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Abstract

Objective: Combined hormonal contraceptive (CHC) use has been associated with higher Key Words

total 25-hydroxyvitamin D (25(OH)D) levels. Here, we investigate the relation between » vitamin D

CHC use and vitamin D metabolism to elucidate its clinical interpretation. » adolescence

Methods: The cross-sectional Fit Futures 1 included 1038 adolescents. Here, a » combined hormonal
subgroup of 182 girls with available 25(0OH)D, 1,25-dihydroxyvitamin D (1,25(0OH),D), contraceptive
24,25-dihydroxyvitamin D (24,25(0OH),D), vitamin D-binding protein (DBP) and measured > metabolite ratio

free 25(0OH)D levels, in addition to parathyroid hormone (PTH) and fibroblast growth > free 25-hydroxyvitamin D

factor 23 (FGF23), was investigated. Vitamin D metabolites were compared between girls > impact OfVitamin D
using (CHC+) and not using CHC (CHC-). Further, the predictability of CHC on 25(0OH)D binding protein
levels was assessed in a multiple regression model including lifestyle factors. The ratios
1,25(0H),D/25(0H)D and 24,25(0H),D/25(0H)D (vitamin D metabolite ratio (VMR)) in
relation to 25(OH)D were presented in scatterplots.

Results: CHC+ (n = 64; 35% of the girls) had higher 25(OH)D levels (mean + s.p.,

60.3 + 22.2) nmol/L) than CHC- (n = 118; 41.8 + 19.3 nmol/L), P -values <0.01. The differences
in 25(0OH)D levels between CHC+ and CHC— were attenuated but remained significant after
the adjustment of lifestyle factors. CHC+ also had higher levels of 1,25(0OH),D, 24,25(0H),D,
DBP and calcium than CHC—, whereas 1,25(0H),D/25(0OH)D, PTH, FGF23 and albumin

were significantly lower. Free 25(0OH)D and VMR did not statistically differ, and both ratios
appeared similar in relation to 25(0OH)D, irrespective of CHC status.

Conclusion: This confirms a clinical impact of CHC on vitamin D levels in adolescents. Our
observations are likely due to an increased DBP-concentration, whereas the free 25(0OH)D
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Introduction

In the adult population, hormonal contraceptive (HC) use
hasbeen associated with increased total 25-hydroxyvitamin
D (25(OH)D) levels (1, 2, 3), but few studies have assessed
this in adolescents (4). As HC use in this age group is quite
common in some countries, including Norway (5), it is
important to understand how such use affects vitamin D
metabolism, and how to interpret 25(OH)D measurements
in this population. The effect of HC use on 25(OH)D levels
is so far not accounted for in existing guidelines (6, 7, 8, 9).

In contrary to 25(OH)D (free and protein bound),
free 25(OH)D has not differed according to HC use in the
adult population (3, 10). It has been raised concern that
the vitamin D status in HC users might be over-estimated,
as many cells utilize free 25(OH)D (10). As such, free
25(OH)D could represent a more useful marker of
vitamin D status in a HC using population.

Also, an increase in vitamin D-binding protein (DBP) in
users of combined hormonal contraceptives (CHC), which
includes an estrogenic component, has been consistently
reported (3, 11). Several tissues, including the parathyroid
gland, can utilize DBP-bound 25(OH)D, possibly
modifying the significance of free 25(OH)D levels (12).

To evaluate the vitamin D status, 25(OH)D is the
preferred choice (13). It encompasses skin production as
well as oral intake, is easily measured and has a relatively
long half-life compared to the other vitamin D metabolites
(13, 14). However, to correctly interpret 25(OH)D levels in
CHC users, other metabolites in the vitamin D pathway
might be useful. Also, 1,25(0OH),D)/25(OH)D and vitamin D
metabolite ratio defined by 24,25(0OH),D)/25(OH)D
(VMR) have been suggested as alternatives to 25(OH)D
measurements (15, 16).

The aim of this study was therefore to compare
25(0OH)D, 1,25(0H),D, 24,25(0H),D, DBP, free 25(OH)D,
1,25(0OH),D)/25(OH)D, VMR, parathyroid hormone
(PTH) and fibroblast growth factor 23 (FGF23), according
to CHC wuse in adolescents. Further, we wanted to
investigate if CHC use was an independent predictor
of 25(OH)D levels when accounting for other lifestyle
factors. Finally, we wanted to explore whether the ratios
1,25(0OH),D)/25(0OH)D and VMR in relation to 25(OH)D
differed by CHC use, presented in scatterplots.

Methods
Study population

Fit Futures is a population-based, longitudinal study of
the transition from adolescence to adulthood ongoing
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in Tromse and Balsfjord municipality in North Norway
(69°N). Fit Futures 1 was performed at The Research
Unit at the University Hospital in North Norway, from
September 2010 to April 2011, with 1038 attendees (girls
n=>508) in their first year of upper secondary school (92.9%
attendance rate), >95% were of Caucasian ethnicity. All
participants gave their written consent prior to the study;
for those under 16 years old, additional consent from a
parent/proxy was required. The Regional Committee for
Medical and Health Research Ethics North Norway and
The Norwegian Data Protection Authority approved the
study (2011/1684/REC North). Further study characteristics
are accessible elsewhere (17).

We included a subsample of 182 girls from Fit
Futures 1, whose stored serum samples were analyzed
for 1,25(0OH),D, 24,25(0OH),D, DBP and FGF23 in 2016,
free 25(OH)D in 2020, in addition to the 25(OH)D and
PTH measured in 2012/2011. All participants <19 years
with 25(OH)D levels >70 nmol/L or <20 nmol/L were
included. In addition, a random sample of 25 individuals
from each 10 nmol/L groups (20-29, 30-39, 40-49, 50-59
and 60-69 nmol/L) was selected (Table 1). If the selected
participant lacked available serum (1 = 1), the participant
was excluded and not replaced. The selection process
was designed to cover the whole range of 25(OH)D levels
within available financial frames. 25(OH)D, was measured
simultaneously, but not detected; hence, vitamin D will
refer to 25(OH)D, (17).

Questionnaire

The participants filled out a questionnaire regarding
various health aspects. To categorize participants into

Table 1 Selection process of subsample from Fit Futures 1.
Girls available for primary (original) analysis (<18 years and
available serum sample): n=415.

25(0OH)D, nmol/L Original sample Subsample
<10 0 0
10-20 22 22
20-30 78 25
30-40 96 25
40-50 77 25
50-60 62 25
60-70 44 24
70-80 19 19
80-90 14 14
90-100 1 1
100-110 2 2
Total 415 182

25(0OH)D, 25-hydroxyvitamin D.
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using (CHC+) or not using (CHC-) CHC, questions
regarding contraceptive use were utilized. Images of HC
products including brand names, were shown to aid
participants recalling the name of their contraceptive.
Sexual maturation was assessed by using age of menarche
to divide the participants into early (<12.5 vyears),
intermediate (12.5-14 years) and late (>14 years) sexual
maturation. Age was measured in years.

In addition, we included the following wvariables
regarding lifestyle and skin type: smoking and snuff
habits, intake of fatty fish, cod liver and roe ‘mglje’, semi-
skimmed milk (fortified with 0.4 pg vitamin D per 100 g),
cod liver oil, vitamin/mineral supplements, screen time
in weekends, physical activity, skin type according to sun
sensitivity, sunbathing holiday and use of solarium.

For use in statistical analyses, some categorical
answer options had to be merged due to low numbers of
respondents: ‘Do you smoke? (No/never, sometimes,
daily); alternatives ‘sometimes’ and ‘daily’ were merged
into ‘sometimes or daily’, ‘How often do you usually eat
fat fish (e.g. salmon, trout, mackerel and herring)’ (Rarely/
never, one to three times per month, one to three times per
week, four to six times per week, every day); alternatives
‘one to three times per week’, ‘four to six times per week’
and ‘every day’ were merged into ‘weekly fish’, ‘How often
do you usually eat cod liver and roe (melje)?’ (Rarely/never,
one to three times per year, four to five times per year, six to
nine times per year, 10 or more times per year); alternatives
‘four to five times per year’, ‘six to nine times per year’, ‘ten
or more times per year’ were merged into ‘four or more
times per year, ‘How often do you usually drink extra
semi-skimmed milk?’ (Rarely/never, one to six glasses per
week, one glass per day, two to three glasses per day, four or
more glasses per day); alternatives ‘two to three glasses per
day’ and ‘four or more glasses per day’ were merged into
‘more than one glass per day’, ‘How does your skin react
to sunbathing in the summer?’ (Always red never brown,
almost always red sometimes brown, almost always brown
sometimes red, always brown); alternatives ‘always red,
never brown’ and ‘almost always red, sometimes brown’
were merged into ‘mostly red’.

Laboratory analyses

Non-fasting blood samples were collected at the study
site in 2010/2011 and stored in the Biobank at the UiT
The Arctic University of Norway, at —70°C. Samples from
the entire cohort (n = 890) were analyzed for 25(OH)D at
the Hormone Laboratory, Haukeland University Hospital,
Bergen, Norway by high-pressure liquid chromatography
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mass spectroscopy (LC-MS/MS), total analytical variation
(CVa) was 10%. A selection of the samples was reanalyzed
for 25(OH)D at University College Cork, Cork, Ireland,
by LC-MS/MS, as a part of the International Vitamin D
Standardization Program (VDSP). Further, a statistical
regression equation was applied to the remaining
25(OH)D measurements to achieve standardized
serum 25(OH)D values according to VDSP protocol, R?
between the original 25(OH)D measurements and the
standardized 25(OH)D measurements was 0.98 (18). The
standardized values were applied here.

1,25(0OH),D was analyzed by enzyme immunoassay
(CVa 14% at 55 pmol/L and 82 pmol/L; 13% at 152 pmol/L),
24,25(0H),D by LC-MS/MS (no coefficient of variation
(CV) available) and DBP by RIA, (CVa 10% at 3.2 pmol/L
and 6.2 pmol/L), using polyclonal antibodies. These
analyses were performed at the Hormone Laboratory
at Oslo University Hospital, Oslo, Norway, which
participates in Vitamin D external quality assessment for
1,25(0OH),D measurements. The lower limit of detection
of 24,25(0OH),D was 20 nmol/L, hence all participants
with values under this limit were allocated the
value O (n =27).

Serum free 25(OH)D was analyzed by a competitive
ELISA assay, cat. no. KAPF 1991, DIAsource ImmunoAssays
SA (Louvain-la-Neuve, Belgium) DIAsource - Vitamin D
(diasource-diagnostics.com), accessed on February 8, 2022.
The assay had an intermediate precision of < 6.3% (CV)
as tested at four concentrations ranging from 14.5 to 70.1
pmol/L. FGF23 (intra CV 9%, inter CV 26%), was analyzed
by immunoassay at OLINK® Proteomics, Uppsala, Sweden,
and reported in Normalized Protein eXpression (NPX)
values (log2 scale). Serum PTH, calcium and albumin
were analyzed at the Department of Laboratory Medicine,
University Hospital of North Norway, Tromsg, Norway.
PTH was analyzed by an electrochemiluminescence
immunoassay using an automated clinical chemistry
analyser, Cobas® 6000, Roche Diagnostics. The laboratory
used Quality Management from Tieto Enator (Helsinki,
Finland) (CVa of 6.4, 3.7 and 4.6% at 1.9, 3.4 and 10.1
pmol/L, respectively) for PTH measurements. Calcium
was analyzed by photometry using an automated clinical
chemistry analyser, Cobas® 8000, Roche Diagnostics . CVa
was 1.35% at 2.37 mmol/L. Likewise, albumin was analyzed
by the Cobas® 8000, CVa was 1.4% at 45.0 g/L.

Physical measurements

Anthropometric measures in light clothing and without
shoes included height measured to the nearest cm and
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weight to the nearest hectogram. BMI was calculated by
weight (kg)/height (m)2.

Statistics

All statistical calculations were performed using IBM SPSS
statistics version 25 (IBM Corp. Released 2017. IBM SPSS
statistics for Windows, Version 25.0.: IBM Corp.) Normality
of the data was judged by visual inspection of histogram
and Q-Q plot. Homoscedasticity was assessed by residual
plot and linearity by scatterplot. All tests were two-tailed,
and a P-value <0.05 was considered statistically significant.

There was one extreme outlier (92.4 pmol/L) present in
the free 25(OH)D measurements, which was removed from
the analysis. Due to many participants with undetectable
24,25(0OH),D concentrations, we reported this metabolite
as a percentage of participants with undetectable
24,25(0OH),D values in each category.

25(OH)D levels were categorized consistent with
international guidelines: <30, 30-50, 50-75 and >75
nmol/L (6, 7). ANOVA was used to calculate means and to
assess weighted linear trends across vitamin D categories.

Vitamin D metabolites were compared between CHC+
and CHC- by chi-square test for categorical variables
and t-tests for continuous variables. Similarly, lifestyle
and biological variables included in previous analyses
in the complete Fit Futures cohort (17), were compared
between CHC+ and CHC-. Lifestyle variables significantly
different between the groups in wunivariate analyses
were further included in multiple regression analyses
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together with age, BMI and CHC status with 25(OH)D as a
dependent variable.

A Lowess curve was fitted to the observations of
1,25(0OH),D/25(OH)D and VMR in relation to 25(OH)D
levels in a scatterplot, stratified by CHC status.

Results

Fit Futures 1 included 415 eligible girls, where 182 met the
selection criteria for this study (Table 1). The median age
was 16 years with a mean + s.D. BMI of 22.3 + 4.0 kg/m?.
Mean + s.D. 25(OH)D was 48.3 + 22.1 nmol/L with
corresponding PTH at 3.9 £ 1.3 pmol/L. Of the participants,
64 (35%) were CHC+. Table 2 demonstrates the baseline
characteristics and biological variables across 25(OH)D
categories. CHC+ were overrepresented in the highest
categories, constituting 74.1% of the participants with
25(OH)D >75 nmol/L. There were significant linear
increasing levels of 1,25(OH),D, 24,25(OH),D, DBP, free
25(OH)D and decreasing levels of PTH across the 25(OH)D
categories (Table 2). In participants with 25(OH)D
levels <30 nmol/L, 44.7% of 24,25(OH),D levels were
undetectable, while all participants with 25(OH)D
>75 nmol/L had detectable 24,25(OH),D values (Table 2).
In univariate models, CHC+ were more likely to use
snuff, vitamin/mineral supplements, and solarium and less
likely to eat fatty fish (Table 3). Further, the differences in
25(OH)D levels between CHC+ and CHC- were significant
(60.3 £ 22.2 and 41.8 £+ 19.3 nmol/L, respectively, P <
0.01). CHC+ also had higher levels of 1,25(OH),D,

Table 2 Results from ANOVA analysis: baseline characteristics, vitamin D metabolites, PTH, FGF23 and calcium according to

categories of 25(0OH)D levels.

P -value for
25(0OH)D, nmol/L <30 30-50 50-75 >75 linear trend
Baseline characteristics

Number of persons (n) 44 48 53 26 n.a

CHC+ (%) 17.0 28.0 37.9 74.1 <0.001
BMI (kg/m?) 22.5+47 23.2+4.7 21.8+3.4 21.2+2.2 0.091

Biological variables

1,25(0H),D (pmol/L) 98.2+31.0 119.0+38.4 1244+33.0 148.4+66.2 <0.001
24,25(0H),D (nmol/L) 21.1+21.0 39.6+22.4 62.2+32.5 79.0 +36.3 <0.001
24,25(0H),D percentage below limit of detection 44.7% 10.0% 1.7% 0% na

DBP (pmol/L) 3.5+0.7 3.6+0.7 40+09 46+1.3 <0.001
Free 25(0OH)D (pg/mL) 5.6 £3.9 7.2+3.7 8.6 +4.9 8.5+3.5 <0.001
PTH (pmol/L) 43+15 40+15 3.6+0.9 3.5+1.1 0.004
FGF23, NPX values 2.8+0.9 28+1.0 25+0.6 2.6+0.7 0.073
Calcium (mmol/L) 2.30+0.1 2.30+0.1 2.31+0.1 2.30+0.1 0.834
Albumin (g/L) 450+ 2.7 440+2.4 450+ 2.3 436 +3.0 0.191

CHC+, combined hormonal contraceptive users; DBP, vitamin D-binding protein; free 25(0H)D , measured free 25(0OH)D; FGF23, fibroblast growth factor;
PTH, parathyroid hormone; 1,25(0H),D, 1,25-dihydroxyvitamin D; 24,25(0H),D, 24,25-dihydroxyvitamin D.
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Table 3 Results from Pearson'’s chi-square test of categorical variables and CHC use.

Categorical variables CHC+ CHC- Pearson'’s chi-square, P-value
Lifestyle variables n (%) n (%)
Smoking status
Never 46 (73.0) 93 (80.9) 0.226
Sometimes or daily 17 (27.0) 22 (19.1)
Snuff use
Never 24 (38.1) 86 (74.1) <0.001
Sometimes 16 (25.4) 14 (12.1)
Daily 23 (36.5) 16 (13.8)
Fatty fish intake
Rarely/never 13(20.6) 19 (16.4) 0.010
One to three times per month 42 (66.7) 58 (50.0)
Weekly fish 8(12.7) 39 (33.6)
Cod liver and roe ‘Mglje’ intake
Rarely/never 42 (66.7) 70 (60.3) 0.706
1-3 times per year 15 (23.8) 33(28.4)
4 or more times per year 6(9.5) 13(11.2)
Extra semi-skimmed milk intake
Rarely/never 32 (50.8) 44 (37.9) 0.202
1-6 glasses per week 15 (23.8) 29 (25.0)
1 glass per day 8(12.7) 29 (25.0)
>1 glass per day 8(12.7) 14(12.1)
Cod liver oil intake
No 31(49.2) 57 (49.6) 0.636
Sometimes 22 (34.9) 34 (29.6)
Daily 10 (15.9) 24 (20.9)
Vitamin/mineral supplements intake
No 12 (19.0) 46 (39.7) 0.016
Sometimes 33(52.4) 49 (42.2)
Daily 18 (28.6) 21 (18.1)
Screen time weekends
0-1.5h 11(17.5) 18 (15.5) 0.584
2-3h 19(30.2) 47 (40.5)
4-6 h 24 (38.1) 36 (31.0)
>7 h 9(14.3) 15(12.9)
Physical activity in leisure time
Sedentary 9(14.3) 12(10.3) 0.827
>4 h a week 26 (41.3) 49 (41.9)
Recreational sports 16 (25.4) 35(29.9)
Hard training 12 (19.0) 21(17.9)
Sunbathing holiday last 2 months
No 55 (87.3) 107 (92.2) 0.282
Yes 8(12.7) 9(7.8)
Solarium use last 4 weeks
No 26 (41.3) 84 (72.4) <0.001
Yes 37 (58.7) 32 (27.6)
Biological variables
Puberty status
Early 28 (45.9) 40 (34.5) 0.186
Intermediate 18 (29.5) 50 (43.1)
Late 15 (24.6) 26 (22.4)
Skin type according to sun sensitivity
Mostly red 11(17.7) 23(20.0) 0.774
Almost always brown, sometimes red 39 (62.9) 66 (57.4)
Always brown, never red 12(19.4) 26 (22.6)

CHC+, combined hormonal contraceptive users; CHC—, combined hormonal contraceptive non-users.
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Table 4 Results from t-tests on continuous variables by CHC
use. Mean values = s.p. adjusted for BMI and age.

t-Test,
CHC+ CHC- P-value
Number of persons (n) 64 117
25(0OH)D (nmol/L) 60.3+22.2 41.8+19.3 <0.001
1,25(0H),D (pmol/L) 128.1+48.2 115.2+39.9 0.042
24,25 (OH),D (nmol/L)  61.9+37.6 40.4 £30.2 <0.001
DBP (umol/L) 45+1.0 3.4+0.7 <0.001
Free 25(0OH)D (pg/mL) 7.7 +4.6 73+4.1 0.603
1,25(0H),D/25(0H)D 24+£1.2 34+19 <0.001
VMR 1.1+0.6 1.0+0.7 0.374
PTH (pmol/L) 3.6+1.1 41+1.4 0.035
FGF23, NPX values 25+0.8 2.8+0.8 0.023
Calcium (mmol/L) 2.30+0.1 2.27 + 0.1 0.005
Albumin (g/L) 432 +2.6 451 +2.4 <0.001

CHC+, combined hormonal contraceptive users; DBP, vitamin D-binding
protein; free 25(0OH)D , measured free 25(0OH)D; FGF23, fibroblast growth
factor; PTH, parathyroid hormone; VMR, 24,25(0H),D/25(0OH)D vitamin D
metabolite ratio; 2325(0H)D, 25-hydroxyvitamin D; 1,25(0OH),D,
1,25-dihydroxyvitamin D; 24,25(0H),D, 24,25-dihydroxyvitamin D.

24,25(0H),D, DBP and calcium than CHC-, whereas
1,25(0H),D/25(0OH)D, PTH, FGF23 and albumin were
significantly lower. There were no differences in free
25(OH)D and VMR levels (Table 4).

The multiple regression model included the categorical
variables that differed according to CHC use in univariate
models (snuff habits, intake of fatty fish, vitamin/mineral
supplement intake and solarium use), in addition to
age, BMI and CHC status. Adjustment for these variables
attenuated, but did not remove, the differences in 25(OH)D
levels between CHC+ and CHC-. Solarium and CHC use
significantly predicted an increase in 25(OH)D levels by
unstandardized B (95% CI) of 20.7 (15.0-26.4) and 9.7
(3.5-16.0) nmol/L, respectively. BMI, age, snuff habits,
intake of fatty fish and vitamin/mineral supplement
intake did not contribute significantly to the model. The
model explained 37.6% of the variation in 25(OH)D
levels (Table 5).
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By visualizing 1,25(OH),D/25(OH)D and VMR in
relation to 25(OH)D in scatterplots, there was no clear
differences in the patterns of observations according to
CHC status (Figs 1A, B and 2A, B).

Discussion

This study reports a marked significant ditference in 25(OH)D
levels according to CHC use among adolescent girls, the
difference remained, but was attenuated after adjustment
for lifestyle variables. The higher 25(OH)D levels were
congruent with higher 1,25(OH),D, 24,25(0OH),D, DBP
and calcium while 1,25(0OH),D/25(0OH)D, PTH, FGF23
and albumin were lower. Free 25(OH)D and VMR did not
differ, also there were no differences in the patterns of
1,25(0OH),D/25(OH)D and VMR in relation to 25(OH)D
levels, stratified by CHC use.

Differences in 25(OH)D levels according to estrogen
use in women, both postmenopausal and in childbearing
age (>18 years) is well described in previous publications
(1, 2, 3, 19). However, studies on 25(OH)D levels in the
CHC using adolescent population are scarce. In this
study of adolescent girls, the difference between CHC+
and CHC- in 25(OH)D levels was profound, constituting
almost 20 nmol/L in univariate analyses, consistent with
findings in 16-25 years old Australian girls (4). Of note,
differences in solarium use explained half the difference in
our population.

Increased DBP and 25(OH)D levels in CHC users
have been previously reported (3, 20), and is considered
due to the estrogen component in CHC stimulating the
hepatic production of DBD, as is the case for many binding
globulins (21, 22). As approximately 90% of 25(OH)D is
bound to DBP, this carrier protein clearly has an important
role in maintaining 25(OH)D levels (23, 24). This point was
further demonstrated in a patient lacking DB, with almost

Table 5 Results from multivariate linear regression analysis: predictors for serum 25(0H)D levels.

Independent variables Unstandardized B (Cl) Standardized beta P -value
BMI (kg/m?) —-0.4(-1.0t0 0.3) -0.07 0.286
Age (years) 1.3(-3.8t06.5) 0.03 0.608
Snuff use (no/never, sometimes, daily) 3.0(-0.4to0 6.5) 0.1 0.086
Intake of fatty fish (rarely/never, one to three times per month, weekly fish) —0.6 (—4.7 t0 3.6) -0.02 0.789
Vitamin/mineral supplement (no, sometimes, daily) 2.1(=1.7t05.8) 0.07 0.273
Solarium use last 4 weeks (no/yes) 20.7 (15.0 to 26.4) 0.46 <0.001
CHC use (no/yes) 9.7 (3.5to0 16.0) 0.21 0.003
R? 0.376

CHC+, combined hormonal contraceptive users; CHC—, combined hormonal contraceptive non-users; 25(0OH)D, 25-hydroxyvitamin D.
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Figure 1
(A) Scatterplot of 1,25(0H)2D/25(0OH)D in relation to 25(OH)D in CHC—. (B)
Scatterplot of 1,25(0H)2D/25(0OH)D in relation to 25(0OH)D in CHC+.
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Figure 2
(A) Scatterplot of VMR in relation to 25(0OH)D in CHC-. (B) Scatterplot of
VMR in relation to 25(0OH)D in CHC+.
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undetectable 25(OH)D levels (25). In addition, progestins
may affect DBP levels (20), also in line with other globulins
(21). DBP concentration and binding affinity have genetic
variation, with different ethnic distributions (23); however,
as the majority of our study participants are of Caucasian
ethnicity, we do not believe this will largely impact our
findings. Previous studies have reported lower albumin
levels in women taking exogenous estrogen, in line with
our findings (26, 27).

There was a linearly increasing trend of free 25(OH)D
across 25(OH)D categories. However, free 25(OH)D
levels did not differ according to CHC use in line with
previous studies in the adult population (3, 10). Due to
its bioavailability and proposed independence of DBP
levels, free 25(OH)D has been suggested as a marker of
vitamin D status, as a replacement for or in addition to
25(OH)D measurements (12, 28). This relates to the free
hormone hypothesis, stating that the concentration of
free hormone in serum controls the concentration of
hormone inside the cell, and thus the biological activity
(12, 29). However, the true availability of free hormone
to the cell depends on numerous factors, including blood
flow, serum concentrations, the type and amount of
binding proteins and their dissociation constants, cellular
uptake and intracellular elimination (29). One could
speculate that an unknown active regulation of any of
these steps contributes to maintain a stable free 25(OH)D
concentration irrespective of CHC use.

It has been argued that the equal levels of free 25(OH)D
could mean an over-estimation of vitamin D status based
on 25(OH)D levels in HC users (10). However, DBP-bound
25(OH)D can be utilized by cells which has the membrane-
anchored megalin/cubulin-complex, as do the kidneys
and the parathyroid gland (30), consistent with the lower
PTH and higher calcium levels in the CHC+. In fact, in
our population, the difference in free calcium could
be expected to be even larger, as albumin was lower in
CHC+, however, this was not measured. In addition to the
megalin/cubulin-complex, there might be other receptors
making DBP-bound 25(OH)D available to cells (12, 31).

The lower PTH and higher calcium could represent
clinically relevant differences in 25(OH)D levels according
to CHC use, at least in a bone health perspective. This
supports previous studies, concluding that 25(OH)D is still
the metabolite of choice regarding the effect of vitamin
D on bone health (32, 33), although one study reported
superior correlations of free 25(OH)D (34).

We investigated possible confounding variables on
25(OH)D levels. In univariate analysis, CHC+ differed in
snuff habits, fatty fish intake, vitamin/mineral supplement
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intake and solarium use. These lifestyle habits can
influence 25(OH)D levels and was, therefore, included
in the multiple regression model together with BMI, age
and CHC. Here, solarium and CHC use were significant
predictors of higher 25(OH)D levels. This confirms that
UV exposure is a strong predictor of 25(OH)D levels in this
cohort, as previously published (17).

Both 1,25(OH),D)/25(OH)D and VMR have been
suggested as alternative markers of vitamin D status due
to their close relation to 25(OH)D levels (16, 35). Although
the 1,25(0OH),D/25(OH)D ratio was higher in CHC- than
CHCH+, the distribution of the ratio across 25(OH)D levels
was similar in both groups. The VMR was not statistically
different according to CHC use, and the scatterplots were
comparable. These results indicate a similar vitamin D
metabolite regulation, irrespective of CHC use.

Although this study was based on a selected young
population according to their 25(OH)D levels, the
results of this study are relevant for a female adolescent
population, at least of Caucasian origin. We had the
opportunity to investigate vitamin D metabolism in
an adolescent population ranging from deficiency to
sufficient vitamin D levels. In addition, the 25(OH)D
measurements were standardized according to VDSP.
Another strength of the study is that we measured free
25(OH)D, which provides more accurate values than
those obtained by calculating levels based on measured
25(OH)D, albumin and DBP (36, 37, 38). Although the use
of CHC was self-reported, the information was confirmed
through interviews using images to ensure the correct
brand names. A limitation is the number of participants.
Also, we did not have information regarding the length
of CHC use. Last, although we included many variables
related to 25(OH)D levels, we cannot exclude unmeasured
confounders influencing the effect of CHC on 25(OH)D
levels. Further research is needed to establish the long-
term effects of CHC use and the effect of cessation of CHC
on vitamin D levels, which is important from a clinical
point of view.

In conclusion, this study confirms the impact of CHC
use on vitamin D levels in an adolescent population,
which could be clinically relevant due to corresponding
differences in calcium and PTH levels. The 25(OH)D levels
in CHC+ therefore seem to represent a valid measure of the
vitamin D status in this population.
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