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Context: Total 25-hydroxyvitamin D [25(OH)D] is mainly bound to vitamin D-binding protein (DBP).
Bioavailable 25(OH)D consists of albumin-bound and free 25(OH)D and is available for metabolic
processes. As sex steroids influence DBP, hormonal treatment (HT) in transgender people might
affect DBP and consequently the available 25(OH)D. Total 25(OH)D might therefore not well
represent bioavailable and free 25(OH)D.

Objective: To investigate the effects of HT on DBP, and total, bioavailable, and free 25(OH)D, and
to assess whether total 25(OH)D well represents bioavailable and free 25(OH)D.

Design: A prospective study.

Setting: A university hospital.

Participants: Twenty-nine transwomen and 30 transmen.

Intervention: Estradiol and cyproterone acetate in transwomen, and testosterone in transmen.

Main Outcome Measures: DBP, total 25(OH)D, free 25(OH)D, and albumin were measured at
baseline and after 3 months of HT, and deseasonalized total 25(OH)D and bioavailable 25(OH)D
were calculated.

Results:DBP changedwith +5% (95%CI,20% to 10%; P = 0.06) in transwomen andwith23% (95%
CI:29% to 3%; P = 0.34) in transmen. No significant changes were found in total 25(OH)D, free, and
bioavailable 25(OH)D concentrations. Total 25(OH)Dwaswell correlatedwith bioavailable (R2, 0.75)
and free (R2, 0.76) 25(OH)D.

Conclusions: DBP tended to increase in transwomen, but did not change in transmen. HT did not
influence free 25(OH)D, total 25(OH)D, and bioavailable 25(OH)D concentrations in transwomen
and transmen. As total 25(OH)D represents bioavailable and free 25(OH)D well, HT in transgender
people does not interfere with the assessment of vitamin D status. (J Clin Endocrinol Metab 104:
2728–2734, 2019)
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V itamin D status is usually assessed by measuring
the total serum 25-hydroxyvitamin D [25(OH)D]

concentration. In the circulation, more than 99% of total
25(OH)D is bound to serum proteins, mainly to vitamin
D-binding protein (DBP) and to albumin (1). In contrast
to DBP-bound 25(OH)D, albumin-bound 25(OH)D is
available for metabolic processes, and forms, together
with the free circulating 25(OH)D, the bioavailable
25(OH)D.

Previous studies have shown that sex steroids can
influence vitamin D metabolism, particularly DBP con-
centrations. Women have higher DBP concentrations
than men (2). During pregnancy (3, 4) and the use of oral
contraceptives (5), higher DBP concentrations were ob-
served, whereas after menopause lower DBP concen-
trations were found (6). In hypogonadal men, treatment
with testosterone decreases DBP concentrations (7).

Transgender people often receive treatment with
gender-affirming hormonal treatment (HT) to induce
physical changes, which consists of estrogen in trans-
women (birth-assigned males, female identity) and tes-
tosterone in transmen (birth-assigned females, male
identity) (8). This HTmight affect the DBP concentration
and consequently the bioavailable and free circulating
25(OH)D concentration. Measured total 25(OH)D might
therefore not well represent the bioavailable and free
circulating 25(OH)D in transgender people receiving HT.
This may hamper the assessment of vitamin D status and
vitamin D deficiency and its potential harmful effects on
bone and muscle.

The aim of this study was to investigate the first 3-
month effects of estrogen and testosterone treatment on
DBP, and total, bioavailable, and free serum 25(OH)D
concentrations in transwomen and transmen, respec-
tively, and to assess whether total 25(OH)D measure-
ments well represent bioavailable and free 25(OH)D
concentrations in transgender people.

Materials and Methods

Design and population
This study is part of the European Network for Investigation

of Gender Incongruence study, which is a multicenter pro-
spective observational study performed in Amsterdam, Flor-
ence, Ghent, and Oslo. Study design and data collection have
been described previously (9, 10). In short, people could be
included if they had a confirmed diagnosis of gender dysphoria,
if they were about to start with HT, if they had never used
gender-affirming hormones before, and if they spoke the native
language. Clinical data, as well as blood samples, were pro-
spectively collected before and during HT. Blood samples were
stored in the freezer for later analyses. For the current study,
people were included in Amsterdam between June 2012 and
May 2016. To exclude menopausal- or age-related changes in
vitamin D metabolism, the age range was restricted from 18 to

50 years, and to premenopausal status in transmen. Other
exclusion criteria were the use of other medication with possible
influence on vitamin D metabolism (oral contraceptives,
finasteride, breast growth promoting agents, thyroid medica-
tion, spironolactone), renal insufficiency, and the use of vitamin
D supplements in the first 6 months of HT. In addition, people
who did not have enough stored serum were excluded for the
present analyses. As in earlier studies increases in DBP of 25%
to 50% using oral anticonceptives (5, 11) and 100% during
pregnancy (4, 11) were found, we hypothesized that DBPwould
increase with 25% in transwomen. Based on reported means
and SDs of the change in DBP in other populations (4, 12), an a
of 0.05, and a power of 90%, sample size calculation yielded
20 people per group. This was increased to 30 people per group
to adjust for dropout. As more people were eligible according to
the inclusion and exclusion criteria, these 30 people per group
were randomly selected.

All transgender people received HT according to the Stan-
dards of Care Guidelines of the World Professional Association
for Transgender Health (8). Transwomen were treated with
cyproterone acetate (50 mg daily) combined with oral estradiol
valerate (4 mg daily) or an estradiol patch (100 mg/24 hours
twice a week). Transmen received intramuscular testosterone
esters (250 mg every 2 to 3 weeks) or testosterone gel (50 mg
daily). All people visited the gender identity clinic at baseline and
after 3 months of HT. Medical history and medication use were
reported. Physical examination included body height (in meters)
and body weight (in kilograms) in indoor clothingwithout shoes.

The overall study protocol for the European Network for
Investigation of Gender Incongruence study was approved by the
Medical Ethical Review Board of the Ghent University Hospital,
Belgium, and in the other centers approval for participation was
obtained of the local medical ethical review boards. The study
was conducted in accordance with the Declaration of Helsinki,
and informed consent was obtained from all people according to
the institutional guidelines.

Biochemical assessment
At baseline and after 3 months of HT, blood samples were

obtained in the morning and immediately centrifuged and kept
frozen at280°C until analysis, including total 25(OH)D, DBP,
free 25(OH)D, and albumin. Baseline and 3-month samples of
the same person were analyzed in the same run to exclude
interassay variation. All analyses were carried out at the En-
docrine Laboratory of the Amsterdam UMC, Netherlands.

Total serum 25(OH)D was measured using a liquid
chromatography-tandem mass spectrometry device (LC-MS/
MS, Waters Acquity UPLC and Waters Quattro Premier XE
MS/MS; Milford, MA) with an intraassay coefficient of vari-
ation (CV) of ,9%, an interassay CV of #8%, and a lower
limit of quantitation (LLOQ) of 4 nmol/L (4). DBP was mea-
sured using a polyclonal ELISA (Immundiagnostik AG, Ben-
sheim, Germany) with an intra- and interassay CV of ,13%
and a LLOQ of 2.2 ng/mL. The free 25(OH)D was measured
using the EIA of Diasource (Louvain-la-Neuve, Belgium) (intra-
assay CV , 13% and LLOQ of 3.3 pg/mL). Albumin was
measured using Bromocresol purple method (Cobas, Roche
Diagnostics, Mannheim, Germany).

Estradiol was measured using a competitive immunoassay
(Delfia, PerkinElmer, Turku, Finland) with an interassay CV
of 10% to 13% and LLOQ of 20 pmol/L until July 2014.
After July 2014, estradiol was measured using a LC-MS/MS
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(interassay CV 7%, LLOQ 20 pmol/L). To make the estradiol
concentrations measured with both methods comparable, the
concentrations obtained with Delfia were converted to the
concentrations obtained with the LC-MS/MS, using the for-
mula LC-MS/MS=1.603Delfia–29 generated by using Passing-
Bablok regression for the method comparison. Testosterone
was measured using a competitive immunoassay (Architect,
Abbott, Abbott Park, IL) with an intra-assay CV of 4% to 7%,
an interassay CV of 6% to 10%, and a LLOQ of 0.1 nmol/L
(13). LH was measured using an immunometric assay (Ar-
chitect, Abbott) with an intra-assay CV of ,5%, an interassay
CV of ,6%, and a LLOQ of 2 U/L.

Statistical analysis
Baseline characteristics of the study population are presented

as mean with SD or median with interquartile range (IQR). All
analyses were performed separately for transwomen and
transmen.

To adjust for seasonal variation in circulating total 25(OH)D
concentrations, the measured serum total 25(OH)D concentra-
tions were deseasonalized as described by Elstgeest et al. (14). A
cosine model was fitted to the measurements at baseline and
3 months follow-up separately in transwomen and transmen.
Bioavailable, albumin-bound, and free 25(OH)D concentrations
were calculated using formulas by Bikle et al. (1) and Vermeulen
et al. (15). Deseasonalized total 25(OH)D concentrations were
used for calculation of the free 25(OH)D concentrations.

Differences between values at baseline and 3 months were
tested using paired-samples t test for normally distributed
values, and Wilcoxon signed rank test for skewed variables. In
transwomen, differences between transdermal and oral estra-
diol use were analyzed using linear regression analyses.

Linear regression analyses were performed and Pearson
correlation coefficients were calculated between measured and
calculated free 25(OH)D, measured free and total 25(OH)D
concentrations, and bioavailable and total 25(OH)D concen-
trations. In addition, linear regression analyses were performed
between change in DBP and changes in estradiol and testos-
terone concentrations.

For all analyses, STATA Statistical Software (StataCorp,
College Station, TX) version 15.1 was used.

Results

One 24-year-old transwoman had an extremely high
baseline DBP concentration of 1172 mg/mL, which was
385 mg/mL after 3 months of HT. Because measured free
25(OH)D and total 25(OH)D concentrations were quite
similar at baseline and after 3 months of HT [free 25(OH)
D: 10.9 pmol/L at baseline, 10.8 pmol/L after 3 months of
HT; total 25(OH)D: 43 nmol/L at baseline, 37 nmol/L after
3 months of HT], we suppose that the high baseline DBP
is a measurement error. Therefore, this person was ex-
cluded for further analyses. In total, 29 transwomen (me-
dian age, 26 years; IQR, 22 to 35 years) and 30 transmen
(median age, 22 years; IQR, 21 to 29 years) were included
for analyses. The characteristics are presented in Table 1.
At baseline, 12 transwomen (41%) had a total 25(OH)D
concentration between 25 and 50 nmol/L, and 8 (28%)
below 25 nmol/L. Also 14 (47%) and 6 (20%) transmen
had a total 25(OH)D concentration between 25 and 50 or
below 25 nmol/L, respectively. Altogether, 69% of trans-
women and 67% of transmen were vitamin D deficient
[serum 25(OH)D , 50 nmol/L].

In transwomen, DBP tended to increase with +5%
(95% CI, 20% to +10%; P = 0.06) and measured free
25(OH)D changed with 22% (95% CI, 212% to +9%;
P = 0.75). Total 25(OH)D concentrations increased,
but after seasonal adjustment no change was observed.
Deseasonalized free, bioavailable, and albumin-bound
25(OH)D concentrations did not significantly change
during the first 3 months of HT (Table 2).

Transwomen using transdermal estradiol tended to
have a larger increase in DBP than transwomen using
oral estradiol (difference +29 mg/mL; 95% CI, 5 to
+63 mg/mL), although not statistically significant,
whereas no differences were found in deseasonalized
25(OH)D (difference +0.1 nmol/L; 95% CI, 27.7 to

Table 1. Baseline and 3-Month Values in Transwomen and Transmen

Transwomen (n = 29) Transmen (n = 30)

Baseline 3 mo P-Value Baseline 3 mo P Value

Age, y 26 (22–35) 22 (21–29)
Weight, kg 72.4 (67.7–80.5) 72.0 (68.6–86.1) 0.16 68.4 (59.1–85.1) 73.3 (62.8–88.8) ,0.01
BMI, kg/m2 22.1 (20.5–26.3) 22.1 (20.8–26.7) 0.13 23.2 (21.3–29.0) 25.1 (21.6–30.0) ,0.01
ALT, IU/L 21 (17–26) 21 (14–25) 0.16 16 (13–23) 20 (13–23) 0.42
AST, IU/L 20 (18–23) 18 (15–21) ,0.01 21 (18–23) 21 (19–26) 0.16
GGT, IU/L 19 (14–34) 19 (15–25) 0.55 14 (10–19) 16 (12–20) 0.01
Creatinine, mmol/L 77 6 10 72 6 10 ,0.01 67 6 10 74 6 10 ,0.01
Albumin, g/L 48.5 6 2.4 46.4 6 2.6 ,0.01 45.8 6 2.4 45.9 6 2.8 0.64
Testosterone, nmol/L 21.0 (17.0–28.0) 0.6 (0.5–0.8) ,0.01 1.3 (1.0–1.6) 28.5(19.0–34.0) ,0.01
Estradiol, pmol/L 99 (79–113) 228 (158–337) ,0.01 358 (214–632) 186 (156–269) 0.01
LH, IU/L 3.2 (2.5–4.6) 0.1 (0.1–0.1) ,0.01 5.7 (2.7–7.7) 3.9 (0.9–6.1) 0.13

Data are shown as median (interquartile range) or mean with SD.

Abbreviations: ALT, alanine amino transferase; AST, aspartate amino transferase; BMI, body mass index; GGT, gamma-glutamyl transferase.
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+7.9 nmol/L), measured free 25(OH)D (difference
+0.5 pmol/L; 95% CI, 21.5 to +2.5 pmol/L), and bio-
available 25(OH)D (difference +0.2 nmol/L; 95% CI,
20.6 to +1.0 nmol/L) concentrations.

In transmen, no significant changes were found inDBP
(23%; 95% CI, 29% to +3%; P = 0.34), measured free
25(OH)D (+9%; 95% CI 213% to +32%; P = 0.41),
deseasonalized total 25(OH)D, bioavailable 25(OH)D,
and albumin-bound 25(OH)D concentrations during the
first 3 months of HT (Table 2).

An increase in estradiol concentrations tended to be
associated with an increase in DBP concentrations (per
100 pmol/L: +3 mg/mL; 95% CI 21 to +7 mg/mL),
whereas an increase in testosterone levels tended to
be associated with a decrease in DBP (per 10 nmol/L:
23 mg/mL; 95% CI, 27 to +1 mg/mL).

As shown in Fig. 1, total 25(OH)D concentration was
well correlated with bioavailable 25(OH)D (R2, 0.75)
and free 25(OH)D (R2, 0.76). Measured and calculated
free 25(OH)D concentrations were correlated (R2, 0.69).
Stratification of the correlation analyses for baseline and
3 months’ measurements, and for transwomen and
transmen, did not change the numbers of the b, Pearson
correlation coefficients, and R2 with more than 6% (data
not shown).

Discussion

In this study, we aimed to investigate whether DBP, total
25(OH)D, free 25(OH)D, and bioavailable 25(OH)D
concentrations would change during HT in transgender

people. We found that the percentage of people with
vitamin D deficiency at baseline was high. HT was ef-
fective in both transwomen and transmen, as reflected
by an increase in estradiol concentrations and decreases
in testosterone and creatinine concentrations in trans-
women, and a decrease in estradiol concentrations and
increases in testosterone and creatinine concentrations
in transmen. DBP tended to increase in transwomen, but
did not change in transmen. No statistically significant
changes were observed for either free 25(OH)D, desea-
sonalized total 25(OH)D, and bioavailable 25(OH)D
concentrations for both transwomen and transmen. Total
25(OH)D concentrations were well correlated with free
and bioavailable 25(OH)D concentrations, and measured
and calculated free 25(OH)D concentrations were also
well correlated.

Although the changes in both transwomen and trans-
men were not statistically significant, they are pointing
toward the direction that was expected and hypothe-
sized. In transwomen, mean DBP concentrations were
slightly higher after 3 months of HT, whereas free
25(OH)D and bioavailable 25(OH)D concentrations
were lower. Opposite results were observed in transmen:
DBP concentrations were lower after 3 months of
HT, whereas free 25(OH)D and bioavailable 25(OH)D
concentrations were slightly higher. In addition, the
correlation with change in estradiol and testosterone
concentrations pointed toward the same direction: an
increase in estradiol concentration tended to be associ-
ated with an increase in DBP concentrations, whereas an
increase in testosterone levels tended to be associated

Table 2. Changes in Different 25-Hydroxyvitamin D Fractions, for Transwomen and Transmen

Transwomen (n = 29) Transmen (n = 30)

Baseline 3 mo Difference (95% CI) Baseline 3 mo Difference (95% CI)

Total 25(OH)D,
nmol/L

40.5 6 19.4 32.8 6 16.3 27.7 (213.5 to 21.9),
P = 0.01

44.2 6 22.0 42.2 6 23.1 22.0 (29.5 to +5.5),
P = 0.59

Deseasonalized
total 25(OH)D,
nmol/L

37.7 6 16.4 37.6 6 13.6 20.1 (23.9 to +3.7),
P = 0.94

43.1 6 21.2 45.3 6 20.5 +2.2 (23.9 to +8.3),
P = 0.46

Measured free
25(OH)D, pmol/L

7.7 (6.2–11.2) 7.5 (6.3–9.1) 20.6 (21.6 to +0.3),
P = 0.18

8.6 (6.4–11.0) 8.1 (6.3–12.2) +0.1 (21.5 to +1.7),
P = 0.89

Deseasonalized
measured free
25(OH)D, pmol/L

8.1 6 2.9 8.2 6 1.9 +0.1 (20.7 to +1.0),
P = 0.74

9.1 6 4.2 9.7 6 4.0 +0.7 (20.7 to +2.1),
P = 0.32

Calculated free
25(OH)D, pmol/L

7.9 6 3.5 7.5 6 3.1 20.4 (21.3 to +0.5),
P = 0.41

8.8 6 4.2 9.5 6 3.9 +0.7 (20.5 to +1.9),
P = 0.24

Albumin-bound
25(OH)D, nmol/L

3.3 6 1.5 3.0 6 1.2 20.3 (20.7 to +0.1),
P = 0.09

3.5 6 1.7 3.8 6 1.7 +0.3 (20.2 to +0.8),
P = 0.19

Bioavailable
25(OH)D, nmol/L

3.3 6 1.5 3.0 6 1.2 20.3 (20.7 to +0.1),
P = 0.09

3.5 6 1.7 3.8 6 1.7 +0.3 (20.2 to +0.8),
P = 0.19

DBP, mg/mL 333 (311–371) 327 (311–394) +14 (23 to +31),
P = 0.11

336 (313–360) 321 (293–359) 215 (238 to +8),
P = 0.20337 6 52 351 6 56 344 6 47 329 6 41

Data are shown as median (IQR) and/or mean with SD.
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with a decrease in DBP. This is in line with earlier studies,
which also reported a correlation between estradiol
concentrations and change in DBP (6).

Earlier studies reported that DBP changes under in-
fluence of estrogen. For example, it increased with 25%
to 50% during the use of oral anticonceptives (5, 11) and
with 100%during pregnancy (3, 4, 11).We hypothesized
that DBP would increase with 25% in transwomen using
HT. However, we observed that DBP increased with only
5%, but this change was not statistically significant. A
possible explanation for the smaller increase in DBP is
that, although the decrease in testosterone was large, the
increase in estradiol concentrations was smaller. In our
study, median estradiol concentrations increased from 99
pmol/L at baseline to 228 pmol/L at 3months, whereas in
pregnancy estradiol concentration can increase to con-
centrations over 10,000 pmol/L (16). Oral contraceptives
contain the potent synthetic estrogen ethinylestradiol,
which may induce a larger increase in DBP. In addition,
all participants used cyproterone acetate, which might
also influence DBP metabolism. As DBP is produced by
the liver, the route of administration of estrogen could
influence DBP change (17). However, in contrary to
what we expected, we found that transwomen using

transdermal estradiol tended to have a larger increase in
DBP than transwomen using oral estradiol. We do not
have a clear explanation for this finding and further
studies are needed to explore this.

In postmenopausal women (with low estradiol con-
centrations), DBP concentrations are 10% lower than in
premenopausal women (6). Contrary to studies in rats,
where an increase in DBP concentrations was found after
exposure to androgens (18), in hypogonadal men treated
with testosterone, DBP concentrations decreased with
8% (7), whereas both testosterone and estradiol con-
centrations increased. Therefore, it was expected that
DBP concentrations would decrease in transmen, because
of decreasing estradiol concentrations and increasing
testosterone concentrations. In our study, we found that
DBP concentrations decreased with only 3% and this was
not statistically significant. The estradiol concentrations
decreased more in transmen than after menopause
(transmen: 358 to 186 pmol/L; menopause: 195 to
48 pmol/L) (6), although the percentage change was less.
The increases in testosterone concentrations are rela-
tively larger than the decreases in estradiol concentra-
tions. Because testosterone administration also leads to
aromatization of testosterone into estradiol, the estradiol

Figure 1. Correlations between concentrations of (A) total 25(OH)D and measured free 25(OH)D, (B) total 25(OH)D and bioavailable 25(OH)D,
and (C) measured and calculated free 25(OH)D. P, Pearson correlation coefficient; R2, R squared; B, beta.
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concentrations did not decrease to a low level. It might
therefore be that the estradiol concentrations were still
above a certain threshold in transmen, preventing a
substantial decrease in DBP.

Vitamin D deficiency was very common in our study
population, with 68% of the participants having a serum
25(OH)D concentration , 50 nmol/L. This may be
caused by lack of sun exposure, as trans people may go
outside less often and not expose themselves as they are
not happy with their body.

The literature finding that PTH better correlates with
bioavailable 25(OH)D concentrations than with total
25(OH)D concentrations indicates that bioavailable
25(OH)D may provide a better assessment of vitamin D
deficiency (19). However, as measurements of free and
bioavailable 25(OH)D concentrations are not widely
available, these are usually calculated. It is not known
whether total 25(OH)D reflects the measured free and
bioavailable 25(OH)D concentrations in trans people.
In this study, we found that total 25(OH)D concentra-
tions were well correlated with measured free 25(OH)D
concentrations. In addition, the correlation between
bioavailable 25(OH)D and total 25(OH)D concentra-
tions was similar to that between measured free 25(OH)D
and total 25(OH)D concentrations. The finding that total
25(OH)D was well correlated with free and bioavailable
25(OH)D, also during HT, indicates that total 25(OH)D
concentrations can be used in transgender people using
HT to assess vitamin D status.

This study is a prospective study including trans-
women and transmen. It has several strengths. Mea-
surements were performed before and during treatment
with estradiol and testosterone, respectively. Inclusion
and exclusion criteria were applied to exclude age- or
menopause-related changes in vitamin D metabolism,
and people with diseases or medication with possible
influence on vitamin D metabolism were excluded. All
vitamin D measurements were analyzed in one run.
However, this study also has some limitations. First, no
PTH concentrations were available, which could be in-
formative as well. A high correlation between the free
25(OH)D concentration and serum PTH could indicate
the clinical importance of free 25(OH)D. Second, a
control group was lacking, which was not possible be-
cause of ethical reasons. Third, the sample size might be
too small. Although a sample size calculation was per-
formed before the study, the changes in DBPwere smaller
than expected. Last, as only the changes during the first
3 months were evaluated, the long-term effects are not
known and clinical end points were not measured.

In conclusion, HT did not substantially influence
DBP, free 25(OH)D, total 25(OH)D, and bioavailable
25(OH)D concentrations in transwomen and transmen,

as the observed changes were small and not statistically
significant. In addition, total 25(OH)D concentrations
seem to reflect free and bioavailable 25(OH)D concen-
trations well. Therefore, diagnostics of the commonly
occurring vitamin D deficiency in trans people does not
seem to be hampered by HT.

Acknowledgments

This study is based on data collected in the framework of
the European Network for the Investigation of Gender In-
congruence (ENIGI) study. We would like to thank the in-
vestigators of the participating centers (G. T’Sjoen, A.D. Fisher,
T. Schreiner).

Financial Support: The Netherlands Organisation for
Health Research and Development provided a visitor’s grant
(040.11.570),which allowedH.C. to performa fellowship at the
Department of Internal Medicine, Endocrine Section, at the
Amsterdam University Medical Center.

Correspondence and Reprint Requests: Paul Lips, MD,
PhD, Department of Internal Medicine, Endocrine Section,
Amsterdam UMC, Vrije Universiteit Amsterdam, P.O. Box
7057, 1007 MB Amsterdam, Netherlands. E-mail: p.lips@
vumc.nl.

Disclosure Summary: P.L. received a lecture fee from
Abiogen. R.T.d.J. received consultancy fees or participated in
the advisory board of Amgen and Lilly. The remaining authors
have nothing to disclose.

References

1. Bikle DD, Gee E, Halloran B, Kowalski MA, Ryzen E, Haddad JG.
Assessment of the free fraction of 25-hydroxyvitamin D in serum
and its regulation by albumin and the vitamin D-binding protein.
J Clin Endocrinol Metab. 1986;63(4):954–959.

2. Bolland MJ, Grey AB, Ames RW, Horne AM, Mason BH, Wattie
DJ, Gamble GD, Bouillon R, Reid IR. Age-, gender-, and weight-
related effects on levels of 25-hydroxyvitamin D are not mediated
by vitamin D binding protein. Clin Endocrinol (Oxf). 2007;67(2):
259–264.

3. Schwartz JB, Lai J, Lizaola B, Kane L, Markova S, Weyland P,
Terrault NA, Stotland N, Bikle D. A comparison of measured and
calculated free 25(OH) vitamin D levels in clinical populations.
J Clin Endocrinol Metab. 2014;99(5):1631–1637.

4. Heijboer AC, BlankensteinMA, Kema IP, BuijsMM. Accuracy of 6
routine 25-hydroxyvitamin D assays: influence of vitamin D
binding protein concentration. Clin Chem. 2012;58(3):543–548.

5. Møller UK, Streym S, Jensen LT, Mosekilde L, Schoenmakers I,
Nigdikar S, Rejnmark L. Increased plasma concentrations of vi-
taminDmetabolites and vitaminD binding protein in women using
hormonal contraceptives: a cross-sectional study. Nutrients. 2013;
5(9):3470–3480.

6. Pop LC, Shapses SA, Chang B, SunW,WangX. VitaminD-binding
protein in healthy pre- and postmenopausal women: relationship
with estradiol concentrations. Endocr Pract. 2015;21(8):936–942.
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