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Abstract

Summary We assessed bone health in over 2500 adults with diabetes across Tiirkiye. T1DM patients had lower BMD, while
T2DM patients showed higher fracture risk despite higher BMD. Several modifiable factors were linked to osteoporosis.
These findings support personalized bone assessments in diabetic populations.

Background Diabetes mellitus (DM) is a recognized risk factor for bone fragility. While type 1 DM (T1DM) is typically
associated with low bone mineral density (BMD), type 2 DM (T2DM) often presents with higher BMD despite increased
fracture risk. Large-scale comparative studies remain limited.

Objective To evaluate bone health, including osteopenia, osteoporosis, and fracture risk, in adults with TIDM and T2DM.
Methods This multicenter, cross-sectional study included 2562 patients (224 with T1DM, 2338 with T2DM) from 27 cent-
ers across Tiirkiye. BMD was assessed using dual-energy X-ray absorptiometry (DXA) and fracture risk was estimated via
the Turkish-adapted FRAX® algorithm in patients aged >40 years. Multinomial logistic regression was used to identify
independent predictors of low BMD.

Results Osteoporosis prevalence was 5.5% in T1DM and 9.6% in T2DM (femoral neck T-score). Adjusted BMD was signifi-
cantly lower in T1DM at all skeletal sites, while FRAX-based fracture risk and fall-related fractures were higher in T2DM.
Independent predictors of osteoporosis included older age, female sex, lower BMI, reduced calcium levels, corticosteroid
use, albuminuria, hypertension, and less frequent sodium-glucose cotransporter-2 (SGLT?2) inhibitor use. TIDM was inde-
pendently associated with osteopenia but not osteoporosis.

Conclusion This multicenter study demonstrates distinct patterns of BMD and fracture risk across diabetes subtypes and
supports individualized bone health assessment in routine diabetes care.

Keywords Diabetes mellitus - Type 1 diabetes - Type 2 diabetes - Osteoporosis - Bone mineral density - FRAX

Introduction

Osteoporosis and related fractures are major contributors
to morbidity, disability, and healthcare burden worldwide
[1, 2]. As global life expectancy increases, the incidence of
osteoporotic fractures is projected to rise, posing significant

Extended author information available on the last page of the article

Published online: 16 February 2026

challenges for health systems. Identifying high-risk popula-
tions and modifiable contributors to bone fragility has there-
fore become a public health priority [3].

Diabetes mellitus (DM), a chronic metabolic disorder
with a rising global prevalence, has gained recognition as
a risk factor for skeletal fragility. In Tiirkiye, adult diabe-
tes prevalence is estimated at 15.9%, among the highest in
Europe [4]. While the vascular complications of diabetes
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are well known, its skeletal consequences remain underap-
preciated. Both type 1 (T1DM) and type 2 diabetes melli-
tus (T2DM) are associated with increased fracture risk, but
through distinct mechanisms [5-9].

In T1DM, insulin deficiency and impaired bone formation
lead to reduced bone mineral density (BMD), whereas T2DM
is often characterized by preserved or increased BMD despite a
paradoxical increase in fracture risk [5, 8, 9]. This dissociation
may reflect impaired bone quality due to chronic hyperglyce-
mia, accumulation of advanced glycation end-products (AGEs),
and increased fall risk secondary to diabetic complications such
as peripheral neuropathy and retinopathy [10-12].

Most previous studies in Ttiirkiye have been limited to small,
single-center samples—frequently focused on postmenopau-
sal women with T2DM—resulting in a lack of generalizable
data [6]. Comparative national data on BMD and fracture risk
across diabetes subtypes, and studies exploring modifiable risk
factors in diabetic populations, remain scarce.

To address these gaps, we conducted a large, multicenter
study across diverse regions of Tiirkiye to evaluate BMD
and fracture risk in adults with TIDM and T2DM across
Tirkiye. Additionally, we aimed to identify clinical, bio-
chemical, and treatment-related factors associated with low
BMD and increased fracture risk, with the goal of informing
individualized screening and management strategies in this
high-risk population.

Material and methods
Study design and setting
This multicenter, retrospective, cross-sectional study was

conducted between October 2023 and April 2024 across 27
endocrinology centers representing all major geographical

regions of Tiirkiye. Centers were selected based on geo-
graphic representativeness, patient volume, and availability
of dual-energy X-ray absorptiometry (DXA) equipment.
Patients were identified through retrospective review of
clinical and DXA records at each participating center. The
primary aim was to assess bone health status and identify
associated clinical and biochemical risk factors among adult
patients with either TIDM or T2DM.

Study population

A total of 2580 adult patients with diabetes mellitus were
initially identified, including 226 with TIDM and 2354
with T2DM. T1DM and T2DM were distinguished based
on standard clinical criteria. TIDM was defined by early
age at onset, insulin dependence from diagnosis, and a clini-
cal presentation consistent with autoimmune diabetes, sup-
ported by autoantibody or C-peptid testing when available.
T2DM was defined by adult-onset hyperglycemia without
features of autoimmune diabetes and typically without insu-
lin requirement at diagnosis. After excluding two T1DM and
sixteen T2DM patients due to missing or inconsistent data,
the final analysis included 2562 participants. The patient
selection process and reasons for exclusion are summarized
in Fig. 1. As all eligible patients with available data were
included, no a priori sample size calculation was performed.
Eligible individuals were aged > 18 years and had a con-
firmed diagnosis of T1DM for at least two years or T2DM
for a minimum of six months, based on standard clinical
and biochemical criteria. Participants had to be under regu-
lar follow-up at the same healthcare center for at least six
months and to have completed BMD assessment and stand-
ard laboratory testing within the preceding six months.
Patients were excluded if they lacked BMD or labora-
tory data, had diabetes types other than TIDM or T2DM,

Fig.1 Study flow diagram of
patient selection

Adult patients with diabetes mellitus from 27 endocrinology centers

Assessed for eligibility (n = 2,580)

T1DM (n = 226)
T2DM (n = 2,354)

Assessed for eligibility (n = 2,580)

Excluded (n = 18)
Incomplete demographic or clinical data
TIDM (n=2)
T2DM (n=7)
Erroneous DXA results (T2DM, n = 6)
Invalid laboratory measurements (T2DM, n = 3)

Included in final analysis (n = 2,562)

T1DM (n = 224)
T2DM (n = 2,338)
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had active malignancy, or had undergone organ transplan-
tation. A structured questionnaire was administered either
by phone or in person to assess osteoporosis-related risk
factors. Only individuals with complete clinical, laboratory,
and DXA data were included in the final cohort. For each
participant, data corresponded to a single clinical visit, con-
sistent with the retrospective cross-sectional design. DXA
scans were obtained based on clinical indications or physi-
cian judgement rather than routine screening and therefore
reflect individuals for whom BMD assessment was consid-
ered clinically appropriate.

To ensure consistency, all centers used a standardized
electronic data collection form. Participating sites were
instructed to apply uniform units of measurement across
all variables. Centralized quality checks were applied to
exclude patients with incomplete or erroneous entries from
the analysis.

Data collection and measurement

Demographic and clinical data collected included age, sex,
diabetes duration, age at menopause (if applicable), smoking
status, and alcohol consumption. Pharmacologic informa-
tion encompassed current antidiabetic medications—such
as insulin, thiazolidinediones (TZDs), and sodium-glucose
cotransporter-2 (SGLT2) inhibitors—as well as drugs known
to affect bone metabolism, including proton pump inhibitors
(PPIs), diuretics, and corticosteroids.

The presence of diabetic microvascular complications
(retinopathy, nephropathy, and neuropathy) and macrovas-
cular conditions (coronary artery disease, cerebrovascular
disease, and peripheral arterial disease) was assessed based
on clinical history and available medical documentation at
each participating center.

Anthropometric measurements, laboratory values, and
DXA results were extracted from clinical records; question-
naire data collected by phone or in person did not affect
measured variables. Laboratory assessments included fast-
ing plasma glucose (FPG), glycated hemoglobin (HbAlc),
estimated glomerular filtration rate (¢GFR), liver enzymes
(Aspartate aminotransferase [AST] and alanine aminotrans-
ferase [ALT]), corrected serum calcium, phosphorus, mag-
nesium, 25-hydroxyvitamin D (25 (OH) vitamin D), parathy-
roid hormone (PTH), thyroid-stimulating hormone (TSH),
and the 24-h urinary calcium-to-creatinine ratio.

BMD and fracture risk assessment

BMD was measured at the lumbar spine, femoral neck,
and total hip using DXA scanners from a single manufac-
turer (Hologic®, Hologic Inc., USA) across all centers.
Calibration procedures were performed in accordance with

manufacturer guidelines and local quality control standards.
No between-scanner cross-calibration was performed across
centers.

T-scores were derived based on the NHANES III refer-
ence database for White women aged 20-29 years, as recom-
mended by the International Osteoporosis Foundation (IOF)
Working Group [13]. According to World Health Organiza-
tion (WHO) criteria, osteopenia was defined as a T-score
between —1.0 and —2.5, and osteoporosis as a T-score <-2.5.

Fracture risk was estimated using the Turkish version of
the Fracture Risk Assessment Tool (FRAX®) algorithm in
patients aged > 40 years, following guideline recommenda-
tions (with intervention thresholds defined in the FRAX-
TURK study) [14]. The algorithm calculates the 10-year
probability of major osteoporotic and hip fractures based
on clinical risk factors, with or without BMD input. In
patients diagnosed with osteoporosis, additional subgroup
analyses were conducted to explore associations between
BMD and clinical parameters such as HbAlc, diabetes dura-
tion, and the presence of microvascular or macrovascular
complications.

Statistical analysis

Statistical analyses were performed using IBM SPSS Sta-
tistics for Windows, Version 29.0.2.0 IBM Corp., Armonk,
NY). Descriptive statistics were expressed as mean =+ stand-
ard deviation (SD) for continuous variables and as frequen-
cies with percentages for categorical variables.

Comparisons between patients with TIDM and T2DM
were conducted using independent samples t-tests for con-
tinuous variables and Pearson’s chi-square or Fisher’s exact
test for categorical variables, as appropriate. For multiple
comparisons among more than two groups, the Bonferroni
correction was applied. Effect sizes were reported using
Cohen’s d for continuous variables, eta squared for ANOVA,
and Cramer’s V or Phi coefficient for categorical variables.

Analysis of covariance (ANCOVA) was used to compare
BMD values between T1DM and T2DM groups after adjust-
ing for age, sex, BMI, and diabetes duration. Adjusted means
and standard errors (SE) were calculated using least squares
estimation.

To evaluate factors associated with bone health status
(normal BMD, osteopenia, osteoporosis), multinomial logis-
tic regression analysis was performed. The results were pre-
sented as odds ratios (OR) with 95% confidence intervals
(CI). A p-value of <0.05 was considered statistically sig-
nificant. For all regression analyses, BMD categories were
defined using the minimum T-score across the lumbar spine,
femoral neck, and total hip.

Ethical considerations.

The study was conducted following the principles of the
Declaration of Helsinki. Ethical approval was obtained from
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all participating centers' local institutional review boards.
Following the acquisition of site-specific approvals, final
approval for the study protocol was granted by the Ethics
Committee of Uludag University Faculty of Medicine (Deci-
sion number: 2011-KAEK-26/452, Date: 6th July 2023),
which served as the coordinating center. Written informed
consent was waived owing to the retrospective nature of the
study and use of anonymized records.

Results
Baseline characteristics of the study population

A total of 2562 patients were included in the analysis,
comprising 224 individuals with TIDM and 2338 with
T2DM. Patients with T2DM were significantly older
(60.81 +£10.1 vs. 37.44+13.11 years, p<0.001), had a
higher BMI (31.02 +£6.08 vs. 24.67 +4.5 kg/mz, p<0.001),
and a shorter duration of diabetes (141.17 +98.17 vs.
175.96 +124.45 months, p <0.001) compared to those with
T1DM.

The proportion of female participants was higher in the
T2DM group (73.2% vs. 64.7%, p=0.007). Smoking was
more prevalent among T1DM patients, whereas hyperten-
sion (56.2% vs. 14.7%, p <0.001) and fracture history were
more common in T2DM (9.9% vs. 5.4%, p=0.026). Macro-
vascular complications such as coronary artery disease and

cerebrovascular disease were also more frequently observed
in the T2DM group (p <0.001 for both). While the preva-
lence of nephropathy was similar between groups, retinopa-
thy and polyneuropathy were slightly more common among
T2DM patients, though the differences were not statistically
significant. Detailed demographic and clinical characteris-
tics of the study population are summarized in Table 1.

Comparative bone mineral density and fracture risk
between diabetes types

According to WHO criteria based on femoral neck
T-scores, osteoporosis was more frequently observed in
patients with T2DM (9.6%) than in those with TIDM
(5.5%) (p<0.001). A similar trend was noted for lumbar
spine osteoporosis (15.5% vs. 10.0%). However, when
adjusted for age, sex, BMI, and diabetes duration, BMD
values at all skeletal sites were significantly lower in
patients with TIDM. Specifically, adjusted lumbar spine
BMD was 1.03 +0.02 g/cm? in TIDM and 1.08 +0.01 g/
cm? in T2DM (p =0.002); adjusted total femur BMD was
0.88+0.01 g/cm? vs. 1.00+0.01 g/cm? (p <0.001), and
adjusted femoral neck BMD was 0.84 +0.01 g/cm? vs.
0.91+0.01 g/cm? (p <0.001).

Despite having higher adjusted BMD values, patients
with T2DM exhibited significantly greater 10-year frac-
ture risk as assessed by the FRAX® tool. Major osteo-
porotic fracture risk was 5.40 +4.43% in T2DM compared

Table 1 Demographic and

o - Variable TIDM T2DM Total p-value Effect
Clinical Chara.cterlstlcs of the (n=224) (n=2,338) (n=2,562) size
Study Population

Age, years 374+13.1 60.8+10.1 58.8+12.3 <0.001 -2.247
Female 145 (64.7%) 1,711 (73.2%) 1,855 (72.4%) 0.007 0.053
Menopause age, years (only in women) 46.8+5.5 47.19+£5.2 47.18+5.2 0.707 -0.072
Duration of diabetes, months 176.0+124.4 141.2+98.2 144.2+101.2 <0.001 0.345
Smoking Current smoker 54 (24.2%) 315 (13.5%) 369 (14.4%) <0.001 0.097
Ex smoker 23 (10.3%) 436 (18.7%) 459 (18.0%)

Non-smoker 146 (65.5%) 1,582 (67.8%) 1,728 (67.6%)

Alcohol use 3 (1.3%) 25 (1.1%) 28 (1.1%) 0.731 —0.007
BML, kg/m? 24.7+4.5 31.0+6.1 30.5+6.2 <0.001 -1.065
Fracture history 12 (5.4%) 232 (9.9%) 244(9.5%) 0.026 0.044
Retinopathy 47 (21.1%) 412 (17.7%) 459 (18.0%)  0.205 0.025
Polyneuropathy 57 (25.6%) 737 (31.6%) 794 (31.0%) 0.064 0.037
Nephropathy 55 (24.8%) 574 (24.7%) 629 24.7%)  0.972 —-0.001
Hypertension 33 (14.7%) 1,312 (56.2%) 1,345 (52.6%) <0.001 0.235
Coronary artery disease 10 (4.5%) 497 (21.3%) 507 (19.8%) <0.001 0.119
Cerebrovascular disease 0 (0%) 79 (3.4%) 79 (3.1%) 0.005 0.055
Peripheral arterial disease 2 (0.9%) 40 (1.7%) 42 (1.6%) 0.357 0.018

T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; BMI, body mass index

Cohen’s d (pooled standard deviation), Cramer’s V, and Phi effect sizes were presented

Data are presented as mean + standard deviation or frequency (%)
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to 4.27+2.44% in TIDM (p <0.001), and hip fracture
risk was 1.31 +2.98% vs. 0.66 + 1.38%, respectively
(p<0.001). Moreover, a higher proportion of T2DM
patients reported fall-related fractures (9.9%) compared to
those with T1DM (5.4%, p=0.026). All BMD and FRAX-
based comparisons are detailed in Table 2.

Prevalence and determinants of low BMD

Among the total study population, 809 patients (31.6%)
were classified as having osteopenia and 380 patients
(14.8%) as having osteoporosis, based on lumbar spine
T-scores (Table 3). Increasing age was significantly asso-
ciated with lower BMD status: patients in the osteopo-
rosis group had a mean age of 62.89+10.6 years, com-
pared to 59.55 + 12.2 years in the osteopenia group and
57.05 + 12.5 years in those with normal BMD (p < 0.001).
Similarly, female sex was increasingly prevalent across

BMD categories, rising from 65.5% in the normal BMD
group to 87.1% in the osteoporosis group (p <0.001).
BMI showed a strong inverse relationship with BMD sta-
tus, decreasing progressively from 31.42 +6.17 kg/m? in
patients with normal BMD to 28.09 + 5.69 kg/m? in those
with osteoporosis (p <0.001). Interestingly, the duration
of diabetes was slightly shorter in the osteoporosis group
(128.7 +97.2 months) than in the normal BMD group
(150.2 +101.2 months, p=0.001), suggesting that factors
beyond chronic hyperglycemia may contribute to bone
loss in certain patients. Microalbuminuria and macroal-
buminuria were also more prevalent in patients with osteo-
porosis compared to those with normal BMD (p =0.023
and p =0.030, respectively), indicating a potential link
between diabetic microvascular complications and skel-
etal fragility.

The distribution of medications affecting bone metabo-
lism varied significantly across BMD categories (Table 4).

Table 2 Comparison of Bone

. t . T1DM T2DM p-value Effect size

Mineral Densu)f, Fracture Rlsk, (n=224) (n=2,338)

and Osteoporosis/Osteopenia

Prevalence Between Patients Lumbar spine T-score —0.79+142 —073x1.64 0551 —0.037

g;ﬁ;ﬁf‘ﬁe;ﬁ? pe2 Femoral neck T-score —058+1.14 —077+138 0.028 0.134
Total femur T-score —-0.60+1.06 -0.39+1.28 0.006 —0.170
Lumbar spine BMD (g/cm?) 1.02+0.18 1.05+£0.22 0.043 —-0.122
Femoral neck BMD (g/cm?) 0.90+0.16 0.88+0.18 0.030 0.135
Total femur BMD (g/cm?) 0.91+0.15 0.97+0.18 <0.001 —-0.306
Adjusted lumbar spine BMD (g/cm?)* 1.03+0.02 1.08 +0.01 0.002 0.004
Adjusted femoral neck BMD (g/cm?)* 0.84+0.01 0.91+0.01 <0.001 0.009
Adjusted total femur BMD (g/cm?)* 0.88+0.01 1.00+0.01 <0.001 0.030
FRAX major osteoporotic fracture risk (%)**  4.27+2.44 5.40+4.43 <0.001 -0.263
FRAX hip fracture risk (%)** 0.66+1.38 1.31+£2.98 <0.001 —-0.226
Lumbar spine
Normal BMD 120 (54.3%) 1218 (52.8%) 0.071 0.046
Osteopenia 79 (35.7%) 730 (31.7%)
Osteoporosis 22 (10.0%) 358 (15.5%)
Femoral neck
Normal BMD 142 (65.1%) 1191 (51.8%) <0.001***+  0.077
Osteopenia 64 (29.4%) 886 (38.6%)
Osteoporosis 12 (5.5%) 221 (9.6%)
History of fall-related fractures 12 (5.4%) 232 (9.9%) 0.026 0.044

T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; BMD, bone mineral density; FRAX,

Fracture Risk Assessment Tool

Descriptive statistics are expressed as mean + standard deviation or frequency with %. Where appropriate,
statistical significance was assessed using independent samples t-tests or Pearson chi-square tests. Statisti-
cal significance was set at p<0.05. Cohen’s d (pooled standard deviation), Partial eta squared, Cramer’s V,

and Phi effect sizes were presented

*Adjusted BMD values are corrected for age, sex, BMI, and diabetes duration. Descriptive statistics are
given as least square mean =+ standard error

™ FRAX scores were calculated only for individuals aged >40 years; therefore, FRAX values for TIDM
reflect the subgroup of patients aged 40 years and older (n=96)

™ According to pairwise comparisons with the Bonferroni-adjusted p-values, significant differences were
found between the groups in the Normal BMD, Osteopenia, and Osteoporosis percentages
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Eable 3 Compari§qn of Variable Normal BMD  Osteopenia Osteoporosis  p-value Effect size
emographic, Chmca}l, .amd (n=1,338) (n=809) (n=380)

Laboratory Characteristics

Among Patients with Normal Demographic Characteristics

BMD, Osteopenia, and Age (years) 5714125 596+122°  629+106° <0001 0028

Osteoporosis Based on Lumbar

Spine Measurements Female 877 (65.5%)* 624 (717.1%)° 331 (87.1%)¢ <0.001  0.180
Smoking <0.001  0.072
Current smoker 209 (15.6%)* 122 (15.1%)* 35 (9.3%)°
Ex smoker 274 (20.5%)* 126 (15.6%)° 54 (14.3%)°
Non-smoker 854 (63.9%)* 558 (69.2%)" 289 (76.5%)°
BMI (kg/m?) 31.4+6.2° 29.9+6.1° 28.1+5.7° <0.001  0.037
Duration of diabetes (months) 150.2+101.28 142.5+102.4%® 128.7+97.2" 0.001 0.006
Fracture history 92 (6.9%)* 70 (8.7%) 68 (17.9%)° p<0.001 0.132
Laboratory Characteristics
A1C (%) 82+2.1 8.0+2.0 82422 0.100 0.002
Creatinin (mg/dL) 0.84+0.35 0.83+0.4 0.86+0.49 0.547 0.001
Calcium (mg/dL) 9.6+0.5% 9.6+0.6* 9.4+0.7° <0.001 0.011
Phosphorus (mg/dL) 3.6+0.6 3.6+0.7 35+0.7 0.051 0.002
25(0OH)Vitamin D (ng/mL) 20.8+11.6 209+12.1 21.1+129 0.918 0.001
PTH (pg/mL) 50.6+32.4% 55.4+50.1° 60.4 +50.4° <0.001  0.007
TSH (mIU/L) 2.1x2.1 20+1.7 1.9+1.8 0.094 0.002
Total cholesterol (mg/dL) 191.6 +47.5 195.1+46.6 192.8+41 0.248 0.001
HDL cholesterol (mg/dL) 48.4+12.9° 50.9+14.7° 49.6+14.4®°  <0.001  0.006
LDL cholesterol (mg/dL) 113.3+39.3 115.8+41.1 112.8+349  0.292 0.001
Triglyceride (mg/dL) 179.8+133.3  174.9+145.6 166.1+105.7 0.205 0.001
Antidiabetic drugs
TZD use 129 (9.6%) 63 (7.8%) 34 (8.9%) 0.351 0.029
SGLT?2 inhibitor use 518 (38.7%)* 262 (32.4%)" 82 (21.6%)° <0.001 0.126
Insulin use 716 (53.6%)* 382 (47.5%)° 169 (44.6%)° 0.001 0.073
Diabetic complications
Retinopathy 261 (19.6%) 125 (15.5%) 66 (17.5%) 0.055 0.048
Polyneuropathy 416 (31.2%) 232 (28.7%) 130 34.2%)  0.149 0.039
Microalbuminuria 278 (20.9%)® 141 (17.5%)° 91 (24.2%)*  0.023 0.055
Macroalbuminuria 70 (5.3%)* 44 (5.5%)™® 33 (8.8%)° 0.030 0.053
Coronary artery disease 273 (20.4%) 153 (18.9%) 80 (21.1%) 0.608 0.020
Cerebrovascular disease 36 (2.7%) 33 (4.1%) 8 (2.1%) 0.098 0.043
Peripheral arterial disease 21 (1.6%) 15 (1.9%) 5(1.3%) 0.771 0.014
Hypertension 716 (53.6%) 418 (51.7%) 189 (49.9%)  0.385 0.028

BMD, bone mineral density; BMI, body mass index; Alc, hemoglobin Alc; PTH, parathyroid hormone;
TSH, thyroid-stimulating hormone; HDL, high-density lipoprotein; LDL, low density lipoprotein; TZD,
thiazolidinedione; SGLT?2, sodium-glucose cotransporter-2

abe The superscripts show the results of pairwise comparisons using the Bonferroni test between groups;
values with unlike letters were significantly different among groups. Data are presented as mean + standard
deviation or frequency with percentage. Eta square, Cramer’s V, and Phi effect sizes were presented. Sta-
tistical significance was evaluated across all three groups using ANOVA or the Pearson chi-square test as

appropriate

The use of SGLT?2 inhibitors was highest among patients
with normal BMD (38.7%) and progressively declined in
those with osteopenia (32.4%) and osteoporosis (21.6%)
(» <0.001). In contrast, PPI use was more frequent in
patients with osteopenia (27.9%) compared to those with
normal BMD (24.4%) and osteoporosis (23.2%) (p =0.009).
Corticosteroid use was relatively low overall but showed a

@ Springer

non-significant trend toward higher prevalence in the osteo-
porosis group (4.5%) compared to the others (p=0.173).
Insulin and diuretic use were more common among patients
with lower BMD, whereas TZD use did not differ signifi-
cantly across groups.

Biochemical parameters also varied according to
BMD status, with several markers showing significant
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Table 4 .Drugs affec.ti.ng b(?ne Medication T1DM T2DM Total p-value Effect

metgbol}sm and antldlapetlc (n=224) (n=2,338) (n=2,562) size

medications among patients

with type 1 and type 2 diabetes TZD 1 (0.4%) 230 (9.9%) 231 (9.0%) <0.001  0.093

mellitus SGLT2 inhibitors 2 (0.9%) 872 (37.3%) 874 (34.1%) <0001 0216
Insulin 224 (100%) 1,063 (45.6%) 1,287 (50.4%) <0.001 0.308
PPI 23 (10.3%) 627 (26.8%) 650 (25.4%) <0.001 0.107
Diuretics 10 (4.5%) 411 (17.6%) 421 (16.4%) <0.001 0.100
Corticosteroids 8 (3.6%) 97 (4.1%) 105 (4.1%) 0.677 0.008

T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; TZD, thiazolidinedione; SGLT2,
sodium-glucose cotransporter-2; PPI, proton pump inhibitor

Data are presented as frequency and percentage. Phi coefficent were presented as effect size

associations (Table 5). Serum calcium levels were lower
in the osteoporosis group (9.40 +0.74 mg/dL) compared to
patients with normal BMD (9.58 +0.52 mg/dL, p <0.001),
while phosphorus and creatinine levels did not differ sig-
nificantly across groups. Although 25-hydroxyvitamin D
levels did not show a significant overall difference among
groups (p=0.918), PTH levels were higher in the osteopo-
rosis group (60.4 +50.4 pg/mL) than in the normal BMD
group (50.6 +32.4 pg/mL, p <0.001). TSH, lipid param-
eters, and eGFR were comparable across BMD categories.

Multivariate analysis of factors associated
with bone health

To evaluate the independent associations of these variables
with low BMD, a multinomial logistic regression analysis
was performed. Variables found to be significant in univari-
ate comparisons—including age, sex, BMI, diabetes dura-
tion, microvascular complications, medication use, and
select biochemical markers—were included in the multivari-
ate model. The results are presented in the following section.

Table 5 Comparison of

° X X N Variables T1DM T2DM p-value Effect size
biochemical .varu?bles in type 1 (n=224) (n=2,338)
and type 2 diabetic patients
Fasting plasma glucose (mg/dL) 177.1+74.3 151.0+62.4 <0.001 0.411
Postprandial glucose (mg/dL) 240.1+92.0 203.8+74.8 <0.001 0.476
HbAlc (%) 9.1+2.2 8.0+2.0 <0.001 0.556
Urea (mg/dL) 27.6+14.0 33.5+16.1 <0.001 —0.369
Creatinine (mg/dL) 0.8+0.3 0.8+0.4 0.010 —0.181
eGFR (mL/min/1.73 m?) 104.3+22.1 85.2+22.6 <0.001 0.848
Total cholesterol (mg/dL) 182.0+45.9 194.0+46.2 <0.001 —-0.258
LDL cholesterol (mg/dL) 106.3+37.1 114.8+£39.4 0.001 —-0.218
HDL cholesterol (mg/dL) 54.7+16.5 489+13.3 <0.001 0.427
Triglycerides (mg/dL) 126.5+75.6 180.9+137.0 <0.001 —0.409
Calcium (mg/dL) 9.3+0.6 9.6+0.6 <0.001 —-0.544
Phosphorus (mg/dL) 35+0.8 3.6+0.7 <0.001 -0.278
Magnesium (mg/dL) 1.9+0.2 1.9+0.3 0.004 -0.166
25 (OH) Vitamin D (ng/mL) 18.5+10.1 21.1+12.2 0.002 -0.221
PTH (pg/mL) 59.7+61.9 53.1+39.4 0.148 0.157
TSH (ulU/mL) 22+19 2.0+20 0.148 0.102
Urinary calcium (mg/day) 85.6+77.4 174.9+138.5 <0.001 -0.714

T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; HbAlc, glycated hemoglobin; eGFR,
estimated glomerular filtration rate; LDL, low density lipoprotein; HDL, high-density lipoprotein; PTH,
parathyroid hormone; TSH, thyroid-stimulating hormone

Data are presented as mean + standard deviation. Statistical significance is based on an independent sam-
ples t-test. Cohen’s d (pooled standard deviation) was given as an effect size
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Multinomial logistic regression analysis identified several
independent predictors of osteopenia and osteoporosis, using
normal BMD as the reference category (Table 6). Increasing
age and female sex were strongly associated with a higher
likelihood of both conditions. Each additional year of age
increased the odds of osteopenia by 3.0% (OR =1.030, 95%
CI: 1.016-1.043) and osteoporosis by 4.6% (OR =1.046,
95% CI: 1.028-1.064), while female sex was associated with
more than twice the odds of osteopenia (OR=2.119, 95%
CI: 1.584-2.834; p<0.001) and nearly five times the odds of
osteoporosis (OR =4.708, 95% CI: 3.038-7.296; p <0.001).

BMI was a strong protective factor; each one-unit increase
in BMI reduced the risk of osteopenia by 6.2% (OR =0.938,

p <0.001) and osteoporosis by 11.6% (OR =0.884,
p<0.001). SGLT?2 inhibitor use was associated with a sig-
nificantly lower risk of osteoporosis (OR=0.511, p <0.001),
while PPI use increased the odds of osteopenia (OR =1.398,
p=0.009). Corticosteroid use was also independently asso-
ciated with osteoporosis (OR =1.973, p=0.029).
Biochemical parameters showed differential effects:
higher serum calcium levels were protective against oste-
oporosis (OR=0.745, p=0.015), while 25-hydroxyvita-
min D levels were modestly protective against osteopenia
(OR=0.990, p=0.028). Interestingly, the presence of
T1DM was associated with an increased risk of osteo-
penia (OR=1.808, p=0.018), and a history of fracture

Table 6 Multinomial logistic
regression of Osteopenia,
Osteoporosis, and Normal BMD

Osteopenia vs Normal BMD Osteoporosis vs Normal BMD

Age (years)

BMI (kg/m2)

Duration of diabetes, months (per
SD increase)

T1DM vs T2DM

Gender (Female)

Fracture history

Current smoker vs non-smoker
Ex-smoker vs non-smoker
HbAlc (%)

Calcium (mg/dL)
Phosphorus (mg/dL)

PTH (pg/mL)

TSH (uIU/mL)

25 (OH) Vitamin D (ng/mL)
Creatinine (mg/dL)

eGFR (mL/min/1.73 m?)
HDL cholesterol (mg/dL)
SGLT2i

Insulin

TZD

Corticosteroids

Diuretics

PPI

Nephropathy

Retinopathy

Coronary artery disease
Cerebrovascular disease
Peripheral arterial disease

Hypertension

OR (95%CT) p OR (95%CT) p

1.030(1.016-1.043) <0.001  1.046(1.028-1.064) <0.001
0.938(0.920-0.957) <0.001  0.884(0.86-0.909) <0.001
0.836(0.738-0.946) 0.005  0.744(0.628-0.881) 0.001
1.808(1.108-2.95) 0.018  0.717(0.347-1.478) 0.367
2.119(1.584-2.834) <0.001  4.708(3.038-7.296) <0.001
1.404 (0.947-2.082) 0.092  2.93 (1.88-4.565) <0.001
1.157(0.846-1.583) 0361  0.803(0.495-1.302) 0.373
0.839(0.617-1.141) 0263  0.725(0.47-1.118) 0.145
0.975(0.917-1.036) 0414  1.061(0.981-1.147) 0.139
1.034(0.86-1.244) 0722 0.745(0.588-0.945) 0.015
1.050(0.888-1.241) 0.569  0.815(0.651-1.02) 0.074
1.003(1.000-1.005) 0.063  1.003(0.999-1.006) 0.099
0.981(0.928-1.038) 0.507  0.947(0.87-1.031) 0.209
0.990(0.981-0.999) 0.028  0.994(0.982-1.005) 0.289
1.167(0.74-1.84) 0.507  1.117(0.651-1.918) 0.688
1.001(0.992-1.009) 0.840  0.997(0.986-1.008) 0.536
1.005(0.997-1.013) 0255  0.998(0.987-1.008) 0.675
0.899(0.713-1.133) 0367  0.511(0.364-0.719) <0.001
0.806(0.62-1.048) 0.107  0.799(0.561-1.139) 0.215
0.891(0.611-1.297) 0.546  0.9(0.522-1.554) 0.706
1.187(0.682-2.065) 0.544  1.973(1.07-3.638) 0.029
0.802(0.591-1.088) 0.157  0.872(0.577-1.32) 0.518
1.398(1.087-1.797) 0.009  1.097(0.78-1.542) 0.596
1.015(0.759-1.356) 0920  1.277(0.871-1.873) 0.210
0.877(0.636-1.209) 0422 0.913(0.593-1.404) 0.678
1.023(0.762-1.374) 0.879  1.247(0.843-1.846) 0.269
1.396(0.755-2.581) 0287  0.577(0.215-1.547) 0.274
2.203(0.976-4.976) 0.057  1.505(0.446-5.072) 0.510
0.949(0.743-1.212) 0.674  0.704(0.506-0.979) 0.037

OR, Odds ratio; CI, Confidence interval; BMD, bone mineral density; BMI, body mass index; HbAlc,
glycated hemoglobin; PTH, parathyroid hormone; TSH, thyroid-stimulating hormone; eGFR, estimated
glomerular filtration rate; HDL, high-density lipoprotein; TIDM, type 1 diabetes mellitus; T2DM, type 2
diabetes mellitus; SGLT2i, sodium-glucose cotransporter-2 inhibitor; TZD, thiazolidinedione; PPI, proton
pump inhibitor. Regression outcomes are based on BMD categories defined by the minimum T-score. Sta-
tistically significant values are shown in bold
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was strongly associated with osteoporosis (OR =2.930,
p <0.001), whereas no significant association was observed
with osteopenia, a pattern consistent with the greater clini-
cal relevance of fracture history in established osteoporosis.

Discussion

In this nationwide, multicenter study conducted across
diverse regions of Tiirkiye, we evaluated BMD and frac-
ture risk in adults with type 1 and type 2 diabetes mellitus.
Osteoporosis was more frequently identified in individuals
with T2DM based on unadjusted T-scores; however, patients
with T1DM exhibited significantly lower adjusted BMD
values across all skeletal sites. Conversely, fracture risk as
estimated by the FRAX algorithm was higher among T2DM
patients; however, it is important to note that FRAX does not
fully capture diabetes-related fracture risk and may under-
estimate fracture probability in individuals with diabetes.
In addition, several demographics, clinical, pharmacologic,
and biochemical variables were independently associated
with low BMD status. These findings underscore the multi-
factorial nature of diabetic bone disease and offer a nuanced
perspective on osteoporosis risk stratification in individuals
with diabetes.

The observed pattern of lower adjusted BMD in TIDM
patients despite a higher prevalence of osteoporosis based
on raw T-scores in T2DM is consistent with previous studies
showing impaired bone formation and reduced peak bone
mass in individuals with TIDM due to insulin deficiency
and earlier disease onset [5, 15, 16]. In T2DM, the higher
fracture rates are largely attributable to the older age of
this population, rather than representing a true discordance
between BMD and fracture risk. Nevertheless, reduced bone
quality, increased fall risk, and the accumulation of AGEs
described in the literature may further contribute to fracture
susceptibility in T2DM patients [10-12]. Given that FRAX
does not fully incorporate diabetes-related skeletal risk and
tends to underestimate fracture probability, fracture risk
assessment should therefore rely on clinical judgment inte-
grating BMD findings together with diabetes-specific risk
factors, rather than FRAX alone.

Several well-established demographic factors were found
to be independently associated with low BMD in our cohort.
Age and female sex were strongly predictive of both osteo-
penia and osteoporosis, consistent with previous findings
that advancing age and postmenopausal status are key con-
tributors to bone loss, regardless of diabetes status [17]. The
protective effect of higher BMI, observed in both univariate
and multivariate analyses, also aligns with prior literature
suggesting that increased mechanical loading and estrogen
production from adipose tissue may attenuate bone loss in

overweight individuals [8]. However, it is important to note
that while higher BMI may be associated with increased
BMD, it does not necessarily confer protection against frac-
ture, particularly in T2DM patients where bone quality is
often compromised [18]. Interestingly, the prevalence of
smoking was lower among patients with osteoporosis in
our cohort, which contrasts with existing literature link-
ing tobacco use to increased bone resorption and impaired
bone quality [19]. This unexpected finding may reflect
underreporting, survivor bias, or population-specific life-
style factors, and highlights the need for further research
into smoking-related bone outcomes in diabetic popula-
tions. Interestingly, shorter diabetes duration was observed
in patients with osteoporosis, a finding that contrasts with
the conventional view that longer disease exposure leads
to greater skeletal deterioration. This may reflect the influ-
ence of non-glycemic factors such as age, nutritional status,
and hormonal changes, particularly in older individuals with
recent-onset diabetes.

Several commonly prescribed medications showed sig-
nificant associations with BMD status in our cohort. The
use of SGLT?2 inhibitors was independently associated with
a lower risk of osteoporosis in our cohort. While early clini-
cal trials raised concerns—particularly regarding canaglifio-
zin—more recent data suggest that the overall fracture risk
associated with this drug class may not be increased and
may vary depending on the agent and patient characteristics
[20-22]. Our findings support the growing consensus that
SGLT?2 inhibitors do not exert a class-wide adverse effect on
bone health and may be neutral or beneficial in real-world
settings. In contrast, PPI use was associated with a higher
prevalence of osteopenia, consistent with prior studies link-
ing long-term PPI use to impaired calcium absorption and
altered bone turnover [22]. Although the overall fracture
risk associated with PPI use remains a subject of debate,
our findings suggest that even subclinical changes in bone
density may occur in patients receiving PPIs. Additionally,
corticosteroid use, a well-known contributor to secondary
osteoporosis, was significantly associated with osteoporosis
in our study. This aligns with the robust evidence base show-
ing that glucocorticoids promote bone resorption and inhibit
bone formation, particularly when used chronically. These
results underscore the importance of reviewing pharmaco-
logic histories in patients with diabetes as part of compre-
hensive osteoporosis risk assessment strategies.

Both microvascular and macrovascular complications
showed associations with bone mineral density in our cohort.
The presence of microalbuminuria and macroalbuminuria
was significantly more common among patients with osteo-
porosis compared to those with normal BMD, suggesting a
potential link between diabetic microvascular complications
and bone health. Although these associations did not remain
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significant in the multivariate analysis, the observed trend
is consistent with emerging evidence that vascular health
may play a critical role in skeletal integrity. Impaired bone
perfusion, endothelial dysfunction, and chronic low-grade
inflammation in diabetic microangiopathy have all been pro-
posed as mechanisms contributing to reduced bone turno-
ver and compromised bone quality [23]. Retinopathy and
peripheral neuropathy, two other hallmark microvascular
complications, were not extensively analyzed in our study
due to limited data. However, prior literature has linked both
conditions to increased fracture risk, largely through mecha-
nisms such as impaired postural control, reduced physical
activity, and shared metabolic derangements [23, 24]. Their
presence may also reflect more advanced microvascular
damage, which can indirectly affect bone quality. Similarly,
macrovascular complications, including ischemic heart dis-
ease and stroke—were more prevalent among patients with
low BMD. These conditions may reflect a broader systemic
vascular dysfunction that compromises bone remodeling and
integrity. Hypertension, also more frequently observed in the
osteoporosis group, may contribute to bone fragility through
increased arterial stiffness and disrupted microcirculation
[23, 24]. While causal mechanisms remain speculative, these
findings support the concept of a shared vascular—skeletal
axis in diabetes.

Biochemical markers of bone metabolism also dem-
onstrated differential associations with BMD status in
our study. Lower serum calcium levels were significantly
associated with osteoporosis in both univariate and multi-
variate analyses, underscoring the importance of calcium
homeostasis in maintaining skeletal integrity. This finding
aligns with previous evidence suggesting that even mod-
est reductions in serum calcium may signal impaired bone
turnover or secondary hyperparathyroidism [25]. Although
mean serum 25-hydroxyvitamin D levels did not differ sig-
nificantly between BMD groups, lower levels were indepen-
dently associated with osteopenia in multivariate analysis.
This finding may reflect the high background prevalence of
vitamin D insufficiency in the general population, which can
obscure between-group differences but still exert measurable
skeletal effects [25]. PTH levels were higher in the osteopo-
rosis group, consistent with a compensatory response to sub-
optimal calcium or vitamin D status, although they did not
emerge as independent predictors in the regression model.
These results suggest that subtle disturbances in mineral
metabolism may contribute to early bone loss, particularly
in patients with diabetes, and highlight the clinical value of
routine screening for calcium and vitamin D status.

An unexpected finding in our study was that TIDM was
independently associated with osteopenia; however, this
association should be interpreted with caution, as the confi-
dence intervals for osteopenia and osteoporosis substantially
overlap. This is somewhat counterintuitive, as TIDM has
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been historically linked to greater skeletal fragility, lower
peak bone mass, and reduced bone formation due to insulin
deficiency and early disease onset [14, 15]. One possible
explanation is that patients with T1IDM in our cohort may
have been younger, leaner, or otherwise protected against
progressing to advanced bone loss, despite lower adjusted
BMD values. Alternatively, the relatively smaller sample
size of TIDM cases compared to T2DM may have limited
the statistical power to detect associations with osteoporo-
sis. This observation may also suggest that in certain popu-
lations, TIDM contributes more to early bone changes—
reflected as osteopenia—rather than manifest osteoporosis.
Further longitudinal studies are needed to explore the trajec-
tory of bone loss in TIDM and to determine whether osteo-
penia in this group is a precursor to more severe skeletal
outcomes.

This study has several limitations that should be acknowl-
edged. First, its cross-sectional design precludes the estab-
lishment of temporal or causal relationships between clinical
variables and BMD status. Second, the use of retrospective
registry data may introduce selection bias and limit the avail-
ability of certain covariates, such as comprehensive records
on diabetic retinopathy and neuropathy. Third, fracture risk
was estimated using the FRAX algorithm, as direct data on
incident fractures were not available. Fourth, the number of
patients with TIDM was relatively small, which may limit
the generalizability of findings specific to this subgroup.
Fifth, because DXA testing was clinically indicated rather
than systematically performed, selection bias is possible,
and the findings may not generalize to all individuals with
diabetes. Finally, medication-related associations, particu-
larly those involving SGLT2 inhibitors and proton pump
inhibitors, should be interpreted cautiously, as confounding
by indication and unmeasured comorbidities may have influ-
enced these findings. Overall, the findings should therefore
be interpreted as associative and hypothesis-generating.

Despite these limitations, the study has notable
strengths. It represents one of the largest multicenter anal-
yses of bone health in diabetic patients in Tiirkiye, incor-
porating both T1DM and T2DM populations. Compared
to previous studies conducted in Tiirkiye, which were
often limited to postmenopausal women with T2DM and
small, single-center samples [6], our multicenter design
and inclusion of both sexes and diabetes types enhance
the generalizability of the results to the broader diabetic
population. This represents the most comprehensive data-
set on diabetic bone health in Tiirkiye to date. The mul-
ticenter design, consistent use of Hologic DXA systems,
and the integration of both BMD and FRAX-based risk
assessment enhance the reliability and applicability of
the findings. Furthermore, the simultaneous evaluation of
demographic, pharmacologic, and biochemical predictors
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provides a comprehensive perspective on osteoporosis risk
in this high-risk population.

In conclusion, this large multicenter study conducted
across Tiirkiye offers a comprehensive assessment of bone
health in adults with both type 1 and type 2 diabetes mel-
litus. Our findings emphasize the multifactorial nature of
diabetic bone disease and highlight the need for individu-
alized screening strategies that incorporate both BMD and
clinical risk factors. By including a broad diabetic popu-
lation across Tiirkiye, this study expands upon previous
local research and provides real-world evidence to inform
future prevention efforts.

Author contribution OOG and ZC conceptualized and supervised the
study. OOG drafted the manuscript. EH and FMS coordinated data
collection across centers, consolidated the database, verified raw data,
and critically revised the manuscript. GO performed the statistical
analyses. All remaining co-authors contributed to patient recruitment,
data acquisition, and quality control at their respective centers, and
reviewed and approved the final manuscript. All authors met the ICMJE
authorship criteria.

Funding Open access funding provided by the Scientific and Techno-
logical Research Council of Tiirkiye (TUBITAK).

Data availability Data used in this study can be provided on reason-
able request.

Declarations

Conflict of Interest Ozen Oz Giil, Zeynep Cantiirk, Sadettin Oztiirk,
Niliifer Ozdemir, Dilek Kiling Candemir, Burak Ozba§, Filiz Mer-
cantepe, Filiz Mercan Saridas, Erhan Hocaoglu, Onur Elbasan, Burcu
Candemir, Berrin Cetinarslan, Ali Saklamaz, Serife Ezgi Dogan, Elif
Seray Korkmaz, Sezin Dogan Cakir, Hiilya Kaynak, Emine Kartal
Baykan, Mehmet Giiven, Murat Calapkulu, Onur Daloglu, Yasemin
Aydogan Unsal, Ozlem Kanburoglu, Selin Cakmak Demir, Dilek
Gogas Yavuz, Zeynep Cetin, Aysen Akkurt Kocaeli, Zeliha Hekim-
soy, Mithat Mizrak, Zehra Candan, Erman Cakal, Giilce Ecem Kilig,
Goknur Yorulmaz, Mine Adas, Zeliha Yarar, Pinar Akhanli, Metin
Giiclii, Muhammet Ciineyt Bilginer, Adnan Batman, Sevdenur Taskin,
Sema Hepsen, Aysen Akalin, Serpil Ciftel, Anna Abbasgholizadeh,
Oguzhan Deyneli, Zehra Erdemir, Gamze Gelir Cavdar, Yusuf Kay-
han, Taner Bayraktaroglu, and Giiven Ozkaya declare that they have
no conflict of interest.

Al Disclosure During the preparation of this work, the corresponding
author utilized ChatGPT Pro, DeepL, and Grammarly Education to
enhance writing style, ensure text consistency, and check for grammar
and spelling errors. After using these tools and services, the authors
reviewed and edited the content as necessary, and they take full respon-
sibility for the publication's content.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in

the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Tosteson ANA, Gabriel SE, Grove MR et al (2001) Impact of
hip and vertebral fractures on quality-adjusted life years. Osteo-
poros Int 12:1042-1049. https://doi.org/10.1007/S001980170
015

2. Johnell O, Kanis JA, Odén A et al (2004) Mortality after osteo-
porotic fractures. Osteoporos Int 15:38—42. https://doi.org/10.
1007/S00198-003-1490-4

3. Kroger H, Tuppurainen M, Honkanen R et al (1994) Bone min-
eral density and risk factors for osteoporosis--a population-
based study of 1600 perimenopausal women. Calcif Tissue Int
55:1-7. https://doi.org/10.1007/BF00310160

4. Tirkiye - IDF Europe Site. https://idf.org/europe/our-network/
our-members/turkiye/. Accessed 5 Apr 2025

5. Kemink SAG, Hermus ARMM, Swinkels LMJW et al (2000)
Osteopenia in insulin-dependent diabetes mellitus; prevalence
and aspects of pathophysiology. J] Endocrinol Invest 23:295—
303. https://doi.org/10.1007/BF03343726

6. Anaforoglu I, Nar-Demirer A, Bascil-Tutuncu N, Ertorer ME
(2009) Prevalence of osteoporosis and factors affecting bone
mineral density among postmenopausal Turkish women with
type 2 diabetes. J Diabetes Complications 23:12-17. https://
doi.org/10.1016/J.JDIACOMP.2007.06.004

7. Zhang Z, Ren H, Wang W et al (2019) IGF-1R/B-catenin signaling
axis is involved in type 2 diabetic osteoporosis. J Zhejiang Univ
Sci B 20:838-848. https://doi.org/10.1631/JZUS.B1800648

8. Hofbauer LC, Brueck CC, Singh SK, Dobnig H (2007) Osteo-
porosis in patients with diabetes mellitus. J] Bone Miner Res
22:1317-1328. https://doi.org/10.1359/JBMR.070510

9. Chiodini I, Catalano A, Gennari L, Gaudio A (2020) Osteopo-
rosis and fragility fractures in type 2 diabetes. J Diabetes Res
2020:. https://doi.org/10.1155/2020/9342696

10. Bierhaus A, Hofmann MA, Ziegler R, Nawroth PP (1998) AGEs
and their interaction with AGE-receptors in vascular disease
and diabetes mellitus. I. The AGE concept. Cardiovasc Res
37:586-600. https://doi.org/10.1016/S0008-6363(97)00233-2

11. Burge R, Dawson-Hughes B, Solomon DH et al (2007) Inci-
dence and economic burden of osteoporosis-related fractures in
the United States, 2005-2025. J Bone Miner Res 22:465-475.
https://doi.org/10.1359/JBMR.061113

12. Janghorbani M, Feskanich D, Willett WC, Hu F (2006) Pro-
spective study of diabetes and risk of hip fracture: the Nurses’
Health Study. Diabetes Care 29:1573—-1578. https://doi.org/10.
2337/DC06-0440

13. Kanis JA, Adachi JD, Cooper C et al (2013) Standardising the
descriptive epidemiology of osteoporosis: recommendations
from the Epidemiology and Quality of Life Working Group of
IOF. Osteoporos Int 24:2763-2764. https://doi.org/10.1007/
S00198-013-2413-7

14. Tuzun S, Eskiyurt N, Akarirmak U et al (2012) The impact of
a FRAX-based intervention threshold in Turkey: the FRAX-
TURK study. Arch Osteoporos 7:229-235. https://doi.org/10.
1007/S11657-012-0101-4

15. Napoli N, Chandran M, Pierroz DD et al (2017) Mechanisms
of diabetes mellitus-induced bone fragility. Nat Rev Endocrinol
13:208-219. https://doi.org/10.1038/NRENDO.2016.153

16. Vestergaard P (2007) Discrepancies in bone mineral density
and fracture risk in patients with type 1 and type 2 diabetes—a

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/S001980170015
https://doi.org/10.1007/S001980170015
https://doi.org/10.1007/S00198-003-1490-4
https://doi.org/10.1007/S00198-003-1490-4
https://doi.org/10.1007/BF00310160
https://idf.org/europe/our-network/our-members/turkiye/
https://idf.org/europe/our-network/our-members/turkiye/
https://doi.org/10.1007/BF03343726
https://doi.org/10.1016/J.JDIACOMP.2007.06.004
https://doi.org/10.1016/J.JDIACOMP.2007.06.004
https://doi.org/10.1631/JZUS.B1800648
https://doi.org/10.1359/JBMR.070510
https://doi.org/10.1155/2020/9342696
https://doi.org/10.1016/S0008-6363(97)00233-2
https://doi.org/10.1359/JBMR.061113
https://doi.org/10.2337/DC06-0440
https://doi.org/10.2337/DC06-0440
https://doi.org/10.1007/S00198-013-2413-7
https://doi.org/10.1007/S00198-013-2413-7
https://doi.org/10.1007/S11657-012-0101-4
https://doi.org/10.1007/S11657-012-0101-4
https://doi.org/10.1038/NRENDO.2016.153

37 Page 12 of 14

Archives of Osteoporosis (2026) 21:37

meta-analysis. Osteoporos Int 18:427-444. https://doi.org/10.
1007/S00198-006-0253-4

17. Johnell O, Kanis JA (2006) An estimate of the worldwide
prevalence and disability associated with osteoporotic frac-
tures. Osteoporos Int 17:1726-1733. https://doi.org/10.1007/
S00198-006-0172-4

18. Leslie WD, Rubin MR, Schwartz AV, Kanis JA (2012) Type 2
diabetes and bone. J Bone Miner Res 27:2231-2237. https://doi.
org/10.1002/JBMR.1759

19. Kanis JA, Johnell O, Oden A et al (2005) Smoking and fracture
risk: a meta-analysis. Osteoporos Int 16:155-162. https://doi.org/
10.1007/S00198-004-1640-3

20. LiX, LiT, ChengY, et al (2019) Effects of SGLT2 inhibitors on
fractures and bone mineral density in type 2 diabetes: an updated
meta-analysis. Diabetes Metab Res Rev 35:. https://doi.org/10.
1002/DMRR.3170

21. Ye 'Y, Zhao C, Liang J et al (2019) Effect of sodium-glucose co-
transporter 2 inhibitors on bone metabolism and fracture risk.
Front Pharmacol. https://doi.org/10.3389/FPHAR.2018.01517

22. Lambrou GI, Samartzi A, Vlachou E, Tsartsalis AN (2025) Is the
impact of sodium—glucose co-transporter 2 (SGLT2) inhibitors on

Authors and Affiliations

Ozen 0z Giil'® - Zeynep Cantiirk?>® - Sadettin Oztiirk®
Burak Ozbas®® - Filiz Mercantepe’
Burcu Candemir®® . Berrin Cetinarslan?
Sezin Dogan Cakir'>® . Hiilya Kaynak'*
Onur Daloglu'®
Dilek Gogas Yavuz?*® . Zeynep Cetin?
Zehra Candan®® . Erman Gakal®*© - Giilce Ecem Kili¢""
Pinar Akhanli’>® . Metin Giiglii'®
Sema Hepsen?*@ . Aysen Akalin'2® . Serpil Ciftel'”
Zehra Erdemir®®® . Gamze Gelir Cavdar?®

>4 Ozen Oz Giil
ozenoz@uludag.edu.tr

Sadettin Oztiirk
sadettinozturk27 @hotmail.com

Niliifer Ozdemir
nozdemirkutbay @hotmail.com

Dilek Kiling Candemir
dkcandemir @firat.edu.tr

Burak Ozbag
drburakozbas @icloud.com

Filiz Mercantepe
filiz.mercantepe @erdogan.edu.tr

Filiz Mercan Saridag
filizmercandr @ gmail.com

Erhan Hocaoglu
erhanhocaoglu1907 @ gmail.com

@ Springer

- Niliifer Ozdemir*
- Filiz Mercan Saridas’
- Ali Saklamaz'®

- Emine Kartal Baykan'®
-Yasemin Aydogan Unsal'*® . Ozlem Kanburoglu?®
- Aysen Akkurt Kocaeli**
- Goknur Yorulmaz'?
- Muhammet Ciineyt Bilginer?®
- Anna Abbasgholizadeh??
- Yusuf Kayhan?’

bone metabolism and fracture incidence a class or drug effect? A
narrative review. Medicines 12:10. https://doi.org/10.3390/medic
ines12020010

23. Almutlaq N, Neyman A, Dimeglio LA (2021) Are diabetes micro-
vascular complications risk factors for fragility fracture? Curr
Opin Endocrinol Diabetes Obes 28:354-359. https://doi.org/10.
1097/MED.0000000000000642

24. Lim Y, Chun S, Lee JH et al (2016) Association of bone min-
eral density and diabetic retinopathy in diabetic subjects: the
2008-2011 Korea National Health and Nutrition Examination
Survey. Osteoporos Int 27:2249-2257. https://doi.org/10.1007/
S00198-016-3527-5

25. Saito M, Marumo K (2013) Bone quality in diabetes. Front Endo-
crinol (Lausanne) 4:52651. https://doi.org/10.3389/FENDO.2013.
00072/BIBTEX

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

- Dilek Kiling Candemir®
- Erhan Hocaoglu'® .- Onur Elbasan®
- Serife Ezgi Dogan''© . Elif Seray Korkmaz'?
- Mehmet Giiven'®® . Murat Calapkulu'’
- Selin Cakmak Demir?'
- Zeliha Hekimsoy*® - Mithat Mizrak®
- Mine Adas'3® . Zeliha Yarar™*
- Adnan Batman?'© . Sevdenur Taskin??
- Oguzhan Deyneli?'
- Taner Bayraktaroglu?®® . Giiven Ozkaya'

Onur Elbasan
dronurelbasan @hotmail.com

Burcu Candemir
bilalogluburcu @ gmail.com

Berrin Cetinarslan
barslan @kocaeli.edu.tr

Ali Saklamaz
asaklamaz @hotmail.com

Serife Ezgi Dogan
serifeezgidogan @ gmail.com

Elif Seray Korkmaz
esrykvk @gmail.com

Sezin Dogan Cakir
sezin.dogan @ gmail.com
Hiilya Kaynak
hlykynk35@gmail.com


https://doi.org/10.1007/S00198-006-0253-4
https://doi.org/10.1007/S00198-006-0253-4
https://doi.org/10.1007/S00198-006-0172-4
https://doi.org/10.1007/S00198-006-0172-4
https://doi.org/10.1002/JBMR.1759
https://doi.org/10.1002/JBMR.1759
https://doi.org/10.1007/S00198-004-1640-3
https://doi.org/10.1007/S00198-004-1640-3
https://doi.org/10.1002/DMRR.3170
https://doi.org/10.1002/DMRR.3170
https://doi.org/10.3389/FPHAR.2018.01517
https://doi.org/10.3390/medicines12020010
https://doi.org/10.3390/medicines12020010
https://doi.org/10.1097/MED.0000000000000642
https://doi.org/10.1097/MED.0000000000000642
https://doi.org/10.1007/S00198-016-3527-5
https://doi.org/10.1007/S00198-016-3527-5
https://doi.org/10.3389/FENDO.2013.00072/BIBTEX
https://doi.org/10.3389/FENDO.2013.00072/BIBTEX
http://orcid.org/0000-0002-1332-4165
http://orcid.org/0000-0002-5052-5644
http://orcid.org/0000-0002-2992-1511
http://orcid.org/0000-0002-0719-988X
http://orcid.org/0000-0001-7015-1822
http://orcid.org/0000-0001-9850-0481
http://orcid.org/0000-0002-4325-1534
http://orcid.org/0000-0002-3135-9388
http://orcid.org/0000-0002-6299-9513
http://orcid.org/0000-0001-8580-9471
http://orcid.org/0000-0003-1800-6235
http://orcid.org/0000-0002-8041-8161
http://orcid.org/0000-0001-9190-2242
http://orcid.org/0000-0003-0526-7647
http://orcid.org/0000-0003-2988-7488
http://orcid.org/0000-0001-6641-7827
http://orcid.org/0000-0001-6008-4742
http://orcid.org/0000-0001-6813-883X
http://orcid.org/0000-0002-0752-8815
http://orcid.org/0000-0002-7445-2275
http://orcid.org/0000-0001-8325-2796
http://orcid.org/0000-0002-1566-3099
http://orcid.org/0000-0002-1621-0534
http://orcid.org/0000-0002-2315-9458
http://orcid.org/0000-0002-0075-6313
http://orcid.org/0000-0001-7824-4644
http://orcid.org/0000-0001-7604-0605
http://orcid.org/0000-0002-6003-0485
http://orcid.org/0000-0002-0453-6174
http://orcid.org/0000-0003-4312-7274
http://orcid.org/0000-0003-4455-7276
http://orcid.org/0000-0001-9511-4593
http://orcid.org/0000-0001-8596-9344
http://orcid.org/0000-0003-3008-6581
http://orcid.org/0000-0001-7985-9931
http://orcid.org/0000-0002-1662-3363
http://orcid.org/0000-0001-5082-9894
http://orcid.org/0000-0002-7652-7648
http://orcid.org/0000-0002-0933-6198
http://orcid.org/0000-0002-3674-244X
http://orcid.org/0000-0002-8375-7409
http://orcid.org/0000-0003-3550-2871
http://orcid.org/0000-0001-6962-4039
http://orcid.org/0009-0006-9387-0794
http://orcid.org/0000-0001-6582-7031
http://orcid.org/0000-0001-8690-7612
http://orcid.org/0009-0005-3929-7096
http://orcid.org/0000-0003-3200-8560
http://orcid.org/0000-0003-3159-6663
http://orcid.org/0000-0003-0297-846X

Archives of Osteoporosis (2026) 21:37

Page130f 14 37

Emine Kartal Baykan
emnkrtl @hotmail.com

Mehmet Giiven
dr.mguven@gmail.com

Murat Calapkulu
calapkulumurat89 @ gmail.com

Onur Daloglu
oonurdaloglu@gmail.com

Yasemin Aydogan Unsal
yaseminunsalay @ gmail.com

Ozlem Kanburoglu
ozlem_5261 @hotmail.com

Selin Cakmak Demir
seldemir@kuh.ku.edu.tr

Dilek Gogas Yavuz
dilekyavuz2004 @yahoo.com
Zeynep Cetin
drzeynepcetin @gmail.com

Aysen Akkurt Kocaeli
aysenakkurt@yahoo.com.tr

Zeliha Hekimsoy
zhekimsoy @hotmail.com

Mithat Mizrak
mmizrak @firat.edu.tr

Zehra Candan
zehrasa@hotmail.com

Erman Cakal
ermancakal @hotmail.com

Giilce Ecem Kili¢
gulcecan @hotmail.com

Goknur Yorulmaz
goknuryorulmaz @hotmail.com

Mine Adas
mine.adas @sbu.edu.tr

Zeliha Yarar
zelihayarar @ gmail.com

Pinar Akhanli
pakhanli @ gmail.com

Metin Giiglii
dr.metinguclu@gmail.com

Muhammet Ciineyt Bilginer
cuneytbilginer@hotmail.com

Adnan Batman
dradnan54 @hotmail.com

Sevdenur Tagkin
sevdenurtaskin @ gmail.com

Sema Hepsen
semahepsen @gmail.com

Aysen Akalin
aakalin@ogu.edu.tr

Serpil Ciftel

serpilim2008 @hotmail.com

Anna Abbasgholizadeh
anna.a@istanbul.edu.tr

Oguzhan Deyneli
odeyneli @kuh.ku.edu.tr

Zehra Erdemir
z_erdemir@yahoo.com

Gamze Gelir Cavdar
gamzegelir @hotmail.com

Yusuf Kayhan
yukayhan@gmail.com

Taner Bayraktaroglu
baytaner@yahoo.com

Giiven Ozkaya
ozkaya@uludag.edu.tr
Department of Endocrinology, Bursa Uludag University

Medical School, Bursa, Tiirkiye

Department of Endocrinology, Kocaeli University Medical
School, zmit, Tiirkiye

Department of Endocrinology, Dr. Ersin Arslan Training
and Research Hospital, Sehitkamil, Tiirkiye

Department of Endocrinology, Manisa Celal Bayar
University Medical School, Manisa, Tiirkiye

Department of Endocrinology, Firat University Medical
School, Elaz1g, Tiirkiye

Dr. Abdurrahman Yurtaslan Ankara Oncology Training
and Research Hospital, Ankara, Tiirkiye

Department of Endocrinology, Recep Tayyip Erdogan
University Training and Research Hospital, Rize, Tiirkiye

Department of Endocrinology, Sinop Atatiirk State Hospital,
Sinop, Tiirkiye

Department of Endocrinology, Ankara Etlik State Hospital,
Ankara, Tiirkiye

Department of Endocrinology, Izmir Ekonomi University
Medicalpoint Hospital, {zmir, Tiirkiye

Department of Endocrinology, Ankara Training and Research
Hospital, Ankara, Tiirkiye

Department of Endocrinology, Eskisehir Osmangazi
University Medical School, Eskisehir, Tiirkiye

Department of Endocrinology, Istanbul Prof. Dr. Cemil
Tasgroglu City Hospital, Istanbul, Tiirkiye

Department of Endocrinology, Konya Necmettin Erbakan
Training and Research Hospital, Konya, Tiirkiye

Department of Endocrinology, Erzurum City Hospital,
Erzurum, Tiirkiye

Department of Endocrinology, Diyarbakir Gazi Yasargil
Training and Research Hospital, Diyarbakir, Turkey

1gdir Dr. Nevruz, Erez State Hospital, Igdur, Tiirkiye

Department of Endocrinology, University of Health Sciences
Bursa Yiiksek Ihtisas Training and Research Hospital, Bursa,
Tiirkiye

Department of Endocrinology, Ankara Yenimahalle Training
and Research Hospital, Ankara, Tiirkiye

@ Springer



37

Page 14 of 14

Archives of Osteoporosis (2026) 21:37

20

21

22

23

24

Department of Endocrinology, Karadeniz Teknik University
Medical School, Trabzon, Tiirkiye

Department of Endocrinology, Ko¢ University Hospital,
Istanbul, Tiirkiye

Department of Endocrinology, Marmara University Medical
School, Marmara, Tiirkiye

Department of Endocrinology, Amasya University
Sabuncuoglu Serefeddin Training and Research Hospital,
Amasya, Tiirkiye

Department of Endocrinology, Bursa City Hospital, Bursa,
Tiirkiye

@ Springer

25

26

27

28

Department of Endocrinology, Ankara Etlik City Hospital,
Ankara, Tiirkiye

Department of Endocrinology, Izmir Bozyaka Training
and Research Hospital, Izmir, Tiirkiye

Department of Endocrinology, Ondokuz May1s University
Medical School, Samsun, Tiirkiye

Department of Endocrinology, Zonguldak Biilent, Ecevit
University Medical School, Zonguldak, Tiirkiye



	Bone health and fracture risk in diabetes: A multicenter study
	Abstract
	Summary 
	Background 
	Objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Study design and setting
	Study population
	Data collection and measurement
	BMD and fracture risk assessment
	Statistical analysis

	Results
	Baseline characteristics of the study population
	Comparative bone mineral density and fracture risk between diabetes types
	Prevalence and determinants of low BMD
	Multivariate analysis of factors associated with bone health

	Discussion
	References


