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Aim: The aim of this study was to determine whether circulating levels of insulin-like growth factor-1 (IGF-1) and insulin-
like growth factor binding protein-3 (IGFBP-3) were associated with bone mineral density (BMD) and bone turnover
markers in middle aged Turkish males.

Patients and Methods: At the beginning, a total of 160 Turkish men aged between 35 and 65 years were included to this
study. The final sample comprised of 112 men because 48 men were excluded from the study. BMD of the spine and the
hip was measured with dual energy x-ray absorptiometry. After an overnight fasting, serum IGF-1, IGFBP-3, intact
parathyroid hormone, 25-hydroxy vitamin D, osteocalcin, C-terminal telopeptide, calcium, phosphorous and alkaline
phosphatase levels were measured. Urinary concentrations of calcium, phosphorous and creatinine were also estimated.
Results: Twenty-one men (18.8%) had a bone mineral density of <-2.5 SD (T score). There was a significant difference in
IGF-1 levels between men with normal BMD and men with reduced BMD (132.5 + 38.1 and 116.1 £ 40.6 respectively and
p: 0.04). Serum IGF-1 levels were positively correlated with BMD of the lumbar spine (r: 0.28, p:0.006), but there was no
correlation between IGFBP-3 and BMD of any sites tested. IGF-1, IGFBP-3 and BMD were not correlated with bone
turnover markers except serum alkaline phosphatase level.

Conclusion: Serum IGF-1 levels were lower in men with reduced BMD and positively correlated with BMD of the lumbar
spine. Neither IGF-1 nor IGFBP-3 was correlated with bone turnover markers. Further studies of these factors in skeletal
cells are needed to explain their role in the pathophysiology of idiopathic male osteoporosis.

(From the World of Osteoporosis 2007;13:37-43)
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Amag: Bu calismanin amaci orta yash Turk erkeklerinde serum insulin benzeri blytme faktért-1 (IGF-1) ve insulin ben-
zeri blytme faktort baglayici protein-3 (IGFBP-3)'tin kemik mineral yogunlugu ve kemik yapim yikim belirtegleri ile
iliskili olup olmadigini gbéstermekti.

Hastalar ve Yontem: Baslangicta bu calismaya 35 ile 65 yaslari arasinda 160 Turk erkegi dahil edildi. Daha sonra 48
hasta calisma disi birakildigi icin son 6érneklem 112 erkegi icerdi. Omurga ve kalcanin kemik mineral yogunlugu (KMY)
dual enerji x-ray absorptiometri ile 6lctldi. Bir gecelik a¢lik sonrasi, serum IGF-1, IGFBP-3, intakt parathormon, 25-OH
vitamin D, osteokalsin, C-terminal telopeptid, kalsiyum, fosfor, ve alkalen fosfataz seviyeleri 6lctldi. Kalsiyum, fosfor
ve kreatininnin idrar konsantrasyonlari da tesbit edildi.

Bulgular: Yirmi bir erkekde (% 18.8) kemik mineral yogunlugu T skoru -2.5 SD’a esit veya altinda idi. Normal ve azalmis
KMY’si olan hastalar arasinda IGF-1 duzeylerinde anlamli farkhlik vardi (sirasiyla 132.5 + 38.1 ve 116.1 = 40.6, p: 0.04).
Serum IGF-1 duzeyleri lomber omurganin KMY’si ile pozitif korele idi. Fakat, IGFBP-3 ve test edilen yerlerin hicbirinin
KMY'si arasinda korelasyon yoktu. IGF-1, IGFBP-3 ve KMY serum alkalen fosfatazi hari¢ kemik yapim yikim belirtecleri
korele degildi.

Sonuglar: Serum IGF-1 seviyeleri KMY’si azalmis olan erkelerde daha distkti ve lomber omurganin KMY'si ile pozitif
olarak korele idi. Ne IGF-1 ne de IGFBP-3 kemik yapim yikim belirtegleri ile korele degildi. Iskelet hiicrelerindeki bu fak-
torlerin, idiopatik erkek osteoporozunun patofizyolojisindeki rolina agiklamak icin ek calismalara gereksinim vardir.
(Osteoporoz Dinyasindan 2007;13:37-43)
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Introduction

Osteoporosis is one of the commonest metabolic bone
diseases, and its prevalence is expected to rise as the po-
pulation grows older. Although osteoporosis is less pre-
velant in men than in women, the morbidity and mor-
tality due to male osteoporosis is higher (1,2). The ma-
jor causes of osteoporosis in men are hypogonadism,
hypercortisolism and excessive alcohol intake. Other ab-
normalities such as hyperthyroidism and malignancy are
less commonly responsible for osteoporosis. All above
mentioned disorders account for osteoporosis in appro-
ximately 60% of men (3,4). The remaining subset of
men with idiopathic osteoporosis has been poorly cha-
racterized. With no readily identifiable causes of redu-
ced bone density in men with idiopathic osteoporosis, it
is attractive to consider the possibility that this disorder
is the result of fundamental abnormalities of bone cell
function or of the hormonal or paracrine pathways that
regulate the bone cell metabolism (5,6).

Growth hormone (GH) and its major mediator insulin li-
ke growth factor 1 (IGF-1) are thought to be important
both in attainning peak bone mass and maintaining
adult bone mass (7,8). The synthesis of circulating IGF-1
occurs principally in the liver; osteoblasts also contribu-
te to IGF-1 production (9). Invitro and invivo studies ha-
ve shown IGF-1 to enhance type 1 collagen production
and bone matrix apposition rates and decrease degra-
dation of bone collagen (10,11). A major portion of IGF-
1 is bound to IGFBP-3 which is a quantitatively predomi-
nant IGFBP in the circulation. Serum IGFBP-3 level is tho-
ught to be positively regulated by GH and / or IGF-1
(12,13). It has been suggested that IGFBP-3 might aug-
ment the effect of IGF-1 on the bone (14).

Recent studies have focused on the role of GH and IGF-
1 in the regulation of bone metabolism in men. In el-
derly men, bone mineral density (BMD) is not correlated
with IGF-1 concentrations. In contrast, studies including
younger men suggested a weak possitive correlation
between serum IGF-1 and BMD at some skeletal sites
(15-20). However, these studies are not easily comparab-
le because they were performed in mixed cohorts com-
posed of men and women or in small samples of diffe-
rent age groups and based on different statistical app-
roaches.

There have also been reports indicating an association
between low IGFBP-3 and BMD in both men and post-
menopausal women. Others have shown only a weak
association between IGFBP-3 and BMD in men and no
association in women (18, 21-23).

Therefore, we attempted to evaluate the effects of se-
rum IGF-1 and IGFBP-3 levels on BMD at various skeletal
sites in Turkish adult men. In addition, we investigated
the relationship between IGF-1, IGFBP-3 and bone tur-
nover markers.

Material and Methods

Study Population

This study included a total of 160 Turkish adult men re-
ferred to the outpatient clinic of Physical Therapy and
Rehabilitation Department at Mersin University Hospi-
tal. Each subject was given a questionnaire composed of
questions on smoking habits, alcohol consumption,
exercise habits, history of chronic diseases, previous and
present medication, previous fractures, back pain and
family history of fracture. Dietary calcium intake was
evaluated with a simplified food frequency questionna-
ire. History of GH deficiency or GH excess, hypogona-
dism and treatment with androgens or a disease or me-
dication known to influence bone and calcium metabo-
lism were considered as exclusion criteria. At the begin-
ning of the study, thirty-eight men were excluded beca-
use they had diabetes mellitus, cronic obstructive lung
disease, ankylosing spondylitis, stroke, myastenia gravis,
cronic hepatic disease, osteomalasia, hyperparatyro-
idism, Parkinson’s disease and treatments of antiepilep-
tics, diuretics or steroids etc. Later, 10 more men were
excluded from the study because their biochemical
analyses or measurements of bone mineral density we-
re missing. The final sample comprised of 112 men aged
between 35 and 65 years. Weight was measured with a
beam balance and height with a stadiometer in all sub-
jects. Body mass index (BMI) was calculated as in the fol-
lowing: weight (kilograms) / height (meters). All sub-
jects gave informed consent to participate in the study.
BMD and Biochemical Measurements

BMD was measured at the lumbar vertebrae (L2-4) and
hip (femoral neck, Ward’s triangle and trochanter) with
dual energy x-ray absorptiometry and a Norland XR-46
scanner (Ford Atkinson, WI. USA). The coeffient of long-
term variations of BMD measurements with the scanner
is 2 % at the lumbar spine and 2.4% at the neck of the
femur.

After an overnight fast, blood samples were taken at
8:00 am and a 24-hour urine collection completed. Se-
rum IGF-1, IGFBP-3, calcium, phosphorous, alkaline
phosphatase (ALP), intact parathyroid hormone (PTH),
25-hydroxy vitamin D (250H D), osteocalcin (OC) and C-
terminal telopeptide (CTx), were measured in all sub-
jects. Urinary concentrations of calcium, phosphorous
and creatinine were also estimated. Specimens collected
to determine IGF-1 and IGFBP-3 were centrifuged im-
meditely after they were obtained and their sera were
extracted. The sera were kept at -20° for one month
when IGF-1 and IGFBP-3 were determined. Other me-
asurements were made immediately after specimens
were taken.

IGF-1 (normal range: 55-358 ng/mL) and IGFBP-3 (nor-
mal range: 2.4-9.5 pg/mL) levels were measured with
the Immulite 1000 automated analyzer (Bio-DPC) and
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solid phase enzyme labelled chemiluminescent immu-
nometric assay. For IGF-1 and IGFBP-3 the interassay and
intraassay coefficients of variation were 6.6%-8.5% and
3.5%-4.2% respectively.

Both intact OC (1-49 amino acids) and the large N-termi-
nal fragment (1-43 amino acids) occur in blood. Intact OC
is unstable due to protease cleavage between amino
acids 43 and 44. The N-terminal region resulting from the
cleavage is considerably more stable. The assay detects
the N-terminal fragment. OC (normal range: 14-42
ng/mL) levels were determined with electrochemilumi-
nescence immunoassay (Roche Diagnostic Modular
Analytics E170). Especially relevant fragments of collagen
type-l are the C-terminal telopeptides. In the C-terminal
telopeptides, a-aspartic acid is converted to the 3-form of
aspartic acid as the bone ages (B-CTx). These isomerised
telopeptides are specific for the degradation of type-l
collagen dominant in the bone. The assay specifity is gu-
aranteed through the use of two monoclonal antibodies
each recognizing linear 3-8AA octapeptides (EKAHD- -
GGR). CTx levels (hormal range: <0.584mL) were determi-
ned with electrochemiluminescence immunoassay (Roc-
he Diagnostic Modular Analytics E170). Serum intact PTH
levels were determined by electrochemiluminescence im-
munoassay (Roche Diagnostic Modular Analytics E170).
250H D levels were detected by using chromatographic
method (HPLC Agilent 1100). Urinary and serum calcium
levels were determined with a o-cresolphtalein method,
phosphorous concentrations with phosphomolibdat, cre-
atinine concentrations with enzymatic colorimetric met-
hod and ALP enzyme activities with p-nitrophenylphosp-
hate (Roche Cobas Integra 800).

Statistical Analyses

Descriptive characteristics of the study population were
expressed in numbers and percentages (Table 1). Mean
and standard deviations of baseline measurements we-
re used to determine. These statistics are given in Table
2 and 3. Multivariate analyses were used to explain the
relation between dependent variables (serum IGF-1,
IGFBP-3 and BMD) and independent variables (age,
BMI, daily calcium intake, smoking, alcohol intake, chro-
nic diseases, medications, history of fracture, back pain
and exercise habits). Partial correlation analyses were
made to adjust for age and BMI and Pearson correlati-
on analysis to determine the relationship between IGF-
1, IGFBP-3, BMD and bone turnover markers. The results
of these analyses are given in Tables 4. In addition, the
subjects were assigned into two new groups: those with
‘low BMI' and those with ‘normal BMI'. Independent
samples t test was used to compare these groups in
terms of serum IGF-1 and IGFBP-3 (Figures 1-2). The scat-
ter plot and regression fit line plotted were used to
show the relationship between age and serum IGF-1

and IGFBP-3 in each subgroup (Figures 3-4). All statisti-
cal analysis were performed with SPSS software, version
12. P< 0.05 was considered significant.

Results

The mean age of 112 subjects included in the study was
51.9 years and their mean BMI was 25.9kg/m?. Sixty-one
patients smoked more than 5 cigarettes and twelve pa-
tients consumed fewer than 2 units of alcohol
(i.e. <18g) a day. Forty-eight patients did exercise for
30-60min at least three times a week. The mean daily
calcium intake was 314mg. Seven patients (6.3%) had a
history of fracture, fourteen patients (12.5%) had a
family history of fracture and 47 patients (42%) had
backpain. Besides, 44 patients (38.7%) had a chronic

Table 1. Descriptive variables of the study population

Variables N %

Education

Primary school 14 12.5
High school 40 35.7
University 58 51.8
Cronic Disease

No chronic diseases 69 61.3
Hypertension (HT) 19 17.1
Coronary artery disease (CAD) 12 10.8
HT+CAD 4 3.6
Bening Prostate hypertrophy 8 7.2
Medication

No medication 69 61.6
1 or 2 drugs 28 25.0
Three or more drugs 15 134
Smoking habits

Non-smoker 51 455
Ex-smoker 27 24.1
Smoker 34 304
Consumption of alcohol

No consumtion 100 89.3
Consuming or has given up alcohol 12 10.7
Regular Exercise

Present 48 432
Absent 64 56.8
Previous Fracture

Present 7 6.3
Absent 105 93.8
Family History of Fracture

Present 14 12.5
Absent 98 87.5
Back Pain

Present 47 42.0
Absent 65 58.0
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disease (hypertension, coronary artery disease, benign
prostate hypertrophy) and medication.

Descriptive and baseline characteristics of the subjects
are shown in Tables 1 and 2. The mean IGF-1 level was
121.5 + 40.40 ng/mL and the mean IGFBP-3 level was
4.40 + 1.20 ng/mL. The mean BMD was 0.96 + 0.16 g/cm?
in the lumbar spine, 0.85 + 0.14 g/cm? in the femoral neck,
0.72 + 0.11 g/cm? in the trochanter and 0.63 + 0.15 g/cm?
in the Ward’s triangle. The mean T scores at the lumbar
spine and femoral neck were -1.28 + 1.33 and -0.76 + 1.02
respectively (Table 3). Twenty-one subjects (18.8%) were
found to have BMD T scores of <-2.5 SD in at least one

Table 2. Baseline characteristics of the study population

meanisd min-max

Age (year) 51.9 +7.6 35-65
Height (cm) 1724 +59 162-187
Weight (kg) 773+ 112 52-115
BMI (kg/m?) 259+34 18.4-34.6
Serum Ca (mg/dL) 9.7+ 0.5 8.4-11.6
Serum P (mg/dL) 34+05 2.2-5.0
ALP (U/L) 129.7 + 62.0 36.2-270.0
iPTH (pg/mL) 412+129 5.45-85.3
250H D (pg/l) 438 + 20.5 20.0-120.0
OC (ng/mL) 245+79 9.9-52.1
CTx (ng/mL) 0.41+0.22 0.09-1.19
Urine Ca (mg/day) 212.79 + 130.28 14.34- 826.0
Urine P (g/day) 0.65 + 0.26 0.04-1.68
Urine Cr (mg/day) 1291.3 + 440.1 104.4-2944.0
ILGF-1 (ng/mL) 121.5 + 40.40 2.30- 250.00
ILGFBP-3 (ug/mL) 440 +1.20 2.00-9.10
BMI- Body mass index, Serum Ca- serum calcium, Serum P- serum
phosphorous, ALP- alkaline phosphatase, iPTH- intact parathyroid hormone,
250HD- 25-hydroxy vitamin D, OC- osteocalcin, CTx- C-terminal telopeptide,
Urine Ca- urine calcium, Urine P- urine phosphorous, Urine Cr- urine
creatinine, IGF-1- insulin-like growth factor-1, IGFBP-3- insulin-like growth
factor binding protein-3

skeletal site tested. Fifty-four subjects (48.2%) were found
to have BMD T scores of < -1SD or > -2.5 SD, while the rest
had bone density T scores of >-1 SD.

Although there was a significant difference in serum
IGF-1 levels between men with normal BMD and men
with reduced BMD (132.5 * 38.19 ng/mL and
116.1 + 40.61 ng/mL respectively and p: 0.04) (Figure 1),
there was no difference in serum IGFBP-3 levels
(4.42 + 1.22 ng/mL, 4.39 + 1.20 ng/mL and p: 0.9) (Figure 2).
Multivariance analyses were made to determine effects
of age, BMI, daily calcium intake, smoking, alcohol con-
sumption, chronic diseases, medication, history of frac-
tures, back pain and exercise habits on serum IGF-1,
IGFBP-3 and BMD. Back pain, history of fractures and al-
cohol consumption had a significant effect on IGFBP-3
(p:0.02, p.0.02 and p:0.03 respectively). Using medicati-
on had an effect on Ward'’s BMD (p:0.04), doing exerci-
se had an effect on femoral neck BMD (p:0.04) and age
had an effect on femoral neck (p:0.005) and trochanter
(p:0.04) BMD. After age and (51.7 years) and BMI
(25.9 kg/m?) were adjusted, the relation between serum
IGF-1 and IGFBP-3 and BMD and bone turnover markers
was investigated (Table 4). There was a positive correla-
tion between serum IGF-1 levels and BMD in the lumbar
spine (r: 0.28, p:0.006). Whereas circulating IGFBP-3 le-
vels were positively corretated with serum IGF-1 levels
(r:0.45, p:0.0001), no correlation was found between
IGFBP-3 and BMD in any sites tested. There was no cor-
relation between IGF-1, IGFBP-3 and bone turnover
markers. There was a positive correlation between BMD
at the lumbar spine and serum alkaline phosphatase
(r: 0.19, p:0.03). But, no correlation was found between
BMD and other bone markers.

Discussion

This study revealed that 18.8 % of Turkish adult men
had a bone density with T scores of <-2.5 SD. The defi-
nition of low BMD used in this study was based on the
WHO diagnostic criteria (24,25). This study showed that
serum IGF-1 levels were lower in individuals with decre-

Table 3. T scores and bone mineral densities of the study population

meanzsd minimum maximum

LSTS -1.28 + 1.33 -3.80 2.02

FNTS -0.76 = 1.02 -2.70 2.17
LSBMD values (g/cm?) 0.96 + 0.16 0.66 1.36
FNBMD values (g/cm?) 0.85 +0.14 0.36 1.24
TBMD values (g/cm?) 0.72 £ 0.11 0.48 0.99
WBMD values (g/cm?) 0.63 £ 0.15 0.39 1.14

LSTS- lumbar spine T score, FNTS- femoral neck T score, LSBMD- lumbar spine bone mineral density, FNBMD- femoral neck bone mineral density,
TBMD- trochanter bone mineral density, WBMD- Ward’s triangle bone mineral density
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ased BMD compared to men with normal BMD. There
was a significant positive correlation between IGF-1 and
lumbar spine BMD. Although there was a positive cor-
relation between serum levels of IGFBP-3 and IGF-1, no
correlation was found between IGFBP-3 and BMD at the
sites tested. In addition, IGF-1, IGFBP-3 and BMD were
not correlated with bone turnover markers except se-
rum ALP level.

Earlier studies have shown reduced serum levels of IGF-
1 in men with idiopathic osteoporosis (I0) (6,26,27). In
addition, Ljunghall and Reed et al. demonstrated a sig-
nificant correlation between IGF-1 levels and spine and

forearm bone density and osteoblastic surface (26,27).
Similarly, Kurland et al. found low IGF-1 levels in men
with 10, which was correlated with lumbar spine bone
density. They claimed that low IGF-1 levels may reflect
the reduction in bone formation, which could be de-
monstrated by histomorphometry (6). Thereafter, Jans-
sen et al. measured serum IGF-1 levels in 103 healthy
males. IGF-1 was correlated with BMD at the lumbar spi-
ne (28). Gillberg et al. showed that serum IGF-1 and
IGFBP-3 levels were positively correlated with BMD of
the whole body, distal and ultradistal radius and femo-
ral neck in 55 Swedish men (19).

Table 4. Partial correlation between circulating IGF-1 and IGFBP-3 levels with bone turnover markers and BMD

IGF-1 IGF-1 IGFBP-3 IGFBP-3
r p r p

Serum Ca 0.06 0.5 0.07 0.4
Serum P 0.01 0.8 -0.01 0.9

ALP 0.11 0.2 -0.05 0.6

i PTH -0.06 0.5 0.13 0.2

250H D -0.06 0.5 0.03 0.7

0ocC 0.009 0.9 -0.09 0.3

CTx 0.01 0.8 -0.01 0.8

Urine Ca -0.03 0.7 -0.06 0.5

Urine P -0.13 0.2 0.04 0.7

Urine Cr -0.13 0.2 -0.02 0.7
LSBMD 0.28 0.006* 0.06 0.5
FNBMD 0.11 0.2 -0.16 0.11
TBMD 0.14 0.18 -0.07 0.4
WBMD 0.12 0.2 -0.06 0.5
ALp_akaline ahesphatase T 1rtact parathyo1d hormaone, 250115. 25y sty iamin B, OC. cocslon, Che. Cterminal elopeptide, i Co
urine calcium, Urine P- urine phosphorous, Urine Cr- urine creatinine, LSBMD- lumbar spine bone mineral density, FNBMD- femoral neck bone min-
eral density, TBMD- trochanter bone mineral density, WBMD- Ward’s triangle bone mineral density
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Figure 1. The Comparison of groups in terms of serum IGF-1

Figure 2. The Comparison of groups in terms of serum IGFBP-3
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In contrast, Krassas et al. in their study on in 363 healthy
Greek men reported serum GH, IGF-1 and IGFBP-3 levels
did not differ in individuals with decreased BMD com-
pared to men with normal bone density. However, they
showed a positive correlation between IGF-1 and IGFBP-
3 levels and BMD in 2 skeletal sites (LS, FN) (29). Gurlek
et al. showed that serum IGF-1 levels was not correlated
with BMD and bone turnover markers in 14 Turkish men
aged over 60 years (30). Consistent with the results of
the study by Gurlek et al., Szuck et al. in their study on the
men aged more than 60 years also showed that IGF-1,
IGFBP-3 and IGF-1/IGFBP-3 index were not correlated
with BMD, bone mineral apparent density (BMAD) or
bone size. However, in men aged 19-60 years, IGF-1 was
positevely correlated with BMD and BMAD of total hip
and with cortical thickness of femoral neck (20). Johans-
son et al. showed that serum concentrations of IGFBP-3
were reduced in men with 10. However, there were no
significant linear correlations between histomorpho-
metric indices and IGFBP-3 levels (31). Rucker et al. sho-
wed that serum IGF-1 was positively correlated with se-
rum calcium and 25 OH D and negatively correlated
with PTH. However, there was no evidence for a relati-
onship between IGF-1 and serum osteocalcin, albumin,
creatinine or alkaline phosphatase (32).

The present study included 112 adult men referring to
our outpatient clinic. This type of recruitment cannot
exclude the possibility of bias in the results. This should
also not be considered an epidemiological study beca-
use the distribution of age in the sample does not ref-
lect the age distribution of the Turkish male population.
Although these drawbacks exist in the formation of the
study protocol, this is nevertheless the first study in the
literature performed to determine whether circulating
IGF-1 and IGFBP-3 levels were associated with BMD and
bone turnover markers in middle aged Turkish men.

In conclusion, serum IGF-1 levels were lower in men
with reduced BMD and positively correlated with BMD in
the lumbar spine. However, neither IGF-1 nor IGFBP-3
was correlated with bone turnover markers, consistent
with previous studies.

Finally, one of the most critical issues is whether circula-
tion IGF-1 concentrations are representative of skeletal
IGF-1 concentrations. Studies of these factors in skeletal
cells are needed to clarify their role in the pathophysi-
ology of idiopathic male osteoporosis.
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