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Abstract
Summary After a single cholecalciferol load, peak serum 25-
hydroxycholecalciferol (25OHD) is lower in individuals with
a higher body mass index (BMI), probably due to it being
distributed in a greater volume. Its subsequent disappearance
from the serum is slower the higher the individual’s BMI,
probably due to the combination of a larger body volume
and a slower release into the circulation of vitamin D stored
in adipose tissue.
Introduction The aim of the study is to examine 25-
hydroxycholecalciferol (25OHD) response to a single oral
load of cholecalciferol in the normal weight, overweight,
and obese.
Methods We considered 55 healthy women aged from 25 to
67 years (mean±SD, 50.8±9.5) with a BMI ranging from
18.7 to 42 kg/m2 (mean±SD, 27.1 ±6.0). The sample was
divided into three groups by BMI: 20 were normal weight
(BMI ≤ 25 kg/m2), 21 overweight (25.1 ≤BMI ≤ 29.9 kg/
m2), and 14 obese (BMI≥30 kg/m2). Each subject was given
300,000 IU of cholecalciferol orally during lunch. A fasting

blood test was obtained before cholecalciferol loading and
then 7, 30, and 90 days afterwards to measure serum
25OHD, 1,25 dihydroxyvitamin D [1,25 (OH)2D], parathy-
roid hormone (PTH), calcium (Ca), and phosphorus (P).
Participants’ absolute fat mass was measured using dual ener-
gy X-ray absorptiometry (DEXA).
Results The fat mass of the normal weight subjects was sig-
nificantly lower than that of the overweight, which in turn was
lower than that of the obese participants. Serum 25OHD levels
increased significantly in all groups, peaking 1 week after the
cholecalciferol load. Peak serum 25OHD levels were lower
the higher the individuals’ BMI. After peaking, the 25OHD
levels gradually decreased, following a significantly different
trend in the three groups. The slope was similar for the over-
weight and obese, declining significantly more slowly than in
the normal weight group. In the sample as a whole, there was a
weakly significant negative correlation between fat mass and
baseline 25OHD level, while this correlation became strongly
significant at all time points after cholecalciferol loading.
Conclusions The lower peak 25OHD levels seen in the obese
and overweight is probably due to the cholecalciferol load
being distributed in a larger body volume. The longer persis-
tence of 25OHD in their serum could be due to both their
larger body volume and a slower release into the circulation
of the vitamin D stored in their adipose tissue.
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Introduction

Vitamin D is essential to ensure an adequate intestinal absorp-
tion of calcium. It is also involved inmany other physiological
and pathological processes, including the immune system [1,
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2], cardiovascular diseases [3], endocrine gland function [4,
5], and oncological diseases [6, 7]. Cholecalciferol (vitamin
D3) of animal origin (produced by irradiation of the skin with
UVB) and plant-derived ergocalciferol (vitamin D2) are hy-
droxylated in the liver in position 25. The resulting 25-
hydroxyvitamin D (25OHD) provides the substrate for subse-
quent hydroxylation in position 1-alpha (which occurs mainly
in the kidney) to synthesize 1,25 dihydroxyvitamin D [1,
25(OH)2D], which has systemic effects. Serum 25OHD con-
centration is considered the most reliable indicator of vitamin
D status, but what constitutes a normal serum 25OHD level is
still not clear. Several studies have shown an inverse relation-
ship between parathyroid hormone (PTH) and 25OHD levels,
higher serum 25OHD levels being associated with lower PTH
levels. The 25OHD levels at which PTH reaches a plateau
range from 12 to 50 ng/ml (30–125 nmol/L), but this generally
occurs at less than 30 ng/ml (75 nmol/L) [8]. Other studies that
considered other effects of 25OHD, such as its influence in
reducing the incidence of juvenile diabetes, colon cancer, and
other diseases, have reported that 25OHD levels higher than
30 ng/ml are required to be effective [9].

The adipose tissue plays a part in the distribution of vitamin
D, though its importance has yet to be clearly established.
There is increasing evidence of serum 25OHD levels being
inversely associated with obesity [10–17]. Whether vitamin D
in the adipose tissue serves as a reserve that can be released
into the circulation to meet the body’s needs or whether its
deposition in fat is definitive, and this vitamin D is no longer
able to return to the circulation is still object of debate. The
aim of this study was to examine serum 25OHD levels in
response to oral loading with a single, high dose of cholecal-
ciferol in normal weight, overweight, and obese individuals.

Materials and methods

We examined 55 healthy women from 25 to 67 years of age
(mean±SD, 50.8±9.5) with a body mass index (BMI, kg/m2)
ranging from 18.7 to 42.1 (mean±SD, 27.1±6.0).

Our inclusion criteria were age >20 years, no intestinal or
endocrine diseases, and no use of drugs that could interfere
with calcium or vitamin D metabolism. Our exclusion criteria
were intestinal malabsorption, current intake of vitamin D in
any form, renal or hepatic insufficiency, and prior bariatric
surgery.

All the women volunteered for the study and were recruited
from among the students, technical and medical staff at our
institution, or their relatives and friends. All procedures per-
formed in this study were in accordance with the ethical stan-
dards of our institutional research committee and with the
1964 Helsinki Declaration and its subsequent amendments.
All participants gave their informed consent to the study and

to the use of their personal data. The local ethical committee
was informed of the study design.

At the baseline, data on daily calcium intake were collected
using the self-report questionnaire proposed by Montomoli et
al. [18], which is based on 15 questions concerning food and
beverage commonly ingested over the course of 1 week.
Subjects were classified as having a daily calcium intake of
less or more than 1 g a day. Exposure to sunlight was calcu-
lated from a self-report questionnaire using a simplified ver-
sion of the one proposed by Glanz et al. [19] for adults, based
on the average time (hours/day) spent outside on weekdays
(Monday-Friday) and at weekends (Saturday and Sunday) be-
tween 10 am and 4 pm from March to September, without
using sunscreens. Subjects were grouped into three categories:
group 1, an hour a day or less; group 2, 1 to 3 h; and group 3,
more than 3 h.

The sample was divided into three groups by BMI: 20
women were normal weight (BMI≤25 kg/m2), 21 were over-
weight (25.1 ≤BMI ≤ 29.9 kg/m2), and 14 were obese
(BMI≥30 kg/m2).

Between October and December 2013, each participant
was given a single oral dose of 300,000 IU of cholecalciferol
in an oily solution on a slice of bread during lunch. All sub-
jects underwent venous blood sampling to measure their se-
rum levels of 25OHD, 1,25(OH)2D, parathyroid hormone
(PTH), calcium (Ca), and phosphorus (P). Fasting blood sam-
ples were collected from 7.00 to 9.00 am before cholecalcif-
erol loading, then 7, 30, and 90 days afterwards. No vitamin D
or 25OHD supplements were added to the participants’ diet.
Serum Ca was measured using a colorimetric assay with the
c h r o m o p h o r e 5 - n i t r o - 5 ′ - m e t h y l - 1 , 2 - b i s ( o -
aminophenoxy)ethan-N,N,N′,N′-tetraacetic acid (NM-
BAPTA). Serum P was measured using a colorimetric assay
with ammonium molybdate. Both methods were automated
on a Cobas 8000 instrument (Roche Diagnostics). Serum
PTH was measured with the LIAISON® N-tactTMPTH kit
that relies on chemiluminescence (CLIA) technology in an
immunoassay for quantifying intact human parathyroid hor-
mone in the serum (detection limit [DL], 10 pg/ml; inter- and
intra-assay coefficient of variation [CV], 4 and 3.5 %, respec-
tively). Serum 25OHD concentrations were measuredwith the
direct competitive method using a chemiluminescence immu-
noassay (DiaSorin, Italy) automated on the LIAISON XL in-
strument (DL, 1.5 nmol/L; inter- and intra-assay CV, 9 %).
The method was linear from 1.5 to 375 nmol/L. The assay
demonstrates a 100 % analytical specificity towards 25OHD,
and a cross-reactivity of <2% towards vitamin D2 and vitamin
D3, and from 2 to 9 % for other vitamin Dmetabolites. During
the study, the method’s analytical performance was monitored
using internal quality control as well as an external quality
assurance scheme. Serum 1,25(OH)2D was measured with
the 1,25 dihydroxyvitamin D IDS RIA® kit (DL, 5 pmol/L;
inter- and intra-assay CV, 8.6–16.6 and 11.9–20 %,
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respectively). Body composition, and fat mass in particular,
was measured by DXA using a Hologic Delphi device
(Hologic Inc., Bedford, MA, USA).

Statistical analysis

The results are summarized as counts and percentages for
categorical variables and as means and standard deviations
for quantitative variables. Participants’ baseline characteristics
were compared using the chi-square or Fisher’s exact test in
the case of categorical variables and ANOVA in the case of
quantitative variables, followed by Bonferroni’s multiple
comparisons, when the previous tests were statistically signif-
icant. Correlations between baseline fat mass and 25OHD at
each time point, baseline PTH, baseline 1,25(OH)2D, and in-
dividual slopes for 25OHD trends beyond the peak were esti-
mated using Pearson’s correlation coefficient and calculating
the p value to establish their statistical significance. The trends
of the 25OHD, 1,25(OH)2D, and PTH levels after cholecal-
ciferol loading were compared in the three BMI groups using
a mixed model analysis of covariance for repeated measures
with an unstructured variance-covariance matrix, and consid-
ering the baseline value as the covariate and the effects of
group and time, and the group by time interactions. Our results
are presented as p values, unadjusted means and standard
deviations, least squares means with 95 % confidence inter-
vals (CI) for each group 7, 30, and 90 days after cholecalcif-
erol loading, and pairwise least squares means comparing the

groups at 7, 30, and 90 days with 95 % CI after Bonferroni’s
adjustment for multiple comparisons. Statistical significance
was set at the 5 % level. The statistical analysis was conducted
with SAS 9.4 (SAS Institute Inc., Cary, NC, USA) for
Windows and GraphPad Prism (GraphPad Software, Inc., La
Jolla, CA, USA).

Results

Table 1 shows participants’ baseline characteristics. In the
sample as a whole, total fat mass ranged from 11.8 to
54.6 kg. When subjects were grouped by BMI, the body fat
mass of the normal weight group was significantly lower than
that of the overweight individuals, which was in turn lower
than that of the obese women.

At the baseline, all the women had detectable 25OHD se-
rum levels, but 96.4 % of them had 25OHD levels below
75 nmol/L, which is considered the minimum threshold of
the normal range in the Italian guidelines [20]; only two wom-
en (3.6 %), both in the overweight group, had baseline
25OHD higher than 75 nmol/L. The obese group had lower
serum 25OHD levels than the normal weight or overweight
groups, but the difference was only statistically significant
vis-à-vis the overweight group. The obese also had signifi-
cantly lower 1,25(OH)2D levels than the normal weight
group, but higher PTH levels. Daily calcium intake and

Table 1 Anthropometric and biochemical and lifestyle parameters of
the three groups of subjects examined. Values are expressed as mean and
standard deviation (SD) or counts and percentages. In the last two rows,

the number of subjects who met the criteria shown in the first column, as
well as the percentage with respect to the total number (in brackets) are
indicated

Normal weight (a) (n= 20) Overweight (b) (n= 21) Obese (c) (n= 14) p value

Age (years) 49.8 (9.3) 50.3 (11.6) 52.9 (5.9) 0.6144

BMI (kg/m2) 21.5 (1.8) 27.3 (2.5) 35.0 (4.3) p< 0.0001 for global comparison
p< 0.05 for all pairwise comparisons

PTH (pmol/L) 64.9 (25.2) 69.0 (25.5) 98.9 (40.8) p= 0.0045 for global comparison
p< 0.05 for (c) vs (a) and (c) vs (b)

25OHD (nmol/L) 43.8 (20.0) 48.0 (21.6) 28.5 (14.2) p= 0.0166 for global comparison
p< 0.05 for (c) vs (b)

1,25(OH)2D (pmol/L) 103.1 (40.4) 76.8 (33.1) 68.2 (28.0) p= 0.0130 for global comparison
p< 0.05 for (c) vs (a)

Ca (nmol/L) 2.3 (0.2) 2.2 (0.1) 2.2 (0.2) 0.5280

P (nmol/L) 1.2 (0.2) 1.1 (0.2) 1.2 (0.2) 0.2368

Fat mass (kg) 16.9 (3.7) 25.3 (4.7) 37.3 (8.9) p< 0.0001 for global comparison
p< 0.05 for all pairwise comparisons

Daily calcium intake (>1 g/day) 10 (50) 10 (50) 9 (64) p= 0.5975

Sun exposure 1: 3 (15)
2: 11 (55)
3: 6 (30)

1: 0 (0)
2: 14 (67)
3: 7 (33)

1: 2 (14)
2: 9 (64)
3: 3 (22)

p= 0.4402

BMI body mass index kg/m2 ), PTH parathyroid hormone (normal range 16–68 pmol/L), 25OHD 25-hydroxy vitamin D (sufficiency> 50 nmol/L),
1,25 (OH)2D 1,25 dihydroxyvitamin D (normal range 43-148 pmol/L), sun exposure: score 1 1 h or less, score 2 1 to 3 h, score 3 more than 3 h/day
from March to September
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exposure to sunlight did not differ statistically among the three
groups. At the baseline, there was a weakly significant nega-
tive correlation between fat mass and 25OHD, which became
strongly significant at all time points after cholecalciferol
loading (Fig. 1). Baseline fat mass correlated positively with
PTH and negatively with 1,25(OH)2D (Fig. 2).

Table 2 and Fig. 3 show the trends of 25OHD, PTH, and 1,
25(OH)2D levels after cholecalciferol loading. The partici-
pants’ 25OHD levels increased significantly after cholecalcif-
erol loading and were found highest on day 7, but they
remained higher than at the baseline in all groups until the
end of the study. The increase in 25OHD levels persisting 7
and 30 days after cholecalciferol loading was significantly
greater in the normal weight than that in the overweight or
obese women, while the difference between the latter two
groups was not significant. After peaking, the 25OHD levels
dropped significantly over time, but at a significantly different
rate in the three BMI groups. A week after cholecalciferol

loading, PTH levels were found significantly lower than base-
line only in the normal weight (p=0.028), not in the over-
weight or obese subjects, with no difference among the three
groups. Participants’ 1,25(OH)2D levels were found signifi-
cantly higher than baseline in all groups on days 7 and 30,
but by day 90, they only remained high in the overweight
group, with no differences among the three groups (for p
values, see Table 2). In the sample as a whole, individual slopes
correlated positively with total fat mass, while the absolute
delta values of the 25OHD levels from the baseline to the peak
at 7 days correlated negatively with total fat mass (Fig. 4).

There was a positive correlation between 25OHD and 1,
25(OH)2D at all time points in the study except for day 30
(Fig. 5), and there was a negative correlation between 25OHD
and PTH at all time points in the study except for day 90
(Fig. 6). There was a trend towards a negative correlation
between PTH and 1,25(OH)2D, which was only statistically
significant 7 days after cholecalciferol loading (Fig. 7).
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levels in the sample as a whole,
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Discussion

In our sample, 25OHD deficiency was more severe in indi-
viduals with a higher BMI. This finding is consistent with
previous reports of 25OHD levels correlating inversely with
BMI [21]. Several hypotheses have been advanced to explain
this relationship, including limited exposure to sunlight [22], a
greater vitamin D uptake in adipose tissue [23], and a greater
volume dilution [24]. All of these hypotheses may contribute
in various ways to lowering 25OHD levels in the obese. In a
large population cohort receiving no vitamin D supplements,
Drincic et al. [24] found body weight and body fat inversely
related to 25OHD levels, and a hyperbolic model (the mathe-
matical expression of dilution) best explained the lower
25OHD levels in obesity. The same authors investigated the
response to three different doses of vitamin D in a group of
obese subjects, demonstrating a direct relationship between
the administered dose and body size. Given the parallelism
of the dose-response curves in their obese and non-obese sub-
jects, the authors suggested that the dilution of vitamin D in fat
tissue and extracellular fluid—rather than its sequestration in
the fat tissue—could account for the different response [25].

In our study, the increase in serum 25OHD levels after
cholecalciferol loading was greater in normal weight women
than that in the overweight or obese. This finding is perfectly
consistent with a different dilution of vitamin D in the body
tissues. After peaking, the 25OHD levels dropped more slow-
ly in the obese women. Judging from the positive relationship
between fat mass and the rate of decline in 25OHD levels after
peaking, combined with the negative relationship between fat
mass and the delta of the 25OHD levels between the baseline
and the peak, a greater fat mass coincides with a smaller in-
crease in 25OHD levels after loading, and the body compart-
ment where vitamin D is distributed consists mainly of fat,
which seems to have an important role in the distribution of
25OHD within the body. This assumption is supported by
direct cholecalciferol measurements in the subcutaneous fat
tissue obtained by needle biopsy in 29 subjects with impaired
glucose intolerance: Didriksen et al. showed that subcutane-
ous adipose tissue can store large amounts of cholecalciferol
after long-term oral supplementation [26]. The slower drop in
our obese women’s 25OHD levels may derive from an in-
creased peripheral metabolism or from the increased cholecal-
ciferol deposition in the adipose tissue. There is some

Table 2 Observed mean (standard deviation) and least squares means
(95 % confidence interval) at baseline and 7, 30, and 90 days after
cholecalciferol administration in the three groups of subjects. The
p values in the columns of the observed means indicate the significant

differences of the values at the 7, 30, and 90 days compared to baseline.
The p values in the columns of the last squares means indicate the
significant differences between two groups at 7, 30, and 90 days.
Significant differences are highlighted in bold

Observed means (SD) Least squares means (95 % CI with Bonferroni adjustment)

Normal Overweigth Obese Overweight vs
normal

Obese vs normal Obese vs
overweight

25 hydroxy
vitamin D

Baseline 43.75 (20.00) 47.95 (21.64) 28.50 (14.18) – – –

7 days 133.89 (25.06)
p= 0.0002

105.90 (21.94)
p< 0.0001

88.07 (29.79)
p= 0.0011

−28.13 (−43.85;
−12.41)
p= 0.0268

−44.83 (−62.55;
−27.11) p = 0.0002

−16.70 (−34.20;
+0.79) p= 1.0

30 days 123.18 (26.64)
p = 0.0003

94.28 (28.06)
p< 0.0001

82.14 (21.14)
p= 0.0011

−29.72 (−57.10;
−2.34) p= 0.0208

−40.73 (−71.45 :
−10.02)
p= 0.0015

−11.01 (−41.13;
+19.10) p= 1.0

90 days 84.88 (17.18)
p= 0.0005

77.83 (13.89)
p = 0.0009

67.23 (17.16)
p = 0.0017

−9.91 (−27.41;
+7.58) p= 1.0

−18.41 (−38.13;
+1.31) p = 0.0962

−8.50 (−28.74;
+11.75) p = 1.0

1.25 dihydroxy
vitamin D
(pmol/L)

Baseline 103.07 (40.40) 76.80 (33.10) 68.18 (28.01) – – –

7 days 185.26 (78.78)
p= 0.0015

153.12 (48.07)
p= 0.0004

132.68 (38.89)
p= 0.0001

−16.89 (−73.78;
+39.99) p= 1.0

−29.59 (−91.69;
+32.51) p= 1.0

−12.70 (−71.81;
+46.42) p= 1.0

30 days 179.71 (66.97)
p= 0.004

167.36 (78.42)
p= 0.0011

134.16 (64.17)
p= 0.0009

+0.61 (−79.32;
+80.54) p= 1.0

−30.56 (−117.40;
+56.27) p= 1.0

−31.18 (−114.87;
+52.52) p= 1.0

90 days 116.53 (49.13)
p= 0.737

107.93 (46.46)
p= 0.0011

87.57 (38.61)
p= 0.168

+4.11 (−43.37;
+51.60) p= 1.0

−15.02 (−66.88;
+36.83) p= 1.0

−19.14 (−67.66;
+29.38) p= 1.0

Parathyroid
hormone
(pmol/L)

Baseline 64.90 (25.23) 68.95 (25.52) 98.93 (40.84) – – –

7 days 51.39 (16.73)
p= 0.028

57.24 (20.78)
p= 0.068

85.79 (23.68)
p= 0.45

+4.73 (−15.37;
+24.83) p= 1.0

+23.24 (−0.70;
+47.17)
p= 0.0669

18.51 (−4.50;
+41.51) p= 1.0

30 days 59.59 (17.30)
p= 0.79

61.76 (23.30)
p= 0.13

87.50 (32.01)
p= 0.57

+0.13 (−24.35;
+24.61) p= 1.0

+15.83 (−12.67;
+44.33) p= 1.0

+15.70 (−11.47;
+42.87) p= 1.0

90 days 62.41 (27.30)
p= 0.78

65.17 (25.45)
p= 0.98

86.54 (33.28)
p= 0.15

+1.48 (−24.48;
+27.44) p= 1.0

+12.26 (−17.52;
+42.04) p= 1.0

+10.78 (−18.52;
+40.09) p= 1.0
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evidence to suggest that cholecalciferol itself is stored in fat,
whereas its 25OHD is absorbed in the muscle, and its serum
concentrations would correlate mainly with muscle-related
parameters, such as lean body mass and exercise [27, 28].
There are reports of differentiated muscle cells being able to
uptake 25OHD in a megalin-dependent process [29, 30]. On

the other hand, pre-adipocytes (but not differentiated adipo-
cytes) are capable of accumulating 25OHD in a time-
dependent manner [31]. Because adipose tissue consists main-
ly of differentiated adipocytes, it is only marginally involved
in supplying the extracellular pool of circulating 25OHD.
Unlike 25OHD, its precursor cholecalciferol has been found
to accumulate mainly in adipose tissue, especially when taken
orally [26]. This is explained mainly by the fact that oral
cholecalciferol is carried in the blood by chylomicrons, and
it binds only minimally to vitamin D binding protein (DBP),
towards which it has a low affinity. The cholecalciferol circu-
lating in chylomicrons is then absorbed by the adipose tissue,
due to the action of lipoprotein lipase. The liver collects any
cholecalciferol that has not been taken up in the adipose tissue,
promptly removing it from the blood [32]. If cholecalciferol
was sequestered permanently in the adipose tissue, then we
should see a lower peak and a rapid removal of cholecalciferol
from the blood in the obese because, for a given dose admin-
istered, their adipose tissue would accumulate more cholecal-
ciferol than normal weight subjects, so the blood would con-
tain less 25OHD (of which cholecalciferol is the precursor). In
other words, obese people would have a smaller proportion of
substrate from which to form 25OHD. Therefore, whatever
the amount of cholecalciferol deposited in the adipose tissue,
once 25OHD has been synthetized by the liver, it should fol-
low the same metabolic pathway, irrespective of an individ-
ual’s BMI, and the slope of the declining levels of 25OHD in
the blood would be the same for normal weight, overweight,
or obese individuals. Instead, the slopes differed in our sam-
ple, with the obese showing a slower drop in serum 25OHD
levels than individuals with a lower fat mass. The differences
in slopes could be due both to the difference in concentra-
tion—due to a larger body size and distribution—and to a
gradual, slow release of cholecalciferol from body fat, which
would increase the amount of substrate available to the liver
for 25OHD synthesis.

We cannot exclude a direct involvement of 25OHD in the
exchange between adipose tissue and the blood; however,
Piccolo et al. [33] measured the concentration of 25OHD in
the subcutaneous white adipose tissue (SWAT) from a group
of obese subjects taking part in a clinical weight loss program.
They found a positive association between SWAT 25OHD
and serum 25OHD, which did not change after 20 weeks of
a low-calorie diet achieving an average loss of 5 kg of fat and
6 % of total body weight. The authors concluded that 25OHD
in fat does not significantly contribute to serum levels of
25OHD, although they confirmed a balance between
25OHD concentrations in the serum and adipose tissue. It
may be that no change in serum 25OHD levels came to light
after participants lost weight because of the modest reduction
in their fat mass. In fact, another had demonstrated that a loss
of >15 % of body weight was associated with a significant
increase in serum 25OHD levels, which was not seen in
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Fig. 3 a Least squares means of serum 25OHD levels in the three BMI
groups 7, 30, and 90 days after cholecalciferol loading. Following the
peak, 25OHD values dropped significantly over time, but at different
rates in the three groups. b Least squares means of PTH levels after
cholecalciferol loading in the three BMI groups: the obese reached a
higher peak PTH than the other two groups (which did not differ from
one another), then the levels remained stable in all three groups. c Least
squares means of 1,25(OH)2D in the three BMI groups after
cholecalciferol loading. Calcitriol levels reached a lower peak in the
obese than in the other two groups, but the rate of decline afterwards
did not differ between the three groups
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individuals whose weight remained stable or dropped by less
than 15 % [34].

In our study, 1,25(OH)2D levels appeared to be lower in
the obese and overweight than in normal weight individuals.
It is well known that 1,25(OH)2D levels depend not only on
PTH-dependent 1-alpha hydroxylation in the kidney but also
on the amount of substrate available. We found a positive
correlation between 25OHD and 1,25(OH)2D at all time
points, except after 30 days, which probably means that an
adequate amount of substrate is needed for 1,25(OH)2D syn-
thesis and an inadequate amount of substrate might explain
the lower 1,25(OH)2D levels in obese subjects. The negative
correlation between PTH and 1,25(OH)2D at all time points
(though it was only significant 1 week after cholecalciferol
loading) suggests that an increase in serum 1,25(OH)2D
levels is responsible for a reduction in PTH, not vice versa.
However, factors other than 1,25(OH)2D may influence
PTH levels: 25OHD may directly suppress the PTH secretion

via binding to the vitamin D receptor [35, 36]; furthermore,
the simple increase in weight may explain the higher PTH
level in the obese population independently of vitamin D me-
tabolites [37].

Our study has some limitations that need to be acknowl-
edged. For a start, our sample consisted entirely of women, so
our results cannot be extended to the male gender. We mea-
sured total body fat, without distinguishing between the white
and brown types, which might interfere with vitamin D me-
tabolism to a different extent. Although the 2–9 % they ac-
count for is not a large proportion per se, the vitamin D me-
tabolites that we did not measure [and 24,25(OH)2D in partic-
ular] might have affected our results, given the amount of
cholecalciferol administered. Ours was a pharmacological
study, since the ingested dose of cholecalciferol was unusual,
making the implications of our findings in normal physiology
minimal. Finally, serum cholecalciferol was not measured in
our study.
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In conclusion, 25OHD response to a large, single oral dose
of cholecalciferol differed in relation to BMI in obese and
normal weight subjects under our experimental conditions.
Peak serum 25OHD levels were lower in individuals with a
higher BMI, probably due to the cholecalciferol being distrib-
uted in a larger body volume in the obese. The subsequent
slower decline in the obese subjects’ serum 25OHD levels
could again have to do with their larger body size and also

derive from a slower release of vitamin D from their body fat.
This finding has practical implications for cholecalcifer-
ol supplementation: a slower decline in serum 25OHD
levels over time means that, once an optimal serum
concentration of 25OHD has been reached, the interval
between cholecalciferol administrations needed to main-
tain this concentration could be longer for subjects with
a higher BMI.
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