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Abstract

Objective To determine the impacts of 12 weeks of aerobic, resistance, or combined training on FAM19AS5, glucose homeo-
stasis, body composition, and physical performance in obese men.

Methods Fifty-eight obese men [age =49 + 6 years; body mass index (BMI)=29 +2 kg m~?] were randomly assigned to
aerobic training (n = 14), resistance training (n=15), combined training (n=15), and control (n = 14) groups. Interventions
were three sessions per week for 12 weeks.

Results FAM19A5 levels remained unaltered in all three intervention groups. However, insulin concentrations, triglyceride,
HOMA-IR, VAL TyG, and fat% declined in all three interventions, whereas VO,,,.. increased. In addition, glucose levels,
LAP, body weight, and BMI were reduced in aerobic and combined groups, while systolic blood pressure was reduced in
resistance and combined programs. We also observed a significant reduction in low-density lipoprotein following only com-
bined exercises and a significant increase in high-density lipoprotein after only aerobic exercises. There was a significant
negative relationship between serum levels of FAM19A5 and HOMA-IR.

Conclusion This is the first report to assess the influence of exercise interventions on circulating FAM19AS5 levels in obese
adults. Although FAM19AS5 levels remained unchanged in all three interventions, our work provides information to support
that aerobic, resistance, and combined regimens can be effective in improving HOMA-IR, triglyceride, systolic blood pres-
sure, BMI, and aerobic performance in obese men. Additional studies with large sample size should be conducted to further
clarify the underlying mechanisms.

Keywords Adipokine - Obesity - Insulin resistance - Body composition

Introduction

Obesity globally has been acknowledged as a significant
health concern, growing in prevalence worldwide [1] and
strongly influencing mortality and morbidity [2]. The preva-
lence of obesity has doubled in the last 30 years; presently,
approximately 15% of the population is obese [1]. There is
growing evidence that adipose tissue acts as an endocrine
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organ by secreting numerous bioactive substances called adi-
pokines, and these adipokines have a critical role in regulat-
ing cardiovascular and metabolic homeostasis [3-5].

The family with sequence similarity 19 [chemokine
(C—C motif)-like] member A5 (FAM19AS5), as well known
as TAFAS, is a recently discovered adipokine that protects
against CMD [5]. FAM19AS5 has been reported to impede
vascular smooth muscle cell proliferation, migration, and
post-injury neointima formation in an animal model [5]. Lit-
tle and inconsistent evidence is available regarding measur-
ing serum FAM19AS levels in human subjects. For example,
Lee et al. reported that the serum FAM19AS5 concentration
was higher in people with type 2 diabetes than in individuals
with standard glucose tolerance. Additionally, FAM19AS5
levels were positively associated with abdominal obesity,
fasting glucose, and hemoglobin A1C [6]. In contrast, Ali
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Yari et al. discovered that the level of FAM19AS5 in sub-
jects with non-alcoholic fatty liver disease was considerably
lower than in controls [7]. Likewise, the authors reported
significant inverse relationships between plasma FAM19AS5
concentration and body mass index (BMI), visceral fat,
alanine aminotransferase, aspartate aminotransferase, and
liver stiffness. In light of conflicting research findings, there
is evidence suggesting that FAM19AS5 may play a crucial
role in obesity-associated cardiometabolic disorders such
as type 2 diabetes, atherosclerosis, and non-alcoholic fatty
liver disease [7]. It has been reported that FAM19 members,
including FAM19AS5, may exert control over the activity of
peripheral immune cells, particularly macrophages [6, 8].
Moreover, there have been observations indicating a positive
correlation between circulating FAM19AS5 concentration
and hsCRP levels. Considering that chronic inflammation
caused by obesity is responsible for insulin resistance [9,
10], it is plausible that FAM19AS5 could impact this pro-
cess [9, 10]. However, it is important to acknowledge the
potential influence of race-ethnic differences between study
populations. Previous research has highlighted significant
race-ethnic disparities in circulating levels of various adi-
pokines [11].

In recent years, numerous applicable risk prediction equa-
tions have been developed that are remarkable in the initial
prevention of cardiovascular disease at both clinical and
individual levels. In this context, lipid accumulation product
(LAP), atherogenic index of plasma (AIP) [12], visceral adi-
pose index (VAI) [13], and triglyceride-glucose index (TyG
index) [14] have been evidenced as robust markers indicat-
ing coronary heart diseases’ risk. VAI is a marker of visceral
adipose function [15], and LAP indicates the anthropometric
and physiological alterations linked to excess lipid accumu-
lation [16]. Several studies have revealed that these indices,
additionally homeostasis model assessment-insulin resist-
ance (HOMA-IR) and McAuley’s index, have high validity
and reproducibility for evaluating insulin resistance in most
conditions and diseases [17-19].

Exercise, dietary, and behavioral interventions are rec-
ommended by numerous guidelines to assist obese people
[20-22]. Concerning exercise programs, aerobic exercise
is advised as the major exercise component for additional
weight loss, while resistance training, because of inad-
equate evidence on the impacts on decreasing body weight
or BMI, has been deemed less crucial [20-23]. Neverthe-
less, it has been reported that resistance training can afford
valuable benefits, including ameliorating glucose tolerance
and insulin sensitivity in type 2 diabetes patients [24] and
enhancing fitness in sedentary individuals [25] when cor-
rectly performed. Interestingly, other researchers discovered
that combined (aerobic + resistance) exercise induces larger
improvements in circulating glucose and HOMA-IR in obese
adolescents than isolated aerobic exercise [26, 27].
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Taking into account that not only the expression and role
of FAM19AS5 are still not understood, but there is also a lack
of evidence about the efficacy of exercise interventions on
this adipokine, we investigated the effect of various modes
of exercise training on FAM19A5 serum concentrations in
obese volunteers. Moreover, as the LAP and VAI as novel
insulin resistance indexes, identifying exercise advantages
in obese people may be more necessary than common ones;
thus, we analyzed the effects of these interventions on LAP,
VAI McAuley, TyG index, and physical fitness in obese
people.

Methods and Materials
Study design

The study was designed as a prospective randomized
controlled trial and adhered to the standards laid down in
the Declaration of Helsinki. Moreover, the present study
was registered at the Iranian Registry of Clinical Trials
(IRCT20151026024717N4).

Participants

Fifty-eight obese men participated in the current investi-
gation. They were aged 49 + 6 years and were 90 + 8 kg
in weight (BMI=29 +2 kg m~2). We recruited volunteers
from the community through advertisements. Enrolment
and interventions were conducted from July 5, 2021, to
March 10, 2022, in Tehran, Iran. The inclusion criteria
were as follows: overweight and/or obese men (defined as
a BMI>25 kg m™2) aged 18-60 years, inactive lifestyle,
and stable weight in the 6 months prior to starting the study.
The exclusion criteria included cardiopulmonary disease,
infection, physical restriction or neuromuscular disability,
consumption of weight loss medications, and excessively
obese participants (BMI > 40 kg m™).

We randomized eligible participants, with an allocation
ratio of 1:1:1:1, for a 12-week period to one of the follow-
ing four groups: (1) control group, (2) aerobic exercise
training, (3) resistance exercise training, and (4) com-
bined (aerobic + resistance) exercise training. Randomiza-
tion was conducted via random number generation after
ending all initial assessments. Investigators and outcome
assessors were blinded to allocations until all assessments
were completed.

Participants allocated to the control group were
instructed to maintain their usual lifestyle during the
study period. Participants allocated to the aerobic training
group participated in an aerobic training program super-
vised by an exercise physiologist. The aerobic training
program was carried out on Monday, Wednesday, and
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Saturday, and consisted of a 10-min warm-up at 10% of
maximum heart rate followed by 8 X 3-min intervals at
80% of maximum heart rate cycling, with 2-min exer-
cise at 50% maximum heart rate between each interval.
Subjects ended the session with a 10-min cooldown at
the same intensity as the warm-up. Subjects allocated to
the resistance training group participated in a supervised
resistance training program, performing on Tuesday,
Thursday, and Sunday. It included seven exercise weight
machines, including lateral pull-down, chest press, seated
row, triceps push-down, knee flexion, knee extension, and
leg press. In the first week, subjects did two sets of 12—15
repetitions at an intensity of 40% one-repetition maximum
(IRM). During the second week, the sets and intensity
were increased to three and 50% 1RM, respectively while
the repetitions were constant. During the third to fifth
week, the number of repetitions decreased to §—12 while
the intensity progressed to 55-60% 1RM. Between weeks
6 to 12, the intensity increased to 65-80% 1RM. Par-
ticipants allocated to the combined training group in the
weeks of 1, 3,5, 7,9, and 11 conducted aerobic training
twice a week and resistance training once a week, while
in the weeks of 2, 4, 6, 8, 10, and 12, they conducted
resistance training twice a week and aerobic training once
a week. In each session of training, their workouts were
similar to the workouts of the other two groups. The exer-
cise training protocols were modified from those used by
Mohammad Rahimi et al. in 2020 [27].

All training sessions were arranged by appointment.
Subjects were excluded from the study if they missed more
than 20% of the exercise sessions. Subjects in the aerobic
training and combined training groups were required to
achieve target heart rates throughout aerobic interval ses-
sions; heart rate was verified by a heart rate monitor (Polar
Electro, Finland).

All participants were instructed not to alter their dietary
patterns. The training sessions in all three intervention
groups were held in the afternoon. Moreover, the sessions
were performed after lunch (approximately 3 h later; at 4
pm), and 1 h thereafter, participants had dinner.

Measurements
Body composition

BMI and waist circumference were calculated by the study
administrator, blinded to the group allocation, at baseline
and 12 weeks. Height (cm) and weight (kg) of all subjects
were assessed applying a digital stadiometer (Seca, Ger-
many) and a digital scale (Beurer PSO7, Germany) to the
nearest 0.1 cm and 0.1 kg, respectively. BMI was measured
by [body mass (kilogram)]/[height (meter) X height (meter)].

Waist circumference (cm) was estimated by a calculating
tape at the middle distance between the last free rib and the
iliac crest (Seca 201, USA). An Inbody 720 Body Compo-
sition Analyzer (Biospace, Dogok-dong, South Korea) was
utilized to calculate bioimpedance parameters such as fat
mass, %fat, muscle mass, and body water.

Resting blood pressure

Resting blood pressure was evaluated via a digital blood
pressure monitor (Model 705IT, Omron Corporation, Kyoto,
Japan) following a 5-min rest period in the supine position.
This measurement was completed in accordance with the
European Society of Hypertension recommendation [28].

Energy intake

Energy intake was assessed using a 3-day food diary before
and after the intervention. A dietician described diet adequacy
and explained energy-dense foods, as well as those of lower
nutritional value. Participants were instructed to record and
analyze food diaries 3 days prior to initial testing by applying
a food composition analysis software (Food 324 Processor
SQL 2006; ESHA Research) and to repeat this dietary pro-
gram prior to the follow-up test session (at 12 weeks).

Maximum oxygen uptake

VO,,..x (ml/kg/min) was measured before and after 12 weeks
on a calibrated treadmill (Cosmos, Hp, Germany) using a
Bruce walking test protocol [29]. It was measured by breath-
by-breath technology (Cortex, MetalLyzer 3B-R2) continu-
ously during exercise testing.

One repetition maximum test

In the first week prior to the start of the resistance training
protocol, all subjects were familiarized with the program.
Each subject was educated on the appropriate technique of
the workouts prior to participating in the resistance training
regimen. According to the instructions by Balady (2000),
2-3 days before 1RM calculation testing, each subject was
presented to the exercise equipment [30]. We chose a weight
that the subject considered as very low intensity, which was
instructed and practiced with appropriate lifting and breath-
ing techniques. In the next session, the 1RM of each workout
was determined for each person. Each person was taught to
complete a 3-min warm-up by walking on a treadmill and the
whole-body stretching workouts during this session. Next, par-
ticipants were requested to perform 10-reps of each exercise
utilizing the amount of resistance applied for familiarization
sessions. The resistance was then gradually increased until the
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individuals could only complete 9-reps of each workout. The
aim of the resistance increase was to achieve the desired rep-
etitions in 3-6 trials. Throughout each trial and between the
two specific workouts, a 2- and 3-min rest period was allowed,
respectively. The resistance and repetitions recorded were then
measured as the 1RM by the Brzycki equation [31]. The IRM
of the bench press and leg press was considered as strength
indices of the upper and lower extremities, respectively. The
same instructors managed all tests according to individual
adjustments.

Biochemical markers

At baseline and 12 weeks, we collected venous blood samples
in the morning after participants had fasted for at least 12 h.
Participants were taught to avoid physical activity or eating for
12 h before blood sampling. Blood sample for FAM19AS5, glu-
cose, insulin, triglyceride, total cholesterol, and high-density
lipoprotein was sampled between 8:00 a.m. and 10:00 a.m.

following a 5-min rest in the supine position. We separated
the samples from blood cells by centrifugation at 3000 X g
for 10 min. Serum was transferred with sterile pipettes and
aliquotted into 0.5-ml serum tubes and immediately stored
at—80 °C refrigerator until assay. We used an ELISA Kit
(ZellBio GmbH, Germany) to measure serum FAM19AS5 in
accordance with the manufacturer guidelines. We also used
Pars-Azmun kits with an enzymatic method to measure serum
glucose, insulin, triglyceride, total cholesterol, and high-den-
sity lipoprotein. However, low-density lipoprotein was calcu-
lated using the Friedewald equation [32].

Measurement of VAl and LAP

We used anthropometric variables and laboratory parameters
to measure VAI and LAP according to the following formula
in men [33-35]. The value of waist circumference (cm) and the
values of triglyceride and high-density lipoprotein in mmol/l
were used in this formula.

VAI = (waist circumference/(39.68 + (1.88 x BMI))) X (triglyceride/1.03) x (1.31/high — density lipoprotein)

LAP = (waist circumference — 65) X triglyceride

Measurement of homeostasis model assessment
and McAuley and triglyceride-glucose (TyG) indexes

We utilized the following formula [18, 36-38] to calculate
homeostasis model assessment (HOMA-IR), McAuley, and
TyG indexes:

distributed data) was applied for the analysis of differences
between time points in the same group, and post hoc pair-
wise comparisons were completed using Bonferroni’s test
for the analysis of differences in time points between groups
(or the Mann—Whitney test for no normally distributed data).
Furthermore, Cohen’s D effect sizes were calculated for each

HOMA — IR = (fastingglucoseinmmol /1 X fastinginsulininmU/ml)/22.5
McAuley’ sindex = exp [2.63 — 0.28In(fastinginsulininmU/ml) — 0.311n (TGinmmol /1)]

TyGindex :

[In(fastingtriglycerides)(mg/dL) X fastingglucose(mg/dL)/2]

Statistical analysis

Data were tested using SPSS software (version 26, IBM,
Armonk, NY), and data are illustrated as mean =+ standard
deviation for normally distributed data and median (inter-
quartile range) for non-normally distributed data, yet in the
figures, data are presented as mean + standard error. We used
the Shapiro—Wilk test to assess the data’s normal distribution.
We compared baseline characteristics between groups using
one-way analysis of variance (ANOVA). The effects of the
interventions on outcomes were estimated by a 2 (time: base-
line vs. 12 weeks) x4 (group: control, aerobic training, resist-
ance training, mixed training) repeated-measures ANOVA
(or Kruskal-Wallis test for non-normally distributed data).
When the main effect or the interaction was significant, a
paired ¢ test (or Wilcoxon signed rank tests for no normally
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group (post-test — pre-test/pooled SD). For better interpreta-
tion of the ES, the following criteria were used: < 0.2 =trivial,
0.2 to 0.6 =small effect, 0.6 to 1.2 =moderate effect, 1.2 to
2.0=large effect, and >2.0=very large [39]. All statistical
tests were two-tailed, and a p <0.05 was considered statis-
tically significant. Besides, figures were drawn in Graphpad
Prism software (Version 8.4.3, Graphpad Software).

Results

Ten participants (two from the aerobic training group, two
from the control group, three from the resistance training
group, and three from the combined training group) were
omitted from the study due to personal or medical reasons
(Fig. 1). During the intervention, there were no adverse
events reported. The four groups did not significantly differ in
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Assessed for eligibility
(n=112) Excluded (n = 54)
Too active: 10
BMI out of range: 11
> Age out of range: 7
Musculoskeletal disorders: 7
Other medical conditions: 19
Randomised (n = 58)
Allocated to CON group Allocated to AT group Allocated to RT group Allocated to CT group
(n=14) (n=14) (n=15) (n=15)
Analysed (n = 12) Analysed (n = 12) Analysed (n = 12) Analysed (n = 12)
Excluded from analysis (n = 2) Excluded from analysis (n = 2) Excluded from analysis (n = 3) Excluded from analysis (n = 3)
Fig. 1 Participant assignment and allocation. CON, control; AT, aerobic training; RT, resistance training; CT, combined training
Table 1 Characteristics Variables CON (n=12) AT (n=12) RT (n=12) CT (n=12) p value
of participants at baseline
(mean +SD), p>0.05 Age (years) 47.58+5.57 52.25+4.83 49.08+7.29 48.17+4.84  0.206
Height (cm) 174.67+4.81 172.25+5.10 174.58 +£5.47 172.25+4.90 0.461
Weight (kg) 90.58 +£5.65 89.58 +8.86 90.67+10.13 87.42+6.07 0.726
BMI (kg/m?) 29.41+1.19 29.70+1.20 29.66+1.96 29.45+1.52 0.955
PBF 28.22+1.33 28.38+1.24 28.32+1.63 28.14+1.42 0.871
WC (cm) 107.83 +4.09 108.17+5.92 108.33 +6.05 106.71 +£4.55 0.375
WHR 1.01+0.05 0.99+0.01 1.02+0.05 1.00+0.05 0.978
VO,,,..x (ml/kg/min) 30.00+2.73 30.83+2.29 31.00+3.33 31.83+2.41 0.441

CON control, AT aerobic training, RT resistance training, CT combined training, BMI body mass index,
PBF percent body fat, WC waist circumference, WHR waist-to-hip ratio, VO,,,,. maximum oxygen uptake

baseline characteristics, including age, height, weight, BMI,
waist circumference, waist-to-hip ratio, fat percentage, and
VO, (Table 1).

Changes in serum FAMI19AS levels are presented
in Fig. 2. There were no significant changes in serum
FAM19AS5 concentrations between baseline and week 12
in any of the exercise training groups (aerobic training:
39.42 +67.80 pg/ml, p=0.069, d=0.77; combined train-
ing: 18.58 +46.80 pg/ml, p=0.209, d=0.33; and resist-
ance training: 9.25+46.80 pg/ml, p=0.433, d=0.21).
However, it significantly decreased in the control group
(—14.08 £19.0, p=0.026, d=0.26). When changes in
serum FAMI19AS concentrations for the four groups were

examined, statistical analysis revealed a non-significant dif-
ference among groups.

In response to the exercise training, fasting glucose
decreased in the aerobic (3.25+1.71 mg/dl, d=0.36,
p <0.001) and combined training (2.58 +2.02 mg/dl,
d=0.45, p=0.001) groups but not in the control (0.17 +1.03
mg/dl, d=0.02, p=0.586) or resistance training (0.92+2.57
mg/dl, d=0.1, p=0.243) groups (p >0.05 for the between-
group differences). The serum level of insulin in all three
training groups was significantly lowered compared with
pre-training. Insulin was significantly different in the resist-
ance and combined training groups compared to the con-
trol group (—3.6% and —9% vs. 0.0%). Nevertheless, the
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Fig.2 Changes in serum level of FAM19AS in response to 12 weeks
of exercise training. CON, control; AT, aerobic training; RT, resist-
ance training; CT, combined training

alteration in the level of insulin was not different among
training groups (Table 2).

The impact of exercise training programs on lipid
parameters is shown in Table 2. Serum triglyceride was
significantly reduced by 9.6%, 10.9%, and 14% follow-
ing 12 weeks of aerobic (p <0.001, d=0.25), resistance
(p=0.002, d=0.23), and combined training (p =0.006,
d=0.33), respectively, with no significant changes in the
control group. When changes in serum triglyceride for the
four groups were tested, statistical analysis revealed a sig-
nificant (p <0.05) difference among all three training groups
and the control group. However, triglyceride changes were
not different among training groups. After the 12-week inter-
vention, combined training significantly reduced low-density
lipoprotein levels (p=0.019, d=0.37), while no effects of
any other training programs were observed in this variable.
There was a significant increase in serum high-density lipo-
protein concentrations in the aerobic training group (5.8%,
p=0.007, d=0.5), but not in the resistance or combined
training groups.

Systolic blood pressure was significantly decreased in
the combined (5.0 +£3.67 mmHg, d=0.46) and resistance
(2.58 +£2.43 mmHg, d=0.17) groups, but not in the aerobic
and control groups (Table 2). Systolic blood pressure was
significantly different in the combined group compared to
the control and aerobic groups, as well as in the resistance
group compared to the aerobic group.

All three intervention groups significantly reduced
HOMA-IR (aerobic training=0.24, p=0.001; combined
training =0.22, p =0.005; resistance training=0.21,
p=0.002). When changes in HOMA-IR for the four groups
were assessed, statistical analysis revealed a significant

@ Springer

difference among all three training groups compared to the
control group. Moreover, all three training groups signifi-
cantly decreased VAI (aerobic training=0.18, p=0.016;
combined training =0.15, p=0.004; resistance train-
ing=0.08, p=0.030) and TyG index (aerobic training=0.4,
p=0.001; combined training =0.34, p=0.030; resistance
training =0.24, p=0.003) over time. Also, during the
12-week intervention, LAP was significantly reduced follow-
ing the aerobic (1.5+0.67, p<0.001) and combined training
(1.25+0.87, p<0.001) groups but not the resistance training
group. Yet, no effects of any exercise training programs were
observed in the McAuley index (Table 2).

The effect of exercise training programs on body com-
position and maximal oxygen consumption is illustrated in
Fig. 3. Body weight decreased significantly in the combined
group (5.17 £2.29 kg) and the aerobic group (3.33 +£2.90
kg) but not in the resistance group (0.83 +2.21 kg); however,
it significantly increased in the control group (1.42 +2.15
kg) (p>0.05 for the between-group differences) (Fig. 3a).
Compared with control, BMI was significantly lowered in
the aerobic and combined groups (0.69 and 1.72 kg/m?,
respectively), but was not in the resistance group (0.26 kg/
m?). In addition, the reduction of BMI in the combined
group was significantly greater than that of the aerobic and
resistance groups, as well as in the aerobic group, which was
greater than that in the resistance group (Fig. 3b). Besides,
as presented in Fig. 3c, all three training groups significantly
decreased percent body fat (aerobic training =0.9; combined
training = 2.08; resistance training =0.87), with no differ-
ences among groups (p >0.05).

VO,,..x increased significantly in the all three train-
ing groups (aerobic training =2.33 ml/kg/min; combined
training = 3.17 ml/kg/min; resistance training=1.0 ml/kg/
min) following the 12-week intervention. Furthermore,
the increase of VO,,,, in the combined group was signifi-
cantly different compared with the control group (~+ 10%
vs.—1.1%) (Fig. 3d).

Discussion

To our knowledge, this study represents the first rand-
omized controlled trial investigating the effects of aero-
bic, resistance, and combined training on serum levels of
FAMI19AS, glucose homeostasis, and lipid profiles among
obese adults. Our main finding was that none of the exer-
cise training interventions had a significant effect on serum
levels of FAM19AS. However, it was observed that serum
levels of FAM19AS decreased significantly in the control
group. Conversely, significant reductions in fasting glucose,
insulin, HOMA-IR, and triglyceride levels were observed
after 12 weeks of aerobic and combined training in obese
adults. Resistance training also led to significant decreases
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Table 2 Changes in blood
markers in response to 12 weeks

of exercise training

181
Control Aerobic Resistance Combined

Glucose (mg/dl)

Baseline 89.0+8.1 88.9+9.1 88.7+8.3 86.5+5.9

12 weeks 88.8+7.9 85.7+8.7* 87.7+9.2 83.9+5.6"
Insulin (mmol/L)

Baseline 7.6+0.4 6.5+1.2 56+14 55+0.9

12 weeks 7.6+0.6 6.1+1.4% 5.4+1.5% 5.0+1.2%
HDL (mg/dl)

Baseline 453+4.5 46.3+5.2 49.0 (45.3,51.8) 49.5 (47.3,51.0)

12 weeks 45.0+4.0 49.0+5.6" 48.0 (46.5, 50.0) 51.5 (46.7, 54.0)
LDL (mg/dl)

Baseline 87.4+29.0 95.5+40.6 57.0 (44.3, 130.0) 81.8+31.7

12 weeks 88.8+28.2 88.0+32.7 61.5 (43.3, 123.0) 70.7 +28.2*
TG (mg/dl)

Baseline 173.6+31.4 200.1+80.0 104.0 (99.3, 193.5) 124.5 (105.3, 200.5)

12 weeks 179.4+33.4 180.8 +71.2%F 97.0 (90.5, 178.8)* T 113.0 (105.0, 167.8)*
TC (mg/dl)

Baseline 161.8+32.7 166.4 +45.6 145.5+45.9 158.9+32.4

12 weeks 169.0+30.7* 157.8+40.6 151.4+42.3 160.3+31.3
SBP (mmHg)

Baseline 120.0£15.9 121.5+15.6 113.0 (106.8, 137.3) 118.7+11.5

12 weeks 120.3+16.2 123.7+12.8 112.0 (104.3, 130.0)** 113.7 +10.0%
DBP (mmHg)

Baseline 732+7.3 74.6+5.5 78.2+7.5 75.7+5.5

12 weeks 73.7+6.9 74.5+4.0 77.4+5.8 742+5.6
VAI

Baseline 2.0+03 2.1+0.2 1.8+0.3 2.0+0.2

12 weeks 2.1+0.3% 1.94+0.2% 1.7+0.3% 1.8+0.2%
LAP

Baseline 27.8+2.8 26.8+2.5 27.1+2.8 26.8+2.3

12 weeks 27.6+2.0 25.3+2.2" 26.7+2.2 25.6+2.1%
HOMA-IR

Baseline 23404 2.5(1.8,2.8) 25404 22404

12 weeks 24+0.3 23 (1.6,2.4)%F 2.3+0.3% 2.0+0.4%
McAuley

Baseline 6.7+0.4 6.3+0.7 6.4+0.7 6.3 (5.9, 7.0)

12 weeks 6.5+0.4" 6.3+0.8 6.3+0.5 6.4 (6.1,6.7)
TyG

Baseline 8.3+04 8.4+04 8.4+0.5 8.2+04

12 weeks 8.4+0.4 8.0+0.5" 8.1+0.4" 7.9+0.6"

HDL high-density lipoprotein, LDL low-density lipoprotein, 7G triglyceride, 7C total cholesterol, SBP sys-
tolic blood pressure, DBP diastolic blood pressure, VAI visceral adiposity index, LAP lipid accumulation
product, HOMA-IR homeostasis model assessment-insulin resistance, 7yG triglyceride-glucose

#Signiﬁcant difference from baseline for each group

“Significant difference between training and control groups (time X group interaction)

fSignificant difference between training and control groups (Mann—Whitney test)

$Significant difference between combined training and aerobic training (Mann—Whitney test)

*Significant difference between resistance training and aerobic training (Mann-Whitney test)
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Fig.3 Changes in weight (a), BMI (b), PBF (c¢), and VO, (d) in response to 12 weeks of exercise training. CON, control; AT, aerobic train-
ing; RT, resistance training; CT, combined training; BMI, body mass index; PBF, percent body fat

in insulin, HOMA-IR, and triglyceride levels. Systolic blood
pressure showed a significant decrease following resistance
and combined training. Additionally, high-density lipopro-
tein levels significantly increased after aerobic exercise.
Importantly, there were no significant differences in the
effects of the three exercise training interventions on any of
the measured outcomes.

The FAM19AS5, a newly identified adipokine [5], has
a protective effect from cardio metabolic disorders. It is
revealed that FAM19AS5 inhibits vascular smooth muscle
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cell proliferation and inflammation linked to cardiovas-
cular disease through obesity [40]. Based on the current
study’s findings, there were no significant increases in
serum FAM19AS5 following 12 weeks of aerobic, resist-
ance, or combined training. Thus, it is important to keep
in mind that our study population was composed of obese
adults who did not have type 2 diabetes or non-alcoholic
fatty liver disease, and therefore may have different baseline
levels of FAM19AS. However, our result reveals a signifi-
cant negative correlation between serum levels of FAM19AS5
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and HOMA-IR. To the best of our knowledge, no study has
been conducted to investigate the effects of exercise inter-
ventions on serum concentrations of FAM19AS. It has been
reported that inflammation status in adipocytes induced by
TNF-o reduced FAM19AS5 expression proposing that a pro-
inflammatory condition, as discovered in obesity [41], may
cause downregulation of FAM19AS5 [42, 43]. Because it was
previously stated that FAM19AS acts as a protective factor
in atherosclerosis, obesity, and inflammation, we assumed
that the lack of decrease in FAM19AS in our exercise groups
and the increased levels of it in the control group over time
might indicate its protective role in obesity and some dis-
eases’ pathogenesis [5, 42, 43]. Nevertheless, we are unable
to rule out the likely impact of the race-ethnic difference
among study populations. In this context, significant race-
ethnic differences have been suggested in the concentration
levels of other adipokines [11]. Therefore, further investi-
gation is warranted to explore the potential impact of this
factor on the relationship between FAM19A5 and obesity.
LAP, VAL and McAuley’s index were other variables
examined in this study that are robust and new indices for
identifying insulin resistance, metabolic syndrome, and type
2 diabetes [16, 18, 35, 44]. We observed no declines in LAP,
VAL or McAuley’s index in any of the training groups com-
pared with the control condition; nevertheless, VAI signifi-
cantly decreased in all three training groups over time. More-
over, LAP was significantly reduced following 12 weeks of
aerobic and combined training. On the other hand, HOMA-
IR significantly decreased in all training groups compared
with the control group. In line with this, Mohammadi et al.
noted a significant reduction in VAI, LAP, and HOMA-IR
after a 12-week aerobic and resistance training program in
patients with type 2 diabetes [45]. Another randomized con-
trolled trial reported the improvement of LAP and VAI after
two exercise interventions (sprint interval training and com-
bined aerobic + resistance training) in inactive obese women
with type 2 diabetes [46]. The improvement of the LAP
index reflected the possible decline of fat deposition, which
could be responsible for the amelioration of HOMA-IR in
patients with type 2 diabetes [47], as observed in the current
study. Furthermore, related to the improvement of VAL it
gives the impression that an exercise regimen could change
adipose tissue metabolism and regional visceral adipose tis-
sue depot loss, probably by mobilizing free fatty acids from
visceral adipose tissue in diverse abdominal regions [48].
Notwithstanding that the exact mechanism responsible for
the alterations demonstrated in the current study is not obvi-
ous, a possible reason could be that the noticed improve-
ments in some other outcomes, such as BMI, fasting glucose,
triglyceride, high-density lipoprotein, and insulin concentra-
tion, were the result of the exercise training interventions.
As the literature has noted, VAI and LAP are gender-specific
indexes based on anthropometric measures like BMI and

waist circumference and a number of laboratory tests such
as triglyceride and high-density lipoprotein [34, 35, 49]. In
the present study also, we observed a significant correla-
tion between LAP and high-density lipoprotein and waist
circumference, as well as between LAP with fasting glucose
and insulin levels.

Another index investigated in our study was TyG, which
is also employed as a useful biomarker for the development
of diabetes, as it has established an association with inci-
dent diabetes risk [50]. Interestingly, we discovered that the
TyG index significantly decreased after 12 weeks of aerobic,
resistance, and combined training. Moreover, there was a
positive relationship between serum levels of insulin and
TyG in our population. Although it has been acknowledged
the relationship between TyG index and cardiovascular
disease risk [51, 52], to date, little is known regarding the
effect of exercise training on TyG in obese people. It has
been presented that the TyG index is a reliable predictor of
detecting insulin resistance and type 2 diabetes [14, 53]. The
utilization of fasting glucose and triglyceride parameters is
one main benefit of the TyG index. It looks like the TyG
index, for the most part, displays muscle insulin resistance,
whereas HOMA-IR generally reveals liver insulin resist-
ance [54]. A number of candidate mechanisms have been
proposed to elucidate the influence of exercise training on
the TyG index in the obese population. As observed in this
study, improvements in insulin resistance may be associated
with improvements in TyG index in obese people or people
with type 2 diabetes [14, 46].

Compared with the control condition, we found
decreases in serum triglyceride levels in all three train-
ing groups. Moreover, systolic blood pressure was sig-
nificantly reduced in all three training groups compared
with the control group. Our results are consistent with
the findings of Mohammad Rahimi et al., who reported a
significant reduction in triglyceride and total cholesterol
concentrations after the aerobic interval and combined
exercise training among obese adults with metabolic syn-
drome [27]. Due to the nature of exercise training, which
enhances the aerobic capacity [27], as seen in the current
study, these types of interventions are likely to cause com-
patibility with the oxidative pathway, thereby increasing
lipid oxidation and decreasing lipid profiles. Although
the mechanisms of the effect of exercise training on the
lipid profile remain ambiguous, exercise training seems
to boost the ability of muscles to oxidize lipids, result-
ing in a decline in plasma lipid levels. These mechanisms
may include rises in lecithin—cholesterol acyltransferase
due to exercise and increases in lipoprotein lipase activ-
ity involved in lipid metabolism, which increases the
ability of muscle fibers in the oxidation of plasma lipids
such as triglycerides [55]. In relation to the changes in
blood pressure, a meta-analysis of studies on the impacts

@ Springer



184 International Journal of Diabetes in Developing Countries (January—March 2025) 45(1):175-186

of progressive resistance training on resting systolic
and diastolic blood pressure in adults has discovered an
improvement in blood pressure [56]. Besides, significant
improvement in blood pressure with aerobic training was
also revealed [57]. Whereas an increase in sympathetic
nervous system activity occurs throughout physical exer-
cise, reduced BMI because of long-term exercise training
may have an influence on blood pressure.

Maximum VO, was significantly enhanced in all three
aerobic, resistance, and combined exercise programs after
12 weeks. We could not distinguish which of these methods
was superior, as there was no statistically noteworthy dif-
ference between the exercise interventions. The alteration
in maximum VO, in the combined group (3.2 ml/kg/min)
was nearly 1 MET (3.5 ml/kg/min), which is undeniably of
clinical significance [58]. Inadequate age-predicted VO,,,.,
has been linked to an increased risk of death in the general
population [59] as well as in a number of chronic diseases
[60, 61]. The mechanism responsible for the increase in
VO,max alterations in our study is unclear; however, a pos-
sible explanation is increased mitochondrial content or func-
tion, which is frequently displayed in response to physical
exercise in non-obese populations [62, 63]. Cardiovascular
adaptations linked to obesity comprise raised blood volume,
stroke volume, and cardiac output, leading to left ventricu-
lar hypertrophy [64, 65]. Furthermore, systolic and diastolic
functions decline, which may elicit myocardial dysfunction
linked to obesity [66].

This randomized controlled trial faces some limita-
tions that should be considered. First of all, this study has
a relatively small sample size, which our power of analysis
may have been affected. Hence, the link between exercise
interventions and FAM19AS5 and other variables related to
glucose homeostasis undoubtedly requires further studies.
Secondly, since the participants of this study were limited
to Iranians, the findings of the current study should be cau-
tiously extrapolated to populations of different ethnicities.
Thirdly, dietary intake was assessed using self-reported
data; therefore, dietary intake was not accurately evaluated.
Finally, our study population comprised only men; previ-
ous research noted gender differences in circulating levels
of adipokines [67, 68].

Conclusion

To the best of our knowledge, this is the first study examin-
ing the impact of a 12-week aerobic, resistance, and com-
bined exercise on serum FAMI19AS5 concentrations and
glucose homeostasis among adults with obesity. Although
FAMI19AS5 levels remained unaltered in all three modes of
exercise training, our work provides information to support

@ Springer

that aerobic, resistance, and combined regimens can be
effective in improving HOMA-IR, triglyceride, systolic
blood pressure, BMI, and aerobic performance in our popu-
lation. Additional studies with large sample sizes should be
conducted to further clarify the underlying mechanisms.
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