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Abstract
Background
There has been a growing interest in the role of vitamin D for the well-being and physical performance of humans; however, there is
a lack of long-term supplementation studies performed on members of the young, physically active, male population.
The hypothesis of the study was that vitamin D supplementation during wintertime will decrease the prevalence of critically low
vitamin D blood serum levels and increase hand grip strength during the winter season among young male conscripts.
Study Design
Longitudinal, triple-blinded, randomized, placebo-controlled trial.
Methods
Fifty-three male conscripts from the Estonian Army were randomized into two groups: 27 to an intervention group and 26 to a
placebo group. The groups were comparable in terms of their demographics. The intervention group received 1200 IU (30 µg)
capsules of vitamin D3 and the control group received placebo oil capsules once per day. The length of the follow-up was seven
months, from October 2016 until April 2017. Blood serum vitamin D (25(OH)D), parathyroid hormone (PTH), calcium (Ca), ionized
calcium (Ca-i), testosterone and cortisol values and hand grip strength were measured four times during the study period.
Results
The mean 25(OH)D level decreased significantly in the control group to a critically low level during the study, with the lowest mean
value of 22 nmol/l found in March 2017. At that time point, 65% in the control group vs 15% in the intervention group had 25(OH)D
values of less than 25 nmol/l (p < 0.001). In the intervention group the levels of 25(OH)D did not change significantly during the
study period. All other blood tests revealed no significant differences at any time point. The corresponding result was found for
hand grip strength at all time points.
Conclusion
Long-term vitamin D supplementation during wintertime results in fewer conscripts in the Estonian Army with critically low serum
vitamin D (25(OH)D) levels during the winter season. However, this did not influence their physical performance in the form of the
hand grip strength test.
Trial registration
ClinicalTrials.gov Identifier: NCT04359524. Registered 20 April 2020 - Retrospectively registered. https://register.clinicaltrials.gov

Introduction
Interest in the role of vitamin D in humans has been growing. Despite the large number of papers published during the last few
decades, there is still a lack of knowledge in terms of seasonal variation and need for vitamin D supplementation in persons with a
physically demanding lifestyle; this includes differences between age groups and gender subpopulations in both healthy persons
and patients. The key role of vitamin D in musculoskeletal health is well known, especially the morbidity of its depletion [14]. However, it is also known that non-musculoskeletal disorders such as diabetes, metabolic disorders, infectious diseases caused
by decreased immunity, autoimmune diseases, and hypertension are, potentially, adversely affected by a lack of vitamin D [5]. The
effect of vitamin D on physical performance is still controversial and there is a lack of evidence in terms of its effect on hand grip
strength [6-7].
Vitamin D is a unique form of hormone and has receptors in most cells and tissues. It has an enormously wide range of biological
actions, including its key roles in calcium metabolism and bone modelling [8], and it has receptors in muscle tissue [9]. It is also
known that it can affect the metabolism of testosterone and cortisol in the human body [10-12], both of which are known to be
important in terms of physical performance and level of stress [13].
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Uncovered skin contact with UV irradiation is the main mechanism of vitamin D synthesis in the human body [14]. Certain forms of
vitamin D, such as D2 (found in mushrooms) and D3 (fish, eggs, meat), are the main natural food sources for humans [15]. Food
supplements (capsules, tablets or food fortification) provide another option to cover the vitamin D needs of the human body.
Vitamin D is inactive in the human body and needs a two-step hydroxylation: first in the liver to form 25(OH)D, and secondly in the
kidneys to produce the biologically active form 1,25(OH)2D [16]. The main form of vitamin D in blood serum is 25(OH)D and this is
used as an indicator of vitamin D status [17].
In a study by Funderburk et al. [18], subjects in a military environment were classified by their vitamin D status. In this study,
vitamin D was considered sufficient if the serum 25(OH)D concentration was ≥ 75 nmol/l, insufficient if between 51 and 75 nmol/l,
and deficient if < 50 nmol/l.
Based on an Estonian population study by Kull et al. in 2009 [19], critical deficiency was determined as a serum concentration of <
25 nmol/l. Furthermore, deficiency has been determined as < 50 nmol/l and insufficiency as < 75 nmol/l by the Endocrine Society
(ES) [1]. There is no consensus concerning the normal level of serum 25(OH)D. Some studies have even defined the insufficiency
boundary as high as 80 nmol/l [20,21].
Personal characteristics, such as skin pigmentation, age, type of clothing, use of sunscreen, physical and outdoor activity, and sun
exposure, can prevent or promote vitamin D synthesis and will influence serum 25(OH)D levels [22].
A low level of vitamin D is a well-known problem in northern European countries. However, in recent studies, an increasing tendency
towards this has also been reported in the southern part of Europe, and at higher northern latitudes (above 40°N; e.g. Madrid). Sun
exposure during winter activates the dermal generation of vitamin D only at low levels or not at all; thus, the demand for dietary
supplementation is increased [23,24].
A population-based study performed in Estonia found the mean serum 25(OH)D concentration to be 43.7 nmol/l during winter and
59.3 nmol/l during summer. The authors of that study stated that vitamin D deficiency is highly prevalent throughout the year in
this population, who live at a latitude of 59°N without vitamin D dairy product supplementation [19]. A large Finnish-population
study also found vitamin D deficiency in all age groups during the winter season [25] and there are similar seasonal variations
reported in other European studies [1,2,5,24-29].
Routine dietary fortification of vitamin D is common practice in Norway, Sweden and Finland. These countries therefore have better
basic levels of serum 25(OH)D among their populations than Estonia [25,28-30]. There is no official dairy fortification with vitamin
D in Estonia, which increases the risk of having a low level of serum 25(OH)D [19].
Muscle fitness is crucial in military service. To measure physical fitness, the hand grip strength test is easy. It is a widely used test
to measure muscle fitness in all age groups [31-36] and is often used as an indicator of general health. Carswell et al. [4] found
evidence that low 25(OH)D levels were negatively related to muscle fitness in the UK army. Other studies show that lower muscle
fitness and hand grip strength are related to higher risk of cardiovascular disease events and mortality in middle-aged individuals
[37] and an increased suicide risk in adolescents [38]. There is evidence that vitamin D supplementation has a positive effect on
upper limb muscle strength [6]. There is lack of knowledge on how vitamin D deficiency and supplementation affects hand grip
strength in young, healthy individuals, such as conscripts.
Therefore, a prospective, randomized, blinded study in young male conscripts in the Estonian army was designed. The hypothesis
of the study was that without oral vitamin D supplementation, vitamin D deficiency occurs during the winter season and that this
can cause a decrease in hand grip strength.
The primary outcome of the study was the serum levels of 25(OH)D during the study period. The secondary outcome of the study
was the hand grip strength.

Material
All conscripts (n = 403) entering military service in October 2016 at the Kuperjanov Battalion, Võru, Estonia (situated at a latitude of
58°N, which corresponds to that of southern Alaska in the US and Quebec in Canada) were asked to participate in the first briefing
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of this study. The recruits were informed of the purpose of the study, recruitment criteria and follow-up methods. Only those who
volunteered to participate in the study and signed informed consent after this first briefing were included in the study. A total of 65
conscripts volunteered to participate initially and 63 of these returned their informed consent.
Ten conscripts¸ five in the intervention group and five in the control group; were later excluded from the study due to premature
cessation of their military service: two for mental health problems, two for lower-back pain, one for polyarthritis and five for other
medical reasons. Data from 53 conscripts, all of Caucasian origin, were included in the final analysis: 27 in the intervention group
and 26 in the control group. The demographics of the study groups are presented in Table 1.
The only exclusion criterion was the inability to continue military service, for any reason, during the seven-month follow-up period.
A flow chart of the study is presented in Figure 1.
The study was approved by the Research Ethics Committee of the University of Tartu no. 262/T-28 and 264M-14 and funded by
grant no. R-002 of Estonian Defence Forces.
Table 1. Demographics at the baseline and during follow-up of study groups.
Intervention group

Placebo group

27

26

21 (19–27)

21 (19–26)

20.8 (1.7)

21.2 (2.0)

180 (167–191)

181 (163–191)

180 (6.9)

179.0 (7.7)

Median (range)

72.0 (55.7–97.7)

75.6 (49.3–95.2)

Mean (SD)

74.0 (10.8)

74.5 (11.1)

Median (Range)

22.0 (19.5–28.2)

23.1 (18.1–26.1)

Mean (SD)

22.7 (2.4)

23.2 (2.6)

Median (range)

75.0 (61.4–100.2)

77.2 (56.9–96.0)

Mean (SD)

76.8 (10.3)

77.4 (10.6)

Median (Range)

23.3 (19.6–28.9)

24.1 (20.4–28.1)

Mean (SD)

23.5 (2.1)

24.1 (2.4)

Number of participants
Age (years)
Median (range)
Mean (SD)
Length (cm)
Median (range)
Mean (SD)

Significance

n.s. (0.38)

n.s. (0.49)

Weight baseline (October 2016) (kg)
n.s. (0.89)

BMI baseline (October 2016) kg/m2
n.s. (0.48)

Weight follow-up III (April 2017) (kg)
n.s. (0.85)

BMI follow-up III (April 2017) kg/m2

Abbreviations: SD, standard deviation; BMI, body mass index, n.s., non-significant
Study design and data collection
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n.s. (0.37)

A longitudinal, triple-blinded, randomized, placebo-controlled trial (ClinicalTrials.gov NCT04359524) with a seven-month follow-up
period from October 2016 until April 2017 was performed.
Body mass (kg) and height (cm) of the conscripts were measured two times by the same nurse at the Kuperjanov Battalion
medical center using standardized equipment, and their body mass index (BMI) was calculated in kg/m2.
Computed randomization was used to divide conscripts into two groups: either the intervention group, in which conscripts received
vitamin D3 capsules (1200 IU/30 µg), or the control group, in which conscripts received a placebo (oil capsules). Both types of
capsules were administered once per day, in the morning before breakfast, for seven months. Standardized coded packages (three
per conscript) and capsules (100 per package) were manufactured on special order by Innopharma A/S (Denmark). No commercial
sponsoring was involved. The key to the package code numbers was stored in a computer database until the unblinding of the
participants.
A dosage of 1200 IU of vitamin D3 per day was used, because this was the maximum recommended daily supplementation
dosage stated by the Estonian State Agency of Medicines (Personal communication. Based on regulation No. 59 of the Minister of
Social Affairs of the Republic of Estonia, April 13th, 2005) at the time of the study.
The hand grip test was performed using a validated hydraulic hand dynamometer (Lafayette Instrument Co., USA). Measurements
were taken from each participant in the standing position, arms at the side, not touching the body, with the elbow slightly bent. The
participant squeezed the dynamometer with as much force as possible. The best result of three trials, with pause of about 10–20
seconds between the trials, was recorded in kilograms. The same procedure was performed for both hands.
Blood serum values of vitamin D (25(OH)D), parathyroid hormone (PTH, normal 1.48–7.83 pmol/l), calcium (Ca, normal 2.15–2.6
mmol/l), ionized calcium (Ca-i, normal 1.12–1.32 mmol/l), testosterone (normal 8.4–28.7 nmol/l) and cortisol (normal 138–690
nmol/l) were measured four times during the study period: first in October 2016 to provide baseline values, then subsequently in
December 2016, March 2017 and April 2017. All blood samples were overnight fasting tests, collected on the same day of the
week, and all within the same hour, under standardized conditions.
Laboratory measurements
Serum samples for clinical chemistry analysis were collected in serum clot activator tubes (BD Vacutainer SST II Advance Plus
Blood Collection Tubes, Becton Dickinson and Company, New Jersey, United States). Calcium measurements were performed using
the spectrophotometry method (ADVIA® 1800 Clinical Chemistry System, Siemens Healthcare GmbH, Erlangen, Germany). Ionized
calcium measurements were performed using ion selective electrodes (AVL 9180 Electrolyte Analyzer, Roche Diagnostics,
Germany). The direct chemiluminescent immunoassay method was used for measurement of PTH (ADVIA Centaur XP, Siemens
Healthcare GmbH, Erlangen, Germany). Measurements of 25(OH)D were performed using the direct chemiluminescent
immunoassay method (LIAISON XL, DiaSorin S.p.A, Saluggia VC, Italy). The direct chemiluminescent immunoassay method was
used for measurement of testosterone (ADVIA Centaur TSTII assay, Siemens Healthcare GmbH, Erlangen, Germany). The solidphase competitive chemiluminescent enzyme immunoassay method was used for measurement of cortisol (IMMULITE 2000
Cortisol, Siemens Healthcare Diagnostics Products Ltd. United Kingdom). All analyses were performed by Synlab Estonia.
Power calculation
The primary variable of the study was the level of 25(OH)D in the serum. In the absence of available pilot data, a pragmatic
decision was taken in the power analysis; a difference of 20 nmol/l (i.e. less than the increments of 25 nmol/l in the study by
Funderburk et al. (18) between the intervention and the control group was considered to be the meaningful detectable difference.
For example, if the SD would be 25 nmol/l, then 26 participants would be needed in each group to reach a power of 80%.
Correspondingly if the difference in hand grip strength would be 6 kilograms between the study groups, and the SD 8 kilograms,
then 29 participants would be needed in each group to reach a power of 80%. Initially, 65 participants were recruited to the study to
allow for dropouts.
Statistical analysis
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Statistical analysis was performed using SPSS version 25.
The blood serum values and the hand grip strength in the study groups were described by medians, ranges, means and standard
deviations (SD). Differences in mean values of the variables of interest between the groups were evaluated using an unpaired ttest. The within-group comparisons over time were performed using a paired t-test. Distributions of categorical variables were
described by absolute numbers and percentages and compared between groups using the Fisher exact test. Statistical significance
was set at p < 0.05.

Results
The mean baseline values of 25(OH)D in October 2016 were 50.0 nmol/l in the control group and 48.3 nmol/l in the intervention
group (p = 0.55). At all subsequent time points, the control group had a significantly lower value of 25(OH)D (p < 0.001).
A significant decrease in the levels of 25(OH)D compared with the baseline were found at all time points in the control group, with a
lowest average level of 22 nmol/l in March 2017 (p < 0.001). In the intervention group, no significant decrease over time was seen.
The average seasonal values of 25(OH)D for both groups are presented in Table 2.
In April 2017, 11/26 (42%) in the control group vs 1/27 (4%) in the intervention group had 25(OH)D values < 25 nmol/l (p < 0.001).
There were no conscripts with values higher than 50 nmol/l in the control group in April 2017 (Tables 3 and 4). Seasonal withingroup variation in 25(OH)D levels is presented in Figure 2.
No significant differences in Ca, Ca-i, PTH, testosterone and cortisol levels were revealed between the study groups at any time
point (Table 2). One participant in the control group had abnormally high PTH values throughout the study period, with serum
25(OH)D values lower than 25 nmol/l at all time points. No significant differences at any time points were revealed in the hand grip
strength tests of either hand between the study groups (Table 5).
Table 2. Vitamin D 25(OH)D, PTH, testosterone, cortisol, calcium and ionized calcium serum level results.
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Blood serum
tests

Baseline (October 2016)

Follow-up I (December
2016)

Follow-up II (March
2017)

Follow-up III (April
2017)

Intervention
group

Intervention
group

Intervention
group

Placebo
group

Intervention
group

Placebo
group

53.0 (12.1–
88.4)
50.2 (19.8)

20.2
(11.1–
37.3)
22.0
(7.7)

52.2
(18.6–
89.1)
53.6 (18.3)

28.9
(16.9–
49.9)
29.9
(9.3)

4.3 (1.2–
6.0)
4.0 (1.6)

4.3
(1.8–
20.1)
5.0
(3.6)

4.5 (1.8–
8.2)
4.7 (1.8)

4.3
(2.2–
8.8)
4.9
(2.1)

21.0
(5.7–
28.4)

20.5
(10.1–
32.5)
21.3 (5.9)

20.1
(13.0–
28.4)
20.3
(4.1)

488.0
(265–668)
482.4
(85.8)

473.5
(287–
599)
470.3
(76.6)

2.29
(2.11–
2.42)
2.28 (0.07)

2.26
(2.12–
2.34)
2.24
(0.05)

1.23
(1.18–
1.29)
1.24 (0.03)

1.23
(1.15–
1.29
1.23
(0.03)

Placebo
group

Placebo
group

(normal values)
Vitamin D
25(OH)D (75 >
nmol/l)
Median (range)

47.8 (19.3–
93.9)

Mean (SD)

48.3 (18.0)

Parathyroid
hormon (1.48–
7.83 pmol/l)
Median (range)
Mean (SD)

50.0 (22.3–
88.7)

62.5 (19.1–
91.0)

49.8 (20.0)

59.8 (15.9)

4.5 (1.7–
10.1)

4.4 (0.99.9)

3.3 (0.8–
7.4)

4.8 (2.1)

4.5 (2.4)

3.6 (1.7)

36.8
(15.9–
66.9)
36.4
(14.2)

3.9
(0.7–
12.9)
4.3
(2.4)

Testosterone
(8.4–28.7
nmol/l)
Median (range)
Mean (SD)

15.4 (10.8–
29.6)

16.2 (6.1–
31.0)

20.0 (5.2–
26.6)

17.4 (5.3)

17.4 (5.7)

18.7 (5.3)

Cortisol (138–
690 nmol/l)
Median (range)
Mean (SD)

527.0
(400–615)

506.5
(348–670)

538 (450–
756)

517.3
(62.7)

513.7
(69.8)

554.0
(70.1)

18.9
(11.7–
30.0)
19.3
(4.0)

561.5
(292–
676)
536.1
(70.1)

19.1 (8.3–
26.0)
18.5 (4.2)

452.0
(251–629)
457.7
(105.1)

20.5
(4.8)

452.5
(114–
577)
438.6
(94.4)

Calcium (2.15–
2.6 mmol/l)
Median (range)
Mean (SD)
degrees

2.37 (2.28–
2.50)

2.38 (2.23–
2.53)

2.39 (0.07)

2.37 (0.07)

2.28 (2.18–
2.36)
2.28 (0.05)

2.25
(2.13–
2.43)
2.26
(0.06)

2.36 (2.29–
2.48)
2.36 (0.05)

Calcium ionized
(1.12–1.32
mmol/l)
Median (range)
degrees
Mean (SD)
degrees

1.23 (1.15–
1.31)
1.23 (0.04)

1.22 (1.15–
1.28)
1.21 (0.03)

1.25 (1.20–
1.32)
1.25 (0.03)

1.24
(1.17–
1.32)
1.25
(0.04)

Significance between groups:
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1.23 (1.08–
1.33)
1.22 (0.04)

2.36
(2.24–
2.46)
2.35
(0.06)

1.23
(1.18–
1.28)
1.23
(0.03)

Vitamin D
25(OH)D

n.s (0.55)

< 0.001

< 0.001

< 0.001

Parathyroid
hormone

n.s. (0.60)

n.s. (0.20)

n.s. (0.14)

n.s. (0.75)

Testosterone

n.s. (1.0)

n.s. (0.65)

n.s. (0.12)

n.s. (0.46)

Cortisol

n.s. (0.85)

n.s. (0.43)

n.s. (0.5)

n.s. (0.59)

Calcium

n.s. (0.30)

n.s. (0.22)

n.s. (0.61)

0.05

Ionized
calcium

n.s. (0.23)

n.s. (0.58)

n.s. (0.58)

n.s. (0.37)

Abbreviations: SD, standard deviation, n.s, non-significant
Table 3. Vitamin D 25(OH)D serum levels divided into subgroups according to Funderbunk et al. [18]
Baseline (October 2016)

Follow-up I (December
2016)

Follow-up II (March
2017)

Follow-up III (April 2017)

Intervention
group

Placebo
group

Intervention
group

Placebo
group

Intervention
group

Placebo
group

Intervention
group

Placebo
group

(n = 27)

n = (26)

(n = 27)

(n = 26)

(n = 27)

(n = 26)

(n = 27)

(n = 26)

0–24
nmol/l (%)

3 (11.1)

3 (11.5)

1 (3.7)

8 (30.8)

4 (14.8)

17 (65.4)

1 (3.7)

11 (42.3)

25–49
nmol/l (%)

13 (48.1)

10 (38.5)

8 (29.6)

14 (53.8)

8 (29.6)

9 (34.6)

11 (40.7)

15 (57.7)

50–74
nmol/l (%)

9 (33.3)

10 (38.5)

14 (51.9)

4 (15.4)

12 (44.4)

-

11 (40.7)

-

> 75 nmol/l
(%)

2 (7.4)

3 (11.5)

4 (14.8)

-

3 (11.1)

-

4 (14.8)

-

Significance between groups:
n.s. (0.84)

p = 0.015

p < 0.001

p < 0.001

Table 4. Vitamin D 25(OH)D serum level comparison over time within groups.
Baseline (October 2016) vs
Follow-up I (December 2016)

Baseline (October 2016) vs
Follow-up II (March 2017)

Baseline (October 2016) vs
Follow-up III (April 2017)

Intervention group

0.012

n.s (0.32)

n.s. (0.12)

Placebo group

< 0.001

< 0.001

< 0.001

Abbreviations: n.s, non-significant
Table 5. Hand grip strength results for both hands during the study period.
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Handgrip
right
Median
(range)
Mean
(SD)
Handgrip
left
Median
(range)
Mean
(SD)

Baseline (October 2016)

Follow-up I (December
2016)

Follow-up II (March 2017)

Follow-up III (April 2017)

Intervention
group

Placebo
group

Intervention
group

Placebo
group

Intervention
group

Placebo
group

Intervention
group

Placebo
group

48.0
(29–72)

50
(28–72)

50.0
(30–65)

50.0
(30–70)

52.0

53.0

51.0

48.0 (9.8)

49.1
(10.1)

50.1 (7.6)

50.9 (8.5)

(30–80)

(30–70)

(28–84)

50.5
(34–68)

52.6 (9.6)

52.5
(10.0)

51.0 (9.0)

46.0
(32–66)

50.0
(29–68)

48.0
(32–60)

49.0
(32–70)

50
(38–68)

52.0
(32–70)

49.0
(38–75)

50.0
(32–66)

45.9 (8.3)

47.8 (9.3)

47.9 (6.7)

49.5 (9.3)

50.8 (7.3)

50.8 (8.7)

49.9 (9.2)

50.7 (8.9)

Handgrip
right

n.s. (0.70)

n.s. (0.74)

n.s. (0.97)

n.s. (0.78)

Handgrip
left

n.s. (0.45)

n.s. (0.48)

n.s. (1.0)

n.s. (0.76)

51.8 (9.0)

Abbreviations: SD, standard deviation. n.s non-significant

Discussion
The main finding of the present study is that seven-month vitamin D3 supplementation results in fewer conscripts in the Estonian
Army with critically low serum vitamin D (25(OH)D) levels during the winter season; however, this supplementation did not appear
to affect the hand grip strength at any time point during the study period.
Moreover, the decrease in the levels of 25(OH)D in the placebo group of this study reveals how crucial vitamin D supplementation
is at Nordic latitudes, because the majority (65%) of the subjects in the placebo group presented critically low levels in March 2017,
and none of them reached to 50 nmol/l in April.
In 2016, the European Food Safety Authority (EFSA) panel considered that a serum 25(OH)D concentration of 50 nmol/l is a
suitable target value for all population groups; this should be possible to achieve with a dietary intake of 15 µg/day (equal to 600
IU) [39].
The present study shows that during the winter season the regular diet administered by the Estonian Army to conscripts does not
provide enough vitamin D to achieve the 50 nmol/l level suggested by the EFSA panel. The exact amount of vitamin D in the
regular Estonian Army diet is not known. However, the diet of the conscripts is based on guidelines from professional dieticians
who have calculated the daily requirements of energy, minerals and vitamins (Personal communication. "Regulation of dietary
norms for soldiers”, regulation no. 240 of the Commander of the Defense Forces of the Estonian Army, September 13th, 2013).
A similar finding of widespread vitamin D deficiency among soldiers was presented in a recent prospective cohort study performed
in the US Army [40]. Another recent prospective cohort study in the UK Army reported that vitamin D is clearly associated with
endurance performance; however, it showed that power and strength are not affected by vitamin D [4].
Vitamin D has a stimulating effect on muscle protein synthesis [9] and has been shown to have a crucial biomolecular role in
skeletal muscle activation and, thus, muscle function [3,41]. Therefore, vitamin D deficiency may have a detrimental effect during
physically demanding situations, such as military service.
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Testosterone and cortisol have crucial roles in muscle fitness, physical performance and general health [13]. Vitamin D is linked to
testosterone production in the human body and supplementation of vitamin D has shown a positive effect on testosterone levels
[42]. It is also known that increased levels of testosterone can improve physical performance [43]. Cortisol, commonly called the
stress hormone, is one of the glucocorticoids, and it has an important role in regulating muscle function, energy homeostasis,
metabolism, and adaptation for physical exercises [44]. However, increased levels of cortisol can decrease physical performance
ability [45]. Interestingly, no significant differences between the study groups were revealed in either testosterone or cortisol levels
at any time point in the present study. This might be due to the fact that either the study group was small or that summertime
monitoring was not performed. Lombardi et al. [46] found higher levels of cortisol during wintertime and higher levels of
testosterone during summertime in a group of 167 elite football players, which also correlated with vitamin D seasonal differences.
Mielgo-Ayuso et al. [43] found that short-term (eight weeks) supplementation with 3000 IU vitamin D in 36 elite male rowers did not
increase muscle recovery; however, they did find that serum 25(OH)D levels were predictors of both anabolic and catabolic
hormone levels. On the other hand, a recent study of 50 young male ice hockey players found no statistically significant
associations between 25(OH)D and testosterone and cortisol concentrations in a single blood test in the month of October
[47]. In line with this, Worzosek et al. [48], in a study of 55 male athletes who received 12 weeks of 2000 IU vitamin D
supplementation, found no effect on the levels of testosterone, estradiol or cortisol, which is similar to the findings of the present
study.
Hand grip strength results in the present study are similar to other European and North American population-based studies [49].
Despite low 25(OH)D levels in the springtime in the control group, there were no differences in the hand grip strength of either hand
between the study groups.
There is still lack of knowledge in terms of the role of vitamin D for upper limb muscle strength in the general population. The
studies of Haslam et al. [50] and Wang et al. [51] showed that vitamin D deficiency is related to loss of hand grip strength in the
older population and there is evidence that vitamin D also has a key role in younger age groups for upper limb muscle strength
[6,52-54].
For people involved in physically demanding activities, such as army service, there is probably a higher demand for vitamin D
supplementation than shown in previous studies. This is supported by multiple studies showing vitamin D deficiency in army
recruits [26,27,40,55]. Willis et al. [56] found that a surprisingly high proportion of athletes have a vitamin D deficiency; 77% of
German gymnasts had 25(OH)D levels below 35 ng/ml, and 37% had a critical deficiency value of < 10 ng/ml [56].
In a study by Allison et al. [57], it was reported that severely vitamin-D-deficient athletes have smaller hearts than those athletes
with moderate vitamin D deficiency or insufficiency, but a similar effect was not observed in healthy, non-athletic controls.
Hughes et al. [58] showed in a study in the US Army, that under military training, bone resorption is increased and bone formation
slowed down. In their study, bone metabolism was normalized two to six weeks after cessation of training [58]. According to this
prospective study of 3787 soldiers participating in military operations over 15 months, 19% needed an orthopedic consultation, and
for 4% orthopedic surgery was indicated [59]. Vitamin D has a very important role in bone metabolism, and it has been shown that
vitamin D and calcium supplementation can prevent stress fractures during military service. A large controlled, randomized, doubleblind study of 5201 female navy recruits in the US Army demonstrated that calcium and vitamin D supplementation resulted in a
20% lower incidence of stress fractures than in a control group [60].
Vitamin D deficiency also has a crucial role in the human immune system at the cellular level [61]. Laaksi et al. [27] detected an
association between low 25(OH)D levels and occurrence of respiratory infections in 800 Finnish conscripts. In a randomized,
double-blinded study, performed by the same authors on 164 conscripts over a six-month period during the winter season, a 400 IU
vitamin D supplementation was compared to a placebo. This study revealed that the frequency of acute respiratory infections was
significantly lower in the supplementation group [25]. Similar findings were detected in college athletes in the USA in a prospective
follow-up study monitoring vitamin D status [4].
The recommendations of the ES [1] are similar to the EFSA 2016 recommendations [39] for young, healthy males under normal civil
conditions. However, the daily Recommended Dietary Allowance (RDA) of the ES for risk groups is 1500–2000 IU [39]. Military
service can be considered a risk factor for vitamin D deficiency [9,57,58]. Despite the fact that a double dose based on ES or EFSA
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recommendations was used in the present study, it was still insufficient to improve the 25(OH)D serum levels in Estonian Army
conscripts during an intensive winter-season training period. It has been debated that under physically demanding situations such
as athletic performance, the usual amounts of vitamin D supplementation may be insufficient. It has been speculated that the
supplementation amounts should instead be 1000–2000 IU of vitamin D per day [56].
In a cross-sectional study based on all age groups of the Estonian population, Kull et al. [19] found low values of 25(OH)D, similar
to those in the control group of the present study.
The northern latitude of Estonia, as well as the high physical demand of military service, apparently exposes conscripts to an
increased risk of vitamin D deficiency. Thus, higher doses may be needed in order to prevent vitamin D deficiency in this group.
It would be interesting to follow young individuals in the northern latitudes over a longer period of time to evaluate the effect of
vitamin D supplementation for their performance and well-being.
Future studies should not only be done on conscripts, but on the general population as well. Furthermore, higher vitamin D
supplementation doses could be used for this, since up to 4000 IU per day is now authorized by the Estonian State Agency of
Medicines.
In terms of PTH levels, during the present study there were no significant changes detected over time. This is in concordance with
earlier reports that PTH decreases during the summer–autumn season, [62] which was unfortunately outside the follow-up period
of the present study.
It is known that excessively high doses of Vitamin D or blood serum levels of 25(OH)D together with low calcium intake can
increase the calcium level outside the normal range, causing increase in bone resorption and decrease in bone
mineralization [63]. There is also a risk of hypercalcemia causing general gastrointestinal problems such as constipation and
hypercalciuria with renal calculi. Myocardial infarction, stroke, vascular disease and even death have been reported after intake of
calcium supplements [64]. In the present study, the calcium levels were normal during the study period, indicating that a dose of at
least 1200 IU can safely be used.
The strengths of this study lie in its randomized and blinded design, the homogenous test group, and the relatively long follow-up
period over the winter season with four physical performance test occasions. Until now, there have been only short-term (8–12
weeks of follow-up), randomized studies performed on soldiers under physically demanding activities to examine the effect of
vitamin D supplementation [4,40,55,65]. The present study examines the effect of supplementation during the whole winter
season.
The study population was well standardized in terms of conditions, such as the season of the year, age, sex, daily food
consumption, state of dress, and physical activity. This provided an ideal opportunity to study the effect of vitamin D
supplementation on serum levels of 25(OH)D and physical performance in the form of the hand grip test.
The limitations of the study include the small groups, relatively short wintertime follow-up of 7 months, the use of only one
supplementation dosage, only one physical performance test and the exclusion of female subjects. Due to participant dropouts,
the study is underpowered for the secondary outcome variable, the hand grip test. Furthermore, many conscripts chose not to
participate. However, it can be assumed that there are either no or only small differences between conscripts because of the
homogeneity of soldiers in the Estonian Army. Lastly, the generalizability of the study is limited to military personal in relatively
high northern or southern latitudes.

Conclusion
Long-term vitamin D3 supplementation results in fewer conscripts in the Estonian Army with critically low serum vitamin D
(25(OH)D) levels during the winter season. However, this did not influence their physical performance in the form of the hand grip
strength test.
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Figures

Figure 1
Flow chart of the study.
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Figure 2
Distribution of vitamin D serum 25(OH)D levels in the intervention and control groups over the study period according to categories
based on the Endocrine Society [1] and Funderburk et al. [18].
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