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Abstract

Background: Adiponectin and CTRP-9 are adipose tissue secreted adipokines mediating various tissue functions.
Objectives: The present study aimed to investigate the effect of eight weeks of aerobic training and omega-3 ingestion on the levels of

CTRP-9 and adiponectin in overweight and obese women.

Methods: A total of 40 women within the age range of 20-35 years (mean age: 27.29+3.27 years) and mean body mass index of 29.6+1.93
kg.m2 participated voluntarily in the present study. The participants were then randomly assigned into four groups (10 cases per group)
of placebo, omega-3, training, and training+omega-3. The aerobic training program lasted eight weeks (three sessions per week);
moreover, the omega-3 and training+omega-3 groups consumed 2,000 mg of omega-3 supplements daily. Blood samples were collected
pre- and post-intervention (48 h after the last training session or omega-3 consumption). Following that, adiponectin, CTRP-9, and insulin
levels were measured by ELISA. Data analysis was performed using the analysis of covariance and Bonferroni post-hoc test.

Results: A significant decrease in the CTRP-9 levels and insulin resistance, as well as a significant increase in the adiponectin levels in the
training and training+omega-3 groups were observed, compared to the placebo and omega-3 groups (P<0.05).

Conclusion: Based on our findings, it seems that the positive effects of aerobic training alone or combined with omega-3 supplementation
are partially exerted by increased and decreased adiponectin and CTRP-9 levels, respectively. Furthermore, omega-3 supplementation can
increase the effectiveness of aerobic training by modulating CTRP-9 and adiponectin levels.
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1. Background

Obesity is a global health issue that has been
remarkably increased in recent decades, and
according to the world health organization, obesity
and overweight are defined as abnormal or excess
body fat accumulation, which negatively affect health
(1). Obesity is associated with various pathological
effects and increases the risk of different disorders,
including cardiovascular and metabolic diseases, and
it is suggested that obesity-related metabolic
disorders can be attributed to the development of a
low-grade systemic inflammatory (2). These findings
suggest obesity as a chronic inflammatory condition,
and obesity-induced inflammation is due to changes
in the expression of cytokines by adipose tissue that
has been identified as a major source of secretory
proteins that modulate the immune system. These
adipose tissue-secreted factors known as adipokines,
act as modulators of metabolic and cardiovascular
processes (3).

Adiponectin is a well-known anti-inflammatory
adipokine, which counteracts the inhibitory effects of
cytokines and adipokines on insulin signaling (4).
Adiponectin suppresses the secretion of different
proinflammatory cytokines, such as tumor necrosis
factor a (TNF-a) and interleukin-6 (IL-6) from
adipose tissue and vascular stromal cells, and
simultaneously increases the secretion of anti-

inflammatory cytokines, including IL-10, and
polarizes macrophages toward the M2-type anti-
inflammatory  phenotype (5). In addition,
adiponectin plays an important role in the
interaction among obesity, type 2 diabetes, and
insulin resistance, and it is reported that both
adiponectin and TNF-a inhibit each other's
expression and production in adipocytes (6).
Adiponectin belongs to the Clq protein family,
which includes more than 30 members, all of which
have C1q signature domains (7). Recently, C1q tumor
necrosis factor-related proteins (CTRPs) have been
discovered as a highly conserved family of
adiponectin paralogs, including 15 members from
CTRP1 to CTRP15 (8). Some CTRPs play an important
role in regulating glucose and fatty acid metabolism
in vitro and in vivo, and among the CTRPs family,
CTRP-9 attracted a lot of attention (9). CTRP-9 levels
increase in type 2 diabetic patients and have a
positive correlation with insulin resistance and body
mass index (BMI); moreover, its levels are
significantly higher in individuals living with obesity,
compared to their non-obese counterparts (10). In
contrast to the above-mentioned findings regarding
the upregulation of CTRP-9 levels in obesity and type
2 diabetes, some studies have suggested that CTRP-9
could increase lipid metabolism and insulin
sensitivity (11), and CTRP-9 can exert protective
effects on the cardiovascular system by preventing
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cardiomyocyte death during ischemic-reperfusion
injury (12).

However, the findings on the effects of CTRP-9 are
limited and contradictory. Accordingly, further
studies are needed to identify its significant role in
chronic conditions, such as obesity.

Exercise affects the circulating adipokines that can
decrease inflammatory adipokines (IL-6 and TNF-a)
and simultaneously increase the levels of anti-
inflammatory adipokines (adiponectin) (13). In
addition, the omega-3 supplements can affect the
levels of inflammatory mediators (14). Although the
effect of omega-3 on CTRP-9 levels is unknown, a
significant increase in adiponectin levels in human
and animal studies following omega-3
supplementation is observed (15). However, the
effect of different types of exercises, especially along
with omega-3 supplementation on the levels of CTRP-
9 is still unknown. Accordingly, this study aimed to
evaluate the effect of eight weeks of aerobic training
with or without omega-3 ingestion on the levels of
CTRP-9 and adiponectin in overweight and obese
women.

2. Objectives

The present study aimed to investigate the effect
of eight weeks of aerobic training and omega-3
supplementation on the levels of CTRP-9 and
adiponectin in overweight and obese women.

3. Methods

Participants

A total of 40 overweight and obese women within
the age range of 20-35 years were included in this
study. The participant’s characteristics (age, height,
body weight, and BMI) in different groups are
represented in Table 1.

Tablel. Participant’s characteristics (mean+SD)

P S T TS
Age (years) 28.3+3.6 26.7+3.1 26.2+2.9 27.8+3.3
Height (cm)  159.8+4.7 158.6+3.3 160.4+3.5 159.7+3.1
Weight (kg) 74.8+6.1 75.1+5.3 77.3+4.9 74.5+5.8
BMI (kg.m?) 29.2+2.0 29.8+1.4 30.0£2.1 29.2+2.1
P: placebo, S: omega-3 supplement, T: training, TS:

training+omega-3 supplement

Inclusion and Exclusion Criteria

The inclusion criteria were 1) age range within
20-35 years; 2) no history of cardiovascular diseases,
type 2 diabetes, hypertension, cancers, malignancies,
and sedentary lifestyle in the last year; 3) no
consumption of blood pressure and circulating lipid-
lowering medications; and 4) no use of nutritional
supplements for at least six months before beginning
the present study. On the other hand, the participants
who did not take part in blood sampling session
(pretest or posttest), those who participated in
exercise training or regular physical activity program

simultaneous with the present intervention,
individuals who had no regular participation in the
designed exercise training program, cases who had
the physician's advice for interruption or termination
of the training program or omega-3 supplementation,
those with the incidence of disease during the
intervention, and subjects with injuries during the
training program were excluded from the study.

Study design

The present study was approved by the Ethics
Committee of Science and Research Branch, Islamic
Azad University, Tehran, Iran
(IRIAU.SRB.REC.1399.090) and registered in the
Iranian registry of clinical trials (IRCT202008100
48359N1). All conditions, limitations, disadvantages,
benefits, and side effects of the present study
interventions, including aerobic training, omega-3
supplementation, or their combination (aerobic
training+omega-3 supplement) were explained to the
subjects. Ethical principles were considered over
eight weeks of the study duration, and subjects could
withdraw from the study whenever they wanted.
Moreover, the subjects who were still willing to
participate in the present research signed the
informed consent. Subsequently, the participants
were randomly classified into four equal groups (10
cases per group) of placebo (P) (not participating in
the aerobic training program, not taking omega-3
supplements), omega-3 supplement (S) (taking
omega-3 supplement, not participating in the aerobic
training program), aerobic training (T) (participation
in the aerobic training program, not taking omega-3
supplements), and aerobic training+omega-3
supplement (TS) (taking omega-3 supplement along
with participation in the aerobic training program).

Intervention

The present study interventions consisted of
aerobic exercise training, omega-3 supplementation,
or both (aerobic training+omega-3 supplementation),
in which both of them followed an eight-week
protocol.

Aerobic training program

The aerobic training program lasted eight weeks
(three sessions per week). Aerobic training intensity
was defined as 50%-55%, 55%-60%, 60%-65%, and
65%-70% HRmax in the first two weeks, second two
weeks, third two weeks, and last two weeks,
respectively (16). Each aerobic training session was
about 20 min. Pre- and post-exercise sessions, 10-min
warm-up and eight-min cool-down were performed
before and after the main exercise. During eight weeks
of intervention, the participants in the control group
were asked to keep their daily routine life.

Omega-3 supplementation
Omega-3 supplementation (2,000 mg daily) was
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considered for S and TS groups, which is an approved
dose without any side effects for obese women (17).
Omega-3 supplement was consumed as two 1,000 mg
capsules in the morning and at night (with or after
breakfast and dinner). The P group also consumed 2 g
oral paraffin oil daily. Omega-3 supplements were
purchased from Karen Company, Iran.

Blood sampling and laboratory assessment

Blood samples were collected at baseline and after
completing the eight-week intervention (training,
omega-3, training+omega-3). Collected blood samples
were poured into a falcon tube and were centrifuged for
15 min at 3000 rpm. Following that, the obtained serum
samples were frozen at -80°C until laboratory
assessment. Serum Adiponectin (Biovendor, Catalog
Number: RD195023100, Sensitivity: 26 ng/ml), CTRP-9
(Aviscera Bioscience, Catalog Number: SK00081-02,
Sensitivity: 1 ng/ml), and insulin (Demeditec Company,
Catalog Number: DE2935, Sensitivity: 1.76/1U/ml)
levels were measured using ELISA. Glucose levels were
also measured by Pars Azmoon diagnostic kit. To
measure the body fat percentage, a body composition
analyzer (BOCA-X1) was used.

Statistical analysis
The obtained data were analyzed in SPSS software

(version 24). First, the data distribution was determined
by the Shapiro-Wilk test, which represented a normal
data distribution (P>0.05). Analysis of covariance
(ANCOVA) and Bonferroni post-hoc test were utilized to
identify between-group differences. Furthermore,
within-group differences were determined by paired t-
test, and a p-value less than 0.05 was considered
statistically significant.

4. Results

Between-group analysis indicated a significant
difference in terms of BMI and body fat percentage
(P<0.001). Moreover, BMI and body fat percentage were
significantly different in the T and TS groups, compared
to the P and S groups (P<0.001). In addition, the paired
t-test revealed a significant decrease in BMI and body fat
percentage in the T and TS groups (P<0.001). A
significant difference was also noted among the groups
regarding homeostasis model assessment-estimated
insulin resistance (HOMA-IR) (P<0.001). According to
the results of the Bonferroni post-hoc test, a significant
difference was noted between T and P (p=0.012), TS
and P (P=0.001), and S (P=0.009) groups. In addition,
HOMA-IR was significantly decreased in the T and TS
groups (P<0.001; Table2).

Table 2. Variable levels (mean+SD)

Variables Stage P S T TS P-value
BMI (kg.m?) Pre-test 29.2+2.05 29.8+1.47 30.0+2.11 29.2+2.16
E Post-test 29.3+2.02 29.9+1.49 29.5+1.96 28.7+2.05 <0.001
Paired t-test 0.596 0.177 P<0.001 P<0.001
Body fat Pre-test 91.66.85 89.7+7.68 92.8+6.69 92.1+8.08
percentage Post-test 90.8+6.57 88.4+5.46 90.1+6.04 88.9+6.22 <0.001
Paired t-test 0.280 0.231 0.040 0.004
Pre-test 1.95+0.35 1.87+0.27 2.08+0.16 1.99+0.27
HOMA-IR
Post-test 1.90+0.29 1.81+0.22 1.86+0.22 1.76+0.23 <0.001
Paired t-test 0.158 0.103 P<0.001 P<0.001
P: placebo, S: omega-3 supplement, T: training, TS: training+omega-3 supplement
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Figure 1. Adiponectin levels (mean+SD)
a significant increase, compared to placebo and omega-3 group

# a significant increase, compared to baseline
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Figure 2. CTRP-9 levels (meantSD)
* a significant decrease, compared to placebo and omega-3 group,

# a significant decrease, compared to baseline

Furthermore, a significant difference was observed
between T and P (P<0.001) with S (P=0.008) groups
regarding adiponectin levels. This difference was also
noted between TS and P with S groups (P<0.001).
Intragroup analysis showed a significant increase of
adiponectin in the T (P=0.001) and TS (P<0.001)
groups; however, the observed changes in the P
(P=0.394) and S (P=0.388) groups were not significant
(Figure 1). In addition, analysis of the CTRP-9 levels
represented a significant between-group difference
(P<0.001), and Bonferroni post-hoc test indicated a
significant difference between T and P (P<0.001) with S
(P=0.006) groups, as well as TS, P, and S groups
(P<0.001). Moreover, a significant decrease of CTRP-9
levels in the T and TS groups (P<0.001) was observed;
however, no significant changes of CTRP-9 in the P
(P=0.322) and S (P=0.394) groups were noted,
compared to baseline (Figure 2).

5. Discussion

The present study aimed to investigate the effect
of eight weeks of aerobic training and omega-3
supplementation on the serum levels of CTRP-9 and
adiponectin in overweight and obese women. The
present findings indicated a significant decrease in
the CTRP-9 levels and a significant increase in the
adiponectin levels in both aerobic training and
aerobic  training combined with omega-3
supplementation, compared to placebo and omega-3
groups. In addition, eight weeks of aerobic training
alone or with omega-3 supplementation was
associated with a significant decrease in insulin
resistance, compared to placebo and omega-3 groups.
It should be noted that observed changes in
adiponectin, CTRP-9, and HOMA-IR were higher

(non-significant difference) in training+omega-3
groups, compared to the training group.

CTRPs family members play an important role in
regulating lipid and glucose metabolism (18).
Adiponectin and CTRPs both belong to the larger Clq
family and share general structural features, and
among the CTRPs family, CTRP-9 represents the
highest amino acid sequence identity (approximately
54%) to adiponectin. Some studies suggested that
CTRP-9, such as adiponectin, can improve glucose
metabolism and increase insulin sensitivity (9, 11). In
contrast, it has been reported that CTRP-9 levels
increased in obese middle-aged individuals, and a
positive correlation of CTRP-9 levels with BMI,
insulin resistance, and HbAlc levels have been
reported. On the other hand, bariatric surgery and
weight loss is associated with a significant decrease
in the CTRP-9 levels, and researchers have identified
CTRP-9 levels upregulation in obese subjects as a
compensatory mechanism, such as increased insulin
levels in obesity and type 2 diabetes (10). Given the
fact that adipose tissue is a major source for CTRP-9
secretion, increased levels of CTRP-9 in obese cases,
compared to individuals with normal weight is not
surprising (19). Consistent with the findings of a
study conducted by Wolf et al. (10), who reported a
significant decrease of CTRP-9 levels in obese
subjects after weight loss (10), the present study
indicated that weight loss and a decrease in body fat
percentage following eight weeks of aerobic training
and training+omega-3  supplementation  was
associated with a significant decrease in serum CTRP-
9 levels.

There is limited information about the effect of
exercise on CTRP-9 levels. Hasegawa et al. (20)
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reported that eight weeks of aerobic training
(pedaling) in middle-aged and elderly men and women
decreased the CTRP-9 levels non-significantly (20).
Probably, the non-significant decrease of CTRP-9 levels
in a study by Hasegawa et al. (20) could stem from
different subjects’ characteristics, compared to the
present subjects. Since adipose tissue is the major
source for CTRP-9 secretion, fewer changes in CTRP-9
levels among subjects with normal weight seem
reasonable. In this regard and contrary to the present
findings, in which a decrease in the CTRP-9 levels was
associated with a decrease in body fat percentage, in a
study by Hasegawa et al. (20), no significant change
was observed in body fat percentage. Moreover, the
gender differences can also affect the observed
changes in the CTRP-9 levels. Moradi et al. (21)
reported that CTRP-9 levels were upregulated in type
2 diabetic patients and observed a significantly higher
level of CTRP-9 in women, compared to men (21).

Another finding of the present study was a
significant increase in adiponectin levels following
eight weeks of aerobic training with or without
omega-3 supplementation. In fact, a negative
correlation was observed between adiponectin and
CTRP-9 levels. Consistent with the present findings, it
is reported that CTRP-9 levels in individuals with
impaired glucose tolerance and newly diagnosed type
2 diabetes were significantly higher, compared to
those with normal glucose tolerance in whom
increased CTRP-9 levels were associated with a
significant decrease in adiponectin levels.

Furthermore, researchers have concluded that
CTRP-9 plays an important role in the pathogenesis
of type 2 diabetes, obesity, and insulin resistance
(22), and the findings of the present study indicated
that decreased CTRP-9 levels were associated with
decreased insulin resistance. Kim et al. (23) showed
that adiponectin levels were significantly lower in
obese individuals than non-obese ones; in addition,
12 weeks of exercise training resulted in a significant
increase in adiponectin levels, which was associated
with a significant decrease in insulin resistance and
body fat percentage (23).

In the present study, upregulation of adiponectin
levels was associated with a decrease in insulin
resistance. The adiponectin effect in increasing
insulin sensitivity is exerted through various
mechanisms. Some  studies suggested that
adiponectin indirectly improved insulin sensitivity
throughout the body by decreasing adipose tissue
inflammation (5). Some researchers also reported
that adiponectin exerted its positive effects in the
regulation of skeletal muscle energy metabolism
through a variety of mechanisms, including increased
glucose uptake by increasing GLUT4 translocation or
by insulin stimulation. Furthermore, increasing
adiponectin-induced lipid and glucose clearance can
result in increased insulin sensitivity by decreasing
inflammation and reactive oxygen species production

Razavi Int J Med. 2023; 11(1):e1015.

and improving mitochondrial function (24). In
addition, animal studies have shown that the
inhibition of AdipoR2 in mice causes glucose
intolerance and hyperinsulinemia, indicating the
importance of AdipoR1 and AdipoR2 in regulating
normal glucose metabolism and insulin sensitivity
(25). Unfortunately, in the present study, changes in
the expression, levels, and function of adiponectin
receptors are not determined.

However, Nassis et al. (26) indicated that 12 weeks
of aerobic training resulted in improved insulin
resistance, independent of changes in body weight,
body fat percentage, and adiponectin levels (26). No
significant changes in adiponectin levels in a study by
Nassis et al. (26) can be attributed to the lack of
changes in body fat percentage. Supporting this
hypothesis, adiponectin as an adipose tissue secretory
adipokine has attracted a lot of attention (27).
Regarding the relationship between adipose tissue and
adiponectin levels, Racil et al. (28) compared the effect
of moderate-intensity continuous training with high-
intensity interval training (HIIT) in obese young
women. They found that despite a significant increase
of adiponectin levels in both trained groups, exercise
training induced an increase in adiponectin levels that
was higher in the HIIT group and was associated with
a greater reduction in body fat percentage in this
group (28).

These findings emphasize the importance of
changes in adipose tissue for subsequent changes in
adiponectin levels, especially in obese individuals.

Another finding of the present study was that
omega-3 supplementation had no significant effect on
the levels of adiponectin and CTRP-9. However, a
significant decrease in the CTRP-9 and a significant
increase in adiponectin levels were observed in the
TS group. The CTRP-9 levels in T and TS groups
decreased 19.84% and 23.96%, respectively. In
addition, adiponectin increased by 10.95% and
14.76% in the T and TS groups, respectively. These
results indicate that observed changes for CTRP-9
and adiponectin in the TS group were greater,
compared to that in the T group; moreover, omega-3
supplementation had a synergistic effect on aerobic
training.

Although there is no similar study regarding the
effect of omega-3 supplementation with or without
exercise training on CTRP-9 levels, a significant increase
in adiponectin levels after 12 weeks of exercise training
(basketball training program) with or without omega-3
supplementation in inactive girls were observed.
Consistent with the results of the present study, the
increase in the adiponectin levels was further in the TS
group, compared to the T group (29).

Regarding the importance of omega-3
supplementation in increasing the effect of exercise
training on adiponectin levels, Khedri and
Mogharnasi (30) reported that eight weeks of aerobic
training alone and in combination with omega-3
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supplementation in 50-70-year-old men did not have
a significant effect on adiponectin levels; however,
adiponectin levels were non-significantly (8.3%)
increased in the TS group. Researchers suggested
that the intensity and duration of exercise sessions
were not appropriate to stimulate further increases
in adiponectin levels (30). In addition, differences in
the subjects' characteristics, including age and
gender, can be considered for contradictions in
findings, compared to the present study. Regarding
the importance of gender difference in the observed
changes for adiponectin levels, previous research
indicated that resting levels of adiponectin were
significantly higher in women with normal glucose
tolerance, compared to those in men; however, a
decrease in adiponectin levels was higher among the
female diabetic patients, compared to males, which
represented differences in adiponectin response to
different metabolic states between men and women
(31). However, due to the limited evidence, especially
regarding the effect of exercise training along with
omega-3  supplementation on CTRP-9 and
adiponectin levels, training+omega-3 effectiveness
mechanisms needed further investigation.

Study Limitations

The present study limitation was including the
little numbers of participants, not having measured
the others related adipokines, no fully control of
nutritional status, and different motivation and aim
of subjects for take oart in this study.

Strength of the study

Present study findings suggested that omega-3
ingestion can magnify the positive effect of aerobic
training in overweight and obese women non-
significantly and longer duration of intervention can
be associated with further improvement.

6. Conclusion

The present findings showed the positive role of
aerobic training alone or combined with omega-3
supplementation in improving insulin resistance in
obese women. It seems that insulin resistance
improvement is partly exerted through upregulation
of  adiponectin levels and simultaneous
downregulation of CTRP-9 levels. In addition, the
present  findings  indicated that omega-3
supplementation can increase the positive effects of
aerobic training non-significantly, which can be
clinically important.
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