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ABSTRACT. There are studies concerning the
association among endogenous sex steroids,
growth hormone (GH), insulin-like growth factor-I
(IGF-I) and bone mineral density (BMD) in both
men and women. However, little is known con-
cerning the association of these parameters with
markers of bone turnover in healthy elderly men.
We studied the association of BMD (dual ener-
gy X-ray absorptiometry of spine, hip and fore-
arm) and markers of bone turnover (bone-spe-
cific alkaline phosphatase, serum C-terminal
propeptide of type I collagen, and serum osteo-
calcin reflecting formation, urine deoxypy-
ridinoline and calcium excretion in relation to cre-
atinine excretion reflecting resorption) with en-
dogenous sex steroids, GH and IGF-I in 14 elder-
ly normal men (age range 60-79 years). There
was a negative correlation between age and dehy-
droepiandrosterone sulphate (DHEAS) (r=-0.60,
p=0.022) and a positive correlation between GH
and IGF-I (r=0.53, p=0.048). Serum estradiol

concentrations correlated with BMD at distal 1/3
radius (r=0.41, p=0.1) and mid-radius (r=0.47,
p=0.08), and negatively correlated with age
(r=-0.45, p= 0.09). There was no correlation of
estradiol with bone turnover markers, testostero-
ne, free testosterone, DHEAS, GH and IGF-I.
Serum GH and IGF-I levels showed no correla-
tion with BMD (all sites) and bone turnover mark-
ers. Serum total testosterone concentrations
positively correlated with BMD at distal 1/3 ra-
dius (r=0.47, p=0.09), femoral neck (r=0.56,
p=0.037) and Ward’s triangle (r=0.49, p=0.07).
These data suggest that serum estradiol and
testosterone levels are associated with BMD in
elderly men, possibly indicating their contribu-
tion to skeletal maintenance in old age. How-
ever, correlations of IGF-I, GH and DHEAS with
BMD and bone turnover markers are lacking in
the group studied.
(J. Endocrinol. Invest. 24: 408-414, 2001)
©2001, Editrice Kurtis

INTRODUCTION

Estradiol deficiency is a well-known cause of post-
menopausal osteoporosis (1). It has been shown
that androgens have an anabolic effect on bone
in both hypogonadal (2) and eugonadal men (3).
Recent clinical observations of severe osteo-
porosis in one man with defective estrogen re-
ceptor (4) and in two men with aromatase defi-
ciency (5, 6) suggest that estrogens are also of
importance for the maintenance of the male
skeleton. Moreover, estradiol levels were de-

creased in male idiopathic osteoporosis (7). Also,
insulin-like growth factor-I (IGF-I) has been shown
to be important in the differentiation, maturation,
and recruitment of osteoblast (8). The demon-
stration of reduced IGF-I in men with idiopathic
osteoporosis (9) and the correlation of IGF-I with
lumbar spinal bone mineral density (BMD) (10)
have supported the clinical relevance of this phe-
nomenon.
Although many studies have examined the asso-
ciation between endogenous sex steroids, IGF-I
and BMD in both men and women, little is known
concerning the association of these parameters
with markers of bone turnover in healthy elderly
men. In the present study, we present data
concerning the association of BMD and markers
of bone turnover with endogenous sex steroids,
GH and IGF-I levels in a group of elderly normal
men.
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SUBJECTS AND METHODS
Study population
A total of 14 Caucasian men aged over 60 were
enrolled. None of the subjects had a history of
hyperthyroidism, glucocorticoid or anticonvulsant
use, diabetes mellitus, gastrointestinal disease or
surgery, malignancy or any known metabolic
bone disease. All patients had normal gonadal,
adrenal, thyroid and hepatic functions. Smoking
status was determined by history. A subject who
had been smoking more than one packet a year
was considered to be a smoker. There were no
ex-smokers. Five subjects were current smokers.
Complete physical examination revealed no
pathologic findings. Lumbar vertebral radiograms
revealed no osteoporotic fractures. The clinical
and laboratory features of the participants are giv-
en in Table 1. Informed consent was obtained
from all participants.

Serum and urine measurements
Serum concentrations of total calcium, phosphorus,
alkaline phosphatase, blood urea nitrogen, creati-
nine, aspartate aminotransferase and alanine ami-
notransferase were measured by automated tech-
niques. Intact parathyroid hormone [PTH, normal
range: 12-72 pg/ml, inter-assay coefficient of vari-
ation (CV): 7.2%], follicle stimulating hormone (FSH,
normal range 0.7-11.1 mIU/ml, inter-assay CV:
6.3%), luteinizing hormone (LH, normal range 0.8-
7.6 mIU/ml, inter-assay CV: 6.7%) and growth hor-
mone (GH, normal range 0.06-5 ng/ml, inter-assay
CV: 5.4%) were assessed by immunometric assay
(Immulite 2000, Diagnostic Products Co., Los An-
geles, CA, USA). Estradiol (normal <56 pg/ml, in-
ter-assay CV: 16%, lowest detection limit 10 pg/ml),

dehydroepiandrosterone sulphate (DHEAS, normal
range 80-560 μg/dl, interassay CV: 9.8%) and total
testosterone (normal range 200-810 ng/dl, inter-as-
say CV: 7.5%) were measured by radioimmunoassay
(Diagnostic Systems Laboratories Inc., Webster, TX,
USA). Serum IGF-I (normal range 100-494 ng/ml,
inter-assay CV: 3.7%) was measured by immunora-
diometric assay (Diagnostic Systems Laboratories
Inc., Webster, TX, USA). Serum free testosterone
(normal range 8.69-54.69 pg/ml, inter-assay CV:
7.9%) was measured by radioimmunoassay (Dia-
gnostic Systems Laboratories Inc., Webster, TX,
USA). 
Bone-specific alkaline phosphatase (B-ALP) was
determined by ELISA (Alkphase-B, Metra Bio-
systems, Inc., CA, USA). Normal range for B-ALP
was 11.6-30.6 U/l and the minimum detection lim-
it was 0.7 U/l. The inter-assay CVs at 12 U/l and at
35 U/l were 5.2% and 5.0%, respectively. Serum
C-terminal propeptide of type I collagen was de-
termined by ELISA (Prolagen-C, Metra Bio-
systems, Inc., CA, USA). Normal range of the as-
say was 69-147 ng/ml and the minimum detec-
tion limit was 0.2 ng/ml. The inter-assay CVs at
80.8 ng/ml and 296.7 ng/ml were 7.0% and 5.0%,
respectively. Serum osteocalcin was measured by
ELISA (Novocalcin, Metra Biosystems, Inc., CA,
USA). Normal range was 3.7-10.0 ng/ml, and the
minimum detection limit was 0.45 ng/ml. The in-
ter-assay CVs at 6.2 ng/ml and 16.5 ng/ml were
9.8% and 7.6%, respectively. Serum B-ALP, C-ter-
minal propeptide of type I collagen and osteo-
calcin are markers of bone formation (11). To de-
termine deoxypyridinoline (DPD) and calcium ex-
cretion in relation to creatinine excretion, second
void morning urine samples were obtained at ap-
proximately 9:00 h after an overnight fast. Urine
calcium and creatinine were measured by auto-
analyser (Boehringer-Mannheim, Germany). Urine
DPD was measured by chemiluminescent enzyme
immunoassay (Immulite Pyrilinks-D, Diagnostic
Products Corp., CA, USA).The normal range of
DPD excretion as expressed per mmol of creati-
nine was 3.0-7.4 nmol.
Expressed in relation to urinary creatinine, fasting
urine calcium and DPD are markers of bone re-
sorption (11).

Bone mineral density measurements
BMD was measured at lumbar vertebrae (L1-4), hip
(femoral neck, Ward’s triangle, trochanter, intertro-
chanter and total hip), the forearm (midshaft, distal
1/3 and ultradistal radius, and total radius) by du-
al-energy X-ray absorptiometry (DEXA) (Hologic
Inc., Model QDR-4500A, Bedford, MA, USA). The

Table 1 - Clinical and laboratory features of the study popula-
tion (no.=14).

Variable Median Range

Age (yr) 69.5 60-79

Height (m) 1.66 1.54-1.77

Weight (kg) 78.5 60-95

Calcium (mg/dl) 9.45 8.6-10.2

Phosphorus (mg/dl) 3.2 2.3-3.9

Total ALP (IU/l) 197.5 20.1-240

FSH (mIU/ml) 6.2 3.2-10.8

LH (mIU/ml) 4.2 3.2-7.2

Intact PTH (pg/ml) 37.9 19.8-61.5

ALP: alkaline phosphatase; FSH: follicle-stimulating hormone; LH: luteinizing
hormone; TSH: thyroid-stimulating hormone; PTH: parathyroid hormone.
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scanner was a highly collimated X-ray system (swit-
ched pulse, dual energy, 140 kV peak).The in vivo
precision was <1% for all sites where the mea-
surements were made. BMD was expressed in units
of g/cm2.

Statistical analysis
Bivariate correlations of the variables were analyzed
by Spearman rank correlation test. The correlation
coefficients (r values) and the statistical level of sig-
nificance (p values) were calculated. If the r value
was lower than 0.25, we considered that there was

no correlation between the variables. The compar-
ison of the median values of the variables between
smokers and non-smokers were done by Mann-
Whitney U test and p value less than 0.05 was con-
sidered significant.

RESULTS

All subjects had normal FSH, LH and total/free
testosterone levels indicating normal gonadal func-
tion (Table 1). Serum calcium, phosphorus, total
ALP and intact PTH concentrations were also nor-

Table 2 - Clinical features, sex steroids, GH and IGF-I levels of smokers and non-smokers.

Variable Smokers (no.=5) Non-smokers (no.=9)

Age (yr) 65 (60-75) 73 (64-79)

Height (m) 1.71 (1.65-1.77) 1.62 (1.54-1.75)*

Weight (kg) 80 (65-95) 78 (60-84)

Testosterone (ng/dl) 420 (336-1600) 440 (310-633)

Free testosterone (pg/ml) 11.9 (8.7-14.2) 12.7 (8.6-21.4)

DHEAS (μg/dl) 84.9 (30-162) 92.1 (36-182)

GH (ng/ml) 0.09 (0.05-0.8) 0.38 (0.05-1.7)

IGF-I (ng/ml) 134 (83.8-467) 168.3 (97-476)

Estradiol (pg/ml) 22.8 (19.8-42.9) 23.4 (12-46.5)

*p=0.04 by Mann-Whitney U test; DHEAS: dehydroepiandrosterone sulphate; GH: growth hormone; IGF-I: insulin-like growth factor-I; data are shown
as median (range). 
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Fig. 1 - Bone mineral density (BMD) values of the subjects. 
LS: lumbar spine, FN: femoral neck, T: trochanter, IT: intertrochanter, W: Ward’s triangle, TH: total hip, DR: distal (1/3) radius, UDR:
ultradistal radius, MR: midshaft radius, TR: total radius. Horizontal solid lines represent the median value of the whole group, horizontal
dashed lines represent the median values of smokers and non-smokers. P: NS for all sites between smokers and non-smokers by
Mann-Whitney U test.
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mal (Table 1). Smokers (no.=5) and non-smokers
(no.=9) were comparable with respect to age,
weight, levels of endogenous sex steroids, GH and
IGF-1, but smokers were significantly taller than
non-smokers (p=0.04) (Table 2). 
The individual BMD values and bone turnover
markers of the study group are presented in Figures
1 and 2, respectively. Smokers and non-smokers
had comparable BMDs and bone turnover markers
(Fig. 1 and 2, respectively).

Correlation analyses
Weight was positively correlated with trochanteric
(r=0.52, p=0.05) and ultra-distal radius BMD
(r=0.63, p=0.015). Age was negatively correlated
with estradiol (r=-0.45, p=0.09) (Fig. 3A) and
DHEAS (r=-0.60, p=0.022) (Fig. 3B), and a positive
correlation was found between GH and IGF-I
(r=0.53, p=0.048) (Fig. 3C). 
Estradiol was positively correlated with BMD at dis-
tal 1/3 radius (r=0.41, p=0.1) and at mid-radius
(r=0.47, p=0.08) (Fig. 4A). Serum total testosterone
was positively correlated with BMD at distal 1/3 ra-
dius (r=0.47, p=0.09), Ward’s triangle (r=0.49,
p=0.07), and femoral neck (r=0.56, p=0.037) (Fig.
4B). Free testosterone was negatively correlated
with urinary calcium/creatinine ratio (r=-0.56,
p=0.038) (Fig. 4C). There was no correlation of
estradiol with bone turnover markers, testosterone,
free testosterone, DHEAS, GH and IGF-I. Serum GH
and IGF-I levels showed no correlation with BMD
(all sites) and bone turnover markers (p>0.2 for all,
details not shown).

DISCUSSION

Our study provides cross-sectional data regarding
the associations between endogenous sex steroids,
GH, IGF-I, BMD and bone turnover markers in
healthy elderly men. We found no significant cor-
relations between GH, IGF-I and bone density/
metabolism. In previous studies, IGF-I was found
to decline in both serum and bone with aging (12,
13). It has also been reported that IGF-I has an im-
portant role in the genesis of male osteoporosis
(10). Kurland et al. (9) found low levels of IGF-I in
middle-aged osteoporotic men compared with con-
trols. The cross-sectional design of our study, limit-
ed number of subjects, lack of clinically and radio-
logically apparent osteoporosis, lack of assessment
of bone levels of IGF-I might have led us to over-
look IGF-I and bone metabolism interaction.
Although GH and sex steroids appear to have inde-
pendent effects on bone mass, sex steroids can in-
fluence circulating levels of GH and IGF-I, sug-
gesting that an interaction between these hor-
mones may be important for the acquisition and
maintenance of bone mass (14). However, we could
not find any associations between GH, IGF-I and
endogenous sex steroids.
The importance of sex steroids in the development
and maintenance of female skeleton is unquestioned.
However, studies of sex steroids, gonadal function,
and their interaction with bone metabolism in elderly
men are scarce. To our knowledge, there has been
no extensive investigation concerning the association
of endogenous sex steroids with bone metabolism in
elderly men. Our results suggest that serum estradiol
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Fig. 2 - Bone turnover markers of the subjects. 
OC: osteocalcin, B-ALP: bone-specific alkaline phosphatase, CPC: C-terminal propeptide of type I collagen, U-DPD: urinary de-
oxypyridinoline, U-CA: urinary calcium, U-CR: urinary creatinine. Horizontal solid lines represent the median value of the whole group,
horizontal dashed lines represent the median values of smokers and non-smokers. P: NS for all markers between smokers and non-
smokers by Mann-Whitney U test.
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concentrations show no association with bone forma-
tion and resorption as reflected by turnover markers.
We found correlation of estradiol with forearm BMD.
In a previous population-based study, bioavailable
estradiol was correlated with BMD at forearm, spine
and hip (15). Similarly, Slemenda et al. (16) found as-
sociations between estradiol and BMD in men aged
over 65 (r values ranged between 0.21-0.35). There-
fore, these observations and our data suggest that
estradiol has some degree of contribution in skeletal
maintenance in elderly men.

In a previous study by Center et al. (17), low serum
free testosterone was found to be an independent
predictor of low spinal BMD in elderly men, where-
as low estradiol predicted low BMD at both spine
and hip. These results also indicate the relatively
more important role of estradiol compared with te-
stosterone in the maintenance of male skeleton.
We showed that serum total testosterone concen-

Fig. 3 - Correlations: A) age vs estradiol, (B) age vs dehy-
droepiandrosterone sulphate (DHEAS), (C) growth hormone
(GH) vs insulin-like growth factor-I (IGF-I). r: Spearman correla-
tion coefficient.
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trations were positively correlated with forearm and
hip BMD but not with spinal BMD. In contrast to
our observations, Drinka et al. (18) failed to demon-
strate a relation between testosterone levels and
BMD at both axial and appendicular sites. Despite
the correlation between BMD and testosterone, we
could not show any association between testos-
terone and bone turnover markers. The only nega-
tive correlation existed between serum free testos-
terone and urinary calcium/creatinine ratio. We
found a negative correlation between age and
DHEAS, but DHEAS had no correlation with BMD
and bone turnover markers. This finding is in ac-
cordance with the observations of Greendale et al.
(15), who were able to demonstrate a positive as-
sociation of DHEAS and BMD in women but not in
men. The role of DHEAS in the maintenance of
male bone mass has received limited investigation.
However, in two studies (19, 20) no association was
found between DHEAS and BMD in men.

Limitations of the study
There are two main limitations of this study. Firstly,
the number of subjects is limited (no.=14), and we
would have had lower p values in Spearman rank
correlation tests if we had enrolled more subjects.
Secondly, as in other reported studies, a single de-
termination of sex steroids was made. This intro-
duces a null bias, because sex steroids are not stat-
ic in men and women. For example, testosterone
is converted to estrogen in both men and women.
Thus, it is difficult to judge which hormones are in-
fluencing the skeletal system directly and which are
upstream sources of substrate to form the bone ac-
tive hormones. In conclusion, our data suggest that
serum estradiol and testosterone levels are associ-
ated with BMD in elderly men, possibly indicating
their contribution to skeletal maintenance in old
age. However, further studies with larger number
of subjects are required to assess the interaction of
endogenous sex steroids, GH and IGF-I with bone
metabolism in aging men.
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