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Abstract

Background: Type 2 diabetes mellitus (T2DM) is a highly prevalent disease associated with increased the risk of fracture due to altered bone 
micro architecture and/or poor quality as key factors. Bone remodeling appears to be impaired among patients with T2DM as both markers of bone 
formation and markers of bone resorption are decreased when compared to healthy subjects. 

Objective: This study aimed to detect if weight reduction modulates adipokines and markers of bone turnover among T2DM patients.

Material and Methods: Eighty obese patients with T2DM (46 men and 34 women), their age ranged from 40-53 years and their body mass 
index ranged from 30-36 kg/m2 were equally assigned into 2 groups: the weight reduction group received aerobic exercises, diet regimen, where the 
control group received medical treatment only for 6 months.

Results: The mean values of body mass index (BMI), leptin, resistin, visfatin levels significantly decreased, however the mean values of ad-
iponectin, bone alkaline phosphatase (BAP) and serum cross-linked N-telopeptides of type I collagen (NTX) levels significantly increased in the 
training group. While, the results of the control group were not significant. In addition, there were significant differences between both groups at 
the end of the study. 

Conclusion: Weight loss ameliorates adipocytokines and bone turnover markers among obese patients with type 2 diabetes mellitus.
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Introduction

Globally, Type 2 diabetes mellitus (T2DM) will reach 438 mil-
lion by 2030.1 Bone damage is a common complication after dia-
betes mellitus.2,3 Despite there is an evidence that T2DM is related 
to poor bone quality and micro architecture that elevate the risk of 
bone fragility and fracture.4

Type 2 diabetes mellitus (T2DM) is a main cause for cardio-
vascular dysfunctions,5-7 the risk of coronary artery disease is 2-4 
times among diabetics than non-diabetics and peripheral vascular 

diseases risk is ten times greater among diabetics than non-diabet-
ics.8,9

Bone turnover biomarkers (BTMs) indicate the bone remodel-
ing status that includes both bone resorption and formation.9 There 
an impairment in bone remodeling among patients with diabetes, 
where bone formation biomarkers and bone resorption biomarkers 
are reduced.10-13 Although T2DM patients have higher bone marrow 
density (BMD), the fracture risk is higher among them.14,15 There-
fore, BTMs are more sensitive markers than BMD for bone fracture 
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risk, due to possible link between blood glucose metabolism and 
BTMs.16,17

Bone turnover biomarkers are markers for measure rate of re-
sorption and formation. Osteoblast is responsible for synthesis of 
bone formation biomarkers, so that reflect certain function of os-
teoblast18,19 that considered as bone formation markers which are 
predictors for hip fracture risk and osteoporosis.20-25

The purpose of this study was to determine the effects of weight 
reduction on bone turnover markers and adipocytokines among 
obese patients with T2DM.

Materials and Methods

Subjects

Eighty obese T2DM patients (46 men and 34 women) with body 
mass index (BMI) ranged from 30 to 36Kg/m2, were selected from 
the outpatient diabetic clinic of the King Abdalziz Teaching Hos-
pital. They were checked for fasting/random glucose levels. Only 
participants have fasting blood sugar levels more than 5.6mmol/l 
or random blood sugar level more than 7.8mmol/l (impaired blood 
sugar) were included in this study and were further checked for 
type 2 diabetes mellitus as per recent American Diabetes Associ-
ation criteria.26 Exclusion criteria included smokers, congestive 
heart failure, pregnant female patients, hypertension, chronic liver 
disease, coronary artery disease, angiopathy, myocardial infarc-
tion, cerebral infarction and infectious disease. Subjects were also 
excluded from the study if they had conditions affecting bone me-
tabolism, including kidney, liver, parathyroid, or thyroid disorders.

Physical examinations included anthropometric measurements 
such as height, weight, body mass index (BMI) and waist circumfer-
ence. Participants were allocated randomly into two study groups; 
group (A) received treadmill aerobic exercise training on treadmill 
and diet regimen. However, group (B) received no intervention and 
was considered as a control group.

Measurements

Serum adiponectin, leptin, resistin and visfatin mea-
surement 

The levels of adiponectin in human serum were determined 
using adiponectin ELISA (Phoenix Pharmaceuticals, Inc., Belmont, 
CA). Serum leptin, resistin, and visfatin levels were detected using 
ELISA (Phoenix Pharmaceuticals).

Bone turnover biochemical markers measurement

The serum concentration of bone alkaline phosphatase (BAP) 
was measured with ELISA kits (BAP from Metra™ BAP EIA kit, 
Quidel Corp., San Diego, CA). In addition, Serum cross-linked N-te-
lopeptides of type I collagen (NTX) level can serve as a marker of 
increased bone resorption, which may be present in diseases such 
as osteoporosis and BM. Serum cross-linked N-telopeptides of type 

I collagen (NTX) was measured using an ELISA kit (Osteomark, 
Ostex, Inc., Seattle,WA).27

Procedures

All participants were divided randomly into the follow-
ing groups:

Group (A): Forty type 2 diabetic patients were submitted to the 
aerobic exercise training to complete a 12-week aerobic exercise on 
a treadmill which was conducted according to recommendation of 
American College of Sports Medicine regarding aerobic exercise ap-
plication.28 Training program included 5 minutes for warming–up 
in the form of range motion and stretching exercises, 30 minutes of 
aerobic exercise training (60-70% of maximum heart rate) and 10 
minutes of cooling down (on treadmill with low speed and without 
inclination). Participants received 3 training sessions weekly for 6 
months. In addition, a dietician supervised diet regimen that pro-
vides 1200 Kilocalories/day for 6 months.

Group (B): Forty type 2 diabetic patients of both sexes main-
tained their ordinary life style and received no intervention. 

Statistical Analysis

Paired "t" test used to compare between pre and posttest val-
ues. While, the unpaired “t" test used for comparing between both 
groups (P<0.05). 

Results

Obese T2DM patients were enrolled including 46 men and 34 
women, had a mean age of 47.71±5.28 year who were enrolled into 
two groups, there was no significant differences in body mass, glu-
cose, index insulin resistant as indicated by values of insulin, HO-
MA-IR and value of QUICKI between both groups (Table 1). 

Table 1: Baseline characteristics of all participants.

 
Mean+SD

Significance
Group (A) Group (B)

Age year 48.32±4.98 47.17±5.67 P >0.05

Gender M/F 24/16 22/18 P >0.05

BMI kg/m2 33.47±2.25 32.73±2.12 P >0.05

Waist circum-
ference  cm 112.34±9.42 110.11±8.93 P >0.05

FBS mg/dl 173.15±10.18 169.86±11.25 P <0.05

PPS mg/dl 231.24±15.12 228.95±14.73 P <0.05

Insulin mU/l 14.83±3.46 14.17±3.55 P <0.05

QUICKI 0.126±0.031 0.135±0.027 P <0.05

HOMA-IR 5.64±1.83 5.38±1.72 P <0.05

HBA1c % 8.79±2.66 8.21±2.53 P <0.05

BMI: Body Mass Index; FBS: Fasting Blood Sugar; PPS: Postprandial Blood 
Sugar; HOMA-IR: Homeostasis Model Assessment-Insulin Resistance (HO-
MA-IR) Index; QUICKI: The quantitative insulin-sensitivity check index; 
HBA1c: glycosylated hemoglobin; (*) indicates a significant difference be-
tween the two groups, P<0.05.
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The mean values of body mass index (BMI), leptin, resistin, 
visfatin levels significantly decreased, however the mean values 
of adiponectin, bone alkaline phosphates (BAP) and serum cross-
linked N-telopeptides of type I collagen (NTX) levels significantly 

increased in the training group (A) (Table 2 & Table 3). While, the 
results of the control group (B) were not significant. In addition, 
there were significant differences between both groups at the end 
of the study (Table 4). 

Table 2: Mean value and significance of BMI, adiponectin, leptin, resistin, visfatin, BAP and NTX in group (A) before and at the end of the study.

 
 

Mean +SD T-value Significance
Pre Post

BMI  kg/m2 33.47±2.25    27.12±1.93* 6.78 P<0.05

Adiponectin  μg/ml 6.84±1.41 12.65±1.97* 5.42 P<0.05

Leptin  ng/ml 23.16±3.11 13.74±2.56* 5.17 P<0.05

Resistin  ng/ml 7.38±1.54 5.21±1.33* 4.92 P<0.05

Visfatin  ng/mL 35.27±4.61 22.35±3.55* 7.17 P<0.05

BAP  U/l 16.75±3.14 27.92±3.67* 5.38 P<0.05

NTX  nmol BCE 13.15±3.26 17.44±3.58* 6.23 P<0.05

BMI: Body Mass Index; BAP: Bone Alkaline Phosphatase; NTX: Bone Cross-linked N-telopeptides of Type Collagen; (*) indicates a significant difference, 
P<0.05.

Table 3: Mean value and significance of BMI, adiponectin, leptin, resistin, visfatin, BAP and NTX in group (B) before and at the end of the study.

Mean +SD T-value Significance
Pre Post

BMI  kg/m2 32.73±2.12 33.26±2.15 1.17 P>0.05

Adiponectin  μg/ml 7.14±1.37 6.53±1.26 0.82 P>0.05

Leptin  ng/ml 22.75±2.88 23.94±3.22 1.15 P>0.05

Resistin  ng/ml 7.12±1.34 7.81±1.45 0.96 P>0.05

Visfatin  ng/mL 34.53±4.39 35.86±4.72 1.31 P>0.05

BAP  U/l 17.11±3.12 15.94±3.06 1.23 P>0.05

NTX  nmol BCE 13.49±3.14 12.87±2.95 1.12 P>0.05
BMI: Body Mass Index; BAP: Bone Alkaline Phosphatase; NTX: Bone Cross-linked N-telopeptides of Type Collagen.

Table 4: Mean value and significance of BMI, adiponectin, leptin, resistin, visfatin, BAP and NTX in group (A) and group (B) at the end of the study.

Mean +SD T-value Significance

Group (A) Group (B)

BMI  kg/m2 27.12±1.93* 33.26±2.15 7.22 P<0.05

Adiponectin  μg/ml 12.65±1.97* 6.53±1.26 6.14 P<0.05

Leptin  ng/ml 13.74±2.56* 23.94±3.22 5.78 P<0.05

Resistin  ng/ml 5.21±1.33* 7.81±1.45 5.31 P<0.05

Visfatin  ng/mL 22.35±3.55* 35.86±4.72 7.88 P<0.05

BAP  U/l 27.92±3.67* 15.94±3.06 5.91 P<0.05

NTX  nmol BCE 17.44±3.58* 12.87±2.95 6.78 P<0.05
BMI: Body Mass Index; BAP: Bone Alkaline Phosphatase; NTX: Bone Cross-linked N-telopeptides of Type Collagen; (*) indicates a significant difference 
between the two groups, P<0.05.

Discussion

Diabetes mellitus is associated with an increased risk of frac-
tures, which is not explained by bone mineral density. Other mark-
ers as bone turnover markers (BTMs) may be useful. Markers of 
bone resorption and formation seem to be lower in diabetes pa-
tients.29 As there is a growing interest in the association between 

diabetes and alterations in bone metabolism, this study aimed to in-
vestigate the effects of weight reduction on bone turnover markers 
and adipocytokines among obese patients T2DM. Our main result 
finding of the present study was that 6 months of weight reducing 
program resulted significant increase in BAP, NTX and adiponectin 
along with significant reduction in leptin, resist in and visfatin lev-
els, these results are in line with many previous studies.
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Hinton and coworkers underwent 6 weeks of energy restriction 
and aerobic exercise to induce a 5% reduction in body weight on 19 
obese and overweight subjects and reported that markers of bone 
formation, osteocalcin, and bone alkaline phosphates, were signifi-
cantly increased, and resorption markers, C-terminal cross-links of 
type I collagen and soluble receptor activator of nuclear factor kap-
pa B ligand, were unchanged after 6 weeks of energy restriction and 
exercise and concluded that weight-bearing, aerobic exercise train-
ing may favorably affect the balance between bone resorption and 
formation during weight loss.30 While, Luceyetal. enrolled 276 over-
weight men and women in a strict hypo energetic diet for 8 weeks 
induced to have about 5% loss of body weight, their results stated 
that urinary N-telopeptides of type I collagen and serum C-terminal 
telopeptide of type I collagen increased, whereas serum osteocalcin 
decreased from baseline to endpoint.31 However, Villareal and col-
leagues evaluated the effects of diet-induced weight loss in conjunc-
tion with exercise on bone metabolism and mass in twenty-seven 
obese older adults. They founded that after six months, serum CTX 
and serum osteocalcin concentrations increased in the treatment 
group but not in the control group, in the other hand there were no 
significant changes in serum bone alkaline phosphatase concentra-
tions.32 In addition, Rector and colleagues reported that 5% reduc-
tion in body weight over 6 weeks in 36 overweight premenopausal 
women resulted in a significant increase in level of both Osteocalcin 
(OC) and C-terminal telopeptide of type I collagen (CTX).33 Where, 
Hinton and colleagues stated that the thirty-seven obese sub-
jects who underwent 3 months of weight reduction followed by 9 
months weight maintenance had their serum concentrations of os-
teocalcin (OC) and C-terminal peptide of type I collagen (CTX) sig-
nificantly increased after weight reduction and remained elevated 
during weight maintenance, moreover the percent changes in CTX 
and body weight were negatively correlated during weight loss and 
maintenance.34 Moreover, Maser and colleagues studied 32 individ-
uals with a body mass index 50.2±10.2kg/m2 underwent Roux-en-Y 
gastric bypass and confirmed that there was an increase in both 
OC and adiponectin , where leptin was decreased 6 months after 
surgery.35 Finally, Albadah et al proved that significant reduction in 
BMI as a result of four-month dietary program among forty-nine 
obese nondiabetic males resulted in significant increase in serum 
BAP, adiponectin and undercarb oxylatedosteo calcin (uOC).36

Conclusion

Weight loss ameliorates adipocytokines and bone turnover 
markers among obese patients with type 2 diabetes mellitus.
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