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Abstract
Vitamin D deficiency is now a recognised problem affecting multiple physiological functions. The aim of the present study was to evaluate the
effect of a single dose of vitaminD3 injection on the inflammatory, muscular damage, metabolic and cardiovascular responses to an acute bout of
resistance exercise (RE) in vitamin D-deficient resistance-trained males. Blood samples from fourteen vitamin D-deficient resistance-trained
males were obtained during two separate trials: lower vitamin D (LVD) and higher vitamin D (HVD, after vitamin D3 injection). Metabolic,
inflammatory, muscle damage and cardiovascular markers were evaluated at baseline, immediately and 1 h after RE. There were significant
trial-by-time interactions for insulin and homeostatic model assessment of insulin resistance (HOMA-IR) which significantly (P< 0·05) declined
for 1 h after RE in the HVD trial comparedwith the LVD trial. Homeostasis model assessment of β-cell function (HOMA-β) declines at 1 h post-RE
in theHVD trial. Therewas also a time effect for blood sugarwhich significantly (P< 0·05) decreased and for creatine kinase, lactate dehydrogen-
ase and IL-6 which increased significantly 1 h post-RE in both trials. There were no significant changes in other inflammatory and cardiovascular
markers following both trials. A single injection of vitamin D3 improved insulin resistance and β-cell function following RE in previously vitamin
D-deficient resistance-trained males. Conversely, the injection did not change muscle damage and the inflammatory response to acute RE.
Intramuscular vitamin D replacement may have key implications for the promotion of glucose metabolism and lowering the risk of diabetes
in vitamin D-deficient individuals.

Key words: Resistance exercise: Immunology: Glucose metabolism: Nutrition

Vitamin D deficiency is now recognised as a worldwide prob-
lem, which even affects athletic populations(1). Previous findings
show associations between vitamin D deficiency and some
chronic conditions such as CVD, cancer, type 2 diabetes and
neurological disorders(2,3). Vitamin D plays an important role

in immunomodulation, which can be beneficial not only in treat-
ment and in management of inflammatory diseases but also for
exercise-related inflammation(1,4). Besides the immune system,
literature also suggests that vitamin D has effects on muscular
function through its role inmuscle cellmaturation, growth, repair

Abbreviations: BP, blood pressure; BS, blood sugar; CK, creatine kinase; HOMA-IR, homeostatic model assessment of insulin resistance; HR, heart rate; HVD,
higher vitamin D; LDH, lactate dehydrogenase; LVD, lower vitamin D; RE, resistance exercise.
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and mitochondrial function, which potentially links
this secosteroid to physical capability(5). Indeed, prior results
indicate that low levels of vitamin D can directly impair both
muscle strength and sports performance(6). Therefore, improv-
ing vitamin D deficiency seems essential to achieve optimal
physiological effects during and following exercise(7,8).

It is well established that acute resistance exercise (RE)
enhances glucose uptake and increases insulin action(9).
Additionally, acute RE can induce muscle damage and prompt
a temporary inflammatory response, which is dependent on
the intensity and duration of the session(10). As a response, crea-
tine kinase (CK) levels are increased, triggering the release of
pro-inflammatory cytokines such as TNF-α and IL-1(11). It is also
known that the plasma level of the anti-inflammatory myokine
IL-6 increases during intense or prolonged exercise(12), produc-
ing beneficial metabolic effects and contributing to the mainte-
nance of glucose homeostasis and exercise-induced lipolysis(12).
Recent findings indicate that vitamin D3 supplementation attenu-
ates exercise-induced muscle damage in rats(13). Furthermore,
vitamin D supplementation resulted in an improved resistance
and sensitivity to insulin in different populations(14). However,
the effects of a vitaminD3 injection on the inflammatory andmet-
abolic response to an acute bout of RE in vitamin D-deficient ath-
letic cohorts have not been previously evaluated. Furthermore,
very little is identified about vitamin D improvement and its
physiological effects among athletes and fitness enthusiasts.
These represent a gap in knowledge that must be addressed.
Therefore, the objective of the present study was to evaluate
the effects of a single vitamin D3 injection on the metabolic,
inflammatory and muscular damage responses to an acute bout
of RE in vitamin D-deficient resistance-trained males. We
hypothesised that a single vitamin D3 injection would improve
the metabolic, inflammatory and muscular damage markers
following acute RE.

Experimental methods

Participants

Fourteen resistance-trained healthy males between the ages of 20
and 30 years old volunteered for the present study. Participants

were recruited from a group of individuals referred to a sport
nutrition clinic (Ahvaz, Iran). All participants regularly performed
RE, at least 3 d a week, for at least 2 years prior to the study.
Participants were vitamin D deficient (25-hydroxycholecalciferol
(25(OH)D) level < 20 ng/ml), but had no history of diabetes,
cardiovascular, inflammatory or thyroid diseases or were taking
any medications or nutritional supplements that could affect the
inflammatory and/or metabolic response. Additionally, partici-
pants did not smoke, consume alcohol or had dietary changes
in the year before the study. All subjects gave written informed
consent, and the ethical committee of Ahvaz Jundishapur
University ofMedical Sciences approved the protocol (Ethic code:
IR.AJUMS.REC.1394.212).

Study design. We used a non-randomised within-subject cross-
over design (Fig. 1), in which each participant served as their
own control(15). Besides a familiarisation session, participants
were evaluated in two different occasions, in which they partici-
pated in acute RE bouts 4 weeks after normal saline (lower
vitamin D (LVD) trial) and vitamin D3 (higher vitamin D
(HVD) trial) injections. The experiments were conducted in
the afternoon, in temperature-controlled room (23°C) and at
the same time of the day (±2 h). Participants abstained from
caffeinated drinks for 12 h and avoided intense exercise 72 h
before each testing session. Anthropometric measurements
were collected upon entering the laboratory, before each RE ses-
sion. Thereafter, blood samples, heart rate (HR) and blood pres-
sure (BP) measurements were collected at rest, immediately and
1 h after acute RE. Four weeks before the first RE session, 1 ml of
normal saline was injected. Approximately 24 h after the first RE
session, an intramuscular injection of 7500 μg vitamin D3 was
performed on each participant. A second RE session was con-
ducted 4 weeks after vitamin D3 injection; this period allowed
for the improvement in the vitamin D values of the participants
(Fig. 1)(16).

Since diet plays an important role in metabolic and systemic
inflammation, food records were taken 3 d before each RE trial.
To equalise macronutrient intake in exercise day, pre-exercise
meals and its contents calculated based on each subject’s body
weight (Table 1).

Fig. 1. Study design. HVD, high vitamin D; LVD, low vitamin D; RE, resistance exercise; RM, repetitions maximum.
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8 Repetition maximum testing. One week before each acute
RE trial, participants underwent 8 repetition maximum (RM) test-
ing to prescribe RE intensity during the trials. The 8RM was
assessed for the nine exercises used in acute RE, as described
in previous research(17).

Acute resistance exercise protocol. In both trials, acute RE
consisted of three sets of eight repetitions (using 8RM load)
and 1-min rest between sets and exercises. The exercises
included barbell bench press, dumbbell bench press, incline bar-
bell press, incline dumbbell fly, cable crossover, barbell curl,
incline dumbbell curl, lying triceps extension and close-grip
bench press. If needed, the participants were spotted to com-
plete the eight repetitions in each set(18). The acute RE protocol
was adapted from the previous literature(18,19).

Anthropometric measurements. Body composition was mea-
sured using a precision body composition analyser (inbody 270,
Biospace) as previously described(20).

Blood pressure measurements. BP, both systolic and diastolic
BP, was measured in the supine position by an automatic BP
monitor (Jawon Medical). Rate pressure product was estimated
by systolic BP ×HR. The HR was obtained utilising HR monitor
(Beurer, PM70). Mean arterial pressure was calculated according
to the formula: (2 diastolic BPþ systolic BP)/3.

Biochemical and inflammatory analysis. A volume of 5 ml of
blood samples was collected from the cubital vein of subjects.
Venous blood was also drawn immediately after the exercise
and 1 h after the exercise. Blood sugar (BS), CK and lactate dehy-
drogenase (LDH) were measured by the spectrophotometric
method (Pars Azmoon Inc.) using an auto-analyser (Hitachi).
Inter- and intra-assay CV were <2·2 % for glucose, 1·6 % for
CK and 1·2 % for LDH. Fasting serum insulin is assayed by an
ELISA kit (Diaplus Inc.) with intra- and inter-assay CV of 4·9
and 8 %, respectively. Insulin resistance and pancreatic β-cell
function were estimated using homeostasis model assessment
(HOMA)(21,22). The 25(OH)D level of each sample wasmeasured
by an ELISA kit (Bioactiva Diagnostica). The secreted cytokine

levels including IL-6, IL-10 and TNF-α in the serum samples were
determined using commercially available Sandwich ELISA kits
(Eastbiopharm). All inter- and intra-assay CV for the inflamma-
tory markers were <12 and <10 %, respectively.

Statistical analysis

An estimation of an appropriate sample size was conducted
using theG*Power analysis software(23). Our rationale for sample
size was based on a previous study, which evaluated changes in
glucose, insulin and HOMA-IR scores after acute RE in twelve
young men(24). The results of the present study showed signifi-
cant declines in glucose, insulin and HOMA-IR following RE.
Using the equation for effect size= (mean before−mean after
acute RE)/the pooled standard deviation, the present study
revealed an effect size of 0·19= ((91·48− 82·98)/45·8),
0·36= ((4·87− 4·69)/0·5) and 0·35= ((1·10− 0·96)/0·4) for glu-
cose, insulin and HOMA-IR, respectively. Based on α= 0·05, a
power (1− β) of 0·80 and an effect size= 0·4 (highest approxi-
mate effect size for our variables), a sample size of at least eleven
participants was needed to have sufficient power to detect sig-
nificant changes in BS, insulin and HOMA-IR after acute RE
among our two study trials. The Kolmogorov–Smirnov test
was used to check the normality of the observations.
Differences in mean values for each variable between groups
were compared by a 2 × 3 ANOVA with repeated measures,
followed by LSD test for pairwise comparisons. Pearson correla-
tion coefficients were utilised to examine the relationships
between intensity of exercise and all baseline anthropometric
indices, metabolic, inflammatory and BP changes during exer-
cise. Statistical significance was considered as P< 0·05. All data
are presented as mean values and standard deviation. The SPSS
version 19.0 was used for analysing the data.

Results

Effects of vitamin D injection on anthropometrics and
exercise load

Participants’ baseline characteristics and exercise load for each
trial are presented in Table 2. Other than vitamin D level, no sig-
nificant differences were observed in baseline characteristics
between trials (P> 0·05). Additionally, there were no significant
differences in anthropometric values and exercise load between
trials.

Effects of vitamin D injection on the metabolic responses
to resistance exercise

Metabolic responses to RE are shown in Fig. 2. There were
significant trial-by-time interactions for insulin and HOMA-IR
which significantly (P< 0·05) declined 1 h after RE in the HVD
trial when compared with LVD trial. Only a time effect was
detected for HOMA-IR immediately and 1 h after RE in the
LVD trial. HOMA-B levels were significantly (P< 0·05) reduced
1 h after RE in the HVD trial when comparedwith LVD trial; how-
ever, no significant intra-trial differences were achieved
(P= 0·07). There was also a time effect for BS which significantly
(P< 0·05) decreased 1 h after RE in both the LVD andHVD trials.

Table 1. Amount of macronutrient intake on exercise days

Amount Food items
Time of day

(hours)

Waking up – – 09.00
Breakfast
(g/kg)

Carbohydrate: 2 Bread, low-fat
cheese,
honey, fruit
(apple),
low-fat milk

09.30
Protein: 0·2
Fat: 0·1

Pre-exercise meal
(g/kg)

Carbohydrate: 3 Rice, chicken
breast,
low-fat yogurt,
oil

12.00 (noon)
Protein: 0·6
Fat: 0·2

Pre-exercise
snack (g/kg)

Carbohydrate: 1 Fruit (banana) 14.00
Protein: –
Fat: –

Training session – – 16.00
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There were no significant changes in the level of C-peptide
following RE in both LVD and HVD trials.

Effects of vitamin D injection on the muscle damage,
inflammatory and cardiovascular responses to resistance
exercise

Muscle damage, inflammatory and cardiovascular responses are
shown in Table 3. Muscle damage markers, CK and LDH
increased significantly (P< 0·05) immediately and 1 h after RE
in both trials. However, differences between trials were insignifi-
cant (time-effect only).

Amongst the inflammatory biomarkers analysed, significant
increases (P< 0·05) were observed in the level of IL-6 immedi-
ately and 1 h after RE in both trials. A significant rise was also
seen in the ratio of IL-6:IL-10 in the LVD trial only, but no signifi-
cant differences between trials were observed. There were no
significant changes in the level of TNF-α, IL-10 and the ratio of
TNF-α:IL-10 in both the LVD and HVD trials.

Systolic BP, HR, rate pressure product and pulse pressure
significantly (P< 0·05) increased immediately and returned to
baseline 1 h after RE in both trials. There were no significant
differences in response to these variables between trials (time-
effect only). Diastolic BP stayed unchanged in both trials.

Discussion

The present study aimed at examining the effect of a single
intramuscular high dose of vitamin D3 injection of 7500 μg on
inflammatory, muscular damage, metabolic and cardiovascular

responses to an acute bout of RE in previously vitamin
D-deficient resistance-trained males. Our finding showed that
the injection declined insulin levels, improved insulin resistance
and β-cell function following RE. Conversely, a single injection of
vitamin D3 did not change muscle damage, cardiovascular and
the inflammatory responses to acute RE in previously vitamin
D-deficient resistance-trained males.

Skeletal muscle tissue is responsible for most insulin-
dependent glucose uptake in humans. It was previously
reported that the capacity of glucose uptake mediated by insulin
is directly associated with the muscle mass and adversely related
to fat mass(25). In our study, a strong inverse relationship was
observed between reduced BS levels after exercise with muscle
mass but not fat mass. In comparison with the endurance
exercise, there is little information in relation to the potential
effects of RE on insulin sensitivity or glucose resistance in vitamin
D-deficient athletic populations. Based on our findings, in both
trials, the amount of insulin and HOMA-IR declined significantly
immediately after RE, but only remained reduced in theHVD trial
after 1 h of the exercise. Although not significant, β-cell function
(HOMA-β) (approximately 94, P= 0·07 intra-group) showed a
trend to decline in the HVD trial, reaching a significant
between-group difference 1 h post-RE. Our results agree with
the notion that the function of β-cell does not significantly
change during an intense session and immediately after an exer-
cise session(15,26). Koopman et al. examined the effect of an
intense session of RE on insulin resistance. According to the
study, BS and insulin levels did not change significantly during
24 h after an exercise, but insulin sensitivity improved following
RT(27). In another study, Magkos et al. reported that a session of
RT improved insulin resistance through the reduction in HOMA-
IR index, and this reduction was observed in insulin and blood
glucose levels(28). The researchers noted that the reduction of
insulin resistance is associated with energy expenditure during
exercise(15). GLUT-4 protein expression plays an important role
in skeletal muscle capacity to stimulate insulin-dependent
glucose transport(29). It seems that overexpression of this protein
in a prolonged exercise session can cause the declining effects of
insulin resistance; and the impacts of improvement in insulin
resistance during a single bout of RE are related to increase in
GLUT4 translocation(30). Following this translocation, membra-
nous appearance of the proteins will be significantly increased.
It has been previously shown that vitamin D supplementation
and vitamin D levels could play a role in improving insulin
sensitivity(31). While based on our literature search, no studies
have investigated the effect of supplementation with vitamin
D on the metabolic response and insulin resistance during a
RE session, it seems that moderating effects of the vitamin D
are associated with nuclear receptor of this vitamin(30).

LDH and CK isoenzymes are muscle injury biomarkers(32).
Various studies have shown that after intense exercise, changes
in serum levels of enzymes and muscle isoenzymes in athletes
and normal individuals can be observed(33,34). An increase in
the activity of CK may be caused by metabolic and mechanical
reasons. In fact, metabolically exhausted muscle fibres show a
reduction in resistance of membrane after an increase in free
intracellular Ca ions that stimulate the activation of K channels.
Other mechanisms could be the localised tissue damagewith the

Table 2. Participant characteristics and exercise load for each trial
(Mean values and standard deviations)

LVD HVD

Variables Mean SD Mean SD P

Anthropometric characteristics
Age (years) 24·3 2·4 24·3 2·4 –
Weight (kg) 78·1 6·2 78·3 6·6 0·597
Height (cm) 176·4 6·9 176·4 6·9 –
BMI (kg/cm2) 25·1 1·4 25·1 1·4 0·692
LBM (kg) 36·5 3·4 36·9 3·7 0·133
FM (kg) 14·1 2·8 13·8 3·3 0·232
TBW (kg) 46·8 4·0 47·2 4·3 0·169
FFM (kg) 63·9 5·5 64·3 6·0 0·191
PBF (%) 18·1 3·2 17·7 3·7 0·169
WC (cm) 83·9 4·0 83·4 3·8 0·308
HC (cm) 96·8 4·8 96·6 4·3 0·636
25(OH)D (ng/ml) 14·0 3·9 22·3 5·5 <0·001

Exercise load
Barbell bench press 75·7 15·7 74·6 15·7 0·426
Dumbbell bench press 42·9 12·4 38·9 16·2 0·068
Incline barbell press 52·9 17·4 52·5 16·4 0·793
Incline dumbbell fly 21·1 6·3 22·5 6·4 0·104
Cable crossover (kg) 37·9 11·9 42·1 11·2 0·111
Barbell curl (kg) 29·7 6·3 28·6 7·4 0·272
Incline dumbbell curl 22·5 5·8 21·4 6·3 0·385
Lying triceps extension 28·6 8·2 28·6 6·9 1·000
Close-grip bench press 52·5 18·1 51·8 17·5 0·612

LVD, low vitamin D; HVD, high vitamin D; LBM, lean body mass; FM, fat mass; TBW,
total body water; FFM, fat-free mass; PBF, percentage body fat; WC, waist
circumference; HC, hip circumference; 25(OH)D, 25-hydroxycholecalciferol.
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sarcomeric destruction of the Z line(34). In our study, there was
also a significant increase in CK activity in both conditions
immediately after and 1 h after exercise compared with baseline.
Unlike CK that increased within 1 h following exercise, LDH
activity was declined after exercise. While the LDH activity
was reduced after 1 h compared with immediately after RE in
both trials, only on the LVD, the LDH activity recovered back
to baseline. Based on our results, the increased CK activity
was positively associated with RE intensity (8RM load). This rela-
tionship between RE intensity and CK changes was not observed
in LDH. Rodrigues et al. reported that after a session of the RT,
CK activity increased for 48 h and went down 72 h after the exer-
cise. In the present study, the level of LDH activity did not change
significantly(35). According to the study by Güzel et al., the CK
activity increased immediately after RT and will be increased

continuously until 24 h then will be reduced(36). Although the
role of vitamin D supplementation on muscle tissue function
is well known(37), effects of this supplementation on muscle
damage during exercise have been less studied. In the only study
conducted to date, Choi et al. reported vitamin D supplementa-
tion in rats with muscle damage induced by high-intensity
aerobic exercise (30 min/d and 5 d/week for 8 weeks) that
could decrease the CK activity compared with the control group
and its rate statistically reached a level similar to a non-exercise
group as well(13). Discrepancies between this observation and
our results may be related to a higher dose of vitamin D3

(25 μg/kg per d vitamin D3) and a longer duration of the exercise
protocol in the study by Choi et al.(13). Furthermore, animal stud-
ies are often poor predictors of human outcomes(38).
Nevertheless, future studies evaluating muscle damage in
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vitamin D-deficient individuals after oral or intramuscular vita-
min D3 should focus on using higher doses and longer duration
than our present investigation.

Based on our results, a single injection of high-dose vitamin
D3 did not improve inflammatory response to a RT session.
Although the immunomodulatory effect of vitamin D is well
known(4), this is the first study to evaluate the effect of a single
dose of vitamin D3 injection on inflammatory response following
an acute RE session. In agreement with our findings, an 8-week
intervention of aerobic exercise combined with vitamin D sup-
plementation in rats produced no changes in serum levels of IL-6
and TNF-α. Although other anti-inflammatory effects, such as a
reduction in the phosphorylation of AMP-activated protein
kinase (MAPK) pathway, proteins (AMPK, p38, Extracellular
signal-regulated protein kinases 1 and 2, IκB and IκB kinase)
and expression of IL-6 and TNF-α were shown(13).

Our findings also show that regardless of vitamin D level, a
RT session could increase the level of IL-6 and the ratio of the
IL-6:IL-10, but other inflammatory markers remain unchanged.
Consistent with our results, Phillips et al. reported that the level
of IL-6 immediately after RT increased and returned to the base-
line following 6 h(39). In another study, there was no any change
in the serum level of IL-1β, 2, 5, 6, 8, 10 and TNF-α following a
RT session. However, the mRNA of IL-1β, IL-6, IL-8 and TNF-α
was up-regulated(40). It seems that increased levels of IL-6 are
caused by contraction of muscle fibres, which induce different
metabolic effects(41). Increased levels of IL-6 due to exercise

cause the stimulation of lipolysis and fat oxidation and involve-
ment in glucose homeostasis, particularly through the
induction of glycogenosis(41). Based on our results, other
inflammatory cytokines and index did not change significantly
in different times in both conditions. This unchanging could be
due to the biological role of IL-6, which based on it, increased
levels of IL-6 induced by muscle contraction during intense
exercise have strong anti-inflammatory effects and could cause
a decrease in TNF-α, inhibition of the TNF-induced insulin
resistance and an increase in the anti-inflammatory IL-1ra
IL-10(12,41).

In the present study, similar changes showed in BP, HR and
the rate pressure product at rest and in response to exercise were
seen in both trials. Therefore, intervention by vitamin D had no
effect on the cardiovascular profile. Our findings agree with pre-
vious systematic reviews and meta-analyses that do not support
the use of vitamin D for the improvement of resting cardio-
vascular health and function, due to the inconsistent findings
of interventional studies and the need for larger-scale
studies(42–44). Therefore, our present outcomes reinforce the
notion that vitamin D supplementation does not change resting
cardiovascular markers. Moreover, our results add further infor-
mation on this area as to the best of our knowledge, this is the first
investigation to assess cardiovascular changes post-exercise
after vitamin D level improvement.

Our subjects were resistance-trained healthy Iranian males.
Previous studies in Iran and other Middle Eastern countries

Table 3. Muscle damage, inflammatory and cardiovascular responses to acute resistance exercise
(Mean values and standard deviations)

Pre workout Immediately after 1 h after

Variables Mean SD Mean SD Mean SD Intra Between-group P

CK (U/l) LVD 196·95 100·35 282·5** 157·7 311·6** 183·3 0·001‡ 0·171
HVD 228·39 155·38 304·5** 214·6 309·5** 223·2 0·002‡

LDH (U/l) LVD 281·57 17·12 314·73** 29·7 293·35†† 30·28 <0·001‡ 0·405
HVD 271·02 35·89 309·5** 45·39 289·8*†† 51·4 <0·001‡

SBP (mmHg) LVD 115·85 10·97 126·4** 12·91 110·28†† 8·83 <0·001‡ 0·868
HVD 114·07 9·12 123·51* 4·44 109·0†† 9·54 0·005‡

DBP (mmHg) LVD 75·42 10·05 77·92 11·67 73·64 7·95 0·337 0·391
HVD 73·42 5·4 79·92 14·23 77·57 13·36 0·269

HR (beats/min) LVD 77·78 13·43 114·1** 12·09 80·92†† 12·63 <0·001‡ 0·458
HVD 75·21 8·86 109·2** 13·84 80·64†† 8·95 <0·001‡

RPP (mmHg) LVD 8938 1291 14483** 2414 8899†† 1406 <0·001‡ 0·414
HVD 8554 1001 13521** 2602 8748†† 860 <0·001‡

PP (mmHg) LVD 40·4 9·1 48·5* 15·3 36·6† 11·9 0·017‡ 0·436
HVD 40·642 8·91 43·571** 13·7 31·428†† 12·2 0·003‡

MAP (mmHg) LVD 88·9 9·4 94·1 9·7 85·8† 6·0 0·022‡ 0·477
HVD 86·9 5·4 94·4 12·7 88·0 10·7 0·125

IL-6 (pg/ml) LVD 0·48 0·31 0·64** 0·38 0·59** 0·32 <0·001‡ 0·372
HVD 0·40 0·22 0·53** 0·29 0·5* 0·27 0·004‡

TNF-α (pg/ml) LVD 0·5 0·25 0·56 0·26 0·52 0·24 0·089 0·653
HVD 0·46 0·28 0·5 0·28 0·49 0·28 0·325

IL-10 (pg/ml) LVD 0·29 0·17 0·34 0·23 0·3 17 0·258 0·347
HVD 0·3 0·18 0·32 0·22 0·27 0·15 0·104

IL-6:IL-10 ratio LVD 1·57 0·57 2·06* 0·42 2·02* 0·33 0·017‡ 0·862
HVD 1·46 0·42 2·02 0·77 1·99 0·92 0·059

TNF-α:IL-10 ratio LVD 1·87 0·74 2·04 0·87 1·9 0·52 0·7 0·698
HVD 1·55 0·28 1·8 0·61 1·79 0·34 0·257

CK, creatine kinase; LDH, lactate dehydrogenase; SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure; HR, heart rate; RPP, rate-pressure
product; MAP, mean arterial pressure; LVD, low vitamin D; HVD, high vitamin D.
*P< 0.05 and ** P< 0.01 compared with the values of pre workout time.
†P< 0.05 and †† P< 0.01 compared with the values of immediately after workout, respectively.
‡ Values are significantly different (P< 0.05).
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reported a high prevalence of vitamin D deficiency and
insufficiency, despite a high level of sun exposure in that region
of the world(45–47). For instance, the prevalence of vitamin
D deficiency/insufficiency in adults was reported as 61·4 and
87·8 % in Kuwait and Saudi Arabia, respectively(48,49). The high
prevalence of vitamin D deficiency in Iranians may be due to
various factors such as the presence of different skin pigments
within the population, low dietary vitamin D intake, clothing
preference and genetic factors such as special vitaminD receptor
polymorphisms. Vitamin D deficiency may also result from
low Ca intakes, involved in the vitamin D catabolism(50,51).
Importantly, our findings may have potential clinical implica-
tions not only in countries with low sun exposure but also in
countries with elevated sunshine levels and a high prevalence
of vitamin D deficiency, such as those in the Middle East.

Our study has some limitations such as a small sample size,
although our power calculation was suitable to detect significant
differences between groups in metabolic markers. Additional
limitations include the short duration and the use of a single dose
of vitamin D3, which warrants further studies with longer
interventions and different doses of vitamin D3 with a focus
on understanding the relationship between changes in meta-
bolic and anti-inflammatory parameters after RE.

In conclusion, a single injection of vitaminD3 declined insulin
and BS levels, improved insulin-resistance and β-cell function
following RE in previously vitamin D-deficient resistance-trained
males. On the other hand, single injections of 7500 μg vitamin D3

did not improve muscle damage and inflammatory response
to a RT session. Furthermore, no significant changes in baseline
(resting) metabolic, inflammatory and cardiovascular changes
were detected after vitamin D level improvement in this
population.
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