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Abstract

Polycystic ovary syndrome (PCOS) is a significant health problem affecting women during the reproductive
age and characterized by hormonal disturbance resulting in irregular menstrual periods and infertility.
Adiponectin is a protein produced by adipocytes and involved in glucose and lipid metabolism. This study
included the evaluation of two doses of omega-3 (300 and 600mg/day for 14 weeks). Age, body mass
index (BMI), fasting blood glucose level, homeostatic model assessment (HOMA), lipid profile, luteinizing
hormone (LH), follicle-stimulating hormone (FSH), prolactin, estrogen and HMW adiponectin levels were
evaluated. Our data showed no significant differences between control group and treatment groups in BMI,
age, sex hormones, fasting blood glucose, and HOMA levels. However, the level of HMW adiponectin was
significantly higher in women treated with 600mg/day for 14 weeks (p < 0.0001) but not 300mg / day of
Omega-3 fatty acids for the same period.
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Introduction

Polycystic ovary syndrome (PCOS) is an endocrine
metabolic disorder leading to anovulation in female
causing infertility. It is responsible for about 50-70%
of infertility in women. The clinical features of PCOS
include hirsutism and oligomenorrhea or amenorrhea.'

Obesity and insulin resistance as the most common
causes of PCOS.2* Adipokines are among peptides that
are synthesized by adipose tissue, which act as autocrine
and paracrine controlling the adipose tissue and as
endocrine to control other organs such as adrenal gland,
CNS and skeletal muscle. In addition, they mediate
insulin action.*

Many studies have shown that the HMW adiponectin
can regulate insulin sensitivity and involved obesity and
cardiovascular diseases. In addition, it has been shown
that the other forms of low and intermediate molecular
weight are less effective.>® It has been reported that

metabolic disorders such as PCOS is associated with
hypoadiponectinemia.”® In addition, it has been
reported by many studies related to nutrition and PCOS
that energy management and weight loss in overweight
patients can modify biochemical parameters.’

Omega-3 is one of the supplements that regulate
obesity, inflammation and insulin resistance.” The
relationship between adiponectin level and omega-3
supplement has been reported at the experimental level.'?
However, at the clinical level it is still controversial
which may be due to different doses and periods of
omega -3 treatment recoded.!! Nevertheless, omega-3
has shown a role in metabolic equilibrium and some

diseases.1%13

This study investigates the effect of two different
doses of omega-3 fatty acids (300mg and 600mg) with
period of treatment for 14 weeks on the plasma of
adiponectin for women PCOS.
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Materials and Methods

Study design

Our study included 270 Iraqi females suffering
from PCOS. They were divided into three groups, 90
participants in each group: Group A (control; women
with PCOS with no treatment), group B (women with
PCOS treated with 300mg /day omega-3 fatty acids for
14 weeks), and group C (women with PCOS treated with
600mg /day omega-3 fatty acids for 14 weeks).

Sample preparation

Samples were collected during the period between
December 2018 to December 2019. The biochemical
analysis was performed in the laboratories of the
Department of Biochemistry in the AL-Sader Teaching
Hospital in Al Najaf Al Ashraf Province.

The
depending on the inclusion criteria:

three groups were diagnosed clinically

14 oligomenorrhea,
amenorrhea (i.e the absence of period for 6 months),
hirsutism, elevated LH/FSH ratio, increased testosterone

and ultrasound (ovaries contain multiple cyst).

The exclusion criteria of the study include the
following: Cushing’s syndrome, hyperprolactinemia,
adrenal gland dysfunction, congenital adrenal
hyperplasia, thyroid gland diseases, androgen secreting
tumors, female treated with oral contraceptives,
antiandrogen, body agents and weight restriction
drugs, smokers, those patients with insulin sensitivity,
diabetes mellitus, renal diseases, hepatic disorders and/

or gastrointestinal disturbances.

The study protocol was accepted by Ethical
Committee of College of Pharmacy, Jabir ibn Hayyan
Medical University. The individuals in the study were
asked for regulation of life style and diet management.

The (BMI) body mass index was calculated as
follows:

Weightin kg

BMI=
(Heightin m)?

1933

The collection of samples under fasting conditions
about (8-10 hr).!> after that the blood samples were
centrifuged (2000xg for 10 minutes) and stored the
serum in freezing condition at —70°C.

The HMW adiponectin was estimated according
to the commercial ELISA kit (catalog number:
MBS702778). Hormones, insulin, testosterone, LH and
FSH were estimated by Promega® (U.S.A). The HOMA-

IR was calculated as follows:!°

Insulin (uU/ml) x Glucose (mg/dl)

HOMA-IR=
405

When HOMA-IR is more than 3.5, there would be
insulin resistance.

The total cholesterol (TC) was estimated according
to BIOLABO (France), high density lipoprotein
cholesterol (HDLc) was estimated by DRG Gmb
(Germany) and the low density lipoprotein cholesterol
(LDLc) was calculated according to Fridewal et al.,
1972.18

The statistical analysis was performed using SPSS
program and data were presented Mean+SD. Student’s
t-test was used to test the significance level. Data with
p value less than 0.05 was considered significantly
different.

Results

Before treatment, there was a screening for the
study parameter in all the three groups. Our findings
showed no significant differences in age, BMI, fasting
insulin, HOMA-IR, LH/ FSH ratio, total cholesterol,
LDL, TG, VLDL, HDL,
progesterone, free and total testosterone, prolactin,
TSH and HMW
adiponectin between group A and group B before

triglycerides, estradiol,

dehydroepiandrosterone sulfate,
treatment or group A and group C (before treatment).
However, there was a significantly higher level of fasting
blood glucose in B (before treatment) when compared to
A (p=0.002) as shown in Table 1.
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Table 1: Biochemical screening for the study parameters in subjects in group A (control, n=90), group B
(before treatment with 300mg omega-3, n=90) and group C (before treatment with 600mg omega-3, n=90).

Parameter Group A Control Befo?:(t)::;:?nent P value Gr::fagll]:ﬁiore P value
Age 254+43 242+53 0.105 249+43 0.44
BMI (kg/m2) 28.5+1.69 283+2.84 0.56 28.1+1.98 0.14
Fasting insulin (LU/ml) 18.4+2.9 17.7+£3.3 0.132 18.1+3.1 0.5
Fasting blood glucose (mg/dl) 72.63+11.8 77.79+ 10.5 0.002 80.89+ 12.5 0.3
HOMA-IR 3.29+0.7 3.39+0.8 0.37 3.61 £0.69 0.84
LH/ FSH ratio 2.1£0.79 2.2+0.8 0.39 2.05+ 0.69 0.65
Total Cholesterol (mg/dl) 181.5 +20.1 181.1+21.2 0.89 180.9 +22.1 0.84
Triglycerides (mg/dl) 107.8 £21.1 108.2 £25.1 0.9 109.1 £22.1 0.70
VLDL (mg/dl) 21.56+4.2 21.64+5.02 0.9 21.82+4.42 0.68
LDL (mg/dl) 110.84 +11.98 110.16+11.78 0.7 110.13+13.58 0.71
HDL (mg/dl) 49.1£ 3.9 493+44 0.74 48.95+4.1 0.80
Estradiol, pg/ml 56.4+29.2 57.2+£26.2 0.84 55.9+27.2 0.98
Progesterone, ng/ml 0.88+0.3 091+0.22 0.44 0.81+0.69 0.071
Free Testosterone 39+0.8 4.1+0.75 0.07 34+£0.8 1
Total testosterone, ng/ml 0.79£ 0.6 0.82+0.71 0.75 0.81£0.69 0.76
Prolactin ng/ml 146+29 142+3.6 0.41 143+3.1 1
Dehydroepiandm;emne sulfate. pe/ | 31494 64,2 312.8+65.4 0.88 313.1 £ 64.8 0.90
TSH mIU/ 3.6+0.6 3.75+0.7 0.12 3.76+0.59 0.072
HMW Adiponectin ng/ml 39+23 3.8+2.1 0.76 3.75+22 0.65
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The study parameter in group B after treatment were
compared to those in group A. We found no statistically
significant differences between groups in all parameters
except the fasting insulin which was significantly lower
and the fasting blood glucose which was higher in group B
when compared to group A (Table 2). On the other hand,
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in group C (after treatment) we found that BMI, fasting
insulin, LH/ FSH ratio, total cholesterol, triglycerides,
LDL, TG, VLDL, HDL, estradiol, progesterone, free and
total testosterone, prolactin, dehydroepiandrosterone
sulfate, TSH and HMW adiponectin were statistically
different.

Table 2: Biochemical screening for the study parameters in subjects in group A (control, n=90), group B
(after treatment with 300mg omega-3, n=90) and group C (after treatment with 600mg omega-3, n=90).

parameter Control group Group B P Group C P
A After treatment value After treatment value
BMI (kg/m2) 28.5+ 1.69 28.4+2.79 0.77 259+ 1.5 0.000
Fasting insulin(pU/ml) 18.4£2.9 16.61+4.05 0.000 19.5+2.96 0.012
Fasting blood glucose (mg/dl) 72.63+11.8 78.01+11.03 0.001 65.2+ 8.5 0.000
HOMA-IR 3.29+0.7 3.2£0.75 0.406 3.13£0.5 0.07
Total Cholesterol (mg/dl) 181.5+20.1 181.02+20.9 0.89 170.5+18.2 0.000
Triglycerides (mg/dl) 107.8 £ 21.1 109.1+24.9 0.9 101.2+18.4 0.02
VLDL (mg/dl) 21.56+4.2 21.82+£4.98 0.705 20.24 +£3.68 0.026
LDL (mg/dl) 110.84 +11.98 109.19 £ 11.97 0.35 99.36 +12.42 0.000
HDL (mg/dl) 49.1+ 3.9 50.01£3.95 0.74 509 +2.1 0.000
HMW Adiponectin ng/ml 39+23 3.95+2.95 0.76 5.61+1.89 0.000

The study parameters in group B after treatment were measured and compared with those in group B before

treatment. No significant differences in the study parameters were reported between measurements before and after

treatment.

Table 3: Biochemical screening for the study parameters in subjects in group B before and after treatment,

n=90.
Group B Group B
Parameter
(Before treatment) after treatment P value
BMI (kg/m2) 28.3+2.84 28.4+2.79 0.81
Fasting insulin, pU/ml 17.7+3.3 16.61+ 4.05 0.048
Fasting blood glucose(mg/dl) 77.79+ 10.5 78.01+ 11.03 0.89
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Cont... Table 3: Biochemical screening for the study parameters in subjects in group B before and after

treatment,
HOMA-IR 3.39+£0.8 3.2+ 0.75 0.08
Total Cholesterol (mg/dl) 181.1£21.2 181.02+20.9 0.97
Triglycerides (mg/dl) 108.2 +25.1 109.1+24.9 0.80
VLDL (mg/dl) 21.64+5.02 21.82+4.98 0.8
LDL (mg/dl) 110.16+ 11.78 109.19+11.97 0.58
HDL (mg/dl) 493 +£4.4 50.01+ 3.95 0.25
HMW Adiponectin ng/ml 3.8+2.1 395+2.95 0.96

We found that BMI, fasting insulin, HOMA-IR, LH/ FSH ratio, total cholesterol, triglycerides, LDL, TG, VLDL,
HDL, estradiol, progesterone, free and total testosterone, prolactin, dehydroepiandrosterone sulfate, TSH and HMW
adiponectin, BMI, fasting glucose, total cholesterol, triglycerides and LDL were in group C after treatment were
significantly different when compared to those in the same group before treatment (Table 4).

Table 4: Biochemical screening for the study parameters in subjects in group C before and after treatment,

n=90.
Group C Group C
parameter Before treatment after treatment P value
BMI (kg/m2) 28.1+1.98 259+ 1.5 0.000
Fasting insulin, pIU/ml 18.1+3.1 19.5+2.96 0.002
Fasting glucose (mg/dl) 80.89+ 12.5 65.2+ 8.5 0.000
HOMA-IR 3.61 £0.69 3.13+0.5 0.000
Total Cholesterol (mg/dl) 180.9 +22.1 170.5 +18.2 0.000
Triglycerides (mg/dl) 109.1 +22.1 101.2 +18.4 0.01
VLDL (mg/dl) 21.82+4.42 20.24 + 3.68 0.009
LDL (mg/dl) 110.13+ 13.58 99.36 +12.42 0.000
HDL (mg/dl) 48.95+4.1 50.9+2.1 0.000
HMW Adiponectin ng/ml 3.75+£2.2 5.61+1.89 0.000
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Discussion

PCOS is a multifactorial disease in which the
pathogenesis could be related to proinflammatory state
and changes in adipokines.'” The present study involved
the evaluation of adiponectin levels in patients with
PCOS treated with omega-3 using two different doses.
While using a dose of 300 mg/day omega-3 induced no
significant difference in the level of adiponectin between
the control and treatment, increasing the dose to a double
resulted in significantly higher level of adiponectin.

A previous study showed that treatment with
omega-3 for 8 weeks resulted in increased level of
adiponectin.?®?! In addition, Higuchi and colleagues
reported an elevated level of adiponectin in animals
received fish o0il.?? A further study has shown consistent
findings with ours when Mohammadi et al.?* recorded
that taking the omega-3 for 8 weeks lead to increase
level of adiponectin. It has been shown that the longer
the period of administrating omega-3 the higher the
level of adiponectin. Poreba and colleagues found that 6
weeks of omega-3 tratment had no effect on adiponectin
in women with PCOS.?*

The present study that show significantly decreased
in total cholesterol, triglycerides, triglycerides, LDL-c
as well as significantly increased HDL-c with omega-3
either treatment (300mg or 600mg for 7 or 14 weeks).
Similar findings were shown by several study .2

The study showed that a significantly elevated level
of adiponectin when doubled the dose of omega-3 fatty
acids from 300mg /day to 600 mg/day dose for 14 weeks
after compared with control group. This means that the
dose and time duration can significantly improve the
effectiveness of omega-3.

We found that 600mg omega-3 for 14 weeks
significantly affected the BMI and 600mg omega-3 for
14 weeks, findings that agree with a previous study.
26 The significant changes in lipid profile may be due
to the activation of enzyme AMP-activated protein
kinase which plays an important role in lipolysis and
lipogenesis .2’

By using two different doses of omega-3, we found
that it can modulate adiponectin levels in women with
PCOS in a dose-dependent manner.

1937

Ethical The Research Ethical
Committee at scientific research by ethical approval of
both MOH and MOHSER in Iraq

Clearance:

Conflict of Interest: Non

Funding: Self-funding

References

1. Chiu WL, Boyle J, Vincent A, Teede H, Moran
LJ. Cardio metabolic risks in polycystic ovary
syndrome: non-traditional risk factors and the impact
of obesity. Neuroendocrinology.2017;104:412-24.

2. Faubert J, Battista MC, Baillargeon JP. Physiology
and endocrinology symPCOSium: insulinaction and
lipotoxicity in thedevelopment of polycystic ovary
syndrome: a review. J Anim Sci. 2016;94:1803-11.

3. Glintborg D, Andersen M. Management of
endocrine disease:morbidity in polycystic ovary
syndrome. Eur J Endocrinol.2017;176:R53-65.

4. Ko JK, Li HW, Lam KS, Tam S, Lee VC, Yeung
TW, et al. Serum adiponectin is independently
associated with the metabolicsyndrome in Hong
Kong Chinese women with polycystic ovary
syndrome. Gynecol Endocrinol. 2016;32:390-4.

5. K. Hara, M. Horikoshi, T. Yamauchi et al.,
“Measurement of the high-molecular weight form
of adiponectin in plasma is useful for the prediction
of insulin resistance and metabolic syndrome,”
Diabetes Care, vol. 29, no. 6, pp. 1357-1362, 2006.

6. T. Eglit, M. Lember, I. Ringmets, and T. Rajasalu,
“Gender differences in serum high-molecular-
weight adiponectin levels in metabolic syndrome,”

European Journal of Endocrinology, vol.168, no.
3, pp- 385-391, 2013.

7. Demirci H, Yilmaz M, Ergun MA, Yurtcu E, Bukan
N, Ayvaz G. Fre-quency of adiponectin gene
polymorphisms in polycystic ovary syndrome and
the association with serum adiponectin, androgen
levels, insulin resistance and clinical parameters.
Gynecol Endocrinol. 2010;26:348-55.

8.  Love JG, McKenzie JS, Nikokavoura EA, Broom J,
Rolland C,Johnston KL. The experiences of women

with polycystic ovary syndrome on a very low-
calorie diet. IntJ Womens Health.2016;8:299-310.7.



1938
9.

10.

11.

12.

13.

14.

15.

Indian Journal of Forensic Medicine & Toxicology, October-December 2020, Vol. 14, No. 4

Sener A, Zhang Y, Bulur N, Louchami K, Malaisse
WIJ, Carpentier YA. The metabolic syndrome of
omega-3-depleted rats II. Bodyweight, adiPCOSe
tissue mass and glycemic homeostasis. Int J Mol
Med. 2009;24:125-9.8.

Itoh M, Suganami T, Satoh N, Tanimoto-Koyama
K, Yuan X,Tanaka M, et al. Increased adiponectin
secretion by highly purified eicosapentaenoic acid in
rodent models of obesity and human obese subjects.
Arterioscler Thromb Vasc Bi0l.2007;27:1918-25.

Lopez-Huertas E. The effect of EPA and DHA on
metabolic syndrome patients: a systematic review
of randomised controlled trials. Br J Nutr. 2012;107
Suppl. 2:S185-94.

Guichardant M, Calzada C, Bernoud-Hubac N,
Lagarde M,Véricel E. Omega-3 polyunsaturated
fatty acids and oxy-genated metabolism in
atherothrombosis. Biochim

2015;1851:485-95.

BiophysActa.

Minihane AM. Impact of genotype on EPA and
DHA status and responsiveness to increased
intakes. Nutrients. 2016;8:123.

Dewailly D. Diagnostic criteria for PCOS: is there
a need for are think? Best Pract Res Clin Obstet
Gynaecol. 2016;37:5-11.

Seaquist ER, Anderson J, Childs B, Cryer P,
Dagogo-Jack S, FishL, et al. Hypoglycemia and
diabetes: a report of a workgroup ofthe American
Diabetes Association and the Endocrine Society. J
Clin Endocrinol Metab. 2013;98:1845-59.

16. Matthews DR, Hosker JP, Rudenski AS, Naylor

17.

18.

BA, Treacher DF,Turner RC. Homeostasis model

assessment: insulin resistance and Dbeta-cell
function from fasting plasma glucose and insulin
concentrations in man. Diabetologia. 1985;28:412-

9.

Matthews DR, Hosker JP, Rudenski AS, Naylor
BA, Treacher DF, Turner RC (1985). “Homeostasis
model assessment: insulin resistance and beta-cell
function from fasting plasma glucose and insulin
concentrations in man. Diabetologia 28 (7): 412-9.

Friedewald WT, Levy RI and Fredrickson DS.
Estimation of the concentrationof low-density
lipoprotein cholesterol in plasma, without use of
the preparative ultracentrifuge. Clinical chemistry.

19.

20.

21.

22.

23.

24.

25.

26.

1972; 18:499 —-502.

Sathyapalan T, Javed Z, Kilpatrick ES, Coady
AM, AtkinSL. Endocannabinoid receptor blockade
increases vascularendothelial growth factor and
inflammatory markers in obese women with
polycystic ovary syndrome. Clin Endocrinol

(0xf).2017;86:384-7.

Kondo K, Morino K, Nishio Y, Kondo M, Fuke T,
Ugi S, et al. Effectsof a fish-based diet on the serum
adiponectin concentrationin young, non-obese,
healthy Japanese subjects. J Atheroscler Thromb.
2010;17:628-37.

Krebs JD, Browning LM, McLean NK, Rothwell
JL, Mishra GD,Moore CS, et al. Additive benefits
of long-chain n-3 polyun-saturated fatty acids and
weight-loss in the management of cardiovascular
disease risk in overweight hyperinsulinaemic
women. Int J Obes (Lond). 2006;30:1535-44.

Higuchi T, Shirai N, Saito M, Suzuki H, Kagawa
Y. Levels of plasma insulin, leptin and adiponectin,
and activities of key enzymes in carbohydrate
metabolism in skeletal muscle and liver in
fastedICR mice fed dietary n-3 polyunsaturated

fatty acids. J NutrBiochem. 2008;19:577-86.

Mohammadi E, Rafraf M, Farzadi L, Asghari-
Jafarabadi M,Sabour S. Effects of omega-3 fatty
acids supplementation onserum adiponectin
levels and some metabolic risk factors inwomen
with polycystic ovary syndrome. Asia Pac J Clin

Nutr.2012;21:511-8.

Poreba M, Mostowik M, Siniarski A, Golebiowska-
Wiatrak R, Mali-nowski KP, Haberka M, et al.
Treatment with high-dose n-3 PUFAshas no effect
on platelet function, coagulation, metabolic sta-tus
or inflammation in patients with atherosclerosis and
type 2diabetes. Cardiovasc Diabetol. 2017;16:50.

Vargas ML, Almario RU, Buchan W, Kim
K, Karakas SE. Metabolicand
effects of long-chain versus essential omega-3

endocrine

polyunsaturated fatty acids in polycystic ovary
syndrome.Metabolism. 2011;60:1711-8.

Spanos N, Tziomalos K, Macut D, Koiou E,
Kandaraki EA,Delkos D, et al. Adipokines, insulin
resistance and hyperan-drogenemia in obese
patients with polycystic ovary syndrome:cross-

sectional correlations and the effects of weight loss.



Indian Journal of Forensic Medicine & Toxicology, October-December 2020, Vol. 14, No. 4 1939
ObesFacts. 2012;5:495-504. with anti-inflammatorylong-chain omega-3

27. Khatib SA, Rossi EL, Bowers LW, Hursting SD. polyunsaturated fatty acids. ProstaglandinsOther
Reducing theburden of obesity-associated cancers Lipid Mediat. 2016;125:100-7.



