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ORIGINAL ARTICLE

The impact of 1-year vitamin D supplementation on vitamin D
status in athletes: a dose–response study
EMP Backx1, M Tieland1, K Maase2, AK Kies3, M Mensink1, LJC van Loon4 and LCPGM de Groot1
BACKGROUND/OBJECTIVES: To assess the prevalence of vitamin D deﬁciency in Dutch athletes and to deﬁne the required dosage
of vitamin D3 supplementation to prevent vitamin D deﬁciency over the course of a year.
SUBJECTS/METHODS: Blood samples were collected from 128 highly trained athletes to assess total 25(OH)D concentration.
Of these 128 athletes, 54 male and 48 female athletes (18–32 years) were included in a randomized, double blind, dose–response
study. Athletes with either a deﬁcient (o 50 nmol/l) or an insufﬁcient (50–75 nmol/l) 25(OH)D concentration were randomly
assigned to take 400, 1100 or 2200 IU vitamin D3 per day orally for 1 year. Athletes who had a total 25(OH)D concentration above
75 nmol/l at baseline continued with the study protocol without receiving vitamin D supplements. Serum total 25(OH)D
concentration was assessed every 3 months, as well as dietary vitamin D intake and sunlight exposure.
RESULTS: Nearly 70% of all athletes showed an insufﬁcient (50–75 nmol/l) or a deﬁcient ( o50 nmol/l) 25(OH)D concentration at
baseline. After 12 months, serum 25(OH)D concentration had increased more in the 2200 IU/day group (+50 ± 27 nmol/l) than the
sufﬁcient group receiving no supplements (+4 ± 17 nmol/l; P o 0.01) and the 1100 IU/day group (+25 ± 23 nmol/l; P o 0.05).
Supplementation with 2200 IU/day vitamin D resulted in a sufﬁcient 25(OH)D concentration in 80% of the athletes after 12 months.
CONCLUSIONS: Vitamin D deﬁciency is highly prevalent in athletes. Athletes with a deﬁcient or an insufﬁcient 25(OH)D
concentration can achieve a sufﬁcient 25(OH)D concentration within 3 months by taking 2200 IU/day.
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INTRODUCTION
Vitamin D inadequacy is traditionally deﬁned as a serum total
25-hydroxyvitamin D (25(OH)D) concentrations below 50 nmol/l
based on studies concerning bone health and calcium
metabolism.1 Using this deﬁnition, only 40–60% of the athletes
have adequate total 25(OH)D concentrations.2–4 More recent
studies show that low total 25(OH)D concentrations are also
associated with reduced muscle strength5 and muscle protein
synthesis,6 which may impact athletic performance. So far, a
limited number of studies have investigated the effect of vitamin
D supplementation on athletic performance.7–9 These studies
demonstrate that increasing serum total 25(OH)D concentration
improves sprint capacity and vertical jump performance,7
enhances muscular strength recovery following intense exercise8
as well as decreases the risk of musculoskeletal injuries.9 However,
these studies tend to have a small sample size and did not control
for covariates such as physical activity, which might explain the
positive effects that are found.
Data from both observational and intervention studies demonstrate improvements in athletic performance when serum total
25(OH)D concentrations are above 75 nmol/l.7–11 However, it is
important to note that not all studies have conﬁrmed this
ﬁnding,3,12 and more well-controlled studies are needed to assess
the optimal 25(OH)D concentrations speciﬁcally for athletic
performance. An effective and commonly used strategy to
increase serum total 25(OH)D concentrations is supplementation
with vitamin D3.13 Although a number of dose–response studies
have been performed, most have investigated older, non-athletic

populations.14–16 The results from these studies cannot be directly
translated to athletes considering differences in dietary vitamin D
intake,17–19 body composition,20,21 sunlight exposure17,19 and the
age-related capacity of the skin to produce vitamin D.22 Moreover,
to improve a low total 25(OH)D concentration at the end of the
winter and to maintain a sufﬁcient 25(OH)D concentration
throughout the year, studies need to focus on assessing total
25(OH)D concentration during all seasons. Therefore, the current
study was conducted to (1) assess the prevalence of vitamin D
deﬁciency ( o50 nmol/l) in a group of highly trained athletes and
(2) identify the dose of vitamin D3 supplementation required to
achieve and maintain a total 25(OH)D concentration 475 nmol/l
throughout the course of a year.

MATERIALS AND METHODS
Subjects
A total of 128 highly trained athletes were recruited through contacts with
their coaches, trainers and/or medical doctors. All athletes participated on
a national or an international level in sports supported by Netherlands
Olympic Committee*Netherlands Sports Confederation (NOC*NSF) and
were all living in the Netherlands at a latitude of ~ 52°N. Athletes were
excluded if they had chronic diseases that could inﬂuence total 25(OH)D
concentrations and/or the response to vitamin D supplementation.
Athletes were also excluded if they used vitamin D supplements and
participants were not allowed to start taking supplements during the
study. Athletes who used a sun bed or travelled to foreign countries were
not excluded, but this information was monitored by questions in the
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sunlight questionnaire. At baseline, athletes were asked to ﬁll in a training
log with the amount of training hours per day for 1 week.

Design and intervention
The present study consisted of two parts. The ﬁrst part was a crosssectional observation of total 25(OH)D concentration at the end of the
winter to assess the prevalence of vitamin D deﬁciency in athletes. The
second part comprised a dose–response study to compare the effect of
three dosages of vitamin D supplements on total 25(OH)D concentrations
in a selection of athletes who participated in the ﬁrst part.
After providing written informed consent, 58 male and 70 female
athletes had their serum total 25(OH)D concentration assessed, while
concurrently recording vitamin D and calcium intake, sun exposure and
general well-being (baseline measurement). Baseline measurements were
assessed at the end of the winter season (March until April 2013), as the
winter months are known to impose the highest risk of vitamin D
deﬁciency due to the lack of sun exposure.23 From this group, 102 athletes
were included in a randomized, double-blind, dose–response study for
12 months. Serum 25(OH)D, vitamin D and calcium intake and sun
exposure were reassessed every 3 months (Figure 1). Selected athletes
were stratiﬁed based on their baseline total 25(OH)D concentration as
having a deﬁcient ( o50 nmol/l), insufﬁcient (50–75 nmol/l) or sufﬁcient
(475 nmol/l) total 25(OH)D concentration. Those athletes with a deﬁcient
(n = 43) and an insufﬁcient (n = 46) total 25(OH)D concentration were
randomized to take 400 (n = 31), 1100 (n = 29) or 2200 IU (n = 29) vitamin
D3 (cholecalciferol) per day for 1 year (Table 1). The sufﬁcient group (n = 13)
continued with the study protocol without receiving vitamin D
supplements.
For subjects whose total 25(OH)D concentration reached 125 nmol/l or
higher (as measured during the 3-month assessment), the dose was
adjusted to a maintenance dose of 400 IU/day to prevent possible harmful
effects.1
The study was approved by the Medical Ethics Committee of
Wageningen University (12/09). The design and aim of the study were
registered in the NIH clinical trial database (ClinicalTrials.gov number:
NCT02008201).

phase chromatography. Finally, the resulting extract is analysed by
reversed phase chromatography with diode array detection, quantifying
at 265 nm.
Subjects were asked to ﬁll in a calendar to monitor compliance to the
supplement intake. Also, subjects were asked to hand in all supplement
packages. For statistical analysis, all subjects were included. The calendar
and supplement count data were used to explain deviating results of
individual subjects. Overall, 4 subjects in the 2200 IU/day group displayed
deviating 25(OH)D concentrations. For these subjects, the calendar and
supplement count helped explain the data.

Measurements
Serum 25(OH)D. Subjects were fasted for at least 3 h before blood
samples were collected by venipuncture to assess serum total 25(OH)D
concentration. After collection, blood tubes (SST Tube with Silica Clot
Activator, Becton, Dickinson and Company, Franklin Lakes, NJ, USA) were
stored for at least 30 min in a dark box to allow clotting, after which they
were centrifuged for 10 min at 1550 G. Serum was separated and stored at
− 80 °C until analysis. Serum 25(OH)D concentrations were analysed with a
liquid chromatography—tandem mass spectrometry (LC–MS/MS) assay
(Online SPE) at the VU Medical Centre, Amsterdam. The VU Medical Centre
participates in the United Kingdom National External Quality Assessment
Schemes (UK NEQAS) and the Dutch society for quality control in medical
laboratories (SKML). The intra-assay and inter-assay coefﬁcients of
variability of this lab were 5–9 and 7–9%, respectively.

Safety
To prevent possible harmful effects of the vitamin D supplements, athletes
in the 2200 and 1100 IU/day group who reached total 25(OH)D
concentrations higher than 125 nmol/l switched to a maintenance dose
of 400 IU/day. This occurred in 31 athletes. In only 5 of them, total 25(OH)D
concentrations dropped below 75 nmol/l (lowest value 47 nmol/l) at the
end of the winter (T = 12).

Supplements
Vitamin D supplements (400, 1100 or 2200 IU) were taken on a daily basis
together with a meal to enhance absorption.24 Vitamin D3 was provided by
DSM Biotechnology Center (Delft, The Netherlands) in a capsulated form.
Capsules were administered in a double-blind manner and provided in
blisters. Supplements were tested by independent laboratories for the
correct dosage and to guarantee the absence of contamination with
prohibited substances. The HFL Sport Science lab guaranteed the absence
of contamination with prohibited substances. The dosages were measured
by TNO Triskelion BV by the following method: Samples are saponiﬁed
using a 1.5 mol/l potassium hydroxide ethanolic solution. The mixture is
extracted using diisopropyl ether. The extract is partly evaporated and
redissolved in methanol. After sterol precipitation and solid phase
extraction, the eluate is further puriﬁed by fractionation with straight

Figure 1.

Table 1.

Block randomisation of vitamin D supplementation

Vitamin D status

Total 25(OH)D concentration
(nmol/l)

Supplementation
(IU/day)

Deﬁcient

o 50

Insufﬁcient

50–75

Sufﬁcient

4 75

400
1100
2200
400
1100
2200
No supplements

Overview of the study design.
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Vitamin D and sun exposure questionnaire
Vitamin D and calcium intake were calculated from a validated 56-item
food frequency questionnaire.25 Sun exposure was measured by a
questionnaire that assessed the time spent outdoors likely representing
exposure to sunlight. The questions pertained to time spent outdoors
during the last 2 weeks to 3 months. The self-reported sun exposure score
could range from 0 to 108 and was used to rank athletes. Scores obtained
at T0, T9 and T12 were recoded to 0 to accommodate for the absence of
cutaneous synthesis of vitamin D during the winter months. Body weight
and height were also assessed by a questionnaire, and BMI was calculated
as body weight in kg/(height in m).2

Statistics
A sample size calculation was performed prior to the start of the study
using GPower.26 To detect a signiﬁcant difference in serum 25(OH)D in
response to the lowest and middle doses of vitamin D supplementation
with an 1-beta of 40.80 and an alpha of o0.05, at least 10 participants
per group were required.27 Considering a drop-out rate of 30%,
15 participants per group were needed. To include a group of 90 subjects
with a deﬁcient or an insufﬁcient total 25(OH)D concentration, we
estimated that 120–140 athletes should be included at baseline.28
Data are presented as means ± s.d.. Intention-to-treat analysis was
applied, meaning that all subjects were included also in case they missed
one or more measurements. Baseline characteristics and total 25(OH)D
concentrations were normally distributed as evaluated by plotting a
histogram and the skewness and kurtosis values (all between − 1.0 and
+1.0). To check whether there were baseline differences between the
groups, a one-way ANOVA was used in combination with a Bonferroni post
hoc test to assess the differences between speciﬁc dosage groups. Linear
mixed models analysis in combination with a Bonferroni post hoc test was
applied to assess the differences between groups over time. Supplement
dose, time and supplement dose × time were entered as ﬁxed factors.
Random factors were included based on a signiﬁcant contribution to the
outcome in the linear mixed model. The following random factors were
tested: vitamin D intake, gender, age, skin colour, indoor/outdoor athletes,
baseline 25(OH)D, exposure to sunlight and BMI. Only baseline 25(OH)D
and exposure to sunlight were signiﬁcant. First, linear mixed models were
applied with only exposure to sunlight as random factors to compare

Table 2.

mean total 25(OH)D concentrations between groups (Table 3A). Second,
exposure to sunlight and baseline total 25(OH)D concentrations were
included as random factors to compare the changes over time (Table 3B).
Data were analysed using SPSS version 21 (SPSS, Chicago, IL, USA), and
effects were considered statistically signiﬁcant at P o0.05.

RESULTS
Baseline characteristics
The total group of 128 subjects had a mean age of 22 ± 3 years
and a mean BMI of 22 ± 2 kg/m2 (Table 2). Athletes trained on
average 9 ± 4 h per week. Most athletes had a light skin colour
(n = 112), and only 16 athletes had a darker skin colour. Athletes
competed in different sport disciplines, classiﬁed as mainly
training outdoors (total n = 94): ﬁeld hockey (n = 61), athletics
(n = 15), soccer (n = 12), rowing (n = 4), cycling (n = 1) and
bobsleighing (n = 1) or indoors (total n = 34): volleyball (n = 26),
synchronized swimming (n = 5) and judo (n = 3).
On average, baseline characteristics of the athletes participating
in the dose–response study did not differ from those of the total
group, nor did the three supplemental groups differ from each
other, except for gender distribution. The sufﬁcient group
included only female indoor athletes (Table 2).
During the dose–response study, 12 participants withdrew after
T0, another 13 after T3 and 7 participants withdrew after T6.
A total of 40 athletes completed all measurements, of which
11 subjects in the 400 IU/day, 7 in the 1100 IU/day, 12 in the
2200 IU/day group and 10 in the sufﬁcient group; please see
Figure 2 for participant ﬂow chart.
Baseline serum 25(OH)D
Baseline mean total 25(OH)D concentration was 64 ± 26 nmol/l
in all athletes and 64 ± 21 nmol/l in the athletes who completed
all measurements (n = 40). Of the total group, 43 athletes had
a deﬁcient (o 50 nmol/l), 46 athletes had an insufﬁcient

Baseline characteristics

Age (years)
Gender (M/F)
Body weight (kg)
Height (m)
BMI (kg/m2)
Indoor/outdoor (N)
Training hours per week (h:min)
Self-reported sunlight exposure (scores 1–108)
Skin colour (light versus darker)

Total

400 IU/day

1100 IU/day

2200 IU/day

Sufﬁcient

(n = 128)

(n = 31)

(n = 29)

(n = 29)

(n = 13)

22 ± 3
58/70
70 ± 8.8
1.78 ± 0.09
22 ± 2
34/94
8:53 ± 3:39
13.0 ± 6.3
112/16

21 ± 3
18/13
71 ± 10
1.80 ± 0.09
22 ± 2
6/25
7:26 ± 2:42
12.1 ± 5.8
27/4

22 ± 3
18/11
73 ± 10
1.79 ± 0.09
22 ± 2
6/23
8:08 ± 2:37
13.6 ± 7.2
24/5

21 ± 3
18/11
70 ± 7
1.77 ± 0.09
22 ± 2
2/27
7:51 ± 2:38
13.7 ± 6.4
25/4

23 ± 4
0/13
74 ± 6
1.81 ± 0.06
23 ± 2
13/0
7:51 ± 2:38
12.0 ± 5.9
12/1

Abbreviation: BMI, Body mass index. Data represent means ± s.d. The sufﬁcient group included only female and indoor athletes and showed a higher average
training load. Furthermore, no differences between groups were found by one-way ANOVA.

Figure 2.

Participant ﬂow chart.
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(50–75 nmol/l) and 39 athletes had a sufﬁcient (475 nmol/l)
baseline total 25(OH)D concentration. This means that 70% of all
athletes showed an insufﬁcient or a deﬁcient total 25(OH)D
concentration at baseline (the end of the winter season). A higher
percentage of male athletes was vitamin D deﬁcient or insufﬁcient
as compared with female athletes (average 25(OH)D for men and
women 46 ± 19 and 78 ± 21 nmol/l, respectively; P o0.01).
Serum 25(OH)D over time
Overall, the three vitamin D dosage groups showed different
effects over time (time × treatment interaction P o 0.01), as can be
seen in Table 3.
At 3 months, serum total 25(OH)D concentration was 80 ± 17 for
the 400 IU/day group, 79 ± 18 nmol/l in the 1100 IU/day group,
94 ± 19 nmol/l in the 2200 IU/day group and 100 ± 22 nmol/l for
the sufﬁcient group. The increases from baseline were not
different between supplementation groups (P40.05). However,
all three supplemental groups increased total 25(OH)D concentration more compared with the sufﬁcient group (P = 0.049 for the
400 IU/day group, P = 0.01 for the 1100 IU/day group and P o 0.01
for the 2200 IU/day group). In the 2200 IU/day group, a sufﬁcient
total 25(OH)D concentration was achieved in 85% of the athletes
within 3 months. A sufﬁcient total 25(OH)D concentration was
achieved in 50 and 57% of the athletes within the ﬁrst 3 months in
the 1100 and 400 IU/day group, respectively.
At 6 months, in late summer, peak total 25(OH)D concentrations
were achieved in all four groups. The 2200 IU/day group showed
the highest mean of 144 ± 33 nmol/l, which was signiﬁcantly
different from the 400 (P o 0.01) and 1100 (P = 0.03) IU/day
groups. The sufﬁcient group had a mean total 25(OH)D
concentration of 129 ± 32 nmol/l, the 400 IU/day group had a
mean total 25(OH)D concentration of 111 ± 31 nmol/l and the
1100 IU/day group had a mean total 25(OH)D concentration of
119 ± 27 nmol/l. In the 1100 and 2200 IU/day and in the sufﬁcient
group, all athletes had total 25(OH)D concentrations above
75 nmol/l. In the 400 IU/day group, 86% of the athletes achieved
a sufﬁcient total 25(OH)D concentration.
Table 3.

At 12 months, all groups that received vitamin D supplements
had higher total 25(OH)D concentrations as compared with
baseline (P o 0.01). The difference was more pronounced in the
2200 IU/day group (+50 ± 27 nmol/l) than in both the sufﬁcient
group (+4 ± 17 nmol/l; P o0.01) or the 1100 IU/day group
(+25 ± 23 nmol/l; P = 0.049), whereas the difference tended to be
higher compared with the 400 IU/day group (+28 ± 24 nmol/l;
P = 0.06). The 2200 IU/day group had a total 25(OH)D concentration of 100 ± 27 nmol/l, the 1100 had 76 ± 29 nmol/l, the
400 IU/day group had 81 ± 26 nmol/l and the sufﬁcient group had
a total 25(OH)D concentration of 96 ± 22 nmol/l. After 12 months
of supplementation, 80% of the athletes in the 2200 IU/day
group achieved a sufﬁcient total 25(OH)D concentration. In the
1100 IU/day group, only 43% of the athletes achieved a sufﬁcient
total 25(OH)D concentration, whereas in the 400 IU/day group this
percentage was 63%.
Vitamin D intake
The average baseline dietary vitamin D intake was 4.2 ± 2.6 mcg/day
(that is, 168 ± 104 IU/day). Dietary vitamin D intake did not affect
total 25(OH)D concentration (P = 1.00). Dietary vitamin D intake
did not signiﬁcantly change over time (P = 0.28).
Sun exposure
Self-reported sun exposure scores varied from 0 points in winter
till 84 points in summer (T = 6 months). Scores only varied at
3 months between groups: the 400 IU/day group showed a higher
score compared with the 1100 IU/day group (56 ± 10 versus
48 ± 8 points; P = 0.02) and compared with the sufﬁcient group
(45 ± 7 points; P o 0.01) but not with the 2.220 IU/day group
(53 ± 9 points). No group differences were observed at 6 months.
DISCUSSION
The aims of the current study were ﬁrst to assess the prevalence of
vitamin D deﬁciency in highly trained athletes and second to
identify the dosage of vitamin D3 supplementation required to

Total 25(OH)D concentrations in athletes receiving 400; 1100 or 2200 IU vitamin D3 per day
March

June

September

December

March

T=0

T=3

T=6

T=9

T = 12

Sufﬁcient group
N
400 IU/day
N
1100 IU/day
N
2200 IU/day
N

95 ± 12
13
50 ± 16a
31
49 ± 16a
29
50 ± 15a
29

100 ± 22
12
80 ± 17a
23
79 ± 18a
18
94 ± 19
19

129 ± 32
11
111 ± 31b
22
119 ± 27c,b
16
144 ± 33c
23

102 ± 24
11
85 ± 22c,b
19
85 ± 25c,b
12
120 ± 28c
19

96 ± 22
11
81 ± 26c
16
76 ± 29c,b
14
100 ± 27c
20

Sufﬁcient group
N
400 IU/day
N
1100 IU/day
N
2200 IU/day
N

—
—
—
—
—
—
—
—

5 ± 22
12
27 ± 22a
23
33 ± 19a
18
42 ± 16a
19

37 ± 30b
11
56 ± 30b
22
70 ± 30b
16
94 ± 30a
23

10 ± 20b
11
32 ± 22b
19
37 ± 24b
12
67 ± 27a
19

4 ± 17b
11
28 ± 24
16
25 ± 23b
14
50 ± 27a
20

A

B

a

Signiﬁcantly different from the sufﬁcient group at the same time point. bSigniﬁcantly different from 2200 IU/day at the same time point. cSigniﬁcantly
different from T0. Data represent means ± s.d. Part A represents the average 25(OH)D concentration for each time point. Linear mixed models were applied to
compare mean 25(OH)D levels between groups. Part B represents the change in 25(OH)D concentrations from baseline (T = 0). Changes over time are analysed
by linear mixed models with correction for baseline 25(OH)D concentrations.
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achieve and maintain a sufﬁcient total 25(OH)D concentration
throughout the year. We observed that only 30% of the highly
trained Dutch athletes had a sufﬁcient total 25(OH)D concentration (475 nmol/l) at the end of the winter. A considerable 34% of
the athletes showed a deﬁcient total 25(OH)D concentration
(o 50 nmol/l), and 30% of the athletes were vitamin D insufﬁcient
(50–75 nmol/l). This observation is in line with other studies
showing a prevalence of vitamin D deﬁciency ranging from 40 to
60%2–4 and sufﬁcient total 25(OH)D concentrations in ~ 44% of
the athletes.28–30 Supplementing athletes with 2200 IU/day was
the most effective dosage to achieve and maintain a sufﬁcient
total 25(OH)D concentration throughout the year.
The current study deﬁned vitamin D deﬁciency as serum total
25(OH)D concentrations below 50 nmol/l, based on data considering bone health and calcium metabolism.1 Many other
studies use the same deﬁnition,2,30,31 whereas other researchers
consider total 25(OH)D concentrations below 25 or 30 nmol/l as
vitamin D deﬁciency.4,13 If the current study would have
interpreted the data according to the latter deﬁnition, only 6%
of the athletes would be vitamin D deﬁcient at baseline. The
classiﬁcation of vitamin D sufﬁciency is also under debate.28
We chose to deﬁne total 25(OH)D concentrations above 75 nmol/l
as sufﬁcient, as these values are commonly used in athletic
populations2,29,32 and are considered to have a positive effect on
training ability and sports performance.7–9 Using this cutoff, 70%
of the athletes had an insufﬁcient total 25(OH)D concentration.
Cashman and colleagues calculated that ~ 400 IU/day of vitamin
D would result in only 50% of the population reaching 25(OH)D
concentrations of 450 nmol/l. According to their study, dosages
of at least 800 IU/day were needed to ensure that 50% of the
population would maintain 480 nmol/l 25(OH)D, and 97.5% of
the adult population would maintain total 25(OH)D concentrations
of 450 nmol/l during winter.15,33,34 Thus, vitamin D intakes that
are described to maintain adequate total 25(OH)D concentrations
may not sufﬁce to correct a low status.15,33,34 In the present study,
all vitamin D dosages (400; 1100; 2200 IU/day) increased total 25
(OH)D concentrations from baseline to 12 months. Supplements
containing 2200 IU/day were shown to be the most effective in
preventing vitamin D deﬁciency throughout the year, resulting in
85% of the athletes achieving a sufﬁcient total 25(OH)D
concentrations after 3 months and 80% maintaining a sufﬁcient
total 25(OH)D concentration after 12 months. If the current study
would have used a total 25(OH)D concentration below 50 nmol/l
for selecting the dosage to achieve and maintain sufﬁcient 25(OH)
D levels, a dosage of 400 IU/day would be enough for all athletes
to increase a low 25(OH)D concentration to 450 nmol/l within
3 months. After 12 months, 89% of the athletes in the 400 IU/day
group were able to increase 25(OH)D concentration above
50 nmol/l, in the 1100 IU/day group this was 79% and in the
2200 IU/day group this was 100%.
The results of the current dose–response study show that, in
four athletes randomized to take supplements with 2200 IU/day,
total 25(OH)D concentrations dropped or remained below
75 nmol/l at 12 months (ranging from 43 to 73 nmol/l). Of those
four athletes, two athletes had their supplemental dose reset to
400 IU/day after reaching a total 25(OH)D concentration above
125 nmol/l. The two other athletes showed poor compliance by
taking o75% of the provided supplements. Therefore, we
presume that daily intake of 2200 IU/day would be high enough
for all athletes to reach and maintain a sufﬁcient total 25(OH)D
concentration during the course of a year. In all subjects receiving
400 IU/day from 6 months onwards, only 10% dropped their total
25(OH)D concentration under 75 nmol/l at 12 months. This shows
that supplementation with 400 IU/day is adequate to maintain a
sufﬁcient total 25(OH)D concentration once serum total 25(OH)D
concentrations rise above 125 nmol/l. Therefore, it is unnecessary
to take a high dose of 2200 IU/day throughout the whole year.
© 2016 Macmillan Publishers Limited, part of Springer Nature.

Exceedingly high total 25(OH)D concentrations are considered
as detrimental to health.35,36 Upon starting the study, literature
suggested that the safe upper limit of 25(OH)D was 125 nmol/l.1
To keep total 25(OH)D concentrations under this upper limit,
subjects with total 25(OH)D concentrations above 125 nmol/l had
their dosage adjusted to a maintenance dose of 400 IU/day.
Currently, total 25(OH)D concentrations up to 220–250 nmol/l are
generally considered as safe.13,37 If the current study had used an
upper level of 250 nmol/l instead of 125 nmol/l, more athletes
would have taken 2200 or 1100 IU/day during the entire
intervention period. As a consequence, the percentage of athletes
with a sufﬁcient total 25(OH)D concentration after 12 months
would likely have been higher in the 1100 and 2200 IU/day
groups. Along with increasing the safe upper level of 25(OH)D, the
upper daily intake level was also newly set to 4000 IU/day.38
However, the present study supports that long-term use of such
high amounts is not necessary to achieve and maintain total
25(OH)D concentrations above 75 nmol/l in healthy young
athletes.
The current dose–response study was conducted in a group
of 102 young, highly-trained, healthy male and female athletes.
This study population is an underrepresented group in current
dose–response studies, as most studies are conducted in older
populations.14–16 However, the lifestyle and characteristics of
athletes inhibit the direct translation from other study populations, as age might affect sun exposure behaviour and/or the
ability of the skin to produce vitamin D.39 Despite the higher
dietary vitamin D intake compared with the average Dutch
population (3.2 ± 2.2 mcg/day),40 athletes are at high risk of
vitamin D deﬁciency in the winter, as shown in the current study.
This vitamin D deﬁciency might hinder optimal sports performance. Therefore, it is important to measure total 25(OH)D
concentration in athletes at the end of the winter and recommend
athletes with a low total 25(OH)D concentration to take vitamin D
supplements.
One of the strengths of the current dose–response study is
the large sample size of 102 male and female athletes. Elite
athletes are generally hard to reach as research participants and
are therefore an underrepresented group in current literature. The
number of elite athletes in the current study exceeds most of the
previous dose–response studies. In addition, the follow-up period
of 12 months allowed us to assess the effect of supplements
throughout all seasons. However, the large group of athletes and
the long follow-up period resulted in a relatively high number of
drop-outs and missing values (Figure 2). Another strength of the
current dose–response study is the inclusion of the self-reported
sunlight exposure. Although an objective measure of sunlight
exposure (for example a dosimeter) would possibly show a more
precise estimate of the exposure to UVB radiation, we were able to
assess factors as sun bed use, time spent outside and clothing
habits. The development of a standardized sunlight questionnaire
or the use of a dosimeter would be valuable for studies focusing
on vitamin D intake and/or total 25(OH)D concentrations. Also,
data on the effect of vitamin D supplements on athletic
performance and general agreement on the deﬁnitions for
vitamin D deﬁciency, insufﬁciency and sufﬁciency would be
valuable for future studies.
CONCLUSION
Vitamin D deﬁciency is highly prevalent among Dutch elite
athletes. Athletes with a deﬁcient or an insufﬁcient total 25(OH)D
concentration can achieve a sufﬁcient total 25(OH)D concentration within 3 months by taking 2200 IU/day. After reaching a high
total 25(OH)D concentration (4125 nmol/l), vitamin D supplementation of 400 IU/day is adequate to maintain a sufﬁcient total
25(OH)D concentration.
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