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“The roots of education are bitter, but the fruit is sweet.”
— Aristotle

“What is the fastest? The mind. It travels through everything.”
— Thales
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1. INTRODUCTION

There has been a growing interest worldwide in vitamin D deficiency and its
consequences to human health and physical performance during the last decades
(Knapik et al., 2021; Menon et al., 2020; Wintermeyer et al., 2016). It is well
known that long-lasting vitamin D deficiency has many negative consequences
to human body function (Holick et al., 2011). Vitamin D has key roles in
musculoskeletal health, especially in bone metabolism, and deficiency could
increase the risk of osteopenia and osteoporosis, muscle weakness, risk of
fracture, disorders of the immune system, and mental health problems (Carswell
et al., 2018; Halliday et al., 2011; Holick, 2003; Holick et al., 1995, 2011; Sinha
et al., 2013). Problems related to vitamin D deficiency can occur in all age groups
of the general population, as well as in individuals participating in high-demand
activities, including military service (Gaffney-Stomberg et al., 2022; Harrison et
al., 2021; Sivakumar et al., 2019). However, the role of vitamin D for physical
performance and muscle strength, and its relation to high-demand physical effort
is more controversial (Carswell et al., 2018; Geiker et al., 2017; Heileson et al.,
2022; Mason et al., 2019; Menon et al., 2020; Stockton et al., 2011; Zhang et al.,
2019). There are only a few studies showing a positive effect of supplementation
or that a higher level of blood serum vitamin D results in better physical
performance (Carswell et al., 2018; Stockton et al., 2011; Zeitler et al., 2018).

Vitamin D is a unique fat-soluble hormone-like vitamin with an extremely
wide range of biological actions in the human body (Giustina et al., 2020). Vita-
min D receptors are found in almost all human cells, including muscle cells
(Girgis et al., 2013; Montenegro et al., 2019; Wang et al., 2012).

Ultraviolet (UVB) irradiation is the main source of natural synthesis of vita-
min D in the human body (de Gruijl, 2011). Fat-rich food, such as fish, egg, and
meat, are natural sources of vitamin D3, and mushrooms are a natural source of
vitamin D2 (Lamberg-Allardt, 2006). Food fortification (Jadskeldinen et al.,
2017; Spiro & Buttriss, 2014) and supplementation are other methods to increase
vitamin D levels in the human body.

Vitamin D is inactive in the human body and needs a two-step hydroxylation
from 25(OH)D to the active form 1,25(OH)D (DeLuca, 2004). The main form,
which is also the indicator of vitamin D status in human blood serum, is the more
stable 25(OH)D (Calvo et al., 2005).

There is still a debate surrounding normative upper levels of vitamin D.
According to the Endocrine Society (ES), > 75 nmol/l should be the target level
of blood serum 25(OH)D (Holick et al., 2011). The recommended target level
according to the European Food Safety Authority (EFSA) and the US Institute of
Medicine is > 50 nmol/l in all age groups (Dietary Reference Values for Vitamin
D EFSA, 2016; Institute of Medicine (US) Committee to Review Dietary
Reference Intakes for Vitamin D and Calcium, 2011). Some studies even suggest
normative levels of 75—125 nmol/l (Ptudowski et al., 2013).
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In military service, high physical and mental stress are faced during training
and preparation periods. Specific conditions, such as geographic region, special
clothing, skin camouflage, training conditions, weather and environmental condi-
tions (e.g. shelters, submarines), and high physical stress, could put soldiers at
higher risk of vitamin D deficiency (Fagnant et al., 2022; Henriques et al., 2022;
McCarthy et al., 2019; Sivakumar et al., 2019).

Physical condition is crucial in the army, especially in life-threatening situa-
tions. To test the training effect on physical performance, the Army Physical Fit-
ness Test is widely used in the US Army (Army Basic Training PFT Military.com)
and has also been adapted by the Estonian Army. The hand grip strength test is
another simple and reliable test of physical fitness (Granlund et al., 2018).

Based on current, limited evidence, vitamin D deficiency is very common
among the Estonian population (Kull et al., 2009). In military service, young
males are put under higher physical stress than in everyday life; therefore, a
higher risk of vitamin D deficiency might occur during military training.

Considering this, three studies were performed on young male Estonian
conscripts to measure the effect of vitamin D supplementation, varying from
placebo to 4000 IU daily, on blood serum 25(OH)D values and physical fitness
during military service.

12



2. LITERATURE REVIEW

2.1 Vitamin D
2.1.1 Vitamin D history

Vitamin D was first introduced one hundred years ago by McCollum as an anti-
rachitic substance called vitamin A (McCollum et al., 1922). Some years later,
Adolf Windaus determined the chemical structure of vitamin D3, resulting in the
Nobel Prize in 1928 (Windaus & Grudmann, 1936). Since then, food fortification
and supplementation with different forms of vitamin D have become widespread
and have led to the reduction of Ricket’s disease and osteomalacia in many
countries.

2.1.2 Vitamin D characterization

Vitamin D comprises a group of over 50 chemically related metabolites (Alonso
et al., 2023; Jenkinson et al., 2021). These metabolites are fat-soluble secoste-
roids and due to their lipophilic nature, they circulate bound to vitamin D binding
protein, albumin, and lipoproteins (Herrmann, 2023). The two main forms, the
skin-derived animal form vitamin D3 (cholecalciferol) and the plant-based vita-
min D2 (ergocalciferol), are mainly used for vitamin D description (Cardwell et
al., 2018; Japelt & Jakobsen, 2013; Lips, 2006). Vitamin D metabolites have an
extremely wide range of biological actions in the human body. They are mostly
known for their important role in calcium and bone metabolism (Lips, 2006).
Vitamin D receptors are found in almost all human body cells (Wang et al., 2012),
including muscle cells (Montenegro et al., 2019).

2.1.3 Vitamin D sources and factors affecting absorption

Ultraviolet (UVB) irradiation is the main source of natural synthesis of the animal
form vitamin D3 in the human body (de Gruijl, 2011; Holick, 2004) and the plant
form vitamin D2 in fungi and yeast (Cardwell et al., 2018). Provitamin D3 (7-
dehydrocholesterol) is produced by UVB-exposure of naked skin in many
animals, including humans. In humans, 90% of vitamin D is formed in the skin
tissue under direct sunlight. UVB irradiation converts provitamin D (7-dehydro-
cholesterol) to previtamin D3 and finally to vitamin D3 in the human body (Aydin
etal., 2019; Holick et al., 1995; Holick, 2003; C. Lamberg-Allardt, 2006) (Figure
1.). Skin pigmentation, clothing covering the skin, regular use of topical sun-
screens, working indoors, ageing, lower zenith angle of the sun, and specific con-
ditions, for example in military situations, such as skin camouflage, training con-
ditions, weather, submarines, and shelters, could put persons at risk of decreased
production of vitamin D3 (Armstrong et al., 2020; Gaffney-Stomberg et al., 2019;
Henriques et al., 2022; Sivakumar et al., 2019).

Vitamin-D3-rich sources include animal-based food products like fatty fish
(salmon, sardines, mackerel), fish oil, eggs, liver, meat, dairy products, offal, and
poultry (Holick, 2004; Lamberg-Allardt, 2006). Only 10-20% of total vitamin D
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is food-derived under normal physiologic circumstances (Holick, 2011). Modi-
fied food consumption (vegan) and lack of dairy products in a daily menu likely
decreases animal-based vitamin D intake (Fagnant et al., 2022).

Vitamin D2 is found in fungi and yeast, and can be found in plant-based pro-
ducts as a result of contamination with fungi (Cardwell et al., 2018; Lamberg-
Allardt, 2006). According to the study of Japelt&Jakobsen, vitamin D is also
found in potato, tomato, and pepper (Japelt & Jakobsen, 2013). Still, the amounts
obtained as plant-based vitamin D are very limited and probably do not increase
vitamin D levels considerably.

Food fortification with vitamin D is common in some countries, including in
Scandinavia (Jadskeldinen et al., 2017; Lamberg-Allardt et al., 2013) and North
America (Calvo & Whiting, 2013). Vitamin D is added mainly to dairy products —
milk, cheese, and yogurt. Based on Scandinavian studies, food fortification de-
creases vitamin D deficiency, but daily food consumption behaviour could affect
vitamin D levels more; for example, decreased consumption of milk products
could affect this.

Supplementation is another source of vitamin D. Different products are avail-
able on the market, including oil, oil capsules, oil spray, tablets etc. Skipping
winter and springtime supplementation raises the risk of vitamin D deficiency,
especially in the Nordic countries.

In the case of extreme deficiency of vitamin D, pharmacological products with
extreme amounts of cholecalciferol (vitamin D3) are available for injection.

There are also other general risk factors resulting from decreased bioavail-
ability of vitamin D, such as adiposity, liver failure, senectitude, darker skin tone,
smoking, and genetic predispositions. There are also individual variations, and in
some circumstances gender differences, with a higher risk related to deficits in
females (Wicinski et al., 2019).

2.1.4 Vitamin D blood serum measurements and metabolism

Vitamin D3 and D2 are metabolized by the same enzymes and from similar meta-
bolites. For the measurement of vitamin D metabolites, a direct chemilumine-
scent immunoassay method is used (Herrmann, 2023).

Vitamin D is inactive in the human body. A two-step hydroxylation is needed
to produce the biologically active form of vitamin D: firstly in the liver to form
25(OH)D with the contribution of CYP2R1 (25-hydroxylase), and secondly in
the kidneys, where CYP27B1 (lalfa-hydroxylase) synthesizes the biologically
active form, 1,25(OH)D (Herrmann, 2023; Wrzosek et al., 2020) (Figure 1.).
25(0OH)D is the main vitamin D metabolite used to determine vitamin D status in
humans. The main reason for this is the longer blood serum half-life of 25(OH)D
of up to 2-3 weeks. The biologically active form of vitamin D, 1,25(OH)D, has
a shorter half-life of only 4-6 hours, and circulating levels of this in blood serum
are a thousand-fold less than that of 25(OH)D. This makes measurement of
vitamin D status with 1,25(OH)D more complicated, and therefore, this is not
routinely used (Alonso et al., 2023; Holick, 2009).

14
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Figure 1. Vitamin D synthesis and metabolism. Simplified schematic of vitamin D
sources and metabolism in the human body. The main natural vitamin D sources in the
human body are UVB irradiation and fat-rich food (fish etc.). Different supplements are
the main artificial sources of vitamin D. 25(OH)D is the main form used for the
measurement of vitamin D serum levels. 1.25(OH)D is the active form of vitamin D in
the human body and has a direct relation with the hormonal regulation of the parathyroid

gland and target tissues.
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2.1.5 Vitamin D 25(0H)D blood serum normative values

There is still some debate over what normative values of vitamin D blood serum
25(OH)D levels are: > 50 nmol/l or > 75 nmol/l. According to the Endocrine
Society, blood serum 25(OH)D values for deficiency are defined as < 20 ng/ml
or < 50 nmol/l, and sufficiency is defined as > 30 ng/ml or > 75 nmol/l, which is
required to increase bone mineralization and muscle metabolism (Holick et al.,
2011). On the other hand, Nordic Nutrition Recommendations recommends
50 nmol/l as a sufficient target value of blood serum 25(OH)D in adults
(Lamberg-Allardt et al., 2013). The US Institute of Medicine (IOM) report from
2011 (Institute of Medicine (US) Committee to Review Dietary Reference
Intakes for Vitamin D and Calcium, 2011) supports the Nordic Nutrition Recom-
mendations, and it states that deficiency is < 30 nmol/l, 30—50 nmol/l is inade-
quate, and > 50 nmol/l is a sufficient blood serum 25(OH)D concentration. The
European Food Safety Authority (EFSA), in their 2016 consensus, claimed that
50 nmol/l is a suitable target value for all age and gender groups (Dietary Refe-
rence Values for Vitamin D EFSA, 2016). Controversially, Bischoff-Ferrari et al.
(20006) stated that the blood serum concentration of 25(OH)D should not be below
75 nmol/l, with 90-100 nmol/l being the optimum target; this is also supported
by Pludowski et al. (2023), who suggested increasing the target range of
25(OH)D levels up to 75—125 nmol/l. There is more consensus over deficiency
levels; blood serum 25(OH)D values under < 25 nmol/l tend to be considered a
deficiency (Wahl et al., 2012) or severe deficiency (Allison et al., 2015) (Figure
2).

B 75+ nmol/l Sufficient
50-74.9 nmol/l Insufficient
25-49.9 nmol/1 Deficiency

B 0-24.9 nmol/l Severe deficiency

Figure 2. Colour-coded blood serum vitamin D 25(OH)D cut-off values used in all three
studies included in the thesis.
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2.1.6 Vitamin D status in Estonia and Nordic countries

There are limited studies based on the Estonian population and none on younger
healthy males related to the vitamin D status. A population-based study in Estonia
focusing on 15-year-olds found the mean blood serum 25(OH)D concentration to
be 43.7 nmol/l during winter and 59.3 nmol/l during summer. The authors con-
cluded that vitamin D deficiency is highly prevalent throughout the year among
the Estonian population. One of the risk factors in this case is living in a region
with a lack of sun exposure at a latitude of 59°N (Kull et al., 2009). Another
multicenter European study, also involving the Estonian population, included
2171 3- to 15-year-old children, found vitamin D deficiency in 63% of cases,
with blood serum 25(OH)D values < 50 nmol/l (Wolters et al., 2022). Finnish-
population-based studies have also found vitamin D deficiencies in all age groups
during the winter season (Jadskeldinen et al., 2017; Laaksi et al., 2006; Lamberg-
Allardt et al., 2001). Similar seasonal variations in vitamin D levels, with a high
level of vitamin D deficiency during winter, have also been reported in other
European studies (Lips et al., 2006, 2019; Spiro & Buttriss, 2014).

2.1.7 Vitamin D supplementation

To decrease the risk of vitamin D deficiency, regular supplementation is common
practice worldwide. The appropriate amount of supplementation is still under
debate, and there is lack of consensus on this. The European Food Safety Autho-
rity (EFSA) panel’s suggestion for adults is daily intake of 15 ug (600 IU) in
order to reach a range between 34 nmol/l and 91 nmol/l (Dietary Reference
Values for Vitamin D EFSA, 2016). The same daily intake of 600 IU is suggested
by the Nordic Nutrition Recommendations panel (Lamberg-Allardt et al., 2013).
The Endocrine Society committee suggests a daily supplementation between
1500 and 2000 IU for those in the population at risk of deficiency, and they
suggest an upper limit of 4000 IU in young men (Holick et al., 2011). In line with
this, recent Polish guidelines suggest a tolerable daily upper intake of up to
4000 IU in adults aged 19 years and above (Ptudowski et al., 2023). In Estonia,
the suggested safe daily supplementation with vitamin D was 1200 [U/day in
2015, and this was raised to 4000 [U/day in 2019 (Table 1).
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2.1.8 Vitamin D supplementation side effects and risk factors

It is known that excessively high supplementation doses of Vitamin D or very
high blood serum levels of 25(OH)D together with low calcium intake can in-
crease the calcium blood serum levels outside the normal range, causing increase
in bone resorption and decrease in bone mineralization (Carmeliet et al. 2015).
There is also a risk of hypercalcemia causing general gastrointestinal problems
such as constipation and hypercalciuria with renal calculi. Still based on current
evidence, a blood serum 25(OH)D level of 250 nmol/l is a safe upper limit and
the threshold of toxic levels is more than 750 nmol/l (Glenville 2008).

2.1.9 Vitamin D in relation to physical fitness

Due to the importance of demanding physical efforts among professional sports-
men and women and military personnel, there has been a growing interest in the
role of vitamin D on physical fitness and general health in recent decades (Aydin
et al., 2019; Carswell et al., 2018; Cashman et al., 2011; Fagnant et al., 2022;
Fogleman et al., 2022; Gaffney-Stomberg et al., 2019; Geiker et al., 2017,
Halliday et al., 2011; Henriques et al., 2022; Laaksi et al., 2006; Mielgo-Ayuso
etal., 2018; Odpik et al., 2017; Savolainen et al., 2021; Schaad et al., 2019; Scott
et al., 2019; Sivakumar et al., 2019; Wicinski et al., 2019; Willis et al., 2008;
Wintermeyer et al., 2016). High-level physical fitness and general good health
play a crucial role in potentially life-threatening situations encountered in mili-
tary service and could also affect maximum effort in professional sports. Vitamin
D deficiency is not a rare condition and is commonly diagnosed in army recruits
(Armstrong et al., 2020; Fagnant et al., 2022; Knapik et al., 2021; Laaksi et al.,
2007) and in professional athletes (Wicinski et al., 2019). A prospective cohort
study in the UK Army reported that vitamin D is clearly associated with endu-
rance performance; however, it showed that power and strength are not affected
by vitamin D (Carswell et al., 2018). This is supported by the study of Heileson
et al. (2022), in which a correlation between physical fitness and vitamin D
deficiency was found. Similar findings showing a positive correlation of vitamin
D with physical performance have been found among judoists (Ksigzek et al.,
2018) and professional soccer players (Koundourakis et al., 2014). There is also
evidence suggesting that muscle energy metabolism and regular physical activity
have an important role in maintaining adequate vitamin D levels (Mason et al.,
2019). Conversely, Menon et al. (2020) found that vitamin D supplementation
did not improve muscle strength or cardiorespiratory endurance in military
recruits. No enhancement of muscle recovery was found during two months of
3000 IU supplementation in male rowers (Mielgo-Ayuso et al., 2018). Further-
more, many studies show no effect of vitamin D supplementation or any corre-
lation between vitamin D levels and physical performance: in soccer players
(Skalska et al., 2019), ice hockey players (Orysiak et al., 2018), in a strength
training group (Savolainen et al., 2021), in the sprint performance of professional
rugby players (Fairbairn et al., 2018), or in Gaelic footballers (Todd et al., 2017).
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Current evidence is insufficient; there is lack of knowledge and conflicting
results on how vitamin D deficiency or vitamin D status and supplementation
affect physical performance in a young, healthy, physically active population.

2.2 Blood serum markers related to vitamin D

2.2.1 Parathyroid hormone

Parathyroid hormone (PTH) is produced by four parathyroid glands, and it is
responsible for maintaining blood serum calcium homeostasis. Normal blood
serum values range between 1.48 and 7.83 pmol/l. Blood serum calcium and PTH
levels are inversely correlated. When blood serum calcium levels are low, PTH
levels increase and, together with vitamin D, it starts to mobilize calcium stores
and increase calcium absorption and reabsorption. In the reverse situation, where
there is an increase in blood serum vitamin D and calcium levels, they bind to
parathyroid gland receptors and inhibit PTH production (Lofrese et al., 2024).
Seasonal variation of PTH was described in a large cohort study by Shen et al.
(2020). Fluctuations of PTH levels are also related to diet, time of day, renal
function, and physical activity, but the most important suppressor of PTH levels
is optimal serum levels of 25(OH)D (Bischoff-Ferrari et al., 2006).

2.2.2 Calcium and ionized calcium

Many biochemical processes in the human body involve calcium. Calcium is the
fifth most common element and the most prevalent cation in the human body and
approximately 90% of calcium is in the skeleton. Calcium has a crucial role in
proper cardiac function, bone metabolism and structural integrity, muscular
contractions, and enzymatic signal actions. PTH regulates blood serum calcium
levels. Normal blood serum values range between 2.15 and 2.6 mmol/l. In the
blood serum, 50% of calcium is free calcium — ionized calcium. Ionized calcium
is the biologically active form of calcium, with normal blood serum values ran-
ging between 1.12 and 1.32 mmol/l. Extracellular calcium provides calcium ions
for maintaining intracellular calcium, bone mineralization, blood coagulation,
and plasma membrane potential. Furthermore, calcium has a crucial role in
muscle contraction (Drake & Gupta, 2024).

2.2.3 Testosterone and cortisol

Testosterone and cortisol have crucial roles in muscle fitness, physical perfor-
mance, and general health (Casto et al., 2016). Normative blood serum values of
testosterone range between 8.4 and 28.7 nmol/l in males, and cortisol values
range between 138 and 690 nmol/l. Vitamin D is linked to testosterone production
in the human body, and supplementation of vitamin D has shown a positive effect
on testosterone levels (Chen et al., 2019; Nimptsch et al., 2012). It is also known
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that increased levels of testosterone can improve physical performance (Handels-
man et al., 2018; Mielgo-Ayuso et al., 2018). 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 to physical
exercises (Kraemer et al., 2020). However, increased levels of cortisol can de-
crease physical performance ability (Duclos et al., 2003).

2.3 Physical fitness tests

2.3.1 Army Physical Fitness Test (APFT)

The Army Physical Fitness Test (APFT) was designed to test general physical
fitness, including muscular strength, endurance, and cardiovascular respiratory
ability of Unites States Army soldiers. The test was first introduced in 1980. The
test is based on three events: 2 minutes of push-ups, 2 minutes of sit-ups, and a
two-mile (3.2 km) run. The push-up test measures the endurance of the chest,
shoulder, and triceps muscles. The sit-up test measures the endurance of the
abdominal and hip-flexor muscles. The two-mile run measures aerobic fitness
and leg muscle endurance. Each event results in 0—100 points and they are
gender- and age-adjusted. A minimum of 60 points is needed in each event to
pass the test; a minimum overall total of 180 points is therefore needed, so the
total scores to pass the test can range from 180 to 300 points. Score tables can be
found in the Army FM 7-22 and Department of the Army Form 705, APFT
scorecard (‘United States Army Physical Fitness Test’, 2024). The modified
APFT has been widely used to test conscripts and professional soldiers in the
Estonian Army for decades as a way to follow conscripts’ physical performance
capacity during military service, and it is well known by military coaches. The
only difference to the original test in the Estonian version is in the running event,
where the two-mile distance is calculated in kilometers as a total of 3.2 km.

2.3.2 Hand grip strength test

The hand grip strength test is the most common test used to evaluate grip muscle
strength. Isokinetic and hydraulic dynamometers are the most commonly used
instruments to assess grip strength (Huerta Ojeda et al., 2021). The hand grip
strength test is a reliable indicator of physical function and health status and is
used in almost all age groups and for people of all physical levels of activity
(Bohannon, 2015; Burdukiewicz et al., 2020; Dodds et al., 2014). Reference
values are based on gender, age, and geographical region (Chen et al., 2018;
Dodds et al., 2014, 2016). For army recruits, the hand grip strength test is used to
test for shooting stability (Christopher et al., 2019) or to test general physical
performance (Gongalves et al., 2018).
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2.4 Rationale of the studies

Long-term vitamin D deficiency has well known negative side effects such as
osteopenia, osteoporosis, and, in some circumstances, to worsen general health
and physical performance in adults. Plenty of sun and outdoor physical activities,
as well as balanced food intake, are the best and most well-known methods of
maintaining natural vitamin D production in the human body. Still, there is debate
concerning normative levels of 25(OH)D and daily intake and supplementation
dosages. In many international studies it has been shown that wintertime vitamin
D supplementation and food fortification can increase blood serum 25(OH)D
levels. Increasing interest in vitamin D on physical performance has been seen
during recent decades. Still, controversial outcomes have been found for and
against supplementation and vitamin D effects on muscle strength and endurance
capability. Despite widely known prevention methods, a surprisingly high
number of young Estonian male army conscripts presented with vitamin D
deficiency in our pilot studies. More concerning is the high number of conscripts
with vitamin D deficiency or severe deficiency during winter and springtime, and
these findings motivated us to conduct more thorough investigations. It was
found that suggested supplementation dosages in Estonia were based on inter-
national studies from geographically different locations where food fortification
was often present. Lack of population-based, randomized studies made us
interested in performing such studies to examine the vitamin D situation in
Estonia. Therefore, three studies were designed to evaluate vitamin D status and
its relationship to physical performance. The hypotheses of the studies were as
follows: 1) without supplementation or supplementation with low dosages of 600
IU, vitamin D deficiency occurs during wintertime, and supplementation with
1200 IU or with 4000 IU decreases the risk in deficiency, 2) severe deficiency
effects physical performance negatively and supplementation increases physical
performance.
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3. AIMS AND HYPOTHESES

The main aim of the thesis was to evaluate vitamin D seasonal variations with
and without vitamin D supplementation using different doses and assess the effect
on physical performance in terms of the hand grip strength test and APFT, during
military service in Estonian conscripts. The levels of parathyroid hormone (PTH),
testosterone, cortisol, calcium, ionized calcium and BMI were evaluated as
secondary outcomes of the study.

Study I. The aim of this study was to evaluate blood serum 25(OH)D levels
during military service and the effect of deficiency and severe deficiency of
vitamin D (25(OH)D) on physical performance during training. The hypothesis
of'this study was that severe deficiency of vitamin D would affect physical fitness
negatively during military training. PTH and Ca blood serum values were
evaluated as secondary outcomes.

Study II. The aim of this study was to evaluate the effect of vitamin D supple-
mentation with 1200 IU on blood serum 25(OH)D values and physical perfor-
mance compared to placebo supplementation. The hypothesis of this study was
that without oral vitamin D supplementation, vitamin D (25(OH)D) deficiency
occurs during the winter season, and this can cause a decrease in hand grip
strength. PTH, Ca, i-Ca, testosterone and cortisol blood serum levels were
evaluated as secondary outcomes.

Study III. The aim of this study was to evaluate vitamin D supplementation
with 4000 IU or 600 IU in terms of the effect on physical performance and blood
serum 25(OH)D values. The hypothesis of this study was that oral vitamin D
supplementation with 4000 IU decreases the risk in vitamin D deficiency more
than 600 IU during the winter season and increases physical fitness. PTH, Ca and
i-Ca blood serum levels and BMI were evaluated as secondary outcomes.
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4. MATERIALS AND METHODS

4.1 Materials

4.1.1 Recruitment and informed consent

In all three studies the recruits at the Kuperjanov Battalion, Voru, Estonia (lati-
tude 58°N, which corresponds to southern Alaska and Scotland) 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 studies.

4.1.2 Participants in Study I (Rips et al., 2023)

All conscripts (n = 410) entering 10-month military service in July 2015 were
asked to participate in the first briefing of the study. A total of 98 male conscripts
volunteered to participate initially; 10 of them, however, moved to another
military unit, and thus, 88 entered the study. Two further conscripts refused to
continue the study after the first week. Data from 86 conscripts at baseline and
from 65 in March the year after, all of Caucasian origin, were included in the final
analysis (Figure 3.).
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Figure 3. Flow chart describing participation in Study I
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4.1.3 Participants in Study Il (Rips et al., 2022)

All conscripts (n = 403) entering military service in October 2016 were asked to
participate in the first briefing of this study. A total of 65 male conscripts volun-
teered to participate initially and 63 of them 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 with 1200 IU
vitamin D substitution and 26 in the control group (Figure 4.).

403 conscripts informed and asked to

participate
65 volunteered to = 2 did not return informed
participate consent
63 returned informed
consent and randomized
5 discontinued military « | Intervention Group 32 Placebo Group 31 — 5 discominu_ed military
service service
27 underwent all 4 tests 26 underwent all 4 tests

Figure 4. Flow chart describing participation in Study II

4.1.4 Participants in Study Il (Rips et al., 2024)

All conscripts (n = 438) entering military service in July 2021 were asked to
participate in the first briefing of this study. A total of 135 conscripts initially
volunteered to participate, and 116 of them returned their informed consent. Four
females were excluded from the study, because it was impossible to standardize
their physical test results with male participants. Fourteen conscripts — seven in
the 600 IU group and seven in the 4000 IU group, were later excluded from the
study due to premature cessation of their military service: five for mental health
problems, three for lower-back pain, and six for other medical reasons. Data from
112 conscripts, all of Caucasian origin, were included in the final analysis with
55 conscripts in the 600 IU group and 57 in the 4000 IU group. Home-based
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vitamin D supplementation was registered in five conscripts who all were told to
discontinue use at baseline (Figure 5.).

438 conscripts informed and asked
to participate

v

19 did not return informed

135 volunteered to participate —
consent

l

116 returned informed 4 females excluded from

consent and randomized - study
112 randomized males
included to the study
groups
600 IU 4000 IU
Baseline (July2021) Baseline (July 2021)
=55 N=57
5 discontinued military 4 discontinued military
service -« _— service
600 IU 4000 IU
Follow-up I (October 2021) Follow-up I (October 2021)
N=50 N=53
1 discontinued military - l 24 ed military
service service
600 IU 4000 IU

1 discontinued military
service

Follow-up II (January 2022)
N=49

Follow-up II (January 2022)
N=51

1 discontinued military
service

v v

600 IU 4000 1U
Follow-up III (May 2022) Follow-up III (May 2022)
N=48 N=50

Figure 5. Flow chart describing participation in Study III

4.2 Methods

4.2.1 Randomization

Randomization was used in Study II and Study III.

In Study II, computed randomization was used in a placebo-controlled triple-
blinded trial to divide conscripts into two subgroups: either the intervention
group, in which conscripts received vitamin D3 olive oil capsules (1200 IU/
30 pg), or the control group, in which conscripts received placebo olive oil
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capsules. Both types of capsules were standardized for size and colour, and they
were administered once per day, in the morning before breakfast, for seven
months.

In Study III, computed randomization was used to divide conscripts into two
subgroups for vitamin D supplementation in a triple-blinded trial. Conscripts in
both groups received vitamin D3 oil capsules; in one group the daily dosage was
600 IU/15 pg, and in the other group the daily dosage was 4000 IU/100 pg. Both
types of capsules were standardized for size and colour, and they were admi-
nistered once per day, in the morning before breakfast, for ten months.

4.2.2 Vitamin D supplementation

Vitamin D supplementation was used in Study II and Study III.

In Study 11, standardized coded packages with either 1200 IU or placebo (per
capsule) olive oil capsules (Photo 1), (three packages per conscript, with 100 cap-
sules per package) were manufactured on special order by Innopharma A/S
(Denmark) (Photo 1.).

In Study 111, standardized coded packages with either 600 IU or 4000 IU (per
capsule) oil capsule were manufactured on special order by HC CLOVER PS, SL
(Spain) in the same way.

In neither study was commercial sponsoring involved. The key to the package
code numbers was stored in a computer database until the unblinding of the
participants. At the end of both studies, all remaining packages and capsules were
collected and destroyed.

Photo 1. Vitamin D oil capsules for the placebo group (left) and for the intervention group
(right).

4.2.3 Side effects protocol

In Study II and Study III, personal protocols were prepared for registration of
possible side effects of vitamin D supplementation. All participants were in-
formed of side effects protocols, which were kept at the medical center of
Kuperjanov Infantry Battalion.
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4.2.4 Army Physical Fitness Test

The APFT was used to measure physical performance in Study I and Study III.
All participants were informed about the rules of the test, including minimum and
maximum scores with regards to the APFT guidelines. APFT physical perfor-
mance testing took place on the same day, under the same conditions, on the same
running track; this was done three times in both studies (Photo 2). The results
were recorded, and the final result for each participant was calculated by the same
experienced physical preparation coach at the Kuperjanov Infantry Battalion.

Photo 2. The APFT. Running 3.2 km (left), sit-ups (right) and push-ups (bottom).
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4.2.5 Hand grip strength test

The hand grip strength test was performed using the same validated hydraulic
hand dynamometer (Lafayette Instrument Co., United States) in all three studies
(Photo 3.). Measurements were obtained from each participant in the standing
position, arms at the side, not touching the body, with the elbow slightly bent
(Photo 3). Each participant had to squeeze the dynamometer with as much force
as possible. The best result (in kilograms) of three trials was recorded. The hand
grip strength test was used in all studies. In Study I, the dominant hand grip
strength was measured four times during study period. In Study II, both dominant
and non-dominant hand grip strength were measured four times during the study
period, and in Study IIl, dominant and non-dominant hand grip strength were
measured three times during the study period.

E
%
¥ ‘f

1

Photo 3. The hand grip strength test with dynamometer.
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4.2.6 Blood serum tests and laboratory measurements

In Study I (Rips et al., 2023), a total of four blood serum analyses were done
during the study period, including at baseline. All blood samples were overnight
fasting tests, collected on the same day of the week each time, and all within the
same hour of the day, under standardized conditions. 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). All analyses were performed by Synlab Estonia.

Blood serum values of vitamin D (25(OH)D) (> 75 nmol/l were classified as
sufficient and < 25 nmol/l were classified as severe deficiency) were measured
and obtained using the direct chemiluminescent immunoassay method (LIAISON
XL, DiaSorin S.p.A, Saluggia VC, Italy). Blood serum parathyroid hormone
measurements were performed using the direct chemiluminescent immunoassay
method (ADVIA Centaur XP, Siemens Healthcare GmbH, Erlangen, Germany).
Blood serum calcium measurements were performed using the spectrophoto-
metry method (ADVIA® 1800 Clinical Chemistry System, Siemens Healthcare
GmbH, Erlangen, Germany).

In Study II (Rips et al., 2022), a total of four blood serum analyses were done
during the study period, including at baseline. All blood samples were overnight
fasting tests, collected on the same day of the week each time, and all within the
same hour of the day, under standardized conditions. 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). All analyses were performed by Synlab Estonia.

Blood serum values of vitamin D (25(OH)D) (> 75 nmol/l were classified as
sufficient and < 25 nmol/l were classified as severe deficiency) were measured
and obtained using the direct chemiluminescent immunoassay method (LIAISON
XL, DiaSorin S.p.A, Saluggia VC, Italy). Blood serum parathyroid hormone
measurements were performed using the direct chemiluminescent immunoassay
method (ADVIA Centaur XP, Siemens Healthcare GmbH, Erlangen, Germany).
Blood serum calcium measurements were performed using the spectrophoto-
metry method (ADVIA® 1800 Clinical Chemistry System, Siemens Healthcare
GmbH, Erlangen, Germany). Blood serum ionized calcium measurements were
performed using ion-selective electrodes (AVL 9180 Electrolyte Analyzer,
Roche Diagnostics, Germany). Blood serum testosterone measurements were
performed using the direct chemiluminescent immunoassay method (ADVIA
Centaur TSTII assay, Siemens Healthcare GmbH, Erlangen, Germany). Blood
serum cortisol measurements were performed using the solid-phase competitive
chemiluminescent enzyme immunoassay method (IMMULITE 2000 Cortisol,
Siemens Healthcare Diagnostics Products Ltd. United Kingdom).
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In Study III (Rips et al., 2024), a total of four blood serum analyses were done
during the study period, including at baseline. All blood samples were overnight
fasting tests, collected on the same day of the week each time, and all within the
same hour of the day, under standardized conditions. 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). All analyses were performed by Synlab Estonia.

Blood serum values of vitamin D (25(OH)D) (> 75 nmol/l were classified as
sufficient and < 25 nmol/l were classified as severe deficiency) were measured
and obtained using the direct chemiluminescent immunoassay method (LIAISON
XL, DiaSorin S.p.A, Saluggia VC, Italy). Blood serum parathyroid hormone
measurements were performed using the direct chemiluminescent immunoassay
method (ADVIA Centaur XP, Siemens Healthcare GmbH, Erlangen, Germany).
Blood serum calcium measurements were performed using the spectrophoto-
metry method (ADVIA® 1800 Clinical Chemistry System, Siemens Healthcare
GmbH, Erlangen, Germany). Blood serum ionized calcium measurements were
performed using ion-selective electrodes (AVL 9180 Electrolyte Analyzer,
Roche Diagnostics, Germany).

4.3 Power analysis and statistical methods

In Study I (Rips et al., 2023), the serum level of 25(OH)D was the primary vari-
able of the study. In the absence of available pilot data, a pragmatic decision was
taken in the power analysis; a difference of 20 nmol/I (i.e. less than the increments
of 25 nmol/l in the study by Funderburk et al. 2015) between the intervention and
the control group was considered to be the meaningful detectable difference.
With a standard deviation (SD) of 25 nmol/l, it would be necessary to follow 14
subjects over time to reach a power of 80%. To increase the power and allow for
dropouts, over 80 subjects were initially recruited for the study.

Blood serum values, hand grip strength, and the physical fitness test results in
the study group are described by means and standard deviations (SD). The com-
parison between time points was performed using a one-way ANOVA followed
by pairwise t-tests with Bonferroni corrections used as post hoc tests to show
significant differences. Distributions of categorical variables were described by
absolute numbers and percentages and compared between groups using the two
proportions Z-test. Statistical significance was set at p < 0.05. Furthermore, the
participants were distributed into two subgroups for the last two measurements;
those who had severe deficiency of 25(OH)D (< 25 nmol/l) and those who did
not. Differences in the mean values of the variables of interest between the groups
were evaluated using an unpaired t-test. Correlations between vitamin D levels
and the variables of interest were calculated using Pearson correlation coeffi-
cients together with their p-values.
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In Study II (Rips et al., 2022), 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. 2015) between the
intervention and the control group was considered to be the meaningful detectable
difference. For example, with an SD of 25 nmol/l, then 26 participants would be
needed in each group to reach a power of 80%. Correspondingly, for a difference
in hand grip strength of 6 kilograms between the study groups, and an SD of 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.
Blood serum values and hand grip strength in the study groups were described by
medians, ranges, means, and standard deviations (SD). Differences in mean
values of the variables between the groups were evaluated using an ANOVA test
followed by a Scheffe’s post hoc test. The within-group comparisons over time
were performed using a Repeated Measures ANOVA followed by a Scheffe’s
post hoc test. On all follow up occasions, the blood serum value of 25(OH)D was
dichotomously classified as < 25 nmol/l (critically low) or not and was analyzed
between the groups using a Fisher’s exact test. For the primary variable, the
25(OH)D, the delta values at the follow-ups in relation to baseline values were
calculated and reported as means and SDs. Statistical significance was set at
p <0.05.

In Study III (Rips et al., 2024), the primary variable of the study was the level of
25(OH)D in the serum. Based on the findings in Studies I and II, a difference of
20 nmol/l between the study groups was considered meaningful to measure. For
example, for an SD of 25 nmol/l, 26 participants would be needed in each group
to reach a power of 80%. Initially, 112 participants were included in the study to
increase the power and to allow for dropouts.

Blood serum values, physical test results, and hand grip strength in the study
groups were described by means and standard deviations (SD). Differences in
mean values of the variables were evaluated using a two-way mixed measures
ANOVA test with study group and time being the independent variables. Post
hoc testing was done using a Tukey’s test with estimated marginal means and
Bonferroni correction within and between groups. Correlation between body
weight and serum 25(OH)D levels was tested using a correlation test with Pear-
son correlation coefficients. Distribution of categorical variables was described
using absolute numbers and percentages. Statistical significance was set at
p < 0.05. For the assessment of outliers and the normality of data distribution,
box plots and Shapiro—Wilk tests were used. The homogeneity of variances was
checked using a Levene’s test. In instances where the assumptions of parametric
mixed ANOV A were not met, a robust alternative using trimmed means (bwtrim
method) was applied.
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4.4 Ethics

Study I (Rips et al., 2023) was approved by the Research Ethics Committee of
the University of Tartu nos. 240/T-3 and 249M-4. The study was funded by grant
no. R-001 (No 0.4-2.5/16/132) of the Estonian Defence Forces.

Study II (Rips et al., 2022) was approved by the Research Ethics Committee
of the University of Tartu nos. 262/T-28 and 264M-14. The trial was retrospec-
tively registered in ClinicalTrials.gov, Identifier: NCT04359524. The study was
funded by grant no. R-002 (No. 0.4-2.5/16/1321) of the Estonian Defence Forces.

Study III (Rips et al., 2024) was approved by the Research Ethics Committee
of the University of Tartu nos. 323/T-3, 337M-25, and 341M-12. The trial was
prospectively registered in ClinicalTrials.gov, Identifier: NCT04939636. The
study was funded by grant no. KVA-0.7-1./20/29041 of the Estonian Defence
Forces.
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5. RESULTS

5.1 Baseline anthropometric characteristics

All participants within the three studies were homogeneous with no significant
differences between the groups. Also, age and anthropometric characteristics
were similar in the three studies. Baseline anthropometric characteristics of all
three studies are presented in Table 2.

Table 2. Anthropometric characteristics of participants in Studies I-III.

Study

number Study I Study II Study IIT
Characte- Partici- vlel:ltzl;. Placebo p- 600 IU 4000 IU p-
ristics pants group group value group group value
Number of

participants 86 27 26 55 57

Age

(years) 21.0 20.8 21.2 n.s. 19.5 19.3 n.s.
Mean (SD) (1.6) 1.7 (2.0) 0.38 (1.3) 0.9) 0.22
Height

(cm) 182 180 179.0 n.s. 184 181 n.s.
Mean (SD) (6.3) (6.9) 7.7 0.49 6.1) 5.7 0.06
Weight

baseline (kg) 79.9 74.0 74.5 n.s. 81.6 78.3 n.s.
Mean (SD) (11.2) (10.8) (11.1) 0.89 (14.4) (13.6) 0.21
BMI

baseline

(kg/m?) 24.2 22.7 23.2 ns. 24.2 23.7 n.s.
Mean (SD) 2.9) 24 (2.6) 0.48 4.2) (3.6) 0.48

Abbreviations: IU — international unit; SD — standard deviation; n.s. — non-significant;

cm — centimeter; kg — kilogram; BMI — body mass index
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5.2 Study I (Rips et al., 2023)

A decrease in blood serum 25(OH)D mean values was found, from 61.8 nmol/l
at the baseline in July to 31.9 nmol/l in March (p <0.001) (Table 3). Severe defi-
ciency of vitamin D (< 25 nmol/lI) was found in both July and September in 1/86
participants. Correspondingly, in December and March, 21/79 and 27/76 parti-
cipants with severe deficiency were found, respectively. None of the participants
reached the suggested sufficient level of 25(OH)D (> 75 nmol/l) in March (Figure
6).

At some time points during the study, blood serum PTH and Ca values showed
significant differences compared to baseline; however, mean values were within
normal ranges (Table 3).

In terms of the physical performance test and hand grip strength tests, no
significant correlations with 25(OH)D levels were found, except for the hand grip
strength and sit-up tests at baseline. All physical test results improved signi-
ficantly compared to the baseline (Table 4).

No significant difference was found between those with blood serum
25(OH)D values < 25 nmol/l (cut-off value for severe deficiency) and > 25 nmol/l
in terms of the hand grip strength and physical performance tests (Table 5).
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Vitamin D group
90 W 75+ nmol/l
Total: 86 Total: 86 50-74.9 nmol/l
[ 25-49.9 nmol/l

W 0-24.9 nmol/l
80 Total: 79

Total: 76

6
8%

8
10%

Count

Baseline Follow-up I Follow-up II Follow-up IIT
(July 2015) (September 2015) (December 2015) (March 2016)

Figure 6. Study I. Distribution of conscripts’ vitamin D 25(OH)D blood serum levels
over time, showing increasing numbers of deficiency from 24% to 82% and severe defi-
ciency from 1% to 36%, especially in the winter- and springtime. Low representation of

sufficient 25(OH)D levels (23%) was detected in midsummer, with a rapid decrease to
0% in March.
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5.3 Study Il (Rips et al., 2022)

The mean values of 25(OH)D showed no significant difference at the baseline
between the study groups. At all other time points, blood serum 25(OH)D values
were significantly higher in the intervention group (supplementation with 1200 IU)
compared to the placebo group (p < 0.001) (Table 6). In the intervention group,
blood serum 25(OH)D mean values did not change significantly during the study
(Table 6).

Calcium, i-Ca, PTH, testosterone, and cortisol levels between the study groups
are shown in Table 6.

In December, only 4/26 participants in the placebo group reached > 50 nmol/I.
Correspondingly, in March and April, none of the participants in the placebo
group reached > 50 nmol/l (Figure 7). The number of participants with severe
deficiency (< 25 nmol/l) increased in the placebo group to 17/26 in March and
11/26 in April (Figure 7). No significant differences were found in the blood
serum values of Ca in any time points between study groups.

No significant differences were found in hand grip strength between the study
groups at any time point (Table 7).

No side effects of supplementation with vitamin D were registered in the
intervention group during the study period.
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Abbreviations: Fp — follow-up.

Figure 7. Study II Distribution of vitamin D blood serum 25(OH)D levels in the
intervention group (1200 IU supplementation) and placebo group over the study period
according to categories based on the Endocrine Society (Holick et al. 2011) and
Funderburk (Funderburk et al. 2015). Significantly more severe deficiencies were found
in the placebo group at all follow-ups — December 31%, March 65%, and April 42% —
with none of the participants having sufficient levels. However, a minor increase in blood
serum 25(OH)D levels was found in the 1200 IU supplementation group at all follow up
occasions compared to baseline.
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5.4 Study Ill (Rips et al., 2024)

The mean values of blood serum 25(OH)D values were significantly lower in the
600 IU group compared to the 4000 IU group except at baseline (p < 0.001), with
a mean blood serum 25(OH)D value of 46.1 nmol/l in the 600 IU group and
69.8 nmol/l in 4000 IU group at the end of the study in May (Table 8). Of the
53 participants in the 4000 [U group, 34 reached the sufficient level (> 75 nmol/l)
of blood serum 25(OH)D in October, which decreased to 19 of 50 participants in
May. In the 600 IU group, 22/55 had sufficient levels of 25(OH)D at baseline,
8/50 did in October, and none did in January or in May (Figure 8). No significant
differences were found in PTH, Ca, or i-Ca blood serum levels between study
groups at any time point except for the Ca values in the 4000 IU group at one
time point (p = 0.04) during the study period (Table 8). In terms of body weight,
no significant correlation was found between body weight and blood serum
25(OH)D values during the study period. No significant differences were found
between the study groups at any time point in terms of physical fitness tests or
hand grip strength tests (Tables 9-10).

No side effects of supplementation with vitamin D were registered in either
group during the study period.

Baseline Follow-up Follow-up I Follow-up III
(P =0.49) (p <0.001) (P <0.001) (p <0.001)
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Figure 8. Study III Distributions of vitamin D blood serum 25(OH)D levels in both study
groups showing no participants with sufficient levels in the 600 IU supplementation
group in January and May. In the 4000 IU group, sufficient blood serum 25(OH)D levels
were found in October in 64% of participants, with a future decrease to 38% in May.
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6. DISCUSSION

The main finding of this thesis is that long term supplementation with 4000 IU
vitamin D decreases the risk of vitamin D deficiency and maintains sufficient
levels better compared to vitamin D supplementation of 1200 IU and 600 IU in
Estonian male conscripts during military service. However, neither vitamin D
supplementation nor vitamin D status influence physical performance during
military service in Estonian male conscripts.

6.1 Current status of vitamin D worldwide and in young
Estonian male conscripts

Vitamin D deficiency is very common in both the general population (Cashman
& Kiely, 2014; Henriques et al., 2022; Holick et al., 2011; Lamberg-Allardt et
al., 2013; Lips et al., 2019) and, more specifically, in the military community
(Armstrong et al., 2020; Henriques et al., 2023; Laaksi et al., 2007) worldwide.
It has also been shown that for people living at higher latitudes, vitamin D defi-
ciency occurs more often during the winter and spring seasons (Spiro & Buttriss,
2014). In a study of male Royal Marines, a group with stress fractures (51 cases)
showed significantly lower 25(OH)D blood serum values, with a mean value of
52.4 nmol/l, compared to 57.7 nmol/l in a control group without fractures (Arm-
strong et al., 2020). A study of 1569 male US Army recruits found significantly
greater vitamin D deficiency in a group in which skipping breakfast was more
common (Fagnant et al., 2022). In a systematic review by Henriques et al. (2023),
which included 13 studies from northern hemisphere navies and submariners, a
high prevalence of vitamin D deficiency was found. Fogleman et al. (2022) stated
that based on current studies, vitamin D deficiency is very common in the military
and that urgent action should be taken to prevent bone injuries. A large military-
population-based study in the United States found that the overall rate of
clinically diagnosed vitamin D deficiency was only 53.7 cases/100,000 person
years (Knapik et al., 2021). In the Finnish Army, a study of 220 conscripts found
vitamin D deficiency in 0.9% of soldiers in the summertime and 38.9% in
wintertime (Viliméki et al., 2004). A study based on Estonian conscripts found
an increasing rate in vitamin D deficiency defined as < 50 nmol/l from 42.6% at
baseline to 91.5% 15 weeks into active service (Odpik et al., 2017). A high rate
of vitamin D deficiency was found also in an Estonian population-based study in
which the mean value of blood serum 25(OH)D was 43.7 nmol/l in wintertime
(Kull et al., 2009). This indicates a high prevalence of vitamin D deficiency
among the Estonian population. Based on studies I and II, included in this thesis,
high risk of vitamin D deficiency also occurs in summertime and increases
rapidly in winter- and springtime without supplementation in conscripts.

To illustrate cut-off levels for blood serum 25(OH)D levels, a coloured dia-
gram based on previous studies was developed and used in the studies included
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in this thesis (Figure 2). In Study I, interestingly, sufficient levels (> 75 nmol/l)
of blood serum 25(OH)D were found only in 23/86 conscripts in July. Based on
our classification, for which the cut-off for deficiency is <75 nmol/l, a high level
of vitamin D deficiency was found already in September, and more critical
deficiency and severe deficiency had increased up to 92% by March (Rips et al.,
2023). These findings are supported by data from Study II, in which the placebo
group of 26 conscripts had a rapid decrease in mean values of blood serum
25(OH)D from 50.0 nmol/l in October to 20.2 nmol/l in March. None of the
participants had reached a sufficient level in December (Rips et al., 2022). Based
on both these studies, a high risk of vitamin D deficiency already occurs in
summertime, with a rapid increase in winter- and springtime among the Estonian
young healthy male population participating in military service.

6.2 Severe vitamin D deficiency

There are only a few studies focusing on severe vitamin D deficiency in the
physically active population. To define severe deficiency, two cut-off values are
mainly used. Some authors set the cut-off limit of blood serum 25(OH)D at
30 nmol/l (Amrein et al., 2020) and some at 25 nmol/l (Allison et al., 2015). In
both cases, severe deficiency of vitamin D dramatically increases the risk of ex-
cess mortality, infections, osteoporosis, stress fractures, and many other diseases
(Kuo et al., 2022). Frequency of severe deficiency among 506 national-level
athletes in a pair of studies was shown to vary from 11% (Allison et al., 2015) to
21.7% (Amrein et al., 2020). In all three studies in this thesis, < 25 nmol/l was
used as the cut-off value determining severe deficiency of blood serum 25(OH)D,
and a much higher rate of severe deficiency was found compared other studies.
In Study I, severe deficiency was found in only 1% of participants in July, but
there was a rapid increase up to 35.5% by March (Rips et al., 2023). In Study II,
11% of participants in both the placebo and the 1200 IU supplementation groups
showed severe deficiency at baseline in October, with a rapid increase in the
placebo group up to 65% by March (Rips et al., 2022). In Study III, in which
both groups received supplementation, severe deficiency occurred in fewer
participants — only 6% in January and 8% in May — regardless of group (Rips et
al., 2024). Based on these three studies, a high prevalence of severe vitamin D
deficiency occurs in conscripts during military service, with a rapid increase in
winter- and springtime. Supplementation with vitamin D decreases the risk of
severe deficiency in these conscripts in the Estonian Army.
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6.3 Effect of vitamin D supplementation on blood serum
25(0H)D levels during military service

To decrease the risk of vitamin D deficiency, different supplementation protocols
are recommended. The daily recommended dietary allowance or adequate intake
(including supplementation) is often 600 IU in adults (Table 1), (Dietary
Reference Values for Vitamin D EFSA, 2016; Holick et al., 2011; Lamberg-
Allardt et al., 2013). However, some studies suggest a safe upper vitamin D
supplementation limit to be much higher, up to 4000 IU in adults (Holick et al.,
2011; Pludowski et al., 2023). Generally, supplementation has more consensus,
but the daily safe dosage is still under debate (Cashman & Kiely, 2014). In a study
by Carswell et al. (2018) a combination supplementation of four weeks of 1000
IU and eight weeks of 400 IU decreased vitamin D deficiency up to 97% in 967
military recruits. In this study, the cut-off value for deficiency was set to 50
nmol/l for blood serum 25(OH)D. In an eight-week study of 100 military recruits
during basic training, supplementation with 800 IU increased mean blood serum
25(0OH)D values from 22.5 to 31.0 ng/ml (56.25-77.5 nmol/l) (Gaffney-Stom-
berg et al., 2022). A Finnish study with 164 conscripts concluded that six months
supplementation with 400 IU of vitamin D in wintertime kept mean values of
blood serum 25(OH)D to 78.7 nmol/I at baseline and 71.6 nmol/l at six months;
this was significantly different compared to a placebo group with a mean blood
serum 25(OH)D value of 51.3 nmol/l (p < 0.001) at six months (I. Laaksi et al.,
2010). In a study of 131 soldiers in the US Army, two dosages of vitamin D were
compared. A low dosage of 1000 IU and high dosage of 5000 IU were used during
three months of supplementation. The result was mean blood serum 25(OH)D
values of 40.15 ng/ml (100.3 nmol/l) in the 5000 IU group and 30.80 ng/ml
(77 nmol/l) in the 1000 IU group. Based on the findings in Study II, a seven-
month supplementation with 1200 U vitamin D kept blood serum 25(OH)D
mean values close to baseline values, with 47.8 nmol/l in October and 52.2 nmol/l
in April; for comparison, a significant decrease in blood serum 25(OH)D, down
to 28.9 nmol/l in April, was found in the placebo group (Rips et al., 2022). In
Study IlI, two different vitamin D dosages, 600 [U and 4000 IU, were used. In the
600 IU group, a rapid decrease in the blood serum 25(OH)D mean value was
found —46.1 nmol/l in May, compared to 69.8 nmol/I in the 4000 IU group (Rips
et al., 2024). Based on the two supplementation studies included in this thesis
using a total of three different dosages, sufficient levels of vitamin D > 75 nmol/I
were not achieved with 600 IU or 1200 IU. In the group supplemented with 4000
IU, sufficient levels were achieved in 46% of participants in July and 38% in
May. This could mean that the need for vitamin D increases during military
training, and supplementation with 4000 IU is needed to keep blood serum
25(OH)D at an acceptable level, especially since there were no registered side
effects of this treatment. No side effects were detected during the supplemen-
tation studies.
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6.4 Physical fitness and vitamin D

To increase physical fitness of sportsmen and soldiers, the scientific community
is looking for legal not banned methods. Vitamin D is a hormone-like bioactive
molecule that has receptors in almost all tissues in the human body, including
muscle cells; thus, a positive interaction with physical performance could be
possible. Until now, only a few studies have found positive effects on physical
performance related to vitamin D. Heileson et al. (2022) found that vitamin D
levels are related to the results of physical tests in military recruits. Mason et al.
(2019) found that low levels of vitamin D negatively affect muscle function in
wintertime. Carswell et al. (2018) found positive effects of vitamin D supple-
mentation on endurance performance. However, most studies could not show a
positive influence of vitamin D on physical performance. Based on all three
studies included in this thesis, vitamin D levels or supplementation has no posi-
tive effect on physical performance in terms of the APFT or hand grip strength
in Estonian conscripts. Even severe deficiency of vitamin D did not reveal any
negative effect on physical performance. However, all three studies found a
positive effect of training on the physical test results (Rips et al., 2022, 2023,
2024).

6.5 Other parameters related to vitamin D measured in
Studies I-llI

PTH together with vitamin D are related to Ca and i-Ca metabolism (Khundmiri
et al., 2016). Long-term vitamin D deficiency could affect calcium metabolism
negatively. In cases of severe deficiency or deficiency of vitamin D, Study I
showed that PTH values above normal were not related to abnormally high values
of Ca, but rather to low serum 25(OH)D levels. In Study I, no significant changes
in PTH levels were detected over time. In Study III, minimal changes outside of
normative values of PTH, i-Ca, and Ca in the serum were found, with no signs of
side effects. Low 25(OH)D levels increase PTH levels and calcium release from
the bone (Rajab, 2022). In Study III, an increase in PTH was found in the 600 [U
group, which had lower mean values of 25(OH)D, while more stable PTH values
were found in the 4000 IU group, which had higher 25(OH)D values. Inte-
restingly, seasonal variation in PTH was described previously in a large cohort
study (Shen et al., 2020).

Testosterone and cortisol have crucial roles in muscle fitness (Casto &
Edwards, 2016) and it has been shown that vitamin D is linked positively to
testosterone production in the human body (Chen et al., 2019; Nimptsch et al.,
2012). Cortisol is known as a stress hormone and also has an important role in
regulating muscle function. Increased cortisol levels can decrease physical
performance (Kramer et al., 2020; Duclos et al., 2003).

Based on the results of Study II, no significant differences between the study
groups were found in either testosterone or cortisol levels at any time point. This
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might be due to the fact that the study groups were small or that summertime
monitoring was not performed.

A body mass index (BMI) > 30 kg/m? is a risk factor for low 25(OH)D levels
(Brock et al., 2010; Funderburk et al., 2015). In Study III, no negative correlation
between body weight and 25(OH)D blood serum levels was found, except for a
weak negative correlation for the combined study group at baseline. However, in
some cases, BMI might not the best tool to assess physical performance capacity.
Potter et al. (2022) found that a BMI of 33.0 in fit marines was not related to the
amount of fat, but rather to muscle, and these subjects were considered physically
fit for extreme conditions. In Study III, an increase in body mass was found over
time in both study groups, and most of the participants could falsely be considered
pre-obese based on the WHO body mass index (BMI) classification.

6.6 Strengths and limitations

Study I. (Rips et al., 2023)

The key strength of Study I is the relatively long 10-month follow-up period that
covers almost a full year and the entire training period for Estonian Army con-
scripts. A further strength is the clearly defined and homogeneous study groups
with similar physical activity level, living conditions, clothing, and daily food
intake during the whole study period. This enabled us to investigate vitamin D
serum levels, and the APFT and hand grip strength outcomes in a standardized
fashion.

Possible limitations of the study involve the small number of participants and
limited number of physical performance tests. The fact that 24% of participants
missed the final APFT is another limitation. Furthermore, the unknown dietary
consumption of vitamin D during the study and that only baseline body mass was
measured is also a potential limitation. That only men participated in the study,
and that the last physical fitness test, hand grip strength test, and blood test session
were not performed at the same time are limitations.

Study II. (Rips et al., 2022)
The strengths of Study II are its randomized and blinded design, the homo-
geneous test groups, and the follow-up period over the whole winter season with
four physical performance test occasions. The study population was well stan-
dardized in terms of conditions, such as the season of the year, age, sex, daily
food consumption, clothing, and physical activity. This provided an ideal oppor-
tunity to study the effect of vitamin D supplementation on serum levels of
25(0OH)D and physical performance in the form of the hand grip strength test.
The limitations of the study include the small groups, relatively short only
winter- and springtime follow-up of seven months, the use of only one supple-
mentation dosage and one physical performance test, and the exclusion of female
subjects. Also, the lack of lean body mass measurements and registration of
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general health problems such as acute respiratory infections could be considered
a limitation. Due to dropouts, the study is underpowered for the secondary out-
come variable, the hand grip strength test. Also, the hand grip strength test might
be a less sensitive test in the young population; lots of participants obtain high
scores and an improvement might be hard to detect. Due to the expected seasonal
variation of serum levels of 25(OH)D, the authors decided not to use the
intention-to-treat principle, and only analyzed those participants who attended all
follow-ups, which also can be considered a weakness. Furthermore, many con-
scripts 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.

Study III. (Rips et al., 2024)

The strengths of Study III study are its randomized and blinded design and that
the long 10-month follow-up period included all seasons, starting from July and
ending at the end of May. All physical activities included similar physical pre-
paration and physical testing system. Standard military clothing was mandatory
for all the participants during the study period despite seasonal changes. The food
consumption was standardized and controlled by an Estonian Army dietitian. The
age and sex of the participants were also standardized. The limitations of the
study include the relatively small groups compared to larger cohort studies, the
relatively high dropout rate, absence of a placebo group, the relatively high
number of missed physical tests, and a possible non-compliance of daily vitamin
D supplementation, in spite of vigorous monitoring. Furthermore, lack of a body
composition assessment, and that no hand grip strength test was performed in late
spring can also be considered limitations.

6.7 Scientific novelty and clinical relevance

This is the first time that vitamin D levels have been evaluated in Estonian young
healthy male individuals across all seasons. Moreover, this is the first time that
vitamin D supplementation effects of different dosages have been evaluated in
the same population during all seasons in Estonia. The main finding of this thesis
is that there is a high risk of vitamin D deficiency in all seasons, especially in
winter- and springtime. A further important finding is that low dosage supple-
mentation of vitamin D has little effect on vitamin D levels. Based on our
findings, new supplementation guideline recommendation should be developed
for young healthy males in Estonia.
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6.8 Final considerations and future perspectives

This work is based on the Estonian young male population and covers an almost
10-year period of different studies concerning vitamin D measurement and
supplementation over different seasons. Despite improving life standards, with
better clothing, more sophisticated equipment, highly computerized technical
solutions, and well-prepared food, we still face an interesting negative side effect
of nature — lack of vitamin D. We see that the natural production of human vita-
min D varies widely depending on the season and also from person to person.
Interestingly, low values of serum 25(OH)D (vitamin D) can even be seen in the
summertime, despite plenty of sun exposure; this might be related to more indoor
activities with less sun exposure. This leads, in some cases, to very low values of
vitamin D across all seasons. During our studies, we could not measure the long-
term effects of vitamin D deficiency. It is known that vitamin D plays a crucial
role in many body functions in humans; however, it appears that in the short term,
the body has some resistance to vitamin D deficiency. Late consequences, seen
after decades, involve a higher risk of osteopenia, osteoporosis, and other health
issues. All subjects in the study groups of this thesis were at the life stage at which
an increase in bone mass is still possible. Lack of vitamin D may prevent the
human body from increasing bone mass. Physical performance is another crucial
part of a healthy life. We know that training effects can improve physical perfor-
mance, but for high-level athletes, whose performance is measured in seconds or
milliseconds, maximum endogenous balance is needed. Conscripts or military
servicemen must be able to produce a high level of power in life-threatening
situations, similar to the efforts of top athletes. In our studies, we were unable to
show that vitamin D levels affect physical performance. These results could be
related to our small sample size or might have resulted from suboptimal physical
performance tests. However, we conclude that there is no clear effect of vitamin
D on physical performance in young male conscripts. Based on the findings in
this thesis, we can state that a high rate of vitamin D deficiency occurs in non-
supplemented groups. Also, it is the case that a low supplementation dose of up
to 1200 IU seems to have a limited effect in increasing serum 25(OH)D levels in
humans. This leads us to the next issue — prevention of future public health prob-
lems. We should focus on the younger generation to improve vitamin D status
through supplementation in different forms. Food fortification has shown very
promising results in the Nordic countries. The main problem with fortification is
the change in diets, with a recent decrease in milk and milk product consumption.
We should therefore try to find new supplementation and fortification methods.
Public health specialists, together with food manufacturers, should find solutions
to fortify food products that are more popular among the younger generation.
Based on current studies, the supplementation minimum in adults is 1200 IU, and
even supplementation with up to 4000 IU can be used in cases of severe defi-
ciency and for wintertime supplementation. We also suggest regular measure-
ment of vitamin D to identify the most appropriate supplementation dosage, at
least in the winter- and springtime. Natural sources of vitamin D, especially in
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the summertime, are of course also recommended. Foremost, we need more re-
creational outdoor activities. During the first study, 1200 IU was the maximum
supplementation dose. This has been increased in Estonia to 4000 IU at present.
According to some public health guidelines, we still find a maximum supple-
mentation recommendation of 800 IU, which seems to be too low based on our
findings. New supplementation standards should be recommended by public
health authorities in Estonia.

Future studies are needed to illuminate the negative influence of long-term
vitamin D deficiency among the young population. Additionally, there needs to
be a focused effort on promoting life-long prevention of vitamin D deficiency.
Both these goals are related to general public health and should be a part of
Estonian health care programs.
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7. CONCLUSIONS

Study I. (Rips et al., 2023) Vitamin D deficiency and severe deficiency during
winter and spring time is very common among conscripts. Sufficient levels
(> 75 nmol/L) of serum 25(OH)D are reported only in 23% of conscripts in sum-
mertime. However, severe deficiency of vitamin D has no negative effect on
physical performance during military service. PTH- and Ca blood serum levels
were within normal ranges during the study.

Study II. (Rips et al., 2022) Wintertime vitamin D3 supplementation with 1200
IU results in fewer conscripts with critically low blood serum (25(OH)D) levels
during the winter- and springtime compared to a placebo group. However,
supplementation does not raise blood serum 25(OH)D to sufficient levels (> 75
nmol/L). Furthermore, supplementation has no effect on physical performance in
the form of the hand grip strength test. No significant differences in the PTH, Ca,
i-Ca, testosterone and cortisol blood serum levels were found between the study
groups at any time point.

Study III. (Rips et al., 2024) A 10-month vitamin D supplementation with 4000
IU decreased the incidence of vitamin D deficiency (< 75 nmol/L) in young male
army conscripts during winter- and springtime but had no effect on physical
performance based on the APFT and hand grip strength tests compared to 600 IU
supplementation.

No significant differences in the PTH, Ca and i-Ca blood serum levels were
found between the study groups. However, a significant over-time differences of
PTH, Ca and i-Ca blood serum values were found within the study groups, but
within normative values. No significant difference in either group at any time
point were revealed in terms of BMI.

Overall conclusion. There is high risk of vitamin D deficiency or severe defi-
ciency during winter- and springtime without vitamin D supplementation. In
conscripts, it is shown that supplementation with 600 IU has no effect and 1200
IU has minimal effect in keeping blood serum 25(OH)D at baseline levels com-
pared to 4000 IU. Supplementation of vitamin D with 600 IU, 1200 IU, and 4000
IU has no positive effect on physical performance. However, vitamin D defi-
ciency or severe deficiency have no negative effect on physical performance in
terms of the APFT and hand grip strength test. Also, despite wide ranges in
vitamin D levels in the studies, no effects on PTH, Ca, i-Ca, testosterone, cortisol
blood serum levels outside normative values were found.
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9. SUMMARY IN ESTONIAN

D-vitamiini mdju fuusilisele voimekusele Eesti Kaitsevae
ajateenjatel

D-vitamiin defitsiit ja sellega seotud mojud tervisele ja fiiiisilisele voimekusele
on viimastel aastakiimnetel oluliselt suurendanud D-vitamiiniga seotud teadus-
uuringute arvu maailmas (Knapik et al., 2021; Menon et al., 2020; Wintermeyer
et al.,, 2016). Avaldatud t66d on nididanud, et D-vitamiinil on oluline mdju
inimese muskuloskeletaalsiisteemile, eriti luu metabolismile ning defitsiidi tingi-
mustes touseb risk osteopeeniale ja osteoporoosile, luumurdudele, stressmurdu-
dele ning lisaks immunsiisteemi funktsionihiiretele ja lihasvdimekuse langusele
(Carswell et al., 2018; Halliday et al., 2011; Holick, 2009, 2011; Holick et al.,
2011; Sinha et al., 2013). D-vitamiini defitsiidi risk esineb kdigis vanusegrup-
pides ning touseb viga suure fiiiisilise ja vaimse koormusega seotud tegevus-
aladel, mille hulka kuulub ka sdjavieteenistus (Gaffney-Stomberg et al., 2019;
Harrison et al., 2021; Sivakumar et al., 2019). Fiiiisiline voimekus on sdjavies
kriitilise tdhtsusega nii viljadppel kui ka missioonidel. Samas niitavad mitmed
uuringud vastukdivaid seoseid fiilisilise voimekuse ja D-vitamiini defitsiidi
vahel. D-vitamiini positiivset mdju sdjavéaelaste fiiiisilisele voimekusele on leitud
siiski vaid vdhestel uuringutel. (Carswell et al., 2018; Stockton et al., 2011;
Zeitler et al., 2018). Samas paljud uuringud ei ole ndidanud seoseid D-vitamiini
taseme ja fiiiisilise voimekuse vahel nii sojavéelastel kui ka sportlastel (Carswell
et al., 2018; Geiker et al., 2017; Heileson et al., 2022; Mason et al., 2019; Menon
et al., 2020; Stockton et al., 2011; Zhang et al., 2019).

Eestis ei ole varem uuritud D-vitamiini aastaringseid muutuseid, regulaarset
pikaajalist lisamanustamist ning mdjusid fiiiisilisele véimekusele noortel tervetel
meestel korge fiiiisilise aktiivsuse perioodidel. Teostatud on vaid lithiperioodilisi
uuringuid tdiskasvanutel (Kull et al., 2009) ja sportlastel (Savolainen et al., 2021).

Antud doktorit66 pohieesmérgiks oli midrata Eesti Kaitsevde ajateenijatel
ajateenistuse ajal D-vitamini, e. vereseerumi 25(OH)D tasemed aastaringselt ning
leida sobivaimad lisamanustamise annused. Kaasnevateks eesmérkideks oli hin-
nata D-vitamiini defitsiidi esinemisagedus ja D-vitamiini erinevate annuste
manustamise moju fiilisilisele voimekusele. Samuti médrati D-vitamiini moju
PTH, Ca, i-Ca, testosterooni ja kortisooli vereseerumi tasemetele ning BMI-le.

Uuringu kéigus miérati vereseerumi 25(OH)D sisaldus nii liihiajaliselt talve-
perioodil kui ka kogu aasta jooksul koos fiilisiliste testitega (APFT) ja kée
pigistusjou médramisega nii D-vitamiini suukaudse manustamisega ja ka ilma
manustamiseta kokku kolmes uuringus.

I uuring. Esimeses, 10-ne kuulises uuringus Juulist kuni Mai kuuni, osales kokku
88 meessoost ajateenijat. Uuringu jooksul teostati kokku 3 korda APFT test, 4
korda domineeriva kée pigistusjou test ning 4 korda hinnati vereseerumi
25(0OH)D, parathormooni ja kaltsiumi sisaldust. Vaga oluline 25(OH)D langus
esines talve ja kevadperioodil (31.9 nmol/l Mirtsis) vorreldes kesksuve
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algnditajatega (61.8 nmol/l Juulis). Kdige enam esines 25(OH)D kriitilist defit-
siiti (<25 nmo/l) kevadel, kokku 36% koigist uuritavatest. Martsiks ei leitud
ithelgil uuritaval soovituslikku D-vitamiini taset (>75 nmol/l). Parathormooni ja
kaltsiumi vereseerumi keskmised néitajad varieerusid normi piirides. Vaatamata
D-vitamiini defitsiidile ja kriitilisele defitsiidile ei mojutanud see negatiivselt
fiiiisilise voimekuse niitajatele (APFT) ja domineeriva kée pigistusjoule.

II uuring. Teises, 7 kuulises prospektiivses randomiseeritud kaksikpimedas
uuringus osales kokku 53 meesajateenijat. Randomiseerimise kdigus jagati uuri-
tavad riihmad kaheks, interventsioonirithm 27 osalejaga, kes manustas 1200
ithiku D vitamiini ja platseeboriihm 26 osalejaga, kes manustasid platseebokaps-
leid. Vereseerumist mdodeti 25(OH)D, parathormooni, kaltsiumi ja ioniseeritud
kaltsiumi, testosterooni ja kortisooli sisaldust 4 korda uuringuperioodi véltel ja
mdlema kée pigistusjou test tehti samuti 4 korda uuringuperioodi jooksul. Inter-
ventsiooniriihmas statistiliselt olulist vereseerumi 25(OH)D langust uuringu-
perioodi jooksul ei leitud 47.2 nmol/l > 52.2 nmol/l. Soovituslikku D-vitamiini
tase (>75 nmol/l) esines u. 15% uuritavatest 1200IU manustamisriihmas.
Platseeboriihmas esines koigis ajapunktides statistiliselt oluline vereseerumi
25(OH)D langus 49.8 nmol/[>29.9 nmol/l. Soovituslikku D-vitamiini taset ei
esinenud tihelgil uuritaval talvel ja kevadel. D-vitamiini kriitilise defitsiidi taseme
(< 25 nmol/l) maksimum oli Mirtsis 65%-1 uuritavatest. Parathormooni, kalt-
siumi ja ioniseeritud kaltsiumi, testosterooni ja kortisooli vereseerumi sisalduses
olulisi erinevusi uuringurithmade vahel ei leitud. Kée pigistusjou testides ei esi-
nenud rithmade vahel {ihelgil uuringuhetkel statistiliselt olulisi erinevusi.

III uuring. Kolmandas, 10 kuulises prospektiivses randomiseeritud kaksik-
pimedas uuringus osales kokku 112 meesajateenijat. Uuritavad jagati randomi-
seerimise kéigus kahte uuringugruppi: 55 uuritavat 600IU D-vitamiin manusta-
mise rithma ja 57 uuritavat 4000IU manustamise rithma. Fiiiisilise voimekuse
(APFT) ja kée pigistusjou teste sooritati uuringu véltel kokku kolmel korral.
Vereseerumi 25(OH)D, parathormooni, kaltsiumi ja ioniseeritud kaltsiumi sisal-
dust méérati kokku nelja korral uuringu ajal. Kehakaal médrati samuti neljal
korral uuringu jooksul vereanaliiiisidega samal ajal. 600IU manustamise rithmas
oli statistiliselt oluliselt madalamad vereseerumi 25(OH)D néitajad koos selge
langustrendiga 77.3 nmol/l > 46.1 nmol/l vorreldes 4000IU manustamisriihmaga
77.3 nmol/l >69.8 nmol/l. Mitte {ikski uuritavates ei saavutanud soovituslikku
vereseerumi 25(OH)D normivéirtust (>75 nmol/l) jaanuaris ja mais 600IU
manustamise rithmas. Kriitilist D-vitamiini defitsiiti (<25 nmo/l) esines mdlemas
riihmas keskmisel 6% juhtudest talvel ja kevadel. Parathormooni, kaltsiumi ja
ioniseeritud kaltsiumi vereseerumi sisalduses olulisi erinevusi uuringurithmade
vahel ei leitud, kuid esinesid normipiirides keskmiste védrtuste kdikumised
uuringurithmade siseselt. Kehakaalu seoseid D-vitamiini manustamisel 25(OH)D
vereseerumi tasemetele ei leitud. Fiiiisiliste testide ja kdepigistusjou testidel ei
esinenud uuritavate rithmade vahel statistilisi olulisi erinevusi.
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Kokkuvottes esineb tervetel Eesti noortel meestel ajateenistuse ajal oluline D-
vitamiini defitsiidi ning korge kriitilise defitsiidi risk talvel ja kevadel ilma kaas-
neva D-vitamiini manustamiseta. D-vitamiini pikaajaline manustamine annuses
600IU ei anna positiivset efekti vereseerumi 25(OH)D tasemele ning 12001U
manustamine annab minimaalse efekti vorrelduna 4000IU manustamisega aja-
teenijatel ajateenistuse ajal. Kaasnevalt ei leitud uuringute kdigus olulisi mdjusid
parathormooni, kaltsiumi, ioniseeritud kaltsiumi, testosterooni ja kortisooli vere-
seerumi tasemetele ning kehakaalu seoseid D-vitamiini tasemele. Samuti leiti, et
D-vitamiini lisamanustamine ei anna positiivset efekti fiiiisilisele voimekusele
ning defitsiit ega ka kriitiline defitsiit ei oma negatiivset toimet fiiiisilisele voimeku-
sele ajateenistuse kaigus.
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