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 ABSTRACT 
Background: Bone is a vital, dynamic connective tissue that throughout life 

is continuously remodeled by balanced bone formation and resorption. It has 

been reported that diabetes and its metabolic disturbances and medications 

lead to important alterations in bone metabolism. The objective of this study 

is to determine the effect of metformin on markers of bone metabolism [N-

terminal cross-linked telopeptide of type-1 collagen (NTx) and osteocalcin] 

in male patients with type 2 diabetes mellitus. Methods: a case-controlled 

study was conducted on 100 male type 2 diabetic patients. Their ages ranged 

from (35–50years) living in Saudi Arabia at Al-Madinah Al- Monawara 

Province. They were on oral antidiabetic drugs, divided into two groups 

according to treatment with metformin. Routine laboratory measurements 

included serum levels of fasting glucose, HbA1c, total calcium, inorganic 

phosphorus, total alkaline phosphatase and intact parathyroid hormone, 

osteocalcin was measured as a bone formation marker. Second-morning void 

urine was collected from patients to measure urinary NTx as a resorptive 

marker. Results: there was no significant difference between the two groups 

as regard the clinical, biochemical and diabetic control parameters(age, BMI, 

duration of diabetes, FBS, HbA1c, calcium, Phosphorus, total alkaline 

phosphatase, and iPTH). No statistical differences in osteocalcin (ng/ml) 

between the two groups (13.3±1.43 vs 13.0±1.4, P-value =0.348). The mean 

of NTx (nM BCE/mM creatinine) of metformin group 1 was (29.6±7.8) 

lower than that of non-metformin group 2 (44.6±6.1) with highly significant 

differences between the two groups (P=0.000).Conclusion: metformin may 

have a favorable effect on bone metabolism in type 2 diabetic males through 

a decrease of bone resorption marker, but more researches are required to 

know the overall impact of this medication on bone health on the long term.  

Keywords: Type2diabetes, Metformin, Bone turnover markers, 

Osteoporosis. 

 

INTRODUCTION 

one is a dynamic connective tissue that is 

continuously remodeled by the processes 

of bone formation and bone resorption, and 

these two processes are normally coupled 
[1]

. 

An imbalance in bone resorption relative to 

formation results in negative bone balance at 

the tissue level. This may lead to 

osteoporosis, a common skeletal disease 

characterized by reduced bone mass, 

deterioration of bone microarchitecture, and 

increased susceptibility to fractures 
[2]

. 

Biochemical markers of bone turnover 

comprise serum and urinary concentrations of 

enzymes and bone matrix proteins that are 

released into the circulation during bone 

remodeling 
[3]

. The most sensitive markers 

include serum osteocalcin, bone specific 

alkaline phosphatase, the N-terminal 

propeptide of type I collagen for bone 

formation, and the crosslinked C- (CTX) and 

N- (NTX) telopeptides of type I collagen for 

bone resorption 
[4, 5]

. 

Diabetes and its metabolic disturbances may 

lead to important alterations in bone 

metabolism 
[6]

. Metformin is widely 

prescribed as a first-line therapy for patients 

with type 2 diabetes mellitus 
[7]

. In contrast to 

thiazolidinediones, another oral antidiabetic 

drug which has adverse effects on the 

skeleton 
[8]

, several studies have documented 

that metformin is osteogenic in vitro 
[9]

. 

B 
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The objective of this study is to determine 

the effect of metformin on markers of bone 

turnover (NTx and osteocalcin) in male 

patients with type 2 diabetes mellitus. 

SUBJECTS AND METHODS 

This work was conducted on 100 male type 2 

diabetic patients. Their ages ranged from (35–

50years) living in Saudi Arabia at Al-

Madinah Al- Monawara Province. Patients 

were selected at medical outpatient clinics of 

Islamic University Medical Center during 

follow-up. The included patients were 

classified into 2 groups: Group (1): Included 

50 male type 2 diabetic patients treated with 

metformin alone in a dose of 1500- 2000 

mg/day in two divided doses. Group (2): 

Included 50 male type 2 diabetic patients 

treated with oral anti-diabetic drugs other than 

metformin [sulphonylurea and/or dipeptide 

peptidase 4 inhibitors]. The two groups were 

matched for age and duration of diabetes.  

The included patients were diagnosed with 

type 2 diabetes according to American 

Diabetes Association (ADA) 2010 Criteria 
[10]

.  

Exclusion criteria: Patients who known to 

have diseases or conditions that could 

potentially have effects on bone metabolism, 

such as Cushing’s syndrome, 

hyperthyroidism, hyperprolactinemia, 

hypogonadism,  hyperparathyroidism, renal 

failure, malabsorption, hypovitaminosis D, 

chronic alcohol intake or heavy smoking (>10 

cigarettes/day), patients treated with drugs 

such as thyroid hormones, steroids, vitamin 

D, calcium and magnesium that could 

interfere with bone metabolism, and patients 

with known macro or microangiopathy were 

excluded from the study. Patients with 

uncontrolled diabetes and HbA1c above 7.5 

gm% and patients treated with 

thiazolidinediones were also excluded from 

the study. 

Laboratory measurements 
After 8 – 10 hours overnight fast, blood 

samples were obtained from the antecubital 

vein and the serum was separated by 

centrifugation. Laboratory measurements 

included serum levels of fasting glucose, total 

calcium, inorganic phosphorus and total 

alkaline phosphatase measured following 

routine biochemical laboratory protocols 

using automated Siemens Dimension (RxL 

Max) clinical chemistry system. Intact PTH 

test is performed using the Vitros Intact PTH 

Reagent Pack and the Vitros intact PTH 

calibrators on the Vitros immunodiagnostic 

system. This kits supplied by Ortho-Clinical 

Diagnostics, USA, using Vitros 3600 (Ortho – 

clinical Diagnostic, Johanson and Johanson 

Co, USA) 
[11, 12]

. Blood samples with EDTA 

were also obtained from patients to measure 

HbA1c determined using Siemens DCA 

analyzer for the quantitative assay for HbA1c 

in blood. 
[13]

. A second-morning void urine 

sample was collected from patients for 

quantitative measurement NTx using the 

Vitros NTx  Reagent Pack and the Vitros NTx 

calibrators on the Vitros immunodiagnostic 

system. This kits supplied by Ortho-Clinical 

Diagnostics, USA, using vitros 3600(Ortho – 

clinical Diagnostic, Johanson and Johanson 

Co, USA) 
[14]

. Analyte results are quoted in 

units of nanomoles bone collagen equivalents 

per liter (nM BCE). Test values are corrected 

for urinary dilution by urinary creatinine  

analysis and expressed in nanomoles bone 

collagen equivalents per liter per millimole 

creatinine per liter[nMBCE/mMcreatinine] as 

shown in the following equation: NTx 

(nMBCE/mMcreatinine) = NTx (nMBCE) / 

Urinary creatinine(mM)  
[15]

. The Human 

osteocalcin ELISA research-use-only kit is to 

be used for the quantitative determination of 

intact human osteocalcin in serum and plasma 

samples using 96-well plates and a microplate 

reader 
[16]

. 

STATISTICAL ANALYSIS 

Descriptive data are expressed as mean ± SD. 

Statistical comparisons of data obtained from 

both groups in the study were performed 

using paired t-tests. P-values < 0.05 were 

considered to be statistically significant. 

RESULTS 

The clinical and biochemical characteristics 

of the study population categorized according 

to the treatment with metformin are presented 

in Table 1. No statistically significant 

difference in the age between two groups 

(40.9 ± 4.2 vs 41.92 ± 4.5 years, P= 0.176). 

No statistically significant difference in the 

BMI between the two groups (31.9 ± 1.6 vs 

31.65 ± 1.5 kg/m2, P= 0.442). No  

statistically significant difference in the 
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duration of diabetes between the two groups 

(4.14 ± 0.48 vs 4.19 ± 0.46 years, P= 0.528).                                             

No statistically significant difference in the 

fasting glucose between the two groups 

(124.5±18.4 vs 117.7±15.8 mg%, P= 0.639).  

The mean of HbA1c (g/dl) of group1 was 

(7.11±0.38) is comparable with that of group2 

(7.06±0.36 g/dl) with no statistically 

significant difference P= 0.066. 

The mean of iPTH (pg/ml) of group1 was 

(38.9 ± 4.4) is comparable with that of group2 

(39.5 ± 3.8) with no statistically significant 

difference (P=0.439). No statistically 

significant difference in serum calcium 

between the two groups (8.8 ± 0.58 vs 8.7 

±0.53 mg/dl, P= 0.383). No statistically 

significant difference in serum Phosphorus 

between the two groups (4.08 ±0.48 vs 

4.12±0.45 mg/dl, P= 0.697). No statistically 

significant difference in the mean of total 

alkaline phosphatase between the two groups 

(88.96 ± 14.9 vs 87.66 ± 13.6 U/L, P=0.461).  

 

Table 1: Clinical and biochemical parameters in both groups     
Variable (Group1) Diabetes 

with metformin 

No=50 

(Group2) 

Diabetes with OAD other 

than metformin 

No=50 

t- test  P- value 

Age (years) 40.9 ± 4.2 41.92 ± 4.5 1.373 0.176 

BMI (kg/m2) 31.9 ± 1.6 31.65 ± 1.5 -0.775 0.442 

Duration of diabetes 

(years) 

4.14 ± 0.48  4.19 ± 0.46 0.636 0.528 

Fasting glucose (mg/dl) 124.5±18.4 117.7±15.8 0.472 0.639 

HbA1c (g/dl) 7.11±0.38 7.06±0.36 g/dl -2.04 0.066 

iPTH (pg/ml) 38.9 ± 4.4 39.5 ± 3.8 0.780 0.439 

Calcium(mg/dl) 8.8 ± 0.58 8.7 ± 0.53  -0.881 0.383 

Phosphorus (mg/dl) 4.08 ± 0.48 4.12 ± 0.45 0.392 0.697 

Total alkaline 

phosphatase         (U / L) 

88.96 ± 14.9 87.66 ± 13.6  -0.743 0.461 

*P < 0.05: Significant differences 
 

Osteocalcin and NTx data are presented in 

Table 2. The mean of osteocalcin (ng /ml) of 

group1 was (13.3±1.43) is comparable with 

that of group2 (13.0±1.4). No statistically 

significant difference in osteocalcin between 

the two groups (P=0.348) Figure 1. The mean 

of NTx (nM BCE/mM creatinine) of group1 

was (29.6±7.8) is lower than that of group2 

(44.6±6.1). There is a highly significant 

difference between the two groups in urinary 

NTx (P=0.000) Table 2 and Figure 1. 

 

Table 2: Osteocalcin (ng/ml) and NTx (nM 

BCE/mM creatinine)of patients in both 

groups 

Variable (Group1)  

No=50 

(Group2) 

No=50 

P- 

value 

NTx  29.6 ± 

7.8 

44.6 ± 

6.1 

0.000 

Osteocalcin  13.3 ± 

1.43 

13.0 ± 

1.4 

0.348 

*P < 0.05: Significant differences 

 

Figure1: Diagram of osteocalcin and NTx 

means between 2 groups  

 
DISCUSSION 

The incidence of type 2 diabetes is increasing 

all over the world, more so in the Saudi 

Arabia. Osteoporosis is more likely to be seen 

in the elderly in association with chronic 

diseases like diabetes 
[17, 18]

. An 

epidemiological analysis showed that 30.7% 

of healthy Saudi men, 50-79 years of age are 

osteoporotic 
[19]

. In Saudi Arabia, there are 
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approximately 8,768 femoral fractures each 

year costing billions, bone health is becoming 

a serious concern in the kingdom. 
[20]

. A better 

understanding of the factors that determine 

bone strength in diabetes is needed. 

Biochemical markers of bone turnover, 

involve dynamic molecules and, therefore, are 

helpful in evaluating and monitoring bone 

metabolism over short intervals. The most 

sensitive markers include serum osteocalcin, 

bone specific alkaline phosphatase, the N-

terminal propeptide of type I collagen for 

bone formation, and the crosslinked C- (CTX) 

and N- (NTX) telopeptides of type I collagen 

for bone resorption
 [4, 5]

. 

Type I collagen is predominant in the 

extracellular matrix of bone. Cross-linked N-

telopeptides (NTx), which is formed during 

the process of bone resorption by osteoclasts, 

is proposed to serve as a valid marker of bone 

resorption 
[21]

. Elevated levels of urinary NTx 

indicate elevated bone resorption 
[22]

 

Studies showed controversial results about the 

effects of diabetes and oral antidiabetic drugs 

(OAD) on bone health 
[6, 8, 9, and 23]

. 

Metformin, the most widely described OAD 

for type2 diabetes mellitus has been shown a 

favorable effect on bone metabolism by 

increasing osteoblast proliferation and 

differentiation and also augmenting type 1 

collagen formation in cell culture. In addition, 

it seems to promote osteoblast differentiation 
[24]

. 

This study subjects included 100 male 

patients with type 2 diabetes mellitus without 

microvascular or macrovascular 

complications, who were on OAD, divided 

into two groups according to treatment with 

metformin, bone turnover markers (NTx as a 

marker of bone resorption and osteocalcin as 

a marker of bone synthesis) were measured. 

There was no significant difference between 

the two groups as regard the clinical and 

diabetic control parameters [age, BMI, 

duration of diabetes, FBS, and HbA1c]. 

Patients in the two groups showed no 

significant differences as regard factors that 

affect calcium homeostasis [iPTH, calcium, 

phosphorus and total alkaline phosphatase]. 

There was statistically significant reduction in 

the urinary level of NTx in patients receiving 

metformin (29.6±7.8 vs 44.6±6.1, p =0.000) 

and no statistically significant difference in 

serum level of osteocalcin between the two 

groups.  

Similar results of favorable effects of 

metformin on bone turnover markers were 

reported by Zinman et al, 
[25] 

and Lierop et al, 
[26]

. Omodele et al demonstrated that 

treatment with metformin alone improves 

BMD in osteopenic patients with type 2 

diabetes [27]. Vestergaard et al, found that 

metformin was associated with a reduction in 

the risk of fracture 
[28]

.  

Chan Wang et al, 
[29]

 found that metformin 

has been shown to enhance osteoblasts 

differentiation and inhibit osteoclast 

differentiation in vitro and prevent bone loss 

in ovariectomized rats. But the mechanisms 

through which metformin regulates 

osteoclastogenesis are not known. In their 

study, they demonstrated that metformin 

dose-dependently stimulated osteoprotegerin 

and receptor activator of nuclear factor κB 

ligand (RANKL) mRNA and protein 

expression in mouse calvarial osteoblasts and 

osteoblastic cell line MC3T3-E1. Inhibition of 

AMP-activated protein kinase (AMPK) and 

CaM kinase kinase (CaMKK), two targets of 

metformin, suppressed endogenous and 

metformin-induced osteoprotegerin secretion 

in osteoblasts 
[29]

. 

In conclusion, this study showed that 

metformin may have a favorable effect on 

bone metabolism in type 2 diabetic males 

through a decrease of bone resorption marker, 

but more researches are required to know the 

overall impact of this medication on bone 

health in different patients groups and on the 

long term.    
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