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Summary

Background: High prevalence of vitamin D insuffi-
ciency (<75nmol/l) has been previously reported
in European adolescents. Vitamin D deficiency has
been related to physical fitness and adiposity but it is
not clearly known whether this relationship applies
to growing children and adolescents.

Aim: To determine how body composition and
physical fitness are related to 25-hydroxyvitamin D
[25(OH)D] concentrations in European adolescents.
Design: The HEalthy Lifestyle in Europe by Nutrition
in Adolescence-CSS study was a multi-centre cross-
sectional study.

Methods: Plasma 25(0OH)D, body composition
and physical fitness measures were obtained in
1006 European adolescents (470 males) aged
12.5-17.5 vyears. Stepwise regression and
ANCOVA were performed by gender using
25(OH)D as dependent variable, with body com-
position, physical fitness as independent variables
controlling for age, seasonality and latitude.

Results: For males, maximum oxygen consumption
(VOsmax) (B=0.189) and body mass index (BMI)
(B=-0.124) were independently associated
with 25(OH)D concentrations (both P<0.05). For
females, handgrip strength (B=0.168; P<0.01)
was independently associated with 25(OH)D con-
centrations. Those adolescents at lower BMI and
high fitness score presented significant higher
25(OH)D concentrations than those at lower fitness
score in the other BMI groups (P<0.05).
Conclusions: Cardiorespiratory fitness and upper
limbs muscular strength are positively associated
with 25(OH)D concentrations in male and female
adolescents, respectively. Adiposity in males and
low fat free mass in females are related to hypovita-
minosis D. The interaction between fitness and BMI
has a positive effect on 25(OH)D concentrations.
Therapeutic interventions to correct the high
rates of vitamin D deficiency in adolescents should
consider physical fitness.

Introduction

Vitamin D is essential for a vast number of physio-
logic processes, and thus adequate concentrations
are necessary for advantageous optimal health.
The knowledge of the role of vitamin D status in
general health has increased in the last few years
with the discovery of vitamin D receptors in multiple
tissue types. Muscle and adipose tissue are among
the first non-traditional vitamin D target organs
identified."? Vitamin D is believed to stimulate
muscle cell proliferation and growth.? Apart from
bone metabolism, vitamin D also plays an important
role in strengthening the immune system, improving
cardiovascular health,* protecting against certain
cancers and possibly even enhancing athletic per-
formance."~ In the last 10 years, its deficiency has
been known to cause muscle weakness, hypotonia
and prolonged time to peak muscle contraction, as
well as prolonged time to muscle relaxation.?

Obesity, expressed as excess of body fat, also has
an adverse effect on vitamin D status but this has
been analysed mostly in adults.””'" Moreover,
obese individuals only produce half the amount of
vitamin D synthesized by non-obese individuals in
response to sun exposure.'?

Despite these evidences it is not clear whether this
relationship applies to growing children and adoles-
cents, and how low 25-hydroxyvitamin D [25(OH)D]
concentration is associated with body composition
and physical fitness. In adolescents, complications

from vitamin D insufficiency are often late-onset
rather than immediate, given that the majority of teen-
agers with vitamin D insufficiency are completely
asymptomatic, and this fact complicates diagnosis.”

Previously we have reported a high prevalence of
vitamin D deficiency in adolescents in Europe.'*'*
One of the main aims of the HEalthy Lifestyle in
Europe by Nutrition in Adolescence (HELENA)
study was to provide, for the first time, comparable
data about micronutrient status in European adoles-
cents. In the frame of a multi-analysis, vitamin D
was identified as a potential conditional factor of
physical fitness,'”> but body composition has not
been considered. A deeper understanding of this
relationship is needed in this population group.

Therefore, the purpose of this study is to deter-
mine how body composition, muscular strength
and cardiorespiratory fitness interact with vitamin
D status in healthy European adolescents. All the
contributions to identify any factors that may be
associated with low vitamin D concentrations may
help public health authorities to optimize vitamin D
status across Europe.

Subjects and methods

Subjects, recruitment and study design

The HELENA-CSS study was a multi-centre cross-
sectional study aiming to obtain reliable and com-
parable data from a random sample of 3000
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European adolescents aged between 12.5 and 17.5
years on a broad battery of nutrition and health-
related parameters.'® Subjects were recruited by a
multi-stage random cluster sampling procedure,
using schools as primary sampling units and classes
as secondary sampling units. Criteria for city selec-
tion included geographic balance and presence of
an experienced research group. The sample size
was calculated according to stratified random sam-
pling with proportional affixation to the size of the
strata (SEX and AGE) and minimum variance
(Neyman). A confidence level of 95% and the
+0.3 error in the worst of situations for the param-
eter body mass index (BMI) in the more general
case of the study was chosen. On the city level,
diversity of the sample with respect to cultural and
socio-economic aspects was achieved by perform-
ing a random proportional distribution of all schools
taking into account the site of the school (district/
zone of the city) and the type of school (public or
private). Exclusion criteria were limited to subjects
who were not able to speak the local language, sub-
jects participating simultaneously in another clinical
trial, subjects aged <12.5 or >17.5 years and sub-
jects having suffered from acute infection 1 week
before the visit. Exclusions from the study were
done a posteriori, without the knowledge of the af-
fected subjects, to avoid non-desired situations.
Therefore, whole classes were studied. The com-
plete description of the design and implementation
of the study has been described elsewhere.'”
Within the sampling procedure, a random sub-
group of ~1000 adolescents (target number, 100 in
each city) was foreseen to participate in the blood
sampling. Finally, 1089 adolescents conform the
valid HELENA blood subsample. For the present
work, a subset of 1006 adolescents (470 males and
536 females, mean age of 14.7 + 1.2 years) had valid
data on 25(OH)D concentrations. This subgroup was
recruited between October 2006 and October 2007
in 10 cities of nine different European countries:
Athens (Greece), Dortmund (Germany), Ghent
(Belgium), Heraklion (Greece), Lille (France), Pecs
(Hungary), Rome (Italy), Stockholm (Sweden),
Vienna (Austria) and Zaragoza (Spain). The protocol
was approved by the Human Research Review
Committee of the Universities of Bonn (Dortmund),
Lille, Rome, Zaragoza, Athens, Heraklion, Pecs,
Ghent and Vienna. The study has been performed
following the ethical guidelines of the Declaration
of Helsinki 1964 (revision of Edinburgh 2000),
Convention of Oviedo (1997), the Good Clinical
Practice and the legislation about clinical research
in humans in each of the participating countries.
Informed written consent was obtained from subjects
and parents or guardians. Complete description of

ethical issues and good clinical practice within the
HELENA-CSS is described elsewhere.'®

Specimen collection and biochemical analyses

Fasting blood samples were collected by venipunc-
ture at school between 8 and 10 o’clock in the
morning from November 2006 to October 2007,
during the whole academic year, excluding the
summer period. For the measurement of vitamin
D, blood was collected in EDTA tubes transported
at room temperature to the central laboratory at
University of Bonn (IEL) within 24 h. There it was
centrifuged at 3500 rpm for 15 min at 4°C and the
supernatant stored at —80°C until assayed. The com-
plete methodology has been described elsewhere."?

Plasma or serum concentrations of 25(OH)D are
considered to be the most reliable measure of over-
all vitamin D status and thus can be used to assess
the vitamin D status.?° Plasma 25(OH)D was ana-
lysed by ELISA using a kit (OCTEIA 25-Hydroxy
Vitamin D) from Immunodiagnostic ~ System
(Germany) and measured with a Sunrise™
Photometer by TECAN (Germany). The IDS
OCTEIA 25-Hydroxy Vitamin D kit is an enzyme
immunoassay intended for the quantitative deter-
mination of 25(OH)D and other hydroxylated me-
tabolites in human serum or plasma. Results are to
be used in conjunction with other clinical and la-
boratory data to assist the clinician in the assessment
of vitamin D sufficiency.?® The sensitivity of this
method is 5 nmol/l 25(OH)D, and the variation is
below 6%. The mean recovery of 25(OH) D is
101%. The CV for the method was below 1%. The
optimal concentrations for 25(OH)D were estab-
lished at >75nmol/l, following international
guidelines.?%?’

Seasonality

The variable ‘blood drawing date” was used to com-
pute seasonality defined as following and similar to
previous studies?”: winter (1; January through
March), spring (2; April through June) and autumn
(3; October through December). Blood drawing was
performed only during the academic year. The com-
plete methodology of the sampling calendar proced-
ure has been described elsewhere.**

Latitude

The latitude was also taken into account as a con-
founder in the analyses. The latitude of each city
was obtained from http://maps.google.es/. Latitudes
of the involved cities were: Stockholm (59°33" N),
Athens (37°98" N), Heraklion (35°33’ N), Rome
(41°89" N), Zaragoza (41°66’ N), Pecs (46°07" N),
Ghent (51°06" N), Lille (50°63’ N), Dortmund
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(51°51” N) and Vienna (48°21’ N). To make use of
this data, latitudes were added to the database as
numeric variables with two decimals (i.e.
Stockholm =59.55) as previously described.'”

Anthropometric measurements

The complete description of anthropometric meas-
ures was described elsewhere.?? Adolescents had
their height and weight measured by trained re-
searchers in a standardized way in light clothing
and without shoes. The weight was recorded to
the nearest 0.1 kg, using an electronic scale (Type
SECA 861, UK). The height of the adolescents was
recorded to the nearest 0.1 cm, using a telescopic
height measuring instrument (Type SECA 225, UK).
The BMI of the adolescents was calculated from
their measured height and weight [BMI=weight
divided by height squared (kg/mz)]. International
age- and gender-specific cut-off points**?°> were
used to assess BMI categories (underweight/normal
weight/overweight/obese). Fat mass (FM) and fat free
mass (FFM) were assessed my means of a classical
tetrapolar technique (BIA 101 AKERN SRL,
Pontassieve, Fl, Italy). An index for these parameters
was created (FMI and FFMI) dividing the mass of
each one by the square of the height. Subjects
were classified in tertiles according to their body
composition, males and females separately.

Physical fitness

The health-related physical fitness components (i.e.
cardiorespiratory fitness (CRF) and muscular fitness)
were assessed by the physical fitness tests from the
Eurofit battery, described elsewhere.?® The scientific
rationale for the selection of all of these tests, as well
as their reliability in young people, has been previ-
ously published.?” In brief, all the tests were per-
formed twice, and the best score was retained,
except the 20 m shuttle run’ test, which was per-
formed only once. Upper body muscular strength
was assessed with the ‘handgrip’ test (kg). Lower
body muscular strength was assessed with the
‘standing long jump’ test (cm). Cardiorespiratory fit-
ness was assessed with the ‘20m shuttle run’ test
(stage). A stage is the period of time in which the
speed maintains constant. In this test, the initial
speed is 8.5 km/h, which is increased by 0.5 km/h/
min (1 min equals one stage).28 Léger equation was
used to estimate the maximum oxygen consumption
(VOsmax) from 20 m shuttle run test.?®

Subjects were classified in tertiles according to
their fitness tests results from 1 (worst result) to
3 points (best result), stratified by gender.

Statistical analysis

Descriptive values are shown as mean + standard
deviation, unless otherwise stated. Independent
samples T-test was used to analyse differences of
25(0OH)D between sexes. Pearson’s correlation co-
efficients were computed between 25(OH)D con-
centrations, body composition and fitness tests.

Stepwise multivariate linear regression was se-
lected as a way of choosing predictors of a particular
dependent variable on the basis of statistical criteria.
It was conducted to examine the independent asso-
ciations of body composition (BMI z-score, FMI and
FFMI) and physical fitness (muscular strength and
cardiorespiratory fitness) on 25(OH)D concentra-
tions by sex, taking 25(OH)D concentrations as
dependent variable. Each model always retained
age, seasonality and latitude as confounders
(Model 0), and all body composition and fitness
tests were entered together into a stepwise regres-
sion model. The contribution of each variable to the
variance of 25(OH)D concentrations is explained by
adjusted R* in Table 3. It gives the most useful meas-
ure of the success of our model (R*x 100 as a per-
centage of the variance). Variables first entered in
the model are the ones more related with 25(OH)D
concentrations. Following variables give an add-
itional value in order of appearance, explaining
the variance of 25(OH)D concentrations. The beta
value (B) is the measure of how strongly each pre-
dictor variable influences 25(OH)D concentrations.
Thus, the higher the beta value the greater the
impact of the predictor variable on the criterion vari-
able. Correlation between predictive values and
25(OH)D concentrations was also given by R in
Table 3.

ANCOVA was performed to analyse the differ-
ences in 25(OH)D concentrations according to the
tertiles of body composition and physical fitness
(mean and standard error). Age, seasonality and lati-
tude were included as covariates.

All analyses were performed using the Statistical
Package for Social Sciences software (SPSS, version
15.0 for WINDOWS; SPSS, Chicago, IL, USA), and
values of P<0.05 were considered statistically sig-
nificant. Figures were performed using Sigmaplot
(version 10.0 for WINDOWS; Systat Software, San
José, CA, USA).

Results

Table 1 includes descriptive characteristics of the
sample split by sex. Males presented higher FFMI
and physical fitness performance than girls
(P<0.001). On the contrary, females had higher
FMI compared with males (P<0.001). The mean
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Table 1 Descriptive characteristics of the study sample

All (n=1006) Male (n=470) Female (n=536)

Mean SD Mean SD Mean SD
Age (years) 14.87 1.19 14.85 1.21 14.88 1.17
Height (cm) 165.77 9.33 170.15 9.71 161.93 7.01
Weight (kg) 58.99 12.33 62.14 13.69 56.23 10.24
BMI (kg/m?) 21.37 3.57 21.33 3.76 21.40 3.39
Body fat percentage 23.49 9.35 19.97 10.73 26.33 6.87
FM index(kg/mz)* 5.27 2.99 4.59 3.44 5.82 2.44
FFM index(kg/m?)* 16.80 1.78 17.84 1.80 15.89 1.15
Handgrip (kg)* 30.61 8.80 36.06 9.22 25.93 4.86
Standing long jump (cm)* 162.74 34.86 183.98 32.43 144.51 25.23
20m shuttle run (stage)* 4.82 2.76 6.37 2.77 3.36 1.77
VOsmax Léger (ml/kg/min)* 40.13 7.85 44 .44 7.72 36.07 5.43
25(OH)D (nmol/l) 58.80 23.08 57.44 22.67 59.99 23.40

*Significant differences between sexes; P<0.05.

FM index, fat mass index; FFM index, fat free mass index; 20 m shuttle run, cardiorespiratory fitness; VO, .y 1€éger, maximal

oxygen consumption. Results are showed as mean £ SD.

Table 2 Pearson correlation coefficients between the
25(OH)D concentration and body composition and
physical fitness

25(OH)D (nmol/l)

Males Females
Age (years) 0.011 0.181**
Height (cm) 0.021 0.120%*
Weight (kg) —0.057 0.068
BMI (kg/m?) —0.082 0.013
Body fat percentage —0.058 0.024
FM index(kg/m?) —0.064 0.014
FFM index(kg/m?) —0.088 0.040
Handgrip (kg) —0.029 0.116%*
Standing broad jump(cm) 0.077 0.085
VO, max 1€ger (ml/kg/min) 0.108* 0.022

*Correlation is significant at the 0.05 level (two-tailed);
**correlation is significant at the 0.01 level (two-tailed).

values of 25(OH)D concentrations were under
the optimal concentrations (<75nmol/l) for
both males and females (57.444+22.67 and
59.99 4 23.40 nmol/l, respectively).

Pearson’s correlation coefficients for the variables
involved in this study are shown on Table 2. In
males, VO,max (r=0.108) was positively correlated
with 25(OH)D (P<0.05). In females, handgrip
strength (r=0.116), age (r=0.181) and height
(r=0.120) were positively  correlated  with
25(OH)D (all P<0.01).

Table 3 shows the results from the stepwise multi-
variate linear regression analysis stratified by

gender. For males, linear regression of 25(OH)D
showed that VO,,.x and BMI (B=0.189; P<0.01,
B=-0.125; P<0.05, respectively) were independ-
ently associated with 25(OH)D concentrations after
controlling for seasonality, latitude and age, explain-
ing the 24.3% of the variance. For females, only
handgrip strength (B=0.168; P<0.01) was inde-
pendently associated with 25(OH)D concentrations
after controlling for the same factors and explaining
the 20.3% of the variance.

Figure 1 shows 25(OH)D concentrations accord-
ing to body composition variables adjusted for
age, seasonality and latitude. In males, the lower
the FFMI the higher the 25(OH)D concentrations
(P<0.01). In females, no significantly differences
were found.

Figure 2 shows 25(OH)D concentrations accord-
ing to muscular strength and CRF adjusted for age,
seasonality and latitude. In males, the higher the
performance in standing long jump the higher the
25(OH)D concentration (P<0.05).

Figure 3 shows 25(OH)D concentrations accord-
ing to BMI and fitness score by sex, adjusted for age,
seasonality and latitude. In both males and females,
those subjects at lower BMI and high fitness score
presented significantly higher 25(OH)D concentra-
tions than those at lower fitness score and than the
other BMI groups (P<0.05).

Discussion

There is more and more evidence that vitamin D
status is associated to other health-related factors
beyond skeletal metabolism.®” High prevalence
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Table 3 Stepwise multiple regression model for 25(OH)D (nmol/l) as dependent variable stratified by gender

25(OH)D concentrations (nmol/l)

Males, N=342 Females, N=390
§ Partial corr. P-value R? B Partial corr. P-value R?
Model 1 Model 1 0.203
VOjmax (Ml/kg/min)  0.189  0.174 0.002 Handgrip (kg) 0.168 0.157 0.002
Model 2
VOomax (mlkg/min)  0.158  0.143 0.009
BMI —0.125 —-0.124 0.023

Age, seasonality (winter=1, spring=2 and autumn = 3) and latitude. (Model 0) was additionally entered as covariates in all
the models. All body composition and fitness variables were entered together into a stepwise regression model.

rates (80%) of insufficiency have been identified in
Europe among adolescents within the HELENA
study." It is now important to understand factors
influencing these low vitamin D concentrations
found, to contribute to public health authorities to
optimize vitamin D status across Europe. Therefore,
there is a need to get deeper into the relationship of
vitamin D with two important health markers as
physical fitness and body composition in growing
children and adolescents.

Our main results reveal that VO,,,.x (positively)
and BMI (negatively) are independently associated
with 25(OH)D concentrations in males, after con-
trolling for a relevant set of confounders, whereas
handgrip strength as a measure of muscular strength,
is positively associated with 25(OH)D concentra-
tions in females. Regarding the ANCOVA results,
the lower the FFMI and the performance
in standing long jump, the higher the 25(OH)D
concentrations in males. In both males and females,
the interaction between fitness and BMI has a sig-
nificant positive effect on 25(OH)D concentrations.

Low serum 25(OH)D levels could be associated
with a number of adverse outcomes in the human
musculoskeletal, innate immune and cardiovascular
systems.>°

Moreover, both cardiovascular and muscular fit-
ness have been previously reported as strong pre-
dictors of health.>' Strong evidence was found
indicating that higher levels of cardiorespiratory fit-
ness in childhood and adolescence are associated
with a healthier cardiovascular profile later in
life. Muscular strength improvements from child-
hood to adolescence are negatively associated
with changes in overall adiposity. In addition,
a healthier body composition in childhood and ado-
lescence is associated with a healthier cardiovascu-
lar profile later in life and with a lower mortality
risk. Those parameters should be taken together

into account when analysing nutritional deficiencies
in adolescence.

There are several studies in the literature assessing
vitamin D status in children and adolescents but
mainly focused on physical activity rather than
physical fitness. In addition, not only BMI but also
FM and FFM have been included in our study,
which according to the literature are more appropri-
ate for the growing period.”*? Our results show
that BMI and percentage of body fat in males are
negatively associated with 25(OH)D concentrations.
This  reduction in  25(OH)D  concentrations
with increased adiposity is assumed to be due to
enhanced sequestration of vitamin D in fat tissue.?>
Vitamin D affects lipolysis and adipogenesis in
human adipocytes through its role in regulating
intracellular calcium concentrations and could
then influence adiposity deposition. Vitamin D defi-
ciency has been associated with different compo-
nents of the metabolic syndrome. Garanty-Bogacka
et al. stated that hypovitaminosis D, common in
obese adolescents at risk for type 2 diabetes (older
age, puberty, Acanthosis nigrans), is associated with
worse insulin resistance.*

In a longitudinal study, vitamin D deficient chil-
dren had an adjusted 0.1 per year greater change in
BMI compared with vitamin D sufficient children
(P for trend=0.05). Similarly, vitamin D deficient
children had a 0.03 per year (95% CI 0.01-0.05)
greater change in the subscapular-to-triceps skinfold
thickness ratio and a 0.8-cm/year (95% CI 0.1-
1.6 cm/year) greater change in waist circumference
compared with vitamin D sufficient children. These
findings support the role of vitamin D in body fat
deposition.>”

In the same direction of our results, Alemzadeh
et al>®, Cheng et al*” and Rajakumar et al.*® re-
ported that the prevalence of vitamin D deficiency
was 3-fold higher in those with high BMI and
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Figure 1. 25(0OH)D concentrations (nmol/L) by body composition in adolescents controlling by age, season and latitude.

adiposity.>® In Europe, Smotkin-Tangorra et al.*
also found an inverse correlation between
25(OH)D concentrations and BMI.>°

There are contrary results for females with an in-
crease in 25(0OH)D concentrations according to BMI
increase. Foo et al.*° reported similar results for
Chinese adolescent girls.*® In contrast, other studies

did not find any associations of BMI with 25(OH)D
concentrations in the paediatric population.*'*3
These controversial results with BMI led to consider
not only the use of BMI but also the use of percent-
age of body fat and FFM to assess body composition
in this population group.***> Our results reveal that
FFM and upper limb strength positively correlate
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Figure 2. 25(0OH)D concentrations (nmol/L) by muscular and cardiorespiratory fitness in adolescents controlling by age,

season and latitude.

with 25(OH)D concentrations in females. In agree-
ment, Foo et al*® observed same correlations
in girls. Skeletal muscles require vitamin D for max-
imum function, with deficiency causing muscle
weakness.?® In agreement with our results, positive
relationship between vitamin D and muscle strength
was recently observed in apparently healthy

adolescent girls from the UK.*® Our data reinforce
the observation made by Stewart et al,*’ along
with many other studies in children, providing
compelling evidence that vitamin D is indeed, to-
gether with testosterone, the other steroid hor-
mone that is important for muscle function and
strength.*”
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Figure 3. 25(0OH)D concentrations according to BMI and
fitness score for males and females controlling by age,
season and latitude.

Our results show that vitamin D status is related
not only with muscle strength but also with cardio-
vascular fitness. In males, cardiorespiratory fitness
positive correlates with 25(OH)D concentrations.
Inspection of the recent vitamin D epidemiological
literature has brought to light the potential inverse
relation of 25(OH)D concentrations with cardiovas-
cular diseases.*®

Similar to our results, in a recent study made in
German adolescents, Limmle et al.* reported that
lower 25(OH)D levels are associated with lower
endurance performance and a higher BML.
Racinais et al. * also found in apparently healthy
adolescents from Qatar also found that the severely
vitamin D deficient group had lower aerobic fitness
than the moderately deficient group. In agreement,
Zittermann et al.>® demonstrated an association
between low vitamin D status and exercise
intolerance.

These results together with those in the regression
model suggest that physical fitness highly influences
25(OH)D concentrations in adolescents. This is one
of the first studies dealing with objectively measured
physical fitness tests rather than with physical activ-
ity (PA) questionnaires. These findings are of great
interest for public health. The presence of abundant
vitamin D receptors in myocardial tissue and

vasculature and the observation that cardiovascular
health may be ameliorated with sufficient vitamin D
suggest a greater role of vitamin D in the cardiovas-
cular system than expected.”®

Regarding our results, a relationship between
physical fitness and vitamin D concentrations is es-
tablished. However, cross-sectional studies cannot
determine the direction of this relationship, due to
a higher vitamin D status could be caused by
increased physical fitness and outdoor sun exposure
(1) or a higher vitamin D status could lead to an
increase in physical fitness (3).

Although we controlled for several potential con-
founders, data on testosterone were not available,
and we cannot be certain that other unmeasured
confounders have not influenced our observations.
It should also be considered that sexual maturation
was not included as a covariate in our analyses, due
to the fact that most of the adolescents were at
tanner 4 and 5. However, the age of the adolescents
was used instead, which showed a slight and stron-
ger association with the dependent variables.

Despite the aforementioned limitation, the
HELENA study has several strengths. The sampling
procedure and the strict standardization of the field
work among the countries involved in the study
avoided to a great extent the kind of confounding
bias due to inconsistent protocols and different la-
boratory methods which makes comparing results
from isolated studies difficult. The main contribution
of our study is the use of a large pool of variables,
which provide a deeper understanding of the rela-
tionship between vitamin D status, body compos-
ition and physical fitness in European adolescents.
The majority of the studies only assess PA and BMI
but not fitness nor FFM and FM in relation to vitamin
D, which is an additional strength of our work. The
fitness tests used in the present report showed a
good criterion-related validity in adolescents.?” In
addition, this study includes important sets of con-
founders, i.e. age, seasonality or latitude which is
crucial to analyse the association.

In conclusion, cardiorespiratory fitness is posi-
tively associated with 25(OH)D concentrations in
male adolescents, whereas upper limbs muscular
strength is positively associated with 25(OH)D con-
centrations in young females. In a similar way,
higher FM in males and lower FFM in females are
related to hypovitaminosis D. In both males and fe-
males, the interaction between fitness and BMI has a
significant positive effect on 25(0OH)D concentra-
tions. Lifestyle and appropriate nutrition may pre-
vent the long-term effect of hypovitaminosis D on
health beyond mineral and bone metabolism.
Therapeutic interventions to correct the high rates
of vitamin D deficiency in adolescents should
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consider muscular and cardiorespiratory physical
fitness.
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