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Abstract Patients with osteoporosis have a low bone mass
resulting in an increased risk for bone fractures, morbidity and
mortality. One hundred thirty-one female pre-menopausal par-
ticipants (98 Turkish immigrants living in Germany in com-
parison with 33 age-matched healthy Germans) were recruited
for this study which explored vitamin D deficiency and spe-
cific genetic modifications of bone metabolism. The subjects
were investigated for their femoral and lumbar bone mineral
density (BMD) by dual-energyX-ray absorptiometry (DEXA)
of the right total femur and the lumbar spine. Serum levels of
osteologic parameters were determined: parathormone (PTH),
calcium (Ca), osteocalcin (OC), phosphate (P), alkaline phos-
phatase (AP), beta-crossLaps (CL), tartrate-resistant acid
phosphatase isoform 5b (TRAP5b), and 25-vitamin D3 (25-
OHD3). The Bsml- and Fokl-polymorphisms of the vitamin D
receptor (VDR) gene and the collagen type I alpha 1
(COLIA1)-gene polymorphism were also genotyped. An

extremely high prevalence of vitamin D deficiency could be
found in the immigrant cohort (87.8 %). Osteoporosis but not
osteopenia was more prevalent in this group. Among immi-
grants with osteoporosis, TRAP5bwas elevated in 42.9% and
beta-CL in 28.6 %. Only the Fokl FF-genotype of the VDR
polymorphism was significantly more prevalent among the
Turkish women, Ff-genotyped immigrants showed signifi-
cantly decreased BMD. A significant correlation between
the COLIA1-gene polymorphism and BMD could not be
identified in the two groups. Vitamin D deficiency and osteo-
porosis appear to be dominant and unrecognized problem
among female Turkish immigrants in Germany. Therefore,
in this population, osteologic parameters and BMD should
be routinely analyzed and deficiencies be treated immediately.
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Introduction

Vitamin D is a steroid hormone which regulates several
endocrine functions, bone metabolism, cell proliferation
and differentiation. Its major function is to maintain calci-
um homeostasis [1]. Many common diseases such as rick-
ets (defect of mineralization affecting the growth skeleton),
osteomalacia (abnormal mineralization of the nature skele-
ton), bone loss (osteopenia/osteoporosis), autoimmune and
cardiovascular diseases, diabetes, and cancer have been
associated with vitamin D deficiency [2–4]. Less severe
25-OH D3-hypovitaminosis causes an increase of serum
parathyreoid hormone (PTH) leading to bone resorption,
low BMD, and even fractures [4, 5].
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The nuclear functions of vitamin D require binding to the
vitamin D receptor (VDR). The gene encoding VDR is locat-
ed on the chromosome 12q12-13 [6, 7]. There are more than
470 single nucleotide polymorphisms (SNPs) identified in the
VDR-gene, and locations of the polymorpisms determine their
functional roles [3, 8]. One of the most extensively analyzed
VDR polymorphisms are Fokl in exon 2 and Bsml in intron 8
[9–11].

The status of vitamin D shows a high variation within dif-
ferent countries of Europe. Especially in the Middle East and
Asia, there is a general problem with hypovitaminosis D dur-
ing the winter time. Moreover, there is a north-south gradient
for 25-OH D3 with higher levels in Scandinavia and lower
levels in Italy, Spain, and some eastern European countries.
This fact points to other determinants than sunshine, e.g., nu-
trition, food fortification, and supplement use. Specifically
very low levels of 25-OH D3 have been observed in the
Middle East, e.g., in Turkey, Lebanon, Jordan, and Iran.
Especially the women living in these countries had lower
levels due to their clothing habits [12, 13].

Vitamin D deficiency is usually caused by a reduced cuta-
neous production of vitamin D in institutionalized or house-
bound elderly people, immigrants to Northern countries and
women, who obey strict religious dress codes with banned
exposure of uncovered skin [14, 15].

Collagen type I is a common structural component of bone,
blood vessels, ligaments, tendons, and skin. It also represents
the most abundant extracellular matrix potein in subcutaneous
tissue. Polymorphic variants of the COLIA1-gene, which is
located on the chromosome 17q21-22 [16], are also consid-
ered to be a risk factor for altered bone metabolism and de-
creased BMD [17, 18].

Osteoporosis is the most common skeletal disease charac-
terized by reduced bone mass and increased risk of fragility
fractures [19]. It has a complex etiology and is considered as a
multi-factorial and polygenic disorder, in which genetic deter-
minants are modulated by hormonal, environmental, and nu-
tritional factors [20]. Evidence from family and twin studies
have shown that genetic factors have a major role in the path-
ogenesis of osteoporosis [21–23]. Therefore, a series of poly-
morphisms have been described in several genetic loci. Of
these the VDR-gene polymorphisms Fokl and Bsml such as
the COLIA-Sp1-binding site polymorphism are one of the
most extensively studied candidate genes for osteoporosis
[24–26].

A recent study described a high prevalence of vitamin D
deficiency, secondary hyperparathyreoidism, and generalized
bone pain in gender-mixed Turkish immigrants living in
Germany [14].

To elucidate potential causative factors for alteration of
bone metabolism, we performed a cross-sectional study that
investigated female Turkish immigrants living in Germany
compared to a group of healthy age-matched female Germans.

To our knowledge, this is the first study investigating the
prevalence of vitamin D deficiency, loss of BMD, markers of
bone metabolism and polymorphisms of the VDR-gene, and
the COLIA1-gene in Middle East female immigrants to a cen-
tral European country.

Materials and methods

Study population

The study population comprised 98 female Turkish immi-
grants living in Germany for more than 5 years and 33 age-
matched female Germans. All women were premenopausal
with physiological hormone status. Criteria for exclusion were
diseases with an influence on bone metabolism like inflam-
matory bowel disease, malabsorption, liver disease,
hypophosphataemia, tubular dysfunction, and anticonvulsive
therapy. None of the patients had a history for cardiovascular
incidents or tumors. The study period was limited to March to
April 2008 to minimize short-term effects of nutrition and
sunlight exposure could be minimized.

Laboratory parameters

After overnight fasting, blood samples were collected by phle-
botomy for plasma separation in EDTA-containing tubes. The
samples were centrifugated at once (less than 30 min after
phlebotomy). Serum tubes were centrifugated after clotting
and total serum calcium (sCa2+, referance range 2.15–
2.55 mmol/l), phosphate concentration (P, reference range
0.87–1.45 mmol/l), alkaline phosphatase (AP, reference range
35–129 U/l), 25-OH-vitamin D3 (25-OH D3, reference range
30–60 ng/ml; Incstar Corporation, Stillwater, MN, USA),
parathyroid hormone (PTH, reference range 8.3–68 pg/ml;
PTH intact ELISA, DRG Instruments GmbH, Marburg,
Germany), osteocalcin (OC, reference range females 6.5–
42.3 ng/ml; LIAISON Osteocalcin, DiaSorin Ins, Stillwater,
MN, USA), beta-crosslaps (CL, reference range premeno-
pausal female <0.573 ng/ml, b-crosslaps/serum, Roche
Diagnostics, Indianapolis, IN, USA), and tartrate-resistant ac-
id phosphatase isoform 5b (TRAP5b, reference range females
2.9±1.4 U/l; Metra TRAP5b EIA Kit, Quidel Corporation,
San Diego, CA, USA) were analyzed in serum samples.

Genotyping

The genomic DNAwas isolated from peripheral venous blood
using QiaAmp-Blood-Kit (Qiagen, Hilden, Germany).

Single nucleotide polymorphism (SNP) genotyping was
performed by using a microplate fluorometer (Fluoroskan
Ascent, Thermo Fisher Scientific, Waltham, MA, USA).
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Genotyping of the VDR-gene polymorphisms Fokl and
Bsml was performed as outlined before [9, 11, 17]. Alleles
were genotyped for the presence (f, b) or the absence (F, B)
of the Fokl- or Bsml-restriction sites.

The guanine (G) to thymidine (T) polymorphism in the
Sp1-binding site in the first intron of the COLIA1-gene was
determined by a PCR-based method as described previously
[17, 27]. The alleles were denominated as G or T, according to
the absence or the presence of the restriction site.

Osteodensitometry

Bone mineral density (BMD; g/cm2) at the total right femur
and the lumbar spine (first to fourth vertebrae, antero-posterior
view) was measured by the most widely technique, the dual-
energy X-ray absoptiometry (DXA; ProdigyLunar.
Milwaukee, WI, USA). DXA is a non-invasive, painless
method and involves low radiation exposure. It is commonly

used to screen people for osteoporosis risk. The coefficient of
variation of repeated measurements in vivo was 0.9 % for the
lumbar spine and 1.6 % for the femur T-score (number of
standard deviations (SD) from the normal mean obtained from
young healthy adults) and Z-score (number of SD above or
below the mean of age- and sex-matched controls) were also
calculated. A poor BMD was defined according to the criteria
of the World Health Organization (WHO) guidelines:
Osteopenia is explained as a T-score between −1 and −2.5
SD and osteoporosis as a T-score −2.5 SD or lower. The re-
spective reference values have been published previously for
women and men. For the purpose of this study, the reference
values of the producer were used.

Statistical analysis

All data were statistically evaluated using SPSS Release
12.0.1 (SPSS Inc., Chicago, IL, USA) and are presented as

Table 1 Demographic data and
results of bone-specific
characteristics of Turkish
immigrants and German controls.
Values shown are mean
± standard deviation, reference
ranges are given in brackets.
Level of significance (Mann-
Whitney U test) for differences
between the two populations:
p< 0.05

Parameter Turkish immigrants (n= 98) German controls (n = 33) p value

age (years) 39.28 ± 8.90 39.10 ± 13.19 0.633

BMI (kg/m2) 28.33 ± 5.05 25.18 ± 4.93 0.001

BMD L1-4 (g/cm2) 1.16 ± 0.17 1.16± 0.14 0.907

T-score L1-4 −0.21 ± 1.42 −0.09± 1.12 0.703

Z-score L1-4 −0.26 ± 1.34 −0.22± 1.14 0.803

BMD right femur (g/cm2) 1.02 ± 0.13 1.01± 0.12 0.838

T-score right femur 0.13 ± 1.03 0.10± 1.03 0.899

Z-score right femur 0.13 ± 0.91 0.05± 0.97 0.817

25-OH D3 (30–60 ng/ml) 7.86 ± 6.09 24.12 ± 27.04 <0.0005

PTH (8.3–68 pg/ml) 105.88± 42.77 107.77± 39.21 0.622

AP (35-129 U/l) 58.96 ± 17.27 57.55 ± 15.83 0.718

Phosphate (0.87–1.45 mmol/l) 1.11 ± 0.15 1.24± 0.15 <0.0005

sCa2+ (2.15–2.55 mmol/l) 2.31 ± 0.16 2.38± 0.15 0.014

CL (females <0.573 ng/ml) 0.29 ± 0.15 0.40± 0.22 0.019

OC (females 6.5–42.3 ng/ml) 13.68 ± 5.03 16.32 ± 7.63 0.036

TRAP5b (females 2.9 ± 1.4 U/l) 1.90 ± 1.08 2.57± 1.24 0.003

Table 2 Total number (percent)
of Turkish immigrants exhibiting
pathological changes of
biochemical markers of bone
metabolism in comparison with
German controls. An elevated
value for TRAP5b is defined as
exceeding the shown mean
± standard deviation

Parameter Turkish immigrants (n= 98) German controls (n= 33)

25-OH D3 vitamin D sufficiency (≥30 ng/ml) 2 (2.0 %) 9 (27.3 %)

Hypovitaminosis:

Mild vitamin D insuffiency (20–29.9 ng/ml) 5 (5.1 %) 3 (9.1 %)

Moderate vitamin D deficiency (10–19.9 ng/ml) 5 (5.1 %) 6 (18.2 %)

Severe vitamin D deficiency (<10 ng/ml) 86 (87.8 %) 15 (45.4 %)

Reduced OC (females <6.5 ng/ml) 0 0

Elevated TRAP5b (females >2.9 ± 1.4 U/l) 18 (18.4 %) 11 (33.3 %)

Elevated CL (females <0.573 ng/ml) 7 (7.1 %) 7 (21.2 %)

Elevated PTH (>68 pg/ml) 80 (81.6 %) 27 (81.8 %)

Elevated AP (>129 U/l) 0 0
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mean ± SD. Data were tested for normality by the
Kolmogorov-Smirnov test. For comparison of the groups, nu-
meric values were analyzed by Student’s t test. Data that dem-
onstrated unequal statistical spread or variant distributionwere
analyzed by the Mann-Whitney rank sum test. Proportions of
the group were matched by chi-square analysis and Fisher’s
exact test. A p value of <0.05 was regarded as significant for
all analyses.

Results

Vitamin D metabolism and other laboratory parameters

Basic demographic and osteologic data of the participant
groups are demonstrated in Table 1. Both groups, Turkish
and German women, did not show a difference in age, lumbar
and femoral BMD (including T- and Z-scores). There was also
no serious difference in serum levels of PTH and AP between
the two groups.

The Turkish immigrants showed significantly higher
values of their body mass index (BMI). In contrast, their se-
rum levels of 25-OHD3, P, sCa

2+, CL, OC, and TRAP5bwere
significantly reduced.

The strong differences in the vitamin D levels have to be
underlined: the majority of Turkish participants showed re-
duced vitamin D levels. A severe vitamin D deficiency (25-
OH D3<10 ng/ml) was observed in 87.8 vs. 45.4 % of the
Germans, a moderate vitamin D deficiency (25-OH D3 10–
19.9 ng/ml) in 5.1 vs. 18.2 % of the Germans and a mild
vitamin D deficiency (25-OH D3 20–29.9 ng/ml) in 5.1 vs.
9.1 % of the Germans. Sufficient levels of vitamin D (25-OH

D3≥30 ng/ml) were only demonstrated in 2 % of the Turkish
immigrants vs. 27.3 % of the Germans.

Moreover, Turkish immigrants had elevated levels of PTH
in 81.6 %, of TRAP5b in 18.4 % and of CL in 7.1 % (Table 2).

Although there was a significant vitamin D deficiency in
the Turkish group, the typical laboratory constellation of sec-
ondary hyperparathyreoidism (increased PTH, decreased
sCa2+) was only seen in 10 cases. This prevalence of second-
ary hyperparathyreodism (10.2 %) did not show a significant
difference to the German group (9.1 %, Fisher’s exact test,
p=1.000) (Table 3).

BMD, bone metabolism parameters, and genetic pattern

Turkish female immigrants showed in 36.7 % an alteration of
BMD. Osteoporosis was observed in seven cases (7.1 %) and
osteopenia in 29 cases (29.6 %) [Table 4], whereas German
participants showed no osteoporosis, osteopenia was observed
only in 10 cases (30.3 %) [Table 5]. The incidence of severe
vitamin D deficiency (25-OH D3<10 mg/ml) was approxi-
mately similar (more than 75 %) in the two groups with oste-
oporosis and osteopenia, respectively [Table 4], whereas the
Germans with osteopenia showed severe vitamin D deficiency
in only four cases (40 %).

Turkish female immigrants showed a significant predomi-
nance of the Fokl-genotype FF (p=0.048) [Table 6], whereas
there were no significant differences in the distribution of the
Bsml-polymorphism of the VDR-gene and the COLIA1-
polymorphism between the Turkish and German participants.
Furthermore, Turkish immigrants with Ff-genotype showed
significantly decreased BMD and T-scores of the lumbar spine
(Mann-Whitney U test, p<0.046) and the right femur com-
pared with FF-genotyped females [Table 7]. Due to the small
group size of the ff-genotyped females, the value of a statisti-
cal analysis is limited. However, since the mean BMD and T-
score values in the ff-group were higher than those in the FF-
group, significance can be inferred. The Turkish participants
demonstrated significant predominance of the Fokl-genotype
FF (54.1 %, p=0.048). Besides, there were no significant
variances in the distribution of the Bsml-polymorphisms of

Table 3 Distribution of laboratory constellation of secondary
hyperparathyreoidism in Turkish immigrants and German controls

Turkish immigrants (n= 98) German controls (n= 33)

No 88 (89.8 %) 30 (90.9 %)

Yes 10 (10.2 %) 3 (9.13 %)

Table 4 The prevalence of
pathological changes in
biochemical markers of bone
metabolism between osteopenia
and osteoporosis in Turkish
immigrants. An elevated value for
TRAP5b is defined as exceeding
the shown mean± standard
deviation

Parameter No. (%) of immigrants with

Osteopenia (n= 29/98) Osteoporosis (n = 7/98)

Severe 25-OH D3 deficiency (<10 ng/ml) 22 (75.9 %) 6 (85.7 %)

Reduced OC (females <6.5 ng/ml) 0 0

Elevated TRAP5b (females >2.9 ± 1.4 U/l) 6 (20.7 %) 3 (42.9 %)

Elevated CL (females <0.573 ng/ml) 3 (10.3 %) 2 (28.6 %)

Elevated PTH (>68 pg/ml) 24 (82.8 %) 5 (71.4 %)

Elevated AP (>129 U/l) 1 (3.4 %) 0

2792 Clin Rheumatol (2016) 35:2789–2795



the VDR-gene and the COLIA1-gene polymorphism between
the two groups.

Moreover, COLIA1-gene polymorphisms did not show a
significant correlation between BMD-values, T- and Z-scores
of the lumbar spine and the right femur.

Discussion

Vitamin D and its metabolites have a dominant role in bone
mineral homoeostasis by regulating calcium absorption, bone
resorption, the differentiation of bone cells, and the secretion
of parathyreoid hormones. Serum 25-hydroxyvitamin D3

[25(OH)D3] is the metabolite that needs to be measured to
identify vitamin D status. Its major function is to avert rickets
and osteomalacia which are both bone diseases characterized
by inadequate bone formation and mineralization. The main
clinical features in osteomalacia are bone pain, muscle weak-
ness, and fractures. Accordingly, the most frequently cause of
rickets and osteomalacia is an insufficient vitamin D status
which is a very frequent problem in the Middle East such as
Turkey, Lebanon, Jordan, and Iran [12, 13].

The first report of the histological incidence of adult oste-
omalacia took place in 1885, its clinical appreciation was de-
scribed much later. In the 1930s, Maxwell evaluated that there
should have been about 100,000 cases of adult osteomalacia
in Chinese people at that time [28]. Some time later, a further
study characterized the presence of osteomalacia in the USA
caused by lack of vitamin D supplementation [29].
Immigrants from Asian countries also have an increased risk
for severe vitamin D deficiency [5, 30, 31]. The first time in
which osteomalacia was investigated in Turkish immigrants
living in Germany was published in 1978 [32]. Chapuy et al.
were the first to propose that a 25(OH)D3 value of less than
80 nmol/l is associated with higher PTH levels [33].

In a prior study, which is to our knowledge the first
one analyzing the prevalence of vitamin D deficiency,
secondary hyperparathyreoidism, and loss of bone min-
eral density in gender-mixed Turkish immigrants living
in Germany, we detected a high prevalence of low

vitamin D levels, secondary hyperparathyreoidism, and
generalized bone pain, especially in veiled women.
Based on these results, we concluded that this finding
could be based on an independent ethnic risk factor for
vitamin D deficiency in Turks compared to Germans.
Furthermore, darker skin pigmentation and cultural dif-
ferences in clothing habits in Turks, which result in a
reduced ability to produce vitamin D in their skin dur-
ing sunlight exposure, were identified as risk factors
[14]. However, there are more factors influencing the
vitamin D metabolism such as age, seasonal exposure
to sunlight (lower levels between October and April)
[34], and also genetic alterations. Additionally, an insuf-
ficient low vitamin D diet in the target population can
further enhance the vitamin D hypovitaminosis.

In our study, we also found significantly decreased values
of 25(OH)D3 in a large proportion of the Turkish women
(98.0 %, severe vitamin D deficiency in 87.8 %), although it
needs to be considered that the observation period was at the
end of the winter time (March/April) with low sunlight expo-
sure. In contrast, 27.3 % of the German controls showed suf-
ficient vitamin D values, therefore 72.7 % of them had abnor-
mal 25(OH)D3 levels (45.4 % severe vitamin D deficiency). It
has to be underlined that none of the study participants had

Table 5 The prevalence of
pathological changes in
biochemical markers of bone
metabolism between osteopenia
and osteoporosis in German
controls. An elevated value for
TRAP5b is defined as exceeding
the shown mean± standard
deviation

Parameter No. (%) of controls with

Osteopenia (n= 10/33) Osteoporosis (n = 0/33)

Severe 25-OH D3 deficiency (<10 ng/ml) 4 (40.0 %) 0

Reduced OC (females <6.5 ng/ml) 0 0

Elevated TRAP5b (females >2.9 ± 1.4 U/l) 0 0

Elevated CL (females <0.573 ng/ml) 4 (40.0 %) 0

Elevated PTH (>68 pg/ml) 7 (70.0 %) 0

Elevated AP (>129 U/l) 0 0

Table 6 Distribution of VDR-polymorphism and COLIA1-
polymorphism in Turkish immigrants and German controls

Turkish immigrants (n = 98) German controls (n= 33)

VDR Bsml- and Fokl-genotypes

BB 31 (31.6 %) 8 (24.2 %)

Bb 25 (25.5 %) 9 (27.3 %)

bb 42 (42.9 %) 16 (48.5 %)

FF 53 (54.1 %) 10 (30.3 %)

Ff 38 (38.8 %) 18 (54.5 %)

ff 7 (7.1 %) 5 (15.2 %)

COLIA1-polymorphism

GG 68 (69.4 %) 26 (78.8 %)

GT 24 (24.5 %) 7 (21.2 %)

TT 6 (6.1 %) 0
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malabsorption, liver disease, renal tubular dysfunction,
hypophosphatemia, or received anticonvulsant therapy which
could have induced a vitamin D deficiency.

In vitamin D insufficiency, secondary hyperparathyreoidism
is frequently present. Even less severe 25(OH)D3-deficiency
can cause an increase of serum PTH leading to bone resorption,
osteoporosis, and fractures. Accordingly, in the present study,
we detected elevated PTH levels in 81.6 % of the Turkish
women and 81.8 % of the Germans. The typical laboratory
constellation of a manifest secondary hyperparathyreodism (el-
evated PTH, decreased calcium levels) was only seen in a small
proportion of the participants in either groups (10.2 % of the
Turkish immigrants, 9.1 % of the German controls).

Bone remodeling is characterized by two opposite
mechanisms: the formation of new bone by osteoblasts
and the resorption of aged bone by osteoclasts.
Therefore, active bone metabolism can be described by
measuring the enzymatic activity of osteoblasts and os-
teoclasts (AP, TRAP5b, CL, OC).

TRAP5b is released into serum by bone-resorbing oste-
oclasts and is a marker of osteoclast activity. In the group
of the Turkish immigrants, we found increased TRAP5b
levels in 18.4 % (20.7 % of the cases with osteopenia and
42.9 % of the cases with osteoporosis). The Crosslaps as
biochemical indicators of bone resorption were also elevat-
ed in Turkish immigrants (10.3 % of the cases with
osteopenia and 28.6 % of the cases with osteoporosis).
Interestingly, despite the present strong vitamin D deficien-
cy an AP increase could not be found. This finding ex-
cluded an additional osteomalacia component. Thus, it can
be hypothesized that the vitamin D deficiency exists only
a few months without an impact on bone metabolisms.
Owing the fact that the included immigrants already lived
in Germany for several years the vitamin D deficiency is
not the result of a short stay in our region. Thus, it can be
assumed that the decreased bone mineral density is more
likely to be caused by a genetic component.

Moreover, we could not identify any differences in the
genetic distribution of the Bsml-polymorphism of the VDR-
gene and the COLIA1-Sp1-binding site polymorphism of the

COLIA1-gene, neither in the group of the Turkish immigrants
nor in the group of the German controls. In contrast, female
Turkish immigrants showed a significant disposition in Fokl-
polymorphism: the Ff-genotyped women had a significantly
decreased BMD of the right femur and lumbar spine.

In conclusion, vitamin D deficiency and reduction of bone
mineral density were found to be highly common among fe-
male Turkish immigrants. Thus, in this population an
osteologic screening should be done on a routine basis.

In addition, it is important to inform this population about
the consequences of decreased vitamin D values like the neg-
ative effect on bone status and even cancer or cardiovascular
diseases. Female Turkish immigrants living in Germany
should therefore be sensitized to the necessity of sufficient
vitamin D levels facilitated well-balanced nutrition, frequent
sunlight exposure, and even vitamin D supplementation.

Taken together, migration to Blow osteoporosis countries^
does not reduce the incidence of and risk for severe osteopo-
rosis. The current study shows that genetic factors such as
Fokl-polymorphisms at the VDR-gene seem to be of clinical
impact, specifically in female Turkish immigrants living in
Germany who are at risk for decreased bone mineral density
(osteopenia/osteoporosis).
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