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Vitamin D deficiency: An often underestimated risk
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Summary

Vitamin D does not only play an essential role in calci-
um and bone metabolism, but also has numerous pre-
ventive and curative effects in other organ systems. 
However, literature reviews show large differences re-
garding minimum vitamin D levels and vitamin D sup-
plementation. In this study, a systematic literature 
search was conducted to determine the background for 
these divergent statements and to examine whether 
vitamin D supplementation is recommended for sol-
diers.
Various professional societies currently assume a vita-
min D deficiency if serum vitamin D levels (calcidiol, 
25-hydroxyvitamin D3; 25(OH)D3) are below 20 ng/ml 
(= 50 nmol/l). Epidemiological studies, however, hint at 
higher levels for normal serum concentrations: Vitamin 
D serum levels of 30 ng/ml (= 75 nmol/l) are associated 
with lower cardiometabolic and inflammatory biomarker 
levels. Newer studies provide supportive evidence that 
the different effects of vitamin D in the organism are 
concentration- and tissue related. Vitamin D levels in 
indigenous ethnic groups living close to the equator are 
markedly above 40 ng/ml (> 100 nmol/ml).
Roughly 60 % of the German population has an under-
supply of vitamin D. More than 80 % of men and 90 % 
of women do not reach the recommended daily vitamin 
D intake. Due to the low UV indices during the winter 
half year In Germany, vitamin D production in the skin 

(the actual main source) is insufficient. There is an in-
creased risk of vitamin D deficiency in numerous pop-
ulation groups, which is further increased by staying 
behind window glass, in closed rooms, etc.
There are further restrictions of endogenous vitamin D 
production in military due to wearing of long-sleeved 
uniforms, protective equipment, and headgear. In a 
group of German Air Force personnel (> 2,000 persons) 
vitamin D deficiency was found in over 70 %. In view of 
the new findings and the special circumstances in the 
military sector, targeted supplementation of vitamin D 
in female and male soldiers is clearly recommended.
Key Words: supplementation, military; prevention; defi-
cency; risk factors

Introduction

The interest in vitamin D has increased considerably in 
the last 20 years. Only in 2020, more than 5,100 scien-
tific publications were released to PubMed (PubMed 
query as of March 8, 2021). There is also more media 
coverage of vitamin D. Reasons for the increased atten-
tion are new findings on vitamin D effects that go far 
beyond the known endocrine control of calcium homeo-
stasis and bone metabolism [4, 15, 22, 31]. It is now well 
established that vitamin D has additional autocrine and 
paracrine effects in most tissues. The activated and mem-
brane-permeable steroid hormone calcitriol (1,25-dihy-
droxycholecalciferol; 1,25(OH)2D3) has multiple influenc-
es on, among others, gene expression [22, 58], and 
epigenetics [14, 15, 71].
Lowered vitamin D levels have been reported in connec-
tion with numerous diseases (see Table 1). According to 
meta-analyses, vitamin D deficiency alone is a risk factor 
for various diseases in several organ systems. The Um-
brella Review published in 2020 [44], for example, shows 
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positive effects of a vitamin D supplementation in the 
primary prevention of acute respiratory tract infections, 
as well as in dementia, cognitive decline, and depression. 
Among others, curative effects exist in patients with asth-
ma and COPD [7, 44]. The outcomes of dental periodon-
titis and peri-implantitis therapy show more favorable 
treatment results [42], and there is also evidence of a 
positive vitamin D influence in SARS-CoV-2 infections 
[20, 36]. In Table 2 diseases showing positive effects 
from Vitamin D treatment are listed.
Recently published RCTs showed a 13 % reduction de-
crease in cancer mortality through vitamin D administra-
tion [38], which would lead to savings of more than 250 
million euros in Germany alone [49].
While the multitude of vitamin D effects are scientifically 
undisputed by now, there is only a partial consensus 
regarding vitamin D supply [71]. Thus, recommendations 
differ considerably with regard to vitamin D levels, actu-
al vitamin D requirements, and the need of supplemen-
tation [53]. In literature, vitamin D serum levels are listed 
in ng/ml or nmol/l (1 ng/ml = 2.5 nmol/l), while the required 
amounts of vitamin D are given in IU and µg (40 IU = 1 µg).
The recommended minimum level of calcidiol (25-hy-
droxyvitamin D3; 25(OH)D3)) varies from 10 ng/ml 
(= 25 nmol/l; [63]) to 30 ng/ml (= 75 nmol/l; [32]) depend-
ing on the professional society. The D-A-CH Nutrition 
Society (Germany: Deutsche Gesellschaft für Ernährung 
(DGE), Austria (ÖGE), Switzerland (SGE, SVE)) recom-
mend minimum levels of ≥  20 ng/ml (≥ 50 nmol/l) [48]. 
Much higher minimum levels (40 ng/ml–60 ng/ml 
(= 100 nmol/l–150 nmol/l)) are mentioned by the “Vita-
minD Society” [67], among others.
In this review, we present the background for the deviat-
ing reference ranges and recommendations for the nor-
mal vitamin D requirement. In addition, usefulness of 
vitamin D supplementation for soldiers is assessed.

Methodology

A systematic literature search according to the “preferred 
reporting items for systematic review and meta-analysis” 
(PRISMA recommendations) was conducted in the 
PubMed database (https://pubmed.ncbi.nlm.nih.gov/) in 
the period from 02/01/2021 to 03/23/2021. The search 
term “Vitamin D” was used to search for systematic re-
views published in German or English in the last 10 years. 
In addition to an analysis of the cited literature, a hand 
search was carried out using the terms “Vitamin D & 
physiology”, “Vitamin D & recommendation”, “Vitamin D 
& status”, “Vitamin D & Germany”, “Vitamin D & sport”, 
“Vitamin D & Armed Forces”, and “Vitamin D & Bunde-
swehr” (time-period: last 10 years). Current articles were 
prioritized and other articles were screened for substan-
tially contradictory opinions. Studies on adolescents (un-
der 18 years), pregnant women, and seniors (over 65 
years) as well as clinical reviews on specific diseases 

were excluded. Figure 1 shows the PRISMA flow chart 
including literature selection. From a total of 1262 articles, 
168 studies were evaluated in the present publication.

Results

Vitamin D effects dependent on concentration
The effects of vitamin D in the organism are concentra-
tion- and tissue-dependent [65], and primarily mediated 
by calcitriol (1,25(OH)2D3). However, the gold standard 
for determining vitamin D status are the more constant 

Table 1: Diseases and medication frequently associated with low 
vitamin D levels (according to: [4, 9, 21, 54, 59, 61, 70, 71]).
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calcidiol plasma levels (25(OH)D3), which are measur-
able easier [71]. Calcidiol plasma levels are, however, 
not necessarily correlated with calcitriol levels.
Calcidiol has a longer half-life than calcitriol (21 d– 30 d 
vs. 4 h–48 h) and is present in a 1000-fold higher concen-
tration [37, 60]. More than 99 % of calcidiol in blood is 
bound to transport proteins, such as vitamin D-binding 
protein (VDP, 85 %, high affinity) or albumin (15 %, lower 
affinity) [8, 10]. Mainly the unbound fraction (<< 1 %) is 
effective [8]. Thus, the transport proteins and the wide-
spread VDP polymorphism also influence the vitamin D 
effect [10]. This may lead, for example, to a sufficient 
amount of biologically effective, free amount of calcitriol 
in serum despite a seeming calcidiol deficiency. In addi-
tion, the active level is finely regulated in tissues them-
selves by means of 1α-hydroxylases. Furthermore, the 
effects can be altered via the availability of vitamin D 
receptor (VDR) binding sites [14, 15]. The low and spa-
tially varying concentrations, different and insufficiently 
standardized analytical methods may lead to measure-
ment based differences in calcidiol levels of over 38 % 
[39, 60]. This must be taken into account when interpret-

ing vitamin D values [57]. It also provides an explanation 
for the divergent study results and recommendations on 
vitamin D.

Estimating the “normal” requirement
As previously shown, there are large differences in liter-
ature regarding normative ranges for vitamin D values. 
The determination of normal vitamin D requirement is 
crucial to the question of whether and how much vitamin 
D should be supplemented. The German Robert Koch 
Institute and other internationally renowned institutions 
use the classification of the US Institute of Medicine [45] 
to assess the vitamin D status. According to this classi-
fication, a vitamin D deficiency exists if calcidiol concen-
tration is below 20 ng/ml (= 50 nmol/l). The current rec-
ommendations of the D-A-CH also mention 20 ng/ml 
(= 50 nmol/l) as a threshold value [19]. This serum level 
is based on the occurrence of deficiency symptoms such 
as rickets and other skeletal diseases.
However, more recent epidemiological studies make the 
case for a significantly higher normative range. Vitamin 
D serum concentrations above 30 ng/ml (= 75 nmol/l) re-
duce cardiometabolic and inflammatory biomarkers and 
lower morbidity for metabolic syndrome (MetS), diabetes, 
and cardiometabolic diseases [26]. The serum calcidiol 
levels of indigenous ethnic groups living close to the 
equator are even twice as high as the IOM recommen-
dations. Among the traditionally living Hadzabe and Maa-
sai in Tanzania (“model ethnic groups”), an average of 
46 ng/ml (= 115 nmol/l) was measured [41]. The available 
epidemiological data as well as the serum levels of ethnic 
groups living close to the equator suggest that the vitamin 
D standard value ranges should be raised.

Vitamin D deficiency in the population
Due to its rather unspecific symptoms such as adynamia, 
susceptibility to infections, reduced muscle strength, my-
algia, neurological disorders, orthostatic dysregulation, 
and skeletal complaints, vitamin D deficiency usually 
remains undetected [5]. In Germany, about 30 % of adults 
have a calcidiol level below 12 ng/ml (= 30 nmol/l). About 
1/3 of German men and women exhibit concentrations 
between 12 ng/ml (= 30 nmol/l) and 20 ng/ml (= 50 nmol/l) 
[56]. This means that the vast majority of the German 
population (> 60 %) has an undersupply of vitamin D. In 
Europe, about 40 % of the population has a serum cal-
cidiol level below 20 ng/ml (= 50 nmol/l) [16]. The main 
reasons for the undersupply are insufficient dietary vita-
min D intake and reduced vitamin D production via skin. 
Figure 2 shows the main factors influencing vitamin D 
levels.

Nutrition
Only a small part (up to roughly 20 %) of the required 
amount of vitamin D can be obtained from dietary intake 
[52]. This is due to the fact that only a few, almost exclu-

* RCT = Randomized Controlled Study, OS = Observational Study/
Beobachtungsstudie

Table 2: Diseases with confirmed positive effects of vitamin D ad-
ministration.
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sively animal-based foods contain significant amounts of 
vitamin D [33]. Vegetarians and vegans therefore have 
an increased risk of undersupply. Vitamin D is mainly 
found in fatty sea fish (herring: 7.8—25 μg/100 g, salmon: 
16 μg/100 g), chicken eggs (2.9 μg/100 g). Trace amounts 
can be found in dairy products and animal liver. Fungi 
and lichens can produce high concentrations of vitamin 
D2 (ergocalciferol) under UV irradiation, which is, how-
ever, less effective compared to vitamin D3 [34, 40, 66].
The D-A-CH now recommends a daily vitamin D intake 
of 800 IU (= 20 µg) for adults [71]. According to the Na-
tional Nutrition Survey II [46], over 80 % of men and over 
90 % of women do not reach the daily recommended 
vitamin D intake. Among senior citizens, this figure rises 
to over 95 %.

Vitamin D production in the skin
The main source of vitamin D is endogenous synthesis, 
which takes place in the human skin under influence of 
UVB radiation from the sun which depends on a variety 
of factors [23] such as sun position (geographical latitude, 
season, time of day, altitude), environmental factors 
(smog/weather, shade or surface reflection of the envi-
ronment), skin type, and age [23, 68]. Some of these 
factors that can be influenced, including exposed skin 
area, time of day, use of sunscreen/skin creams, duration 
of exposure, but also body fat percentage [69]. Sunburn 
should be avoided in any case because of the increased 
risk of skin cancer.

According to the Federal Office for Radiation Protection 
[11], sunbathing of uncovered face, hands, and arms 
(without sunscreen) for 12 minutes 2 to 3 times a week 
leads to a sufficient vitamin D production in the skin. 
These recommendations apply to a UV index of 7, which 
is usually reached in Germany under good weather con-
ditions only and around midday during the months of June 
and July [13]. In the remaining summer months however, 
a much longer exposure is necessary due to lower UV 
indices. In the winter half-year (October to March), UVB 
radiation in Germany is too low for sufficient vitamin D 
production [12]. With regards to the vitamin D levels stat-
ed above, it is obvious that the vitamin D supplies stored 
in fat, muscle tissue, and liver are insufficient to compen-
sate for the reduced UVB radiation for 6 months. The 
typical wave-shaped annual course of vitamin D levels 
for residents in Germany is shown in Figure 3.

Population groups with increased vitamin D require-
ments
It is obvious that people with dark skin, vegetarians, and 
vegans are at an increased risk of vitamin D deficiency. 
Elderly (especially immobile) people, infants, young chil-
dren, and pregnant women are also among the risk 
groups. Overweight, obesity [50], dental periodontitis, 
numerous diseases as well as certain medical drugs can 
have a negative impact on vitamin D levels. Table 1 pro-
vides an overview of the corresponding drugs and dis-
eases.

Figure 1: PRISMA flow chart of the literature search for systematic reviews; search term: “Vitamin D”, search timeframe: last 10 years
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Living environments
The problem of an adequate vitamin D supply is further 
exacerbated by modern lifestyles and changes in life-
styles. When staying in closed rooms, behind glass, and 
in vehicles, UVB exposure is de facto almost nil – even 
in sunshine. However, merely spending time outdoors 
does not guarantee sufficient vitamin D production, as 
UVB radiation in the morning and evening hours is only 
a fraction of the radiation during midday. People who do 
not work outdoors and shift workers are therefore partic-
ularly often affected by a deficiency [17]. In addition, when 
spending time outdoors, considerable areas of skin are 
usually covered by lotions, sunscreen, and clothing and 
thus insufficiently involved in vitamin D production. For 
example, a sunscreen with an UV protection factor of 8 
reduces vitamin D synthesis by 93 % [71].

Female and male soldiers
In the military, the wearing of uniforms, protective equip-
ment, and headgear as well as indoor activities, and 
staying in air, land and water vehicles lead to a significant 
restriction of endogenous vitamin D production. There-
fore, a widespread and often unrecognised vitamin D 
deficiency in soldiers may be assumed. So far, current 
figures on vitamin D supply in the Bundeswehr are only 
available from a small and non-representative collective 

of 2176 pilots and aircrew. Of these, 71.6 % showed vi-
tamin D deficiencies [55].
In contrast to the civilian sector, vitamin D may be even 
more important in military, police, and fire services. Due 
to high additional loads caused by protective clothing, 
equipment, and armament, duty related activities may 
lead to acute or persisting situations with significantly 
increased risks of stress fractures, among other things, 
especially if a vitamin D deficiency exists [18]. This is 
even more relevant for female soldiers [47].

Conclusion and recommendation
A high vitamin D level provides numerous health benefits. 
More and more professional organisations recommend 
vitamin D supplementation, ranging from 800 IU (= 20 µg) 
to 10,000 IU (= 250 µg). In some countries (USA, Canada, 
India and Finland), foods such as milk, yoghurt, and or-
ange juice are already enriched with vitamin D [52].
Although there is no representative data on vitamin D 
levels in Bundeswehr soldiers, a widespread vitamin D 
deficiency among male and female soldiers is highly like-
ly, especially throughout the winter half-year. Therefore, 
targeted supplementation with vitamin D seems to be 
appropriate. Studies with soldiers from other nations 
show that daily doses of 2000 IU/d (= 50 µg/d) vitamin D 
in combination with calcium lead to an improvement in 

Figure 2: Physiologically active 
forms of vitamin D and factors 
influencing vitamin D levels
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bone health and a decrease in fracture rates [64]. The 
recently published systematic review “Nonexercise inter-
ventions for prevention of musculoskeletal injuries in 
armed forces” also confirms a preventive effect of vitamin 
D, calcium and protein supplementation [6].
A common argument against vitamin D supplementation 
is the risk of overdosing. However, hypervitaminosis with 
vitamin D is very rare. An elevated risk exists primarily in 
the presence of an idiopathic infantile hypercalcemia [62], 
which can, however, be easily diagnosed in suspected 
cases by determining the 24,25 : 25 vitamin D metabolite 
ratio in the blood [4]. Hypervitaminoses in healthy individ-
uals normally occur only in case of massive overdosing, 
such as in daily amounts exceeding 50,000 IU 
(= 1,250 µg/d), usually over months or years [25]. There, 
toxic serum concentrations measured ranged from 150 ng/
ml to 1,220 ng/ml (= 375 nmol/l–3,050 nmol/l) [25]. In case 
of suspicion, hypervitaminosis can be easily detected and 
prevented by determination of vitamin D levels.
In view of the current state of studies and the specific 
demands of the military sector, a targeted supplementa-
tion of vitamin D for soldiers is clearly recommended.
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