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1. Introduction

Vitamin D (VitD) deficiency in adults is associated with various health-related com-
plications, including musculoskeletal disorders, cancer, and diabetes mellitus [1]. Exces-
sive body mass and obesity are associated with VitD deficiency [2], although individuals
with obesity display greater concentrations of VitD in adipose tissue (AT) [3,4]. This phe-
nomenon relates to the impaired lipolysis-mediated release of VitD from AT driven by
excess adiposity [3]. Exercise training provides a powerful stimulus for the upregulation
of fat metabolism and lipolysis [5-7], and therefore it has been proposed as a promising
strategy to enhance mobilization of VitD and its metabolites from AT [4,8]. Interestingly,
the recent work by Perkin et al. [9] has provided novel insights into the role of exercise
training in VitD metabolism by showing that regular participation in cardiovascular-type
exercise over winter ameliorates the decline of 25(OH)D in individuals with overweight.
However, knowledge of how exercise training affects VitD status is limited, with research
providing controversial results due to variability in exercise training load characteristics [8].

Multicomponent-type high-intensity interval training (m-HIIT) is a training modality
that incorporates both resistance- and cardiovascular-based exercises, in an intermittent
manner, throughout a single training session [10-12]). Previous research has shown sig-
nificant improvements in body composition, cardiometabolic health, physical fitness, psy-
chological status, and vitality in individuals with overweight and obesity participating in
m-HIIT [10-12]. Two main strengths of m-HIIT are the much lower weekly time commit-
ment and drop-out rate compared to combined training [11]. Furthermore, as opposed to the
single-component, traditional HIIT mode, m-HIIT integrates cardiovascular and muscle-
strengthening exercises within the same session, which is considered the best training
option for adults with overweight/obesity aiming to lose body weight [13,14]. Therefore,
this study aimed to investigate whether 12 weeks of m-HIIT could elicit a beneficial effect
regarding serum 25(OH)D concentration in adults with overweight/obesity.

2. Materials and Methods
2.1. Participants and Study Design

The study conformed to the ethical guidelines of the Declaration of Helsinki (as re-
vised in 2013), approved by the Ethics Committee of the Democritus University of Thrace
(40042/238-18/03/2019). It was preregistered at Clinicaltrials.gov (ID NCT04098484). Based
on a preliminary power analysis (performed using the GPower software 3.1., F tests,
ANOVA—repeated measures, within factors, a priori; computed required sample size—
given effect size f = 0.40, a err prob = 0.05, power = 0.95) a total sample size of 18 par-
ticipants was required to detect statistically meaningful treatment effects among three
repeated measures in a single group. Accordingly, 20 middle-aged (43.5 &= 5 years) inactive
(5515 = 1662 steps/day) males with overweight/obesity (BML: 30.7 = 3.3 kg/m?) provided
their signed consent to participate in the study. Eligibility criteria included (i) a low phys-
ical activity level (<7500 steps/day), (ii) a BMI of 25-35 kg/ m?, and (iii) the absence of
musculoskeletal injuries and chronic health-related complications. Smokers and/or those
receiving anti-inflammatory drugs, statins, steroids, or VitD supplements during the six
months preceding the study were excluded (Supplementary Figure S1).

Before the exercise training intervention, participants visited the lab twice over the
course of an initial 7-day baseline period for preliminary testing. On the first visit (Day 1),
after an overnight fast, they underwent resting blood sampling and the assessment of their
anthropometrics, body composition, and liver fat. In addition, they were provided with an
accelerometer and dietary recall to monitor their habitual physical activity level and daily
dietary intake over a 7-day period. On the second visit (Day 7), participants gave back the
accelerometer and dietary recalls and provided a second, resting blood sample. Both blood
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samples were analyzed for the determination of serum 25(OH)D, alanine transaminase
(SGPT), aspartate transaminase (SGOT), alkaline phosphatase (ALP), gamma-glutamyl
transferase (y-GT), fetuin-A, and calcium levels, and the average value for each variable
was recorded as the baseline value.

After baseline testing, participants were familiarized with training procedures and
contents. Thereafter, they participated in the 12-week training intervention consisting
of three weekly supervised sessions (Monday-Wednesday-Friday) performed in groups
of 5-8 participants indoors in Greece (Latitude 41° North), from April to June, between
5:00 p.m. and 9:00 p.m. Participants were instructed to maintain their usual dietary and
physical activity habits and abstain from any other type of exercise throughout the 12-week
training intervention. Baseline measurements were repeated at 6 and 12 weeks. Resting
blood samples at 6 and 12 weeks were collected 4 days after the last training session to
avoid the effect of the last training bout.

2.2. Multicomponent-Type High-Intensity Interval Training (m-HIIT)

The exercise training intervention consisted of small-group m-HIIT, integrating both
resistance- and cardiovascular-based exercises in each session, in a circuit manner [10]. Each
445 min exercise session was performed under supervision and included a 10 min warm-
up (5 min of low-intensity cardiovascular exercise and 5 min of dynamic starching and
mobility exercise), a 30 min main exercise session, and a 5 min cool-down period (stretching
and walking). During the main exercise session, participants performed three circuits of
8 exercises targeting the activation of major muscle groups (battle ropes, modified Olympic
weightlifting, jumping jacks, planks, sit-ups combined with rowing, acceleration ladder, hip
thrusts, lateral steps [10]), while being verbally encouraged to perform as many repetitions
as possible in each exercise with proper execution. The work-to-rest ratio was initially set at
20:40 s (1:2 ratio) and changed to 30:30 s (1:1 ratio) when the mean heart rate dropped below
the desired range of 75-90% of the maximum heart rate [11] (HRmax, calculated using the
Karvonen formula [15]) and the reported rate of perceived exertion (RPE) was less than
7 [16] over two consecutive training sessions. Both the heart rate and RPE can be efficiently
utilized to quantify the training load dose-response relationship for HIIT sessions, even
when the work-to-rest ratio is as short as 30:30 [16,17]. A 3 min rest period was allowed
between circuits. The mean and maximal heart rate were continuously monitored in each
exercise session (Polar Team Solution, Polar Electro Oy, Kempele, Finland). Participants
were verbally encouraged throughout the session to maintain the desired exercise intensity.

2.3. Assessment of Body Composition

Total body composition was assessed via dual-energy X-ray absorptiometry (DXA,
GE Healthcare, Lunar DPX NT, Diegem, Belgium), as previously described [18]. For the
estimation of liver fat content, participants underwent sonographic examination through
high-resolution ultrasound (EPIC 5G, Philips, Australia) to obtain images in which both
the liver and the right lobe of the liver were properly visualized. Ultrasound images were
then processed by using the Image J software (1.54 g) for the calculation of hepatorenal
index, according to a previous report [19].

2.4. Physical Activity Monitoring

Physical activity was objectively assessed for seven consecutive days using the Acti-
Graph GT3X+ accelerometers (ActiGraph, Pensacola, FL, USA) according to a previous
report [18]. Briefly, accelerometers were attached to elastic belts worn around the waist,
with the accelerometers placed on the right hip. Participants were instructed to wear the
accelerometer throughout the day, except for when sleeping, bathing, and swimming.
Wearing time validation was performed to verify a minimum of 4 valid days (i.e., >4 days
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with >10 wear hours/day) [18]. The sedentary time (in minutes per day), the time spent in
light, moderate, vigorous, and moderate-to-vigorous activities (in minutes per day), and
the total number of steps performed per day were estimated based on data obtained from
three axes. The ActiLife 6.13.4 software was utilized for accelerometer and data processing.

2.5. Assessment of Dietary Intake

Participants” daily energy, macronutrient, and micronutrient intake were assessed
using 7-day food diaries [18]. They were trained by a registered dietitian on how to estimate
food servings and sizes and how to record, in as much detail as possible, all foods and
drinks (including water) they consumed. Food dairies were analyzed by the dietitian via
the Science Fit Diet 200A software (Science Technologies, Athens, Greece).

2.6. Biochemical Analysis

Total 25(OH)D (25-OH-Vitamin D2 and D3) and fetuin-A were quantitatively mea-
sured using a commercially available solid phase enzyme-linked immunosorbent assay
(ELISA) according to the manufacturer’s instructions (TECAN, IBL International GmgH,
Hamburg, Germany). Serum SGPT, SGOT, ALP, y-GT, and calcium were measured on a
Clinical Chemistry Analyzer Z1145 (Zafiropoulos Diagnostica S.A., Koropi, Greece) using
commercially available kits (Zafiropoulos Diagnostica S.A.) and according to the manufac-
turer’s instructions. All samples were analyzed in duplicates. The intraclass correlation
coefficient for total 25(OH)D was 0.97 (p < 0.001; 95% confidence interval: 0.94, 0.98), and
the measuring range was from 11.6 ng/mL to 98.9 ng/mL.

2.7. Statistical Analysis

Data were analyzed using one-way repeated measures ANOVA combined with a
Bonferroni post hoc test when a main effect was observed (normality was verified using
the Shapiro-Wilk test). To explore the relationship between the percent change of 25(OH)D
and fat mass at 12 weeks, linear regression analysis was performed, followed by Pearson’s
correlation analysis to estimate the strength of the relationship. Statistical significance
was set at p < 0.05. Partial eta squared values were calculated to provide estimates of the
magnitude of the effect size; the effect size was interpreted in terms of small (threshold
value 0.01), medium (threshold value 0.06) and large (threshold value 0.014) effects [20].
All analyses were performed with SPSS 29.0 (IBM Corp., Armonk, NY, USA) statistical
software. Data are presented as means + SD.

3. Results
3.1. Internal Load During m-HIIT Sessions

The average heart rate during m-HIIT sessions ranged from 75% to 90% of HRmax
throughout the training period (weeks 1-6: 140 &= 9 beats/min; weeks 7-12: 137 & 8 beats/min).
Specifically, HRmean and RPE were assessed daily and calculated weekly to monitor
training load. We observed gradual declines of 8-14% and 31-55% in HRmean and RPE,
respectively, between the first 5 and 6 weeks of training. Subsequently, the training program
was modified, and the work-to-rest ratio was adjusted to 30:30 for weeks 5-6. A detailed
presentation of participants’ internal load throughout the training intervention is provided
in Supplementary Table S1.

3.2. Participants’ Dietary Intake and Physical Activity Level During the 12-Week
Training Intervention

Participants’ dietary habits (Supplementary Table 52) remained unaltered throughout
the intervention. No changes were noted in terms of daily dietary VitD (p = 0.152) and
calcium (p = 0.309) intake at either 6 (VitD: 196 & 96.8 IU; Calcium: 1170 £ 340.4 mg) or
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12 weeks (VitD: 140.7 £ 102.1 IU; Calcium: 1166 =+ 343.2 mg) compared to baseline (VitD:
153.5 & 108.8 IU; Calcium: 1240 £ 426.3 mg). Importantly, none of the participants met the
current RDA for VitD (i.e., 600 IU/day) throughout the training period.

Likewise, habitual physical activity [total step count, time spent with moderate-
to-vigorous physical activities (MVPA)] remained unaltered over time (Supplementary
Table S2). Sun exposure remained unaltered; a sub-analysis of participants” physical ac-
tivity between 10:00 a.m. and 3:00 p.m. [recommended time frame for optimum VitD
synthesis [21]] revealed no changes (p > 0.05) in step count (baseline: 2124 + 804 steps/day;
6 weeks: 2224 + 847 steps/day; 12 weeks: 1941 + 651 steps/day) and MVPA (baseline:
9.1 £ 6.2 min/day; 6 weeks: 9.6 = 7.5 min/day; 12 weeks: 8.1 £ 5.0) over time.

3.3. Body Composition

Table 1 presents changes in participants” body composition parameters over the course
of the 12-week training intervention. Total body mass remained unchanged (p = 0.058),
but fat mass was reduced from 34.6 & 8.2 kg to 33.7 & 7.6 kg (p = 0.010) at 12 weeks.
Subgroup analysis only revealed a meaningful reduction in fat mass in the group with
obesity, who lost almost 1.5 kg (p = 0.038). Android fat was decreased in the total sample
from 4.29 £ 0.96 kg to 4.13 £ 0.89 kg at 6 weeks (p = 0.013) and 4.10 + 0.92 kg at 12 weeks
(p = 0.026). The group with obesity displayed higher android fat mass compared to the
group with overweight at baseline (p = 0.012), 6 weeks (p = 0.027), and 12 weeks (p = 0.034).
Likewise, the hepatorenal index decreased from 1.31 4 0.15 to 1.20 = 0.14 (—8%, p = 0.028)
at 12 weeks, independent of BMI category. Lean mass increased by 0.85 &+ 1.63 kg and
0.41 & 1.68 kg at 6 and 12 weeks, respectively, without reaching statistical significance
(p =0.098).

Table 1. Participants’ body composition at baseline, 6, and 12 weeks.

Baseline Week 6 Week 12 Fyalues p Value Effect Size
Body Mass (kg)
Total sample (n =20)  99.7 £13.1 100.0 + 12.9 99.3 £ 129 Fo,38) = 3.067 p =0.058 n? =0.140
Group with overweight (n = 10 88.3 £3.1 88.7 £3.0 878 £2.7
p . 8 ( ) , , y Fpse=0216  p=0807 n? =0.012
Group with obesity (n =10) 1122 £7.9 1113 £ 7.7 110.7 £ 7.4
Fat mass (kg)
Total sample (n = 20) 346+ 8.2 341+78 337+76* Fo.38) = 5.244 p =0.010 1% =0.249
Group with overweight (n = 10 27.8+24 2754+ 1.8 27.6 £2.3
P . g ( ) y ¥ y F(2.36) =3.572 p= 0.038 ]’]2 =0.166
Group with obesity (n =10) 414 +5.8 40.6 £5.5 399 £58*
Android fat (kg)
Total sample (n =20)  4.29 £+ 0.96 413+0.89*  410+£092%  Fpsg =7.823 p =0.001 1?2 =0.316
Group with overweight (n = 10 3.78 £0.87 3.70 + 0.86 3.68 +0.94
p ' 8 ( ) s y y Fpse =218  p=0127 n%=0.108
Group with obesity (n =10) 4.81 £0.78 455+ 0.71 453 +0.70
Lean mass (kg)
Total sample (n = 20) 61.8 £5.6 62.6 £5.7 622 +£5.9 F(o.38) = 2475 p =0.098 1?2 =0.128
Group with overweight (n = 10 57.3£3.0 58.1 +3.1 57.0 £ 3.1
p : 8 ( ) . \ v Foag=2212  p=0124 12 =0.109
Group with obesity (1 =10)  66.2 + 3.6 67.1 + 3.6 67.3+2.0
Hepatorenal Index
Total sample (n = 20) 1.31 £ 0.15 1.26 +0.18 120+0.14*  Fp3g =3.948 p=0.028 12 =0.175
Group with overweight (n = 10 1.29 £0.14 1.21 +£0.17 1.16 +0.12
p v 8 ( ) F3e =0421  p=0.660 12 =0.023
Group with obesity (n =10)  1.33 £ 0.17 1.32 £ 0.17 1.24 £0.17

* indicates significant difference with Baseline (p < 0.05); ¥ indicates significant difference between subgroups
(group with overweight vs. group with obesity, p < 0.05).
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3.4. Systemic Indices of Liver and Bone Metabolism

Serum indices of liver and bone metabolism are shown in Table 2. SGPT, SGPT /SGOT,
v-GT, and calcium remained constant over the 12-week training intervention. ALP and
fetuin-A increased from 167.7 + 32.1 U/L to 178.2 + 44.1 U/L (p = 0.044) and from
242 + 3.0 ng/mL to 26.6 £ 4.5 ng/mL (p = 0.031), respectively, at 6 weeks, but returned to
baseline values at 12 weeks. SGOT displayed a significant rise of 10.3 U/L at 12 weeks
compared to 6 weeks, but did not differ from baseline values. Subgroup analysis revealed

no differences among groups (group with overweight vs. group with obesity).

Table 2. Biochemical indices of liver function and bone metabolism at baseline, 6, and 12 weeks.

Baseline Week 6 Week 12 F2 38 p Value Effect Size
SGPT (U/L)
Total sample (n =20)  39.9 +£12.6 376 +9 424+73 Fo3g) = 2475 p =0.098 12 =0.116
Group with overweight (n = 10 355+7.0 34.0+54 38.8 +2.1
p . 8 ( ) Fse =012  p=0890 12 =0.006
Group with obesity (1 =10)  44.5+15.5 412 +£10.7 46.0 £8.9
SGOT (U/L)
Total sample (n =20)  36.8 = 11.7 329+99 432 +12.6* F(p.38) = 8.526 <0.001 1?2 =0.312
Group with overweight (n = 10 36.0+9.3 314+ 6.6 433+ 11.3
p N 8 ( ) Foss =021  p=0811 n? =0.012
Group with obesity (n =10)  37.7 £14.2 34.6 £12.6 432 +13.8
SGPT/SGOT
Total sample (n =20)  1.12 4+ 0.27 1.20 £ 0.38 1.05 £+ 0.34 F(p38)=2.033 p=0.145 n? =0.097
Group with overweight (n = 10 1.03 £ 0.24 1.15 £ 042 0.97 +0.33
up with overwels ( ) Foss =013  p=0879 n2 = 0.007
Group with obesity (n =10)  1.22 +0.29 1.26 £ 0.35 1.14 £ 0.36
ALP (U/L)
Total sample (n =20)  167.6 +31.2 1782 + 44 * 163.8 £37 % F(p.38) = 6.851 p =0.003 12 = 0.304
G ith ight (n =10 1571+ 163  167.6 274 162.2 + 28.8
roup with overwels ( ) Foss) =383  p=0031 n2=0.176
Group with obesity (1 =10) 1782 439.2  188.8 £ 55.7 162.2 £+ 28.8
v-GT (U/L)
Total sample (n = 20) 279 +£11 245 +9.1 249 +95 Fag) =1.779 p=0.183 12 =0.086
G ith ight (n =10 26.0 +10.8 22.7 +5.7 219477
roup wi o'verwelg' ( ) Fooa = 02 p=0.821 1220011
Group with obesity (1 = 10) 30.0 £ 11.5 264 +11.7 28.0 £ 10.4
Fetuin-A (ng/mL)
Total sample (n = 20) 24243 266 £45* 257 £4.7 Fp3g) =3.395 p=0.044 12 =0.156
Group with overweight (n = 10 23.7 +£2.0 26.3 +4.9 26.1 £5.8
p . 8 ( ) F3e =065  p=0529 12 =0.035
Group with obesity (1 = 10) 247 + 3.8 269 +4.3 252+ 34
Calcium (mg/dL)
Total sample (n =20)  8.90 £ 0.71 8.64 + 0.62 8.97 + 0.96 Fo3g) =2.045 p=0.159 12 = 0.100
G ith ight (n =10 9.01 +£0.47 8.72 £ 0.38 894+ 0.5
roup with overwetg (n =10) Fo36) = 0.5 p=0.608 n2 = 0.027
Group with obesity (1 = 10) 8.79 £ 0.9 8.57 £ 0.81 9.07 £1.35

* indicates a significant difference from the baseline (p < 0.05). # indicates a significant difference from week 6
(p < 0.05).

3.5. Serum 25(OH)D

At baseline, out of 20 participants, 17 displayed either VitD deficiency (<20 ng/mL) or
insufficiency (20-29 ng/mL) [22]. Training increased (n? = 0.662) serum 25(OH)D by ~14%
(+3.21 ng/mL, p = 0.002) and ~31% (+7.24 ng/mL, p < 0.001) at 6 and 12 weeks, respectively
(Figure 1A). Serum 25(OH)D at 12 weeks increased in all participants, with 15 of them
exhibiting sufficient (>30 ng/mL) concentrations and only 5 exhibiting insufficient (mean
25.5 + 2.9 ng/mL) concentrations. Moreover, a negative linear relationship was observed
between the percentage change in 25(OH)D and fat mass at 12 weeks (R = 0.53, p = 0.016)
(Figure 1B).
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Figure 1. (A) Participants’ plasma Vitamin 25(OH)D levels at baseline, 6, and 12 weeks. (B) Correlation
between the percent change in Vitamin 25(OH)D levels at 12 weeks and the percent change in fat
mass at 12 weeks. * indicates significant difference with baseline (p < 0.05). # indicates significant
difference with week 6 (p < 0.05).

4. Discussion

This study shows that participation in three 30 min m-HIIT sessions per week over
a 3-month period can increase circulating 25(OH)D levels by 11-91% in adults with over-
weight/obesity and inadequate dietary VitD intake, regardless of outdoor physical activity
levels. Of note, the response of serum 25(OH)D to m-HIIT was characterized by a large
effect size (n? = 0.662) and was inversely related to fat mass after the 3-month training pe-
riod, suggesting that this adaptation may be mediated by the m-HIIT-induced mobilization
of VitD from adipose tissue.

In individuals with overweight/obesity, the entrapment of VitD in adipose tissue due
to insufficient lipolytic stimulation or impaired metabolic activity has been proposed as an
underlying mechanism explaining VitD insufficiency/deficiency [4,23]. Considering the
well-described role of exercise in stimulating lipolysis via improved adipocyte function
and the increased activation of lipolytic enzymes [4], recent reports suggested that chronic
exercise may favor the elevation of circulating 25(OH)D concentrations in individuals with
overweight/obesity by inducing mobilization of VitD and its metabolites from AT [4,8].
Indeed, it was recently shown that participation in moderate-intensity cardiovascular-type



Obesities 2025, 5, 51

8 of 10

exercise training over winter mitigates the decline in serum 25(OH)D levels in males and
females with overweight, as compared to a control group [9]. Here, we present evidence that
12 weeks of m-HIIT may induce a clinically relevant [24] increase in circulating 25(OH)D
levels (by 7.24 ng/mL or by 1.3 times) in adults with overweight/obesity and inadequate
dietary VitD intake. Interestingly, the rise of 25(OH)D levels was not accompanied by
changes in either participants’ dietary VitD intake or sun exposure over the 12-week
training intervention. Sun exposure was estimated by monitoring participants” habitual
daily physical activity level between 10 a.m. and 3 p.m., which is the recommended sun
exposure time frame for optimum VitD synthesis [21].

Furthermore, in line with the study by Perkin et al. [9], participants” body mass
remained constant over the training intervention in the present study. This might be ex-
plained by the fact that they were advised to retain their dietary habits during the training
period and were not asked to strictly adhere to individualized dietary plans. However, we
observed significant large reductions in total body fat mass (by 3% at 12 weeks, n? = 0.249),
android fat (by 3.7% at 6 weeks and 4.4% at 12 weeks, n? = 0.316), and hepatorenal index
(by 8% at 12 weeks, n? = 0.175), suggesting the lipolytic effect of m-HIIT. Although lipolysis
and adipocyte function were not assessed in this study, the m-HIIT protocol applied incor-
porates both resistance- and cardiovascular-based exercises, which have been previously
shown to stimulate lipolysis in adults with overweight/obesity [5,6], into a single training
session [10]. In addition, an inverse linear relationship was observed between the rise in
25(OH)D levels and the reduction in fat mass at 12 weeks. Taken together, these findings
potentiate the scenario of the m-HIIT-induced mobilization of 25(OH)D from adipose tissue.

Considering the elevation of serum 25(OH)D concentration, we assessed biochemical
indices of liver function in light of the crucial role of the liver in VitD metabolism. At
12 weeksm serum levels of SGPT, SGOT, SGPT/SGOT, ALP, y-GT, and fetuin-A did not
differ from their respective baseline values. Surprisingly, a significant increase in ALP
and fetuin-A was noticed at 6 weeks compared to the baseline. This fluctuation might be
indicative of the training-induced stimulation of bone turnover rather than altered liver
function, as both ALP and fetuin-A are considered biomarkers of bone turnover rate [25,26].
Serum calcium was assessed in order to examine if the m-HIIT-induced upregulation
of 25(0OH)D was accompanied by enhanced calcium absorption, a crucial step for bone
mineralization [25]. It is interesting that, although not statistically meaningful, a reduction
of ~3% was observed in serum calcium concentration at 6 weeks. This finding makes us
speculate that the m-HIIT stimulus accelerated the bone turnover rate over the first 6 weeks
and that, as a response to increased calcium absorption in the intestines mediated by the
elevated 25(OH)D levels, ALP and fetuin-A were increased as endocrine factors to promote
the incorporation of calcium into bones [25,26].

Undoubtedly, we should acknowledge the lack of control group as a major limitation
of this study, as this would allow us to take into account seasonal variation in VitD status.
Seasonal variation of 25(OH)D is evident in Greece, with the lowest values observed
in March (~13-20 ng/mL) and the highest in August (~29-30 ng/mL) [27,28]. In the
present study, though, the rate of increment of serum 25(OH)D over the 12-week training
intervention exceeded the season-dependent elevation typically seen over the same period
(April to June) [27,28]. In addition, the use of m-HIIT saw our participants reach the
highest 25(OH)D levels, commonly observed in August due to sun exposure in non-
exercising individuals [27,28], in June. Therefore, these findings potentiate the m-HIIT-
driven upregulation of ViD status, despite the absence of a control group. Furthermore,
it should be noted here that data regarding the use of UV filters by the participants and
questionnaires assessing sun exposure time were not collected.
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5. Conclusions

In conclusion, our findings suggest that 12 weeks of m-HIIT can induce a clinically
relevant elevation of circulating 25(OH)D levels in adults with overweight or obesity. This
effect is inversely related to fat mass reduction. This preliminary evidence indicates that
m-HIIT can favor the mobilization of VitD and its metabolites from adipose tissue. In
conjunction with the findings from Perkin et al. [9], these findings confirm the efficacy of
exercise in addressing VitD insufficiency/deficiency but also highlight the regulatory role
of exercise mode (aerobic exercise vs. m-HIIT) and training load characteristics (a moderate
intensity vs. a high intensity) in fat mass reduction and consequently VitD response.
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