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Abstract

Background: Polycystic ovary syndrome is the most common endocrine disorder in women, which causes many disorders includ-
ing diabetes.
Objectives: The present study aimed to determine changes in adipose levels and visceral adiposity index after 12 weeks of intense
interval training in women with polycystic ovary syndrome in Kermanshah city.
Methods: This quasi-experimental study recruited 24 women with polycystic ovary in Kermanshah in 2017. First, 24 women were
selected by convenience sampling and then they were divided into two groups of 12 patients. Interval training was performed con-
tinuously in the study group 3 sessions per week for 12 weeks. Serum levels of adipose and visceral adiposity index were determined
before and after the exercise program through blood sampling and in laboratory conditions. Data was analyzed in SPSS software
version 20 using paired t-test and independent t-test.
Results: The results revealed no significant difference in adipose levels after 12 weeks of intense interval training in the study group
(P < 0.05). But a significant difference was observed in visceral adiposity index before and after the intervention in the study group
(P < 0.05).
Conclusions: Intense interval training has a favorable effect on the visceral adiposity index in women with polycystic ovary syn-
drome and can be recommended as a safe treatment for these patients.
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1. Background

Polycystic ovary syndrome (PCOS) is the most common
endocrine disease in women (1). PCOS is a form of hyper-
androgenic ovarian function (1). The disorder in androgen
production by the ovary emerges during puberty, but roots
in childhood or even in the fetal period (1). PCOS is one of
the most common disorders affecting 6% - 8% of women in
reproductive age and is the most common cause (almost
75%) of infertility (due to anovulation) (1).

In addition to infertility, PCOS is associated with in-
sulin resistance, hyperandrogenism, metabolic syndrome,
and an increased risk for diabetes (2). Women with PCOS
have higher levels of testosterone, insulin, cholesterol and
triglycerides than healthy people (3). Moreover, women
with PCOS have lower levels of follicle stimulating hor-
mone (FSH), sex hormone - binding globulin (SHBG) and
high-density lipoprotein than healthy people (3-5). Re-

cently, adipose tissue has been recognized not only as a
storage organ of excess energy but also as an active hor-
mone system in metabolism control. This tissue produces
and secretes a number of biologically active proteins such
as enzymes (6). Adiposity is expressed by the Comple-
ment Factor D (CFD) gene on chromosome 10. The adipose
gene is asymmetric with respect to the location of diabetes
(chromosome 4) or obesity (chromosome 6) gene. There-
fore, changes in adipose concentration in these diseases
are due to regulatory deficiency (7).

Adipose tissue is involved in various biological pro-
cesses including blood clotting, activation of supple-
ments, fertility, immune system, development and repair
of tissues, blood pressure, body weight, absorption of nu-
trients, fibrinolysis, cell proliferation, bone formation and
apoptosis (8). Adipose tissue plays an important role in
the host defense system as a rate-limiting enzyme in the
alternative complement pathway. Adipose tissue also acti-
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vates the substitute complementary pathway called com-
plement factor D, which is a rate-limiting enzyme in the
complementary system. The complementary system is
part of the intrinsic immune system. Therefore, adipose
tissue is a major component of the immune system, in ad-
dition to its role in metabolism (9). High concentrations of
adipose are present in adipose tissue, which indicates that
complementary activation occurs in adipose tissue (10).
The important role of adipose in diseases such as obesity
and diabetes has recently been identified, but its function
has not yet been fully understood (10). Clinical studies have
shown reduced levels of adipose in several animal mod-
els of obesity (11) while human studies have reported that
increased serum levels of adipose in metabolic diseases
are associated with body mass index (BMI) in obese peo-
ple, menopausal women with metabolic syndrome and
obese pregnant women (12, 13). Although the interaction
between the complement system and the adipose tissue
has been identified, the pathophysiological significance of
this interaction has not yet been clarified. There is increas-
ing evidence that there is an interface loop among the com-
plement system and inflammation, obesity, insulin resis-
tance, and cardiovascular disease (13). There is some evi-
dence that there is a connection between the Complement
system and the PCOS (14). Gursoy Calan et al. (15) enrolled
women with PCOS in a cross-sectional study and reported
high adipose levels in them. They reported a significant
positive correlation between adipose and variables of BMI,
insulin resistance (evaluated by homeostasis model), free
testosterone, C-reactive protein with high sensitivity and
carotid intima media thickness. In contrast, Hashemi et
al. (16) did not report any significant correlation between
serum adipose and PCOS, but reported that glucose and in-
sulin levels were high in people with PCOS and they had in-
sulin resistance. It is known that adipose concentrations
change in obesity and insulin resistance, a direct relation-
ship may exist among obesity, insulin resistance and PCOS,
women with PCOS are reported to have high levels of adi-
pose, and there is a relationship between adipose and VAI.

2. Objectives

The present study sought to assess the incidence of adi-
pose changes and VAI following a 12-week program of in-
tense interval in women with PCOS.

3. Methods

The present study is a quasi-experimental design with
pre-test and post-test implemented in a field form. The
statistical population in this study included patients with

PCOS in Kermanshah city presenting to Imam Reza Hospi-
tal affiliated to Kermanshah University of Medical Sciences.
Previously, the disease was diagnosed and confirmed by an
endocrinologist through clinical, biochemical, and sono-
graphic tests on the basis of criteria in Rotterdam (17). Ex-
clusion criteria were cigarette smoking, infection and any
medication effective on laboratory results. Among eligi-
ble patients, 24 patients (according to semi-experimental
study, similar studies with exercise intervention) with a
range of 20 - 40 years old who volunteered to collaborate,
were selected by convenience sampling method. Patients
were randomly divided into two groups: aerobic training
(12 patients) and control (12 patients). Random number ta-
ble was used for randomization.

The exercise group participated in a daily supervised
home aerobic exercise program, but the control group did
not receive any intervention and their normal living pro-
cess continued throughout the study. The training pro-
gram in this study was individual and daily. The goal was to
achieve specific exercise energy consumption at each ses-
sion. The specific exercise energy consumed during the
first four weeks was equivalent to 4% of the estimated in-
dividual energy requirement for weight gain, to 6% dur-
ing the fifth to eighth weeks, and to 8% during the 9th to
12th weeks. The required energy was also derived from the
published equation for the energy required to maintain
the weight obtained at the Pennington Research Center for
those with normal and ordinary lives (18):

Energy requirement (kilocalories per day) = 1625 + 31.8
(fat free mass in kilograms) + 1.5 (fat mass in kilograms) -
187 (for females)

After calculating the specific exercise energy (ExEE) for
each session and converting it to the amount of active oxy-
gen consumed, this value is set by the American College
of Sports Medicine formula for stepping calculus (with a
height of 25/16 inches or 41/275 cm of steps and 22 steps per
minute intended for the Queens College step test (devised
by McArdle et al. in 1972), the stepping time required to
achieve energy consumption is calculated. Was obtained:

VO2maxmL.kg-1.min-1 = (0.2× f) + (1.33× 1.8× f ×h) + 3.5
mL.kg-1.min-1

After specifying the time required for stepping on each
individual and presenting it in the special table for con-
secutive weeks with increased energy intake, the study pa-
tients were asked to complete their stepping program ev-
ery day at eleven o’clock in the morning (Rhythm 88 acous-
tic signal per minute for quadriceps with 22 rhythms per
minute studied in a group file on a mobile phone). To mon-
itor and ensure that the exercise program was performed
correctly, daily and randomly, the research team visited 5
patients at home and supervised their exercise training.
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3.1. Training Program

A severe training program was conducted for 12 weeks
and three sessions per week. Two sessions of intense in-
terval training per week consisted of four-minute exercises
with 90% to 95% of the maximum heart rate, separated by
the three exercises with moderate intensity of 70% of the
maximum heart rate (Figure 1).
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Figure 1. Interval training with intensity 90% to 95% maximum heart rate

A weekly exercise session included exercises with maxi-
mum intensity and full force separated by very low activity
or one-minute rest (Figure 2).

Intervals for 1 Minute 
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Figure 2. Interval exercise with maximum intensity and with full force

3.1.1. Blood Biochemical Analysis

Blood samples were obtained 24 hours before the first
training session and 48 hours after the last training session

(after the exercise protocol) for all patients after at least 12
hours fasting to check the biochemical variables (VAI, adi-
pose level), in laboratory conditions, about 3 cc blood sam-
ples were collected from the anterior cubital vein of pa-
tients. Sampling was performed at a specific time of day (8
to 10 am) so that VAI and adipose levels were not affected
by their circadian fluctuations. Blood samples were cen-
trifuged for 15 minutes at a rate of 3000 rpm and frozen
at -80ºC.

Serum adipose level was determined by Sandwich
ELISA using a human adipose ELISA kit (Isotope, a Japanese
student feather company) with a sensitivity of 0.39 pg/mL.
Also, VAI levels were evaluated by an enzyme-linked im-
munoturbidometric assay.

Lipid indices including total blood cholesterol, HDL
cholesterol and triglyceride (TG) were measured using spe-
cial kits for clinical laboratory (Pars Azmoon, Iran).

3.2. Body Mass Index Evaluation

Weight was measured with a digital scale (Seca Com-
pany) with light clothes and barefoot, and height was mea-
sured with a fixed tape meter mounted on the wall in a
standing position and barefoot while the shoulder and
heels touched the wall. Body mass index (BMI) was calcu-
lated by dividing weight (kg)/ height2 (m).

3.3. Visceral Adiposity Index Evaluation

Based on the linear equation between body mass in-
dex [kg/m2] and waist circumference (WC) [cm], a model
has been proposed for fat tissue distribution (MOAD) that
has a strong correlation with visceral adiposity mass deter-
mined by MRI. This model was later reformed for modified
TG and HDL (mmol/L) values and visceral adiposity index
as follows:

3.4. Analysis

Data was analyzed in SPSS software (version 22) using
descriptive statistics of mean and standard deviation, and
inferential statistics of Kolmogorov-Smirnov test to inves-
tigate the normal distribution of data. Dependent t-test
and independent t-test were used to examine the differ-
ences between groups at a significance level of 0.05.

4. Results

Table 1 shows the descriptive characteristics of the pa-
tients and homogeneity of the intervention and control
groups.

As shown in Table 1, there is no significant difference
between the two groups, and the two groups matched in
terms of age, weight, height, and BMI.
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Table 1. Descriptive Demographic Characteristics of the Intervention Group and the
Control Group

Variable Mean ± SD t P

Age, y 0.957 0.348

Control 32.18 ± 3.47

Intervention 34.34 ± 4.69

Height, cm 0.495 0.625

Control 173.48 ± 6.27

Intervention 176.71 ± 5.39

Weight, kg 0.202 0.241

Control 63.24 ± 8.56

Intervention 67.97 ± 6.41

BMI, kg/m2 0.823 0.419

Control 21.33 ± 2.62

Intervention 21.19 ± 2.62

Adipose level and VAI in the control and intervention
groups before and after intensive interval training are
shown in Table 2.

As shown in Table 3, dependent indices (adipose, VAI)
did not change significantly in the control group, but adi-
pose increased in the intervention group after the inter-
vention. But decreasing has been observed in other mea-
sured variables.

The results of paired t-test showed no significant differ-
ence in intra-group changes in adipose levels in the inter-
vention (P = 0.089) and control group (P = 0.178), which in-
dicates that intense interval training did not affect adipose
levels in women with PCOS (Table 3).

Independent t-test showed no significant difference
between changes in adipose levels between control and ex-
perimental groups (Table 4). This indicated that the effect
of exercise on adipose levels was not significant in the ex-
perimental group.

Paired t-test showed a significant difference in intra-
group variation of VAI in the experimental group (P = 0.44).
However, there was no significant difference in the control
group, indicating the effect of interval training on serum
VAI in women with PCOS (Table 5).

The results of independent t-test showed a significant
change in VAI between control and intervention groups,
which indicates the effect of training on improving the
level of VAI in women with PCOS (Table 6).

5. Discussion

PCOS is the most common endocrine disorder in
women of reproductive age and accounts for about 10%

of women’s population. The prevalence of PCOS among
Iranian women is reported to be 15.2%. The purpose of
this study was to determine the effect of 12 weeks of intol-
erant training on adipose levels and VAI in women with
PCOS presenting to Kermanshah health centers. This quasi-
experimental study was performed among 24 women with
PCOS in Kermanshah.

The results of the study showed that there was no sig-
nificant difference between the experimental groups (P =
0.089) and adipose levels after the completion of intense
training. But VAI was significantly lower in the interven-
tion group than that in the control group (P = 0.44). The
results showed that an interval of intense training did not
have a significant effect on the level of adipose in women
with PCOS. In a study by Traub (19), insulin levels increased
in women with PCOS. The role of adiposity as a major cause
of obesity and diabetes has recently been recognized, and
the function of this protein is not completely determined
(20). Hashemi et al. reported no significant correlation
between adipose levels and insulin resistance index (16),
while Mlinar et al. (21) stated that adipose levels increase
in insulin resistance. Meanwhile, Xia and Cianflone (22)
reported that in men, adipose levels increased in central
adipose tissue and decreased in subcutaneous adipose tis-
sue, and thus, BMI increased tend to body fat rather than
fat subcutaneous, adipose levels also increase. However, in
women, the level of adipose is reduced with the increase
in BMI, which is likely to reduce the expression of adipose
in female adipose tissue due to limiting the development
of adipose tissue in women’s obesity. Serum adipose levels
decreased with increasing BMI in women, and insulin lev-
els increase with increasing insulin resistance; therefore,
the lack of a difference in this group is probably due to the
interventive effects of these two factors (23). Hashemi et
al. (16) stated that adipose is a protein secreted from adi-
pose tissue that controls body metabolism and adipose, in-
cluding adipose, has a systemic role in lipid metabolism
or other physiological systems associated with energy bal-
ance and in various studies, adipose serum levels have
been associated with a change in body mass index and in-
sulin resistance. Furthermore, the results of a study did
not show a significant correlation between adipose lev-
els and PCOS (16), which is consistent with the results of
the present study. Chou et al. reported that by treating
adipocytes cultured with insulin, the mRNA expression of
adipose was reduced from 75% to 68% by injecting the mice
with glucose (24). However, in a review study published by
Mlinar et al., the adipose level increases with insulin lev-
els under the conditions of insulin resistance in which in-
sulin is higher than normal (21), which contrasts with the
results of the present study. Adipose levels are also con-
sidered as secondary signs of obesity (18). Also, Villa and

4 Int J Health Life Sci. 2020; 6(1):e97401.

http://ijhls.com


Faryadian B et al.

Table 2. Mean and Standard Deviation of Adipose and Visceral adiposity Index (VAI) in the Control and Intervention Group Pre-Test and Post-Test

Variable Pre-Test, Mean ± SD Post-Test, Mean ± SD t P

Control

Adipose (ng/dL) 14.46 ± 4.51 14.62 ± 4.33 1.438 0.178

Visceral adiposity Index (VAI) 35.74 ± 8.62 35.43 ± 7.89 1.39 0.192

Intervention

Adipose (ng/dL) 15.38 ± 4.09 15.75 ± 4.33 3.171 0.089

Visceral adiposity Index (VAI) 33.37 ± 8.28 30.11 ± 7.62 2.273 0.044*

Table 3. Comparison of Intraperitoneal Variation in Adipose

Variable Group Variation (%) t P

Adipose
Control 1.1 1.438 0.178

Intervention 2.4 3.171 0.089

Table 4. Comparison of Adipose Index Before and After the Intervention

Variable
Pre-Test Post-Test

t P t P

Adipose 1.113 0.227 0.515 0.611

Table 5. Comparison of VAI Index Between Control and Intervention Groups After 12
Weeks of Home Aerobic Exercise

Variable Group Variation t P

VAI
Control 0.86 1.39 0.192

Intervention 9.76 2.273 0.044*

Table 6. Comparison of the Mean Variation of VAI Between Groups

Variable
Pre-Test Post-Test

t P t P

VAI 0.471 0.642 2.807 0.01*

Pratley (25) reported that women with PCOS do not have an
increase in VAI. Therefore, the abdominal distribution of
fat cannot explain the metabolic abnormalities observed
in PCOS (25). The results of this study showed a signifi-
cant difference in VAI among womens with PCOS after in-
tense interval training period. Earlier, some studies have
reported the reduction of central and subcutaneous and
visceral fat indices after a physical course (26, 27). For exam-
ple, Yip et al. (27) reported a 31% reduction in visceral adi-
pose and a 26% reduction in abdominal subcutaneous fat
following a weight loss diet. Takami et al. (26) observed a
25.8% decrease in fat and 17.2% decrease abdominal subcu-
taneous fat after an aerobic training period. Exercise may
reduce the waist circumference independent of changes in
BMI (28). In addition, exercise, even without weight loss,

reduces visceral fat mass and prevents obesity (28). Rass et
al. (2000) showed that limiting calorie intake or perform-
ing the aerobic activity without limiting calorie intake is
the best way to reduce obesity in patients with moderate
obesity. Even exercise without weight loss is a good way to
reduce visceral fat mass (29). Irwin et al. (30) also observed
that about 200 minutes of exercise per week despite a mod-
est decrease in weight resulted in a significant reduction in
abdominal visceral fat in postmenopausal, housewife and
overweight women. In addition, the results of this study
showed that 4.2% of total body fat and 6.9% of visceral fat
were decreased without limiting calorie intake (30). Kevin
et al. reported that physical activity, with a significant re-
duction in lipid profiles, would protect individuals against
the risk of cardiovascular disease. Also, Mora et al. reported
that lower levels of physical activity and increased body
mass index (BMI) are independently associated with an in-
crease in total cholesterol, triglyceride and inflammatory
indices such as C-reactive protein (31). Sedentary lifestyle
and obesity are two main factors associated with the risk
of cardiovascular disease. The risk of cardiovascular dis-
ease increases by 8% for each unit increase in BMI while it
decreases by increasing physical activity (31). Studies con-
ducted on the effect of interval training on VAI have shown
that long exercises, especially over 12 weeks, have a bet-
ter efficiency in reducing VAI. Furthermore, exercise train-
ing does not affect the visceral adiposity index, especially
HDL, in people with a normal level of triglyceride. In other
words, exercise significantly affects the visceral adiposity
index (in women), which has a higher level of triglyceride
and LDL (32, 33). Another reason that may justify changes in
serum lipoprotein levels is the reduction in body weight,
as human studies have reported that changes in lipopro-
teins are affected by reduced body fat mass (34). In the
present study, blood lipids including triglyceride and total
cholesterol decreased simultaneously with the reduction
of adipocyte indices such as fat mass and body mass index,
which probably reduced VAI in women with PCOS.
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5.1. Conclusions

The results of the study revealed that 12 weeks of in-
tense interval training improved and decreased the vis-
ceral adiposity index in women with PCOS, but did not
affect the level of adipose in them. These findings sug-
gest regular exercises improve the symptoms and effects
of PCOS in patients. However, the effect of intense interval
exercises in patients with PCOS needs more research. Con-
sidering the findings of the research and the fact that train-
ing aerobic exercise neither costs much nor requires ex-
pensive equipment, going long distances or sports venues,
and also considering the role of visceral adipose and adi-
pose indices in cardiovascular, metabolic and psycholog-
ical complications, aerobic exercise can be used to im-
prove these variables, reduce the inflammatory index, and
reduce the risk of cardiovascular disease in women with
PCOS. Regular physical activity has beneficial effects on the
prevention and treatment of cardiovascular disease. Phys-
ical activity can have a positive effect on the cardiovas-
cular system indirectly through several mechanisms such
as increased blood volume, decreasing viscosity, increas-
ing stroke volume, reducing blood pressure, increasing an-
tioxidant defiance and changing blood lipids. Moreover,
due to the anti-inflammatory effects of exercise, exercise
plays an important role in reducing inflammatory indices
in humans and can be a good way to cope with inflamma-
tory and cardiovascular risk factors.

5.2. Limitations

Limitations of this study included not considering
variables such as weight, height, BMI, diabetes, and diet.

Acknowledgments

This article was taken from Dr. Nahid Mohammadi
Javid’s thesis. The authors wish to express their gratitude
to those who participated in or assisted this study.

Footnotes

Authors’ Contribution: Bahar Faryadian and Naser Beh-
poor developed the original idea and the protocol, ab-
stracted and analyzed data, wrote the manuscript, and
is guarantor. Vahid Taedibi contributed to the develop-
ment of the protocol, abstracted data, and prepared the
manuscript.

Conflict of Interests: The authors declare no conflict of
interest.

Ethical Approval: Ethics Committee of Kermanshah
University of Medical Sciences approved the study
(IR.KUMS.REC.1397.573).

Funding/Support: Deputy of Research of Islamic Azad
University, Kermanshah branch.

Informed Consent: The participants provided written in-
formed consent for the publication of this report.

References

1. Nazari T, Biat R. [Impact of metformin in girls with polycystic ovary
syndrome]. Prolific Non Prolific J. 2005;16:45–9. Persian.

2. Amer SA. Polycystic ovarian syndrome: Diagnosis and management
of related infertility. Obstetr Gynaecol Reprod Med. 2009;19(10):263–70.
doi: 10.1016/j.ogrm.2009.06.006.

3. Hertle E, van Greevenbroek MM, Stehouwer CD. Complement C3:
An emerging risk factor in cardiometabolic disease. Diabetologia.
2012;55(4):881–4. doi: 10.1007/s00125-012-2462-z. [PubMed: 22282163].
[PubMed Central: PMC3295998].

4. Pasquali R, Casimirri F, Balestra V, Flamia R, Melchionda N, Fabbri R,
et al. The relative contribution of androgens and insulin in determin-
ing abdominal body fat distribution in premenopausal women. J En-
docrinol Invest. 1991;14(10):839–46. doi: 10.1007/BF03347939. [PubMed:
1802922].

5. Peiris AN, Sothmann MS, Aiman EJ, Kissebah AH. The relationship
of insulin to sex hormone-binding globulin: Role of adiposity. Fertil
Steril. 1989;52(1):69–72. doi: 10.1016/s0015-0282(16)60791-4. [PubMed:
2663551].

6. Spiegelman BM, Flier JS. Obesity and the regulation of energy balance.
Cell. 2001;104(4):531–43. doi: 10.1016/s0092-8674(01)00240-9.

7. Platt KA, Min HY, Ross SR, Spiegelman BM. Obesity-linked regula-
tion of the adipsin gene promoter in transgenic mice. Proc Natl Acad
Sci U S A. 1989;86(19):7490–4. doi: 10.1073/pnas.86.19.7490. [PubMed:
2798420]. [PubMed Central: PMC298090].

8. Fruhbeck G, Gomez-Ambrosi J, Muruzabal FJ, Burrell MA. The
adipocyte: A model for integration of endocrine and metabolic
signaling in energy metabolism regulation. Am J Physiol Endocrinol
Metab. 2001;280(6):E827–47. doi: 10.1152/ajpendo.2001.280.6.E827.
[PubMed: 11350765].

9. White RT, Damm D, Hancock N, Rosen BS, Lowell BB, Usher P, et
al. Human adipsin is identical to complement factor D and is ex-
pressed at high levels in adipose tissue. J Biol Chem. 1992;267(13):9210–
3. [PubMed: 1374388].

10. Pomeroy C, Mitchell J, Eckert E, Raymond N, Crosby R, Dalmasso
AP. Effect of body weight and caloric restriction on serum com-
plement proteins, including Factor D/adipsin: Studies in anorexia
nervosa and obesity. Clin Exp Immunol. 1997;108(3):507–15. doi:
10.1046/j.1365-2249.1997.3921287.x. [PubMed: 9182900]. [PubMed
Central: PMC1904692].

11. Cook KS, Min HY, Johnson D, Chaplinsky RJ, Flier JS, Hunt CR, et al.
Adipsin: A circulating serine protease homolog secreted by adipose
tissue and sciatic nerve. Science. 1987;237(4813):402–5. doi: 10.1126/sci-
ence.3299705. [PubMed: 3299705].

12. Chedraui P, Perez-Lopez FR, Escobar GS, Palla G, Montt-Guevara M, Cec-
chi E, et al. Circulating leptin, resistin, adiponectin, visfatin, adipsin
and ghrelin levels and insulin resistance in postmenopausal women
with and without the metabolic syndrome. Maturitas. 2014;79(1):86–
90. doi: 10.1016/j.maturitas.2014.06.008. [PubMed: 25015014].

13. Sivakumar K, Bari MF, Adaikalakoteswari A, Guller S, Weickert MO,
Randeva HS, et al. Elevated fetal adipsin/acylation-stimulating pro-
tein (ASP) in obese pregnancy: Novel placental secretion via Hofbauer
cells. J Clin Endocrinol Metab. 2013;98(10):4113–22. doi: 10.1210/jc.2012-
4293. [PubMed: 23956345]. [PubMed Central: PMC3790615].

14. Oktenli C, Ozgurtas T, Dede M, Sanisoglu YS, Yenen MC, Yesilova Z, et al.
Metformin decreases circulating acylation-stimulating protein levels

6 Int J Health Life Sci. 2020; 6(1):e97401.

http://dx.doi.org/10.1016/j.ogrm.2009.06.006
http://dx.doi.org/10.1007/s00125-012-2462-z
http://www.ncbi.nlm.nih.gov/pubmed/22282163
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3295998
http://dx.doi.org/10.1007/BF03347939
http://www.ncbi.nlm.nih.gov/pubmed/1802922
http://dx.doi.org/10.1016/s0015-0282(16)60791-4
http://www.ncbi.nlm.nih.gov/pubmed/2663551
http://dx.doi.org/10.1016/s0092-8674(01)00240-9
http://dx.doi.org/10.1073/pnas.86.19.7490
http://www.ncbi.nlm.nih.gov/pubmed/2798420
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC298090
http://dx.doi.org/10.1152/ajpendo.2001.280.6.E827
http://www.ncbi.nlm.nih.gov/pubmed/11350765
http://www.ncbi.nlm.nih.gov/pubmed/1374388
http://dx.doi.org/10.1046/j.1365-2249.1997.3921287.x
http://www.ncbi.nlm.nih.gov/pubmed/9182900
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1904692
http://dx.doi.org/10.1126/science.3299705
http://dx.doi.org/10.1126/science.3299705
http://www.ncbi.nlm.nih.gov/pubmed/3299705
http://dx.doi.org/10.1016/j.maturitas.2014.06.008
http://www.ncbi.nlm.nih.gov/pubmed/25015014
http://dx.doi.org/10.1210/jc.2012-4293
http://dx.doi.org/10.1210/jc.2012-4293
http://www.ncbi.nlm.nih.gov/pubmed/23956345
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3790615
http://ijhls.com


Faryadian B et al.

in polycystic ovary syndrome. Gynecol Endocrinol. 2007;23(12):710–5.
doi: 10.1080/09513590701666571. [PubMed: 18075846].

15. Gursoy Calan O, Calan M, Yesil Senses P, Unal Kocabas G, Ozden E, Sari
KR, et al. Increased adipsin is associated with carotid intima media
thickness and metabolic disturbances in polycystic ovary syndrome.
Clin Endocrinol (Oxf). 2016;85(6):910–7. doi: 10.1111/cen.13157. [PubMed:
27434652].

16. Hashemi F, Yaghmaei P, Sa’atati N, Haghighi Pode S, Ramezani Tehrani
F, Hedayati M. Correlation of serum adipose with polycystic ovary syn-
drome (PCOS). Razi J Med Sci. 2012;19(99).

17. Clark AM, Thornley B, Tomlinson L, Galletley C, Norman RJ. Weight
loss in obese infertile women results in improvement in repro-
ductive outcome for all forms of fertility treatment. Hum Reprod.
1998;13(6):1502–5. doi: 10.1093/humrep/13.6.1502. [PubMed: 9688382].

18. Ukkola O, Chagnon M, Tremblay A, Bouchard C. Genetic variation
at the adipsin locus and response to long-term overfeeding. Eur J
Clin Nutr. 2003;57(9):1073–8. doi: 10.1038/sj.ejcn.1601644. [PubMed:
12947425].

19. Traub ML. Assessing and treating insulin resistance in women
with polycystic ovarian syndrome. World J Diabetes. 2011;2(3):33–
40. doi: 10.4239/wjd.v2.i3.33. [PubMed: 21537458]. [PubMed Central:
PMC3083905].

20. Cianflone K, Roncari DA, Maslowska M, Baldo A, Forden J, Snider-
man AD. Adipsin/acylation stimulating protein system in human
adipocytes: Regulation of triacylglycerol synthesis. Biochemistry.
1994;33(32):9489–95. doi: 10.1021/bi00198a014. [PubMed: 8068623].

21. Mlinar B, Marc J, Janez A, Pfeifer M. Molecular mechanisms of insulin
resistance and associated diseases. Clin Chim Acta. 2007;375(1-2):20–35.
doi: 10.1016/j.cca.2006.07.005. [PubMed: 16956601].

22. Xia Z, Cianflone K. Acylation-stimulating protein precursor proteins
in adipose tissue in human obesity. Metabolism. 2003;52(10):1360–6.
doi: 10.1016/s0026-0495(03)00254-3. [PubMed: 14564690].

23. Razavi A, Hashemi F, Emadi M, Saadati N, Haghighi S, Hedayati M. As-
sociation between serum levels of Adipokines and Polycystic Ovary
Syndrome. Hormozgan Med J. 2015;19(5):389–97.

24. Choy LN, Rosen BS, Spiegelman BM. Adipsin and an endogenous path-
way of complement from adipose cells. J Biol Chem. 1992;267(18):12736–
41. [PubMed: 1618777].

25. Villa J, Pratley RE. Adipose tissue dysfunction in polycystic ovary syn-
drome. Curr Diab Rep. 2011;11(3):179–84. doi: 10.1007/s11892-011-0189-8.

[PubMed: 21424395].
26. Takami K, Takeda N, Nakashima K, Takami R, Hayashi M, Ozeki S,

et al. Effects of dietary treatment alone or diet with voglibose or
glyburide on abdominal adipose tissue and metabolic abnormali-
ties in patients with newly diagnosed type 2 diabetes. Diabetes Care.
2002;25(4):658–62. doi: 10.2337/diacare.25.4.658. [PubMed: 11919121].

27. Yip I, Go VL, Hershman JM, Wang HJ, Elashoff R, DeShields S,
et al. Insulin-leptin-visceral fat relation during weight loss. Pan-
creas. 2001;23(2):197–203. doi: 10.1097/00006676-200108000-00010.
[PubMed: 11484922].

28. Freedland ES. Role of a critical visceral adipose tissue thresh-
old (CVATT) in metabolic syndrome: Implications for controlling
dietary carbohydrates: a review. Nutr Metab (Lond). 2004;1(1):12.
doi: 10.1186/1743-7075-1-12. [PubMed: 15530168]. [PubMed Central:
PMC535537].

29. Jacobi SK, Ajuwon KM, Weber TE, Kuske JL, Dyer CJ, Spurlock ME.
Cloning and expression of porcine adiponectin, and its relationship
to adiposity, lipogenesis and the acute phase response. J Endocrinol.
2004;182(1):133–44. doi: 10.1677/joe.0.1820133. [PubMed: 15225138].

30. Irwin ML, Yasui Y, Ulrich CM, Bowen D, Rudolph RE, Schwartz
RS, et al. Effect of exercise on total and intra-abdominal body fat
in postmenopausal women: A randomized controlled trial. JAMA.
2003;289(3):323–30. doi: 10.1001/jama.289.3.323. [PubMed: 12525233].

31. Mora S, Lee IM, Buring JE, Ridker PM. Association of physical
activity and body mass index with novel and traditional car-
diovascular biomarkers in women. JAMA. 2006;295(12):1412–9. doi:
10.1001/jama.295.12.1412. [PubMed: 16551713].

32. Duclos M, Oppert JM, Verges B, Coliche V, Gautier JF, Guezennec
Y, et al. Physical activity and type 2 diabetes. Recommandations
of the SFD (Francophone Diabetes Society) diabetes and physi-
cal activity working group. Diabetes Metab. 2013;39(3):205–16. doi:
10.1016/j.diabet.2013.03.005. [PubMed: 23643351].

33. Wing RR, Bolin P, Brancati FL. Cardiovascular effects of in-
tensive lifestyle intervention in type 2 diabetes. N Engl J Med.
2014;370(19):1866. doi: 10.1056/NEJMx140022.

34. Mann S, Beedie C, Balducci S, Zanuso S, Allgrove J, Bertiato F, et
al. Changes in insulin sensitivity in response to different modali-
ties of exercise: A review of the evidence. Diabetes Metab Res Rev.
2014;30(4):257–68. doi: 10.1002/dmrr.2488. [PubMed: 24130081].

Int J Health Life Sci. 2020; 6(1):e97401. 7

http://dx.doi.org/10.1080/09513590701666571
http://www.ncbi.nlm.nih.gov/pubmed/18075846
http://dx.doi.org/10.1111/cen.13157
http://www.ncbi.nlm.nih.gov/pubmed/27434652
http://dx.doi.org/10.1093/humrep/13.6.1502
http://www.ncbi.nlm.nih.gov/pubmed/9688382
http://dx.doi.org/10.1038/sj.ejcn.1601644
http://www.ncbi.nlm.nih.gov/pubmed/12947425
http://dx.doi.org/10.4239/wjd.v2.i3.33
http://www.ncbi.nlm.nih.gov/pubmed/21537458
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3083905
http://dx.doi.org/10.1021/bi00198a014
http://www.ncbi.nlm.nih.gov/pubmed/8068623
http://dx.doi.org/10.1016/j.cca.2006.07.005
http://www.ncbi.nlm.nih.gov/pubmed/16956601
http://dx.doi.org/10.1016/s0026-0495(03)00254-3
http://www.ncbi.nlm.nih.gov/pubmed/14564690
http://www.ncbi.nlm.nih.gov/pubmed/1618777
http://dx.doi.org/10.1007/s11892-011-0189-8
http://www.ncbi.nlm.nih.gov/pubmed/21424395
http://dx.doi.org/10.2337/diacare.25.4.658
http://www.ncbi.nlm.nih.gov/pubmed/11919121
http://dx.doi.org/10.1097/00006676-200108000-00010
http://www.ncbi.nlm.nih.gov/pubmed/11484922
http://dx.doi.org/10.1186/1743-7075-1-12
http://www.ncbi.nlm.nih.gov/pubmed/15530168
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC535537
http://dx.doi.org/10.1677/joe.0.1820133
http://www.ncbi.nlm.nih.gov/pubmed/15225138
http://dx.doi.org/10.1001/jama.289.3.323
http://www.ncbi.nlm.nih.gov/pubmed/12525233
http://dx.doi.org/10.1001/jama.295.12.1412
http://www.ncbi.nlm.nih.gov/pubmed/16551713
http://dx.doi.org/10.1016/j.diabet.2013.03.005
http://www.ncbi.nlm.nih.gov/pubmed/23643351
http://dx.doi.org/10.1056/NEJMx140022
http://dx.doi.org/10.1002/dmrr.2488
http://www.ncbi.nlm.nih.gov/pubmed/24130081
http://ijhls.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Training Program
	Figure 1
	Figure 2
	3.1.1. Blood Biochemical Analysis

	3.2. Body Mass Index Evaluation
	3.3. Visceral Adiposity Index Evaluation
	3.4. Analysis

	4. Results
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6

	5. Discussion
	5.1. Conclusions
	5.2. Limitations

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

