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Abstract

Background: Vitamin D is essential for the optimal health of the skeletal
system. However, this vitamin is also involved in other functions of the human
body, such as muscle, immune and inflammatory ones. Some studies suggest
that adequate levels of vitamin D support muscular function during exercise
and accelerate recovery because they reduce specific pro‐inflammatory
cytokine levels, but those results have not always been observed. Therefore,
this review aims to evaluate the effects of vitamin D supplementation on
inflammation, oxidative stress and recovery after exercise.
Methods: This systematic review was conducted using the Preferred Reporting
of Systematic Reviews and Meta‐Analyses (PRISMA) guidelines. A literature
search of SPORTDiscuss, PubMed, Web of Science and Scopus was
performed from inception through February 2022. The articles' methodo-
logical quality was assessed with the PEDro scale.
Results: After the application of the inclusion and exclusion criteria, 11 eligible
articles were included. All the studies were considered of moderate
methodological quality. Ten studies involved regular vitamin D supplementa-
tion for more than 7 days, and one study performed acute vitamin D
supplementation 24 h before exercise.
Conclusions: The existing evidence suggests that vitamin D supplementation
for periods of more than 1 week with a minimum dose of 2000 IU/day appears
to be an efficacious strategy for attenuating muscle damage and inflammation
after exercise. The potential positive effects on muscle function, muscle pain
and oxidative stress need to be confirmed with new investigations. Further
research is also required to determine the adequate vitamin D dosage to obtain
positive effects without adverse effects.
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Key points

• Regular vitamin D supplementation may be a good recovery strategy from
strenuous exercise.

• Supplementation is effective with a minimum dose of 2000 IU/day for
periods of more than 1 week.

• Athletes may also benefit from ingesting a single dose before exercise, but
further research is needed.
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INTRODUCTION

A free radical is an atom or a molecule with one or more
unpaired electrons in its valency shell. This structure
makes the atom or molecule unstable and highly
reactive.1 Free radicals are the products of cellular
metabolism, and they are generated in the mitochondria
when oxygen is used to produce ATP.2 Among the most
important free radicals generated in living cells are those
derived from oxygen, referred to as reactive oxygen
species (ROS).2,3 At low or moderate levels, ROS exert
beneficial effects in cells, serving as molecular signals,
which activate stress responses beneficial to the orga-
nism.4 However, at high concentrations, if they cannot be
neutralised by the endogen antioxidant system, they
generate a condition termed oxidative stress, which can
cause severe damage to cell structures.2,5

Strenuous and prolonged muscular exercise, particu-
larly after eccentric muscle actions, produces muscle
damage and leads to an increase in ROS production that
occurs primarily in skeletal muscles and generates
oxidative stress, which negatively impacts exercise
performance.6,7 An optimum level of ROS is necessary
for muscle fibres to generate 100% of their maximal
isometric force production,8 but any deviation from that
optimal redox state decreases the muscles' ability to
generate force.8,9

The human body has an endogen antioxidant system,
which, together with the exogenous antioxidants con-
sumed through the diet, is responsible for the elimination
of ROS, maintaining the necessary redox balance.5

Therefore, supplementation with antioxidant and anti‐
inflammatory substances may attenuate inflammation
and oxidative stress, enhancing the recovery of muscle
function after exercise,10 which becomes particularly
important for elite athletes.

Ibuprofen and non‐steroidal anti‐inflammatory drugs
have been traditionally used to reduce inflammation and
delayed onset muscle soreness,11 but they have important
gastrointestinal and cardiovascular adverse effects.6

Therefore, there is an increasing interest in supplementa-
tion with natural antioxidant and anti‐inflammatory
foods, particularly polyphenol‐rich foods, which have
been associated with a range of health benefits.12 Tart
cherry, pomegranate or even green tea have been widely
used in sports to accelerate muscle function recovery due
to the antioxidant and anti‐inflammatory properties of
their phenolic compounds.13–15

Vitamin D is a fat‐soluble vitamin that also appears
to have anti‐inflammatory and antioxidant properties.16

It is considered a vitamin because small amounts of it are
necessary for good human health. However, it is, in fact,
a hormone because the required amount can be produced
in the human body when the skin is exposed to
ultraviolet solar radiation.17,18 Its primary function is
to regulate bone metabolism and calcium and phosphate
absorption, which are necessary for bone mineralisation

and growth.19,20 However, recent investigations have
determined that this vitamin is also involved in other
functions, such as muscular, inflammatory and immune
ones, and may enhance sports performance.21–23 At
present, vitamin D supplementation is considered to be
potentially protective from unfavourable COVID‐19
outcomes.24

Although it is not known whether vitamin D has a
direct impact on muscle function,25 vitamin D receptors
have been identified in muscle cells, which supports the
idea of a direct impact on muscle contraction.26 It has
been suggested that vitamin D deficiency may affect the
muscles' capacity for recovery after exercise.27 Vitamin D
has anti‐inflammatory properties28 because it down-
regulates the synthesis of specific pro‐inflammatory
cytokines.29 In fact, according to Choi et al.,30 exercise‐
induced inflammation is significantly reduced in rats after
vitamin D supplementation.

The two major physiologically relevant forms of
vitamin D are vitamin D2 (ergocalciferol) and D3
(cholecalciferol).28 The main source of vitamin D is
endogenous production by the human body when it is
exposed to sunlight.18 Ultraviolet radiation converts 7‐
dehydrocholesterol present in the skin to vitamin D3.31,32

In the liver, vitamin D3 is hydroxylated, generating
25(OH)D or calcidiol, and then it is further hydroxylated
in the kidney to the active form 1,25(OH)2D or
calcitriol.33 Serum 25(OH)D has a half‐life of 15 days,
which makes it the best indicator of vitamin D levels in
the human body.34 Apart from endogenous production,
the second source of vitamin D is the dietary intake,
either as vitamins D2 or D3. Because it is fat soluble, its
absorption improves when high‐fat meals are
consumed.35

The desirable levels of 25(OH)D required for good
health are unknown. However, some authors recommend
serum levels of 30–50 ng/ml. To that end, a daily intake
of 600 international units (IU) for those aged less than
70 years and 800 IU for those 70 years or older is
recommended.36,37 However, other authors suggest that
those quantities are not sufficient to obtain benefits in
athletic performance.16,38 With regard to human toxicity,
according to Holick,18 toxicity has not been associated
with daily intakes of 10,000 IU for periods of up to
5 months. More recently, Adebayo et al.39 concluded in
their review that none of the 3353 subjects included in the
randomised controlled trials analysed reported any
adverse effect with vitamin D doses of 200–7000 IU.

In humans, it has been reported that vitamin D
contributes to optimal muscle function, even in physi-
cally inactive older people.40 According to some
authors,41,42 adequate levels of vitamin D support muscle
contraction during exercise and enhance muscle recovery
due to the downregulation of specific pro‐inflammatory
cytokines. Moreover, some studies suggest that vitamin
D supplementation reduces exercise‐induced muscle
damage (EIMD).30 Nonetheless, not all research studies
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carrying out a vitamin D supplementation have observed
significant reductions in inflammatory markers after
exercise.43,44

Due to the contradictory results observed of the
effects of vitamin D supplementation on muscle function
and recovery after exercise and because we have not
found any review on this subject, this systematic review
aims to summarise the effects of vitamin D supplemen-
tation on muscle damage and recovery after EIMD in
humans.

METHODS

The protocol for this systematic review was designed in
accordance with the Preferred Reporting of Systematic
Reviews and Meta‐Analyses (PRISMA) statement45 and
registered at PROSPERO (CRD42022321140). The two
authors independently performed the literature search,
the study selection and the data extraction. Any
disagreement was resolved by consensus.

Inclusion and exclusion criteria

The studies included in this systematic review fulfilled the
following inclusion criteria: (i) research conducted with
human participants, (ii) original articles in peer‐reviewed
publications, (iii) original studies that had investigated
only vitamin D supplementation on muscle damage and
recovery after exercise, (iv) research conducted with one
control/placebo group and (v) articles published from
inception to February 2022. Exclusion criteria were: (i)
research conducted with animals, (ii) non‐English arti-
cles, (iii) systematic reviews or meta‐analyses, (iv) studies
that underwent other interventions in addition to vitamin
D supplementation and (v) studies that reported results
inadequately or without adequate statistical analysis.

Search strategy and data extraction

Four electronic databases were searched: SPORTDis-
cuss, PubMed, Web of Science and Scopus. The search
was limited to publications in English and journal
articles. The following search was performed: (vitamin
D OR ergocalciferol OR cholecalciferol) (Title) AND
(supplement*) (Title) AND (muscle damage OR oxida-
tive stress OR recovery OR exercise OR muscle pain OR
antioxidant OR inflammation OR soreness [Title]) AND
(sports OR exercise OR physical activity OR training [all
fields]). A manual search of the reference sections of
selected articles was also made to identify additional
relevant studies. The search strategy is depicted in
Figure 1.

After applying inclusion and exclusion criteria the
following data were extracted from each study: first

author name, year of publication, the intervention and
placebo group characteristics, dosage of supplements,
supplementation duration, exercise protocol to induce
muscle damage and the effects of supplementation on
functional measures, muscle soreness and markers of
muscle damage, inflammation and oxidative stress.

Methodological quality assessment

The methodological quality of the articles was assessed
with the PEDro scale, which is based on the Delphi list
developed by Verhagen et al.46 and is a reliable and
objective tool that helps identify which studies are likely
to be externally valid (criterion 1), internally valid
(criteria 2–9) and could have sufficient statistical
information to make their results interpretable (criteria
10 and 11).13 Points are awarded only when a criterion is
clearly satisfied, and criterion one, which relates to
external validity, is not used to calculate the PEDro
score. A score of 9–10 on the PEDro scale was
considered to be ‘high quality’, scores of 5–8 were
deemed to be ‘moderate quality’ and scores below 5 were
considered to be ‘low quality’.6

RESULTS

Search results

The literature search provided a total of 173 articles
identified through the combined descriptors. After
examination of the titles, 93 articles were excluded for
not studying recovery after exercise, not being conducted
with humans, carrying out a supplementation other than
sole vitamin D or because they were systematic reviews.
After the elimination of duplicates, 42 articles were
selected for abstract screening and 27 of them were also
excluded for not studying recovery after exercise or for
being systematic reviews. Fifteen studies were then
selected for full‐text reading, and five of these were
excluded for not studying recovery after exercise, not
having a control group or reporting results inadequately.
One study was added from the reference lists of selected
articles, and the final number of studies in this systematic
review was 11.43,44,47–55 A summary of the search process
is depicted in Figure 1.

Study characteristics

The characteristics of the included studies are sum-
marised in Table 1. All studies were randomised
controlled trials with a parallel design. One of them48

had two experimental groups, with different baseline
levels of vitamin D, and two control groups, and the
results from all of them were included. Three

ROJANO‐ORTEGA AND BERRAL‐DE LA ROSA | 3



studies49,51,53 used more than two experimental arms, but
only the vitamin D and control group results were
reported in the review.

The sample size was 10–22 participants in each group.
Only three studies51,52,54 performed an a priori statistical
power analysis and used adequate sample sizes based on
those estimations. All the selected studies were conducted
with healthy or apparently healthy subjects, except one51

whose participants were considered healthy but suffered
from non‐specific perceived myalgia. Seven studies were
conducted with men,43,47,48,50,52,53,55 three with
women47,51,54 and one with men and women.44 The
mean age of the participants ranged from 15.90 ± 0.29
years to 42.40 ± 7.59 years. Five studies evaluated the
effects of vitamin D supplementation on sedentary to
moderately active people,47–49,53,55 five studies on highly
active people43,44,50,52,54 and one did not mention the
participants’ fitness level.51

All but one study52 evaluated the effects of regular
vitamin D ingestion for a minimum period of 7 days, with
a vitamin D dose per day of 600–7000 IU. Mieszkowski
et al.52 supplemented with a single dose of 150,000 IU 24 h
before exercise. The precise vitamin D content of the
dosages and the duration of the supplementation period
are presented in Table 1. Seven studies used a special
protocol to induce muscle damage,43,47–50,52,55 which
differed substantially across them (Table 1). Four studies
measured functional measures, markers of muscle dam-
age, inflammation and oxidative stress before and after a
period of normal training.44,51,53,54

Functional measures and muscle soreness

Three studies43,47,51 analysed the effects of vitamin D
supplementation on any of the following functional

FIGURE 1 Flowchart for identification and
selection of eligible studies for the systematic review
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variables: maximal isometric voluntary contraction
(MIVC) of the lower limb, single‐leg peak power output,
maximal power during a vertical jump, leg‐back ‘deadlift’
strength and Cooper 12‐min walk test. Only Barker
et al.47 observed a better recovery of MIVC of the lower
limb in the experimental group (EG). Four stud-
ies43,47,49,51 evaluated muscle soreness after exercise,
and two of them49,51 found significantly lower values in
the EG at some point after exercise or throughout the
entire recovery period (Table 2).

Muscle damage

Seven studies43,47–50,54,55 analysed serum or plasma concen-
tration of any of the following markers of muscle damage:
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), myoglobin (MB), lactate dehydrogenase (LDH),
creatine kinase (CK) and alkaline phosphatase (ALP). All
but Shanely et al.43 observed significant differences between
groups in any of the markers measured after exercise or at
some point of the recovery period (Table 2).

TABLE 1 Characteristics of the included studies

Study Participants Groups Age (years)

Vitamin D

content

Supplementation

period

Exercise protocol to induce

muscle damage

Barker
et al. (2013)

Healthy and modestly
active men

15 (VITD) 30 ± 6 4000 IU/day 35 days (exercise on
Day 28)

10 sets of 10 repetitive
jumps at 75% of body
mass with 20 s rest
between sets

13 (CON) 31 ± 5

Shanely
et al. (2014)

Male healthy students
participating in
varsity sports

17 (VITD) 16.6 ± 0.23 600 IU/day 42 days (exercise on
Day 42)

Modified Lough‐borough
Intermittent Shuttle
Test + leg lunges16 (CON) 15.9 ± 0.29

Todd
et al. (2017)

Healthy male and female
young Gaelic
footballers

22 (VITD) 20 ± 2 3000 IU/day 12 weeks Normal training

20 (CON) 20 ± 2

Pilch
et al. (2020)

Healthy young men with
low or moderate
physical activity

18 (VITD1) 20–24 Specific for each
athlete (more
than
2000 IU/day)

3 months (exercise at
the end)

Incremental exercise test
to voluntary
exhaustion on a
treadmill

18 (CON1)

18 (VITD2)

18 (CON2)

Vakili
et al. (2020)

Healthy young
untrained female
students

15 (VITD) 24.73 ± 1.57 3800 IU/day 7 días (exercise on
Day 7)

Five sets of four
repetitions of
quadriceps leg
extension at 120% de
1RM with both legs

15 (CON) 24.53 ± 1.59

Żebrowska
et al. (2020)

Male ultramarathon
Caucasian runners

12 (VITD) 33.7 ± 7.5 2000 IU/day 21 days (exercise at
the end)

30‐min downhill running
test at 70% of the
individual VO2peak12 (CON) 35.9 ± 5.3

Abdeen
et al. (2021)

Relatively healthy obese
women

15 (VITD) 34.8 ± 2.64 50,000 IU/week
(~7000 IU/
day)

12 weeks Normal training

15 (CON) 35.4 ± 2.69

Mieszkowski
et al. (2021)

Healthy male semi‐
professional
ultramarathon
runners

16 (VITD) 42.40 ± 7.59 150,000 IU One single dose (24 h
before exercise)

Ultramarathon

19 (CON) 39.48 ± 6.89

Nikniaz
et al. (2021)

Healthy sedentary male
smokers

10 (VITD) 30.40 ± 4.08 6000 IU/week
(1000/day
except
Fridays

28 days Normal training

10 (CON) 31.30 ± 4.00

Stojanović
et al. (2021)

Healthy female
professional or semi‐
professional young
basketball players

12 (VITD) 19.4 ± 4.0 4000 IU/day 42 days Normal training

12 (CON) 19.8 ± 4.6

Mastali
et al. (2022)

Healthy non‐athlete men 13 (VITD) 24.33 ± 2.7 2000 IU/day 42 days (exercise at
the end)

Exhaustive Bruce
aerobic test

13 (CON) 25.83 ± 3.18

Abbreviations: COD, cross‐over design; CON, control group; IU, international units; RM, repetition maximum; VITD, vitamin D group.
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Inflammation and oxidative stress

Six studies44,48–50,52,53 measured any of the following
inflammatory markers: tumour necrosis factor alpha
(TNF‐α); interleukin (IL) 1β, 6, 8, 10 and 15; C‐reactive
protein (CRP); antimicrobial peptide LL‐37 (LL‐37);

follistatin‐like 1 (FSTL‐1); leukaemia inhibitory factor
(LIF); oncostatin M (OSM); tissue inhibitor of metallo-
proteinase 1 (TIMP‐1). All of these studies, except Todd
et al.,44 found significantly lower levels of inflammation
in EG after exercise or at some point in the recovery
period.

TABLE 2 Variables measured and summary of findings of the included studies

Study

Functional measures and muscle

soreness

Biochemical markers of muscle

damage, inflammation and oxidative

stress

Significant differences in VITD group

(vs. CON group).

Barker et al. (2013) Muscle soreness of the lower limb,
MIVC and peak power of the
lower limb

Measurements: baseline, pre, post, 1,
24, 48, 72 and 168 h post

Plasma: AST, ALT
Measurements: baseline, pre, post

and 1, 24, 48, 72 and 168 h post

>Recovery of MIVC 24 h post
<AST 168 h post
<ALT 48 and 72 h post

Shanely et al. (2014) Muscle soreness, vertical jump power
and leg‐back ‘dead.lift’ strength

Measurements: baseline, pre, post,
24 and 48 h post

Serum: MB, LDH, CK, AST
Measurements: baseline, pre, post,

24 and 48 h post

No significant differences between groups

Todd et al. (2017) ‐ Plasma: TNF‐α, IL‐8, CRP, LL‐37
Measurements: pre and post (after

an overnight fast)

No significant differences between groups

Pilch et al. (2020) ‐ Serum: MB; plasma: CK y
LDHSerum: IL‐1β

Measurements: pre, 1 h post and
24 h post

<CK pre and 1 h post (Group 2)
<LDH pre and 1 h post (Group 1)
<IL‐1β pre and 1 h post (Group 1)

Vakili et al. (2020) Muscle soreness
Measurements: baseline, pre, 24, 48

and 72 h post

Serum: CK
Serum: IL‐6
Serum: MDA
Measurements: baseline, pre, 24, 48

and 72 h post

<Muscle soreness 24 and 48 h post
<CK 48 h post
<IL‐6 24 and 48 h post
<MDA 48 h and 72 h post (comparisons

between groups not reported but great
differences observed)

Żebrowska
et al. (2020)

‐ Serum: MB, CK, LDHSerum: IL‐6;
TNF‐α

Measurements: baseline, pre, post,
1 h and 24 h post

<CK 24 h post
<IL‐6 24 h post

Abdeen et al. (2021) Cooper 12‐min walk test, muscle
soreness

Measurements: baseline and post
(after an overnight fast)

‐ <Muscle soreness post

Mieszkowski
et al. (2021)

‐ Serum: FSTL‐1, IL‐6, IL‐10, IL‐15,
resistin, LIF, OSM, TIMP‐1

Measurements: 24 h pre, post and
24 h post

< IL‐6; IL‐10 and resistin post

Nikniaz et al. (2021) ‐ Serum: IL‐6, TNF‐α
Measurements: baseline and 24 h

post (after an overnight fast)

<TNF‐α post
<IL‐6 post (tendency)

Stojanović
et al. (2021)

‐ Serum: LDH, CK.
Measurements: baseline and 36 h

post (after an overnight fast)

<LDH variation post
<CK variation post

Mastali et al. (2022) ‐ Serum: CK, LDH, ALT, AST, ALP
Serum: GGT
Measurements: pre and post

<LDH and CK post
<ALT, AST, GGT and ALP pre and post

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate transaminase; CK, creatine kinase; CRP, C‐reactive protein; FSTL‐1,
follistatin‐like 1; GGT, gamma‐glutamyl transferase; IL, interleukin; LDH, lactate dehydrogenase; LIF, leukaemia inhibitory factor; LL‐37, antimicrobial peptide LL‐37;
MB, myoglobin; MDA, malondyaldehyde; MIVC, maximal isometric voluntary contraction; OSM, oncostatin M; TIMP‐1, tissue inhibitor of metalloproteinase 1;
TNF‐α, tumour necrosis factor alpha.
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One study53 measured serum levels of malondialde-
hyde (MDA), and another one55 determined serum levels
of gamma‐glutamyl transferase (GGT). Both observed
lower levels in EG at any point after exercise. A complete
summary of the findings for markers of inflammation
and oxidative stress can be seen in Table 2.

Methodological quality assessment

All studies were considered to be of moderate quality.
Quality scores ranged from 6 to 8 (of a maximum of 10)
and had a mean PEDro score of 7.63 ± 0.67. No study
was excluded due to its low quality. Table 3 details the
results of the criteria evaluated. All studies failed to blind
all assessors who measured at least one key outcome
(item 7), and only one three51,53,55 carried out a
concealed allocation (item 3).

DISCUSSION

Supplementation with antioxidant and anti‐
inflammatory substances is currently used to a substan-
tial degree in sport to attenuate EIMD and accelerate
recovery after exercise.14,56 Vitamin D has demonstrated
marked anti‐inflammatory properties, and recent studies
have investigated whether vitamin D supplementation
attenuates muscle damage and enhances recovery after
exercise. However, the results are inconclusive.

To the best of our knowledge, this is the first
systematic review to examine the effectiveness of vitamin
D supplementation on recovery after EIMD in humans.
Eleven studies met our inclusion criteria, involving a
total of 364 participants. Our review suggests that
vitamin D supplementation may attenuate the extent of
muscle damage and inflammation, subsequently enhan-
cing recovery after exercise.

Functional measures and muscle soreness

Of the three studies that evaluated muscle func-
tion,43,47,51 only Barker et al.47 observed a better
recovery of the MVIC of the lower limb in the EG 24 h
after exercise. Abdeen et al.51 also noticed an increase in
the distance covered during the Cooper test, but this
increase was not significant. Of the four studies that
measured muscle soreness, Shanely and co‐workers43,47

did not find significantly lower muscle soreness values in
EG, that vitamin D supplementation attenuated muscle
soreness, although Barker et al.47 observed a tendency.
However, the other two articles49,51 obtained lower levels
of muscle soreness in the EG, suggesting that vitamin D
supplementation does, in fact, reduce muscle soreness.

Only Shanely et al.43 did not observe a better
recovery of muscle function or a reduction in muscle

soreness and not even a tendency. They used a dosage of
600 IU/day, a particularly low amount of vitamin D
compared to the other studies, potentially explaining
why they did not achieve the expected results. Moreover,
the authors did not even find differences between groups
in serum vitamin D levels after a supplementation period
of 7 weeks.

It appears that vitamin D supplementation with
4000 IU/day or more for more than 7 days could,
therefore, accelerate the recovery of functional mea-
sures and attenuate muscle soreness after EIMD.
However, due to the few studies included and because
not all of them obtained positive results, new studies
are required to confirm the effectiveness of vitamin D
supplementation.

Muscle damage

Six of the seven studies that analysed muscle damage
obtained significantly lower values in the EG in any of
the markers measured after exercise or at some point
during the recovery period. Only Shanely et al.43 did not
observe significant differences between groups. Again,
the low daily dosages of vitamin D may be the cause of
these unexpected results. Recently, Iolascon et al.57

investigated the effects of vitamin D on muscle tissue
through genomic and non‐genomic pathways, conclud-
ing that vitamin D supplementation enhances the
structural and functional restoration of the muscles, by
increasing the expression of myogenic factors in satellite
cells during recovery from muscle damage.

In this regard, our review indicates that supplemen-
tation with dosages of 2000 IU/day or more for a total
period of more than 7 days is an effective strategy for
reducing EIMD. Supplementations with other functional
foods, such as tart cherry or pomegranate,13,14 have
obtained contradictory results, with some studies report-
ing beneficial effects and others not. Thus, we can
conclude that vitamin D supplementation seems to be
more effective for attenuating EIMD.

Inflammation

Six of the seven studies that analysed inflammatory
markers44,48–50,52,53 found significantly lower values in the
EG. The reason why Todd et al.44 did not observe those
results may have been that they did not study inflammation
after a particular protocol to induce muscle damage, but
after normal training sessions. Those normal sessions might
not have generated sufficient muscle damage and, therefore,
vitamin D supplementation conferred no benefits for
inflammation. In addition, biochemical analyses were not
performed after the training but the next morning, after an
overnight fast, and the biomarkers would have already
reached their normal ranges in both groups. In fact, the
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concentrations of most of the cytokines that the authors
wished to analyse were undetectable or fell below the lower
limit of detection and were finally excluded from the
statistical analyses.44

There is some controversy regarding whether vitamin D
reduces inflammation or, on the contrary, it is inflammation
that reduces vitamin D levels.28,58 However, there is some
evidence that has associated various inflammatory diseases
and vitamin D deficiency and that has outlined the potential
role of vitamin D supplementation for reducing the risk of
developing those diseases.28 Regarding the exercise‐induced
inflammation, our results suggest that vitamin D supple-
mentation for more than a week with dosages of more than
2000 IU/day lowers the inflammatory response triggered
after EIMD.

After analysing the results of other systematic reviews
on supplementations with tart cherry, pomegranate or
beetroots,14,15 with some studies not reporting beneficial
effects on inflammation levels, we can conclude that
vitamin D supplementation seems to be more effective
for reducing inflammation after exercise than other
functional foods.

Oxidative stress

The positive effects on lowering oxidative stress markers
observed by Vakili and co‐workers49,55 indicate that
vitamin D might exhibit antioxidant properties. How-
ever, these findings may have been due to reduced
inflammation because, after muscle damage is generated,
the inflammatory response further increases ROS pro-
duction.59 Therefore, if vitamin D reduces inflammation,
it could also have reduced oxidative stress indirectly.

According to Mokhtari et al.,60 it seems that vitamin
D plays an important role in the prevention of some
chronic diseases, such as diabetes, because it regulates
oxidative stress. However, the authors conclude that
there are few ‘in vivo’ studies that have examined that
hypothesis. More recently, Tagliaferri et al.,61 in their
review of randomised controlled trials conducted with
humans, concluded that the role of vitamin D as an
antioxidant cannot be confirmed because contradictory
results have been provided in the literature to date. Our
findings suggest that vitamin D reduces oxidative stress
after exercise, but there were only two studies included.
Therefore, new scientific evidence is required to confirm
the antioxidant effect of vitamin D supplementation.

Limitations

This review has several limitations: (i) Not all the studies
used a specific protocol to induce muscle damage and
when they did, the exercise protocol varied substantially
between them, inducing different levels of muscle
damage. Moreover, the varying training statuses of the

participants affected the magnitude of the muscle
damage experienced. (ii) Only three studies performed
an a priori statistical power analysis; therefore, the
sample sizes may not have been sufficiently large to
detect small changes in the markers analysed. (iii) There
were substantial differences in the dosages of vitamin D
and in the supplementation periods.

CONCLUSIONS

Despite the limitations mentioned, the studies included in
this systematic review suggest that vitamin D supple-
mentation, with at least 2000 IU/day, during periods of 1
week or more, reduces muscular damage and inflamma-
tion after exercise. Studies regarding the effects on
muscular function and muscle soreness are scarce, and
they show contradictory results; further research is
warranted. Only two studies investigated the effects of
vitamin D supplementation on oxidative stress and
despite the positive results observed, further analyses
are also necessary. These new investigations should focus
on determining the optimal vitamin D dosage to obtain
positive effects and the possible adverse effects of
supplementation for periods of more than 3 months.
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