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Abstract

Objective: Recent studies have reported the high prevalence of different degrees of vitamin D deficiency in Iran.
The present study was conducted to determine the correlation between serum levels of vitamin D and Peak Bone
Mass (PBM) in a group of Iranian population at the age of PBM..

Methods: The present cross-sectional study was conducted on 20-35 year-old adults participating in the first phase
of the Iranian Multicentric Osteoporosis Study (IMOS). The correlation between serum levels of 25(OH)D and
BMD values were assessed by Spearman correlation coefficient.

Results: 1941 individuals were studied. There was no significant difference between BMD values at the studied
areas with vitamin D levels nor status groups in either gender.

Conclusion: Our study revealed no association between serum vitamin D levels and BMD in individuals at the age
of PBM
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Introduction

Considering the rapid growth of the elderly
population  worldwide, osteoporosis and its
complications, mainly fracture, have become of great
concern (1). This comes while the World Health
Organization (WHO) has defined osteoporosis as a
disease with great economic burden on the society
(2). Many studies have pointed out the importance of
prevention in reducing the burden of this disease (3).
The fracture risk mainly depends on bone density,
which is the end result of peak bone mass (PBM)
achieved during skeletal maturity, and bone loss,
which occurs later on in life (4). This points out the
importance of peak bone mass attainment and its
determinants. According to the available data, PBM
is mostly attained in the 3" and 4™ decades of life in
most individuals. Environmental and lifestyle factors,
particularly physical activity and diet, are among the
most important factors affecting PBM (5,6). Not
many studies have reported the link between serum
vitamin D levels and PBM. As for the Iranian
population, based on our knowledge, no such a study
is available. This is while recent studies have
reported the high prevalence of different degrees of
vitamin D deficiency in Iran. According to the
Iranian Multicenteric Osteoporosis Study (IMOS),
57.5% of the Iranians suffer from moderate to severe
degrees of vitamin D deficiency (7). The present
study was therefore conducted to determine the
correlation between serum levels of vitamin D and
PBM.

Material and Methods

The present cross-sectional study was conducted on
20-35 year-old adults participating in the first phase
of the Iranian Multicentric Osteoporosis Study
(IMQOS) in winter 2001. The population-based study
was performed on the adults from four Iranian
provinces (Tehran, Shiraz, Mashhad, Tabriz), as a
representative group of the Iranian population, to
access bone health (8). Individuals taking medication
affecting bone metabolism as well as those with
metabolic bone disease, renal and liver failure,
hypercortisolism, cancers, malabsorption, infertility,
oligomenorrhea and type | diabetes were excluded.
Pregnant and lactating mothers along with
individuals being immobile for more than a week
were not recruited. The study was approved by the
Ethical Board Committee of the Endocrinology and
Metabolism Research Institute (EMRI) of Tehran

University of Medical sciences and all the subjects
signed an informed consent before being recruited.
Biochemical tests

A fasting blood sample (10 cc of venous blood) was
taken from all the participants at their residence
place. Sample centrifuge and serum extraction were
done in the field. The samples were then frozen and
sent to the EMRI laboratory. Serum Calcium (Ca)
and Phosphorous (P) levels were analyzed by
calorimetric methods using Chem. Enzyme Lab Kit;
Iran. The normal laboratory range for serum Ca was
8.6 to 10.8 mg/dL and for serum P was 2.3 to 5
mg/dL. Serum levels of vitamin D (25 (OH) D) was
measured with RIA (Radio-Immuno-Assay) method
using IDS Ltd Kit; UK. The inter- and intra-assay
variations for the markers was 8%/6.8%,
respectively. Based on 25(0OH)D values, subjects
were classified in three groups: those suffering from
vitamin D deficiency (<= 10 ng/mL), — insufficiency
(mild deficiency) (10 to 30 ng/mL) and — sufficiency
(higher than 30 ng/mL) (9).

Bone Mineral Density

Patients underwent bone mineral density (BMD)
measurement at L1-L4 anteroposterior lumbar spine,
hip and its sub-regions using a Lunar DPXMD
densitometer (Lunar 7164, GE, Madison, WI) by a
trained operator. Results were expressed as T- and Z-
scores. Quality control procedures were carried out in
accordance with the manufacturer’s
recommendations.  Instrument  variation  was
determined regularly through a weekly calibration
procedure using a phantom supplied by the
manufacturer. Precision  error for BMD
measurements was 1— 1.5% in the lumbar and 2—-3%
in the femoral regions. The device normative data of
Caucasian women BMD (including the NHANES 111
dataset) of Hologic QDR 4500A bone densitometer
were used as reference values (10). The subjects were
classified into four groups based on their BMD
quartile.

Statistical Analysis

Data was entered in SPSS ver. 16. Mean and standard
deviation were used to explain quantitative variables.
As for the qualitative variables, frequency and
percentage were used. Chi-square was applied to
compare the variables. The correlation between
vitamin D concentration and BMD values were
assessed using Spearman correlation coefficient. A P-
value less than 0.5 was considered as statistically
significant.
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Results

1941 individuals were recruited; from among whom
852 (44%) were male and 1060 (56%) were female.
Their mean age was 27.5 £ 4.6 years. Mean serum
levels of vitamin D in the studied population was
30.2 = 2 ng/mL, ranging from 6 to 217 (male: 31.8 =
1.9 ng/mL; female: 29.8 £ 2,2 ng/mL). 613 (35.7%)
were classified as sufficient, 1063 (61.9%) as
insufficient, and 41 (2.4%) as deficient. There was a
significant difference between the number of
deficient cases in either genders (male: 1.9% vs.
female: 2.8%, p-value= 0.001). The association
between BMD quartile values at different areas and

vitamin D status stratified by gender are presented in
Table 1 and 2. As shown in these tables, the
association was not statistically significant in either
gender.

Mean BMD values in the studied population was 0.98
+ 0.15 g/cm? (0.93 + 0.16 g/cm2 at femoral neck,
0.78 + 0.14 g/cm2 at trochanter, 1.1 + 0.17 g/cm2 at
lumbar spine. There was no significant difference
between mean BMD values at all areas with vitamin
D status groups (p-value = 0.08) (Table 3). There was
no significant correlation between vitamin D levels
and BMD values at either studied site (Table 4).

Table 1- Vitamin D levels in different BMD quartiles in women

BMD Sufficient (%) Insufficient Deficient (%0) P-value
(%)

Femoral Neck Q1 37 (13) 76 (14) 3(11) 0.65
Q2 66 (23) 138 (26) 6 (23)
Q3 92 (32) 180 (33) 12 (46)
Q4 90(32) 146 (27) 5(19)

Total Hip Q1 50 (23) 92 (19) 6 (25) 0.78
Q2 48 (22) 127 (27) 6 (25)
Q3 63 (28) 138 (29) 7(29)
Q4 61(28) 118 (25) 5(21)

L1-L4 Q1 18 (8) 39 (8) 4 (15) 0.74
Q2 53 (23) 103 (21) 5(19)
Q3 86 (37) 165 (34) 9 (35)
Q4 73 (32) 176 (36) 8 (31)

Table 2- Vitamin D levels in different BMD quartiles in men

BMD Sufficient (%0) Insufficient Deficient (%) P-value

(%)

Femoral Neck Q1 29 (10) 34 (10) 1(8) 0.22
Q2 53 (18) 48 (13) 4 (31)
Q3 63 (22) 105 (29) 3(23)
Q4 142 (50) 171 (48) 5(38)

Total Hip Q1 30 (13) 43 (13) 0 0.24
Q2 35 (16) 67 (21) 5(42)
Q3 66 (29) 87 (27) 4 (33)
Q4 94 (42) 128 (39) 3 (25)

L1-L4 Q1 29 (12) 31 (18) 3(21) 0.15
Q2 66 (28) 91 (27) 1(7)
Q3 60 (26) 103 (31) 2(14)
Q4 78 (34) 110 (24) 8(57)
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Vitamin D status

Sex Sufficient Insufficient Deficient P-value
BMD Femoral Female 0.97 (0.14) 0.96 (0.13) 0.94 (0.11) 0.39
Neck Male 1.03 (0.18) 1.03 (0.16) 0.98 (0.11) 0.56
Total 1.11 (0.15) 0.99 (0.15) 0.96 (0.14) 0.42
BMD L1-L4 Female 1.15(0.12) 1.16 (0.13) 1.14 (0.12) 0.28
Male 1.14 (0.14) 1.15(0.14) 1.15(0.19) 0.77
Total 1.13(0.17) 1.16 (0.12) 1.15(0.32) 0.56
BMD Total Hip Female 0.95 (0.14) 0.97 (0.14) 0.99 (0.14) 0.41
Male 0.99 (0.16) 1.01 (0.16) 0.99 (0.13) 0.68
Total 0.97 (0.08) 0.99 (0.12) 0.99 (0.11) 0.43
One-way ANOVA test
Data in table are presented as Mean (SD)
Table 4- The correlation between various markers and BMD values at different sites by sex groups
Vitamin D PTH Ca Phosphor  ALK-PH Albumin
Male BMD Femoral 0.014 0.010 0.105*  0.030 0.108* -0.015
Neck
BMD L1-L4 -0.056 0.074 0.053 0.028 0.036 -0.010
BMD 0.035 0.038 0.102*  0.071 0.046 -0.020
Total Hip
Female BMD Femoral 0.064 -0.056 0.071*  0.085* -0.021 0.083*
Neck
BMD L1-L4 0.008 -0.015 0.026 0.027 0.018 0.055
BMD 0.076* -0.027 0.078*  0.008 -0.018 0.081*
Total Hip

Data are presented as Spearman Correlation Coefficient.
*P<0.05

Discussion

PBM is reported to be attained at the age of 18-20
years in women and 18-23 years in men (11).
Optimization of PBM requires proper interaction of
environmental, dietary, hormonal, and genetic factors
(12). Many studies have reported that adequate Ca
intake and following a vitamin D-rich diet during the
growth may improve PBM and maximize bone mass
(13, 5). Several studies have also reported that
consuming vitamin D supplements could help
improve BMD among adolescent girls (14,15). This
comes while a meta-analysis showed that
supplementation with vitamin D is not effective in
children with normal serum levels of vitamin D,
stressing that the use of these supplements improves
BMD values only in those diagnosed with vitamin D
deficiency (16,17).

While serum levels of vitamin D are considered as an
important predictor of osteoporosis, not many studies

have studied its role in PBM attainment (18). The
present study failed to show any relation between
vitamin D levels and BMD values in either gender.
This comes while many studies have shown the
contrary. According to a study conducted in 2008 in
postmenopausal women, it was reported that while
PTH had a positive correlation with BMD values at
femoral neck; no association was found between
vitamin D levels and BMD (19). This comes while
the studies conducted on younger individuals have
reported the contrary. In a study conducted on young
males aged between 18 and 20 years, a significant
reduction was noted in PBM in individuals with low
serum levels of vitamin D (20). Another study
showed that adolescent girls with low serum levels of
vitamin D cannot attain high PBM at the spine (21).
In a cross-sectional study in Saudi Arabia, there was
a significant correlation between serum levels of
vitamin D and BMD values. They reported low BMD
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values at 50% of the women and 7% of the men of
PBM age who had normal serum levels of vitamin D.
As for those with vitamin D deficiency, the rate was
as high as 84.2% and 88.9% respectively (22). They
concluded that vitamin D levels significantly
influence BMD reading among Saudi individuals. In
another study in North Europe, vitamin D deficiency
was significantly linked with low BMD in young
men (23).

The differences noted between the above mentioned
studies and that of the present research can be
partially explained by differences in the studied
populations, studied age groups, applied vitamin D
cut-offs and BMD measurement sites.

This study had some limitations. The cross-sectional
nature of the study confines its generalizability to the
whole Iranian population. In addition, apart from
vitamin D no other biomarkers particularly
Parathyroid Hormone (PTH) were studied. Moreover,
the influence of nutrition and physical activity on
BMD wvalues was not studied, and thus no
multivariate analysis was carried out to evaluate the
effects of other confounding factors on bone mass.

Conclusion

Our study revealed no association between serum
levels of vitamin D and BMD values in individuals at
the age of PBM. However, considering the high
prevalence of vitamin D deficiency among young
Iranians and the confirmed link between vitamin D
deficiency and osteoporosis, implementing strategies
to overcome vitamin D deficiency in this group is of
great importance. Further studies however are needed
to confirm these results.
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