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ABSTRACT. The genetic factors determining bone 
mineral density (BMD) are not well characterized. 
Many studies have investigated the relationship 
between the fokI polymorphism of vitamin D 
receptor (VDR) gene in diverse populations and 
gender, resulting in conflicting outcomes. Be-
cause peak bone mass in men is closely related 
to sufficient androgen release, the contribution 
of VDR gene on BMD might have been masked 
by hormonal status of adulthood. We therefore 
investigated the relationship between the fokI 
polymorphism of VDR and BMD in male patients 
with idiopathic hypogonadotrophic hypogonad-
ism (IHH). Sixty-five untreated male patients with 
IHH and 39 healthy matched controls were evalu-
ated. fokI polymorphism (“f” allele) was detected 
by polymerase chain reaction (PCR)-restriction 
fragment length polymorphism using restriction 
endonuclease fokI, and BMD was measured by 

dual Energy X-ray absorpsiometry in lumbar 
spine, femur and radius. The distribution of FF, 
Ff, and ff alleles in patients with IHH and controls 
were not different (patients; 46%, 51%, 3% and 
controls; 51.3%, 46.1%, 2.6%, respectively). 
BMD levels in patients with IHH were significantly 
lower than controls. We categorized patients 
and control subjects in subgroups according to 
whether they had homozygous FF and hetero-
zygous Ff genotype. No differences in BMD were 
seen between control subgroups, but total femur 
and femoral neck BMD were significantly lower 
in patients bearing heterozygous Ff genotype 
with IHH than homozygous FF ones (p=0.017 and 
p=0.009, respectively). Ff genotype might run 
down the BMD in cortical bone of femur, which 
needs to be proved in further studies. 
(J. Endocrinol. Invest. 28: 810-814, 2005)
©2005, Editrice Kurtis

INTRODUCTION

Peak bone mass is considered a major determinant 
in emergence of osteoporosis and is mainly geneti-
cally regulated (1, 2). Twin and family studies also 
indicate that bone mineral density (BMD) and bone 
metabolism are under strong genetic control (3, 
4). Among many others, vitamin D receptor (VDR) 
genotype was supposed to be one of the major de-
terminants of the peak bone mass, which is reached 
around the third decade of life (5).
Studies on identifying the genes affecting bone 
mass and metabolism have become very active in 

recent years, but results from analysis of already 
known osteoporosis candidate genes have been 
controversial. When Morrison et al. (6) showed a 
significant association between VDR gene polymor-
phism and BMD, some later reports supported this 
(7-11), while several contradictory results have been 
published (12-16). In searching for the osteoporosis 
genes, some polymorphic sites have been described 
and one of them, fokI, seemed to lead to a protein 
variant with three additional amino acids at the 
amino terminus associated with low BMD (17). Some 
evidence suggests that the longer allele (so-called 
“f”) may be less active in a transfected cell system 
(18). A number of studies have concluded that ff 
homozygousity implies lower BMD and probably 
constitutes a considerable risk factor of osteoporo-
sis (19, 20). These studies had been conducted on a 
relatively younger population compared to previous 
studies and a very recent report supported their find-
ings in adolescent boys (21). Hence, our attention 
focused on aged subjects of previous studies whose 
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bone metabolism exposed longer periods to sex 
hormones, therefore distinct effects of VDR gene 
genotype on phenotype might be masked by sev-
eral decades of adulthood hormonal status. 
Thus, in the present study we investigated the re-
lationship between VDR gene fokI polymorphism 
and BMD in untreated young male patients with idi-
opathic hypogonadotrophic hypogonadism (IHH).

MATERIALS AND METHODS
Subjects
At the time of first diagnosis, 65 male patients with IHH (age-
range 19-24 yr) and 39 healthy male control subjects (age-range 
19-23 yr) were included in the study. Neither IHH, nor control 
subjects had history of alcohol consumption, steroid, androgen, 
gonadotropin, vitamin D or any other calciotrophic medication. 
None of the subjects had any chronic disease confirmed by 
physical examination and entire biochemical blood analyses. The 
diagnosis of IHH was based on the absence or severely retarded 
sexual maturation and failure to undergo spontaneous puberty 
before 18 yr of age, and was confirmed by: a decreased serum 
testosterone concentration below normal range of adults; FSH 
and LH levels within or below the normal range; the absence of a 
pituitary or hypothalamic lesions on magnetic resonance images; 
the presence of a gonadotropin response to repetitive doses of 
LHRH; normal smell test and normal karyotypes (46,XY). All pa-
tients were sporadic and there was no relativity with each other. 
Informed consent was obtained from each subject and the local 
Ethical Committee approved the study protocol. 

Genotyping
DNA was extracted from fresh peripheral blood using a com-
mercial kit (Spincolumn DNA extraction kits, Gentra, USA). The 
polymerase chain reaction (PCR) and digestion of PCR products 
were performed as described by Chiu et al. (22).
Primers designed to amplify the fokI side of VDR gene in exon 
2 in the initiation start codon were the following: forward, 5’-
AgC Tgg CAC Tga CTC TgC TCT-3’; and reverse, 5’-AtggAA 
ACA CCT TgC TTC TTC TCC CTC-3’. PCR was carried out in 
a total volume of 11 µl containing 1µM of each primer, 0.2 
mM dNTP, 1.5 mM MgCl2, 1.25 U Tag polymerase and 1.1 µl 
10xBuffer. PCR were performed using denaturation at 94 C for 
5 min, followed by 35 cycles at 94 C for 30 sec, 60 C for 30 
sec, and 72 C for 30 sec and final extension at 72 C for 10 min 
(PT C200 Thermal cycler, MJ RESEARCH, USA). Five µl PCR 
products (265 bp) were digested with 1 U of fokI (New England 
Biolabs, Beverly, MA) at 37 C for 2 h, with the buffer supplied 
by the vendor and run on a 2% agarose gel in 0.5 x TBE buffer. 
The gel was stained prior to casting with ethidium bromide (10 
mg/ml), 5 µl per 100 ml gel solution. The gel was put on a ultra-
violet (UV) transilluminator and documented by photography. 
FokI digested the first ATG and yielded two products; 69 and 
196 base pairs (f allele), while the T to C transition destroyed 
the fokI site (F allele) (Fig. 1).

Hormonal analysis
All tests were performed following initial diagnosis of IHH in 
patients group before starting any medical attempt. After an 

overnight fasting, blood was collected for the measurement of 
serum ionized-calcium, PTH, osteocalcin, FSH, LH, PRL, estro-
diol, total and free testosterone. FSH, LH, PRL, estradiol and 
total testosterone were measured using a chemiluminescence 
kit (Chiron/Diagnostics, Halsted, Assex, UK). Free testosterone 
was also measured using a chemiluminescence kit (Diagnostic 
Systems Laboratories Inc., Webster, TX, USA). Normal values 
for FSH, LH, PRL, estradiol, total and free testosterone were 
5-15 mIU/ml, 5-15 mIU/ml, 2-25 ng/ml, 10-160 pg/ml, 100-
650 pg/ml and 8-55 pg/ml, respectively. The lower detection 
limits were 5 pg/dl, intra- and interassay (%CV) were 5.1-7.2% 
and 8.2-9.1% for free testosterone. Intraassay (%CV) changes 
were from 2.5 to 2.9% and interassay (%CV) changes from 4.3 
to 6.3% for FSH. The minimum detectable concentration was 
0.05 mIU/ml, intra- and interassay (%CV) were 3.04-3.9 and 6.2-
7.0%, respectively, for LH. Ionized-calcium and urine calcium 
concentrations were measured using commercial enzymatic 
kits on Olympus AU 2700 AUTO ANALYZER (Olympus, Mishi-
ma, JAPAN). Intact PTH 1-84 was measured by a chemilumi-
nescence method based on a kit of Immunolite 1000 analyzer 
(DPC, Immunolite, LA, USA). Urine hydroxyproline concentra-
tion was measured by Erlich’s reaction, using a colorimetric 
assay after hydrolysis with 2N NaOH.

BMD 
Lumbar vertebral (at the levels of L2-L4), femur total, femoral neck, 
and radius total BMD measurements were performed using dual 
energy X-ray absorpsiometry (Norland XR 36-WBL, Norland Inc., 
Fort Atkinson, WI, USA) on all patients shortly after first diagnosis 
of IHH and on control subjects a few days after blood sampling. 

Statistics
Mann Whitney-U test was performed to test differences between 
parameters, and non-parametric data were compared by Chi-
square test using SPSS version 11 software. Values are expressed 
as MEAN±SD. A p value <0.05 was considered as significant.

F

M 1 2 3 4 5

f

200 bp

100 bp

Fig. 1 - Determination of vitamin D receptor genotypes. Panel 
shows part of representative 2% agarose gel stained with ethid-
ium bromide and photographed under ultraviolet (UV) transillu-
minator. DNA samples were amplificated by polymerase chain 
reaction (PCR) cycles and digested with fokI. FF or ff denote the 
homozygouse for the absence or presence of the fokI site, respec-
tively. Ff denotes the heterozygouse by this regard. Line 2, 4 and 5 
show heterozygouse (Ff) subjects. Line 1 shows an homozygouse 
FF and line 3 shows an homozygouse ff subject.
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RESULTS

The characteristics of male patients with IHH and 
control group were depicted in Table 1. As expected, 
levels of FSH, LH, total and free testosterone, and all 
BMD levels were significantly lower in IHH group than 
controls (all p<0.01). Mean age, BMI, waist-hip ratio, 
and mean levels of serum intact PTH, PRL, estradiol, 
ionized-calcium, osteocalcin, 24-h urine calcium and 
24-h urine hydroxyproline were not significantly differ-
ent between groups (all p>0.05).
Percentage distribution of genotypes was shown in 
Table 2. The distribution of FF, Ff, and ff alleles in 
patients with IHH and in controls were almost similar 
(respectively, patients; 46%, 51%, 3% and controls; 
51.3%, 46.1%, 2.6%, all p>0.05).
When we compared subgroups of the patient and 
control group in order to have F homozygous or het-
erozygous genotype between each group, no differ-
ences were seen except femur BMD in patients with 
IHH (Table 3). Femur total and femoral neck BMD 
of patients with heterozygous Ff genotype showed 
significantly lower BMD compared to femur total 
and femoral neck BMD of patients with homozygous 
FF genotype (0.93±0.09 vs 0.84±0.13, p<0.01, 
0.92±0.1 vs 0.83±0.12, p<0.01, respectively). BMD 

levels of control subjects with heterozygous Ff geno-
type were not different from control subjects with 
homozygous FF genotype (p>0.05). 

DISCUSSION

Bone density, as with other complex traits, is likely to 
be determined by multiple genetic and environmen-
tal factors. Gene polymorphism studies have shed 
light on the genetic component. However, heritable 
determinants of peak bone mass are still poorly 
understood, particularly in males. Males are not 
exposed to any dramatic reduction in androgens, 
analogous to the female loss of estrogens due to 
menopause, which probably contributes to the de-
layed development of osteoporosis in males. 
Pertinent to VDR polymorphism, there are two po-
tential translation initiation codons in exon II, ATG 
and ACG (17), determined by a single nucleotide 
polymorphism. The VDR allele with ATG can initi-
ate translation from the first out of two existing start 
codons, while the VDR allele with ACG must initiate 
from the second codon, which causes primer struc-
ture shorter by 3 amino acids. Some evidence sug-
gests that the longer allele (so-called “f”) may be less 
active in a transfected cell system (18) and may result 
in lower BMD. But conflicting reports have been 
published regarding the association of rate of bone 
loss with different VDR genotypes (7-16). 
Male hypogonadism is known to be associated 
with low bone mass. A few studies have investi-
gated the relationship between BMD and gene 
polymorphism at the VDR locus in male (11, 19-21, 
23). But, there are no studies investigating this re-
lationship in men with IHH, with the exception of a 
previous study from our institution which resulted 
in no relation with three other VDR gene polymor-
phisms (Apa I, Bsm I, and Taq I) and vertebral BMD 
in male patients with IHH (24). The importance of 
these patients’ trait is being free of androgen ef-
fect because of its deficiency. If the hypogonadal 

Table 1 - Clinical and laboratory characteristics of groups.

Variable IHH Controls p
 (no. 0.65) (no. 39) value*

Age (yr)  21.4±3.4  21.2±3.3  Ns

BMI (kg/m2)  21.7±0.6  22.4±0.3  Ns

Waist/hip ratio  0.83±0.2  0.9±0.3  Ns

Free testosterone (pg/ml)  5.8±1.1  24.8±5  0.001

Total testosterone (pg/ml)  23±2.2  550±32  0.001

FSH (mIU/ml)  1.05±1  4.79±3  0.001

LH (mIU/ml)  1.4±1.1  5.8±2.7  0.001

PRL (ng/ml)  13.6±3.4  11.9±7.2  Ns

Estradiol (pg/ml)  17.3±6.2  16.3±8.1  Ns

Vertebral BMD (g/cm2)  0.74±0.11  0.99±0.15 0.001

Femur total BMD (g/cm2)  0.88±0.13  1.05±0.12 0.001

Femur neck BMD (g/cm2)  0.86±0.12  1.01±0.13 0.001

Radius BMD (g/cm2)  0.48±0.05  0.58±0.04 0.001

Ionized calcium (mg/dl)  5±0.22  4.9±0.3  Ns

PTH (pg/ml)  29±19  43.4±27  Ns

Osteocalcin (ng/ml)  29±10  26.5±11  Ns

Urine calcium (mg/24 h)  172.5±205  151±99  Ns

Urine hydroxyproline (mg/24 h)  10.8±2.2  10.8±1.9  Ns

*Mann-Whitney U test. BMI: body mass index; BMD: bone mineral density.

Table 2 - Percentage distribution of genotypes according to pres-
ence of fokI polymorphism.

Alleles  Patients with IHH Control p 
 (no. 65) (no. 39) value*

FF  30 (46%)  20 (51.3%)  Ns

Ff  33 (51%)  18 (46.1%)  Ns

ff  2 (3%)  1 (2.6%)  Ns

*Chi-square test, f: presence of fokI polymorphism, F: no fokI polymor-
phism. Presentation: no. (%). IHH: idiopathic hypogonadotrophic hypogo-
nadism.
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state is present before achievement of peak bone 
mass both cortical and trabecular BMD will be low 
(25), as we observed in the present study.
In our study, f allele distribution did not show any 
difference between male patients with IHH and 
healthy controls. Even though the distribution of 
homozygous ff genotype was found less than in 
previous reports in different races, we obtained a 
heterozygous Ff group with IHH and controls to test 
our hypothesis. It is a limitation that we could not 
find an ff homozygous group to compare phenotypic 
effects of homozygous ff VDR genotype. Only two 
patients with IHH and one subject from controls 
had this genotype constituting insufficient number 
for statistical comparison. Thus, we excluded these 
cases from final determination.
In the present study, we determined a significant dif-
ference between patients with FF and patients with 
Ff VDR gene polymorphism in femur total and femo-
ral neck BMD. Femur total and femoral neck BMD 
was found significantly lower in patients with IHH 
having heterozygous Ff allele than patients with IHH 
having homozygous FF allele. It is well known that 
femoral bone represents cortical bone structure and 
it represents further bone mass loss. The deleterious 
effect of fokI polymorphism in VDR gene on BMD 
might exist in male patients with androgen deficien-
cy. But this is not present in healthy male subjects. 
This diversity may be due to androgen preservation 
on bone mineral density.
Patients with hypogonadism can have different basal 
testosterone levels, although it is lower than normal 
levels. This could be another reason of difference in 
BMD between subgroups of our cases with IHH. But 

basal total testosterone levels of our patients were 
not significantly different between subgroups and 
we did not find any correlation between basal testo-
sterone levels and BMD in our patient cohort. 
An interesting finding was to observe lower levels of 
PTH in male patients with IHH than healthy control 
subjects (29±19 vs 43.4±27, respectively, p=0.08), 
even though it was not statistically significant. Low 
PTH concentrations in patients with IHH are not cor-
related with serum calcium, osteocalcin and urine 
calcium excretion. The reason for these findings is 
still obscure to us, but consistent with findings of 
some previous reports (12-16). Although biologi-
cal instability of PTH molecule mostly affects assay 
results, our method is relatively safe. Intact PTH 
1-84 determination does not interfere with C- or 
N-terminal peptides, which could affect the results 
of PTH assay. It should also be noted that subjects 
with lowest PTH were patients with IHH having ho-
mozygous FF genotype (Table 3). This finding may 
be interpreted against the view of lower levels of 
BMD being correlated with lower serum PTH levels. 
Individual differences or wide range of standard de-
viation might be another explanation to this finding. 
This finding, therefore, still needs further evaluation 
in larger series.
In conclusion, femoral BMD is lower in male patients 
with IHH having heterozygous fokI polymorphism 
than male patients with IHH having no fokI polymor-
phism in VDR gene. The presence of heterozygous 
fokI polimorphism in VDR gene may associate with 
low femoral BMD in male patients with IHH, but het-
erozygous fokI polymorphism does not seem delete-
rious on BMD in men with normal hormonal status.

Table 3 - Comparison of subgroups of patients with idiopathic hypogonadotrophic hypogonadism (IHH) and controls in order to having 
F allele homozygous or heterozygous.

 Patients with IHH  Controls

 FF Ff p* FF Ff p* 
 (no. 30) (no. 33)  (no. 20) (no. 18) value

Femur total BMD (g/cm2)  0.93±0.09  0.84±0.13  0.017  1.05±0.13  1.05±0.12  0.89

Femur neck BMD (g/cm2)  0.92±0.1  0.83±0.12  0.009  1.05±0.15  1±0.11  0.38

Vertebral BMD (g/cm2)  0.77±0.1  0.73±0.1  0.15  1.02±0.16  1±0.12  0.64

Radius BMD (g/cm2)  0.49±0.05  0.48±0.04  0.27  0.56±0.03  0.59±0.04  0.6

Ionized calcium (mg/dl)  5±0.17  5±0.25  0.75  4.9±0.27  4.9±0.32  0.98

PTH (pg/ml)  24±19  33±18  0.05  50±31  40±23  0.46

Osteocalcin (ng/ml)  32±11  26.6±9  0.14  28.7±17  23±15  0.22

Urine calcium (mg/24 h)  209±111  146±161  0.19  113±83  165±88  0.22

Urine hydroxyproline (mg/24 h)  10.9±2.5  10.6±1.9  0.73  10.6±1.9  11.3±1.7  0.20

*Mann-Whitney U test. BMD: bone mineral density.
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