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ABSTRACT
Background: Vitamin D is an essential component in maintaining calcium 
homeostasis, adequate bone health, immunity, and other biological processes. 
Vitamin D deficiency is prevalent even in sunny countries such as Israel. Aircrew 
members are required to be physically fit and healthy, and vitamin D deficiency 
in this population might adversely affect pilots' performance and lead to health 
disorders.
In this study, we aimed to evaluate the prevalence of vitamin D insufficiency and 
deficiency among Israeli Air Force personnel.
Methods: During routine health inspections at the Israeli Aero-Medical Center 
between November 2020 and December 2020, data was collected on the serum 
25)OH(D levels of 209 Air Force soldiers. 
Results: Serum vitamin D )25)OH(D( levels were normally distributed around a 
mean value of 26.67 ng/mL, ranging from 6.4 to 48.4 ng/mL for the entire cohort. 
69.86% of the participants were vitamin D-insufficient and 3.35% were deficient.
There were no statistically significant differences in vitamin D levels across 
genders, different Air Force arrays, and professions.
Vitamin D insufficiency was not correlated to orthopedic disorders, upper 
respiratory tract infections, or COVID-19.
Conclusions: In our study, which included healthy, fit, and mostly young people, 
a high prevalence of vitamin D insufficiency was found, although vitamin D 
deficiency was rare.

Introduction
Vitamin D is a fat-soluble vitamin that acts as a steroid hormone. In humans, the 
primary source of vitamin D is UVB-induced conversion of 7-dehydrocholesterol 
to vitamin D in the skin. 
Vitamin D is an essential component in maintaining calcium homeostasis and 
adequate bone mineral density. In recent years it was found to be involved in 
many biological processes and play a role in physical performance, development 
of cardiovascular and metabolic diseases, autoimmune diseases, musculoskeletal 
disorders, cancer and infections ]2[.
The worldwide prevalence of vitamin D deficiency is relatively high and occurs 
in all age groups ]3[. Even in Israel, a relatively sunny country, up to ~80% of the 
entire population  suffers from vitamin D deficiency or insufficiency ]4,5[.
Military pilots and other aircrew personnel are required to be physically fit and 
in peak physical health. Thus, beyond the many beneficial roles of vitamin D in 
the various organ systems, the main areas of concern for military personnel 
in general, and aircrew members in particular, involve its relation to physical 
performance and proper immune function.
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Numerous studies, conducted in the general population and in military personnel, 
have shown an association between low levels of circulating 25-hydroxyvitamin 
and upper respiratory tract infections )URTI( ]6-8[.
While viral URTI are usually benign for the general population, for aircrew 
personnel it is a dangerous illness due to the risk of barotrauma and possible 
incapacitation ]9[.
In this study, we evaluated the prevalence of vitamin D insufficiency and deficiency 
in military aircrew personnel and analyzed its levels by gender, profession, and 
specific Air Force array. We also evaluated the association between decreased 
levels of vitamin D and SARS-CoV-2 infection. 

Methods
We conducted a cross-sectional study between November and December 2020 
and analyzed 209 medical records. All participants were healthy, without any 
clinical signs of vitamin D deficiency. Participant characteristics are shown in 
]Table 1[.

Table 1: Characteristics of the participants )n=209(.

Characteristic Values

Age

Mean )years( ± SD 34.3±10.2

Range )years( 19 - 60

Gender

Male 196 )93.8%(

Female 13 )6.2%(

Profession

Pilots and navigators   142 )67.9%(

Auxiliary crews 67 )32.1%(

Vitamin D measurement
Vitamin D levels were measured using standard, commercially available kits, and 
the data on 25)OH(D levels were extracted from the medical records.
Vitamin D insufficiency was defined as a 25)OH(D serum level below 30 ng/mL ]1[. 
In this study we defined vitamin D deficiency as levels below 15 ng/mL, as has 
been done previously by other researchers ]5[. 

Statistical analysis 
Data were analyzed using version 21 of the SPSS program. Normal distribution for 
the dependent variable )25)OH(D( was tested using a Kolmogorov-Smirnov test, 
Q-Q plot and a histogram. Differences between the independent groups were 

Age, gender and profession 
of 209 participants included 
in this study.
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tested using a T-Test or one-way ANOVA test for multivariable groups. A p value 
of less than 0.05 was considered statistically significant for all calculations. 

Results
Serum vitamin D )25)OH(D( levels were normally distributed around a mean value of 
26.67 ± 6.6 ng/mL, ranging from 6.4 to 48.4 mg/mL for the entire cohort ]Figure 1[.
Of the 209 participants in this study, 56 )26.79%( were vitamin D-sufficient )serum 
levels ≥ 30 ng/mL(, 146 )69.86%( had vitamin D insufficiency )serum levels between 
15-30 ng/mL( and 7 )3.35%( were vitamin D-deficient )serum levels ≤ 15 ng/mL( 
]Figure 2[.

1.   Distribution of vitamin D 
levels )ng/mL( among 209 
healthy Israeli Air Force 
soldiers.

2.   Prevalence of vitamin D 
sufficiency )>30 ng/mL(, 
insufficiency )15 – 30 
ng/mL( and deficiency 
)<15 ng/mL( among 209 
healthy Israeli Air Force 
soldiers.
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Figures 1 and 2. Distribution of vitamin D levels among 209 healthy Israeli 
Air Force soldiers.
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Table 2: Comparison between groups. 

Participant group
Number of 
participants

Vit. D  
mean 
value

p value

Gender
Male 196 26.7 0.79

Female 13 26.2  

Profession
Pilots and navigators 142 26.3 0.29

Auxiliary crews 67 27.3  

Service type
Mandatory 121 26.8 0.58

Reserve 88 26.3  

Air Force Array

High-performance aircrews 87 26.6

0.66
Rotary wing aircrews 41 26.9

Transport aircrews 47 25.8

Non-flying crews 34 27.7

Spearman correlation
Number of 
participants ρ p value

Age Vitamin D levels 209 -0.1 0.15

Comparison of mean vitamin 
D levels across gender, 
profession, service type 
and Air Force array, and its 
correlation with age.

Vitamin D levels were not correlated with age with a Spearman's correlation 
coefficient of ρ = -0.1. )p value = 0.15(.
Comparison by gender showed similar values, with males )n=196( having a mean 
vitamin D level of 26.7 ng/mL and females )n=13( having 26.2 ng/mL )p value = 0.79(.
Mandatory service personnel )n=121( and reserve personnel )who tend to be older( 
)n=88( had similar vitamin D levels of 26.3 ng/mL and 27.3 ng/mL, respectively )p 
value = 0.58(.
Analysis of vitamin D levels among different populations who are evaluated by 
the Israeli Air Force Medical Center showed similar vitamin D levels between 
aviators )n=142( and non-aviators )n=67(, with mean vitamin D levels of 26.3 ng/
mL and 27.3 ng/mL, respectively )p value = 0.29(.
We further compared vitamin D status in multiple Air Force arrays within the 
Israeli Air Force. With the available data, no statistically significant difference was 
observed between the four groups. High performance aircrews )n=87(, rotary 
wing aircrews )n=41(, transport aircrews )n=47( and non-flying crews )n=34( had 
similar mean vitamin D levels )26.6 ng/mL, 26.9 ng/mL, 25.8 ng/mL and 27.7 ng/
mL, respectively )p value = 0.66(( ]Table 2[.

Finally, due to recent reports that had shown an association between lack of 
vitamin D and risk of SARS-CoV-2 infection ]10[ and disease severity ]11[, we 
compared soldiers who have contracted COVID-19 to those who have not in terms 
of vitamin D status. The 6 soldiers who have tested positive for SARS-CoV-2 had 
a mean vitamin D level of 25.03 ± 3.9 ng/mL, whereas soldiers who have not 
contracted SARS-CoV-2 had 26.55 ± 6.7 ng/mL )p value = 0.436(.

Discussion
Vitamin D is commonly known as the 'sunshine vitamin' due to solar ultraviolet 
radiation being its primary source ]1[. Vitamin D deficiency had historically been 
considered rare in sunny countries because regular sunlight exposure was 
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considered an effective prophylaxis against it ]12[. 
However, this claim appears to be false, seeing as 
numerous papers show a surprisingly high prevalence 
of vitamin D insufficiency and deficiency in Israel ]5[, 
other Mediterranean countries ]13[ and even tropical 
countries ]14[.
No international consensus exists on the definition 
of vitamin D deficiency and sufficiency, and different 
cutoff points have been used. For example, the 
Institute of Medicine has defined a serum 25)OH(D 
concentration of 12 ng/mL as the threshold below 
which clinical vitamin D deficiency may occur. A 
concentration of 20 ng/mL was defined as the 
threshold of sufficiency for 97.5% of the population in 
terms of bone health. Levels between 12 and 20 ng/
mL were referred to as 'inadequacy' and represent 
an uncertain range that may or may not be sufficient 
for a particular individual ]15[.
However, the Endocrine Society has defined a 
serum 25)OH(D level of 20 ng/mL as the threshold 
for deficiency and 30 ng/mL as the threshold for 
sufficiency for 97.5% of the population ]16[.
In this study, an overall young, healthy, well-nourished 
and active population was tested, and showed a 
high prevalence of vitamin D insufficiency )69.86%(. 
No statistically significant difference was observed 
between genders, different Air Force arrays, or 
professions.
A sub-analysis which included 4 flight academy cadets 
showed that their mean vitamin D level was 18.95 ng/
mL, which was lower compared to other professions 
)p value = 0.017(. These data were not included in this 
study due to the small magnitude of this group.
Steinvil et al  ]4[ conducted a large-scale cross-
sectional analysis consisting of 34,874 Israelis between 
the years 2001 and 2008. The participants' age was 
55 ± 15. They found that only 20.8% of the females 
and 22.5% of the males were vitamin D-sufficient. The 
prevalence of vitamin D deficiency in their study was 
21.8% for females and 20.3% for males.
Although the prevalence of vitamin D insufficiency 
and deficiency )under 30 ng/mL( in our study was 
similar to what Steinvil et al ]4[ reported )69.86% 
in our cohort compared to 79.2% in females and 
77.5% in males in theirs(, in our cohort only 3.35% 
suffered from vitamin D deficiency )levels ≤ 15 ng/
mL( compared to their data which showed an almost 
7-fold higher result.
Despite the low vitamin D levels in the population 
tested, there has not been an increase in orthopedic 

disorders, upper respiratory tract infections )data 
not shown( or cases of COVID-19. This might be 
attributed to the fact that even though a majority of 
our participants suffered from vitamin D insufficiency, 
only 3.35% of them had vitamin D deficiency with 
serum levels below 15 ng/mL, which are correlated 
with impaired bone health ]15[.
Over the course of the current SARS-CoV-2 pandemic, 
different risk factors for infection and disease 
severity have been considered. Since vitamin D plays 
an important role in proper immune function ]2[ and 
prevention of URTIs ]5[, it has been hypothesized to 
provide a certain degree of protection from COVID-19.
In our study, we did not find a significant difference 
in vitamin D levels among soldiers who have tested 
positive for COVID-19 compared to those who have 
not. Our cohort included only 6 participants who 
have contracted the disease, so the small magnitude 
of this group needs to be taken into consideration. A 
correlation between vitamin D status and COVID-19 
has been demonstrated by some retrospective 
studies, while other studies have not found 
such a correlation ]10[. A recent meta-analysis, 
which included 10 observational studies and 3 
randomized controlled trials, showed that vitamin D 
supplementation is associated with improved clinical 
outcomes, especially when administered after testing 
positive for COVID-19 ]17[.
Since aircrew personnel are required to be at peak 
physical health and performance, this study raises 
the question of whether routine screening for vitamin 
D deficiency is necessary in this population.
The prevalence of vitamin D insufficiency in our 
study was high; however, it seems that most Air 
Force personnel do not suffer from a serious, 
clinically significant deficiency. This phenomenon 
of a young, athletic and healthy population which 
despite a surprisingly high prevalence of vitamin D 
insufficiency does not suffer from excess morbidity, 
was also observed by Constantini et al, who examined 
the vitamin D levels of 98 athletes and dancers )mean 
age 14.7 ± 3.0 years; range 10-30 years, 53% men, 
47% women(. 73% of the participants were vitamin 
D-insufficient. Prevalence of vitamin D insufficiency 
was significantly higher among indoor athletes 
compared to outdoor athletes )80% vs 48%( ]18[.
Our study has several limitations – it is limited in 
size, reflects a single institute's experience, and did 
not assess several factors affecting vitamin D levels, 
such as weekly sun exposure and specific nutrition.
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Currently, the role of vitamin D supplementation 
and the optimal vitamin D levels remain a subject 
of debate, as large interventional studies have had 
mixed results ]19[.
Furthermore, a US preventive services task force 
recently concluded that current evidence is 
insufficient to make a recommendation for or against 
screening for vitamin D deficiency in asymptomatic 
adults ]20[.

Conclusions
In this study, conducted among young and healthy 
Air Force personnel of various occupations in a sunny 
country, an overall high prevalence of vitamin D 
insufficiency was identified, although extremely low 

vitamin D levels )below 15 ng/mL( which correlate to 
impaired bone health were rare. 
Our findings resemble those of other studies 
performed among healthy individuals in sunny 
countries, and do not support screening for vitamin 
D deficiency in Air Force personnel. While there 
is near-universal agreement that serum 25)OH(
D concentrations should exceed 10/12 ng/mL, it is 
uncertain whether higher concentrations provide 
additional benefit.
Further research is needed in order to standardize 
the sufficient vitamin D level, as well as evaluate flight 
cadets and younger soldiers who are still in training 
in order to establish specific recommendations for 
this population.
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