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ABSTRACT

OBJECTIVE: We aimed to determine the prevalence of 25(OH)D (D2 and D3 independently) 
inadequacy in healthy young/middle-aged men and to investigate its relationship with BMD, 
bone markers, demographic and lifestyle parameters such as age, BMI, smoking, alcohol con-
sumption and dietary calcium intake. DESIGN: We determined 25(OH)D levels using LC-MS/
MS, a robust method for measurement of both 25(OH)D3 and 25(OH)D2, iPTH, osteocalcin, 
beta C terminal cross-linked telopeptides of type I collagen (b-CTXs), procollagen type 1 amino-
terminal propeptide (PINP), BMD at L2-L4 and proximal femur, smoking habits, daily dietary 
calcium intake and alcohol consumption in 181 randomly selected healthy men aged 20-50y. 
RESULTS: The prevalence of vitamin D deficiency (25(OH)D <20ng/ml) was 50.3%. Only 8.8% 
of the participants had vitamin D sufficiency (25(OH)D 30ng/ml). We found a strong correla-
tion between 25(OH)D and smoking in the totality of participants (p<0.001). 25(OH)D level was 
lower by approximately 4.3 ng/dl (p<0.001) in a smoker compared to a non-smoker among the 
totality of participants, while this value increased to 9.2ng/ml in the 40-50y subgroup (p=0.003). 
A multinomial logistic regression model demonstrated that a young smoker (20-29y) had 58% 
increased likelihood of having vitamin D deficiency compared to a non-smoker of the same age 
group (p=0.041). CONCLUSIONS: A high prevalence of vitamin D deficiency was identified 
in a young and middle-aged male population. Smoking is a significant determinant of serum 
25(OH)D, while it increases significantly the likelihood of having vitamin D deficiency. In our 
hands, vitamin D levels are not a determinant of bone turnover and BMD in this population.
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INTRODUCTION

The important role of vitamin D in bone health has 
long been recognized.1 Several recent studies have 
suggested that inadequate serum 25-hydroxyvitamin 
D (25(OH)D) concentration is associated with bone 
loss through, among others, secondary hyperparathy-
roidism and resulting high bone remodeling. 

However, most of the studies indicating these 
relationships have been performed in elderly people—
mainly women—while data on healthy young/middle 
aged men are limited.2-7

Vitamin D exists in two forms: vitamin D2 or 
ergocalciferol which is found naturally in foods of 
plant origin, and vitamin D3 or cholecalciferol which 
is mainly synthesized in the skin by exposure to 
ultraviolet-B light and is also abundant in foods of 
animal origin. The main source of vitamin D is via 
exposure of the human skin to sunlight between 10am 
and 3pm in the spring, summer and fall.8 It is impor-
tant to know that circulating 25(OH)D concentration 
is the best indicator of whole body vitamin D status 
and is used for the classification of vitamin D sta-
tus into deficient (25(OH)D <20ng/ml), insufficient 
(25(OH)D <30ng/ml) or sufficient (25(OH)D 30mg/
ml) vitamin D status.9 Although the structural differ-
ences between D2 and D3 alter their metabolism, in 
general, the biologic activity of their active metabo-
lites is comparable.8 However, recent studies found 
different associations between these two forms with 
respect to such conditions as Alzheimer’s disease and 
cardiovascular risk factors in childhood.10,11 

Hypovitaminosis is a worldwide health problem 
with the estimated percentages of people suffering from 
vitamin D deficiency ranging from 31% in Australia 
to 98% in Mongolia.12 It is assumed that people living 
in countries with high amounts of sunlight may have 
a lower risk of vitamin D deficiency. However, recent 
studies have indicated that the prevalence of vitamin 
D deficiency even in tropical countries is as high as 
that observed in Western populations.13

Therefore, the objectives of our study were: 1) to 
determine the prevalence of 25(OH) D (D2 and D3 

independently) inadequacy in young/middle-aged 
men living in urban and suburban areas of Athens, 
Greece, and 2) to investigate its relationship with 

BMD, parathyroid function and bone turnover mark-
ers as well as demographic and lifestyle parameters 
such as age, BMI, smoking, alcohol consumption and 
dietary calcium intake.

SUBJECTS AND METHODS

Population studied
Study participants were selected from the civilian 

personnel of the Hellenic Air Force living in urban 
and suburban areas of Athens and undergoing annual 
routine blood and urine tests. Recruitment took place 
over three months (September 2012 to November 
2012). All the participants were healthy men aged 
20-50 years, having normal blood counts and normal 
results for liver and kidney function tests. Exclusion 
criteria were any treatment or medical complications 
known to affect vitamin D and bone metabolism, such 
as primary hyperparathyroidism, cancer, malabsorption 
syndrome, hyperthyroidism, diabetes mellitus, pituitary, 
adrenal, gonadal and rheumatic diseases, as well as 
a history of immobility for more than one month. In 
addition, participants had not taken vitamin D and/
or calcium supplements for the last 12 months. After 
screening of 216 individuals, a total of 192 individu-
als fulfilled the inclusion criteria. Out of these 181 
attended the study. This study was conducted accord-
ing to the guidelines laid down in the Declaration of 
Helsinki and all procedures involving human subjects/
patients were approved by the Ethics Committee of 
the University of Athens. Written informed consent 
was obtained from all the participants of the survey. 
All men underwent a general physical examination. 
Measurements of body weight were obtained to the 
nearest 0.1 kg using a standard balance beam, and 
measurements of height were obtained to the nearest 
0.1 cm using the wall-mounted stadiometer. Body mass 
index (BMI) was calculated as weight (kilograms) 
divided by height squared (square meters).

Biochemical determinations
Venous blood samples were collected in the morn-

ing between 0800 and 0900 hours under standardized 
conditions after an overnight fast. Serum samples were 
prepared immediately after phlebotomy and stored 
at -85°C for the measurement of the serum levels of 
calcium, phosphate, albumin, alkaline phosphatase 
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(ALP), intact parathyroid hormone (iPTH), beta C 
terminal cross-linked telopeptides of type I collagen 
(b-CTX), amino-terminal propeptide of type I collagen 
(P1NP), osteocalcium (OC) and 25-hydroxyvitamin D2 
(25(OH)D2) and 25-hydroxyvitamin D3 (25(OH)D3).

Serum intact PTH levels were measured using sand-
wich immunoassay (PTH STAT; Roche Diagnostics). 
Serum levels of b-CTX, intact-OC and P1NP were 
determined using an ECLIA Cobas e601 analyzer 
(Roche Diagnostics). The intra-assay and inter-assay 
CVs were 2% and 2.5%, respectively, for P1NP, 
1.5% and 1.8%, respectively, for b-CTX, 1% and 
2%, respectively, for OC.

The levels of 25(OH)D3 and 25(OH)D2 were de-
termined in serum of participants using Liquid-Chro-
matography-Mass Spectrometry/Mass Spectrometry 
(LC-MS/MS) technology. The assay was carried out 
according to Chromsystems Instruction Manual for 
LC-MS/MS Analysis (Mass Chrom 25(OH)D3/D2 
in serum/plasma) and use of LC-MS/MS APT5000 
(Applied Biosystems). Because the lower limit of 
quantification (LLOQ) is MS/MS system dependent, 
we calculated the LLOQ for Mass Chrom 25(OH)
D3/D2 in serum/plasma (Chromsystems) in LC-MS/
MS API5000. To this end, we diluted the calibrator 
1 (Lot no.1409 Chromsystems 3PLUS 1 Multilevel 
Plasma Calibrator set 25(OH)D3/D2) with distilled 
H20 (1:20 and 1:30 dilution). The signal to noise 
(S/N) ratio was calculated and it was found to be 
>10 over 5 consecutive batches for both 25(OH)D3 
and 25(OH)D2. Based on the above, we calculated 
that the LLOQ is / was 0.5ng/ml for the 25(OH)D3/
D2 assay. The inter- and intra-assay CVs were <7% 
and <5%, respectively. 25(OH)D concentrations were 
calculated as the sum of 25(OH)D2 and 25(OH)D3. 

Bone Mineral Densitometry
Bone mineral density was measured at the lumbar 

spine (L2-L4) and proximal femur, using dual-X-ray 
absorptiometry (DXA), on a Lunar DPX densitom-
eter (Lunar, Madison, WI, USA). Values for results 
of DXA measurements were expressed as BMD (g/
cm2) and T score and Z scores of a healthy refer-
ence population, as supplied by the manufacturer. 
Short-term precision for spine and proximal femur 
measurements had a coefficient of variation (CV) of 
1% to 2%. Age, body weight, height were recorded 

by the same physician. 

Other measurements
All subjects were medically examined and inter-

viewed using a standardized questionnaire to collect 
information on smoking habits, dietary calcium intake 
and alcohol consumption. Smoking was categorized 
as a dichotomous variable: non-smokers (never smok-
ers and ex-smokers, i.e. responders who had stopped 
smoking at least one year before the study) and cur-
rent smokers.

In order to assess calcium intake, the consump-
tion of foods representing the major sources of daily 
calcium intake, such as typical Greek cheeses (feta 
cheese and kasseri cheese), yogurt and milk was 
recorded in a weekly food-frequency questionnaire. 
This was determined through an individual face to-
face interview. A fixed range of food containers, i.e. 
a glass for milk and a cup for yogurt, was used to 
standardize portion sizes, each containing 300 mg of 
calcium. A similar amount of calcium was contained 
in the reference servings of feta and kasseri cheese 
( 70 and 40 g, respectively). Color photographs were 
shown to the participants to demonstrate the standard 
sizes of the cheese servings. The number of servings 
eaten weekly was recorded and calcium intake per 
week was estimated and expressed as mg of calcium 
per week.

Questions about the consumption of beer, wine 
and spirits were included in each questionnaire, which 
permitted us to evaluate the weekly consumption of 
ethanol expressed as gr of alcohol per week.

Statistical analysis 
Data were expressed as mean±standard deviation 

(SD) for continuous variables and as percentages for 
categorical data. The Kolmogorov-Smirnov test was 
utilized for normality analysis of the parameters.

Bivariate analyses were made by using the Student 
t-test and Pearson correlation coefficients to analyze 
the relation between the dependent variable [25(OH)
D] and the quantitative and qualitative demographic 
and clinical variables respectively. Multiple linear 
regression analysis (enter method) was performed 
to determine a multivariate summary model of de-
terminants of dependent variable. All assumptions 
of linear regression analysis were also examined. 
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Moreover, multinomial logistic regression, using as 
dependent variable the three categories of 25(OH)D 
status ( deficiency, insufficiency, sufficiency: <20, 
20-29, 30 ng/ml, respectively), was used to analyze 
the relationship between the dependent variable and 
the quantitative, qualitative demographic and clinical 
variables. All tests are two-sided; statistical signifi-
cance was set at p<0.05. All analyses were carried 
out using the statistical package SPSS vr 16.00 (Sta-
tistical Package for the Social Sciences, SPSS Inc., 
Chicago, Ill, USA).

RESULTS 

Descriptive characteristics of participants are shown 
in Table 1. The average age of the 181 men in this 
study was 34.69±7.38 (range 20–50) years (Table 1). 
Approximately 9.3% of the men were obese (BMI 
>30Kg/m2) and 52.48% were classified as overweight 
(25 BMI 30 kg/m2). Approximately 93.4% had a 
dietary calcium intake of <600mg/day and 35.3% 
were cigarette smokers.

Of the 181 subjects in whom 25OHD2 and 25(OH)
D3 were measured, 158 had 25OHD2 concentrations 
less than the lower limit of quantification (<0.5ng/ml).

Regarding the remaining 23 subjects, the mean 
concentration of D2 was 0.72±0.2ng/ml.

The mean levels of 25(OH)D and PTH were 
19.81±6.96 ng/ml (range 5.26-38.3) and 23.63±9.01 

pg/ml (range 5.53-58.92), respectively. Individuals 
aged 20-29 years had a mean concentration of 25(OH)
D 18.7 ng/ml, participants aged 30-39 years had 
19.76ng/ml, whereas participants aged 40-50 years 
had the highest mean concentration of 25(OH)D at 
21.18ng/ml. There was a positive gradient with age, 
although not significant (p=0.271).

The overall prevalence of vitamin D deficiency, 
defined as 25(OH)D levels less than 20ng/ml, was 
50.3%, while the prevalence of vitamin D insuffi-
ciency (25(OH)D = 20-29ng/ml) was 40.9%. Only 
8.8% of the studied population had sufficient levels 
of vitamin D (25(OH)D 30ng/ml), while 4.4% had 
severe vitamin D deficiency (25(OH)D <10ng/ml).

Looking at the three age subgroups (Table 2), 
participants aged 20-29 years had the highest preva-
lence of vitamin D deficiency (56.8%) and the lowest 
prevalence of vitamin D sufficiency (6.8%) in contrast 
to individuals aged 40-50 years (43.6% and 12.8%, 
respectively). 

Table 1. Demographic characteristics of the total participants
Mean SD Median Min Max

Age (years) 34.69 7.38 34.00 20.00 50.00
Weight (kg) 83.24 10.85 83.00 57.00 120.00
Height (m) 1.79 0.06 1.80 1.62 1.97
BMI (Kg/m2) 25.94 2.82 25.62 19.05 37.13
BMD L2L4 1.22 0.13 1.22 0.89 1.58
BMD neck 1.02 011 1.03 0.73 1.50
25(OH) Vit D (ng/ml) 19.81 6.96 19.90 5.26 38.30
b-CTXs (ng/ml) 0.36 0.19 0.32 0.03 1.56
Osteocalcin (ng/ml) 18.32 7.07 16.98 6.35 53.74
P1NP (ng/ml) 52.11 25.51 48.33 13.25 238.40
Alcohol (g/week) ethanol intake 56.42 54.42 45.598 0.00 385.79
Calcium (mg/week) 2300.11 1228.85 2240 0.00 5600.00
PTH (pg/ml) 23.63 9.01 22.56 5.53 58.92

Table 2. Age groups and levels of 25(OH)D
25(OH)D
(ng/ml)

Total
participants

years
20-29 30-39 40-50

<20 91 (50.3%) 25 (56.8%) 49 50.0%) 17 (43.6%)
20-29 74 (40.9%) 16 (36.4%) 41 (41.8%) 17 (43.6%)

30 16 (8.8%) 3 (6.8%) 8 (8.2%) 5 (12.8%)
All values are presented as n (%).
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Table 3 shows the correlation of 25(OH)D with 
demographic factors such as age, weight, height and 
BMI as well as lifestyle/dietary factors such as alcohol 
consumption and dietary calcium intake. We found 
no significant correlation between 25(OH)D levels 
and the aforementioned variables in the totality of 
participants as well as in the three age subgroups, 
with the exception of the younger subgroup (20-29 
years) who had a marginally significant negative 
correlation between 25(OH)D and age.

Moreover, there was no correlation between 25(OH)
D and BMD in the femoral neck and the lumbar spine 
either between 25(OH)D and serum PTH levels or 
dietary calcium intake in the total population as well 
as in the age subgroups. Calcium intake was not as-
sociated with BMD, PTH and bone turnover markers.

Finally, no correlation was demonstrated between 
25(OH)D and bone turnover markers: serum osteo-
calcin, P1NP, b-CTXs levels, in the total population. 
However, there was a significant positive correlation 
between 25(OH)D and osteocalcin (r=0.431 p=0.003), 
P1NP (r=0.504, p=0.0005), b-CTXs (r=0.347 p=0.021) 
in participants aged 20-29 years. 

By contrast, we found a strong correlation between 
25(OH)D and smoking in the totality of participants 
(p<0.001) as well as in the three age subgroups 20-

29y, 30-39y and 40-50y (p=0.004, p=0.044, p=0.017, 
respectively) (Table 4).

Multiple linear regression analysis revealed that 
age, BMI, smoking, alcohol consumption and cal-
cium intake accounted for 10%, 27%, 9% and 28% 
of the serum 25(OH)D level variability in the total 
population and three age subgroups (20-29y, 30-39y 
and 40-50y), respectively, while only smoking was a 
significant determinant of serum 25(OH)D for all age 
subgroups, except the 30-39 year-olds. Interestingly, 
25(OH)D level was lower by approximately 4.3 ng/dl 
in a smoker compared to a non-smoker for the total 
population and the 20-29y subgroup (p<0.001, and 
p=0.040, respectively), while this value increased to 
9.2 ng/ml in the 40-50y subgroup (p=0.003) (Table 5). 

The multinomial logistic regression model for the 
association between demographic characteristics and 
25(OH)D levels demonstrated that a smoker had a 
58% increased likelihood of having vitamin D defi-
ciency compared to a non-smoker for the 20-29y age 
subgroup (p=0.041) (Table 6) and 63% for the 40-50y 
subgroup, although the latter did not reach statistical 
significance (data not shown). 

DISCUSSION

Our results revealed a high incidence (50.3%) of 
vitamin D deficiency (<20ng/ml), while the mean 
levels of 25(OH)D were 19.81ng/ml. Participants aged 
20-29 years had the highest incidence of vitamin D 
deficiency (57%). The high incidence of vitamin D 
deficiency in our study is in line with results of stud-

Table 3. Pearson’s Correlation coefficient between 25(OH)D levels 
and quantitative variables

Total 
Participants

(N=181)

years
20-29 

(N=44)
30-39 

(N=98)
40-50 

(N=39)
Age (years) 0.122 -0.310* -0.174 -0.050
Weight (Kg) -0.036 0.147 -0.146 -0.098
Height (m) -0.083 0.081 -0.097 -0.197
BMI(Kg/m2) 0.011 0.108 -0.112 -0.008
Alcohol (g/week) 0.003 -0.231 -0.074 0.219
BMD l2l4 0.087 -0.050 0.170 -0.006
BMD neck 0.120 0.160 0.137 0.207
b-CTXs (ng/ml) 0.123 0.347* 0.166 0.049
Osteocalcin (ng/ml) 0,099 0.431** 0.107 -0.039
Calcium (mg/week) 0,042 0.089 0.051 0.034
PTH (pg/ml) 0.030 0.039 -0.007 0.029
P1NP (ng/ml) 0.133 0.504** 0.087 0.044
Bold indicates statistical significant correlation * p<0.05 ** p<0.005

Table 4. Smoking and 25(OH)D 
Smoking 25(OH)D 

(ng/ml)
Mean±SD

p-value

Total participants
Participants

117 no 21.36±6.56 <0.001
64 yes 17.00±6.83

20-29 years 26 no 20.93±6.51 0.004
18 yes 15.50±4.40

30-39 years 61 no 20.87±6.54 0.044
37 yes 17.93±7.52

40-50 years 30 no 22.70±6.69 0.017
9 yes 16.10±7.82
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ies from countries at a similar latitude to Greece.14,15

Our study showed undetectable levels of 25(OH)
D2 in the majority of the male population. Studies 
on the levels of 25(OH)D2 in adults are limited and 
the results are mixed; however, the majority have 
demonstrated higher concentrations than that found 
in our study.16-18 It should be mentioned that the low 
proportion of individuals in the cohort with 25(OH)
D2 levels >0.5 ng/mL (12%) did not enable evalua-
tion of the correlation between vitamin D2 and the 
studied variables.

According to our data, smokers had lower serum 
25(OH)D concentrations than non-smokers. Inter-
estingly, in the totality of participants, smoking was 
the only significant determinant of serum 25(OH)D 
among the tested variables (BMI, age, smoking, al-
cohol consumption and calcium intake). Furthermore, 
25(OH)D level was expected to be lower by 4.2 ng/
dl in a smoker by comparison with a non-smoker 
for all age-groups but this value increased to 9.2 ng/
dl for the 40-50y subgroup. This suggests the need 
for young and especially middle-aged smokers to be 
screened for vitamin D deficiency.

The negative correlation between 25(OH)D levels 
and smoking could possibly be explained by the fact 
that smoking is usually accompanied by a less healthy 
lifestyle (less physical activity, alcohol consump-
tion and bad dietary habits) leading to reduced sun 
exposure and thus synthesis of vitamin D. However, 
a causative role of smoking in vitamin D deficiency 
could not be excluded; recent studies have in fact 
shown that metabolic derivatives of nathphalane (a 
metabolite in cigarette smoke) such as tetralones can 
inhibit CYP27A1 activity.19 

Table 5. Multiple linear regression model for the association between 
demographic and clinical characteristics and levels of Vitamin D 
per age group

Reference
category

Coefficient SE B p-value

Total population
Constant ---- 20.82 5.05 <0.001
Age (years) ---- 0.10 0.08 0.195
BMI (Kg/m2) ---- -0.13 0.19 0.500
Smoking no -4.24 1.08 <0.001
Alcohol (g/week) ---- 0.04 0.14 0.769
Calcium (mg/week) ---- 0.001 0.001 0.752

Age group 20-29
Constant ---- 32.75 14.20 0.027
Age (years) ---- -0.70 0.45 0.126
BMI (Kg/m2) ---- 0.23 0.33 0.486
Smoking no -4.33 2.03 0.040
Alcohol (g/week) ---- -0.21 0.29 0.478
Calcium (mg/week) ---- 0.001 0.001 0.443

Age group 30-39
Constant ---- 11.75 12.26 0.341
Age (years) ---- 0.52 0.27 0.072
BMI (Kg/m2) ---- -0.30 0.32 0.344
Smoking no -2.46 1.49 0.103
Alcohol (g/week) ---- -0.12 0.24 0.622
Calcium (mg/week) ---- 0.00 0.00 0.880

Age group 40-49
Constant ---- 41.48 19.73 0.043
Age (years) ---- -0.25 0.36 0.495
BMI (Kg/m2) ---- -0.36 0.35 0.323
Smoking no -9.16 2.89 0.003
Alcohol (g/week) ---- 0.48 0.23 0.050
Calcium (mg/week) ---- 0.00 0.00 0.817

Table 6. Multinomial logistic regression model for the association 
between demographic and clinical characteristics and levels of 
Vitamin D (20-29 age group)
25(OH)D (ng/ml) ORs (95% CI) p-value

<20
Age (years) 2.17 0.45 10.42 0.333
BMI (Kg/m2) 0.57 0.15 2.17 0.414
Alcohol (g/week) 1.02 0.37 2.82 0.975
Calcium (mg/week) 1.00 0.99 1.00 0.744
Smoking  
(no, reference category) 1.58 1.05 2.02 0.041

20-29
Age (years) 1.79 0.38 8.47 0.462
BMI (Kg/m2) 0.60 0.16 2.24 0.446
Alcohol (g/week) 1.08 0.39 2.98 0.875
Calcium (mg/week) 1.00 0.99 1.00 0.775
Smoking  
(no, reference category) 1.44 1.01 1.90 0.050

X2=18,74, df=10, p=0.044; Cox and Snell R2=0.353
BMI: body mass index; CI: confidence interval; ORs: odds ratios 
In MLR analysis, Vitamin D value above 30 was set as the 
reference category.
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In line with our results, Jaaskelainen et al. studying 
5714 subjects (47% men) aged 30-79 years found that 
smokers had lower serum 25(OH)D concentrations 
than non-smokers.20 Moreover, Thuesen et al in a 
recent large population study showed that odds ratios 
of vitamin D severe deficiency (25(OH)D <10ng/ml)/ 
vitamin D deficiency (25(OH)D <20ng/ml) associated 
with daily smoking was 1.47 and 1.36, respectively.21 
In contrast, Scragg et al. in a sample of 295 men aged 
35-64 years found that smoking was not correlated 
with 25(OH)D levels,22 while data from recent studies 
also agreed with the absence of correlation between 
smoking and 25(OH)D serum concentrations.23,24 
The inconsistency among the various studies could 
be explained by the different way that smoking is 
defined, heterogeneity in smoking intensity as well 
as by the different methodology used to measure 
serum 25(OH)D. Notably, the Tromso study revealed 
that determination of serum 25(OH)D using ECLIA 
(electrochemiluminiscence) resulted in falsely elevated 
levels of 25(OH)D in smokers, something which does 
not occur using LC-MS/MS.25 An overestimation of 
25(OH)D concentration—due to the methodology 
used—could possibly overlook detection of a negative 
correlation between smoking and 25(OH)D levels.

We found no significant correlation between serum 
25(OH)D concentration and age, although there was 
a positive 25(OH)D gradient with age. This observa-
tion is inconsistent with earlier studies, which have 
indicated that serum 25(OH)D concentrations decrease 
with increasing age.25,26 However, the KNHANES 
study including 2504 males aged >20 years found 
that vitamin D deficiency was most prevalent in the 
age group of 20–29, with a rate of 65%, and least 
prevalent in the older age subgroups.27 Our findings 
could be explained by increased prevalence of health-
promoting physical activity in older subgroups, thus 
it is possible that they spend more time outdoors. 
Moreover, age is positively linked to the daily dietary 
intakes of vitamin D.23

Our data demonstrated no correlation between 
BMI and 25(OH)D concentration. Findings from 
previous studies on the association between serum 
levels of vitamin D and obesity are conflicting.25,28-30 
The Tromso study, although confirming the inverse 
relationship between BMI and 25(OH)D, noted that 
this correlation became significant in men with higher 

BMI levels and more pronounced in subjects with 
BMI levels greater than 35.25 In our study, although 
the range of BMI values was wide, the number of 
obese subjects with BMI >30 was small (n=17), 
this probably not allowing us to draw statistically 
significant results. 

Similarly to other studies,31,32 we did not find any 
significant correlation between serum 25(OH)D and 
calcium, phosphate, PTH as well as bone turnover 
markers either of bone formation (serum OC, PINP, 
ALP) or resorption (serum CTXs) in the totality of 
participants. Looking at the younger subgroup (20-
29y), who had the lower 25(OH)D levels, we did not 
find any differences in the indices of bone remodeling 
between smokers and non-smokers, although smoking 
has been associated with reduced OPG production and 
increased bone remodeling, as shown by Lappin et al.33

In terms of the routine measurements of calcium, 
phosphate, ALP and PTH, studies have demonstrated 
that these parameters are not adequate to identify 
patients with hypovitaminosis D7,32 and are thus not 
reliable predictors of hypovitaminosis D.31 Studies of 
the relationship between vitamin D status and bone 
turnover have yielded conflicting results,7,34-36 which 
may be attributed, at least in part, to differences in 
dietary calcium intake. Notably, several studies sup-
ported an inverse relationship between 25(OH)D and 
serum PTH (and consequently bone turnover markers 
as a result of secondary hyperparathyroidism) when 
dietary Ca intake is adequate;37,38 it should be noted 
that in our study, the daily dietary calcium consump-
tion was very low (on average 328mg/day).

We observed a positive correlation between bone 
turnover markers and 25(OH)D concentration in 
the younger age group (20-29y) which cannot be 
explained. In contrast to our results, Solarz et al. 
studying football players aged 19-34 years found 
no correlation between 25(OH)D levels and bone 
turnover markers (OC, PINP, -CTX), although both 
parameters were higher in this group compared with 
physically inactive men.39

We have found no correlation between BMD in 
either the lumbar spine or proximal femur and 25(OH)
D, indicating that other factors (e.g. testosterone levels) 
may play a more important role in BMD regulation 
in this age group. Moreover, a recent study by Gal-
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lagher et al conducted in young women suggested 
that active transport of calcium is saturated at very 
low serum 25(OH)D levels <5 ng/mL.40 This very ef-
ficient calcium absorption at very low levels of serum 
25(OH)D could explain why normal subjects do not 
develop osteomalacia. Of note, studies on the relation 
of BMD with 25(OH)D levels in men aged 20-50y are 
limited and yield conflicting results, although it is a 
high risk group for vitamin D inadequacy.7,41 Further 
studies are needed to examine the correlation of BMD 
changes over time with serum 25(OH)D levels in the 
course of the study.

A strength of our study is the method for the de-
termination of 25(OH)D. Due to its hydrophobic 
character and strong protein binding, measurement of 
25(OH)D is technically demanding. Serum 25(OH)
D concentration can be measured by competitive 
binding assay, radioimmunoassay (RIA), automated 
immunoassay (chemiluminiscence: CLIA, electro-
chemiluminiscence: ECLIA, enzymeimmunoassay: 
EIA) which have recently been launched, as well as 
high performance liquid chromatography (HPLC) 
and more recently LC-MS/MS. The specificity and 
accuracy of these methods are variable.42

Regarding the immunoassays, the accuracy of the 
method will depend on the specificity of the antibody 
(Ab) used (how well the Ab recognizes D2 and D3). On 
the other hand, HPLC and LC-MS/MS can report D2 
and D3 independently. Notably, recent studies observed 
that immunoassays, particularly those on automated 
platforms, are prone to matrix effects and can lead to 
false results.42,43 In a recent study performed by Snell-
man et al, they analyzed specimen from 204 subjects 
(102 twin pairs) using three different methodologies: 
HPLC-APCI-MS (Agilent/Hewlet-Packard), RIA 
(IDS) and CLIA (DiaSorin-Liaison). Interestingly, 
using a cut-off of 20 ng/mL, 8% of the subjects were 
insufficient using HPLC, 22% with RIA and 43% by 
CLIA, indicating that depending on the methodology 
used, a subject can be classified as deficient or not.44 
In the present study, we used LC-MS/MS which 
is reliable and robust for the measurement of both 
25(OH)D3 and 25(OH)D2, while it is considered to be 
the gold standard for measurement of total 25(OH)D 
concentration.45 Another strength of this study is that 
it offers data on an array of biological, behavioral and 
environmental correlates.

When interpreting our data it is appropriate to con-
sider certain limitations of our study. One limitation 
is that we rely on just one measurement of 25(OH)D 
concentration taken during the fall season. However, 
according to a recent study by Major et al, a single 
blood sample obtained in spring or fall provides a 
reasonable average for 25(OH)D over a 1-yr period.46 
Another limitation of our study is its cross-sectional 
design. Hence, the associations presented between 
independent factors and outcome variables do not 
necessarily represent causal relationships. We pre-
sented data from a sample of healthy, young/middle 
aged Greek men living in the urban and suburban 
areas of Attica. Therefore, data presented in this study 
might not be applicable to general populations or other 
ethnicities. A study that involves a broader range of 
age and BMI is important for further validation of 
these findings.

In conclusion, a high prevalence of vitamin D 
deficiency was identified in the Greek young/middle 
aged male population. Our data suggest that vitamin 
D status is not a determinant of bone metabolism 
and BMD in young/middle aged men. Smoking is a 
significant determinant of serum 25(OH)D, while it 
increases the likelihood of having vitamin D deficiency 
by approximately 60% in the young male population.

DECLARATION OF INTEREST

There is no conflict of interest.

FUNDING

The study was financially supported by Hellenic 
Osteoporosis Foundation.

REFERENCES 
 1.  Dawson-Hughes B, Heaney RP, Holick MF, Lips P, 

Meunier PJ, Vieth R, 2005 Estimates of optimal vitamin 
D status. Osteoporos Int 16: 713-716.

 2. Adami S, Bertoldo F, Braga V, et al, 2009 25-hydroxy 
vitamin D levels in healthy premenopausal women: as-
sociation with bone turnover markers and bone mineral 
density. Bone 45 : 423-426.

 3. Ooms ME, Lips P, Roos JC, et al, 1995 Vitamin D status 
and sex hormone binding globulin: determinants of bone 
turnover and bone mineral density in elderly women. J 
Bone Miner Res 10: 1177-1184.



Association of low vitamin D and smoking in men 249

 4. Bhattoa HP, Nagy E, More C, et al, 2013 Prevalence 
and seasonal variation of hypovitaminosis D and its 
relationship to bone metabolism in healthy Hungarian 
men over 50 years of age: the HunMen Study. Oste-
oporos Int 24: 179-186.

 5. Bhattoa HP, Bettembuk P, Ganacharya S, Balogh A, 2004 
Prevalence and seasonal variation of hypovitaminosis 
D and its relationship to bone metabolism in com-
munity dwelling postmenopausal Hungarian women. 
Osteoporos Int 15: 447-451.

 6. Saquib N, von Muhlen D, Garland CF, Barrett-Connor 
E, 2006 Serum 25-hydroxyvitamin D, parathyroid 
hormone, and bone mineral density in men: the Rancho 
Bernardo study. Osteoporos Int 17: 1734-1741.

 7. Szulc P, Munoz F, Marchand F, Chapuy MC, Delmas 
PD, 2003 Role of vitamin D and parathyroid hormone 
in the regulation of bone turnover and bone mass in 
men: the MINOS study. Calcif Tissue Int 73: 520-530.

 8. Holick MF, 2007 Vitamin D deficiency. N Engl J Med 
357: 266-281.

 9. Holick MF, Binkley NC, Bischoff-Ferrari HA, et al, 
2011 Evaluation, treatment, and prevention of vitamin 
D deficiency: an Endocrine Society clinical practice 
guideline. J Clin Endocrinol Metab 96: 1911-1930.

 10. Williams DM, Fraser A, Sayers A, et al, 2012 Asso-
ciations of 25-hydroxyvitamin D2 and D3 with car-
diovascular risk factors in childhood: cross-sectional 
findings from the Avon Longitudinal Study of Parents 
and Children. J Clin Endocrinol Metab 97: 1563-1571.

 11. Shah I, Petroczi A, Tabet N, Klugman A, Isaac M, 
Naughton DP, 2012 Low 25OH vitamin D2 levels 
found in untreated Alzheimer’s patients, compared to 
acetylcholinesterase-inhibitor treated and controls. Curr 
Alzheimer Res 9: 1069-1076.

 12. Holick MF, Binkley NC, Bischoff-Ferrari HA, et al, 
2012 Guidelines for preventing and treating vitamin D 
deficiency and insufficiency revisited. J Clin Endocrinol 
Metab 97: 1153-1158.

 13. Lips P, Hosking D, Lippuner K, et al, 2006 The preva-
lence of vitamin D inadequacy amongst women with 
osteoporosis: an international epidemiological investi-
gation. J Intern Med 260: 245-254.

 14. Choi HS, Oh HJ, Choi H, et al, 2011 Vitamin D insuf-
ficiency in Korea--a greater threat to younger generation: 
the Korea National Health and Nutrition Examination 
Survey (KNHANES) 2008. J Clin Endocrinol Metab 
96: 643-651.

 15. Hekimsoy Z, Dinc G, Kafesciler S, et al, Vitamin D 
status among adults in the Aegean region of Turkey. 
BMC Public Health 10: 782.

 16. Hojskov CS, Heickendorff L, Moller HJ, 2010 High-
throughput liquid-liquid extraction and LCMSMS assay 
for determination of circulating 25(OH) vitamin D3 and 
D2 in the routine clinical laboratory. Clin Chim Acta 
411: 114-116.

 17. Bogusz MJ, Al Enazi E, Tahtamoni M, Jawaad JA, Al 

Tufail M, 2011 Determination of serum vitamins 25-OH-
D2 and 25-OH-D3 with liquid chromatography-tandem 
mass spectrometry using atmospheric pressure chemi-
cal ionization or electrospray source and core-shell or 
sub-2 mum particle columns: a comparative study. Clin 
Biochem 44: 1329-1337.

 18. Chen H, McCoy LF, Schleicher RL, Pfeiffer CM, 2008 
Measurement of 25-hydroxyvitamin D3 (25OHD3) and 
25-hydroxyvitamin D2 (25OHD2) in human serum us-
ing liquid chromatography-tandem mass spectrometry 
and its comparison to a radioimmunoassay method. 
Clin Chim Acta 391: 6-12.

 19. Aboraia AS, Makowski B, Bahja A, et al, 2010 Synthesis 
and CYP24A1 inhibitory activity of (E)-2-(2-substituted 
benzylidene)- and 2-(2-substituted benzyl)-6-methoxy-
tetralones. Eur J Med Chem 45: 4427-4434. 

 20. Jaaskelainen T, Knekt P, Marniemi J, et al, 2013 Vitamin 
D status is associated with sociodemographic factors, 
lifestyle and metabolic health. Eur J Nutr 52: 513-525.

 21. Thuesen B, Husemoen L, Fenger M, et al, 2012 Deter-
minants of vitamin D status in a general population of 
Danish adults. Bone 50: 605-610.

 22. Scragg R, Holdaway I, Jackson R, Lim T, 1992 Plasma 
25-hydroxyvitamin D3 and its relation to physical activ-
ity and other heart disease risk factors in the general 
population. Ann Epidemiol 2: 697-703.

 23. Jungert A, Neuhauser-Berthold M, 2013 Dietary vitamin 
D intake is not associated with 25-hydroxyvitamin D3 
or parathyroid hormone in elderly subjects, whereas the 
calcium-to-phosphate ratio affects parathyroid hormone. 
Nutr Res 33: 661-667.

 24. Banihosseini SZ, Baheiraei A, Shirzad N, Heshmat R, 
Mohsenifar A, 2013 The effect of cigarette smoke ex-
posure on vitamin D level and biochemical parameters 
of mothers and neonates. J Diabetes Metab Disord 12: 
19.

 25. Jorde R, Sneve M, Emaus N, Figenschau Y, Grimnes G, 
2010 Cross-sectional and longitudinal relation between 
serum 25-hydroxyvitamin D and body mass index: the 
Tromso study. Eur J Nutr 49: 401-407.

 26. Melamed ML, Michos ED, Post W, Astor B, 2008 
25-hydroxyvitamin D levels and the risk of mortality 
in the general population. Arch Intern Med 168: 1629-
1637.

 27. Nguyen HT, von Schoultz B, Nguyen TV, et al, 2012 
Vitamin D deficiency in northern Vietnam: prevalence, 
risk factors and associations with bone mineral density. 
Bone 51: 1029-1034.

 28. Benjamin A, Moriakova A, Akhter N, et al, 2009 De-
terminants of 25-hydroxyvitamin D levels in African-
American and Caucasian male veterans. Osteoporos Int 
20: 1795-1803.

 29. Mai XM, Chen Y, Camargo CA Jr, Langhammer A, 2012 
Cross-sectional and prospective cohort study of serum 
25-hydroxyvitamin D level and obesity in adults: the 
HUNT study. Am J Epidemiol 175: 1029-1036.



250 E.N. KASSI ET AL

 30. Young KA, Engelman CD, Langefeld CD, et al, 2009 
Association of plasma vitamin D levels with adiposity 
in Hispanic and African Americans. J Clin Endocrinol 
Metab 94: 3306-3313.

 31. Smith GR, Collinson PO, Kiely PD, 2005 Diagnosing 
hypovitaminosis D: serum measurements of calcium, 
phosphate, and alkaline phosphatase are unreliable, 
even in the presence of secondary hyperparathyroidism. 
J Rheumatol 32: 684-689.

 32. Khashayar P, Meybodi HR, Homami MR, et al, 2011 The 
discriminative value of various biochemical parameters 
in detecting varying degrees of vitamin D deficiency in 
the Iranian population. Clin Lab 57: 163-170.

 33. Lappin D, Sherrabeh S, Jenkins WM, et al, 2007 Effect 
of smoking on serum RANKL and OPG in sex, age and 
clinically matched supportive-therapy periodontitis 
patients. J Clin Periodontol 34: 271-277.

 34. Seamans KM, Cashman KD, 2009 Existing and poten-
tially novel functional markers of vitamin D status: a 
systematic review. Am J Clin Nutr 89: 1997S-2008S.

 35. Lu HK, Zhang Z, Ke YH, et al, 2012 High prevalence 
of vitamin D insufficiency in China: relationship with 
the levels of parathyroid hormone and markers of bone 
turnover. PLoS One 7: e47264.

 36. Gannage-Yared MH, Chemali R, Yaacoub N, Halaby G, 
2000 Hypovitaminosis D in a sunny country: relation 
to lifestyle and bone markers. J Bone Miner Res 15: 
1856-1862.

 37. Roy DK, Berry JL, Pye SR, et al, 2007 Vitamin D status 
and bone mass in UK South Asian women. Bone 40: 
200-204.

 38. Lowe NM, Mitra SR, Foster PC, Bhojani I, McCann JF, 
2010 Vitamin D status and markers of bone turnover 
in Caucasian and South Asian postmenopausal women 
living in the UK. Br J Nutr 103: 1706-1710.

 39.  Solarz K, Kope  A, Pietraszewska J, Majda F, S owi ska-

Lisowska M, M dra  M, 2014 An evaluation of the levels 
of 25-hydroxyvitamin D3 and bone turnover markers in 
professional football players and in physically inactive 
men. Physiol Res 63: 237-243.

 40. Gallagher J, Jindal P, Smith L, 2014 Vitamin D does 
not increase calcium absorption in young women: a 
randomized clinical trial. Bone Miner Res 29: 1081-
1087.

 41. Bischoff-Ferrari HA, Dietrich T, Orav EJ, Dawson-
Hughes B, 2004 Positive association between 25-hy-
droxy vitamin D levels and bone mineral density: a 
population-based study of younger and older adults. 
Am J Med 116: 634-639.

 42. Farrell CJ, Martin S, McWhinney B, Straub I, Williams 
P, Herrmann M, 2012 State-of-the-art vitamin D assays: 
a comparison of automated immunoassays with liquid 
chromatography-tandem mass spectrometry methods. 
Clin Chem 58: 531-542.

 43. Costelloe SJ, Woolman E, Rainbow S, et al, 2009 Is 
high-throughput measurement of 25-hydroxyvitamin D3 
without 25-hydroxyvitamin D2 appropriate for routine 
clinical use? Ann Clin Biochem 46: 86-87; author reply 
87-88.

 44. Snellman G, Melhus H, Gedeborg R, et al, 2010 De-
termining vitamin D status: a comparison between 
commercially available assays. PLoS One 5: e11555.

 45. de la Hunty A, Wallace AM, Gibson S, Viljakainen 
H, Lamberg-Allardt C, Ashwell M, 2010 UK Food 
Standards Agency Workshop Consensus Report: the 
choice of method for measuring 25-hydroxyvitamin D 
to estimate vitamin D status for the UK National Diet 
and Nutrition Survey. Br J Nutr 104: 612-619.

 46. Major JM, Graubard BI, Dodd KW, et al, 2013 Vari-
ability and reproducibility of circulating vitamin D in 
a nationwide U.S. population. J Clin Endocrinol Metab 
98: 97-104.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




