD -0.078 0.467 0.258 0.015 0.211 0.047 0.009 0.930 0.072 0.509
T score -0.184 0.084 0.358 0.001 0.198 0.062 0.026 0.811 0.057 0.599
Z score 0.070 0.514 0.392 <0.001 0.203 0.056 0.064 0.549 0.135 0.214

FRAX
Major 0.306 0.003 -0.170 0.109 -0.141 0.186 0.015 0.891 0.080 0.459
Hip 0.350 0.001 -0.292 0.005 -0.040 0.706 -0.030 0.782 0.135 0.209

BMI: body mass index; OGTT: oral glucose tolerance test; HbA1c: glycated hemoglobin; DXA: Dual-Energy X-ray Absorptiometry; BMD:
Bone mineral density; FRAX: Fracture Risk Assessment Tool.
(P<0.05 considered statistically significant)

TABle III. COMpARISON Of pReDIABeTIC pATIeNTS wITH OR wITHOUT OSTeOpOROSIS

Osteoporosis (+)ve, Osteoporosis (-)ve, 
(n=21) (n=69) P value

Age (year), mean (SD) 60.3 (8.2) 57.0 (6.7) 0.100
BMI (kg/m2), mean (SD) 32.42 (6.12) 34.74 (6.57) 0.148
OGTT-0th, mean (SD) 102.4 (8.7) 105.2 (9.0) 0.249
OGTT-2nd, mean (SD) 134.3 (33.7) 133.4 (32.1) 0.692
HbA1c, median (per25/75) 5.90 (5.82-6.20) 6.00 (5.90-6.10) 0.797

BMI: body mass index; OGTT: oral glucose tolerance test.
(P<0.05 considered statistically significant)
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founding factors such as age, gender, and BMI are
statistically different between groups in their study.
However, in the present study, where confounders
were statistically similar, both femoral neck and
spinal osteoporosis were found higher in prediabet-
ics than the healthy controls.

It is also known that the higher the BMD and T
scores, the lower the prevalence of osteoporosis,
whereas those decrease with older age3,25,26,32. Al-
though inadequate glucose control increases the risk
of bone fracture in DM, the effects of glycemia in pa-
tients with PD are insufficient19,27. In this study, com-
patible with literature, BMD and T scores were weak-
ly and negatively correlated with age in the femoral
neck region. However, none of them could be cor-
related with the glycemic index.

Both type 1 and type 2 diabetics have repeatedly
been shown to have a high risk of bone fractures.
Fractures and DM are associated with large health
costs, morbidity, and mortality21,27-31. In a large pop-
ulation study, the risk of fractures in patients with
diabetes was demonstrated to be 28% higher after
adjusting for other risk factors36. Even if incompati-
bility between BMD value and the presence of os-
teoporosis in patients with type 2 DM makes it dif-
ficult to evaluate the risk of fracture, it is observed
that the risk of fractures increases even in people
with diabetes with a high BMD value21,26,27,30,36. More-
over, limitations in the use of BMD due to the lack
of age, race, and comorbidities have made it neces-
sary to develop the scale for fracture risk prediction.
FRAX is the most widely used of these algorithms
worldwide24,25. It has been reported in studies that di-
abetic patients have a higher fracture risk than the
general healthy population although contrary find-
ings are obtained according to the FRAX26,37,38.

Nevertheless, the impact of PD on fracture risk is
completely unclear. To the best of our knowledge,
the present study, in which the fracture risk in pa-
tients with PD is calculated, was performed by us for
the first time in literature. In a study, the FRAX score
calculated by adding BMD revealed that there is no
statistical difference between patients impaired fast-
ing glucose with normoglycemic ones39. Due to the
nature of the work structured by de Abreu, the fact
that age and BMI were different between groups, it
is not suitable for an ideal comparison. Moreover,
their study includes only patients with impaired fast-
ing glucose, but PD is a more comprehensive disor-
der. In the present study, in which the confounders

were similar, the 10-year probability of fracture tend-
ed to be higher in prediabetic patients compared to
normoglycemics according to major fracture, which
is calculated by adding BMD, even if not statistical-
ly significant (p=0.084). Furthermore, 10-year prob-
ability of hip fracture was similar between the
groups. Regarding the correlation situations, while
10-year probability of major fracture was correlated
positively and weakly with age, hip fracture was pos-
itively and weakly correlated with age and negative-
ly weakly correlated with BMI in accordance with
literature3,25,26,32. The fact that the glycemic state in
PD has no correlation on FRAX has been shown for
the first time in literature.

Although the pathophysiology of bone fractures in
diabetic patients has not been elucidated clearly, it is
interpreted as the accumulation of glycosylation end
products in the bone matrix with the effect of hyper-
glycemia, turning to fragile form27. It is also suggest-
ed that there may be a defect in the trabecular skele-
tal microstructure due to the nature of a metabolic
disease in DM40. Therefore, FRAX is untrustworthy in
estimating the risk of fractures in diabetics. If our
study is considered from this point of view, further
studies are needed to measure bone microarchitec-
ture in PD. All of the prediabetic patients recruited to
the present study were newly diagnosed patients be-
cause of the study design. This outcome also suggests
that the earlier PD is diagnosed, the more osteoporo-
sis and economic burden can be prevented. 

There were some limitations in this study. Firstly,
the number of male patients were low. Secondly, it
was not a multi-center study. For this reason, we can-
not make generalizations.

CONClUSION

Almost one quarter of post-menopausal prediabetic
women have osteoporosis and osteoporosis is 
more common in prediabetics than in normoglycemic
control group participants. While evalua ting predia-
betics it is important to assess bone mi neral density.
Further analysis on a large cohort of patients would be
helpful to understand the potential of PD.

CORReSpONDeNCe TO

Ulaş Serkan Topaloğlu
Department of Internal Medicine
Kayseri City Hospital, Kayseri, Turkey
E-mail: ustop38@gmail.com



ÓRgÃO OfICIAL DA sOCIEDADE PORTUgUEsA DE REUMATOLOgIA

38

BOne minerAL densiTY And frAcTUre risk in PrediABeTes: A cOnTrOLLed crOss-secTiOnAL 

RefeReNCeS 

1. Compston JE, McClung MR, Leslie WD. Osteoporosis. Lancet
2019; 393:364-376.

2. Tuzun S, Eskiyurt N, Akarirmak U, Saridogan M, Senocak M,
Johansson H, Kanis JA. Incidence of hip fracture and prevalence
of osteoporosis in Turkey: the FRACTURK study. Osteoporos
Int. 2012; 23(3):949-955.

3. Qaseem A, Forciea MA, McLean RM, Denberg TD. Clinical
Guidelines Committee of the American College of Physicians.
Treatment of Low Bone Density or Osteoporosis to Prevent Frac-
tures in Men and Women: A Clinical Practice Guideline Update
From the American College of Physicians. Ann Intern Med.
2017; 166(11):818-839.

4. World Health Organization. Assessment of fracture risk and its
application to screening for postmenopausal osteoporosis. Re-
port of a WHO Study Group. World Health Organ Tech Rep
Ser 1994; 843: 1-129.

5. Colangelo L, Biamonte F, Pepe J, Cipriani C, Minisola S. Un-
derstanding and managing secondary osteoporosis. Expert Rev
Endocrinol Metab. 2019; 14(2):111-122.

6. Romagnoli E, Del Fiacco R, Russo S, Piemonte S, Fidanza F, Co-
lapietro F, Diacinti D, Cipriani C, Minisola S. Secondary osteo-
porosis in men and women: clinical challenge of an unresolved
issue. J Rheumatol. 2011; 38(8):1671-1679.

7. American Diabetes Association. Standards of medical care in di-
abetes-2019. Diabetes Care 2020; 42:S13-18.

8. Menke A, Casagrande S, Geiss L, Cowie CC. Prevalence of and
Trends in Diabetes Among Adults in the United States, 1988-
2012. JAMA 2015; 314(10):1021-1029.

9. Wang L, Gao P, Zhang M, Huang Z, Zhang D, Deng Q, Li Y,
Zhao Z, Qin X, Jin D, Zhou M, Tang X, Hu Y, Wang L. Preva-
lence and Ethnic Pattern of Diabetes and Prediabetes in China
in 2013. JAMA 2017; 317(24):2515-2523.

10. Satman I1, Omer B, Tutuncu Y, Kalaca S, Gedik S, Dinccag N,
Karsidag K, Genc S, Telci A, Canbaz B, Turker F, Yilmaz T, Cakir
B, Tuomilehto J. Twelve-year trends in the prevalence and risk
factors of diabetes and prediabetes in Turkish adults. Eur J Epi-
demiol. 2013; 28(2):169-180.

11. Topaloğlu US, Erol K. Sociodemographic Status and Disability
of Patients with Prediabetes. Sakarya Med J. 2019; 9(2):319-
-325.

12. Mauricio D, Alonso N, Gratacòs M. Chronic Diabetes Compli-
cations: The Need to Move beyond Classical Concepts. Trends
Endocrinol Metab. 2020; 31(4):287-295.

13. Brannick B, Wynn A, Dagogo-Jack S. Prediabetes as a toxic en-
vironment for the initiation of microvascular and macrovascu-
lar complications. Exp Biol Med (Maywood) 2016;
241(12):1323-1331.

14. Abdul-Ghani M, DeFronzo RA, Jayyousi A. Prediabetes and risk
of diabetes and associated complications: impaired fasting glu-
cose versus impaired glucose tolerance: does it matter? Curr
Opin Clin Nutr Metab Care. 2016; 19(5):394-399.

15. Boeri L, Capogrosso P, Pederzoli F, Ventimiglia E, Frego N,
Chierigo F, Montanari E, Montorsi F, Salonia A. Unrecognized
Prediabetes Is Highly Prevalent in Men With Erectile Dysfunc-
tion-Results From a Cross-Sectional Study. J Sex Med. 2018;
15(8):1117-1124.

16. Saetung S, Nimitphong H, Siwasaranond N, Sumritsopak R,
Jindahra P, Krairit O, Thakkinstian A, Anothaisintawee T, Reu-
trakul S. The relationship between sleep and cognitive function
in patients with prediabetes and type 2 diabetes. Acta Diabetol.

2018; 55(9):917-925.
17. Huang Y, Cai X, Qiu M, Chen P, Tang H, Hu Y, Huang Y. Predi-

abetes and the risk of cancer: a meta-analysis. Diabetologia.
2014; 57(11):2261-2269.

18. Salmerón D, Gómez García F, Pons-Fuster E, Pérez-Sayáns M,
Lorenzo-Pouso AI, López-Jornet P. Screening for prediabetes
and risk of periodontal disease. Diabetes Metab Syndr. 2019;
13(2):1661-1666.

19. Ala M, Jafari RM, Dehpour AR. Diabetes Mellitus and Osteo-
porosis Correlation: Challenges and Hopes. Curr Diabetes Rev.
2020 doi: 10.2174/1573399816666200324152517. [Epub
ahead of print]

20. Costantini S, Conte C. Bone health in diabetes and prediabetes.
World J Diabetes. 2019; 10(8):421-445.

21. Chen C, Chen Q, Nie B, Zhang H, Zhai H, Zhao L, Xia P, Lu Y,
Wang N. Trends in Bone Mineral Density, Osteoporosis, and
Osteopenia Among U.S. Adults With Prediabetes, 2005-2014.
Diabetes Care. 2020 pii: dc191807. doi: 10.2337/dc19-1807.
[Epub ahead of print]

22. World Health Organization. Obesity: preventing and managing
the global epidemic. Report of a WHO consultation. World
Health Organ Tech Rep Ser 2000; 894: i–xii, 1-253.

23. Kanis JA. Assessment of fracture risk and its application to
screening for postmenopausal osteoporosis: synopsis of a WHO
report. WHO Study Group. Osteoporos Int. 1994; 4(6):368-
-381.

24. Kanis JA, Hans D, Cooper C, Baim S, Bilezikian JP, Binkley N,
Cauley JA, Compston JE, Dawson-Hughes B, El-Hajj Fuleihan
G, Johansson H, Leslie WD, Lewiecki EM, Luckey M, Oden A,
Papapoulos SE, Poiana C, Rizzoli R, Wahl DA, McCloskey. Task
Force of the FRAX Initiative. Interpretation and use of FRAX in
clinical practice. Osteoporos Int. 2011; 22(9):2395-2411.

25. Tuzun S, Eskiyurt N, Akarirmak U, Saridogan M, Johansson H,
McCloskey E, Kanis JA. The impact of a FRAX-based interven-
tion threshold in Turkey: the FRAX-TURK study. Arch Osteo-
poros. 2012; 7:229-35.

26. Bonaccorsi G, Messina C, Cervellati C, Maietti E, Medini M,
Rossini M, Massari L, Greco P. Fracture risk assessment in post-
menopausal women with diabetes: comparison between De-
FRA and FRAX tools. Gynecol Endocrinol. 2018; 34(5):404-
-408.

27. Oei L, Zillikens MC, Dehghan A, Buitendijk GH, Castaño-Be-
tancourt MC, Estrada K, Stolk L, Oei EH, van Meurs JB, Janssen
JA, Hofman A, van Leeuwen JP, Witteman JC, Pols HA, Uitter-
linden AG, Klaver CC, Franco OH, Rivadeneira F. High bone
mineral density and fracture risk in type 2 diabetes as skeletal
complications of inadequate glucose control: the Rotterdam
Study. Diabetes Care. 2013; 36(6):1619-1628.

28. Schwartz AV. Diabetes, bone and glucose lowering agents: clin-
ical outcomes. Diabetologia 2017; 60:1170-1179.

29. Fan Y, Wei F, Lang Y, Liu Y. Diabetes mellitus and risk of hip frac-
tures: a meta-analysis. Osteoporos Int 2016; 27(1):219-28.

30. Wang C, Liu J, Xiao L, Liu D, Yan W, Hu T, Li K, Hua X, Zeng
X. Comparison of FRAX in postmenopausal Asian women with
and without type 2 diabetes mellitus: a retrospective observa-
tional study. J Int Med 2019:300060519879591. doi:
10.1177/0300060519879591. [Epub ahead of print]

31. Wang J, You W, Jing Z, Wang R, Fu Z, Wang Y. Increased risk of
vertebral fracture in patients with diabetes: a meta-analysis of
cohort studies. Int Orthop. 2016; 40(6):1299-1307.

32. Rabijewski M, Papierska L, Pia˛tkiewicz P. An association be-



ÓRgÃO OfICIAL DA sOCIEDADE PORTUgUEsA DE REUMATOLOgIA

39

TOPALOGLU Y eT AL

tween bone mineral density and anabolic hormones in middle-
aged and elderly men with prediabetes. Aging Male 2017;
20:205-213.

33. Kim CH. Bone mineral density in prediabetic men. Korean Di-
abetes J. 2010; 34:384-385.

34. de Liefde II, van der Klift M, de Laet CE, van Daele PL, Hof-
manA, PolsHA. Bone mineral density and fracture risk in type-
2 diabetes mellitus: the Rotterdam Study. Osteoporos Int. 2005;
16:1713-1720.

35. Ebrahimpur M, Sharifi F, Nezhad FA, Bagherzadeh M, Ostovar
A, Shafiee G, Heshmat R, Mehrdad N, Razi F, Khashayar P,
Nabipour I, Larijani B. Effect of diabetes on BMD and TBS val-
ues as determinants of bone health in the elderly: Bushehr El-
derly Health program. J Diabetes Metab Disord. 2019; 18(1):99-
-106.

36. Kaur P, Anjana RM, Tandon N, Singh MK, Mohan V, Mithal A.
Increased prevalence of self-reported fractures in Asian Indians
with diabetes: Results from the ICMR-INDIAB population based
cross-sectional study. Bone 2020; 135:115323. doi: 10.1016/j.
bone.2020.115323. [Epub ahead of print]

37. Leslie WD, Morin SN, Lix LM, Majumdar SR. Does diabetes
modify the effect of FRAX risk factors for predicting major os-
teoporotic and hip fracture? Osteoporosis international: a jour-
nal established as result of cooperation between the European
Foundation for Osteoporosis and the National Osteoporosis
Foundation of the USA 2014; 25(12): 2817-2824.

38. Poiana C, Capatina C. Osteoporosis and fracture risk in patients
with type 2 diabetes mellitus. Acta Endocrinol (Buchar). 2019;
15(2):231-236.

39. de Abreu LLF, Holloway-Kew KL, Sajjad MA, Kotowicz MA,
Pasco JA. FRAX (Australia) scores in women with impaired fast-
ing glucose and diabetes. Bone Rep. 2019; 11:100223. doi:
10.1016/j.bonr.2019.100223.

40. Pritchard JM, Giangregorio LM, Atkinson SA, Beattie KA, Inglis
D, Ioannidis G, Punthakee Z, Adachi JD, Papaioannou A. As-
sociation of larger holes in the trabecular bone at the distal ra-
dius in postmenopausal women with type 2 diabetes mellitus
compared to controls. Arthritis Care Res. 2012; 64(1):83-91.


