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Summary

Objectives: To assess serum concentrations of 25-hydroxyvitamin D, 25(OH)D, in osteoporotic patients
treated for one year with calcifediol.

Methods: We have studied 156 patients with osteoporosis (23 males and 133 females), aged 71,9+9,6 years
who had received treatment with calcifediol for at least one year. Ninety-two of them received 0.266 mg
of calcifediol every fifteen days and the remaining 64 the same dose once a month. Serum levels of
25(OH)D, intact PTH (iPTH), procollagen type 1 amino-terminal propeptide (PINP) and C-terminal cross-
linked telopeptide of type I collagen (CTX) were determined before and one year after starting treatment.
Results: A significant increase in the concentration of 25(OH)D was observed with both treatment regi-
mens (p<0.001). The percentage of patients who reached levels of 25(OH)D higher than 20 and 30 ng/ml
was similar with both guidelines, while the percentage of patients exceeding 60 ng/ml was higher with
the biweekly dose (p<0.01). The concentration of iPTH decreased significantly after the administration of
calcifediol, although on this occasion there were no differences between the two forms of treatment. Both
bone remodeling markers, PINP and CTX, decreased similarly in patients treated with antiresorptives
(p<0.0001), without these changes being related to the calcifediol regimen.

Conclusions: The monthly administration of 0.266 mg of calcifediol is adequate to achieve effective levels
of vitamin D, and it is also safe enough to avoid reaching potentially harmful levels of it, so it would be
preferable to the biweekly schedule in the usual clinical practice.
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Introduction

Opinions vary as to what constitutes normal levels
of vitamin D in the general population'®. According
to some authors, severe vitamin D deficiency is when
serum levels of 25-hydroxyvitamin D (25(OH)D or
calcifediol) are below 10 ng/mL, moderate defi-
ciency when they are between 10 and 20 ng/mL,
insufficiency between 20 and 30 ng/mL and ade-
quate values if they are above 30 ng/mL'3. Others,
such as the US Institute of Medicine, propose
values for the healthy general population above
20 ng/mL". Nor is there an established excessive,
potentially harmful level, although there is a ten-
dency to set this at around 50-60 ng/mL">7*,

As for patients with osteoporosis, most clinical
practice guidelines indicate that treatment with
antiresorptive or anabolic drugs must be accompa-
nied by an adequate supply of vitamin D, in addi-
tion to an appropriate amount of calcium®". The
latter, whenever possible, should be administered
through diet, while vitamin D is recommended to
be administered as supplements. An aspect also
debated is the serum 25(OH)D levels that patients
with this disease should reach, although most
authors and scientific societies, including Spanish
ones, recommend serum concentrations above 30
ng/mL*>*>%*12 To achieve these aims, a daily dose
of 800-1,000 IU of vitamin D (in Europe the vita-
min D used is vitamin D3 —cholecalciferol-) is
advised, although its weekly, biweekly or monthly
equivalent can also be administered. The biologi-
cal potency of vitamin D is established as interna-
tional units (IU), so that 1 pg of cholecalciferol
equals 40 TU". In some countries, as in the case of
Spain, 25-hydroxyvitamin D3, a metabolite of vita-
min D, also called calcifediol or calcidiol, is also
commercially available. It is prepared in dispen-
sing units containing 0.266 mg. The exact equiva-
lence of this dose with vitamin D in terms of meta-
bolic activity (how many IU of vitamin D activity
is 1 pg of calcifediol) is not known with total pre-
cision, but the most widespread therapeutic regi-
men has been to administer once to the month or
every fifteen days, compared to the 800-1,000 TU
of cholecalciferol daily, as mentioned above.

Calcifediol is more hydrophilic than cholecalci-
ferol, with a shorter half-life, and causes a more
rapid, sustained increase in serum levels of
25(OH)D"®. A recent study carried out in our
country in 40 women with postmenopausal osteo-
porosis® reported 25(OH)D levels around 80
ng/mL (basal: 15.2 ng/mL) after the administration
of a weekly dose of 0.266 mg of calcifediol for six
months, and around 65 ng/mL (basal: 15.8 ng/mL)
with the same dose in a fortnightly schedule. In
another study carried out by our group' in osteo-
porotic women receiving treatment with alendro-
nate, the administration of 0.266 mg of calcifediol
weekly for three months also managed to increa-
se the levels of 25(OH)D in a similar way (8231
ng/mL basal 21 ng/mL).

These data suggest that the 25(OH)D levels
reached with the weekly or biweekly therapeutic
regimen could generate concentrations higher
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than the desirable levels of vitamin D*>®. It is the-
refore possible to think that administering a more
spaced dose of calcifediol over time is sufficient to
maintain adequate levels of 25(OH)D in routine
clinical practice. Thus, we have proposed: a) to
evaluate the serum concentrations of 25(OH)D in
osteoporotic patients treated for a year with biwe-
ekly or monthly doses of 0.266 mg of calcifediol;
and b) determine if there are changes in intact
parathyroid hormone levels GPTH) and remode-
ling markers, amino-terminal propeptide of type I
procollagen (PINP) and carboxyterminal telopep-
tide of type I collagen (CTX), after administration
of both doses of calcifediol.

Material and methods

Patients

We retrospectively reviewed the data of the last 200
osteoporotic patients who had been treated until the
time of study in the Bone and Mineral Metabolism
Unit of our Center and who had received treatment
with 0.266 mg of calcifediol (Hydroferol®) every two
weeks or monthly for at least one year (mean + SD:
15+3 months). Exclusion criteria were the suffering
of certain processes (malabsorption, renal failure
[Glomerular filtration <45 mL/min/1.73 m?, uncon-
trolled hyperthyroidism, primary hyperparathyroi-
dism, chronic liver diseases, chronic inflammatory
diseases) or the follow-up of treatments that they
could interfere with bone metabolism (glucocorti-
coids, anticonvulsants, antihormonal treatments),
as well as previous treatment with vitamin D sup-
plements. Those who recognized inadequate the-
rapeutic compliance were also excluded. The
diagnosis of osteoporosis was based on the pre-
sence of fragility fractures (vertebral or hip) or the
existence of a bone densitometry with T<2.5
values in the lumbar spine, femoral neck or total
hip (DXA, Hologic QDR 4500). The majority of
patients also received treatment with antiresorpti-
ves (63% with oral bisphosphonates, 9% with zole-
dronate and 28% with denosumab). Clinical and
analytical data were collected through the electro-
nic medical record. In all cases, the month in
which the two analytical determinations were
made (baseline and after treatment) was collected.
The body mass index (BMI) was obtained by divi-
ding the weight in kg. between the height in
meters squared. Weight and height were measured
while the patient was in underwear and without
shoes.

The study was approved by our clinical rese-
arch ethics committee (CEIC) (2017.023).

The criterion for deciding the therapeutic regi-
men, biweekly or monthly, was based on the
baseline of 25(OH)D, preferring the first in cases
in which this figure was lower. However, a preci-
se cutting value was not established, leaving the
decision to the opinion of the doctor responsible
for the patient. The retrospective analysis showed
that 90% of the patients who received the biwe-
ekly regimen had baseline values lower than 20
ng/mlL, while this percentage was only 53% in the
case of the monthly regimen.



ORIGINALS / Rev Osteoporos Metab Miner. 2018;10(2):89-95 a

Analytical determinations

Serum levels of 25(OH)D, iPTH, PINP and CTX
were determined before (baseline) and at least
one year (12-25 months) after starting treatment
with calcifediol (mean + SD: 15+3 months).

All determinations were made on an empty sto-
mach early in the morning. The routine determina-
tions (glucose, creatinine, calcium, albumin, phos-
phate, alkaline phosphatase) were carried out by
automated methods in a TechniconDax autoanaly-
zer (Technicon Instruments, Colorado, USA). The
serum concentrations of 25(OH)D, iPTH and mar-
kers of remodeling (PINP and CTX) were carried
out by an automated chemiluminescence system.
In the case of 25(OH)D, the chemiluminescence
assay of DiaSorin LIAISON (DiaSorin, Stillwater,
Minnesota, USA) was used, and in the remaining
tests the IDS-ISYS assay (Immunodiagnostic
Systems Hokding PLC, London, RU). The limit of
detection of 25(OH)D was 4 ng/mL and the intra-
and inter-assay variation coefficients (CV) of 4.4%
and 8.3%, respectively. Regarding iPTH, the limit of
detection was 6 pg/mL, with a normal range of 10
to 45 pg/mL. The intra-assay and inter-assay CVs
were 3.7% and 5.4%, respectively. The detection
limit of the PINP was 5 ng/mL (reference range
between 18 and 102 ng/mL) and its intra-assay and
inter-assay CV of 4.6% and 9.2%, respectively.
Finally, CTX intra-assay and inter-assay CVs were
5.9% and 10% respectively, and their reference
range was 0.152-0.761 ng/mL.

Statistical study

The quantitative variables were expressed as mean +
SD or median (interquartile range) and were com-
pared using Student's t test or Mann-Whitney U test,
according to the distribution of the data. The quali-
tative variables were expressed as number and per-
centage, and for comparison the X?* test or Fisher's
test was used, as appropriate. The differences bet-
ween the basal and annual values of calcitrope hor-
mones and markers of remodeling were analyzed
using the Wilcoxon test. The association between
the percentage of change (baseline-annual) of
serum levels of 25(OH)D, iPTH, PINP and CTX, and
age, sex, BMI, weight and month of the year of the
determination of the laboratory was analyzed using
the Pearson/Spearman correlation coefficient. Data
analysis was carried out using the SPSS v20 statisti-
cal package (Chicago, IL). A p<0.05 was considered
significant in all calculations.

Results

After applying the exclusion criteria, we finally stu-
died 156 patients (23 men and 133 women) betwe-
en the ages of 49 and 93 years (mean + SD:
71.9+9.6). All had received treatment with calcife-
diol for at least one year, with an average of 15+3
months. Ninety-two of them had received 0.266
mg of calcifediol every fortnight and the remaining
64 received the same dose once a month (Table 1).
The patients who received the biweekly regimen
were older (4.6 years older, p<0.05). There were,
however, no differences in weight or BMI.

As can be seen in table 2, and in accordance
with the criterion that had led to the choice of one
or another therapeutic regimen, the baseline levels
of 25(OH)D were lower in patients who received
fortnightly calcifediol than in those who received
the monthly dose (p<0.01). In absolute terms, the
difference was approximately 7 ng/mL (16.7 ng/mL
vs. 23.3 ng/mL). With both treatment regimens, a
significant increase in the concentration of
25(OH)D was observed (p<0.001), although these
values were higher with the biweekly regimen than
with the monthly regimen (in absolute terms, 39.5
ng/mL and 15.5 ng/mL, which meant in relative
terms increases of 323% and 85% [p<0.0001]). The
final concentration was clearly higher in patients
receiving the biweekly regimen (56.2+18.5 ng/mL
vs. 38.8+12.5 ng/mL, p<0.0D).

The percentage of patients who reached
25(OH)D levels above 20 and 30 ng/mL was
slightly higher with the biweekly treatment (100%
and 92%, respectively) than with the monthly regi-
men (97% and 80%, respectively). However, the
percentage of patients exceeding 60 ng/mL was
higher in patients who received the biweekly regi-
men of calcifediol, 38%, compared to 6% in
patients with the monthly regimen (p<0.01).

The concentration of iPTH decreased signifi-
cantly after the administration of calcifediol with
both treatment regimens. It is interesting to note
that, despite the existence of differences in the
values of 25(OH)D at the end of the study, the PTH
values at that time were similar with the two treat-
ment regimens (Table 2, Figure 1). The changes in
the levels of iPTH in absolute terms (-19% vs. -20%)
were also similar. Therefore, a clear discrepancy is
observed in the behavior of 25(OH)D and PTH.

All patients had normal calcium values at base-
line and no case of hypercalcemia was detected
with both treatment regimens.

The results of the remodeling markers (PINP
and CTX) are also shown in table 2. As expected,
both markers, PINP and CTX decreased signifi-
cantly in patients treated with antiresorptives
(p<0.0001), without these changes will be related
to the dosage regimen of calcifediol (biweekly or
monthly).

Finally, the changes in the levels of 25(OH)D,
iPTH, PINP and CTX had no relationship with age,
sex, weight, BMI or the month of the year in
which the samples were obtained.

Discussion
In most of the clinical practice guidelines of osteo-
porosis, recommended serum levels of 25(OH)D
are above 20 ng/mL, and even exceed 30 ng/mL*".
In our study, the vast majority of patients who
received monthly or biweekly doses of calcifediol
for at least one year exceeded these figures.
Specifically, the percentage of patients who rea-
ched levels 25(OH)D higher than 20 and 30 ng/mL
was 100% and 92% with the biweekly regimen and
97% and 80% with the monthly, respectively.

As expected, the average concentrations of
25(OH)D reached by patients treated with calcife-



diol for at least one year were lower on the
monthly than on the biweekly schedule. However,
it can be concluded that both guidelines are effec-
tive for attaining metabolically sufficient 25(OH)D
concentrations. A criterion conventionally used to
assess the efficacy of serum levels of 25(OH)D
involves its relationship with serum PTH, a negati-
ve relationship, since it inhibits the production of
serum PTH. Since PTH is thought to be harmful to
bone, its inhibition by vitamin D should be bene-
ficial. Although there is no general agreement
regarding the exact characteristics of this relations-
hip, the most accepted idea is that as the levels of
25(OH)D rise, PTH decreases until it reaches a
value above which the hormone is not suppressed
more**#2 According to what we have been com-
menting, above this value of 25(OH)D, the benefi-
cial effect does not continue to increase, as the
PTH decreases. Although it is not known exactly at
which concentration of 25(OH)D this value corres-
ponds, it seems that there is agreement that it
should be between 20 and 30 ng/mlL, or close to
these figures**. Our group studied more than
1,800 people (1,154 postmenopausal women and
657 men 50 years and older) and found that the
threshold of 25(OH)D needed to prevent the incre-
ase of PTH (and the loss of bone mass) would be
around 30 ng/mL*. The results of the present work
point to an equivalent idea when showing that the
concentration of iPTH decreases significantly after
administering calcifediol without evident differen-
ces in the behavior of the hormone between the
two treatment regimens. In fact, the reduction
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obtained with the biweekly schedule was 19% and
20% with the monthly pattern. So, from a certain
value, vitamin D no longer exerts beneficial effects.

Studies concerning vitamin D doses and desira-
ble 25(OH)D serum levels have usually focused on
aspects related to their efficacy. The possible toxicity
of vitamin D has traditionally been related to the
development of hypercalcemia, which only occurs
with high doses of vitamin D (several thousand-day
units) and levels of 25(OH)D in ranges greater than
100 ng/mL’. It was thus considered a safe substan-
ce. However, over the last few years, data have
been appearing suggesting that vitamin D could
develop other pernicious effects, independent of
hypercalcemia, with much lower levels. So, the idea
that, in general terms, the relationship between the
beneficial or harmful effects of vitamin D and its
levels have a U-shaped relationship (that is, detri-
mental effects develop both with low levels and
with high levels of the vitamin), with the particula-
rity that in the latter case they would begin to settle
down with levels of 25(OH)D very inferior to the
100 ng/mL previously commented, having indicated
figures of around 50-60 ng/mL. Michaelson et al.%,
for example, followed a cohort of 1,194 males
observing a U-ratio between vitamin D concentra-
tion and total mortality. The morphology of the
curve was also met in cancer mortality specifically.
Durup et al® also described in 247,574 people a
reverse association in the form of J between serum
levels of 25(OH)D and mortality. Smith et al.* in a
study conducted with various doses of vitamin D
supplements, observed that the effect of the same in

Table 1. Baseline characteristics of the patients included in the study (biweekly dose and monthly dose)

Biweekly Monthly Total
N° patients 92 64 156
Age (years) # 73.8 (9.3) 69.2 (9.6) 71.9 (9.6)*
Sex (W/M) 75/17 58/6 133/23
Weight (kg) # 64.9 (13.5) 63.5 (9.9 64.3 (12.0)
Size (m) # 1.55 (0.06) 1.56 (0.08) 1.55 (0.07)
BMI (Kg/m?) # 26.9 (5.3) 26.2 (4.5) 26.6 (4.9)

#: mean (SD); *: p<0,05.

Table 2. Concentrations of 25(OH)D, iPTH, PINP and CTX before (baseline) and after at least one year of treat-
ment (after treatment) with 0.266 mg of fortnightly (biweekly) or monthly (monthly dose) calcifediol. Expressed

as mean (SD)

Biweekly dose Monthly dose
Baseline After treatment Baseline After treatment
25(0OH)D (ng/mL) 16.7 (9.3) 56.2 (18.5)* 23.3(8.3) 38.8 (12.5)**%
iPTH (pg/mL) 57.9 (26.0) 40.7 (17.5)** 52.9 (25.0) 38.6 (15.9)*
PINP (ng/mL) 47.1 (27.4) 26.9 (19.8)* 36.5 (17.0) 26.7 (18.1)*
CIX (ng/mL) 0.573 (0.347) 0.288 (0.333)* 0.484 (0.337) 0.243 (0.219)*

Differences between baseline values and after treatment: (*) p<0.01; (**) p<0.001.
Differences between the biweekly and monthly doses: () p<0.01.
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Figure 1. A) Average concentrations of 25(OH)D, before (baseline) and after at least one year of treatment
(post) with 0.266 mg of monthly or fortnightly calcifediol. B) Mean concentrations of iPTH, before (baseline)
and after at least one year of treatment (post) with 0.266 mg of calcifediol monthly or biweekly
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the reductions also shows a U curve, both the rela-
tionship in terms of dose and levels of 25(OH)D
analyzed. The various research studies carried out in
this line do not coincide exactly with the values that
could be preferable, but in general terms, reviews
and consensus documents indicate that values grea-
ter than 50-60 ng/mL should be avoided>”.

The results of our study show that while the
figures reached with the monthly guideline are
located in a safety zone (38.8+12.5 ng/mL), those
obtained with the biweekly schedule do so in
potentially harmful values (56.2+18.5 ng/mL),
since the percentage of patients who exceeded 60
ng/mL among those who received the biweekly
regimen was 38%, compared to 6% of those who
received the monthly (p<0.01). Consequently, our
work suggests that the therapeutic regimen with
0.266 mg of calcifediol monthly is the most appro-
priate. This does not mean, at all, that such a gui-
deline should be considered rigidly, since in the
achievement of one or other levels of 25(OH)D,
factors of an individual nature are involved (for
example, genetic) as circumstantial, which may
advise modifying the recommended dose in a spe-
cific patient. Hence, the periodic measurement of
serum 25(OH)D is recommended to check whe-
ther the regimen is adequate.

Regarding the behavior of remodeling markers,
as expected, both markers, PINP and CTX, decrea-
sed significantly in patients treated with antiresorp-
tives, both in those who received bisphosphonates
and in those who received denosumab, without
these changes being related to the dosage schedu-
le of calcifediol (biweekly or monthly). This should
not be interpreted in the sense that the provision
of vitamin D does not influence the response to
antiresorptive drugs. In a study carried out by our
group in osteoporotic women receiving treatment
with alendronate”, some of which were supple-

mented with 0.266 mg of calcifediol weekly for
three months and others not, we found that the
response was higher in the supplemented patients,
especially when they started from a situation of
basal hypovitaminosis (25(OH)D <20 ng/mL).

Among the limitations of our study, it should
be noted that this is a retrospective observational
study, so we cannot rule out the existence of cer-
tain biases (selection, allocation, etc.), as well as
confounding factors. For example, in our study,
the assignment of patients to one or another treat-
ment regimen was not carried out randomly, but
rather in accordance with the criteria of the physi-
cian in charge of the patient's care. It is not surpri-
sing, therefore, that patients who received the
biweekly regimen were older and had baseline
values lower than 25(OH)D than those who recei-
ved the monthly regimen. However, one of the
strengths of our study is that it has been carried
out under conditions of normal clinical practice.

In conclusion, our results indicate that in
patients with osteoporosis being treated for it, the
monthly administration of 0.266 mg of calcifediol
is, firstly, adequate to achieve effective levels of
vitamin D, and secondly, sufficiently safe for avoid
reaching potentially harmful levels of it, so it
would be preferable to the biweekly schedule in
routine clinical practice.

Conflict of interests: The authors declare no
conflict of interest.
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