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Effects of omega—3 fatty acids supplementation on
serum adiponectin levels and some metabolic risk
factors in women with polycystic ovary syndrome
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Objective: Polycystic ovary syndrome (PCOS) is a common female endocrine disorder associated with several
risk factors of type 2 diabetes and cardiovascular diseases. The objectives of this study were to investigate the ef-
fects of omega—3 fatty acids on serum adiponectin levels and some metabolic risk factors in PCOS patients.
Methods: This double-blind randomized controlled clinical trial was conducted on 64 overweight or obese PCOS
patients; aged 20-35 years. Subjects in omega—3 fatty acids (n=32) and placebo (n=32) groups were given 4 ome-
ga—3 fatty acids capsules (each one contained 180 mg eicosapentaenoic acid and 120 mg docosahexanoic acid) or
placebo daily for 8 weeks. Fasting blood samples, anthropometric measurements and 3-day, 24-hour dietary re-
calls were collected at the baseline and at the end of the trial. Results: The study was completed by 61 subjects.
Omega—3 fatty acids significantly increased serum levels of adiponectin (p=0.003) and decreased glucose
(»<0.001), insulin (p=0.002), homeostatic model assessment for insulin resistance (»p<0.001), total cholesterol
(p=0.002) and low-density lipoprotein cholesterol (»=0.003) compared with placebo. Serum levels of triglyceride
significantly decreased (p=0.024) and high-density lipoprotein cholesterol increased (p=0.018) in the omega—3
fatty acids group, in comparison with baseline values. No significant changes were shown in serum high sensitive
C-reactive protein (hs-CRP) levels in both groups. Conclusion: Omega—3 fatty acids had some beneficial effects
on serum adiponectin levels, insulin resistance and lipid profile in PCOS patients and may contribute to the im-
provement of metabolic complications in these patients.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is the most common
female endocrine disorder, presents in 6—10% of women
of reproductive age.' The disorder is characterized by
irregular menstrual cycle, chronic anovulation, and
hyperandrogenism. Polycystic ovary syndrome is the
main cause of female infertility due to anovulation.” The
etiology of PCOS is not completely known but it is now
clear that insulin resistance has an important role in en-
hancing androgen production in ovaries.! Hyper-
insulinemia and early onset of type 2 diabetes are more
frequent in PCOS patients than in the general population.’
Polycystic ovary syndrome is also associated with other
risk factors of cardiovascular disease such as dyslipidem-
ia and elevated levels of hs-CRP (high sensitive C-

reactive protein), an acute-phase reactant that increases
during inflammatory response.’

About half of PCOS women are obese.' Adipose tissue,
especially visceral fat is considered as an active endocrine
organ which produces several proteins that called
adipocytokines.* Adiponectin is one of the most abundant
adipose-derived factors that improves insulin sensitivity

Corresponding Author: Dr Maryam Rafraf, Nutrition Re-
search Center, Department of Nutrition in Community, Faculty
of Health & Nutrition, Tabriz University of Medical Sciences,
Tabriz, Iran.

Tel: +98- 4113357581-4; Fax: +98- 4113340634

Email: rafrafm@tbzmed.ac.ir

Manuscript received 22 May 2012. Initial review completed 20
July 2012. Revision accepted 24 July 2012.



512 E Mohammadi, M Rafraf, L Farzadi, M Asghari-Jafarabadi and S Sabour

and has antiatherogenic and anti-inflammatory effect.”

Several studies have showed a reduction in adiponectin
levels in PCOS patients.™® It seems that hypo-adipo-
nectinemia can be associated with the pathogenesis of
PCOS and metabolic complications of this syndrome such
as hyperinsulinemia and dyslipidemia.®

It was reported that specific dietary unsaturated fatty
acids can be associated with improved endocrine and
metabolic characteristics in women with PCOS.
Eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) are n—3 long chain polyunsaturated fatty acids
(n—3 LC PUFA) found primarily in fatty fish. In Current
diets, n—6 fatty acids are predominant PUFA and imbal-
ance in the n—6/n—3 PUFA ratio may be related to chronic
disease.”

Studies have shown increasing evidence for
antiatherogenic and anti-inflammatory effects of fish oil
and it is conceivable that dietary PUFA might also have
benefit effects on glycemic control and lipid profile.* ' It
is suggested that positive effects of EPA and DHA on
metabolic parameters can be partially due to enhancement
of adiponectin production.'?

Mehendale ef al. reported that plasma EPA and eryth-
rocyte DHA levels were reduced in infertile women as
compared with controls and hypothesised that omega—3
fatty acids probably contribute to the management of fe-
male infertility."> Another study by Cussons et al. showed
that omega—3 fatty acid supplementation had beneficial
effects on some cardiometabolic risk factors in PCOS
patients.'* However, effects of n—3 LC PUFA on
adiponectin levels and metabolic status in PCOS women
are little known. So the objectives of this study were to
determine the effects of omega—3 fatty acids on serum
adiponectin levels and some metabolic risk factors includ-
ing insulin resistance, serum lipids and hs-CRP levels in
PCOS patients.

MATERIALS AND METHODS

Sixty-four PCOS patients aged 20-35 years old and with
BMI ranging from 25 to 40 kg/m® were recruited in this
double-blind randomized controlled clinical trial from
outpatient department of obstetrics of Alzahra hospital in
Tabriz, Iran in 2011. The Ethical Committee of Tabriz
University of Medical Sciences approved the study proto-
col. The registration ID of this study in Iranian Registry
of Clinical Trials was: IRCT201011083664N3. Written
informed consent obtained from each subjects prior to
study.

The diagnosis of PCOS was established according to
2003 Rotterdam criteria, which require at least two of
three features for diagnosis: chronic anovulation, clinical
or biochemical evidence of hyperandrogenism, and poly-
cystic ovaries in ultrasonography.'> Study exclusion crite-
ria included: smoking, pregnancy, using any medications,
consumption of fish oil and other dietary supplements
with the past 3 months or during the study, history of dis-
eases including diabetes, liver, kidney and cardiovascular
diseases, thyroid disorders, hyperprolactinemia, cushing's
syndrome. The participants were randomly allocated in
two groups using a block randomization procedure with
matched subjects in each block based on BMI and age. A
general questionnaire was completed for each subject.

Body weight was measured using a scale (Seca, Germa-
ny), without shoes and wearing light clothing. Height was
measured using a mounted tape without shoes. BMI was
calculated as the weight in Kilogram divided by the
height in meters squared. Waist circumference (WC); and
hip circumference (HiC) were taken with a soft tape in
standing position, waist being defined as the narrowest
circumference between the costal margin and the iliac
crest and hip as the widest circumference between the
waist and tight. Waist to hip ratio (WHR) was calculated
as WC in centimeter divided by HiC in centimeter.

Information about daily energy and macronutrient in-
takes were obtained by 24-hour recall method for 3 days,
including 2 week day and 1 weekend. Three day average
of energy and macronutrient intakes of all subjects were
analyzed by Nutritionist 4 software (First Databank Inc.,
Hearst Corp., San Bruno, CA). The blood sampling (5 cc)
was conducted after 12 hours of fasting between 7 and 10
am. Serum was separated by centrifugation and stored at
—70°C until further analysis. The omega—3 fatty acids
group (n=32) was given 4 g daily of omega—3 fatty acids
(4x1000-mg capsules, each capsule contained 180 mg
EPA and 120 mg DHA ,Good Health Company, USA )
for 8 weeks. The placebo group (n=32) was given 4 pla-
cebo capsules, contained 500 mg liquid paraffin (Zahravi
Company, Tabriz, Iran) for the same period. The compli-
ance of the volunteers with the study protocol was moni-
tored by counting returned capsules every two weeks.
Subjects were asked to maintain their usual dietary in-
takes and physical activity throughout the study. All an-
thropometric, dietary intakes and biochemical measure-
ments were assessed again at the end of intervention peri-
od in both groups.

Serum adiponectin level was measured by ELISA
method using BioVendor kit (Germany). Serum glucose
was measured using the standard enzymatic methods with
commercially available Pars Azmun kit (Karaj, Iran).
Serum Insulin level was measured by ELISA method
using DiaMetra kit (Italy) and insulin resistance was de-
termined by Homeostasis Model Assessment (HOMA)
index with formula: HOMA-IR = fasting insulin (WU/mL)
xfasting glucose (mg/dl)/405."° Serum total cholesterol
(TC), triglyceride (TG), and high-density lipoprotein cho-
lesterol (HDL-C) were measured using the standard en-
zymatic methods by Pars Azmun kits. Low-density lipo-
protein cholesterol (LDL-C) concentration was deter-
mined by the Friedewald formula: LDL-C=TC — (HDL-C
+ TG/5).” Serum hs-CRP level was measured using
immunoturbidometric methodology by Pars Azmun kit at
500 nm and 37 °C.

Statistical analysis

Data were analyzed using SPSS software (version 11.5;
SPSS Inc., Chicago, IL) and the results are expressed as
mean+SD. The normality of the distribution of variables
was determined by the Kolmogorov-Smirnov test. The
baseline measurements and dietary intakes of subjects in
two groups were compared using independent samples ¢-
test. ANCOVA was used to identify any differences be-
tween the two groups at the end of the study, adjusting for
baseline values and covariates. The changes in anthropo-
metric measurements, energy and nutrient intakes, serum
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Table 1. Characteristics of women with PCOS at baseline and after 8 weeks of either placebo or omega-3 fatty acids

intervention
variable Measurement period Izlla:cg 11))0 Omega(—r?:t;:l(t)t)y acids
Age (yr) Baseline 27.7+4.53 27.3+4.27
Weight (kg) Baseline 74.9 £ 9.95 73.7+8.87
After intervention 75.1 £9.88 73.4 + 8.88
BMI (kg/m2) Baseline 28.8+2.90 28.7+£3.21
After intervention 28.8+2.94 28.6 +3.30
WC (cm) Baseline 91.2+6.38 91.1+5.99
After intervention 91.3+6.48 90.9 + 6.14
WHR Baseline 0.82 +£0.03 0.81+0.03
After intervention 0.82 +0.03 0.82 +0.04

BMI: body mass index, WC: waist circumference, WHR: waist to hip ratio.

Data are presented as mean = SD

Table 2. Dietary intakes of women with PCOS at baseline and after 8 weeks of either placebo or omega-3 fatty acids

intervention
variable Measurement period IZLa:cgll);) Omega(—r?:t;:l(t)t)y acids
Energy (keal/day) Baseline 1735 + 408 1742 £ 419
crey (kealiday After intervention 1680 + 368 1668 + 415
Baseline 215 +63.5 224 + 65.9
Carbohydrate (g/day) After intervention 216+ 52.8 209+51.5
Protein (o/d Baseline 62.8+19.5 63.6+19.2
rotein (g/day) After intervention 62.1+18.7 61.7+21.9
Baseline 67.0+22.0 65.0+21.2
Total Fat (g/day) After intervention 65.8+19.8 64.6 = 20.1
Baseline 17.7 £ 6.59 16.8 £ 6.20
SFA (g/day) After intervention 17.3+6.30 18.1+6.82
Baseline 20.3 +6.20 183+ 6.72
MUFA (g/day) After intervention 21.1£7.11 19.7 + 6.87
Baseline 20.9 £+ 8.65 20.0 £9.55
PUFA (g/day) After intervention 19.1+7.62 17.8 + 6.81
Baseline 203 +£39.4 183 + 34.5*%
Cholesterol (mg/day) After intervention 188 +45.8 191 +38.1

SFA: Saturated fatty acids, MUFA: Monounsaturated fatty acids, PUFA: Polyunsaturated fatty acids

1 Excluding the PUFA from the supplement

*Significant difference between two groups at baseline (p<0.05, independent sample #-test)

Data are presented as mean = SD

levels of adiponectin, glucose, insulin, HOMA-IR, lipids
and hs-CRP between the beginning and end of the study
were compared by paired samples ¢-test. The percentage
of changes in variables after intervention was determined
by formula: [(after values — before values) / before values]
x 100. A p value less than 0.05 was considered statisti-
cally significant.

RESULTS

A total of 3 patients were excluded from the study be-
cause of personal reasons. Sixty one patients (30 patients
in omega—3 fatty acids group and 31 patients in placebo
group) completed the study. Patients demonstrated good
compliance with the study design. Age and anthropomet-
ric characteristics of the subjects at the beginning and end
of the study are shown in Table 1. There were no signifi-
cant differences between and within groups in weight,
BMI, WC and WHR in the beginning of the study and
after 8 weeks of intervention.

Daily dietary intakes of participants throughout the
study are shown in Table 2. Intake of cholesterol was
significantly different between placebo and omega—3
fatty acids group at the beginning of the study (p=0.043).

No significant differences in energy and other dietary
intakes were observed between two groups at baseline.
Total energy and nutrient intakes also did not change sig-
nificantly in any of the groups during the study.

Serum levels of adiponectin and metabolic parameters
of subjects at baseline and after 8 weeks intervention are
shown in Table 3. There were no significant differences
between the 2 groups in terms of serum adiponectin, glu-
cose, insulin, HOMA-IR, lipids and hs-CRP levels at
baseline. Results of analysis of covariance showed statis-
tically significant differences between two studied groups
in serum adiponectin (p=0.003), glucose (p<0.001), insu-
lin (p=0.002), HOMA-IR (p<0.001), TC (p=0.002) and
LDL-C (p=0.003) levels at the end of the study, adjusted
for energy, PUFA and cholesterol intakes and baseline
values, but changes in serum TG, HDL-C and hs-CRP
levels were not significant. Supplementation with ome-
ga—3 fatty acids increased levels of adiponectin by 19.5%
and resulted in 11.4%, 8.4%, 21.8%, 8.1% and 14.9%
reduction in serum levels of glucose, insulin, HOMA-IR,
TC and LDL-C, respectively, compared with these varia-
bles in placebo group.

As shown in Table 3, serum levels of adiponectin and
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Table 3. Serum adiponectin levels and metabolic parameters of women with PCOS at baseline and after 8 weeks of

either placebo or omega-3 fatty acids intervention

variable Measurement period I()lr?:?;()) Omega(—r?:t;:l(t)t)y acids
Adiponectin (ng/mL) Baseline 12.3+£3.62 11.8+3.18
After intervention 12.0+3.10 13.5 £2.41
Glucose (mg/dL) Baseline 91.7+12.3 95.2+10.3
After intervention 92.4+9.92 85.4£8.95
Insulin (nIU/mL) Baseline 16.4 +3.54 16.5+£2.96
After intervention 16.4 +3.39 15.1+£2.68*
HOMA-IR Baseline 3.79+1.28 3.91+£1.03
After intervention 3.80+1.11 3.20+0.80"
TC (mg/dL) Baseline 188 +29.2 187 +32.5
After intervention 187+25.9 170 £32.0
TG (mg/dL) Baseline 126 £28.5 127 +29.5
After intervention 120 +28.5 119+26.0"
LDL-C (mg/dL) Baseline 117£31.5 118 +29.4
After intervention 117+27.4 102 +£29.6 *
HDL-C (mg/dL) Baseline 449+6.11 43.1 £6.55
After intervention 45.3+4.49 459+ 6.53"
hs-CRP (mg/L) Baseline 2.22+0.83 2.26+0.70
After intervention 2.08 + 0.80 2.11+0.80

HOMA-IR: homeostatic model assessment for insulin resistance, TC: total cholesterol, TG: triglyceride, LDL-C: low density lipoprotein,
HDL-C: high density lipoprotein, hs-CRP: high sensitive C-reactive protein

"Significant difference within groups after intervention (p < 0.05, paired sample r-test)

TSignificant difference between groups after intervention (p < 0.05, analysis of covariance)

Data are presented as mean = SD

HDL-C significantly increased in the omega—3 fatty acids
group (by 19.8%, p=0.006 and by 7.4%, p=0.018, respec-
tively) at the end of the study. Significant decrease in
serum levels of glucose, HOMA-IR, TC and LDL-C (by
10.0 %, 16.3%, 8.2% and 12.6% respectively, p<0.001
for all), TG (by 5.0 %, p=0.024) and insulin (by 7.5%, p=
0.002) was obtained in omega—3 fatty acids group over
the 8 weeks in comparison to baseline values. Levels of
serum hs-CRP remained unchanged in both groups at the
end of the study.

DISCUSSION
Current evidence from clinical, experimental and epide-
miologic investigations indicates that omega—3 fatty acids
are protective against cardiovascular disease and inflam-
matory disorders.'®

According to our results, no significant changes were
observed in anthropometric measurements, energy and
macronutrient intakes within omega—3 fatty acids and
placebo groups during the study. These results were simi-
lar to the previous studies in PCOS patients.'*'” Cussons
et al. reported that omega—3 supplementation by dose of
4 g/day for 8 weeks, had no significant effects on BMI
and WHR of PCOS patients with nonalcoholic fatty liver
disease." Results of another study conducted by Vargas
et al. in PCOS patients indicated that 6 weeks supplemen-
tation with 3.5 g/day fish oil did not change weight, BMI,
and WC significantly.'” No other published data are
available about the effects of omega—3 supplementation
in PCOS subjects. However, Hajianfar et al. reported that
consumption of fish oil reduced BMI, WC and WHR in
women by type 2 diabetes compared with the placebo
group.'® Findings obtained by Flachs ef al.'’ and Nakatani
et al.*’ demonstrated that PUFA of marine origin resulted
in lower body weight in mice.

It has been reported that effects of omega—3 fatty acids
on anthropometric measurements might be dependent on
sex, age and BMI of subjects at baseline.”'** It was also
proposed that along with different mechanisms, intake of
fish oil may decrease fat mass via lowering energy in-
take.”” The overall energy intakes of our studied subjects
in both groups were not significantly different at the end
of the study compared to baseline values, so no signifi-
cant variations in anthropometric measurements of all
subjects would be partially expected. As a result, anthro-
pometric measurements would not be considered as con-
founding factors in the interpretation of studied biochem-
ical variables.

Adiponectin is an adipose tissue-derived protein that
exists in the human serum at range of 5-30 pg/ml.* Our
results indicated the mean baseline levels of adiponectin
in all studied subjects was near to low range and in-
creased significantly at the end of the study in omega—3
fatty acids group. This finding was compatible with some
recent studies. Kondo ef al. demonstrated that consump-
tion of fish oil for 8 weeks increased serum adiponectin
levels in young, non-obese female subjects.” In studies
by Itoh et al. in obese subjects and by Krebs et al. in
overweight hyperinsulinaemic women, supplementation
with n—3 LC PUFA increased serum adiponectin levels.**
% In several animal researches, experimental diet contain-
ing fish oil was associated with higher adiponectin con-
centration,***’

One of the main effects of EPA and DHA is the stimu-
lation of Adipoq (adiponectin gene) in adipose tissue,
probably by acting as ligands of PPAR-y (peroxisome
proliferator- activated receptor y), the transcriptional reg-
ulator interacting with Adipoq promoter.'’ However some
studies did not show significant effects of omega—3 fatty
acids on serum adiponectin levels'>*® that might be relat-
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ed to metabolic status of subjects or different study de-
signs. Vargas et al. also reported no significant changes in
serum adiponectin levels in PCOS patients after 6 weeks
supplementation by fish oil."”

According to results, omega—3 fatty acids caused a
considerable decrease in insulin resistance. Our results
were similar to the findings of other studies which report-
ed decreased fasting serum glucose in healthy female,*
reduction in insulin levels and HOMA-IR in young wom-
en’ and decreased fasting insulin levels in non-diabetic,
moderately hypertriglyceridaemic patients®' and hemodi-
alysis patients® after supplementation with omega—3 fat-
ty acids. Lower plasma glucose’’ and insulin'® concentra-
tions were reported in studies on mice fed diets rich in
EPA and DHA compared to other experimental diets.

Improvement in insulin sensitivity by omega—3 fatty
acids in our patients might be resulted from elevated
adiponectin level which has anti-diabetic, anti-athero-
sclerotic and anti-inflammatory effects.” Adiponectin
increases glucose utilization by activation of AMPK
(AMP-activated protein kinase).”** Moreover, AMPK
suppresses gluconeogenesis in the liver and stimulates
glucose transport in muscle.*® It has also been suggested
that inhibition of the activity and expression of glucose-6-
phosphatase by n—3 fatty acids, decreases hepatic glucose
output.34

Conversely a number of other studies have failed to
show improvement in insulin sensitivity by omega—3
fatty acids in PCOS patients'*'” young healthy subjects™
and type 2 diabetic patients.'® It seems that the dose and
fatty acid composition of the n—3 PUFA supplements,
duration of intervention, health status of the study sub-
jects, degrees of obesity and insulin resistance, the pres-
ence of other conditions that may also affect insulin sensi-
tivity and differences in the sensitivities of the tools used
to assess insulin resistance, also contribute to the incon-
sistencies.”

In our study supplementation with omega—3 fatty acids
leaded to significant reduction in serum lipids. Cussons et
al. and Vargas et al. also showed significant decrease in
serum TG levels in PCOS patients after supplementation
with fish oil but serum TC, LDL-C and HDL-C concen-
trations remained unchanged.'*'"” In addition, reduction in
serum TG levels by fish oil was reported in several other
studies.* ** In a study by Nilsen ef al, intake of omega—3
fatty acids, resulted in significant reduction in serum TG
and increase in HDL-C levels in patient with acute myo-
cardial infarction.’® The omega—3 fatty acids are natural
ligands for 4 metabolic nuclear receptors including
PPARs, LXR (liver X receptor), HNF-4a (hepatocyte
nuclear factor-4a) and FXR (farnesol X receptor). Activa-
tion of these receptors by EPA and DHA down-regulates
genes encoding proteins that stimulate lipid synthesis and
up-regulates genes that enhance fatty acid oxidation in
liver and muscle.’” In addition, some positive effects of
n—3 LCPUFA on lipid profile is mediated by enhance-
ment of AMPK, a major sensor of cellular energy status
which regulates partitioning between lipid oxidation and
lipogenesis.”® It is also proposed that fish oil intake im-
proves LDL receptor activity in the liver, reduces LDL-C
synthesis and increases fractional rate of catabolism of
LDL-C 28:38.39

Based on obtained results, serum levels of TG signifi-
cantly decreased and HDL-C increased in the omega—3
fatty acids group only compared to their baseline values.
It was shown that effect of fish oil on TG levels is dose-
dependent.® Studies on hypertriglyceridemic patients
demonstrated that high doses of fish oil had remarkable
effects in reducing TG levels.® *° It was possible that in
our study, dose of omega—3 fatty acids or duration of
intervention period were not sufficient to have considera-
ble impact on serum TG and HDL-C levels in comparison
to placebo group.

We observed that omega—3 fatty acids had no signifi-
cant effect on serum hs-CRP in studied patients. This
finding is in accordance with the results of previous stud-
ies in PCOS women.'* '” However, Tsitouras e al. and
Rasic-Milutinovic et al. reported significant decrease in
hs-CRP levels after diet intervention high in EPA and
DHA in healthy older adults and fish oil supplementation
in hemodialysis patients.”® > The effect of n—3 PUFA on
markers of chronic inflammation such as hs-CRP is large-
ly unknown.” When the intake of n—3 PUFA is high,
EPA and DHA replace arachidonic acid in the cell mem-
branes and produce eicosanoids which have less inflam-
matory actions.*' Non significant effect of omega—3 fatty
acids on serum hs-CRP levels in our study might be due
to low baseline serum levels of hs-CRP in the studied
patients. Other studies are needed to evaluate effects of
omega—3 fatty acids on serum hs-CRP in PCOS patients
with higher baseline serum hs-CRP values or on other
inflammatory markers.

Our study had some limitations. This research included
only overweight and obese PCOS patients. In addition,
effects of omega—3 fatty acids on metabolic parameters
are dose-related.’>* Therefore, the results of our study
may not be applicable to underweight or normal weight
PCOS patients and also to other doses of omega—3 fatty
acids supplements or different intervention period dura-
tions.

As a conclusion the present trial showed that supple-
mentation with omega—3 fatty acids had some beneficial
effects on serum adiponectin, insulin resistance and lipid
profile in PCOS patients. Omega—3 fatty acids may be
useful in the control and prevention of metabolic compli-
cations of PCOS patients such as type 2 diabetes and car-
diovascular diseases.
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