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Introduction. Current studies support the implication of metabolic changes associated with 
type 2 diabetes in altering bone metabolism, structure and resistance.  

Objective. We conducted a cross-sectional study on postmenopausal women aimed to analyze 
the differences in metabolic and bone profile in patients with and without type 2 diabetes 

Methods. We analyzed the metabolic and bone profile in postmenopausal women with and 
without type 2 diabetes (T2DM). Clinical, metabolic, hormonal parameters, along with lumbar, hip 
and femoral bone mineral density (BMD) and trabecular bone score (TBS) were evaluated. 

Results. 56 women with T2DM(63.57±8.97 years) and 83 non-T2DM (60.21±8.77 years) were 
included. T2DM patients presented a higher value of body mass index (BMI) and BMD vs. control 
group (p = 0.001; p = 0.03-lumbar level, p = 0.07-femoral neck and p = 0.001-total hip). Also, BMI 
correlated positively with lumbar-BMD and glycated hemoglobin (HbA1c) (r = 0.348, p = 0.01; r = 0.269, 
p = 0.04), correlation maintained even after age and estimated glomerular filtration rate (eGFR) 
adjustment (r = 0.383, p = 0.005; r = 0.237, p = 0.08). Diabetic patients recorded lower levels of 
25(OH)D(p = 0.05), bone markers (p ≤ 0.05) and TBS(p = 0.07).  

For the entire patient group we found a negative correlation between HbA1c level and bone 
markers: r = -0.358, p = 0.0005-osteocalcin, r = -0.40, p = 0.0005-P1NP, r = -0.258, p = 0.005-crosslaps. 

Conclusions. Our results indicate the presence of altered bone microarchitecture in T2DZ 
patients according to the TBS score, combined with lower levels of bone markers, with a statistically 
significant negative correlation between HbA1c level and bone markers. 

Keywords: type 2 diabetes mellitus, diabetic bone disease, trabecular bone score, osteocalcin, 
bone density. 

INTRODUCTION 

The latest studies have established the active 
character of bone tissue, with important implications 
for the general homeostasis of the organism. It is 
now increasingly evident the role as endocrine 
organ exerted by the skeletal system, proving 
complex links with adipose tissue and glycaemic 
and energy metabolism [1, 2]. Thus, osteocalcin 
secreted by osteoblast, in its undercarboxylated 
form, functions as a hormone with a role in 
regulating secretion and sensitivity to insulin, as 
well as energy consumption [1, 3-6].  

On the other hand, insulin, insulin-like growth 
factor type 1 (IGF1) and incretin hormones have a 
role in regulating bone homeostasis [2]. The binding 
of insulin to specific receptors on osteoblast exerts 
anabolic effects, favoring survival, proliferation 
and differentiation of osteoblasts [3, 8]. More 
importantly, however, is the mechanism for promoting 
bone resorption insulin-induced by decreasing the 

expression of osteoprotegerin (OPG) in the osteoblast 
favoring the osteoclasts function [1, 7, 8]. During 
bone resorption, osteoclasts generate an acidic pH 
at resorption lacunae level, making it a suitable 
environment for stored osteocalcin decarboxylation 
in the bone matrix, allowing it to enter the systemic 
circulation [3, 4].  

This complex relationship bone tissue – 
insulin – glycemic metabolism can be disrupted in 
pathological conditions, such as type 2 diabetes 
mellitus (T2DM) [1]. This chronic condition is 
characterized by progressive loss of insulin secretion 
by beta-pancreatic cells, in the context of peripheral 
insulin resistance, with impaired glucose utilization 
at tissue level and, consequently, with the oc-
currence of chronic hyperglycemia [1, 9]. Current 
studies support the involvement of metabolic changes 
associated with T2DM in bone deterioration in 
terms of metabolism, structure and resistance. Chronic 
hyperglycemia affects both the bone cell component 
and the extracellular matrix by accumulating the 
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final products of advanced glycation (AGEs) [1, 2, 
10-12]. This is responsible for collagen bone 
matrix stiffening, that would allow the formation 
and propagation of micro-cracks throughout bone 
matrix [11]. Also, AGEs favors generation of 
reactive oxygen species within the bone, inducing 
an increase of inflammatory cytokines, that result 
in osteoblast dysfunction and osteoclast activation 
[2, 13]. Diabetic bone disease is currently being 
considered a complication of diabetes mellitus, 
characterized by compromising osteoblasts function, 
but also by defects in microarchitecture and bone 
resistance, with a final effect of increasing the  
risk of fragility fracture [14]. According to the 
ROTTERDAM study, patients with poorly controlled 
T2DM (HbA1c ≥ 7.5%) have a general risk of 
fracture by approximately 70% higher than non-
diabetic subjects [1, 2, 16, 17].  

The purpose of this study is to analyze the 
influence and relation between clinical, metabolic 
and hormonal parameters and bone profile in 
patients with and without type 2 diabetes.  

MATERIAL AND METHODS 

We conducted a cross-sectional study over a 
period of 27 months (January 2016 – March 2018) 
at “C.I. Parhon” National Institute of Endocrinology. 
A total of 139 postmenopausal women with and 
without T2DM were included in the study. Clinical 
features: age, weight, height, body mass index 
(BMI) calculated as weight divided by height 
squared (kilograms per square meter), were recorded. 
Biochemical and hormonal determinations have 
been made from peripheral venous blood. Thus, by 
absorption spectrophotometry it was established 
the level of serum glucose and creatinine. The level 
of glycated hemoglobin (HbA1c) was measured by 
immunoturbidimetric assay, using the Cobas C 501 
analyser (Roche Hitachi Corporation Japan). The 
CKD-EPI creatinine Equation (2009) was used to 
calculate eGFR (www.kidney.org/gfr_calculator). 
Parathyroid hormone level (PTH), 25 hydroxy 
vitamin D (25 (OH) D) and bone markers: crosslaps – 
bone resorption marker; osteocalcin and N-terminal 
propeptide of type I procollagen (P1NP) – bone 
formation markers were determined by electro-
chemiluminescent immunoassay (Cobas e 601 C, 
Roche Hitachi Corporation Japan).  

Exclusion criteria were: cirrhosis, reduced 
glomerular filtration rate (GFR < 45 mL/min/1.73 m²), 
hyperthyroidism, primary hyperparathyroidism, 
Cushing’s syndrome (exogenous or endogenous: 
pituitary, adenal or paraneoplastic), acromegaly, 

rheumathoid arthritis, celiac disease, prior bone 
pathology (multiple myeloma, Paget’s disease) or 
anti-osteoporotic drugs exposure, active neoplasms, 
type 1 diabetes or secondary causes of diabetes. An 
informed consent was obtained from the study 
participants. 

STATISTICAL ANALYSIS 

All the parameters were centralized in an 
Excel file used for data analysis. Data were expressed 
as mean and standard deviation or as number/ 
percent. We analyzed variables with a Student t test 
(two-tailed). Correlation analysis using Spearman’s 
correlation and partial correlation coefficients on 
specific covariates controlling for age and eGFR 
was performed with IBM SPSS software.Statistical 
significance was considered at p < 0.05. 

RESULTS 

56 women known with T2DM (63.57 ±  
8.97 years) and 83 women without T2DM (60.21 ± 
8.77 years) were included. Among T2DM patients, 
the analysis of clinical and laboratory parameters 
showed higher BMI values (p = 0.001) and 
glycemic control indices: fasting plasma glucose 
and HbA1c (p = 0.0005), significantly lower levels 
of eGFR (p = 0.02), 25 (OH) D (p = 0.05) and bone 
markers (p ≤ 0.05) (Table 1). DXA evaluation 
revealed the presence of an increased BMD at all 
three sites analyzed (lumbar, femoral neck, total 
hip) in the group of diabetic patients, but with a 
lower TBS score than the control group (Figures 1 
and 2).  

In the group of patients with T2DM, correlation 
analysis showed a moderate, significant positive 
association between BMI and lumbar BMD (r = 
0.348, p = 0.009) (Figure 3) and a poorly positive 
correlation between BMI and HbA1c (r = 0.257,  
p = 0.058), at the limit of statistical significance, 
maintained even after partial correlation adjustment 
for age and eGFR (r = 0.383, p = 0.005; res-
pectively r = 0.269, p = 0.047). A poorly positive 
correlation with borderline significance between 
BMI-femoral cervical BMD (r = 0.246, p = 0.071) 
was also outlined.  

The analysis also indicated, in the T2DM 
group, statistically significant negative correlations 
between BMI and the bone resorption marker: 
crosslaps (r = -0.351, p = 0.009) (Figure 4) and 
negative correlations between lumbar BMD and 
osteocalcin (r = -0.334, p = 0.01), respectively 
crosslaps (r = -0346, p = 0.009). These negative 
relationships between BMI and BMD on the one 
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side and bone markers on the other side are 
maintained even after partial correlation adjusting 
for age and eGFR: r = -0466, p < 0.05 for the BMI-
crosslaps correlation; r = -0.383, p = 0.005 for 
lumbar BMD-osteocalcin correlation, respectively  
r = -0.477, p < 0.05 for the correlation of lumbar 
BMD-crosslaps. 

Regarding the association of glycemic 
metabolism-bone metabolism, our study indicated 
the presence of a negative correlation between HbA1c 
level and bone markers for the whole patients 
group: r = -0.358, p = 0.0005 for osteocalcin, r 
= -0.400, p = 0.0005 for P1NP, respectively r = 
-0.258, p = 0.005 for Crosslaps (Figure 5). 

Table 1 
Clinical, metabolic and hormonal parameters in the two studied groups 

T2DM Group Control Group Parameters Mean SD⁎ Mean SD⁎ P value 

Age (years) 63.57 8.97 60.21 8.77 0.003 
BMI (kg/m2) 31.04 4.55 27.59 4.73 0.001 
FPG (mg/dL) 135.81 40.30 91.99 9.73 0.0005 
HbA1c (%) 6.84 1.24 5.47 0.31 0.0005 
eGFR (mL/min/1.73 m2) 84.03 20.55 90.20 13.35 0.025 
25(OH)D (ng/mL) 18.51 8.44 21.98 9.53 0.05 
PTH (pg/mL) 46.63 16.88 51.27 17.18 0.277 
Osteocalcin (ng/mL) 18.70 7.41 24.96 8.12 0.001 
P1NP (ng/mL) 41.95 15.50 58.23 30.09 0.005 
Crosslaps (ng/mL) 0.375 0.178 0.484 0.213 0.041 

⁎ SD: standard deviation 

 
Figure 1. BMD in the studied groups. 

 
Figure 2. TBS Trabecular Bone Score in studied groups. 
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Figure 3. BMI-lumbar BMD correlation in the group of diabetic patients. 

 
Figure 4. BMI- bone resorption correlation in the group of diabetic patients. 

 
Figure 5. Correlation between HbA1C and PINP (5A), Osteocalcin (5B) and crosslaps (5C). 

DISCUSSION 

In our study, 60.71% of diabetic patients fell 
into the category of obese people based on BMI 
compared to only 30.12% of patients in the control 
group. Thus, weight excess is a strong clinical 
feature associated with T2DM, fact supported also 
by WHO report on diabetes [22]. The weight 
excess leads to bone mass adjustment to the degree 

of mechanical load [10, 12, 23], mechanism 
confirmed by the presence of a positive correlation 
between BMI and BMD in the T2DM patient 
group. However, overweight and obese patients 
present an increased risk of fracture to minimal 
trauma, such as proximal humerus fracture or ankle 
[10, 24], thus an increased BMI is no longer a 
protective factor against fragility fractures as it was 
considered in the past [5, 12, 23, 24]. Thereby, the 
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risk of fracture in diabetic patients is less dependent 
on the bone quantity (bone mass density), but more 
on bone quality [12, 26, 27].  

Trabecular microarchitecture is an important 
component of bone quality next to: bone matrix, 
mineral composition, bone turnover and bone 
geometry [11]. We can evaluate bone micro-
architecture by using the trabecular bone score 
(TBS), the newest clinical tool for bone micro-
architecture damage assessment. This method allows 
indirect evaluation of trabecular structure through 
software analysis of lumbar spine image obtained 
at osteodensitometric evaluation [20, 21]. A value 
of TBS > 1.350 indicates a normal trabecular 
structure, while a value below 1.350 corresponds to 
trabecular deterioration, which favors occurrence 
of fragility fractures [14]. In the study group, more 
than three quarters of diabetic patients (n = 44; 
83%) presented a TBS value < 1.350, despite the 
association of a significantly increased lumbar BMD 
compared with the control group. Of these, 7 (15.9%) 
had a severely degraded microarchitecture, with  
a TBS value < 1.100. In the non-diabetic group,  
51 patients (69.86%) have degraded trabecular 
microarchitecture, of which only 4 (7.84%) presented  
a TBS < 1.100. 

Bone turnover, the complex process between 
bone formation and resorption, has an important 
role in determining bone quality [23] Clinically, 
this process can be evaluated by bone markers 
analysis from the serum, plasma or urine [28, 29]. 
In daily practice, the markers commonly used are: 
osteocalcin – element of the bone matrix, P1NP – 
precursor of type 1 collagen and crosslaps, type 1 
collagen degradation product. Numerous studies 
indicate the presence of a low bone turnover in 
patients with T2DM [5, 12, 24, 29]. This condition 
allows accumulation of micro-fractures in the bone, 
with altered bone quality and increased bone 
fragility, independent of BMD [5, 29, 30]. Multiple 
mechanisms are involved in the reduction of bone 
resorption and formation in type 2 diabetes, such 
as: hyperglycemia and insulin resistance, but also 
obesity and metabolic syndrome associated with 
diabetes, that tend to suppress bone turnover [24, 
28-30]. The influence of these mechanisms explains 
the presence in our study of negative correlations 
between BMI and BMD on the one side and bone 
markers on the other side in diabetic patients. This 
highlights the decoupling of bone turnover from 
bone mineralization, which remains intact [5, 29], 
that generates a normal or higher BMD than age-
estimated in these patients.  

Our analysis also indicated the presence of 
negative correlations between HbA1c levels and 
turnover markers, both forming (osteocalcin, P1NP), 
as well as bone resorption (crosslaps), independent 
of T2DM presence. This may be explained in part 
by the fact that diabetes patients did not fit in the 
category of poor glycemic control with a mean 
HbA1c of 6.84 ± 1.24%. Other limitations of our 
study are the fact we did not consider duration of 
diabetes or the antidiabetic medication used. Also, 
it would have been useful to dose the serum insulin 
level and calculate the insulin resistance index 
(HOMA-IR). This could provide additional 
information on the complex relationship between 
bone – adipose tissue – glycemic metabolism, that 
can be disrupted by the presence of type 2 diabetes 
mellitus. 

Our study results want to highlight the 
importance of bone quality in type 2 diabetes 
patients, with a major impact on the fracture risk in 
these patients. The impairment of diabetic bone 
quality is not underlined by bone mineral density 
determination, the gold standard for diagnosis of 
osteoporosis. Also, the FRAX tool that calculates 
the 10-year probability of fracture based on clinical 
factors and femoral neck bone mineral density, 
underestimates this risk in patients with T2DM [13, 
15-17]. A more efficient method of estimating the 
risk in these patients is represented by the 
adjustment of the FRAX score with the value of the 
Trabecular Bone Score [17]. 

CONCLUSION 

Diabetic bone disease is a complex metabolic 
disorder characterized mainly by bone quality 
deterioration. The decrease in bone turnover and 
deterioration of trabecular microarchitecture, elements 
that characterize the bone in qualitative terms, are 
involved in increasing bone fragility in diabetic 
patients and are favored by the metabolic imbalance. 
Given the increase in life expectancy, as well as of 
the type 2 diabetes prevalence, diabetic bone 
disease is becoming increasingly important in 
clinical practice. The importance of this condition 
lies both in terms of reducing the quality of life for 
these patients, but especially on the increased risk 
of mortality associated with hip fracture. 
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Introducere. Studiile actuale susţin implicarea modificărilor metabolice 
asociate diabetului zaharat tip 2 în alterarea metabolismului, structurii şi 
rezistenţei osoase.  

Obiectiv. Am realizat un studiu transversal pe un grup de femei în 
postmenopauză, cu scopul evaluării diferenţelor privind profilul metabolic şi osos 
la paciente cu şi fără diabet zaharat tip 2.  

Metodă. Am evaluat parametrii clinici, metabolici, hormonali, alături de 
densitatea minerală osoasă (DMO) de la nivel lombar, şold total, col femural şi a 
scorului de os trabecular (TBS).  

Rezultate. Au fost incluse 56 paciente cu DZ2 (63.57 ± 8.97 ani) şi 83 femei 
(60.21 ± 8.77 ani) în lotul martor. Pacientele DZ2 au prezentat o valoare mai mare 
a IMC şi a DMO vs lotul martor (p = 0.001; p = 0.03 – nivel lombar, p = 0.07 – 
col femural,p = 0.001 – şold total). Iar IMC-ul s-a corelat pozitiv cu DMO-
lombară şi cu nivelul hemoglobinei glicate (HbA1c)(r = 0.348, p = 0.01 ; r = 0.269,  
p = 0.04), menţinut şi după ajustare pentru vârstă şi eRFG (r = 0.383, p = 0.005;  
r = 0.237, p = 0.08). De asemenea, pacientele diabetice au înregistrat nivele mai 
mici ale 25(OH)D (p = 0.05), ale markerilor osoşi (p ≤ 0.05) şi a TBS (p = 0.07). 
Pentru întreg grupul de paciente s-a înregistrat o corelaţie negativă între nivelul 
HbA1c şi markerii osoşi: r = -0.358, p = 0.0005 – osteocalcină; r = -0.40, p = 
0.0005 – P1NP; r = -0,258, p = 0.005 – crosslaps. 

Concluzii. Rezultatele noastre indică prezenţa unei microarhitecturi osoase 
deteriorate la pacientele cu DZ2 conform scorului TBS, asociată cu nivele scăzute 
ale markerilor osoşi, cu prezenţa unei corelaţii negative, semnificativă statistic, 
între nivelul HbA1c şi markerii osoşi. 
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