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Abstract 

The aim of the study was to assess the levels of biochemical markers of bone turnover (BTMs) and the effects of 
bisphosphonates therapy (BT) on BTMs and bone mineral density (BMD) in women with type 2 diabetes (T2D) and recently 
diagnosed postmenopausal osteoporosis. Two groups of women have been evaluated at baseline and one year later: a group 
of 35 women diagnosed with T2D and newly postmenopausal osteoporosis (diabetic group) and a group of 35 women only 
with postmenopausal osteoporosis (control group). Consistent with other studies, we found that bone turnover was reduced in 
T2D patients, as both serum osteocalcin and C-terminal crosslink of collagen (CTX) were significantly lower than controls. 
After a year of BT, both osteocalcin and CTX did not change in the diabetic group and decreased in the control group. 
Significant increases in BMD, especially at the lumbar spine, were noted in both groups. In diabetic women, bone turnover is 
low and does not change after one year of BT, but there is a significant benefit at lumbar spine BMD. 
 
Rezumat 

Scopul acestui studiu a fost de a evalua markerii turnover-ului osos (MTO) și efectele terapiei cu bifosfonați (TB) asupra 
MTO și densității minerale osoase (DMO) la femeile cu diabet zaharat tip 2 (DZ2) și osteoporoză postmenopauză recent 
diagnosticată. Au fost evaluate două grupuri de femei, la includerea în studiu și un an mai târziu: un grup cu DZ2 și 
osteoporoză postmenopauză recent diagnosticată (grupul diabetic) și un grup doar cu osteoporoză postmenopauză (grupul 
control). În concordanță cu alte studii, s-a observat că turnover-ul osos a fost redus la pacientele cu DZ2, atât osteocalcina, 
cât și colagenul crosslink-at (CTX) fiind semnificativ mai mici decât în grupul control. După un an de TB, atât osteocalcina 
cât și CTX nu s-au modificat în grupul diabetic, dar au scăzut în grupul control. O creștere semnificativă a DMO, în special la 
nivel lombar, a fost observată în ambele grupuri. Femeile diabetice prezintă un turnover osos scăzut care nu se modifică  
după un an de TB, dar apare o îmbunătățire semnificativă a DMO lombare. 
 
Keywords: bisphosphonates, type 2 diabetes, bone mineral density (BMD), markers of bone turnover (BTMs) 
 
Introduction 

Diabetes and osteoporosis are two very common 
diseases with a great socio-economic impact. The 
westernization of lifestyle accelerates growth of 
diabetes and osteoporosis [2]. The prevalence of 
diabetes is 9.28% in Romania [14] and the 
prevalence of osteoporosis in women and men over 
the age of 50 years in Romania is 20.5% and 6.2% 
respectively [9]. The relationship between diabetes 
and bone tissue has been investigated for a long time. 
Type 2 diabetes (T2D) is characterized by hyper-
insulinemia in the early stages of the disease. The 
hyperinsulinemia might contribute to the increased 

bone mass and hyperglycaemia might accelerate 
bone resorption [11, 20]. Patients with T2D have 
higher bone mineral density (BMD) at the femoral 
neck and lumbar spine and a 69% higher risk of 
non-vertebral fractures than those without diabetes 
[5, 16]. Therefore routine assessment of BMD by 
Dual energy X-ray absorptiometry (DXA) may lack 
sensitivity in diagnosis of osteoporosis in diabetic 
patients. Abundant evidence exists that subsets of 
fracture risk factors are either exacerbated in T2D 
(poor balance, reduced muscle quality, and falls) or 
are T2D-specific (poor glycaemic control, T2D 
duration, antidiabetic drugs and complications) [7]. 
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Bisphosphonates (BP) therapy reduces bone loss by 
decreasing osteoclastic bone resorption and represents 
the first-line of osteoporosis treatment in Romania. 

The efficacy of osteoporosis treatment is usually 
assessed by DXA measurement, which is limited 
and controversial in patients with diabetes. 
The recent evidence suggesting that fracture risk is 
higher for a given femoral neck BMD T-score and 
age or for a given FRAX probability in patients 
with T2D compared to non-diabetic control has led 
to the suggestion that fragility fractures in T2D may 
result from underlying skeletal abnormalities of 
bone quality. FRAX is a computed algorithm, also 
available for Romania [9], which includes in the 
calculation of the absolute risk of fracture factors 
independent of BMD. The use of bone turnover 
markers (BTM) may offer clinical potential to 
predict fracture risk and to monitor therapeutic 
response independent of BMD [24]. 
In diabetic patients bone turnover is low and BP 
administration is associated with low turnover also; 
therefore the question of the benefit of BP treatment 
in diabetic women with osteoporosis is appropriate. 
The aim of this study was to assess the levels of 
biochemical markers of bone turnover and the 
effects of bisphosphonates therapy on markers of 
bone turnover and BMD in women with T2D and 
recently diagnosed postmenopausal osteoporosis 
and one year after initiation osteoporosis therapy 
with bisphosphonates. 
 
Materials and Methods 

Study design 
We performed a retrospective study using the 
patients’ database of the “C. I. Parhon” National 
Institute of Endocrinology, Bucharest, Romania, 
over a 3-year period, from January 2012 to January 
2015. We included in the study 70 women with 
newly diagnosed postmenopausal osteoporosis, 
divided in two groups: 35 women with post-
menopausal osteoporosis and type 2 diabetes 
(diabetic group) and 35 non-diabetic women with 
postmenopausal osteoporosis (control group, age 
and hip T-score matched) who were assessed at 
baseline and one year, after beginning the osteoporosis 
treatment. The study has been approved by the “C. I. 
Parhon” National Institute of Endocrinology, 
Ethical Committee. 
Inclusion criteria were newly diagnosed women 
with postmenopausal osteoporosis, aged between 
50 and 80 years. Women were matched in terms of 
age and hip T-score. 
Exclusion criteria were early onset hypogonadism, 
growth hormone deficiency, thyroid gland disease, 
primary hyperparathyroidism, cirrhosis, reduced 
glomerular filtration rate (GFR < 60 mL/min/1.73 m²), 
corticosteroid therapy, neoplasms, total or partial 

hysterectomy, systemic lupus erythematosus, 
rheumatoid arthritis, malabsorption or any bone-
active medication, menopause hormone replacement 
therapy at the time of bone assessment. 
The treatment for osteoporosis were bisphosphonates 
(mostly alendronate), vitamin D and calcium and 
the treatment for diabetes was represented by diet or 
oral agents such as metformin (up to 2500 mg/day), 
sulfonylurea (gliclazide up to 120 mg/day, glimepiride 
up to 6 mg/day) or dipeptidyl peptidase-4 inhibitors 
(100 mg/day). Thiazolidinediones have been excluded 
although they decrease the glucose plasma level by 
increasing insulin sensitivity in the liver, adipose 
tissue and skeletal muscle [8]. They are associated 
with an increased risk of fractures in women [29]. 
Optimal treatment regimens must address both 
improvements of bone mass and glycaemic control. 
As this ideal treatment is presently unknown, BP 
are the most used therapy. Other experimental 
treatments are those with anabolic mechanisms, like 
parathyroid hormone (PTH). Recently, it has been 
shown that PTH therapy could only partially 
reversed the adverse skeletal effects of T2D on the 
skeleton, indicating that the presence of diabetes 
blunted the bone-anabolic effects of PTH [12]. 
Body mass index (BMI - a person's weight in 
kilograms divided by the square of height in 
meters) was calculated according to World Health 
Organisation [27]. 
Biochemical parameters 
Bone turnover markers (osteocalcin and C-terminal 
crosslink of collagen (CTX)), 25-hydroxyvitamin D 
(25(OH)D) and PTH were measured by electro-
chemiluminescence immunoassay (ECLIA) on a 
Roche Cobas e 601 analyser (Roche, Hitachi 
Corporation Japan). The assessment of fasting 
blood glucose (FPG), alkaline phosphatase (ALP), 
total calcium (photometric method) and glycosylated 
haemoglobin (HbA1c) (imunoturbidimetric method) 
concentrations was performed using a Roche Cobas 
C501 analyser (Roche, Hitachi Corporation Japan). 
The blood tests kits were provided by Roche and all 
parameters were assessed at baseline and after one 
year. 
Evaluation of BMD 
All studied women underwent measurement of 
BMD at lumbar spine and femoral neck using GE-
iDXA machine (General Electric Company – Lunar 
iDXA, United States) at baseline and one year later; 
the DXA instrument is calibrated to measure within 
a precision error of 1% for spine and 1.5% for hip. 
Postmenopausal osteoporosis was assessed based on 
T-score from BMD measurements as defined by the 
World Health Organization (WHO): T-score < -2.5 [26]. 
Statistical analysis 
The Statistical Package (SPSS) version 17 was used 
for collection, analysis and interpretation of the 
results. Variables in control and study groups are 



FARMACIA, 2016, Vol. 64, 2 

 259 

shown as elements of descriptive statistics (mean ± 
standard deviation). Comparisons between groups 
were performed using ANOVA for quantitative 
variables and independence chi square test for 
categorical variables. Correlation analysis was 
performed using Spearman’s correlation coefficient. 
Two-tailed, p < 0.05 was considered statistically 
significant. 
 
Results and Discussion 

Serum levels of osteocalcin and CTX in women 
with T2D were significantly lower than in women 
without diabetes confirming that bone turnover is 
low in diabetic patients (Table I). A recent meta-
analysis that evaluated bone turnover markers in 
patients with diabetes also reported decreased 
osteocalcin and cross-laps compared to controls 
[24]. According to these results, we observed that 
bone formation and bone resorption are altered in 
T2D. ALP, another marker of bone formation 
which reflects different stages of osteoblastic 
differentiation was also lower in the diabetic group 
at baseline (Table I). The reason for low bone 
turnover and especially reduced bone formation in 
T2D is not fully understood. Studies in rodents 
have shown that metabolic dysfunction in T2D 
seems to be related to an accelerated onset of aging. 
Although hyperglycaemia acts on skeletal homeostasis 
by suppressing osteoblast differentiation and enhancing 
osteoblast apoptosis. Current data show that T2D is 

associated with low bone turnover probably due to 
the disproportionate reduction in bone formation 
relative to bone resorption [7]. 
As expected, after one year of BP treatment both 
markers of formation (osteocalcin (p < 0.001), ALP) 
and resorption (CTX (p < 0.047)), were significantly 
reduced in the non-diabetic, control group. In 
contrast, osteocalcin and CTX changes in the 
diabetic group were non-significant after BP 
treatment and also non-significant compared with 
control group values (Table I). These results are 
consistent with those reported by Malecha-Jędraszek 
et al. [20]. After one year of bis-phosphonate 
treatment, osteocalcin did not change in the diabetic 
group but a decreased level of osteocalcin was 
found in the control group, suggesting an imbalance 
between bone synthesis and bone resorption in this 
patients. In another study that evaluated non-
diabetic women with post-menopausal osteoporosis, 
the level of osteocalcin was also lower after one year 
of antiresorptive therapy [22]. CTX was decreased in 
both studied groups, proving good therapy compliance. 
In contrast with our observations, the study conducted 
by Ikeda et al. [13] which investigated the effect of 
alendronate on BMD in postmenopausal osteoporotic 
diabetic women showed that alendronate treatment 
significantly decreased urinary N-terminal telo-
peptides of type I collagen (NTX), which is a 
resorption marker similar to CTX. 

Table I 
Bone mineral density, markers of bone turnover and 25(OH)D in the study groups at baseline and at one year 

later 
 

Parameters 
Diabetic 

group 
(n = 35) 

Non-diabetic 
group 

(n = 35) 

p-value Diabetic 
group 

(n = 35) 

Non-diabetic 
group 

(n = 35) 

p-value 

 At baseline At one year 
Osteocalcin (ng/mL) 18.8 ± 10.1 30.9 ± 15.6 0.001* 19.5 ± 20.4 20.65 ± 11.5 0.778† 
Crosslaps (ng/mL) 0.3 ± 0.2 0.55 ± 0.3 0.001* 0.25 ± 0.1 0.3 ± 0.2 0.181† 
ALP (UI/L) 73.9 ± 20.6 90.5 ± 59.8 0.125† 69.4 ± 15.5 72.6 ± 30.2 0.578† 
25(OH)D (ng/mL) 17.1 ± 9.6 18.2 ± 7.7 0.585† 23.9 ± 9.4 24.4 ± 7.9 0.837† 
PTH (pg/mL) 50.5 ± 15.9 44.1 ± 13.6 0.077† 46.1 ± 14.9 47.5 ± 16.6 0.714† 
BMD hip (T-score) -2.3 ± 0.75 -2.35 ± 0.7 0.859† -2.1 ± 0.9 -2.3 ± 0.7 0.377† 
BMD lumbar (T-score) -2.9 ± 0.4 -3.35 ± 0.8 0.014* -2.5 ± 0.45 -3.0 ± 0.8 0.003* 

*statistically significant (p < 0.05), †not statistically significant 
ALP - alkaline phosphatase, 25(OH)D - 25-hydroxyvitamin D,  PTH - parathyroid hormone, BMD - bone mineral density 
 
It is classically thought that overweight women are 
protected from osteoporosis, but there is an 
increasing evidence in conflict with this 
observation, suggesting that obesity interferes with 
bone health [21, 28]. All women included in our 
study were overweight, but women with T2D had a 
significantly higher BMI than women without 
diabetes throughout the study (Table II). Obviously, 
FPG levels were higher in the diabetic group than 
the control group (Table II). Levels of HbA1c 
suggest a poor glycaemic control. There was no 

improvement in glycaemic values at one year after 
starting osteoporosis treatment. 
An important outcome of our study is the 
significant increase of the T-score, considering the 
spine BMD (p < 0.001) after one year of BP 
treatment in the diabetic group. This was somewhat 
unexpected as BP treatment didn’t produce an extra 
suppression over baseline resorption, as assessed by 
serum CTX. A study that followed the effect of 

alendronate treatment for three years in 
postmenopausal osteoporotic Japanese with or 
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without type 2 diabetes concluded that the alkaline 
phosphatase (ALP) and urinary NTX were 
decreased and BMD at lumbar spine level was 

increased in postmenopausal Japanese women with 
osteoporosis [15]. The same results were obtained 
by Kushida et al. and Uchida et al. [18, 25]. 

Table II 
Anthropometric and biochemical parameters of the study groups at baseline and one year later 

 
Variables 

Diabetic group 
(n = 35) 

Non-diabetic 
group (n = 35) 

p-value Diabetic group 
(n = 35) 

Non-diabetic group 
(n = 35) 

p-value 

 At baseline At one year 
Age (years) 64.2 ± 8.1 63.6 ± 9.1 0.761† 65.2 ± 8.1 64.6 ± 9.1 0.761† 
BMI (kg/m²) 29.85 ± 4.1 25.0 ± 3.9 0.001* 29.8 ± 3.8 25.2 ± 3.7 0.001* 
Ca (mg/dL) 9.6 ± 0.45 9.5 ± 0.4 0.674† 9.7 ± 0.5 9.6 ± 0.4 0.241† 
FPG (mg/dL) 135.9 ± 52.7 88.05 ± 8.9 0.001* 132.1 ± 36.4 88.9 ± 15.5 0.001* 
HbA1c (%) 7.1 ± 0.85 - - 7.0 ± 0.8 - - 
*statistically significant (p < 0.05), †not statistically significant 
BMI - body mass index, Ca - calcium, FPG - fasting plasma glucose, HbA1c - glycosylated haemoglobin 
 
The effect of hyperglycaemia on the BMD is 
controversial. Some studies, shown that people with 
T2D, have reduced [1], unchanged [3] or increased 

[6, 16] bone mass in comparison to healthy control 
subjects. In our study BMD at the lumbar spine (T-
score) was significantly higher in the diabetic group 
than the control group and this difference was 
maintained throughout the study period (Table I). 
BMD at the hip (T-score) did not differ between the 
two groups at baseline and one year later (Table I). 
A meta-analysis conducted by Ma et al. analysed 
the association between BMD and T2D and found 
that BMD was significantly higher in the diabetic 
population [19]. In our study, after a year of BP 
treatment, there was no increase in the hip BMD, 
but there was an increase in lumbar BMD in both 
groups (Table I). The study conducted by 
Sachmechi et al. [23] mainly on African American, 
South Asian and Hispanic women has shown a 
significant increase in BMD at the spine and hip in 
alendronate treated late postmenopausal osteoporotic 
women with T2D. Another study conducted mainly 
on Caucasian women demonstrated that alendronate 
increases BMD at both sites in older women with 
low BMD and T2D [17]. On the contrary, a study 
conducted by Dagdelen et al. on 26 postmenopausal, 
osteoporotic women with T2D shown that they 
were unresponsive to bisphosphonates therapy 
compared with 26 non-diabetic women [4]. 
In the diabetic group, baseline serum 25(OH)D 
levels were lower than in control group, however 
not reaching statistical significance (Table I). This 
is somewhat surprising as our diabetic patients had 
significantly higher BMIs than the control group. 
Considering D vitamin serum concentration, both 
groups were insufficient at baseline, with mean 
levels below 20 ng/mL. This confirms the high 
prevalence of vitamin D insufficiency described in 
Romania for women with postmenopausal osteoporosis 
[10]. After one year of vitamin D supplementation 
both groups become sufficient, reaching similar 
concentrations (Table I). A study conducted by Farr 

et al. [6] also showed that 25(OH)D serum levels did 
not differ between diabetic and non-diabetic women. 
Though this is a small retrospective study this is a 
valuable one, as, there is a limited number of 
studies assessing the effects of bisphosphonates on 
bone turnover markers and BMD (T-score) in 
women with recently diagnosed postmenopausal 
osteoporosis and T2D. 
 
Conclusions 

The present study showed that bone turnover is low 
in T2D women and that biphosphonates therapy for 
1 year significantly increases lumbar spine BMD, 
even if there is no extra suppression of resorption, 
as assessed by serum CTX. These results suggest 
that bisphophonates have a clinical significance in 
the treatment of women with T2D and osteoporosis 
and represent a good choice for these patients. 
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