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Abstract. Obesity has been linked with vitamin D deficiency in a number of cross-sectional
studies, reviews and meta-analyses. The aim of the present study was to assess the cor-
relations of plasma 25(0OH) vitamin D levels with indices of body composition examined by
DXA with an emphasis on lean and bone mass as well as on indices such as android/gynoid
fat, appendicular lean mass, fat-mass indexes (FMI) and fat-free mass indexes (FFMI). 62
adult subjects consented to participate — 27 men (43.5%) and 35 women (56.5%). Their
mean age was 45.3 + 9.5 years. Fan-beam dual-energy X-ray (DXA) body composition
analysis was performed on a Lunar Prodigy Pro bone densitometer with software version
12.30. Vitamin D was measured by electro-hemi-luminescent detection as 25(0H) D Total
(ECLIA, Elecsys 2010 analyzer, Roche Diagnostics). Statistical analyses were done using
the SPSS 23.0 statistical package. The serum 25(0OH)D level was correlated significantly
only to the whole body bone mineral content, the appendicular lean mass index (ALMI) and
the ALM-to-BMI index, underlining a predominant role for lean and fat-free mass. Vitamin
D showed a very weak correlation to % Body Fat and the Fat Mass Index (FMI) in men
only. Moreover, the multiple regression equation including the associated parameters could
explain only 7% of the variation in the serum 25(OH) D levels. Our conclusion was, that
there are differences in the associations of the vitamin D levels with the different body com-
position indices, but these associations are generally very weak and therefore — negligible.
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INTRODUCTION

verweight and obesity have become an
Oepidemic in westernized societies. So has
vitamin D insufficiency and deficiency. Obe-
sity has been linked with vitamin D deficiency in a

number of cross-sectional studies, reviews and me-
ta-analyses [1- 4]. The negative correlations of se-

rum vitamin D levels with different indices of obesity,
such as body weight, BMI, WC and waist-to-hip ratio
(WHR), were extensively studied [1-5]. In a national
representative sample individuals with 25(OH)D <
25 nmol/l showed a significantly higher incidence of
obesity compared to those with higher vitamin D lev-
els (57.8% vs. 42.2%, p < 0.02) [2]. Other studies
have questionned the relationship between vitamin
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D deficiency and obesity, highlighting the fact that no
exact causal link had been proven yet [6]. Vitamin D
is stored in the liver and adipose tissue [7]. Therefore
it would be interesting to know which type of body
tissue (lean, fat or bone) correlates better with the
serum levels of 25(0OH) vitamin D.

There are different techniques for body composition
measurements in the clinical setting, such as com-
puted tomography (CT), magnetic resonance imag-
ing (MRI), dual X-ray absorptiometry (DXA) and bio-
electrical impedance analysis (BIA). A few studies
assessed the correlations of vitamin D levels with the
subcutaneous and visceral fat combining data from
CT and DXA [8-11]. In those studies plasma 25(OH)
D concentrations were negatively associated with
percent body fat and total adipose tissue. In the ma-
jority of them visceral fat (VAT) was better correlated
to serum vitamin D than subcutaneous fat (SAT). On
the other hand, the contribution of lean mass has
been questioned in a few studies based on dual X-
ray absorptiometry (DXA) and was generally found
to be less important than that of fat mass [8,10]. The
results were rather inconclusive showing association
with the appendicular lean mass in one of those stud-
ies [8] and no association with lean mass in another
one [10]. Data on the correlations of serum vitamin D
with the body compartments coming from bioelectri-
cal impedance analysis (BIA) are also focused on the
fat mass (FM) and visceral fat mass (VFM) mainly,
not on the fat-free mass (FFM) [12-17]. Most of them
reported a positive association of plasma 25(0OH)D
with the total amount and percentage of body fat.
So the question which body compartment — lean or
fat, relates better to plasma 25(OH)D remains open.
Moreover, the concept of age-related sarcopenia has
brought into life a number of new indexes describing
the shift towards fatness even in the presence of nor-
mal weight [18-22].

The aim of the present study was to assess the cor-
relations of plasma 25(OH) vitamin D levels with
indices of body composition examined by DXA with
an emphasis on lean and bone mass as well as on
derived indices such as android/gynoid fat, appen-
dicular lean mass, fat-mass indexes (FMI) and fat-
free mass indexes (FFMI). Our hypothesis was that
plasma vitamin D would be better correlated to fat
mass than to lean mass.

MATERIAL AND METHODS

Design

This is a cross-sectional observational study. It was
approved by the responsible authorities at the Medi-
cal University and was in compliance with ethical

standards and the Declaration of Helsinki. Each par-
ticipant signed informed consent prior to any proce-
dure. The inclusion criteria were age between 18 and
60 years and willingness to participate. The age range
was selected to avoid the additional confounding in-
fluence on body composition of age-related sarco-
penia. The exclusion criteria were severe or chronic
diseases or medications known to affect body weight,
immobilization, and others known to induce morbid
obesity. Among the exclusion criteria were conditions
such as heart failure NYHA Il and IV, respiratory fail-
ure, chronic kidney disease stage lll to V, liver cirrho-
sis, pancreatitis, musculoskeletal disorders (severe
fractures, disability) etc. Among the medications that
were not allowed were glucocorticoids, immunosup-
pressive drugs, antipsychotic drugs and others.

Subjects

The participants came from the general population.
They were referred by their GPs for diet counseling
in the setting of healthy lifestyle or to induce weight
loss in those with overweight or obesity. 500 subjects
were offered to participate in this study and 62 con-
sented — 27 men (43.5%) and 35 women (56.5%).
Their mean age was 45.3 £+ 9.5 years. Their age dis-
tribution was as follows: 20-29 years — 2 men and 2
women; 30-39 years — 6 and 7 respectively, 40-49
years — 14 and 10; 50-59 years — 5 and 16.

Methods

Medical history was collected and anthropometric
measurements were performed. Body weight was
measured by a calibrated digital scale (Tanita BC 420
MA, Tanita Inc., Japan) to the nearest 0.1 kg in light
clothes without shoes. Up to 1.0 kg was subtracted
from the measured weight as remaining clothes.
Body height was recorded in the upright position
without shoes to the nearest 0.5 cm. BMI categories
were calculated in kg/m?2.

The body composition analysis was performed in the
early morning after an overnight fasting for at least
12 hours. The subjects were required to adhere to
standard body composition testing guidelines, wearing
light clothes [19, 23]. They were positioned lying su-
pine with the entire body, including all soft tissue,
within the table margins. The arms were positioned
palm down with a space straight at the patient’s sides;
the legs were kept together with the feet relaxed.
Fan-beam dual-energy X-ray (DXA) body composi-
tion analysis was performed on a Lunar Prodigy Pro
bone densitometer (GE Lunar, Chicago, IL, USA). All
DXA scans were read by the same technologist in a
semi-automatic way including manual modifications of
the regions of interest; software version 12.30. Body
composition data were presented by the software as
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FM in grams, LM in grams, and bone mineral content
(BMC) in grams. The percentage of FM (% FM) was
also calculated. Data were calculated separately for
the different body sub-regions (arms, legs and trunk;
android and gynoid), as well as total values according
to the ISCD 2013 guideline [23]. Additionally a number
of ratios were calculated — fat mass ratios (Trunk/To-
tal, Legs/Total, Arms + Legs/Trunk, Android/Gynoid),
as well as appendicular lean and fat mass (ALM and
AFM, in kg). Height corrected parameters were calcu-
lated according to recent publications — fat mass index
(FMI, in kg/m?), fat-free mass index (FFMI, in kg/m?),
ALM index (ALM/height?, in kg/m?) and LM/Height?
[18-21]. These indexes try to correct the confounding
influence of body height and size on simple indices
such as WC and FM (in kg).

The following reference ranges were used for the
ALM and related fat-free (FFM) and lean body mass
(LBM) indexes:

— ALM: for men 23.7-30.9 kg (< 23.7 = sarcopenia);
for women 14.0-21.4 kg (< 14.0 = sarcopenia)

— ALM index = ALM/Height?: for men 7.5-9.7 kg/m?
(< 7.5 = sarcopenia); for women 6.4-8.2 kg/m?
(< 6.4 = sarcopenia)

— ALM-to-BMI ratio: reference range for men above
1.109 (below = sarcopenia); for women above 0.734

— Fat-free mass index, FFMI = FFM (kg)/Height (m?):
reference range for men 21.8-24.4 kg/m?; and for
women — 17.1-18.4 kg/m?.

— Lean body mass index, LBMI = LBM/Height (m?):
reference range for men 15.9-19.9 kg/m?; and for
women — 13.1-16.3 kg/m?.

The following reference ranges were used for the Fat
mass index, FMI = FM(kg)/Height(m?): for men the
reference range was 3.0-6.0 kg/m? if BMI was nor-
mal; it was 6.0 to 9.0 kg/m? in overweight; 9.0-12.0
kg/m? in grade | obesity, 12.0 to 15.0 kg/m?in grade I
obesity and above 15.0 kg/m? in grade Ill obesity. In
women the respective BMI-adjusted reference rang-
es were 5.0-9.0 kg/m? (if BMI was normal), 9.0-13.0
kg/m? (overweight), 13.0-17.0 kg/m? (grade | obesi-
ty), 17.0-21.0 kg/m? (grade Il obesity) and above 21.0
kg/m? (grade Il obesity).

Blood samples were collected between 7:00 a.m. and
10:00 a.m. Plasma 25(OH) Vitamin D was measured
by electro-hemi-luminescent detection as 25(OH)D To-
tal (ECLIA on an Elecsys 2010 analyzer, Roche Diag-
nostics, Switzerland). The intra-assay error is 1.7-7.8%.

Statistical analysis

Statistical analyses were done using the SPSS 23.0
statistical package for Windows (SPSS Inc., Chica-

go, IL, USA).Descriptive statistics and variation anal-
ysis were first performed. Inter-group comparisons
were made via the Mann-Whitney and Cruscal-Wallis
tests. Data were analyzed according to sex and BMI
categories. ANOVA, correlation, simple and multiple
linear regression analyses were performed. Obesity
grade Il and Il were merged to increase the num-
ber of participants in this subgroup. Statistical signifi-
cance was set as p < 0.05.

RESULTS

Serum levels of 25(0OH) D of the whole group were
33.0 £ 17.3 nmol/l (median — 29.1 nmol/l). In men
they were 36.5 = 18.1 nmol/l; and in women 30.3 +
16.3 nmol/l. The difference between both sexes was
not significant. 48.4% of the study population had vi-
tamin D insufficiency, 37.1% had deficiency, and only
3.2% had values above 30 ng/dl (75 nmol/l).

The descriptive statistics of the DXA-derived body
composition data is presented in Table 1. As expect-
ed, men and women showed statistically significant
differences in all parameters of body anthropometry
and composition, except for age, BMI and Total body
fat (in kg). Women had significantly higher values
for % total body and regional fat (gynoid and arms),
while men showed higher values of all remaining pa-
rameters.

Table 2 summarizes the data for the different indices
describing fat-free and lean mass (LBMI, FFMI, ALM,
ALMI and ALM-to-BMI ratio), as well as indices for
fatness and obesity (Appendicular FM, FMI, A/G fat
ratio, Trunk fat/Total fat ratio, Legs fat/Total fat ratio
and Arms + Legs fat/Trunk fat ratio). Men showed
significantly higher FFM, as well as higher Trunk/To-
tal fat ratio, A/G fat Ratio, ALM, ALMI, ALM-to-BMI
ratio, FFMI and LBMI. Women had higher values for
the following fat mass ratios: Legs/Total fat, Arms
+ Legs/Trunk fat, FMI and appendicular fat mass.
These results reflected the accumulation of more tis-
sue in the abdominal region, as well as a tendency
for higher muscle mass in men.

Approximately % of the participants (75.8 %) had el-
evated A/G fat ratios. 79 % had ALM in the reference
range, while 21% had elevated values. The ALMI was
normal in 79%, elevated in 12.9% and subnormal —in
8.1%. Only 1 participant had normal ALM-to-BMI ra-
tio, all others had suboptimal values. 51.6% had nor-
mal FFMI, the remaining ones had subnormal values.
74.2% had normal FMI, while 11.3% had increased
values and 14.5% — decreased FMI. The LBMI was
normal in 59.7% of the participants, and abnormally
elevated — in 40.3%.
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Table 3 shows the Spearman linear correlation coeffi-
cients describing the relationship between serum vita-
min D levels and different body composition parameters
and indices. Serum 25(0OH) D correlated linearly with
three parameters only: Total BMC, ALMI and ALM-to-
BM ratio. The correlation with the bone mineral content
is logical and moderate, while the other two correlations
with the appendicular muscle indices are weak. In men
serum 25(OH) D were moderately and inversely cor-
related with Total % fat and FMI. The best regression
curves for the whole group are shown in Figure 1.

In the multiple regression analysis ALM-to-BMI ratio
showed the highest predictive power followed by the
Total BMC. The final model in the backward proce-
dure attained p = 0.024) and adjusted R2 = 0.067.
The increase of ALM-to-BMI ratio with one point leads
to an increase of serum vitamin D by 29 nmol/l. This
regression model explained only 7% in the serum vi-
tamin D variations. Similar results were obtained in
men, while in women regression analyses were not
performed because of lack of significance from the
correlation analyses.

Table 1. The descriptive statistics of the whole-body and regional DXA body composition analysis is shown
as means and SDs. Median values are shown for the group as a whole

P for the inter-group

Variable Total group (N = 62) Men (N = 27) Women (N = 32) difference
Mean SD Median  Mean SD Mean SD p
Age (years) 4529  46.65 9.49 42.97 903 47.08 958 0.062
Weight (kg) 98.07 9440 1893 10999 16.72 8887 15.14 <0.001
Height (cm) 170.11  168.00  9.67 17815 6.96 16391  6.30 <0.001
BMI (kg/m2) 33.71  33.07 4.74 34.60 454 3302 484 0.162
Total body lean mass, LM (kg) 56.23  55.12 12.92 68.62 8.21  46.67 5.67 <0.001
Total Body % Fat, % TBF 44.04 6.86 43.60 38.38 475 4841 4.71 <0.001
Whole body fat mass, FM (kg) 41.31 9.58 41.48 4137 1020 4127  9.22 0.967
Whole body bone mineral con-
tent, BMC {kg) 2.95 0.53 2.79 3.38 0.47 2.62 0.28 <0.001
Gynoid % Fat 47.41 8.19 49.30 39.80 554 5327 393 <0.001
Gynoid Total Mass (kg) 14.49 2.74 13.87 15.64 281  13.61 2.37 0.003
Gynoid FM (kg) 6.78 1.59 6.79 6.31 1.71 7.15 1.40 0.039
Gynoid LM (kg) 7.62 1.89 7.41 9.33 143 6.31 0.87 <0.001
Gynoid BMC (kg) 0.31 0.07 0.29 0.36 0.07 0.27 0.05 <0.001
Gynoid Total Mass (kg) 14.80 2.78 14.15 16.00 283 1388 239 0.002
Android % Fat 51.28 5.75 51.15 48.78 439  53.21 5.98 0.002
Android Total Mass (kg) 7.55 1.91 7.21 8.57 1.72 6.79 1.70 <0.001
Android FM (kg) 3.96 1.25 3.72 432 1.18 3.68 1.26 0.013
Android LM (kg) 3.64 0.89 3.39 435 0.75 3.11 0.55 <0.001
Android BMC (kg) 0.05 0.01 0.05 0.06 0.01 0.05 0.01 0.027
Trunk % Fat 46.42 528 46550  43.39 410 4876  4.92 <0.001
Trunk Total Mass (kg) 4746 1055 44870 5310 9.03 4343 9.77 <0.001
Trunk FM (kg) 22.37 6.11 21222 2419 6.17 2093 574 0.025
Trunk LM (kg) 25.20 558 25020 29.78 417 2192 3.90 <0.001
Trunk BMC (kg) 0.92 0.24 0.893 1.08 0.20 0.80 0.19 <0.001
Legs % Fat 4451  10.09 44650 3530 6.53  51.61 5.55 <0.001
Legs Total Mass (kg) 32.71 6.06 31550  35.63 594 3046 518 0.001
Legs FM (kg) 13.90 379 14196 1250 3.94  15.01 3.32 0.009
Legs LM (kg) 17.45 443  16.818  21.80 259 1410 1.86 <0.001
Legs BMC (kg) 1.12 0.22 1.110 1.31 0.16 0.99 0.15 <0.001
Arms % Fat 41.11 10.09  40.300  32.11 6.26 4806 6.22 <0.001
Arms Total Mass (kg) 10.09 1.99 9.650 1.41 1.78 9.07 1.50 <0.001
Arms FM (kg) 3.93 1.02 3.842 3.50 0.77 4.26 1.08 0.003
Arms LM (kg) 5.81 1.82 5.341 7.48 1.42 452 0.67 <0.001
Arms BMC (kg) 0.35 0.11 0.328 0.42 0.10 0.29 0.06 <0.001
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Table 2. The descriptive statistics of the DXA-derived body composition indices is presented as means and
SDs. Median values are shown for the group as a whole

Variable Totalgroup(N=62) | Men(N=27) |Women (N=32) gfof:; the ner.
Mean | Median SD Mean SD Mean SD p
LBMI = LBM/Height (kg/m?) 18.18 18.37 273 | 2053 | 2.08 | 16.37 | 1.51 <0.001
FFMI = FFM/Height (kg/m?) 19.19 19.36 276 | 2160 | 2.05 | 17.34 | 153 <0.001
Appendicular lean mass, ALM (kg) 23.26 2143 5.91 2928 | 2.88 18.61 | 2.30 <0.001
ALMI = ALM/height2 (kg/m?) 7.92 7.52 1.35 9.23 0.83 6.91 0.59 <0.001
ALM-to-BMI ratio 0.70 0.66 0.17 0.86 0.11 0.57 0.09 <0.001
Appendicular FM (kg) 17.78 1863 | 447 | 16.00 | 4.38 | 1920 | 4.08 0.005
FMI = FM/Height (kg/m?) 14.52 14.30 367 | 1300 | 3.04 | 1569 | 3.7 0.003
Android/gynoid fat, A/G ratio 1.1 1.1 0.15 1.24 0.11 1.01 0.10 <0.001
Trunk fat/Total fat ratio 0.54 0.54 0.06 0.58 0.04 0.50 0.05 <0.001
Legs fat/Total fat ratio 0.34 0.34 0.05 0.30 0.04 0.37 0.04 <0.001
Arms+Legs fat/Trunk fat ratio 0.81 0.81 0.18 0.67 0.11 0.92 0.15 <0.001

Table 3. Correlation coefficients of serum vitamin D (as independent variable) and indices of anthropometry
and body composition (as dependent variables) from the linear regression analysis

. Butamun D

Dependent variables

Whole group Men Women
Age (years) 0.118 0.152 -0.004
Weight (kg) -0.050 -0.219 -0.061
Height (cm) 0.087 0.106 -0.216
BMI (kg/m?) -0.095 -0.332 0.030
Trunk/total fat mass ratio 0.064 -0.132 -0.026
Legs/total fat mass ratio -0.149 -0.026 -0.091
Arms+legs/Trunk fat mass ratio -0.033 0.126 0.038
A/G Fat Ratio 0.227 0.046 0.085
Total body % fat -0.230 -0.418* -0.071
Total body Fat mass (kg) -0.177 -0.364 -0.028
Total body Lean mass (kg) 0.114 -0.078 -0.142
Total body BMC (kg) 0.307* 0.496* 0.072
Gynoid Total Tissue (kg) -0.121 -0.291 -0.111
Gynoid Fat mass (kg) -0.216 -0.330 -0.077
Gynoid Lean mass (kg) 0.110 -0.120 -0.103
Gynoid BMC (kg) 0.175 0.194 0.134
Android Total Tissue (kg) -0.081 -0.192 -0.036
Android Fat mass (kg) -0.115 -0.341 -0.040
Android Lean mass (kg) 0.071 -0.145 -0.129
Android BMC (kg) 0.175 0.358 0.111
Trunk Total Tissue (kg) 0.019 -0.135 -0.030
Trunk Fat mass (kg) -0.095 -0.374 0.010
Trunk Lean mass (kg) 0.004 0.021 -0.174
Trunk BMC (kg) 0.213 0.251 0.020
ALM (kg) 0.231 0.323 -0.014
ALMI (kg/m?) 0.278* 0.256 0.157
ALM-to-BMI ratio 0.298* 0.631** -0.011
FMI (kg/m?) -0.230 -0.455* -0.030
FFMI (kg/m?) 0.147 -0.110 0.033
LBMI (kg/m?) 0.134 -0.144 0.027

*if p < 0.05, ** if p < 0.01, *** if p < 0.001
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Fig. 1. The significant albeit very weak correlations of serum vitamin D with the ALMI (1a) and ALM/BMI (1b) are shown below

DISCUSSION

In this study we tested the hypothesis, whether there
are differences in the associations of serum vitamin
D levels with the different body composition compart-
ments (fat and lean mass). Our hypothesis was that
fat mass would be better correlated to the 25(OH)D
level. Surprisingly, it was correlated significantly only
to the whole body bone mineral content, the appen-
dicular lean mass index (ALMI) and the ALM-to-BMI
index, underlining a predominant role for lean and
fat-free mass. Vitamin D showed a very weak cor-
relation to % Body Fat and the Fat Mass Index (FMI)
in men only. Moreover, the multiple regression model
including the associated parameters could explain
only 7% of the variation in the serum 25(OH)D levels.
Our conclusion was, that there are differences in the
associations of the vitamin D levels with the differ-
ent body composition indices, but these associations
are generally very weak and therefore — negligible.
As a collateral finding, higher fat-free mass (FFM)
was found in men, with visceral obesity (increased
android-to-gynoid ratio) being highly prevalent in this
study population.

Our initial hypothesis was based mainly on data
coming from body impedance analyses, showing a
better correlation of serum vitamin D with FM, rather
than with FFM [12, 15]. In the study by Vilarrasa et
al. 25(0OH) D was stronger correlated with body fat
(r =-0.53) and fat mass (r = -0.44), than with fat-free
mass (r = -0.35) [12]. In the study by Jungert et al.
25(0OH) D was associated with total body fat in wom-
en, but not in men [15]. No correlation with FFM was
found in this study. Data coming from studies using
the DXA technology for body composition analysis

are even scarcer. They are mainly focused on viscer-
al and subcutaneous fat [11]. In the study by Lenders
et al. the correlation coefficient of serum vitamin D
versus FM was r = -0.3 (p < 0.05), while it was -0.16
with FFM and not significant (p > 0.05) [10]. Seo et
al. reported negative correlations of serum 25(0OH)
D with body fat percentage, but positive ones with
appendicular skeletal muscle mass [8]. A number of
DXA-based studies focused on ALM and different in-
dices of body fatness or muscle mass, but they were
designed to assess the prevalence and characteris-
tics of sarcopenia, not to explore associations with
vitamin D status [20, 22].

Having in mind the scarcity of the data in the literature
we think that the associations of vitamin D with lean
mass and related indices are promising for further re-
search in that area. However, our study has a num-
ber of limitations. The results are not representative
for the general population. The study population is of
moderate size and significance is lost if subgroups
are stratified according to BMI, age etc. On the other
hand, this is one of the few studies using DXA and
indices of body fatness and muscle mass in assess-
ing their relation to serum levels of 25(OH) D in adult
people throughout the whole continuum of normal
weight, overweight and obesity. It underlines the role
of vitamin D as a pro-hormone being correlated with
body composition.

In conclusion, we were able to prove that serum
25(0OH) D is weakly correlated to BMC, ALMI and
ALM-to-BMI, and not to % BF or FM. The contribu-
tion of the vitamin D status to the body composition
is negligible. This information could be useful in com-
bined studies of vitamin D deficiency and obesity.

10

M. G. Nikolova, A. B. Penkov, M. A. Boyanov



Acknowledgments

The authors would like to thank Dr. Adelina Tsakova (Cen-
tral Clinical Laboratory, Alexandrovska University Hospital;
Department of Clinical Laboratory and Clinical Immunolo-
gy, Medical University Sofia) for the analysis of serum vita-
min D; and Prof. Gencho Genchev (Department of Preven-
tive Medicine and Epidemiology, Faculty of Public Health,
Medical University, Sofia) for the statistical analysis.

REFERENCES

1.

10.

Mai XM, Chen Y, Camargo CA Jr, Langhammer A. Cross-sec-
tional and prospective cohort study of serum 25-hydroxyvi-
tamin D level and obesity in adults: the HUNT study. Am J
Epidemiol 2012; 175: 1029-1036. doi: 10.1093/aje/kwr456.
Borissova A-M, Shinkov A, Vlahov J, Dakovska L, Todorov T,
Svinarov D, Kassabova L. Frequency of vitamin D deficiency
in subjects with overweight and obesity. J Endocrinologia
2012; 17: 158-166.

Pereira-Santos M, Costa PRF, Assis AMO, Santos CAST, San-
tos DB. Obesity and vitamin D deficiency: a systematic review
and meta-analysis. Obesity Reviews 2015; 16: 341-349.
Yao Y, Zhu L, He L, et al. A meta-analysis of the relationship
between vitamin D deficiency and obesity. Int J Clin Exp Med
2015; 8(9): 14977-14984.

Rodriguez-Rodriguez E, Navia-Lomban B, Lépez-Sobaler
AM, Ortega RM. Associations between abdominal fat and
body mass index on vitamin D status in a group of Span-
ish schoolchildren. Eur J ClinNutr 2010; 64: 461-467.
doi:10.1038/ejcn.2010.26.

Mifiambres |, Sanchez-Hernandez J, Sanchez-Quesada JL,
Rodriguez J, De Leiva A, Pérez A. The association of hypo-
vitaminosis D with the metabolic syndrome is independent of
the degree of obesity. ISRN Endocrinology 2012; ID 691803.
Didriksen A, Burild A, Jakobsen J, Fuskevag OM, Jorde R.
Vitamin D3 increases in abdominal subcutaneous fat tissue
after supplementation with vitamin D3. Europ J Endocrinol
2015; 172: 235-241.

Seo JA, Cho H, Eun CR, et al. Association between visceral
obesity and sarcopenia and vitamin D deficiency in older Ko-
reans: the Ansan Geriatric Study. J Am Geriatr Soc 2012: 60:
700-706. doi: 10.1111/j.1532-5415.2012.03887 .x.
Sulistyoningrum DC, Green TJ, Lear SA, Devlin AM. Ethnic-
specific differences in vitamin D status is associated with
adiposity. PLoS One 2012; 7: e43159. doi: 10.1371/journal.
pone.0043159.

Lenders CM, Feldman HA, Von Scheven E, et al. Relation
of body fat indexes to vitamin D status and deficiency among
obese adolescents. Am J Clin Nutr 2009; 90: 459-467.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Kremer R, Campbell PP, Reinhardt T, Gilsanz V. Vitamin D

status and its relationship to body fat, final height, and peak
bone mass in young women. J Clin Endocrinol Metab 2009;
94(1): 67-73.
Vilarrasa N, Maravall J, Estepa A, et al. Low 25-hy-
droxyvitamin D concentrations in obese women: their
clinical significance and relationship with anthropomet-
ric and body composition variables. J Endocrinol Invest
2007; 30: 653-658.
Alemzadeh R, Kichler J, Babar G, Calhoun M, 2008 Hypovi-
taminosis D in obese children and adolescents: relationship
with adiposity, insulin sensitivity, ethnicity, and season. Me-
tabolism 57: 183-191. doi: 10.1016/j.metabol.2007.08.023.
Garanty-Bogacka B, Syrenicz M, Goral J, et al. Serum 25-hy-
droxyvitamin D (25-OH-D) in obese adolescents. Endokrynol
Pol 2011: 62: 506-511.
Jungert A, Roth HJ, Neuhduser-Berthold M. Serum 25-hy-
droxyvitamin D3 and body composition in an elderly cohort
from Germany: a cross-sectional study. Nutr Metab (Lond)
2012; 9: 42. doi: 10.1186/1743-7075-9-42.
Zhang M, Li P, Zhu Y, Chang H, Wang X, Liu W, Zhang Y.
Higher visceral fat area increases the risk of vitamin D insuf-
ficiency and deficiency in Chinese adults. Nutr Metab 2015;
12: 50.
Salehpour A, Hosseinpanah F, Shidfar F, et al. A 12-week
double-blind randomized clinical trial of vitamin D supple-
mentation on body fat mass in healthy overweight and obese
women. Nutr J 2012; 11: 78. doi: 10.1186/1475-2891-11-78.

Kelly TL, Wilson KE, Heymsfield SB. Dual energy X-Ray
absorptiometry body composition reference values from
NHANES. PLoS One 2009; 4(9): e7038. doi: 10.1371/journal.
pone.0007038.

Muller MJ, Geisler C, Pourhassan M, Glier CC, Bosy-West-
phal A. Assessment and definition of lean body mass defi-
ciency in the elderly. Eur J Clin Nutr. 2014; 68(11): 1220-1227.
doi: 10.1038/ejcn.2014.169.

Kyle UG, Schutz Y, Dupertuis YM, Pichard C. Body compo-
sition interpretation. Contributions of the fat-free mass index
and the body fat mass index. Nutrition. 2003; 19(7-8): 597-
604.

Schutz Y, Kyle UU, Pichard C. Fat-free mass index and fat
mass index percentiles in Caucasians aged 18-98 y. Int J
Obes Relat Metab Disord 2002; 26(7): 953-60.

Chung JY, Kang HT, Lee DC, Lee HR, Lee YJ. Body composi-
tion and its association with cardiometabolic risk factors in the
elderly: a focus on sarcopenic obesity. Arch Gerontol Geriatr
2013; 56(1): 270-8. doi: 10.1016/j.archger.2012.09.007.
Kendler DL, Borges JLC, Fielding RA, et al. The Official Po-
sitions of the International Society for Clinical Densitometry:
indications of use and reporting of DXA for body composition.
J Clin Densitom 2013; 16: 496-507.

Relation of serum 25(OH)-vitamin D...

1



