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Abstract

Background: Obesity, as a chronic disease, is becoming increasingly prevalent especially among women.
Objectives: The purpose of this study was to evaluate and compare the effects of resistance training (RT), concurrent resistance
training and aerobic training (RT + AT) on visfatin concentrations and body composition in overweight and obese women.
Methods: An eight-week pretest-posttest design with two experimental exercising groups and one control group was used. 45 over-
weight and obese women were randomized into resistance training (RT), concurrent resistance and aerobic training (RT + AT) or an
education-only groups (EDU). All participants received a dietary and education/counselling intervention. However, only the RT and
RT + AT group participated in the eight-week exercise training.
Results: Repeated measures analysis showed that visfatin was significantly decreased by 8.5% in the RT (P = 0.02) and 29.2% in the RT
+ AT (P < 0.001), but not in EDU (3.7%; P = 0.22). BMI was decreased in the RT (6.8%; P < 0.001), RT + AT (8.1%; P < 0.001) and EDU (4.4%;
P < 0.001), while BF% decreased in the RT (6.9%; P = 0.001), RT + AT (13.1%; P= 0.001), and EDU (4.9%; P = 0.020). WHR was decreased in
the RT (2.4%; P = 0.001), in the RT + AT (4.2%; P = 0.002) and EDU (2.5%; P = 0.02). VO2max (mL.kg-1.min-1) increased in the RT (16.3%; P =
0.004), RT + AT (37.7%; P = 0.001), but not in EDU (7.2%; P = 0.72). The absolute value of VO2max (L.min-1) also significantly increased in
RT + AT (0.25%; P < 0.05) compared to baseline, but did not differ between the groups.
Conclusions: While RT and education-alone improved body composition and aerobic capacity, structured regular exercise incor-
porating both RT and AT may be required to improve visfatin and VO2max in overweight and obese females.
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1. Background

During the past few decades, the incidence of over-
weightness and obesity has reached epidemic levels, and
at same time, there was are increases in numerous
overweight/obesity-related diseases such as certain types
of cancer, heart disease, and also diabetes (1). Weight loss
via lifestyle modification is one of the suggested ways to
treat or prevent these diseases (2). Typical weight loss re-
lated to lifestyle modification is around 5% - 10% of baseline
weight, but it can bring health benefits (3).

Although overweightness and obesity result from an
imbalance between energy intake and expenditure, the
pathophysiology of this condition (an imbalance between
energy intake and expenditure) is best explained by an en-
largement and/or increase in fat cells (4). This increase

in adipose tissue, which as an active endocrine organ, is
responsible for the secretion of various peptides called
adipocytokines, which themselves play an important role
in regulating energy reception and consumption (5). One
such peptide is visfatin, which is primarily produced by
visceral adipose tissue (and skeletal muscles, liver, bone
marrow, and lymphocytes) and whose gene expression and
plasma concentrations are found to be increased in obese
individuals (6).

Visfatin is recognized as the formerly described Nicoti-
namide phosphoribosyltransferase (Nampt), and is a new
adipokine which is a colony-stimulating factor activating
the synthesis of pre-beta cells isolated from lymphocytes
(7, 8). At present, it is speculated that visfatin alters fat
metabolism either directly or indirectly (9). Support for
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the role of visfatin in the development of overweightness
and obesity arises from those studies that demonstrate in-
creased visfatin concentrations in overweight and obese
individuals (10, 11). In addition, these elevated visfatin con-
centrations and its gene expression in fat cells in obese in-
dividuals provides convincing evidence of the relationship
of visfatin with visceral fat mass and body mass index (12).

However, the research pertaining to the effects of ex-
ercise on plasma visfatin concentrations are not yet con-
clusive, and some contradictory results have been found.
While it has been demonstrated that visfatin increases af-
ter the first phase of exhaustive aerobic exercise, and re-
mains high for 24 hours following the exercise bout (13),
a reduction of plasma visfatin levels or even the absence
of change in visfatin levels following aerobic exercise have
also been reported (14). In spite of the majority of pub-
lished results having utilized only aerobic training in their
protocols, data from recent studies suggests that resis-
tance training may be an effective alternative to aerobic
training for improving body composition in obese indi-
viduals (10, 15), since resistance training has been shown
to preferentially reduce visceral and subcutaneous tissue
in the abdominal region (10). Further, previous studies
may indicate a possibility that a combination of both aero-
bic and resistance training may reduce visfatin even more
than either aerobic or resistance training alone due to
superior improvements in body composition, especially
abdominal fat (10), and even superior improvements in
self-reported dietary restriction, above those of these sole
modes of exercise training (16). Recently, some studies
have suggested that plasma visfatin is reduced after aer-
obic exercise training in sedentary, older, obese men and
women (17). In addition, Mehdizadeh et al. (2016) demon-
strated that their aerobic exercise group displayed more
improvements in their weight, body fat percentage (BF%)
and the waist-to-hip ratio (WHR) indices than resistance
training participants. Moreover, the combined exercise
training (aerobic-resistance) was more effective than the
aerobic exercise in the improvement of BF%, but visfatin
levels decreased equally in both aerobic and combined
(aerobic-resistance) groups (18).

However, the changes observed in body composition,
and thus possibly visfatin, following resistance training
may be due to the type of resistance training that an indi-
vidual engages in (19). As such, this study was constructed
to evaluate and compare the effects of resistance train-
ing (RT), concurrent resistance and aerobic training (RT +
AT) and education-only (EDU) on plasma visfatin concen-
trations and body composition in overweight and obese
women. We hypothesized that an eight-week RT or RT + AT
can improve visfatin levels and body composition in over-
weight and obese women, with superior improvements

arising from the concurrent training (i.e. RT + AT).

2. Methods

2.1. Subjects

The study was approved (24 March 2016) by the Univer-
sity of Isfahan, Isfahan, Iran and the director of the Sep-
ahan health clinic, Isfahan, Iran (ID:07041395/012). The
study complied with the principles in the declaration of
Helsinki. The present study employed a pretest-posttest de-
sign with two experimental groups and one control group.
Participants were recruited (June 2016) from patients reg-
istered at the Sepahan health clinic, Isfahan, Iran, and were
screened and received approval by their attending special-
ists for participation in the study. Of the 97 patients, 45
eligible overweight and obese women were randomized,
using a random numbers table, into one of three groups,
namely; a resistance training group (RT) (n = 15), concur-
rent resistance and aerobic training group (RT + AT) (n =
15) or an education-only group (EDU) (n = 15). Participants
were not aware of the randomized nature of the study nor
were they privy to the existence of the other groups. Prior
to participation, all participants were required to give writ-
ten informed consent to participate in the study and all
participants were informed of their right to discontinue
the study at any point (20).

Following written informed consent, eligibility was de-
termined using defined study inclusion and exclusion cri-
teria. All participants were required to be free of any ab-
solute or relative contraindications to exercise (21) and
all participants were medically and clinically stable and
ambulant without any aids. Eligibility criteria included
being overweight and obese (BMI ≥ 25 kg.m-2), adult fe-
males with a previously sedentary lifestyle (did not par-
ticipate in regular exercise more than twice a week), sta-
ble body mass (± 2 kilograms) over the past year, were not
making use of medication and/or supplementation affect-
ing metabolism, particularly fat metabolism, and had no
change in their regular medication usage for at least six
months prior to enrolling in the study. There were no sta-
tistically significant differences between the participants
in three groups regarding the mean of clinical and treat-
ment characteristics.

Forty-one participants completed the study. Of the ini-
tial 15 participants in the RT group, 3 (6.7%) participants
were excluded with 1 being due to personal circumstances,
1 being unable to regularly participate in the exercise train-
ing, and 1 sustaining an injury not related to the study that
limited their ability to participate in testing. Of the ini-
tial 15 participants in the RT + AT group, 1 (2.2%) participant
dropped out after study due to failing to participate in the
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final measurements. The final sample size was confined to
41 (RT: n = 12, RT + AT: n = 14 and EDU: n = 15). For these 41
participants, the analysis of the baseline data determined
that the data had a normal distribution. Demographic and
baseline characteristics of participants in each group are
shown in Table 1.

2.2. Measurements

One week prior to the respective interventions, and at
least 48 hours following the last training session, all partic-
ipants underwent an identical battery of tests.

2.2.1. Anthropometric Variables

Anthropometric measurements were carried out ac-
cording to the methods proposed by the International
Society for the Advancement of Kinanthropometry (ISAK)
(22). Body mass (BM) was measured in kilograms on a
calibrated medical scale (Trojan, BSA16056v, Duteck Indus-
trial co. Ltd, Taiwan), whilst stature was measured, to the
nearest millimeter, using a standardised wall mounted sta-
diometer (Seca Stadiometer, 216, Seca, USA). Participants
were required to wear minimal clothing and no shoes
whilst the same technician completed these tests. Body
Mass Index (BMI) was calculated by dividing the partic-
ipant’s body mass (kg) by stature squared (m2) and ex-
pressed as kilograms per square meter (kg.m-2). Waist cir-
cumference (WC) and hip circumference (HC) measure-
ments were measured to the nearest centimetre using a
non-distendable measuring tape (MyoTape Body Tape Mea-
sure, Accufitness, USA). WC measurements were taken at
the narrowest part of the torso, above the umbilicus and
below the xiphoid process while HC measurements were
taken at the maximal circumference of buttocks. The waist-
to-hip ratio (WHR) was determined by dividing the WC
by the HC (waist circumference (cm) divided by hip cir-
cumference (cm)). In order to calculate percentage body
fat, skinfold (triceps, suprailium, and abdominal) mea-
surements were taken on the right side of the body us-
ing a Harpenden skinfold calliper (Harpenden, HSB-BI,
ATICO Medical Pvt. Ltd, United Kingdom). Percentage
body fat (BF%) was calculated from the equation: 1.089733-
0.0009245 (x) + 0.0000025 (x2) – 0.0000979 (y); where x
= the sum of triceps, suprailium, and abdominal skinfolds
(in mm) for women, and y = age in years (18).

2.2.2. Blood Variables

Blood samples were obtained following a 12-hour fast,
collected into vacutainer tubes with Ethylene Diamine
Tetracetic Acid (EDTA) and stored at -80°C. Visfatin was
analyzed using commercially available enzyme-linked im-
munosorbent assay (ELISA) kits (Phoenix Peptides, Karl-

sruhe, Germany) with an interassay and intraassay coeffi-
cient of variation of less than 6%. The sensitivity of mea-
surement method was 1.5 ng.mL-1.

2.2.3. Maximal Oxygen Consumption (VO2max)

Maximal oxygen consumption (VO2max) was estimated
using the modified Bruce protocol graded treadmill test
(23). The initial workload required that participants walk
for 4 minutes at a 2.5% grade and 4.8 km.h-1. While the
speed remained at a constant 4.8 km.h-1, each ensuing work
level lasted 1 minute with the grade increasing by 2.5%, un-
til a 15% grade was reached. At this point, speed was in-
creased by 0.8 km.h-1 until volitional fatigue, symptoms of
dyspnea, or a level of perceived exertion of 19 to 20 accord-
ing to the Borg scale (24) were reported, or until relative
indications for termination of an exercise test became ap-
parent (25). The following Bruce protocol formula was uti-
lized for estimating VO2max in women: VO2max = 4.38 × T
- 3.9; where T = total time on the treadmill measured as a
fraction of a minute (23).

2.3. Dietary Intervention

A well-nourished meal, in which six types of food had
been incorporated, constituted the dietary intervention
framework. Moreover, all participants were prescribed a
balanced hypocaloric diet (500 - 1000 kcal.wk-1) consisting
of 25 - 30 kcal.kg-1, ~ 30% fat, ~ 50% carbohydrate, and ~ 20%
protein (26).

2.4. Education Intervention Protocol

In addition to the dietary intervention, all participants
received an education/counselling intervention at the be-
ginning of the study and at weekly intervals throughout
the study. At these sessions, recordings of body mass loss,
as well as the provision of suggestions for healthier eating
habits and an analysis of the food participants ate formed
part of the participants’ weekly visits to the nutritionist.
Information utilized during these sessions was gleaned via
a 1-day dietary recall, which the participants were required
to be complete every two weeks. American diabetes associ-
ation exchange lists were the primary sources of informa-
tion used for dietary advice, while behavior modification
was used as the secondary source (27). The dietary advice
proposed that 50% of energy intake should arise from car-
bohydrates, 30% from fats, and 20% from proteins (27).

2.5. Training Programs

While all participants received the dietary and educa-
tion interventions for the duration of the study, partici-
pants were randomly assigned to either the EDU, RT or RT
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Table 1. Demographic and Baseline Characteristics of Participants in Each Group (N = 41)a

Variables RT (N = 12) RT + AT (N = 14) EDU (N = 15) P Value

Age, y 42.00 ± 5.41 41.43 ± 6.41 39.33 ± 6.34 0.48

Stature, cm 161.42 ± 5.03 158.75 ± 7.12 160.83 ± 4.77 0.46

Body mass, kg 89.68 ± 9.25 90.27 ± 9.76 88.66 ± 11.86 0.92

BMI, kg.m-2 34.52 ± 4.18 35.85 ± 3.50 34.28 ± 4.60 0.56

WHR 0.94 ± 0.03 0.96 ± 0.04 0.95 ± 0.08 0.61

Body Fat, % 38.80 ± 4.02 41.57 ± 3.54 38.75 ± 4.69 0.14

VO2max , mL.kg-1 .min-1 19.91 ± 3.90 20.70 ± 4.59 20.16 ± 3.09 0.87

VO2max , L.min-1 1.78 ± 0.41 1.89 ± 0.54 1.79 ± 0.43 0.78

Abbreviations: BMI, Body Mass Index; cm, Centimeters; EDU, Education Group; kg, kilograms; kg.m-2 , Kilograms Per Square Meter; mL.kg-1 .min-1 , Milliliters Per Minute
Per Kilogram; RT, resistance training groups; RT + AT, Resistance Training and Aerobic Training Group; VO2max , Maximal Oxygen Consumption; WHR, Waist-to-Hip Ratio.
aValues are means ± standard deviation.

+ AT. The EDU received only dietary and education inter-
ventions for eight weeks while the RT and RT + AT com-
pleted progressive physical conditioning that included
resistance training or concurrent resistance and aerobic
training, respectively.

Participants in the RT and RT + AT exercised for eight
weeks using RT thrice weekly for 40 - 60 minutes. The re-
sistance training protocol began with a warm-up utiliz-
ing 10 minutes of low-intensity running (heart rate < 100
beats.min-1), whole-body stretching and kinetic/dynamic
movements. Both the RT and RT + AT participants per-
formed the following resistance training protocol using 3
sets of 6 - 12 repetitions (at 67% - 85% one-repetition max-
imum (1-RM)). Since quantity of muscle output and the
stimulation of neural adaptation (neural drive) was em-
phasized, eight whole-body, multi- and single-joint exer-
cises targeting isolated muscle groups were utilized in the
resistance training protocols. The order of the exercises
was implemented according to the “(Alternated) Push and
“Pull” and “Core”, Then Assistance Exercises” order pro-
posed by the national strength and conditioning associa-
tion (NSCA) (28): bench press, latissimus dorsi pull-downs,
shoulder press, arm curls, abdominal crunch, leg press, leg
curl and standing calf raise, with 30 - 90 seconds rest al-
lowed between each set.

The training program was concluded by completing a
cool-down, which included a three-minute walk (heart rate
< 100 beats.min-1) followed by 5 minutes of whole-body
stretching. To determine training intensity, and to mea-
sure 1-RM, an indirect method was utilized (29). In addition
to the resistance training protocol, the RT + AT performed
additional aerobic training using a treadmill thrice weekly
for the eight weeks beginning at an intensity of 55% max-
imum heart rate (HRmax) for 20 minutes per session. The

intensity of the aerobic training protocol was increased
weekly via a simultaneous 2% increase in intensity and 2-
minute increase in duration, resulting in a final training
intensity of 75% HRmax for 34 minutes. The participants
completed a mean of 23 sessions of the possible 24, thus
demonstrating a 96% compliance.

2.6. Statistical Analysis

Descriptive data are displayed as means ± SD. The nor-
mality of distribution was checked for all variables with
the Kolmogorov-Smirnov test. All variables were normally
distributed. A one-way analysis of variance (ANOVA) test
was performed to examine differences in the baseline char-
acteristics of the participants between the RT, RT + AT and
EDU groups. Differences across time (baseline and post-
intervention) between the RT, RT + AT and EDU groups, and
for the interaction between time and group, were tested
for significance using a mixed factor 3 × 2 ANOVA with
repeated-measures for each outcome measure. Mauchly’s
Test of Sphericity was used, with any violations adjusted by
use of the Greenhouse-Geisser correction (GG). In the pres-
ence of a statistically significant F ratio, post hoc analyses
were carried out using paired-samples t-tests for time, or
independent t-tests for groups, adjusted using the Bonfer-
roni correction. The Pearson correlation was calculated to
examine the relationship between visfatin and other vari-
ables such as body mass, BMI, WHR, BF%, and VO2max. Sta-
tistical significance was set at P < 0.05 and data were an-
alyzed using commercial software (Statistical Package for
Social Sciences (SPSS) Version 20, Chicago, IL).

3. Results

Analysis of the data revealed that visfatin was signifi-
cantly (P ≤ 0.05) decreased by 8.5% in the RT group (P =
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0.001) and by 29.2% in the RT + AT group (P = 0.001), but
not in the EDU group (3.7%; P = 0.062) (Table 2). In addition,
a significant between-group interaction was found for the
three groups for visfatin (P = 0.001). In terms of body com-
position, the RT group were found to have significantly de-
creased body mass by 6.89% (P = 0.001), the RT + AT group
by 8.34% (P = 0.001) and the EDU group by 6.34% (P = 0.001).
In addition, BMI was found to be significantly decreased
in the RT group (6.8%; P = 0.001), the RT + AT group (8.1%;
(P = 0.001), and the EDU group (4.4%; P = 0.001), while BF%
significantly decreased by 6.9% in the RT group (P = 0.001),
13.1% in the RT + AT group (P = 0.001), and by 4.9% in the
EDU group (P = 0.020). WHR was found to be decreased
by 4.2% in the RT + AT group (P = 0.001), by 2.4% in the RT
group (P = 0.001) and by 2.5% in the EDU group (P = 0.002),
With regards to aerobic fitness, the RT group were found
to have significantly increased VO2max by 16.3% (P = 0.001),
and the RT + AT group by 37.7% (P = 0.020), but not in the
EDU group (7.2% increase P = 0.72). In addition, a signif-
icant between-group interaction was found for the three
groups (P = 0.030). The correlation coefficients between
the changes in V˙O2max, body composition and visfatin are
shown in Table 3.

4. Discussion

The purpose of this study was to evaluate and compare
the effects of resistance training, concurrent resistance
and aerobic training and education-only on plasma vis-
fatin concentrations and body composition in overweight
and obese women. Findings of this study confirmed our
main hypothesis that an eight-week RT or RT + AT can im-
prove the level of Visfatin and body composition among
overweight and obese women significantly.

Admittedly, there is substantial evidence on the posi-
tive outcome of exercise training among older adults with
regards to insulin levels and glucose tolerance (30). How-
ever, the amount of data on circulating visfatin as an effect
of exercise training remains insufficient (31). However, the
exercise-induced reduction in visfatin seen in the present
study is consistent with the relatively few, but exclusively
aerobic, exercise training studies examining plasma vis-
fatin (17, 32, 33). Specifically, Seo et al. (2011) demonstrated
a similar trend of decreased visfatin levels following aero-
bic training with concomitant decreases in body mass in
young overweight Korean women (34). Similarly, Brema et
al. (2008) found decreased visfatin levels, in addition to
waist circumference, in 30 15-year-old obese participants
with type 2 diabetes before and after 12 weeks of aerobic
training performed at 75% of maximum aerobic power for
one hour utilizing four sessions weekly (35). Lee et al.

(2010) too observed that 12 weeks of aerobic training re-
sulted in reduced visfatin concentrations in obese females
(10).

A lack of determination in the relationships connect-
ing visfatin with body composition responses and changes
in cardiorespiratory fitness resulting from exercise activ-
ities exists (31) and this finding may uniquely indicate
that visfatin may not be influenced by body composition
changes in the short-term. This is because the present
study importantly demonstrates that even though the EDU
group, which participated in no exercise intervention, sig-
nificantly reduced their body mass by 6.34%, BMI by 6.30%;
BF% by 5.03%, and WHR by 3.16%, they failed to reduce their
visfatin levels. This supposition and finding is further sup-
ported by a previous finding that visfatin is upregulated
by hypoxia, inflammation and hyperglycaemia and down-
regulated by insulin, somatostatin and statins, all of which
are influenced by exercise and exercise training (36). Fur-
ther, while a positive correlation has been found between
visceral adipose tissue visfatin gene expression and body
mass index (BMI), the relationship between subcutaneous
fat visfatin and BMI is seen to be negative suggesting that
visfatin regulation may differ depending on different fat
patterns (37).

This study compared eight weeks of RT, concurrent
training and education-only interventions, in conjunc-
tion with a hypocaloric diet and demonstrated that RT,
concurrent training and counselling/education on gen-
eral lifestyle and increased physical activities can improve
body composition. However, only the exercise interven-
tions improved aerobic capacity and visfatin concentra-
tions in the sample of overweight and obese women.

The findings of previous studies have found that RT
and concurrent training (10), as well as education-only
with hypocaloric diet interventions improve body com-
position. However, while RT has previously been found
to improve (38) or result in an unchanged WHR (10), in
this study, WHR was found to be decreased following eight
weeks of RT. This is important in that WHR is an indicator of
central obesity, which itself is a risk factor for insulin resis-
tance and metabolic syndrome. However, it is important
to note that while WHR decreased following EDU, RT and
RT + AT, visfatin concentrations concomitantly decreased
only in the RT and RT + AT groups. As such, it appears
that WHR may not have as a positive relationship with vis-
fatin concentrations as previously proposed. A loss of ex-
cess total body fat accumulation is also important follow-
ing exercise intervention. This is because excess total body
fat, and not only abdominal visceral fat, results in an in-
creased secretion of adipokines (39). This increase in over-
all adiposity then results in a change in insulin signals
effectively disrupting insulin-dependent glucose uptake,
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Table 2. Comparison of Effects of Resistance Training, Concurrent Resistance and Aerobic Training or Education on Visfatin Concentrations And Body Composition in Over-
weight and Obese Women (n = 41)a

Variables RT (N = 12) P Value* ∆% RT + AT (N = 14) P Value* ∆% EDU (N = 15) PValue* ∆% (T x G) (Between G)

Pre-test Post-test Pre-test Post-test Pre-test Post-test P P

Body mass, kg 89.7 ± 9.3 83.5 ± 8.2 < 0.001 -6.8 90.3 ± 9.8 82.7 ± 8.1 < 0.001 -8.1 88.7 ± 11.9 84.8 ± 11.7 < 0.001 -4.4 0.03 0.99

Body mass
Index, kg.m-2

34.5 ± 4.2 32.2 ± 3.9 < 0.001 -6.8 35.9 ± 3.5 32.9 ± 2.9 < 0.001 -8.1 34.3 ± 4.6 32.8 ± 4.6 < 0.001 -4.4 0.02 0.78

Waist-to-hip
ratio

0.94 ± 0.04 0.92 ± 0.04 0.001 -2.4 0.97 ± 0.04 0.92 ± 0.04 0.002 -4.2 0.95 ± 0.08 0.93 ± 0.07 0.02 -2.5 0.31 0.81

Body Fat, % 38.8 ± 4.0 36.1 ± 3.7 0.001 -6.9 41.6 ± 3.5 36.1 ± 6.3 0.003 -13.1 38.8 ± 4.7 36.8 ± 5.0 0.02 -4.9 0.05 0.68

Visfatin,
ng.mL-1

19.1 ± 7.7 16.9 ± 5.6 0.02 -8.5 19.6 ± 5.9 13.5 ± 3.5 < 0.001 -29.2 18.6 ± 6.6 17.6 ± 5.8 0.22 -3.7 0.001 0.71

VO2max ,
mL.kg-1.min-1

19.9 ± 3.9 23.0 ± 4.8 0.004 16.3 20.7 ± 4.6 26.9 ± 4.7 < 0.001 37.7 20.2 ± 3.1 21.2 ± 3.2 0.72 7.2 0.002 0.14

VO2max ,
L.min-1

1.8 ± 0.4 1.9 ± 0.5 0.13 8.54 1.9 ± 0.5 2.6 ± 0.6 0.046 25.07 1.8 ± 0.4 1.8 ± 0.4 0.78 3.35 0.16 0.18

Abbreviations: BMI, Body Mass Index; cm, Centimeters; EDU, Education Group; kg, kilograms; kg.m-2 , Kilograms Per Square Meter; mL.kg-1 .min-1 , Milliliters Per Minute Per Kilogram; ng.mL-1 , Nanograms Per Millilitre; RT, resistance
training groups; RT + AT, Resistance Training and Aerobic Training Group; VO2max , Maximal Oxygen Consumption; WHR, Waist-to-Hip Ratio.
a Values are presented as means ± SD.

Table 3. Pearson Correlations Between the Changes in Body Composition, Visfatin and VO2max

Variables Body Mass BMI WHR BF% VO2max Visfatin

Body mass

Pearson correlation 0.990a 0.330b 0.319b -0.106 0.225

Sig. (2-tailed) 0.000 0.04 0.04 0.51 0.16

BMI

Pearson correlation 0.325b 0.301 -0.106 0.229

Sig. (2-tailed) 0.04 0.06 0.51 0.15

WHR

Pearson correlation 0.251 -0.212 0.030

Sig. (2-tailed) 0.11 0.18 0.85

BF%

Pearson correlation 0.060 0.111

Sig. (2-tailed) 0.71 0.49

VO2max

Pearson correlation -0.158

Sig. (2-tailed) 0.32

Visfatin

Pearson correlation

Sig. (2-tailed)

aCorrelation is significant at the 0.01 level (2-tailed).
bCorrelation is significant at the 0.05 level (2-tailed).

and brings about insulin resistance via compensatory in-
creases in blood insulin levels (39).

This study found a significant increase in both the rel-
ative and absolute V˙O2max in the RT + AT group. However,
there was no significant difference between the groups.
While the increase in aerobic capacity following RT and

concurrent training are also not novel (40), the significant
increase in relative, but not absolute, aerobic capacity fol-
lowing education-only intervention must be noted with
caution. This is because this increase in relative aerobic ca-
pacity arises from a decreased body mass, which is utilized
to calculate relative VO2max, and not necessarily an increase
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in consumption, transportation and/or utilization of oxy-
gen in aerobic metabolism (40), as demonstrated by the
non-significant increase in absolute aerobic capacity.

While growing evidence suggests that AT can reduce
visceral fat and visfatin concentrations (14), only a limited
amount of research has been conducted thus far on the ef-
fects of RT and concurrent RT and AT. In particular, the ef-
fects of exercise on visfatin and other adipocytokines are a
matter of controversy and it seems that visfatin concentra-
tions are reduced as a result of weight loss even in the ab-
sence of exercise, such as following gastrectomy (14). How-
ever, this study is unique in that it demonstrated that while
the EDU significantly decreased their body mass (and im-
proved their other body composition measures), this posi-
tive change in body composition was not accompanied by
a concomitant positive decrease in visfatin levels.

Seo et al. (34) reported decreased levels of visfatin fol-
lowing 12 weeks of concurrent training (RT using 3 sets
with 10 repetition maximum, and AT at an intensity of
60% - 70% heart rate reserve) in 20 middle-aged obese
women. In addition, their study similarly found improve-
ments in body mass, BF%, and WHR following concurrent
training. Mehdizadeh et al. (18) too found that 12 weeks
of 3 days weekly concurrent training (RT for 20 minutes
and AT for 25 minutes) resulted in improvements in body
mass, and BF% in non-diabetic overweight women. While
it previously may have appeared that the aerobic compo-
nent of concurrent training may have improved visfatin
levels, this study uniquely demonstrates that RT only may
improve visfatin levels, albeit not to the extent of concur-
rent training. In this regard, the results of some studies
suggest that RT could result in body mass (and specifically
fat mass) loss and increase insulin sensitivity in active tis-
sues, such as skeletal muscles. The addition of RT to AT may
prove crucial in that RT has an improved ability to stimu-
late greater insulin sensitivity in active tissues and to in-
crease the amount of such active tissue via muscle hyper-
trophy (40), especially following hypertrophy RT (41).

While the findings of this study are novel, this study
does have some limitations such as the small sample size
and the short-term intervention of only eight weeks. In ad-
dition, it should be noted that when considering ecologi-
cal validity, this study made use of specifically overweight
and obese participants and only middle-age women. As
such, it is still not clear whether the positive findings,
specifically related to visfatin are due to age and/or sex,
and if visfatin is mechanistically linked to insulin secre-
tion, more sensitive measures of insulin secretion should
be included in future studies.

4.1. Conclusion

The present study found improved body composition,
visfatin and VO2max in overweight and obese females fol-
lowing both aerobic and concurrent resistance and aer-
obic training with a hypocaloric dietary programs, but
not following a hypocaloric dietary and eduction only pro-
gram. While these findings demonstrate the beneficial ef-
fect of exercise on visfatin, further studies are required
to explore the accurate mechanisms responsible for the
effects of exercise, and specifically resistance training ei-
ther alone or in combination with aerobic training, on vis-
fatin. The findings of this study provide feasible alterna-
tives for health professionals to implement either sole aer-
obic or concurrent resistance and aerobic training exercise
interventions in the enhancement of body composition,
VO2max and visfatin in overweight and obese patients. Im-
portantly, this study may for the first time indicate that vis-
fatin may not be influenced by body composition changes
in the short-term, but rather by exercise in the short-term.
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