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Abstract

Background: Aging is a process in which the body’s physiological capacity continuously decreases after the age of 30. However, inter-
ventions such as physical activity can play an important role in the prevention of aging.
Objectives: The purpose of this study was to compare the effects of eight weeks of combined training (endurance and resistance) in
different orders on inflammatory factors and adipokines among elderly females.
Patients andMethods: The design of this study was quasi-experimental. Forty healthy females were selected purposely and randomly
assigned to one of four groups including strength after endurance training (E + S, n = 9), strength prior to endurance training (S + E, n
= 10), circulation combined (CI, n = 12), and control (n = 9) groups. The training program was performed for eight weeks, three times
per week. Within-group differences were analyzed using a paired samples t-test and between-group differences were analyzed using
one-way analysis of variance (ANOVA).
Results: The data analysis showed that the between group comparison did not influence the adaptive response of tumor necrosis fac-
tor (TNF)-α (P = 0.80), high sensitivity-C reactive protein (hs-CRP) (P = 0.55), adiponectin (P = 0.33), chemerin (P = 0.56), omentin (P =
0.51), leptin (P = 0.10) and vaspin (P = 0.70) levels, yet the within group comparison showed a significant difference in the chemerin
concentration in the E+S group (P = 0.03).
Conclusions: The results indicated that three different combined trainings (strength and endurance) had no positive effect on inflam-
matory factors and adipokines among aged females. However, the different combined trainings, independent of order, were effective
training methods in reducing body fat and body mass index (BMI) in aged females.

Keywords: Combined Training, Immunity, Adipocytokines, Elderly, Women

1. Background

Aging is a complex medical condition that leads to
many unfavorable and inevitable changes in the body. The
physiological capacity of the body continuously declines
after the age of 30. The shift in population demographics
shows increased numbers of elderly individuals above the
age of 60 in Iran and the structure of the age pyramid is re-
versing (1). Moreover, numerous theories, such as free radi-
cal, neuroendocrine, pineal gland and immunological the-
ories, have attempted to explain the decline in body func-
tion observed during the aging process (2).

Inflamm-aging also refers to a low-grade chronic in-
flammatory status with advancing age, which is com-
mon in most age-related disorders such as infectious dis-
eases, coronary heart disease, stroke, and type 2 dia-
betes (3). Inflamm-aging is characterized by increased
serum, high sensitivity C-reactive protein (hs-CRP), and

pro-inflammatory cytokines such as interleukin 6 and tu-
mor necrosis factor alpha (TNF-α) (4). Inflamm-aging is a
strong independent risk factors for morbidity, mortality
and cardiovascular complications among aged people (3).
On one hand, overwhelming evidence demonstrates that
aging is accompanied by increased adipose tissue, particu-
larly visceral adipose mass (5). On the other hand, aging is
accompanied by adipokine dysregulation, and adipokines
play a crucial role in the pathobiology of aging and age-
related diseases (6).

Leptin and adiponectin are far more studied than
other adipokines (7). Aged females have approximately
three times higher plasma leptin levels than males (8).
Females also have higher plasma adiponectin concentra-
tions than males (9).

Omentin, chemerin and vaspin are identified as novel
adipokines, which are predominantly produced by vis-
ceral fat tissue and are closely associated with visceral
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obesity (10). Visceral adipose tissue-derived serine pro-
tease inhibitor (vaspin) is a novel adipokine with insulin-
sensitizing effects and is related to metabolic disorders
(11). Chemerin, known as retinoic acid receptor responder
protein 2, acts as a regulator of adipogenesis, inflamma-
tion and glucose metabolism (12). Omentin/intelectin-1 is a
newly identified secretory protein that is expressed in vis-
ceral adipose tissue more than subcutaneous adipose tis-
sue and may play a paracrine or endocrine role in modu-
lating insulin sensitivity (13). Among the various strategies
to improve immune function in the elderly, exercise train-
ing is the best non-invasive intervention with no negative
side effects (14).

Previously published articles illustrate the potential ef-
fects of physical exercises on immunosenescence, through
the secretion of anti-inflammatory cytokines, which may
contribute to improvements in the metabolic syndrome
(15).

Furthermore, it has been shown that weight loss is a
useful intervention for reducing TNF-α levels because adi-
pose tissue releases large amounts of these factors (16).
Moreover, age-related loss of muscle strength and mass is
often associated with problems such as mobility impair-
ment, falls, arthritis, fractures and impaired functional
ability (17). Thus, strengthening exercises are particularly
important for the elderly, and aged-related disorders may
be improved by appropriate resistance training (18). De-
spite the safety and efficacy of resistance training, and
the leisure time and facilities available to older adults,
the prevalence of reported strength training is still lower
among the elderly (19).

Rall et al. found that 12 weeks of resistance training did
not reduce TNF-α and IL-6 levels in elderly subjects (20).
It has been shown that endurance exercise improves im-
mune function and risk factors for chronic diseases in el-
derly individuals (21).

The administration of both resistance and aerobic ex-
ercise training to improve functional capacity and body
composition in the elderly has been recommended (22).
Simultaneous combined endurance and resistance train-
ing in regular exercise programs, is called combined train-
ing (concurrent training) (23). Research has shown that
combined training is both safe and effective for post-
menopausal females (24). The exercise order of concur-
rent training (in which endurance and strength training
are carried out) indicates which one (resistance or aerobic
training) should be performed first and which one should
be done next (25).

It has been hypothesized that performing endurance
training immediately before or after resistance training
may diminish strength gains because of residual muscle
fatigue resulting from the preceding training and, the in-

ability of the muscle to optimally adapt to two different
stimuli with different energy pathways during the same
session (26, 27). Based on the results of Cutts and Burns per-
forming aerobic exercise prior to resistance training has
a greater impact on total energy consumption in females
versus the reverse sequence (28). In another study, Ho et
al. demonstrated that in a 12-week concurrent training
with an aerobic + resistance order for five days/week, body
weight and body mass index (BMI) in the concurrent train-
ing group were significantly lower than the control and re-
sistance groups. They also observed a significant increase
in maximum oxygen uptake (VO2max) in the concurrent
training group (29).

In a 12-week low-frequency concurrent exercise pro-
gram, Chtara et al. investigated the effect of manipulat-
ing the order of resistance and endurance training on
the pattern of physiological functions’ adaptation. They
showed that despite the effect of endurance + resistance
and resistance + endurance training on maximal muscu-
lar strength, strength endurance and explosive strength,
there were no differences between groups with different
order sequences (30). Chtara et al. (30) illustrated that
performing endurance training prior to strength train-
ing when compared with the inverse order led to greater
increases in young male’s endurance capacity. However,
greater VO2max increases were shown in strength training
prior to endurance training (31). Recently, Cadore et al.
showed that resistance training followed by endurance
training resulted in greater lower-body strength as well as
greater changes in neuromuscular economy in the elderly
(32).

Finally, the compatibility of concurrent training is not
independent of order sequences. For many years scien-
tists have been interested in how much endurance and
resistance training, and in what order, is most beneficial
for achieving health-related physical fitness in elderly peo-
ple. However, not much is known about the effect of com-
bined training in different orders on inflammation mark-
ers and adipokines in elderly people. Libardi et al. illus-
trated that 16 weeks of combined training in middle-aged
males had no effect on IL-6, TNF-α, and CRP levels. They
also demonstrated that training did not decrease inflam-
matory biomarkers (33). Conraads et al. illustrated that
four months of combined endurance/resistance training
did not alter IL-6 and TNF-α levels (34). Recently, Stefanov
et al. in a six-month combined exercise program reported
a significant decrease in the hs-CRP of middle-aged females
(35). In addition, Jorge et al. in an experimental study,
compared the effects of three different modalities of exer-
cise training on inflammatory markers. They showed that
there were no differences in hs-CRP levels following aero-
bic, resistance and combined exercise interventions (36).

2 Women’s Health Bull. 2016; 3(2):e30990.



Banitalebi E et al.

Recently, Miyatake et al. reported that the serum levels
of vaspin were independently associated with physical ac-
tivity in females (37). Furthermore, Oberbach et al. showed
that, following four weeks of exercise aerobic training,
serum vaspin concentrations significantly decreased in
healthy young males (38). To establish the source of
exercise-induced changes in obesity-related chemerin ex-
pression, Keslacy et al. illustrated the effect of exercise
on obesity in that it increased chemerin expression spe-
cific to adipose tissue (39). Chakaroun et al. (2012) demon-
strated that, after 12 weeks of exercise intervention in
obese females, chemerin serum concentrations decreased
significantly (40). Furthermore, in a long-term exercise
intervention, Neuparth et al. illustrated that active fe-
males presented a trend towards lower levels of chemerin
than sedentary females with type 2 diabetes mellitus (41).
Saremi et al. (2010) illustrated that 12 weeks of aerobic
training decreased the chemerin levels in overweight and
obese males (42). In another study, Saremi et al. (2010)
showed that 12 weeks of aerobic exercise was accompanied
by increased omentin-1 concentrations in overweight and
obese males (43). In the recent years, Malin et al. illustrated
that in older adults, 12 weeks of aerobic training for five
days/week reduced chemerin concentrations, which was
correlated with decreased visceral fat (44).

However, very little is known regarding the interac-
tion between combined training, aging, and the immune
system, particularly for combined training in different or-
ders. Researchers were interested to determine the order
of strength and endurance training that was most benefi-
cial for regaining health-related physical fitness in elderly
females. To the best of our knowledge, there have been
no systemic published scientific studies that have exam-
ined the effects of different types of combined training on
pro-inflammatory factors TNF-α, hs-CRP, and adipokines in
aged females.

2. Objectives

It was hypothesized that performing combined train-
ing in different orders could affect the inflammatory and
adipokine profiles of elderly females. Therefore, the pur-
pose of this study was to compare the effects of eight weeks
of combined training (endurance and resistance) in differ-
ent orders on inflammatory factors and adipokines among
elderly females.

3. Patients andMethods

3.1. Participants

The design of the present study was quasi-
experimental with three experimental groups and a

control group, with a pretest and a posttest. The sample
population of this study consisted of elderly females
retired from the ministry of education, area one of
Shahrekord Province branch, during year 2013. In this
study, the population consisted of 80 elderly females;
after the census, 14 individuals were removed due to the
inclusion criteria. Since at the beginning of the study, six
subjects withdrew for personal reasons, 60 individuals
(mean: 60.34) were chosen and were randomly assigned
to three experimental groups and a control group (each
consisted of 15 individuals). In addition, during the time
of the study, 20 individuals could not finish the schedule
for different reasons, and the number of subjects was
reduced to 40.

The four groups were strength after endurance train-
ing (E + S, n = 9), strength prior to endurance training (S +
E, n = 10), circulation combined (CI, n = 12) and control (n =
9) groups.

For the homogeneity of groups, the Lon test was ad-
ministered at the pretest; the P value was higher than 0.05
and groups were homogenous. The inclusion criteria were
as follows, not taking any medication, having no chronic
disease and no physical activity a year before the begin-
ning of the study, and finally, having an appropriate level
of physical and mental health. The exclusion criteria con-
sisted of a history of cardiovascular diseases, cancer, blood
pressure, diabetes, thyroid disorders, addiction to tobacco,
alcohol and drugs, hormonal disorders, kidney and liver
diseases, surgery, and any intervention affecting the labo-
ratory results. All the subjects received information about
the research and after reviewing this information, they
were asked to sign the written consent. The present study
was conducted under the supervision of specialists and ex-
perts in exercise physiology. All the subjects completed
the related questionnaires and had no blood pressure, di-
abetes, and kidney and liver diseases. In addition, in one
session the subjects became familiar with the methods of
exercise.

3.2. Anthropometric Measures

Body fat percentage was calculated from the value of
a three-site skin fold test (triceps, thigh, and suprailiac),
measured with a Lafayette Skinfold Caliper II (45). The BMI
was calculated for each subject using the following for-
mula: BMI = weight (kg)/height2 (m). The waist circumfer-
ence (WC) was measured using a flexible two-meter stan-
dard tape measure at the maximal narrowing of the waist
from the anterior view. The hip circumference was mea-
sured at the point of maximal gluteal protuberance from
the lateral view. The waist/hip ratio was calculated through
dividing the waist circumference by the hip circumfer-
ence. The modified Bruce protocol treadmill test was used
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to measure the aerobic capacity of subjects; a method that
begins with a lower work-load. The modified protocol test
is also a multi-stage test. The initial speed of the treadmill
is set to 2.74 km/h, and the inclination is set to 0%. The sec-
ond and third stages have the same speed, but the gradi-
ent increases by 5%. In the second stage, the inclination is
increased to 5%, but the speed of the treadmill remains at
2.74 km/h. In the third stage, the speed of the treadmill is
set to 1.7 mph and inclination is set to 10% (46). The 1-RM
leg press test (47) was used to measure the lower and up-
per limb strength capabilities(48).

3.3. Exercise Training Protocols

After the preliminary tests, the exercise intervention
was eight weeks of combined (resistance plus endurance)
training (49). Experimental groups underwent training
three times per week. Each session consisted of 10 min-
utes of general warm up, 50 minutes of exercise train-
ing, and 10 minutes for cooling-down processes. All sub-
jects performed a familiarization session to become famil-
iar with the training procedures, intensity and equipment.
The training program for strength-endurance (S + E) and
endurance-strength (E + S) groups was similar but in a dif-
ferent order. Sixteen minutes of endurance training was
performed at 45% VO2max on an ergometer for the first two
weeks and continued for 30 minutes until the eighth week.
Two minutes after endurance training, resistance training
was performed as follows: bench press, leg press, bent over
lateral pull down, bilateral biceps curl and bilateral triceps
push down. Resistance training was performed at 40% of
(one-repetition maximum) 1-RM for the first week and in-
creased to 75% of 1RM until the eighth week. The CI proto-
col begun with five minutes of warm-up on the ergometer
followed by one-third of endurance exercise time duration
in E + S alternated with one-third of resistance training vol-
ume in the E + S training group (50, 51).

3.4. Blood Analysis

To examine serum TNF-α, hs-CRP, leptin, adiponectin,
chemerin, omentin and vaspin levels, blood samples (10
cc) were collected 24 hours before the exercise proto-
col and 48 hours after the last session of the training
program in a 12-hour fasting state from the antecubital
vein in a sitting position. Blood samples were then cen-
trifuged for 10 minutes at 40°C, 500 × g to separate the
serum. A human TNF-α sandwich enzyme linked im-
munosorbent assay (ELISA) kit (Hangzhou Eastbiopharm
Co, cat number CK-E11629), human hs-CRP sandwich ELISA
kit (Hangzhou Eastbiopharm Co, cat CK-E10968), human
omentin sandwich ELISA kit (Hangzhou Eastbiopharm Co,
cat number CK-E11629), human chemerin sandwich ELISA

kit (Hangzhou Eastbiopharm Co, cat number CK-E11406),
and human vaspin sandwich ELISA kit (Hangzhou Eastbio-
pharm Co, cat CK-E10968) were used to measure serum
TNF-αand hs-CRP levels, respectively. Serum insulin was es-
timated using a Monobind insulin ELISA kit (catalog num-
ber 2425-300, Monobind Co).

3.5. Statistical Analyses

All values are represented as means (SD). To test the nor-
mality of distribution, the Kolmogorov-Smirnov test was
used. Data were analyzed using a paired t-test to compare
pre-test and post-test scores in each group. The one-way
analysis of variance (ANOVA) test was used to compare the
amount of changes in the experimental and control train-
ing groups after eight weeks. When a significant F value (P
< 0.05) was achieved, Tukey’s test was used to examine dif-
ferences between various groups.

4. Results

The results were based on the observations of nine peo-
ple in the control, nine people in the E + S, ten people in the
S + E, and twelve people in the CI group. The p-values for
comparisons, before and after training in all groups and
between all groups are reported in Tables 1 - 3.

The effects of an eight-week combined en-
durance/resistance training program on inflammatory
markers and adipokines are shown in Tables 1 - 3. The
paired t-test showed that in all groups the TNF-α con-
centration did not significantly change during the eight
weeks of training in the E + S (P = 0.849), S + E (P = 0.674)
and CI (P = 0.097) groups. The same test revealed that, after
eight weeks of combined training, differences were not
found for the hs-CRP levels in all groups; E + S (P = 0.057), S
+ E (P = 0.131), CI (P = 0.112) and control (P = 0.694).

The paired t-test conducted on the data from the exper-
imental groups showed that the chemerin levels did not
significantly change, during the eight weeks, in the S + E
(P = 0.25) and CI (P = 0.11) groups, yet there was a signifi-
cant increase in the E + S group (P = 0.03) following exercise
training. The same test revealed that after eight weeks of
combined training, significant differences were not found
for the serum omentin levels in the E + S (P = 0.15), S + E (P
= 0.18), CI (P = 0.13) and control (P = 0.27) groups. In ad-
dition, a paired t-test for the vaspin variable in all groups
showed no significant differences in the means in the E + S
(P = 0.34), S + E (P = 0.59), CI (P = 0.16) and control (P = 0.28)
groups. The paired t-test for comparing the adiponectin
concentrations before and after the eight-week exercise
training showed that there was no significant difference in
the E + S (P = 0.22), S + E (P = 0.16), CI (P = 0.90) and control (P
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Table 1. The Comparison of Changes in the Measured Variables Before and After Eight Weeks of Exercise Interventions (Part 1)a

Variables Mean (SD) P Value

Pretest Posttest Within Groups Between Groups

Bodymass, kg 0.017b

E + S 74.66 (4.68) 72.77 (4.67) 0.005c

S + E 70.80 (3.90) 68.60 (3.86) 0.003c

CI 66.41 (2.69) 64.41 (2.44) 0.000c

Control 76.88 (3.78) 76.66 (4.05) 0.51

E + S 29.89 (1.20) 29.12 (1.21) 0.005c

BMI, kg/m2 0.023b

S + E 29.23 (1.71) 28.30 (1.56) 0.003c

CI 27.57 (0.92) 26.76 (0.86) 0.000c

Control 31.75 (0.91) 31.63 (1.01) 0.42

Body Fat, % 0.08

E + S 30.49 (1.0) 26.90 (1.47) 0.000c

S + E 31.66 (1.35) 27.77 (1.30) 0.000c

CI 30.65 (1.05) 27.88 (0.95) 0.000c

Control 28.50 (0.92) 27.50 (1.0) 0.08

WC, cm 0.006c

E + S 98.33 (3.08) 93.44 (3.03) 0.000c

S + E 95.40 (3.08) 92.50 (3.18) 0.008c

CI 93.50 (2.64) 90.25 (3.08) 0.003c

Control 97.44 (4.36) 97.00 (4.53) 0.22

WHR 0.55

E + S 0.91 (0.01) 0.89 (0.01) 0.17

S + E 0.88 (0.01) 0.88 (0.01) 0.80

CI 0.92 (0.01) 0.91 (0.02) 0.32

Control 0.88 (0.02) 0.88 (0.02) 0.83

aControl group, subjects who not participated in exercise training; E + S, Resistance after aerobic training; S + E, Resistance prior to aerobic training.
bSignificant difference between two groups (P < 0.05).
cSignificant difference between two groups (P < 0.01).

= 0.93) groups. The one-way ANOVA test showed that no sig-
nificant differences were seen among groups in TNF-α (P =
0.803), hs-CRP (P = 0.553), adiponectin (P = 0.33), chemerin
(P = 0.56), omentin (P = 0.51), leptin (P = 0.10) and vaspin (P
= 0.70) levels.

5. Discussion

There have been several studies on the effect of com-
bined training (endurance and resistance) on various in-
flammatory factors, adipokines and metabolic syndrome.
However, to the best of our knowledge, this is the first
study that has examined the influence of manipulating the

order of combined training on adaptations of inflamma-
tory factors and adipokines in elderly females.

The results of the current study indicate that serum
TNF-α and hs-CRP concentrations did not change after
eight weeks of combined training in different orders in
aged females. The above results may be related to un-
changed waist-to-hip ratio (WHR), as it has been shown
that serum TNF-α was related to the WHR and TNF-α poly-
morphisms affect the WHR in obese people (52).

It seems that the beneficial effect of combined training
was not related to hs-CRP and TNF-α reduction, which is in
line with other studies (33). A longer period that reduces
visceral fat is likely required to lower systemic inflamma-
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Table 2. The Comparison of Changes in the Measured Variables Before and After Eight Weeks of Exercise Interventions (Part 2)a

Variables Mean (SD) P Value

Pretest Posttest Within Groups Between Groups

VO2max , mL/kg/min 0.029b

E + S 29.07 (1.88) 34.01 (2.05) 0.003c

S + E 24.60 (1.35) 31.81 (1.05) 0.003c

CI 23.70 (1.78) 27.93 (2.18) 0.024b

Control 24.77 (3.03) 24.25 (3.01) 0.43

TNF-α, pg/mL 0.803

E + S 36.80 (2.66) 35.60 (4.88) 0.849

S + E 37 (2.31) 38.42 (2.06) 0.674

CI 36.28 (1.67) 39.16 (1.07) 0.097

Control 40.26 (3.30) 43.53 (3.75) 0.092

hs-CRP,mg/L 0.553

E + S 9.94 (3.84) 6.95 (3.20) 0.057

S + E 9.61 (3.41) 6.12 (2.40) 0.131

CI 6.21 (1.83) 3.39 (8.26) 0.112

Control 4.3 (1.25) 4.69 (7.25) 0.694

Adiponectin 0.33

E + S 13.92 (0.89) 16.04 (1.93) 0.22

S + E 14.76 (1.64) 16.10 (1.81) 0.16

CI 15.70 (1.05) 15.77 (1.03) 0.90

Control 14.50 (0.69) 14.44 (0.87) 0.93

Chemerin 0.56

E + S 412.12 (49.52) 433.37 (47.17) 0.03c

S + E 409.10 (28.46) 426.55 (21.12) 0.25

CI 398.54 ( 37.42) 421.58 (40.23) 0.11

Control 396.51 (37.49) 398.33 (37.52) 0.11

aControl group, subjects who not participated in exercise training; E + S, Resistance after aerobic training; S + E, Resistance prior to aerobic training.
bSignificant difference between two groups (P < 0.05).
cSignificant difference between two groups (P < 0.01).

tion. In addition, Balducci et al. illustrated a reduction in
hs-CRP after 12 months of exercise training in groups un-
dergoing high-intensity aerobic and aerobic + resistance
exercise, whereas no significant changes were found in the
first three months of training (53). Of course one of the rea-
sons is that the subjects in Balducci et al.’s study were sub-
jects with diabetes, who had low-intensity physical activity
and supervised high-intensity aerobic and aerobic plus re-
sistance training during 12 months. Perhaps other factors
that significantly change with exercise training are more
powerful determinants of hs-CRP concentrations than of
other cytokines like TNF-α.

This finding is inconsistent with the results obtained

by Jorge et al. (36), who concluded that combined train-
ing significantly reduced the hs-CRP concentration in pa-
tients with type 2 diabetes. Furthermore, Touvra et al.
found that combined resistance and endurance training
improved the hs-CRP concentration in patients with type 2
diabetes without altering the levels of IL-6 and TNF-α (54).
Libardi et al. also verified that 16 weeks of combined train-
ing increased functional capacity, yet did not improve in-
flammatory biomarkers (IL-6 and TNF-α), except the serum
hs-CRP concentration, in middle-aged males (33).

Beavers et al. found that one year of combined aero-
bic, strength, balance and flexibility training did not im-
prove body mass, hs-CRP and TNF-α in elderly males and
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Table 3. The Comparison of Changes in the Measured Variables Before and After Eight Weeks of Exercise Interventions (Part 3)a

Variables Mean (SD) P Value

Pretest Posttest Within Groups Between Groups

Leptin 0.10

E + S 169.40 (8.68) 176.24 (6.44) 0.21

S + E 164.14 (3.87) 174.28 (6.34) 0.18

CI 168.23 (5.49) 177.41 (3.77) 0.10

Control 157.57 (6.13) 149.70 (7.39) 0.09

Omentin 0.51

E + S 134.63 (34.17) 128.55 (30.91) 0.15

S + E 134.80 (21.08) 106.45 (17.84) 0.18

CI 116.08 (20.42) 109.20 (16.45) 0.13

Control 155.35 (38.37) 140.69 (30.15) 0.27

Vaspin 0.70

E + S 4.00 (0.95) 3.66 (0.68) 0.34

S + E 3.15 (0.26) 3.10 (0.24) 0.59

CI 2.83 (0.23) 2.75 (0.17) 0.16

Control 3.31 (0.42) 3.06 (0.54) 0.35

aControl group, subjects who not participated in exercise training; E + S, Resistance after aerobic training; S + E, Resistance prior to aerobic training.

females (55). As shown in the present study, there were
no significant reductions in WHR and chronic inflamma-
tory factors. It is possible that exercise interventions effec-
tively improve chronic inflammation only in association
with concomitant body fat loss, as there is a strong correla-
tion between hs-CRP and body fat percentage (56).

Furthermore, the mechanisms underlying combined
training-induced reductions in serum hs-CRP may include
a reduction in some cytokines’ production by reducing the
adipose tissue (57). In the present study, no differences
were found in the inflammatory biomarkers between all
combined intervention groups.

In addition, the present study showed that follow-
ing eight weeks of supervised combined training, there
were no significant differences between groups regarding
serum omentin levels. The results do not support the hy-
pothesis that different orders of combined training lead to
different effects on serum omentin levels. Unfortunately,
there are no other studies to compare these results with
our findings. The above mentioned findings seem to be in-
consistent with prior results indicating that aerobic train-
ing was accompanied by increased serum omentin-1 levels
(43).

Although the eight-week combined training in differ-
ent orders decreased both BMI and body fat percentage,
the changes were not significant enough to affect serum

omentin levels in elderly females. This hypothesis is not
supported by the fact that serum omentin-1 levels increase
after weight loss-induced regular exercise training (58).

The above findings demonstrated that, following E +
S combined training, there was a significant difference in
serum chemerin levels between pre- and posttests. Simi-
lar results have been found when examining the effects of
12-week training on chemerin concentrations. Chakaroun
et al. showed that exercise training would reduce serum
chemerin levels and might correlate with improved in-
sulin resistance (40). Furthermore, Saremi et al. showed
that 12 weeks of aerobic training decreases circulating
chemerin significantly (42). In another study, they showed
that 12 weeks of strength training caused a decrease in
chemerin levels in subjects with metabolic syndrome (59).
In addition, Neuparth et al. illustrated that a period
of moderate-intensity walking would be sufficient to re-
duce chemerin levels in patients with type 2 diabetes
(41). Malin et al. demonstrated that decreased chemerin
induced-exercise was an important adipokine involved in
metabolic syndrome in the elderly (44). It has been shown
that a nordic walking intervention reduces chemerin in
middle-aged males with impaired glucose regulation (60).
The results of this study, regarding chemerin levels, are
consistent with the reduction of body fat percentage, BMI,
and WC in elderly subjects of our study. Saremi et al. also il-
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lustrated that reduced serum chemerin levels were related
to changes in abdominal fat after 12 weeks of aerobic ex-
ercise, which may play a crucial role in the regulation of
macrophage infiltration into adipose tissue and serum in-
flammatory markers (i.e., chemerin, omentin and vaspin)
(42). Generally, the results of the present study indicated
that an eight-week course of combined training in E + S or-
der is sufficient to reduce chemerin concentration. On the
other hand, no change was seen in the S + E and CI groups.

Our findings showed that combined training with ex-
ercises in different orders is not related to a substantial re-
duction. This study found no reduction of vaspin levels
in elderly females, which is inconsistent with the study by
Barzegari et al. (61), who recently reported that exercise de-
creased the levels of vaspin in adult males with type 2 dia-
betes. On the other hand, the above findings are consistent
with those of Kim et al. who reported that 12 weeks of aero-
bic exercise did not affect the plasma vaspin levels in obese
male adolescents (62).

In general, studies dealing with the effect of differ-
ent combined trainings on inflammation markers and
adipokines are still controversial and require further re-
search at molecular levels to clarify the correct effects of
combined training in different orders on immunity and
the precise cell source of adipokines. The main limita-
tion of the present study was the lack of strength and en-
durance training groups.

Despite the fact that prior studies have shown that
strength and endurance training interventions could im-
prove proinflammatory and adipokine profiles in aged fe-
males, the current study did not prove the effectiveness of
this kind of intervention to improve chronic inflammatory
marker levels. The results highlight that combined train-
ing (endurance and resistance), independent of order, is
an effective training method to reduce body fat and BMI in
aged females.
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