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Abstract

Background: Military recruits undertake intense loads of physical training as part of their recruitment to reach a physical level
compatible with their line of duties. This training is often conducted over a short time span and complicated by injuries and pre-
mature recruit discharge. Identification of risk factors that could decrease the risk of injuries is ideal.
Objectives: The present study aimed at correlating pre-recruitment vitamin D levels to injury risk during basic military training in
a group of recruits.
Methods: A total of 90 recruits commencing their basic military training were invited to participate in the study. The cohort com-
prised 81 males and 9 females, with a mean age of 22.6. All acute and gradual onset musculoskeletal injuries as well as medical
ailments were recorded using the Orchard Sports Injury Classification System. Injuries and medical ailments were analyzed for as-
sociations with vitamin D levels. Recruits were grouped according to their serum vitamin D levels into deficient, insufficient, or
sufficient as per the Endocrine Society range guidelines.
Results: A total of 34 (26.2%) recruits sustained at least 1 injury during the course of their basic military training. Vitamin D level
as well as vitamin D status was not associated with injury risk although weak rejection of association with leg injuries and vitamin
D insufficiency status was noted (P = 0.057). A total of 60% of recruits were identified as being vitamin D deficient or as having
insufficient vitamin D levels.
Conclusions: Vitamin D deficiency and insufficiency are relatively common in areas with high mean sunlight exposure and should
be considered in individuals who might otherwise be at risk. Further studies are recommended in the military using larger popu-
lations and possibly focusing on leg injuries.
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1. Background

Vitamin D insufficiency may affect over 1 billion peo-
ple worldwide, with over 77% of Americans considered to
have insufficient serum levels of 25-hydroxy vitamin D (1).
Serum concentration of 25-hydroxy vitamin D is effected by
sunlight exposure and in the absence of exogenous supple-
mentation, explaining the identified variability between
different populations (2). Nonetheless, in countries with
relatively high mean sunlight exposure, endogenous vita-
min D synthesis and bioavailability may be limited by skin
pigmentation, clothing, sunscreen use, and excess adipos-
ity (3). Furthermore, sun exposure is being limited even
further, as more children are increasingly spending their
recreational time indoors. Exogenous intake is limited by
few food items that are naturally rich or fortified with vita-
min D including oily fish, milk, selected fruit juices, breads,
and cereals (4).

The role of vitamin D in skeletal mineralisation
through its ability to mediate calcium and phosphate
homeostasis has been widely described in the literature

(5). Vitamin D is also an important mediator of muscle
function with evidence favouring a common port of
interaction between muscular and skeletal tissues (6).
Actions of vitamin D on muscle take place via indirect
roles through phosphate homeostasis (7) as well as via
direct roles through the muscle vitamin D receptors (VDR).
Mutations in the VDR were linked with Type 2 muscle fiber
atrophy, suggesting that apart from mediating muscle
function vitamin D is an essential component of muscle
cell life (8). Of note, VDR expression in muscle and bone
decreases with age, rendering the musculoskeletal system
more sensitive to vitamin D insufficiency (9). In fact, vita-
min D supplementation in elderly patients was associated
with increased muscle strength and decreased risk of falls
(10, 11). Studies on younger individuals are less prevalent
(12).

The ensuing muscle weakness from vitamin D insuffi-
ciency may potentially lead to an increased injury risk in
athletes. To this effect, in a small study of classical ballet
dancers, vitamin D supplementation was found to be as-
sociated with increased muscle isometric strength as well
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as a decreased injury risk (2). Halliday has evaluated col-
lege athletes with vitamin D insufficiency and identified
increased reports of common infectious illness (common
cold, influenza, and gastroenteritis), but not increased in-
jury rates (12). Of note, the action of vitamin D on the im-
mune system and on the musculoskeletal tissue is medi-
ated via different mechanisms.

Military recruits undertake intense physical training
over relatively short time periods with often little time
available for rest and nutrition. Lutz (2012), in a study of
female soldiers undertaking basic combat training, identi-
fied decreased vitamin D and calcium intake during their
training that, coupled with the increased bone turnover,
might increase the risk of stress fractures (13). In a recent
meta-analysis, the association between low serum vitamin
D levels and lower extremity stress fractures in military
personnel was described (14). The latter provides evidence
for vitamin D supplementation in deficient military per-
sonnel. The specific association between vitamin D levels
and injury risk during basic military training was, how-
ever, not described.

This prospective study aimed at correlating pre-
recruitment serum vitamin D levels with injury risk
during basic military training in the Maltese armed forces.
Correlations will be made to both acute and overuse in-
juries as well as to common infectious medical illnesses
with the aim of identifying at risk recruits who would the-
oretically benefit from vitamin D supplementation. With
the high mean sunlight in the Maltese islands, there exists
a general consensus that vitamin D levels are sufficient
in most of the population. In fact, Malta enjoys around
3,000 hours of sunshine per year (compared to 1461 hours
of sunshine in London), placing it as one of the highest
countries in Europe. Because recruits volunteer directly
from the general population, the serum levels may be
described as representative of the general population and
will serve as a reflection of whether the high sunshine
hours in Malta result in adequate serum vitamin D levels
(15).

2. Methods

2.1. Participants

A total of 90 recruits scheduled to undertake BMT in
April 2016, who were selected after satisfying the criteria
for enlistment into the Armed Forces of Malta (AFM), were
invited to participate in the proposed research project via a
letter that was distributed during their medical screening.
Information concerning the proposed study was provided
in writing including contact details of the researcher and
project supervisor. Interested participants were, then, met

during their medical screening test and given the opportu-
nity to discuss any queries relating to the proposed project.

There were no specific excluding criteria because those
applicants unable to undertake BMT secondary to acute
or chronic MSK (musculoskeletal) injuries would not sat-
isfy the pre-set medical standards for enlistment in the
AFM, and therefore, would have been barred from enlist-
ing as recruits at the initial screening stage. All volunteers
for this study were cleared by the medical officers as fit
to undertake BMT (basic military training), and by defini-
tion, participants were fit to participate in this study. All
participants provided a written consent and were specif-
ically informed that they could withdraw from the study
at any point of their BMT. Formal permission to undertake
this study was granted by the respective head of the AFM’s
(Armed Forces of Malta) medical section.

2.2. Data Collection

Serum 25-hydroxy vitamin D was measured in all re-
cruits during their pre-recruitment medical screening,
which as of January 2016 was included as part of the rou-
tine blood tests undertaken by recruit applicants. Vitamin
D levels were divided into 3 groups: deficient, insufficient,
and sufficient as per laboratory’s reference values, which
are the same as the range guidelines recommended by the
endocrine society (16). Blood samples were prepared at the
AFM’s medical section with the actual testing being per-
formed at Mater Dei hospital’s laboratory, which is Malta’s
general hospital. The time period between the screening
blood testing and start of BMT was 6 weeks. Further assess-
ments were performed as follows:

2.2.1. Injury Data

Injuries were defined in accordance with the medi-
cal attention definition provided by Clarsen and Bahr (17).
These were events characterised by musculoskeletal symp-
toms (most notably pain) in a body area of interest, which
were reported by a recruit to the AFM medical officer, re-
gardless of whether they resulted in time-lost from or mod-
ification of BMT. Injuries were subclassified as gradual on-
set/overuse injuries, developing over a period of time with-
out a single identifiable inciting event, and sudden onset
injuries attributable to an instantaneous event (18).

All diagnosed injuries were categorized according to
the injured bodily area involved including head/neck,
spine, shoulder, upper limb (excluding shoulder), chest,
abdomen, pelvis, hip/thigh, knee, leg, ankle, foot, and med-
ical illness (respiratory tract infections and enteric illness).
Injuries were coded and recorded according to the orchard
sports injury classification system (OSICS) (19). For the pur-
pose of the study, recurrences of the same injury in the
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same body area were not recorded. For descriptive anal-
ysis, different injuries that were diagnosed in an already
injured body area of interest were still recorded. This en-
abled auditing of the commonest injuries to be diagnosed,
allowing comparisons to previous studies conducted on
the Maltese military personnel (20). All injuries were re-
viewed and verified by a military medical officer having
a post-graduate level of training in sports and exercise
medicine and 6 years of work experience as a team doctor
with the national Maltese football team.

The incidence rate for injury was calculated by divid-
ing the total number of injuries by the total number of re-
cruits multiplied by the duration (in days) of BMT. The lat-
ter was presented as the incidence rate of injury per 100
days of BMT by multiplying the attained rate by 100. The
relative risk of injury in female recruits was identified by
dividing the number of injuries in female recruits by the
total number of female recruits multiplied by 100. Simi-
larly, the relative risk of injury in male recruits was identi-
fied by dividing the number of injuries in male recruits by
the total number of male recruits multiplied by 100. The
injury risk ratio according to gender was identified by di-
viding the calculated relative risk in females by the relative
risk in male recruits.

2.3. Data Analysis

2.3.1. Independent Variables

Independent variables were grouped as demonstrated
in Table 1.

2.3.2. Dependent Variables

Presence or absence of injury as well as whether the in-
jury was an acute or overuse injury, denotes the dependant
categorical variables in this research. Injuries were sub-
grouped into body area as described above, allowing direct
correlations between injured body area and recruits vita-
min D level status.

2.4. Statistical Analysis

Data was analyzed using the statistical package for the
social sciences (SPSS) statistics software Version 21. All 90
recruits, including prematurely discharged recruits, com-
prised the final group. In view of the small number of
females comprising the group of recruits, no association
was made between gender and injury outcomes. Nonethe-
less, injury risk and injury risk ratio for male and female
recruits were calculated. Independent categorical vari-
ables were analyzed against injury outcomes using the Chi-
square test. The only independent continuous variable,
serum vitamin D level, was analyzed using the nonpara-
metric Mann-Whitney U test. All differences were accepted

as being significant when the measured P value was less
than 0.05.

2.5. Ethical Consideration

Respective permission for conducting this study was
obtained from the AFM’s principal medical officer. All re-
cruits were consented after being invited to participate by
means of a letter that explained that participation was vol-
untary and that they could withdraw from the study at any
stage.

3. Results

3.1. Demographics

The participants comprised of 81 males and 9 females.
In total, 77 recruits completed BMT with 13 recruits, termi-
nating their training prematurely. The total duration of
BMT was of 114 days. A total of 38 (42.2%) recruits sustained
at least 1 injury during BMT with 32 recruits (35.6%), sustain-
ing at least 1 acute injury and 16 recruits (17.8%), sustaining
at least one overuse injury. Ten recruits (11.1%) sustained at
least 1 acute and 1 overuse injury. The incidence rate for in-
jury was 0.71 injuries/100 days of BMT. The relative injury of
female to male risk ratio was 1.87, indicating that the risk of
injury in female recruits was almost twice the risk for male
recruits.

3.2. Premature Discharge

Four male recruits and 1 female recruit, terminated
their training prematurely, representing 5.5% of the total
population of recruits, which is slightly lower than the
observed rate of 7.9% observed in the preceding recruit-
ment process (20). Four recruits who were discharged pre-
maturely were diagnosed with both musculoskeletal and
medical ailments, while only 1 recruit reported medical ail-
ments.

3.3. Vitamin D Status

The mean serum vitamin D level was 28.3 ng/mL. With
regards to vitamin D status as per range guidelines recom-
mended by the endocrine society, 6.67% (n = 6) of the re-
cruits were identified as vitamin D deficient, 53.3% (n = 48)
as vitamin D insufficient, and 40% (n = 36) as vitamin D suf-
ficient.
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Table 1. Grouping of Independent Variables

Variable Variable Type Categories

Vitamin D status Categorical Deficiency Insufficiency Sufficiency

Serum vitamin D level Continuous Not applicable

3.4. Vitamin D Status and Injury

Pre-recruitment vitamin D deficiency status was not as-
sociated with injury risk overall (X2(l) = 0.001, P = 0.972),
acute (X2(l) = 0.177, P = 0.674), or gradual-onset (X2(l) =
0.063, P = 0.801) injury during BMT. Pre-recruitment vita-
min D insufficiency status was not associated with injury
risk overall (X2(l) = 2.229, P = 0.135), acute (X2(l) = 1.623, P =
0.203), or gradual-onset (X2(l) = 1.157, P = 0.282) injury dur-
ing BMT. Pre-recruitment vitamin D sufficiency status was
not associated with injury risk overall (X2(l) = 2.450, P =
0.117), acute (X2(l) = 2.415, P = 0.120), or gradual-onset (X2(l)
= 0.946, P = 0.331) injury during BMT.

3.5. Serum Vitamin D Level and Injury

Serum vitamin D level was not associated with injury
risk overall (U = 937, P = 0.676), acute (U = 873.5, P = 0.645),
or gradual-onset (U = 506, P = 0.363) injury during BMT.

3.6. Vitamin D Status and Injured Body Area

Vitamin D status did not alter injury risk in any of the
investigated body areas. The respective X2(l) and P values
are provided in Table 2. In the absence of documented in-
juries to the shoulder, chest, abdomen, and pelvis, the re-
spective rows in Table 2 have been left empty.

4. Discussion

The interplay between vitamin D deficiency and mito-
chondrial function has been proposed as a possible mech-
anism for the correlation between vitamin D deficiency
and injury risk, resulting in muscle weakness and imbal-
ance (21). Muscle loss has in fact been shown to be a com-
plication of long-term mitochondrial dysfunction (22). It
has been postulated that vitamin D deficiency may inter-
act with mitochondrial function via 2 mechanisms: al-
tered gene expression as well as oxidative stress (21). Ox-
idative stress is in turn associated with all diseases asso-
ciated with aging, with vitamin D playing an important
role in the expression of mechanisms that maintain oxida-
tion homeostasis (23). The latter could possibly interfere
with the body’s repair mechanisms and result in delayed or
incomplete recovery from musculoskeletal injuries. Fur-
thermore, if vitamin D deficiency interfered with muscle

strength, this also could be an independent risk factor for
injury as suggested by Wyon (2).

In the study of MSK injuries in military recruits, differ-
ing levels of vitamin D were not significantly associated
with injuries. Of note, however, is the weak rejection of
statistical significance of vitamin D deficiency status being
associated with leg injuries in recruits. The relevance of
this study in the Maltese islands relates to the widespread
sense of belief that in view of the high average sunlight,
vitamin D deficiency is uncommon. However, the results
clearly revealed that a considerable number of recruits had
deficient or insufficient vitamin D levels. Because recruits
apply to enlist in the army from the general population,
extrapolations from the obtained vitamin D levels may be
made on the general population. The mean serum vitamin
D level was, in fact, in the insufficient bracket, as per recom-
mendations by the Endocrine Society. The latter organisa-
tion further recommends that exogenous vitamin D sup-
plementation (2,000 IU/day) should be advised to main-
tain serum levels in excess of 30 ng/mL (16).

With regards to weaknesses of the presented study,
having a larger sample size would allow for direct corre-
lations of vitamin D status and acute injury and as well
as gradual onset injury risk. In the presented population
group, in view of the small sample size, separate corre-
lations could not be made and acute and gradual onset
injuries were grouped. Thus, considering the small sam-
ple size, it would be of interest to assess the latter associa-
tion in a larger sample size, especially in view of the high
propensity of leg injuries in military recruits (20). Fur-
thermore, although none of the recruits reported supple-
mentation with vitamin D at the commencement of their
BMT, the use of multivitamins after the start of the BMT
would have potentially introduced bias as it would have
improved vitamin D levels in deficient and insufficient re-
cruits.

4.1. Conclusion

Vitamin D is an important component of MSK health,
being an essential factor in muscle and bone function. De-
spite the theoretical background for an association with in-
jury risk, no significant association was found in the pre-
sented study, however, a weak rejection of a possible as-
sociation between vitamin D deficiency and injury risk in
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Table 2. Statistical Significance of Injured Anatomical Area and Vitamin D Status

Variables Vitamin D Deficiency Vitamin D Insufficiency Vitamin D Sufficiency

X2(l) P value X2(l) P value X2(l) P value

Head/neck 0.173 0.678 1.564 0.211 1.129 0.288

Spine 0.077 0.781 0.204 0.652 0.097 0.755

Shoulder - - - - - -

Upper limb 0.085 0.770 0.773 0.379 0.558 0.455

Chest - - - - - -

Abdomen - - - - - -

Pelvis - - - - - -

Hip/thigh 0.000 0.990 0.147 0.702 0.152 0.697

Knee 1.168 0.280 0.564 0.453 0.030 0.863

Leg 3.631 0.057 0.122 0.727 2.037 0.154

Ankle 1.731 0.188 0.573 0.449 2.310 0.129

Foot 0.353 0.552 0.573 0.449 0.204 0.652

Medical illness 0.507 0.477 0.920 0.337 0.354 0.552

the leg was noted. This study also confirmed that despite
a high average sunlight exposure, vitamin D deficiency re-
mains a possibility and should be measured in at-risk indi-
viduals. Further research in this area would improve the
limitations of this study.
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