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Abstract
Summary This study reports a high prevalence of hypovita-
minosis D and low bone mineral density (BMD) in a healthy
Hungarian male cohort over 50 years of age. Men with 25-
hydroxyvitamin D levels of <75 nmol/L had a significantly
higher 10-year hip and major osteoporotic fracture proba-
bility using the country-specific fracture risk assessment
(FRAX) algorithm.
Introduction The aim of this study is to characterize the
prevalence and seasonal variation of hypovitaminosis D
and its relationship to bone metabolism in healthy Hungar-
ian men over 50 years of age.
Methods We determined levels of 25-hydroxyvitamin D
(25-OH-D), PTH, osteocalcin (OC), C-terminal telopeptides
of type-I collagen (CTX-I), procollagen type 1 amino-
terminal propeptide (PINP), BMD at L1–L4 (LS) and femur
neck (FN), daily dietary calcium intake, and the 10-year
probability of hip fracture and a major osteoporotic fracture
using the country-specific FRAX algorithm in 206 randomly
selected ambulatory men.
Results The mean (range) age of the volunteers was 60
(51–81) years. The prevalence of hypovitaminosis D
(25-OH-D, <75 nmol/L) was 52.9%. The prevalence of

low (T-score<−1.0) BMD at the FN and LS was 45%
and 35.4%, respectively. The mean (range) FRAX hip
fracture and FRAX major osteoporotic fracture was
0.8% (0–9.4%) and 3.8% (1.7–16%), respectively. On
comparing the vitamin D sufficient to the insufficient
group, there was a statistically significant difference
between the FRAX hip fracture and FRAX major oste-
oporotic fracture indexes. There was significant seasonal
variation in the vitamin D levels; the lowest levels were
measured in winter and the highest in summer.
Conclusions A high prevalence of hypovitaminosis D and
low BMD were observed in the studied Hungarian male
population. This is the first study reporting higher 10-year
hip and major osteoporotic fracture probability using the
country-specific FRAX algorithm in individuals with hypo-
vitaminosis D.
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Introduction

Vitamin D plays a vital role in maintenance of skeletal
health [1]. Vitamin D deficiency and consequent second-
ary hyperparathyroidism are known to cause a decrease
in bone mineral density (BMD) and increase in bone
turnover [2–4].

A low 25-hydroxyvitamin D (25-OH-D) concentration is
the hallmark of vitamin D deficiency. As such, 25-OH-D is
the most important clinically available measurement of vi-
tamin D status, reflecting lifestyle and dietary habits [5, 6].
The determination of the prevalence of hypovitaminosis D
has public health implications with regards to formulation of
strategies to reduce the burden of metabolic bone diseases.
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Although the effect of 25-OH-D on BMD in women has
been considerably studied, data on healthy men is accumu-
lating [7–22]. Studies of modifiable risk factors for low
bone mass in men are important because of the high prev-
alence of low bone mass (osteopenia + osteoporosis) in men
over 50 years of age (31–53%) [23]. Furthermore, the an-
nual incidence of hip fracture in older men is between 1.5
and 2.4 per 1,000 [24].

With the possibility of assessing the 10-year probability
of hip fracture and a major osteoporotic fracture (clinical
spine, forearm, hip, or shoulder fracture) using the country-
specific World Health Organization (WHO) fracture risk
assessment (FRAX) algorithm [25], a novel tool is on the
horizon that enables cross-sectional studies to assess rela-
tionship of fracture probability with know risk factors for
osteoporosis. The aim of this study was to characterize the
prevalence and seasonal variation of hypovitaminosis D and
its relationship to 10-year probability of hip fracture and a
major osteoporotic fracture using the country-specific
FRAX algorithm, parathyroid hormone (PTH), daily dietary
calcium intake, biochemical markers of bone turnover
(osteocalcin (OC), C-terminal telopeptides of type-I colla-
gen (CTX-I), total procollagen type 1 amino-terminal pro-
peptide (PINP)), and BMD at the lumbar spine and femur
neck in a random population sample of healthy, community
dwelling men over 50 years of age in Hungary.

Materials and methods

Men residing in Debrecen, Hungary (latitude, 47°29′25″;
longitude, 21°36′39″; altitude, 107.9 m) were invited to par-
ticipate in the study from September 2009 to September 2010.
During this period, a total of 229 randomly selected volunteers
agreed to participate. Permission was received from the local
ethics committee, after conception of the study design, and
study procedures were carried out following receipt of written
informed consent; volunteers not confirming to the inclusion
and/or confirming to the exclusion criteria (n023) were ex-
cluded from the final statistical analysis.

Public attention to the initiative was achieved by placing
posters summarizing the main aspects of the survey at
general medical dispensaries.

Inclusion criteria were over 50 years of age, male, am-
bulatory, community dwelling, and generally regarded as
healthy. Exclusion criteria were known prevalent metabolic
bone disease, liver or renal disease (values ≥2× upper limit
of normal (ULN) for total bilirubin, aspartate aminotrans-
ferase, alanine aminotransferase, gamma-glutamyl transpep-
tidase, alkaline phosphatase, lactate dehydrogenase,
cholinesterase, urea, creatinine, and uric acid resulted in
exclusion), and use of medication influencing bone metab-
olism (excluding calcium and vitamin D supplementation).

Detailed medical history was collected, and blood sam-
pling was done after overnight fasting. All participants had
normal values for serum total calcium and phosphate. A
trained study nurse administered a validated questionnaire
to assess daily dietary calcium intake [26] and the FRAX
index [25].

The FRAX tool has been developed by WHO to evaluate
fracture risk of patients. It is based on individual patient
models that integrate the risks associated with clinical risk
factors as well as BMD at the femoral neck. The FRAX
models have been developed from studying population-
based cohorts from Europe, North America, Asia, and Aus-
tralia. In its most sophisticated form, the FRAX tool is
computer-driven and is available on their website. The
FRAX algorithms give the 10-year probability of fracture.
The output is a 10-year probability of hip fracture and the
10-year probability of a major osteoporotic fracture (clinical
spine, forearm, hip, or shoulder fracture) [27].

Dual energy X-ray absorptiometry examination was per-
formed using the LUNAR Prodigy (GE-Lunar Corp., Mad-
ison, WI, USA) densitometer. BMD was measured at L1–L4
lumbar spine (LS) and femur neck (FN). The coefficient of
variation (CV) of the technique at our institute was 0.8%
using the anatomical spine phantom measured daily. BMD
was expressed as T-score, number of standard deviations
from the mean of young men attaining peak bone mass,
using the normative reference values (German) provided
by the manufacturer. Normalcy, osteopenia, and osteoporo-
sis were defined according to the WHO classification [28].

Plasma 25-OH-D was analyzed by high pressure liquid
chromatography (HPLC) using a Jasco HPLC system
(Jasco, Tokyo, Japan) and Bio-Rad reagent kit (Bio-Rad
Laboratories, Hercules, CA, USA). Serum PTH, OC,
CTX-I, and PINP were measured using electrochemilumi-
nescence immunoassay (Roche Diagnostics GmbH, Man-
nheim, Germany). The inter-assay CV was <3.5% for 25-
OH-D (25-OH-D2: lower detection limit, 13.1 nmol/L; up-
per detection limit, 606 nmol/L; 25-OH-D3: lower detection
limit, 16.5 nmol/L; upper detection limit, 624 nmol/L), <7%
for PTH (lower detection limit, 0.127 pmol/L; upper detec-
tion limit, 530 pmol/L), <4% for OC (lower detection limit,
0.5 μg/L; upper detection limit, 300 μg/L), <7% for CTX-I
(lower detection limit, 0.010 μg/L; upper detection limit,
6 μg/L), and <6% for PINP (lower detection limit, 5 μg/L;
upper detection limit, 1,200 μg/L). Hypovitaminosis D was
defined as 25-OH-D levels <75 nmol/l as suggested by
Dawson-Hughes et al. [29]. The daily hours of sunshine in
our region were obtained from the Hungarian Meteorolog-
ical Service [30].

Descriptive statistics are presented, as applicable, as
mean, range, and standard deviation (SD). The Kolmo-
gorov–Smirnov test was used to check for normality of
distribution. Depending on the distribution of the parameters
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examined, the Mann–Whitney U test or the independent
samples T test was used to compare the means between
two groups. One-way analysis of variance (ANOVA) was
used for group comparison. Correlation between variables
was tested using regression analysis. A value of p<0.05 was
considered statistically significant. All analyses were per-
formed with the PASW Statistics software, version 18.0
(SPSS Inc., Chicago, IL, USA).

Results

The characteristics of the subjects in this cross-sectional
study are shown in Table 1. The prevalence of hypovitami-
nosis D was 52.9%. The percentage of patients having
normal, osteopenic, and osteoporotic T-scores at the LS
was 64.6%, 27.8%, and 7.7%, respectively, and at the FN
was 55%, 42.1%, and 2.9%, respectively. The average die-
tary calcium intake was lower than the recommended die-
tary calcium intake [31] in the studied population.

On comparing the participants with normal and low 25-
OH-D, significant difference was found only in the 10-year
probability of hip fracture (0.58% versus 0.89%; p<0.05)
and a major osteoporotic fracture (clinical spine, forearm,
hip, or shoulder fracture; 3.4% versus 4.0%; p<0.05) using
the country-specific WHO FRAX algorithm (Table 1).
There was no statistical significance upon multivariate

analysis on association between 25-OH-D and BMD even
after adjusting for age, BMI, PTH, and daily dietary calcium
intake.

There was a significant correlation between 25-OH-D
and the daily hours of sunshine (r00.242; p00.001), and
10-year probability of hip fracture (r0−0.166; p00.017) and
a major osteoporotic fracture (clinical spine, forearm, hip, or
shoulder fracture; r0−0.175; p00.012) using the country-
specific WHO FRAX algorithm.

Table 2 shows the patient characteristics in the different
seasons. On comparing the means in the different seasons,
there was a statistically significant difference (p<0.01) in
the daily hours of sunshine between the seasons, the only
exception was between autumn and winter; in PTH levels
between autumn and the other seasons; in 25-OH-D levels
between summer and the other seasons; in daily dietary
calcium intake between winter and spring, and summer; in
FRAX (major osteoporotic fracture) index between autumn
and spring, and summer and between winter and spring, and
summer; and in FRAX (hip fracture) index between autumn
and the other seasons. Plasma 25-OH-D values were the
highest in summer (mean (range), 83.0 (17–185) nmol/L)
followed by spring (mean (range), 67.1 (11–164) nmol/L),
autumn (mean (range), 62.7 (16–144) nmol/L), and winter
(mean (range), 58.3 (12–113) nmol/L).

Due to a small number of individuals with T-
scores≤−2.5, for statistical analysis, these individuals

Table 1 Subject characteristics

All subjects (n0206) Plasma 25-hydroxyvitamin D levels

<75 nmol/L (52.9%, n0109) ≥75 nmol/L

Age, years (mean, range) 60.2 (51–81) 60.6 (51–81) 59.8 (51–74)

BMI, kg/m2 (mean, range) 29.1 (17.3–41.7) 29 (18–41.7) 29.3 (17.3–40.5)

FRAX, % (major osteoporotic fracture) (mean, range) 3.77 (1.7–16.0) 4 (1.8–16)* 3.4 (1.7–11)

FRAX, % (hip fracture) (mean, range) 0.76 (0–9.4) 0.89 (0–9.4)* 0.58 (0–5)

PTH, pmol/L (mean, range) 4.3 (1–12) 4.2 (1–12) 4 (1.6–10.2)

25-OH-D, nmol/L (mean, range) 72.8 (11–185) 48.6 (11–74) 100 (75–185)

OC, μg/L (mean, range) 14.6 (4.5–34.6) 14.3 (4.5–34.6) 14.9 (5.1–33.3)

CTX-I, μg/L (mean, range) 0.22 (0.01–0.77) 0.2 (0.01–0.6) 0.25 (0.03–0.77)

PINP, μg/L (mean, range) 38.2 (8.2–98.6) 36.6 (10.5–98.6) 40.1 (8.2–82.4)

Daily dietary calcium intake, mg/day (mean, range) 674 (122–1,624) 684 (122–1,624) 617 (209–1,269)

LS BMD, gm/cm2 (mean±SD) 1.172±0.183 1.188±0.203 1.160±0.158

FN BMD, gm/cm2 (mean±SD) 0.971±0.137 0.969±0.147 0.973±0.125

FRAX (major osteoporotic fracture): 10-year probability of a major osteoporotic fracture (clinical spine, forearm, hip, or shoulder fracture) using
the country-specific WHO fracture risk assessment algorithm; FRAX (hip fracture): 10-year probability of a hip fracture using the country-specific
WHO fracture risk assessment algorithm

BMI body mass index, PTH parathyroid hormone, 25-OH-D 25-hydroxy-vitamin D, OC osteocalcin, CTX-I C-terminal telopeptides of type-I
collagen, PINP total procollagen type 1 amino-terminal propeptide, LS BMD L1–L4 bone mineral density, FN BMD femur neck bone mineral
density

*p<0.05 (between normal and low 25-OH-D levels)
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were included with those having an osteopenic T-score
into a subgroup named the low BMD group.

Table 3 shows patient characteristics based on FN and LS
T-scores. Based on the FN T-score, there was a significant
difference between normal and low BMD subgroups in
mean age (59.2 versus 61.4 years; p00.012), BMI (30.2
versus 27.8 kg/m2; p<0.001), FRAX (major osteoporotic
fracture) index (2.9% versus 4.8%; p<0.001), FRAX (hip
fracture) index (0.3% versus 1.3%; p<0.001), and LS
BMD (1.236 versus 1.093 g/cm2; p<0.001). Comparing
the subjects with normal LS T-score to those with low
BMD (T-score≤−1.0), there was a significant difference
in mean BMI (29.6 versus 28.3 kg/m2; p00.027),
FRAX (major osteoporotic fracture) index (3.4% versus
4.5%; p<0.001), FRAX (hip fracture) index (0.5% ver-
sus 1.2%; p<0.001), OC (13.6 versus 16.6 μg/L; p<
0.001), CTX-I (0.202 versus 0.256 μg/L; p00.006),
PINP (35.8 versus 42.7 μg/L; p00.004), and FS BMD
(1.018 vs. 0.885 g/cm2; p<0.001).

After controlling for dietary calcium intake and PTH,
FRAX (major osteoporotic fracture) and FRAX (hip frac-
ture) indexes were significantly associated with age, FN
BMD, and 25-OH-D levels (r200.486, p<0.001 and r20
0.471, p<0.001, respectively).

Discussion

Vitamin D is needed to maintain calcium absorption and
skeletal integrity as much in older as in younger people. We
get vitamin D from sunlight exposure and food. In the skin,
sunlight (ultraviolet radiation) stimulates the conversion of
7-dehydrocholesterol to previtamin D, which is spontane-
ously converted to cholecalciferol. Foods such as fortified
diary products, eggs, and fish contain vitamin D; in general,
food is not fortified in Hungary, and in addition, there is no
uniform fortification policy in Europe. Whatever the source
of vitamin D, it is then converted sequentially to 25-OH-D
in the liver and 1,25-dihydroxyvitamin D, the active hor-
mone, in the kidneys.

Determining the amount provided by the sun or food is
difficult. The duration and intensity of exposure to sunlight
are not easily measurable, and age, skin pigmentation,
sunscreens, clothing, and even window glass reduce its
effects [32]. In equatorial regions, exposure to the sun alone
is adequate, but at latitudes above 40° north or south, people
make little vitamin D in the winter. Measurement of 25-OH-
D provides direct information, and its concentration depends
on age, sunlight exposure, vitamin D dietary intake, or
supplementation.

Table 2 Subject characteristics in the different seasons

Spring (n059) Summer (n096) Autumn (n024) Winter (n030)

Age, years (mean, range) 59.9 (51–73) 60.6 (51–81) 60.6 (51–77) 59.4 (51–71)

BMI, kg/m2 (mean, range) 28.2 (18.3–38.5) 29.8 (17.3–40.5) 28.8 (20.6–38.4) 29.1 (18.0–41.7)

FRAX (major osteoporotic fracture), % (mean, range) 3.6 (1.8–7.8) 3.2 (1.7–7.2) 5.1 (1.8–16.0)* 2.0 (1.9–8.2)**

FRAX (hip fracture), % (mean, range) 0.6 (0–2.9) 0.6 (0–4.3) 1.7 (0.1–9.4)*** 0.9 (0–4.3)

PTH, pmol/L (mean, range) 4.5 (1–12) 4.3 (1.7–10.0) 3.4 (1.7–7.0)**** 4.4 (2.1–10.2)

25-OH-D, nmol/L (mean, range) 67.1 (11–164) 83 (17–185)***** 62.7 (16–144) 58.3 (12–113)

25-OH-D levels <75 nmol/L 64.4% (n038) 39.6% (n038) 61.9% (n013) 66.7% (n020)

OC, μg/L (mean, range) 15.1 (5.7–33.3) 14.2 (4.5–33.0) 15.6 (7.5–31.4) 14.0 (5.4–34.6)

CTX-I, μg/L (mean, range) 0.20 (0.01–0.51) 0.24 (0.03–0.77) 0.20 (0.04–0.45) 0.20 (0.01–0.57)

PINP, μg/L (mean, range) 35.1 (14.9–78.3) 39.6 (10.5–98.6) 41.1 (13.1–82.4) 37.1 (8.2–74.1)

Daily dietary calcium intake, mg/day (mean, range) 651 (122–1,168) 658 (297–1,290) 674 (209–1,624) 778 (299–1,269)******

LS BMD, gm/cm2 (mean±SD) 1.199±0.170 1.172±0.189 1.117±0.206 1.163±0.169

FN BMD, gm/cm2 (mean±SD) 0.993±0.139 0.972±0.127 0.949±0.156 0.937±0.143

Sunshine, h/day (mean, range) 5 (0–12) 9.6 (0–15) 3.1 (0–11) 1.1 (0–9)

FRAX (major osteoporotic fracture): 10-year probability of a major osteoporotic fracture (clinical spine, forearm, hip, or shoulder fracture) using
the country-specific WHO fracture risk assessment algorithm; FRAX (hip fracture): 10-year probability of a hip fracture using the country-specific
WHO fracture risk assessment algorithm

BMI body mass index, PTH parathyroid hormone, 25-OH-D 25-hydroxy-vitamin D, OC osteocalcin, CTX-I C-terminal telopeptides of type-I
collagen, PINP total procollagen type 1 amino-terminal propeptide, LS BMD L1–L4 bone mineral density, FN BMD femur neck bone mineral
density

*p<0.01 (between autumn and spring, and summer); **p<0.01 (between winter and spring, and summer); ***p<0.01 (between autumn and the
other seasons); ****p<0.01 (between autumn and the other seasons); *****p<0.01 (between summer and the other seasons); ******p<0.01
(between winter and spring, and summer)
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The prevalence of hypovitaminosis D, in this male co-
hort, is lower than that previously reported in a postmeno-
pausal Hungarian cohort [33]. Comparing our results with
other male studies (Table 4), the mean 25-OH-D level of our
study population is higher than those reported in European
studies, but is lower than most published from the USA.
Although fortification of food in the USA is the most likely
reason for the differences in vitamin D status between the
two continents [34], there is a possibility that different assay
techniques used to determine 25-OH-D levels may yield
different results [35].

As reported previously [18, 33], we too observed a sea-
sonal variation in the vitamin D levels of the studied popu-
lation. This variation went hand in hand with the daily hours
of sunshine measured in the different seasons. However, the
most probable explanation for the observation that FRAX
varies statistically significantly with season is non-similarity
in the number of volunteers recruited, and their FRAX-
related risk factors, in the different seasons.

The only other study where a representative Hungarian
male cohort (n0431) has been assessed is the multicentric
European Male Ageing Study (EMAS), where Szeged, Hun-
gary contributed as one of the eight European centers. Here,
quantitative ultrasound heel (qUH) measurement and not
axial BMD measurements were carried out, and the qUH
parameters were associated with age and lifestyle factors

[36]. Although the mean 25-OH-D level of the overall
EMAS population is below that observed in our cohort,
the vitamin D status of the EMAS Hungarian cohort has
not been detailed [22]. Nonetheless, the mean 25-OH-D
value of the Hungarian male cohort (n019) in the SENECA
study [8] is below that observed in the present study. The
relationship of vitamin D levels and bone health status of the
Hungarian male population has not been characterized as
systematically as it has been in this study. Perhaps one
major limitation of BMD assessment in Hungary is the
lack of a local reference population and non-uniformity
in the use of the NHANES III reference population to
determine the T-scores.

The fact that vitamin D status did not show any correla-
tion with the LS and FN BMD values is in disagreement
with a previous Hungarian postmenopausal study [33],
where vitamin D levels showed good correlation with FN
BMD. However, Kudlacek et al. [15] and Hannan et al. [20]
have also reported non-association between BMD and vita-
min D values in the studied male population.

This study shows an apparent discrepancy that FRAX,
but not BMD, is associated with vitamin D levels. The
FRAX index integrates the risks associated with clinical risk
factors as well as BMD at the femoral neck, as such gives a
complex account of the confounders related to fracture risk.
Low vitamin D levels have been reported to coincide with

Table 3 Subject characteristics based on femur neck (FN) and L1–L4 (LS) T-scores

FN T-score LS T-score

Normal (55%) Osteopenia/osteoporosis
(45%)

Normal (64.6%) Osteopenia/osteoporosis
(35.4%)

Age, years (mean, range) 59.2 (51–77)* 61.4 (51–81)* 60.5 (51–81) 59.6 (51–76)

BMI, kg/m2 (mean, range) 30.2 (18.3–41.7)** 27.8 (17.3–40.5)** 29.6 (18.0–41.7)*** 28.3 (17.3–40.5)***

FRAX (major osteoporotic
fracture), % (mean, range)

2.9 (1.7–11.0)** 4.9 (2.5–16.0)** 3.4 (1.7–11.0)** 4.5 (1.9–16.0)**

FRAX (hip fracture), % (mean, range) 0.3 (0–7.5)** 1.3 (0.3–9.4)** 0.5 (0–7.5)** 1.2 (0.1–9.4)**

PTH, pmol/L (mean, range) 4.0 (1–10.2)**** 4.5 (2.1–12.0)**** 4.2 (1.0–12.0) 4.4 (1.7–10.2)

25-OH-D, nmol/L (mean, range) 72.9 (11–185) 72.6 (13–164) 72.9 (11–185) 72.7 (16–151)

OC, μg/L (mean, range) 14.1 (4.5–33.3) 15.3 (6.3–34.6) 13.6 (4.5–33.3)** 16.6 (4.9–34.6)**

CTX-I, μg/L (mean, range) 0.22 (0.01–0.77) 0.23 (0.02–0.70) 0.20 (0.01–0.77)***** 0.26 (0.02–0.70)*****

PINP, μg/L (mean, range) 36.5 (8.2–98.6) 40.3 (17.2–81.3) 35.8 (8.2–82.4)****** 42.7 (14.7–98.6)******

Daily dietary calcium intake,
mg/day (mean, range)

684 (260–1,624) 662 (122–1,290) 670 (122–1,624) 681 (244–1,270)

LS BMD, gm/cm2 (mean±SD) 1.237±0.180** 1.093±0.155** 1.273±0.141** 0.988±0.076**

FN BMD, gm/cm2 (mean±SD) 1.065±0.099** 0.854±0.072** 1.017±0.127** 0.885±0.110**

FRAX (major osteoporotic fracture): 10-year probability of a major osteoporotic fracture (clinical spine, forearm, hip, or shoulder fracture) using
the country-specific WHO fracture risk assessment algorithm; FRAX (hip fracture): 10-year probability of a hip fracture using the country-specific
WHO fracture risk assessment algorithm

BMI body mass index, PTH parathyroid hormone, 25-OH-D 25-hydroxy-vitamin D, OC osteocalcin, CTX-I C-terminal telopeptides of type-I
collagen, PINP total procollagen type 1 amino-terminal propeptide, LS BMD L1–L4 bone mineral density, FN BMD femur neck bone mineral
density

*p00.012; **p<0.001; ***p00.027; ****p00.046; *****p00.006; ******p00.004

Osteoporos Int (2013) 24:179–186 183



increased fracture prevalence, and our study concludes this
for the FRAX index.

There was a statistically significant negative correlation
between FN and LS BMD with OC, PINP and OC, CTX-I,
and PINP, respectively. It is known from previous studies
that there is an inverse correlation between bone loss and
markers of bone resorption and bone formation [37–39].

We are not aware of previous results for daily dietary
calcium intake fromHungarian men, but daily dietary calcium
intake in our male cohort is higher than that reported previ-
ously in two Hungarian postmenopausal cohorts [33, 40].

There are limitations to our study. Due to no commer-
cially available population registers and difficulties in get-
ting access to the local population register, we employed a
method where recruitment may have been biased; we com-
pensated for this by screening all volunteers using uniform
inclusion/exclusion criteria, and only those results were
included in the final data analysis where criteria were ad-
hered to. Nonetheless, all the patients studied were Cauca-
sian, which is true for the majority of the Hungarian
population. As such, the study population can be regarded
as representative of the general population. Study participa-
tion was possible between Septembers of 2009 and 2010,
but the majority volunteered in spring and summer; al-
though there was no difference in the mean age and BMI
of the participants volunteering in the different seasons, the
non-similar number of volunteers in the different seasons
may have distorted the statistical findings pertaining to the
seasonality of the factors studied. Although our results

support findings from prospective studies showing seasonal
variations of vitamin D level, the cross-sectional design of
our study has limitations with this regard. Physical activity
habits of the subjects were not recorded; as such, we cannot
account for the contribution of this strong confounder. Fur-
thermore, the small sample size of our study necessitated the
use of less clinically meaningful intermediate low values for
both the primary exposure (vitamin D) and outcome (BMD).

Although the absolute overall fracture probability in the
studied cohort may not be considered grave, this is the first
study that reports significant differences in fracture proba-
bility, using the FRAX tool, between healthy individuals
with normal and low vitamin D levels. As more FRAX data
is being published from various countries, there may even-
tually be a possibility of ranking the fracture probabilities
not only by age and sex but also by the nationality of the
studied population.

The high prevalence of hypovitaminosis D and its asso-
ciation with increased fracture probability, not disregarding
the favorable effects of vitamin D supplementation on the
overall health status of an individual, warrant the use of the
recent cut-off value to define optimal vitamin D status [41].

According to one report, in the year 2010, the greatest
economic burden on the Hungarian National Health Care
System was imposed by the treatment of hip fractures (13
billion HUF/≈48 million EUR) [42], surprisingly, surpass-
ing treatment costs of stroke or cardiovascular complica-
tions. In light of these grave socioeconomic considerations,
our results have demonstrated that the bone health status can

Table 4 Studies reporting 25-
hydroxy-vitamin D (25-OH-D)
levels in men

aWinter
bSummer
cHighest mean value among the
subpopulations studied

Authors Year of
publication

Location Age, years
(mean or range)

Mean 25-OH-D
(nmol/L)

Sherman et al. [7] 1990 USA 57 89

Van der Wielen et al. [8] 1995 Europe 71–76 59a

Dawson-Hughes et al. [9] 1997 USA 71 82

Jacques et al. [10] 1997 USA 74 74

Chapuy et al. [11] 1997 France 52 62

Woitge et al. [12] 1998 Germany 65 52

Lamberg-Allardt et al. [13] 2001 Finland 37 45

Looker et al. [14] 2002 USA 40–80+ 68.7–70.6a

69.5–78.8b

Kudlacek et al. [15] 2003 Austria 40–60 55.7

60+ 40.2

Szulc P et al. [16] 2003 France 58 70

Maggio et al. [17] 2005 Italy 20–85+ 60

Bolland et al. [18] 2006 New Zealand 40–88 85

Saquib et al. [19] 2006 USA 45–95 109

Hannan et al. [20] 2008 USA 30–79 62.5–93.5

Aroujo et al. [21] 2009 USA 30–79 82.5c

McBeth et al. [22] 2010 Europe 40–79 62.5

This study – Hungary 51–81 72.8
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be effectively assessed by using the open access web-based,
country-specific WHO FRAX calculator, BMD measure-
ment, and readily accessible laboratory examinations. The
implication of this algorithm may prevent the much dreaded
osteoporotic fractures by helping to identify the target pop-
ulation that needs prompt medical attention in due time.
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