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Osteoprotegerin, Insulin Like Growth Factor-1 and
Bone Changes in Prepubertal Males With
Type 1 Diabetes Mellitus
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Abstract

Background: In this study we aimed to evaluate osteoprotegerin
(OPG) and insulin like growth factor-1 (IGF-1) serum levels in pre-
pubertal T1IDM male children and their relation to bone density.

Methods: Study included Thirty-five prepubertal TIDM male pa-
tients (mean age of 11.20+ 2.10 years). Patients were assessed for
serum levels of OPG, IGF-1, glycosylated hemoglobin (HbAlc),
parathormone hormone (PTH), and 25-dihydroxyvitamin D (25-
OH-D). Bone quality was determined by measuring bone broad-
band ultrasound attenuation (BUA) at calcaneous. The data were
compared with those of 28 age (mean age of 10.90 + 2.30) and
body-size matched healthy boys representing a control group.

Results: Both serum levels of OPG and HbA ¢ levels were signifi-
cantly higher in T1IDM patients than in controls (p < 0.0001) while
both IGF-1 serum levels and Z-score BUA were significantly lower
in patients than in controls (p < 0.001 and < 0.0001 respectively).
OPG showed moderate positive correlation with HbAlc (%) (r =
0.67, p <0.0001) and strong negative correlation between OPG and
IGF-1 (r=-0.78, p < 0.001). While there was fair negative correla-
tion IGF-1 and HbAlc (r=-0.47, p <0.01). Z-score BUA moderate
negative correlation with OPG (r=-0.72, p <0.01), and correlation
was moderately positive with IGF-1 (r = 0.60, p < 0.001) while
showed fair negative correlation with HbAlc (r=-0.48, p <0.01).

Conclusions: Patients with TIDM are at risk to have lower bone
mass, which may be attributed to increased OPG serum levels me-
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diated by low IGF-1 production. All these factors showed associa-
tion to poor glycemic control.
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Introduction

Bone metabolism and density in patients with type 1diabetes
(T1DM) have been investigated and these patients seem to
be at risk of decreased bone mass [1], impairing the attain-
ment of peak bone mass and increasing the risk of osteopo-
rosis with its related complications in later life [2-4]. Bone
remodeling is regulated by systemic hormones and locally
produced factors acting in concert to maintain bone mass [5].
Osteoprotegerin (OPG), a circulating secretory glycoprotein,
is a member of tumor necrosis factor receptor superfamily
[6] working as a decoy receptor for the receptor-activator
of the nuclear factor-kB ligand (RANKL) [7]. RANKL and
OPG are a key agonist/antagonist cytokine system, regulat-
ing important aspects of osteoclast biology [8]. RANKLE
increases the pool of active osteoclasts by activating its spe-
cific receptor RANK located on oseoclastic cells, thus in-
creasing bone resorption, whereas OPG, which neutralizes
RANKL, has the opposite effect [9]. In other words, bone
turnover pathway is a triad, RANKL binds to its receptor
RANK to induce osteoclast differentiation, activation, and
survival, whereas OPG acts as decoy receptor to RANKL
and therefore inhibits osteoclast activation and bone resorp-
tion [10]. Increased OPG levels have been demonstrated
in several chronic diseases, such as arthritis, and in T2DM
adults [11]. OPG has been hypothesized as representing a
compensatory response to bone and vascular damage [12].
Insulin-like growth factor 1 (IGF-1) is an important ana-
bolic regulator of bone cell function (e.g. decreasing collagen
degradation, increasing bone matrix deposition, and increas-
ing osteoblastic cell recruitment) [13]. Zhao et al, studied
the interaction between OPG/RANKL pathway in healthy
Chinese women and they concluded that the effects of IGF-1
on bone may be mediated by OPG/RANKL pathway [14].
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Table 1. Clinical findings of T1DM patients and controls

Patients (n =35) (mean Controls (n = 28) P value

+SD) (mean = SD)
Age (years) 11.20+2.10 10.90 +2.30 NS
Diabetes duration (years) 57+2.4 - -
Height (cm) 137.21 £5.40 135.10+5.21 NS
Weight (Kg) 32.90 + 1.81 29.83 £ 1.73 NS
BMI 17.40 £ 0.92 16.30 £ 0.83 NS
Bone age (years) 12.50 £1.20 11.10 + 0.80 NS

P values < 0.05 are significant

The quantitative high-frequency ultrasound technique
(QUYS) has been proposed to assess bone density and bone
structure in adult and children [15-17]. By this technique,
two parameters can be simultaneously determined, speed of
sound (SOS) and BUA. In normal adults and children, BUA
seems to be a parameter that shows the highest correlation
index with bone mineral density (BMD) determined by dual
energy X-ray absorptiometry (DEXA) [18, 19] and consid-
ered the reference standard in the evaluation of bone mass
[20, 21]. Recently, BUA has been extensively clinically vali-
dated and utilized worldwide [22].

Aim of the study

In this study we aimed to evaluate OPG and insulin IGF-1
serum levels in prepubertal TIDM male children and their
relation to bone density.

Subjects and Methods
Study Design

In this prospective study, we studied 35 prepubertal male
children with TIDM with mean age of 11.20 + 2.10 years.
The mean duration of their diabetes was 5.70 £ 2.40 years
with least disease duration of 3 years (Group I). Another
healthy 28 male children with comparable age were studied
as a control group (Group II). Patients were selected from
male patients attending diabetes center for regular follow up
at Aseer Central Hospital (ACH), Aseer Region, Saudi Ara-
bia during the period between January to July 2010. None
of our patients took medications rather than 2 doses subcu-
taneous mixed insulin at the onset of the study. Patients with
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history of fractures during last year, hypertension, signs of
retinopathy, nephropathy and peripheral or autonomic neu-
ropathy were excluded from the study. Control children were
healthy volunteers.

The study protocol was reviewed and approved by the
ethics committee in College of Medicine, King Khalid Uni-
versity. An informed written consent was obtained from both
patients and controls before the study.

All participants were subjected to complete medical his-
tory and physical examination. At examination, we measured
height, weight, body mass index (BMI) and blood pressure
(in separate 2 sessions). Patients were clinically evaluated
for microvascular complications (retinopathy and peripheral
neuropathy). Bone age was evaluated and calculated through
left hand and wrist radiograph.

Patients were studied for serum albumin, urea, creati-
nine, calcium, PTH, 25-OH-D, fasting blood sugar, HbAlc
and were compared to normal references for their ages. All
children (patients and controls) were subjected to OPG and
IGF-1 assessments.

Laboratory studies

Serum OPG levels were measured by enzyme-linked immu-
nosorbent assay (ELISA) with a mouse monoclonal antibody
as capture antibody and a rabbit polyclonal antibody for de-
tection (Immundiagnostik, Bensheim, Germany). The assay
detects both monomeric and dimeric forms of OPG, includ-
ing OPG bound to its ligand. The detection limit of this assay
is 2.8 pg/ml. Intra- and interassay variabilities are less than
10%. All samples were measured in duplicate and averaged.
Glycosylated hemoglobin (HbA 1c¢) values were recorded for
the previous 24-month period from the participant’s clinic
record and then averaged. HbAlc was measured by HPLC
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Table 2. Laboratory findings of T1DM patients and controls

Patients (n = 35)

Controls (n =28)

(mean = SD) (mean % SD) p value
Serum intact PTH (pg/ml) 24.11+7.70 26.10 = 8.31 NS
Serum 25-OH-D (nmol/l) 36.80 % 17.51 39.41 + 14.12 NS
HbAlc (%) 8.12 £0.72 412+ 1.10 P <0.0001
OPG (pg/mL) 72.40 + 13.81 38.90 + 12.80 P <0.0001
IGF-1(mg/mL) 198 + 76 248 + 51 P <0.001
Z- score BUA -0.43+0.73 0.19+0.64 P <0.0001

P values < 0.05 are significant

(DIAMAT, Bio-Rad). The normal range is 4.1-1.4%. Se-
rum intact (1 - 84) PTH concentrations were determined by
a two-site chemiluminescent immunometric assay (Nichols
Diagnostics, San Juan Capistrano, CA, USA). The normal
range is 10 - 65 pg/ml. The interassay coefficient of variation
was 10%. Serum 25-OH-D was determined by competitive
binding protein assay (Nichols Diagnostics). The interassay
coefficient of variation was 8%. The normal range is 28 - 65
nmol/l. IGF-I was determined by an IGFBP-blocked specific
RIA (Mediagnost, Tu"bingen, Germany) with a cross-reac-
tivity to IGF-II of less than 0.05% and intra- and interassay
coefficients of variation of less than 4% and 8%.

All blood samples were non-fasting morning samples.
Serum creatinine, calcium and phosphate were measured by
standard biochemical methods. As a marker of diabetic ne-
phropathy, albumin excretion was measured in 24-hour urine
(Turbitimer, Behring, Marburg, Germany, normal below 20
pg/min, microalbuminuria: 21 - 300 pg/min, macroalbumin-
uria > 300 pg/min). To correct for sampling errors, urine was
examined on at least two occasions.

Calcaneal determination

Bone quality was determined by measurement of the BUA in
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Figure 1. Correlation between OPG and IGF-1
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Figure 2. correlation between HbA1c and OPG

the frequency range of 200 - 600 kHz. BUA (dB/MHz) was
measured at the calcaneal site by two 12.5mm transducers
mounted in hand-held calipers linked to the pediatric contact
ultrasound bone analyzer (CUBA) (McCue Ultrasonics Lim-
ited, Compton, Winchester, UK) [23]. The pediatric CUBA
is a specific system containing normative data for children
aged 5 - 15 years (Z-score ¥4 0, S.D. % 1). These reference
values were fully comparable to CUBA normative data. For
the present study, we also evaluated an age-, sex- and body-
size-matched control group of 28 children. Z-scores (differ-
ence between the patient value and the age-specific mean

value divided by the normal group’s S.D.) were calculated
in each patient. The evaluations were made and analyzed by
the same operator, and each value was the average of three
consecutive calculations. Quality assurance was performed
daily. The in vitro coefficient of variation for BUA using
phantoms was 1.8%, and the in vivo coefficient of variation
for BUA was 3.7% [24].

Statistical analysis

Quantitative data were expressed as mean and standard devi-
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Figure 3. Correlation between HbA1c and IGF-1
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ations standard deviation (mean + SD). Student “t” test was
used to compare mean values of the studied groups. Simple
Pearson correlation coefficient was calculated to quantify the
correlation between continuous variables and multiple step-
wise regression was used to determine the variables that may
correlate independently with Z-score BUA values.

Results

There was no significant difference in clinical characteris-
tics including age, height, weight, BMI and bone age of the
patients and controls as shown in table 1. Laboratory data as
presented in table 2 showed no significant difference between
T1DM patients and controls as regarding, serum intact PTH
or serum 25-OH-D. HbA1c and OPG levels were significant-
ly higher in TI1DM patients than controls (» <0.0001), while
both IGF-1 and Z-score BUA were significantly lower in pa-
tients than controls (p < 0.001 and < 0.0001 respectively).

In T1DM patients, there was strong negative correlation
between OPG and IGF-1 (r =-0.78, p <0.001) as shown in
figure 1. While there was moderate positive correlation be-
tween OPG and HbAlc (%) (r = 0.67, p < 0.0001) (Fig. 2).
Regarding correlation between HbAc1 and IGF-1, it was fair
negative (r =-0.47, p <0.01) as shown in figure 3.

Z-score BUA showed moderate negative correlation
with OPG (r = -0.72, p < 0.01). Correlation between Z-
score BUA and IGF-1 was moderately positive (r = 0.60,
p <0.001) and there was fair negative correlation between
Z-score BUA and HbAlc (r=-0.48, p <0.01).

Discussion

Our study showed increased OPG, decreased IGF-1serum
levels and decreased Z-scores BUA mean values in children
with TIDM. All those changes showed relation to HAblc
mean levels recorded during last 2 years before the study.
OPG, a critical molecule for the morphogenesis and re-
modeling of bone, is an osteoclastogenesis inhibitory fac-
tor and a number of studies have been performed to assess
its importance with respect to the human skeletal system
[11]. Children and adolescents with TIDM are at risk of
decreased bone mass and its related complications later in
life and studies confirmed that these patients show reduced
bone mass [25] and they have a greater risk of bone fractures
and a lower bone mineral density compared with the gen-
eral population. Patients with TIDM also seemed to show
reduced bone mass at the time of clinical diagnosis [26]. In
agreement with many studies, [3, 4, 20, 21, 27], our patients
showed decreased bone mass as confirmed by decreased
Z-score BUA mean values. Also, there was moderate nega-
tive correlation between mean serum levels of OPG and Z-
scores BUA mean values. Skeletal involvement in patients
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with TIDM has a complex pathogenesis [26], and despite
numerous studies on this problem many questions remain
unanswered. In these patients, several mechanisms may
contribute to skeletal damage, such as increased urinary ex-
cretion coupled with lower intestinal absorption of calcium,
inappropriate homeostatic response to PTH, impaired vita-
min D metabolism regulation, reduced IGF-I concentration
which is necessary for the full anabolic effects of PTH on
bone [1, 28-31]. In our study, both PTH and serum 25-OH-D
showed no significant difference between patients and con-
trols while there was a decreased mean value of IGF-1 in
patients with T1DM than in controls. In previous study of
Jehle et al [5], they found that IGF-1 in TIDM patients is
markedly lower than in controls or T2DM patients. This is
may be consistent finding in TIDM patients who have B-
cell dysfunction with insulin production deficiency [31-34].
This is pathophysiologically plausible since insulin stimulate
IGF-1 synthesis [5]. The detected negative correlation be-
tween OPG and both IGF-1 and Z-score BUA mean values
in our patients and the detected positive correlation between
IGF-1 and Z-scores BUA mean levels support the suggested
relation between IGF-1 changes and expected reduced bone
mass in these patients. This is in agreement with Zhao et
al who found negative correlation between OPG and IGF-1
in healthy Chinese women and concluded that IGF-1 effects
may be mediated by OPG/RANKL pathway [14, 35]. The
same hypothesis was strongly supported by Rubin et al [36]
who concluded that IGF-1 could stimulate bone resorption
by acting on the OPG/RANKL equilibrium through stromal
cell expression of these two molecules. In their study, they
confirmed their suggestion through experimental study on
women treated with rhIGF-1 who showed a time-dependant
decrease in serum OPG after 12 month treatment [36]. The
total effects of combined chronic hyperglycemia, insulin de-
ficiency and low IGF-1 may also reduce osteoblast activity,
leading to decreased bone formation [37, 38].

In our study, there was a positive correlation between
OPG and HbAlc levels and negative correlation between
HbAlc and both IGF-1 and Z-scores BUA mean values. Our
patients did not show microangiopathic changes according
to exclusion of rather clinical retinopathy or laboratory ne-
phropathy. This may support the suggestion that the main
effect on bone in TIDM patients may be attributed to poor
glycemic control evidenced by high HbAlc mean levels in
detected in our patients. Rasmussen et al reported a signifi-
cant correlation between OPG and HbA1c in both normoal-
buminuric and nephropathic TIDM patients [39]. They at-
tributed this relation to possible regulatory effects of OPG
production from vascular cells and osteoblasts since OPG
synthesis is regulated by IGF-1 in osteoblasts [36, 39]. Other
factors that may affect OPG serum levels like female sex,
age changes and systolic hypertension [39-41] were exclud-
ed in our study by selection of noromotensive prepubertal
boys with comparable age and sex matched healthy controls.
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In conclusion T1DM patients are at risk to have lower bone
mass, this is may be attributed to increased OPG levels me-
diated by low IGF-1 production. All these factors showed
relation to poor glycemic control. Further studies with larger
sample size including female patients are recommended.

What is new

Type 1 diabetes mellitus (T1DM) patients are at risk of im-
pairment of bone metabolism and structure due to many fac-
tors. Our study clarified the role of OPG and IGF-1 and the
relation of poor glycemic control with these changes.
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