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Abstract HypovitaminosisDcanresult in lowbonemass.
The prevalence of hypovitaminosis D has public health
implications, especially where data are lacking. Since diet
and sunlight are the two souces of vitamin D, the results
obtained in one geographical region may not be univer-
sally applicable. The aim of this study is to characterize
the prevalence and seasonal variation of hypovitaminosis
D and its relationship to bone metabolism in community
dwelling postmenopausal Hungarian women. We deter-
mined serum levels of 25-hydroxyvitamin D (25-OH-D),
PTH, osteocalcin (OC), degradation products of C-ter-
minal telopeptides of type-I collagen (CTx), dietary
calcium intake and BMD at L2–L4 lumbar spine
(LS) and femur neck (FN) in 319 randomly selected
ambulatory postmenopausal women. The prevalence of
hypovitaminosis D (serum 25-OH-D £ 50 nmol/l) was
56.7%. On comparing patients with normal and low
25-OH-D, a significant difference was found in age
(61.6±8.5 years versus 67.3±9.9 years; P<0.001), PTH
(3.9±1.9 pmol/l versus 4.3±2.7 pmol/l; P<0.05), FN
BMD (0.802±0.123 g/cm2 versus 0.744±0.125 g/cm2;
P<0.001)anddietarycalciumintake (714.4±199.4 g/day
versus 607.9±233 g/day; P<0.001). Osteoporotic pa-
tients had a significantly lower 25-OH-D (37.6±19.8
nmol/l versus 56.4±24 nmol/l; P<0.001) and dietary
calcium intake (519.2±244.5 mg/day versus 718.2±
164.3 mg/day; P<0.001). After controlling for all other
variables, 25-OH-D was found to be significantly asso-
ciated with age, the average hours of sunshine in the
3 months prior to 25-OH-D level determination and
dietary calcium intake (r2=0.190; P<0.001). For FN
BMD, significant independent predictors were age, body
mass index, 25-OH-D and dietary calcium intake

(r2=0.435; P<0.001). The prevalence of hypovitami-
nosis D during spring, summer, autumn and winter was
71%, 46.3%, 49.4% and 56.7%, respectively. There was
significant seasonal variation in 25-OH-D, PTH, OC,
calcium intake and FN BMD. There is a high
prevalence of hypovitaminosis D in healthy post-
menopausal Hungarian women, and FN BMD is asso-
ciated with serum 25-OH-D and dietary calcium intake.
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Introduction

Vitamin D plays a vital role in maintenance of skeletal
health [1]. Vitamin D deficiency and consequent sec-
ondary hyperparathyroidism are known to cause a
decrease in bone mineral density (BMD) and increase
in bone turnover [2, 3, 4]. A low serum 25-hydroxyvi-
tamin D (25-OH-D) concentration is the hallmark of
vitamin D deficiency. As such, serum 25-OH-D is an
index of body vitamin D status [5, 6]. The determina-
tion of the prevalence of hypovitaminosis D has public
health implications with regards to formulation of
strategies to reduce the burden of metabolic bone dis-
eases and their intermingling with ‘‘pure’’ osteoporosis,
especially in the elderly, not disregarding other impli-
cations. Several studies [7, 8, 9, 10, 11, 12, 13, 14] have
characterized the prevalence of hypovitaminosis D in
healthy postmenopausal women, but these data are
lacking for a Hungarian population. Serum 25-OH-D
is the most important clinically available measurement
of vitamin D status, reflecting lifestyle and dietary
habits [15]. Since diet and sunlight are the two sources
of vitamin D, the results obtained in other geographical
areas may not be readily applicable to our population.

The aim of this study is to characterize the prevalence
and seasonal variation of hypovitaminosis D and its
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relationship to parathyroid hormone, dietary calcium
intake, biochemical markers of bone turnover and BMD
at the lumbar spine and the femur neck in a random
population sample of community dwelling postmeno-
pausal women in Hungary.

Materials and methods

Postmenopausal women residing in Debrecen, Hungary (latitude:
47�29�25’’, longitude: 21�36�39’’, altitude: 107.9 m) were invited to
participate in the study. A total of 319 participants who gave
written informed consent (permission was received from the local
research ethics committee) and fulfilled the inclusion/exclusion
criteria were included in the study. Recruitment was possible
through out the year 2002 (January to December).

The regional osteoporosis center at Debrecen (established in
1992) is the only center in the city (population 230,000) having
densitometers with possibility for axial measurements, and on
average we examine 7000 patients per year. Approximately one-
third of the patients are examined solely for the purpose of
screening for postmenopausal osteoporosis.

In this study, we invited those patients for participation who
were referred to us for initial evaluation solely for the purpose of
postmenopausal osteoporosis screening. Referring was based on
postmenopausal status only, and since we did not influence referral,
we regard the study population as randomly selected.

Inclusion criteria were: postmenopausal, ambulatory, commu-
nity dwelling, resident of Debrecen, referred to us for initial eval-
uation, solely for the purpose of screening of postmenopausal
osteoporosis (first bone mineral density measurement), and gener-
ally regarded as healthy.

Exclusion criteria were known prevalent metabolic bone dis-
ease, severe liver or renal disease, use of medication influencing
bone metabolism (including calcium and vitamin D supplementa-
tion) and history of osteoporotic fracture.

Detailed medical history was collected and standard laboratory
examinations were performed (any abnormal values resulted in
exclusion). All patients had normal values for serum calcium and
phosphorus. A trained study nurse administered a validated ques-
tionnaire to assess daily dietary calcium intake.

Dual energy X-ray absorptiometry examination was performed
using the LUNAR Prodigy (GE-Lunar Corp., Madison, Wisc.,
USA) densitometer. BMD was measured at L2–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 measure daily.

BMD was expressed as T-score, number of standard deviations
from the mean of young women attaining peak bone mass, using

the normative reference values (German) provided by the manu-
facturer. Normalcy, osteopenia and osteoporosis were defined
according to the WHO classification [16].

Morning blood samples (after overnight fasting) were collected.
Serum 25-OH-D and intact parathyroid hormone (PTH) were
measured using radioimmunoassay and immunoradiometric assay,
respectively (Diasorin Inc., Stillwater, Minn., USA). Serum
osteocalcin (OC) and serum degradation products of C-terminal
telopeptides of type-I collagen (CTx) were measured using elect-
rochemiluminiscence immunoassay (Roche Diagnostics GmbH,
Mannheim, Germany). The inter-assay CV was <13% for 25-OH-
D, <11% for PTH, <5% for OC and <7% for CTx.

Hypovitaminosis D was defined as serum 25-OH-D levels
£ 50 nmol/l as suggested by Lips [17].

The daily hours of sunshine in our region were obtained from
the Hungarian Meteorological Service.

Descriptive statistics are presented as mean, median, range and
standard deviation (SD), as applicable. The Kolmogorov-Smirnov
test was used to check for normality of distribution. The Mann-
Whitney U-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 performed with the Statistical Pack-
age for Social Sciences (SPSS) statistical software for Windows,
version 9.0 (SPSS Inc., Ill., USA).

Results

The characteristics of the patients in this cross-sectional
study are shown in Table 1. The prevalence of hypovi-
taminosis D was 56.7%. The percentage of patients
having normal, osteopenic and osteoporotic T-scores at
the LS was 14.4%, 34.5% and 50.8%, respectively and
at the FN was 21.9%, 39.5% and 38.6%, respectively.
The average dietary calcium intake was lower than the
recommended dietary calcium intake [18] in the studied
postmenopausal women.

On comparing patients with normal and low 25-OH-
D, significant differences were found in age (61.6±8.5
years versus 67.3±9.9 years; P<0.001), PTH
(3.9±1.9 pmol/l versus 4.3±2.7 pmol/l; P<0.05), FN
BMD (0.802±0.123 g/cm2 versus 0.744±0.125 g/cm2;
P<0.001) and dietary calcium intake (714.4±199.4 g/
day versus 607.9±233 g/day; P<0.001).

Table 1 Patient characteristics. 25-OH-D 25-hydroxyvitamin D;
PTH parathyroid hormone (normal reference range: 1.2–6.8 pmol/
l); OC osteocalcin (normal reference range: <20 ng/ml); CTx

degradation products of C-terminal telopeptide of type-I collagen
(normal reference range: <500 pg/ml); LS L2–L4 lumbar spine;
FN femur neck; BMD bone mineral density

All subjects (n=319) Serum 25-hydroxyvitamin D levels

£ 50 nmol/l (n=181) (56.7%) >50 nmol/l (n=138)

Age, year (mean, range) 64.9 (41–91) 67.3 (41–91) 61.6 (43–84)
Height, cm (mean±SD) 156.6±6.4 156±6.2 157.4±6.6
Weight, kg (mean±SD) 62.5±11.1 62.5±11.4 62.6±10.8
Body mass index (mean±SD) 25.5±4.2 25.6±4.4 25.3±4.1
25-OH-D, nmol/l (mean, range) 48.4 (12.5–135) 33.1 (12.5–50) 68.5 (51.4–135)
PTH, pmol/l (mean, range) 4.1 (1.2–23.6) 4.3 (1.4–23.6) 3.9 (1.2–12.7)
OC, ng/ml (mean, range) 24.7 (6–118.5) 25.5 (10.1–118.5) 23.7 (6–55.7)
CTx, pg/ml (mean, range) 393.9 (10–1721) 387.4 (10–1721) 402.4 (22.4–1290)
Dietary calcium intake, mg/day (mean, range) 654 (110–1267) 607.9 (110–1267) 714 (155–1205)
LS BMD, g/cm2(mean±SD) 0.906±0.169 0.895±0.164 0.922±0.175
FN BMD, g/cm2(mean±SD) 0.769±0.127 0.744±0.125 0.802±0.123

448



There was a significant correlation between 25-OH-D
and age (r=)0.367; P<0.001), the average hours of
sunshine in the 3 months prior to 25-OH-D level de-
termination (r=0.308; P<0.001) and dietary calcium
intake (r=0.288, P<0.001); PTH and CTx (r=0.117;
P<0.05); LS BMD and age (r=)0.317; P<0.001), body
mass index (BMI) (r=0.230; P<0.001), 25-OH-D
(r=0.111; P<0.05) and dietary calcium intake
(r=0.176; P<0.005); FN BMD and age (r=)0.583;
P<0.001), BMI (r=0.362; P<0.001), 25-OH-D
(r=0.322; P<0.001) and dietary calcium intake
(r=0.325; P<0.001).

Based on the LS T-score, there was a significant dif-
ference between normal and osteoporotic subgroups in
dietary calcium intake (711.3±182 mg/day versus
620.6±237.8 mg/day; P<0.05). Based on the FN
T-score, there was a significant difference (P<0.001)
between normal and osteoporotic subgroups in 25-
OH-D (56.4±23.9 versus 37.6±19.8 nmol/l) and die-
tary calcium intake (781.2±164.3 mg/day versus
519.2±244.5 mg/day).

The prevalence of hypovitaminosis D during spring,
summer, autumn and winter was 71%, 46.3%, 49.4%
and 56.7%, respectively.

Table 2 shows the mean (range) values of LS and FN
BMD, 25-OH-D, PTH, OC, CTx, dietary calcium intake
and hours (median, range) of daily sunshine in the dif-
ferent seasons. There was a statistically significant dif-
ference in FN BMD between spring and summer, and
autumn (P<0.05); in PTH levels between spring and
summer, and autumn (P<0.05); in OC levels (P<0.05)
between autumn and spring, and summer; and in dietary
calcium intake between spring and autumn (P<0.01).

After controlling for all other variables, 25-OH-D
was found to be significantly associated with age, the
average hours of sunshine in the 3 months prior to ser-
um 25-OH-D level determination and dietary calcium
intake (r2=0.190; P<0.001). For FN BMD, significant
independent predictors were age, BMI, 25-OH-D and
dietary calcium intake (r2=0.435; P<0.001). Age and
BMI (r2=0.148; P<0.001) were the only significant
independent predictors for LS BMD.

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 spontaneously converted to cholecalciferol.
Foods such as diary products, eggs and fish contain a
little vitamin D; in general food is not fortified in
Hungary and in addition, there is no uniform fortifica-
tion 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 hormone,
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 pig-
mentation, sunscreens, clothing and even window glass
reduce its effects [19]. In equatorial regions exposure to
the sun alone is adequate, but at latitudes above 40�
north or south and higher, people make little vitamin D
in the winter.

Measurement of serum 25-OH-D provides direct
information. Although its concentration depends on
vitamin D production and intake, its serum half-life is
much longer than that of vitamin D (weeks versus
hours), and it therefore provides an integrated assess-
ment of vitamin D status. Serum 25-OH-D concentra-
tions depend on age, sunlight exposure, vitamin D
dietary intake, or supplementation.

All the patients studied were Caucasian, which is true
for the majority of the Hungarian population. As such,
the study population can be regarded as representative
of the general population.

Comparing our results with other studies involving
similarly large numbers of community dwelling post-
menopausal women, the prevalence of hypovitaminosis
D found in our study population is higher than that
reported in other European countries [8, 9, 11, 12, 13].
The difference was even larger in spring. This finding can

Table 2 Mean (range) values of L2–L4 lumbar spine (LS) and femur neck (FN) bone mineral density (BMD), 25-hydroxyvitamin D (25-
OH-D), parathyroid hormone (PTH), osteocalcin (OC), degradation product of C-terminal telopeptides of type-I collagen (CTx) and
dietary calcium intake in the different seasons

Spring (n=100) Summer (n=80) Autumn (n=79) Winter (n=60)

LS BMD, g/cm2 0.893 (0.504–1.495) 0.923 (0.394–1.394) 0.921 (0.589–1.259) 0.887 (0.437–1.187)
FN BMD, g/cm2 0.741 (0.424–1.094)a 0.785 (0.431–1.188) 0.795 (0.471–1.304) 0.762 (0.488–1.026)
25-OH-D, nmol/l 42.3 (12.5–100)b 50.2 (12.5–103) 53.4 (12.5–135) 49.4 (13.4–102.5)
PTH, pmol/l 4.7 (1.7–21.2)c 3.5 (1.2–9.2) 3.7 (1.3–23.6) 4.6 (2.1–14.4)d

OC, ng/ml 26.6 (6.6–118.5) 26 (7.2–52.5) 21.9 (6–50.3)e 23.6 (8.1–47.9)
CTx, pg/ml 396.9 (12.3–1721) 397.7 (20.4–1290) 389 (17.7–932) 390.3 (10–1216)
Calcium intake, mg/day 618.2 (150–1205)f 671.8 (200–1241) 700.2 (148–1267) 628.9 (110–1090)
Sunshine, h/day (median, range) 7.6 (0–12.7)g 9.5 (0–14.7) 3 (0–11) 0.3 (0–9.3)

aP<0.05 between spring and summer and autumn; bP<0.05 between spring and the other seasons; cP<0.05 between spring and summer
and autumn; dP<0.05 between winter and summer and autumn; eP<0.05 between autumn and spring and summer; fP<0.05 between
spring and autumn; gP<0.05 between spring and the other seasons
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only partly be attributed to the higher cut-off level of
50 nmol/l used by us, although it may depend on the
comparability of the assays for 25-OH-D used in the
different studies.

The main factors contributing to vitamin D insuffi-
ciency are poor vitamin D intake, low sunlight exposure,
and disorders or drugs known to affect vitamin D
metabolism [15]. In our study population, secondary
causes affecting vitamin D metabolism were excluded.
On the other hand, low calcium intake is known to in-
crease PTH secretion [20], causing high serum 1,25-di-
hydroxyvitamin D production resulting in increased
catabolism of 25-OH-D, thereby decreasing serum
25-OH-D and inducing or aggravating vitamin D defi-
ciency. We found an association between dietary cal-
cium intake and serum 25-OH-D.

As could be anticipated, the serum PTH exhibited an
inverse seasonal variation with high levels in spring and
low levels in summer. Others [21, 22] have also reported
similar variations.

The highest hours of sunshine were noted in summer
and the lowest in winter, whereas the highest 25-OH-D
levels were observed in autumn and the lowest in spring.
Therefore serum 25-OH-D levels depend on the duration
of sunshine in the previous season. It is important to
note that the seasonal variation in 25-OH-D went hand
in hand with the variation in FN BMD. It is difficult to
draw conclusions about seasonal variation in BMD
from the data presented, given that different patients
were assessed at different times of the year, and that
BMD changes relatively slowly in each patient. The only
way in which seasonal variation in BMD can be accu-
rately assessed is to measure the same patients repeat-
edly in different seasons over time, which would
probably show little to no significant seasonal change in
a short interval.

The increased serum PTH causes an increase in bone
turnover, which is usually associated with cortical bone
loss [23]. We found a significant positive correlation
between PTH and CTx, but no correlation with BMD.

A German study [24] showed seasonal variation in
biochemical markers of bone turnover. We found such
variation only in the OC levels. It has been shown [13,
25, 26] that the increase in serum PTH and bone
resorption and formation markers is consistent with
increased bone turnover and bone loss in patients with
vitamin D deficiency. We found that decreased bone
mass at the FN was associated mainly with serum 25-
OH-D levels and dietary calcium intake, but we failed to
show an association with PTH and the biochemical
markers of bone turnover. In cross-sectional studies, a
positive relationship has been observed between serum
25-OH-D and BMD of the hip [3, 4, 19]; our results
support this finding.

The limitations of our study include those associ-
ated with cross-sectional studies. Given the uncertain
predictive power of clinical risk factors of osteoporosis,
we felt that this population sample, selected by age
truncation and exclusion of known bone diseases and

vitamin D supplementation, is a fairly acceptable
approximation of a postmenopausal female population
sample. Although we found an effect of the variation
in sunshine hours on serum 25-OH-D levels, we did
not assess the direct individual personal sunlight
exposure.

Our most important finding is the high prevalence of
hypovitaminosis D (even higher in spring) in the Hun-
garian postmenopausal community dwelling women and
the association of low serum 25-OH-D and dietary cal-
cium intake with low femur neck bone mineral density.
These findings most probably have public health impli-
cations and may help formulate health policies in our
part of Europe, since our results may well be applicable
to other countries in socioeconomic transition. We be-
lieve that universal vitamin D and calcium supplemen-
tation, especially in winter, can be beneficial and cost
effective at a population level.
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