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Abstract

Objective: To assess the effectiveness and safety of omega-3 fatty acid for patients with PCOS.

Methods: In this meta-analysis, data from randomized controlled trials were obtained to assess the effects
of omega-3 fatty acid versus placebo or western medicine in women with PCOS. The study's registration
number is CRD42017065859. The primary outcomes included the change of homeostatic model assessment
(HOMA) of insulin resistance, total cholesterol (TC), triglyceride (TG) and adiponectin.

Result: Nine trials involving 591 patients were included. Comparing with the control group, omega-3 fatty
acid may improve HOMA index (WMD -0.80; 95% Cl -0.89, —0.71; P<0. 00001), decrease TC and TG level [TC:
(WMD -943; 95% Cl -11.90, —6.95; P<0. 00001); TG: (WMD -29.21; 95% ClI -48.08, — 10.34; P =0. 002)], and
increase adiponectin level (WMD 1.34; 95% Cl 0.51, 2.17; P=0. 002).

Conclusion: Based on current evidence, omega-3 fatty acid may be recommended for the treatment of PCOS
with insulin resistance as well as high TC (especially LDL-C) and TG.
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Background

Polycystic ovary syndrome (PCOS) is a common re-
productive endocrine disease estimated to affect 6—
10% of women of reproductive age [1, 2], which is as-
sociated with a variety of factors, including menstrual
irregularity, insulin resistance, diabetes, and obesity
[3]. The pathogenesis of PCOS is not yet clear, but
genetics and lifestyle factors contribute significantly to
the development of the PCOS [4]. The prevalence of
metabolic syndrome (Reproductive disorders, infertil-
ity, metabolic disorders) in PCOS patients is higher
than that in the general population [5]. The negative
effects of these PCOS-related symptoms impaired the
quality of women’s life and led them to undeniable
pressure.
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The recommended treatments for PCOS women, es-
pecially for PCOS patients with obesity, are lifestyle
and nutrition interventions and weight loss [6, 7].
The current study shows that metabolic disorders in
patients with PCOS may be improved by the inter-
vention of dietary factors such as anti-inflammatory
foods [8]. Among dietary factors, omega-3 fatty acids
play an important role in immune regulation, insulin
sensitivity, cellular differentiation, and ovulation [8,
9]. This dietary supplement may be used for improv-
ing excessive oxidative stress-caused folliculogenesis
disorder and hyperinsulinemia in women with PCOS
[10-12]. Omega-3 fatty acids supplementation also
has a beneficial effect on some cardiometabolic risk
factors in women with PCOS [13], which is achieved
through reducing the synthesis of prostaglandins by
competitive inhibition of cyclooxygenase 2 (COX-2)
[9] and increasing the activity of antioxidant enzymes
[14, 15].
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Table 1 Inclusion criteria
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P (Participants)

| (Intervention)

C (Comparisons)

O (Outcomes)

S (Study type)

Women with a diagnosis of polycystic ovary syndrome

Omega-3 fatty acid with no limits on the type, dose,
frequency and so on

Blanks, placebo, or western medicine

Primary: the change of homeostatic model assessment (HOMA)
of insulin resistance, total cholesterol (TC), triglyceride
(TG), adiponectin, adverse events

Secondary: body mass index (BMI), fasting insulin, fasting glucose,

low density lipoprotein cholesterol (LDL-C), high density lipoprotein
cholesterol (HDL-Q), follicle stimulating hormone (FSH), luteotropic
hormone (LH), total testosterone, sex hormone-binding globulin (SHBG)

Randomized controlled trials (RCTs), which assess the effects of
omega-3 fatty for the treatment of PCOS (with no limits on the
manner by which randomization has been achieved, on blinding
or on the language of publication)

A previous systemic review and meta-analysis which
reviewed the research before 2015 have evaluated the
effects of omega-3 fatty acids in PCOS women, and it
reported that omega-3 fatty acids may not have a
beneficial effect on improving insulin resistance in
women with PCOS [16]. Over time, more randomized
controlled trials (RCTs) about omega-3 fatty acid were
published between 2015 and 2018. However, the new
RCTs [17-20] showed that omega-3 fatty acid had a
beneficial effect on serum adiponectin levels, insulin
resistance, serum lipid levels and so on in PCOS pa-
tients, which is contrary to the result of the previous
meta-analysis [16]. Therefore, the results of systematic
review and meta-analysis need to be updated. This
systemic review and meta-analysis is a registered

Table 2 Search Strategy for Pubmed

review with protocol (CRD42017065859) in PROS-
PERO, which aims to evaluate the effects of omega-3
fatty acid on women with PCOS.

Methods

Protocol

Study selection, assessment of eligibility criteria, data
extraction, and statistical analysis were performed based
on a predefined protocol registered on PROSPERO
(CRD42017065859).

Search strategy and selection criteria

A search strategy was designed to search all the avail-
able literature. We searched the Pubmed, Clinical-
Trials, Embase, Medline Complete, Web of Science,

Database

Search Strategy

Pubmed

(n-3 Fatty Acids OR n 3 Fatty Acids OR n-3 Polyunsaturated Fatty Acid
OR n 3 Polyunsaturated Fatty Acid OR n-3 PUFA OR PUFA, n-3 OR
n 3 PUFA OR Omega 3 Fatty Acids OR n3 PUFA OR PUFA, n3 OR
n3 Polyunsaturated Fatty Acid OR n3 Oils OR n-3 Oils OR n 3 Oils
OR Omega-3 Fatty Acids OR n3 Fatty Acid OR Fatty Acid, n3)

AND

(Ovary Syndrome, Polycystic OR Syndrome, Polycystic Ovary OR
Stein-Leventhal Syndrome OR Stein Leventhal Syndrome OR
Syndrome, Stein-Leventhal OR Sclerocystic Ovarian Degeneration
OR Ovarian Degeneration, Sclerocystic OR Sclerocystic Ovary
Syndrome OR Polycystic Ovarian Syndrome OR Ovarian Syndrome,
Polycystic OR Polycystic Ovary Syndrome 1 OR Sclerocystic Ovaries
OR Ovary, Sclerocystic OR Sclerocystic Ovary OR PCOS)

AND

(randomized controlled trial [pt] OR controlled clinical trial [pt] OR
placebo [tiab] OR drug therapy [sh] OR trial [tiab] OR groups [tiab]
OR clinical trials as topic [mesh: noexp] OR Clinical Trial OR random*
[tiab] OR random allocation [mh] OR single-blind method [mh] OR
double-blind method [mh] OR cross-over studies)

NOT

(animals [mh] NOT humans [mh])
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Cochrane Library (Until Issue 12, 2017), the Chinese
Science and Technology Periodical Database (VIP),
the Chinese National Knowledge Infrastructure Databases
(CNKI), WanFang Database (Chinese Ministry of Science
& Technology), Chinese Biomedical Database (CBM),
from their inception to January, 2018. The search terms
included omega-3 fatty acid, -3 fatty acid, n-3 fatty acid,
polycystic ovary syndrome, PCOS.

Studies meeting the inclusion criteria were included in
this review (see Table 1).

Due to the ovarian aging in post-menopausal
women, studies involving post-menopausal women
(over 50 years of age) were excluded, which meet the
exclusion criteria.

Data analysis

All studies were reviewed and selected independently
by three reviewers (Kailin Yang, Liuting Zeng, Tingt-
ing Bao). The titles and abstracts were reviewed, and
articles which did not fit the eligibility criteria were
excluded. If the title or abstract appeared to meet
the eligibility criteria or they could not determine its
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eligibility, the full texts of the articles were obtained
for further evaluation. For example, the search strat-
egy for Pubmed was present in Table 2; ten studies
of twenty-one studies in Pubmed were extracted.
The data were extracted independently by three re-
viewers (Kailin Yang, Liuting Zeng and Tingting
Bao) using a standardized data extraction form. Any
discrepancies between the reviewers were resolved by
consensus among all four reviewers (Kailin Yang,
Liuting Zeng, Tingting Bao and Jinwen Ge). The
characteristics and general information were ex-
tracted and tabulated, including Authors, time of
publication, intervention, comparison group, out-
comes, AEs, and follow-up period.

If there was missing information in the paper, such
as methodology, diagnosis, interventions and out-
comes, reviewers would try to contact the original au-
thors to clarify the data, or impute the missing
standard deviations according to the Cochrane Hand-
book 5.1.0—if there were missing standard deviations,
if several candidate standard deviations are available,
reviewers would to use their average to impute it.

204 of records identifed
through database searching:

-CNKI: 0 -Wan Fang: 0

-VIP: 0 -CBM: 1

-PubMed: 21 -EMBASE: 102
-The Cochrane Library: 23
-Web of Science: 44
-Medline Complete: 8

-ClinicalTrials.gov: 5

[Total records: 204 ]

Records after sceened: 17 ]_,

Records included according to

inclusion/exclusion criteria: 15

Records excluded based on the title and
abstract: 187

Records eventually included: 15 ’

Fig. 1 Flow diagram of searching and article selection

Records excluded according to
inclusion/exclusion criteria: 2
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(P=NS or P>0.05), or reviewers imputed them by P-
value (P < 0.05) [21].

The risk of bias was assessed using the risk of bias
assessment tool by the Cochrane Handbook for Sys-
tematic Reviews of Interventions, version 5.1.0 [22].
The criteria consist of 7 items related to selection
bias (random sequence generation and allocation
concealment), performance bias (blinding of participants
and personnel), detection bias (blinding of outcome as-
sessment), attrition bias (incomplete outcome data),
reporting bias (selective outcome reporting), and other
sources of bias. Three reviewers (Liuting Zeng, Kailin
Yang, Tingting Bao) independently performed this, and
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any discrepancies between the two reviewers were re-
solved by consensus among all four reviewers (Kailin
Yang, Liuting Zeng, Tingting Bao and Jinwen Ge).

The data were analyzed using RevMan 5.3 software.
The dichotomous variable measure was summarized
by risk ratio (RR) with a 95% confidence interval (CI).
The continuous outcomes underwent meta-analysis
using mean differences (MD) and 95% CI. Heterogen-
eity among studies was assessed using Cochrane’s Q
and 12 statistic [23]. When P> 0.1, I2 < 50%, we used
a fixed effect model; when P<0.1, 12 > 50%, we would
explore the reasons for heterogeneity, perform the
subgroup analysis and use a random effect model.

Random sequence generation (selection hias) _:I

Allocation concealment (selection hias) _:l

Blinding of participants and personnel (performance bias) _
Blinding of outcome assessment (detection bias) _
Imcomplete outcome data (attrition bias) _

Selective reporting (reporting hias) _

Other hiases _
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Fig. 2 The risk of bias
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Test for overall effect. Z=17.17 (P < 0.00001)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection hias)

(C) Blinding of participants and personnel (performance hias)
(D) Blinding of outcome assessment (detection hias)

(E) Imcomplete outcome data (attrition hias)

(F) Selective reporting (reporting bias)

(G) Other hiases

Fig. 3 The Change of Homeostasis Model Assessment of Insulin Resistance

Omega-3 fatty acid Control Mean Difference Mean Difference
Study or Subgrou Mean SD__Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Mohammadi 2012 -0.71 0.94 30 001 1.2 31 29% -0.72[1.26,-0.18]
Karakas 2016a 0.1 25 17 04 19 8 0.3% -0.30[2.07,1.47) —
Karakas 2016h 0.9 6.5 17 04 19 9 01% 0.50[-2.83,3.83]
Ehrahimi 2017 -0.2 0.2 34 06 02 34 924% -0.80[-0.90,-0.70] .
Khani 2017 -0.7 1.7 43 03 09 44  25% -1.00[1.57,-0.43] —=
Jamilian 2018 -0.4 0.8 20 04 13 20 1.9% -0.80[1.47,-0.13] —=
Total (95% Cl) 161 146 100.0% -0.80[-0.89,-0.71] ]
Heterogeneity: Chi*= 1.44, df= 5 (P = 0.92); F= 0% 0 + 2 3 .

Favours [Omega-3 fatty acid) Favours [Control)

Primary outcomes, secondary outcomes, and adverse
events (AEs) would be reported. Except menstrual cycle
regulation (no research reported the outcome), all out-
comes were prespecified in the study protocol.

Results

Results of the search

Our initial search identified and screened 204 articles.
We excluded 187 articles based on the title and abstract
and retrieved 17 articles for more detailed evaluation.
From these, we excluded 2 publications and included 15
studies in our review (Fig. 1).

Description of included trials and risk of Bias in included
studies

Nine RCTs with 591 participants met the inclusion cri-
teria. There are four records whose data [7, 12, 24, 25]

derived from the same clinical trial, so we counted
them as one RCT (Mohammadi 2012 [25]). All of
them were parallel-group RCTs. Because there are
three groups in Karakas’s research [17], two of them
are trial groups, while one is control group; according
to the Cochrane Handbook 5.1.0, we split the shared
control group into two groups with smaller sample
size [21], and include the two reasonably independent
comparisons (Karakas 2016 a and Karakas 2016 b).
Study characteristics are presented in Table 3.

Among the 9 included RCTs, four studies [18, 26—
28] adopted unclear randomization procedures, while
the others described adequate methods of random
sequence generation: the block randomization pro-
cedure [25], website [17], random-maker software
“random allocation” [8] or computer-generated
randomization list [19, 20]; we rated the five studies

Test for overall effect: Z= 7.46 (P < 0.00001)

Risk of bias legend

(A) Random sequence generation (selection hias)

(B) Allocation concealment (selection hias)

(C) Blinding of participants and personnel (performance hias)
(D) Blinding of outcome assessment (detection hias)

(E) Imcomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other hiases

Fig. 4 Total Cholesterol

Omega-3 fatty acid Control Mean Difference Mean Difference
Study or Subgrou Mean SD _Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Mohammadi 2012 17033 3203 30 186.63 25.89 il 29%  -16.30[-30.94,-1.66) -
Karakas 2016a 201.03 2892 17 177.84 491 8 05% 23.19[-13.51,59.89] T
Karakas 2016h 193.3 288.02 17 177.84 491 9 0.0% 15.46[-125.16, 156.08]
Rahmani 2017 161.5 31.4 34 1786 299 34 28%  -17.10[-31.67,-2.53) -
Khani 2017 180.34 6.33 43 18956 5.92 44 92.3% -9.22 [111.80,-6.64] .
Mirmasoumi 2017 166.4 459 30 1711 338 30 1.5% -4.70[-25.10,15.70) I
Total (95% Cl) 171 156 100.0% -9.43[-11.90, -6.95] ]
Heterogeneity: Chi®= 5.30, df = 5 (P = 0.38); F= 6% ho ®0 6 %1  ito

Favours [Omega-3 fatty acid] Favours [Control]
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p
Omega-3 fatty acid Control Mean Difference Mean Difference Risk of Bias
Study or Subgrou Mean SD__Total Mean SD _Total Weight IV, Random, 95% CI IV, Random, 95% CI
Mohammadi 2012 11913 26.04 30 12023 2852 31 21.4% -1.10[-14.80, 12.60] =
Karakas 2016a 106.25 36.82 17 18594 44383 8 13.0% -79.69[115.35,-44.03]
Karakas 2016h 11511 36.82 17 185.94 4483 9 13.5% -70.83[104.95,-36.71] — =

Rahmani 2017 1006 54 34 1283 726 34 149%
Khani 2017 116.02 312 43 12506 291 44 242%
Mirmasoumi 2017 1008 641 30 122 753 30 131%
Total (95% Cl) 171 156 100.0%

Heterogeneity: Tau®= 383.21; Chi*= 30.81, df= 5 (P < 0.0001), F= 84%
Test for overall effect: Z= 3.03 (P = 0.002)

Risk of bias legend

(A) Random sequence generation (selection hias)

(B) Allocation concealment (selection hias)

(C) Blinding of participants and personnel (performance hias)
(D) Blinding of outcome assessment (detection hias)

(E) Imcomplete outcome data (attrition hias)

(F) Selective reporting (reporting bias)

(G) Other hiases

Fig. 5 Triglyceride
A

-27.70[-58.11,2.71)
-9.04 [10.31,-7.77] -
-21.20 [-56.58,14.19]

.29.21[-48.08, -10.34] >

400 -50 0 50 100
Favours [Omega-3 fatty acid] Favours [Control]

as having an unclear risk of bias, while the others
trials were at low risk of bias. We rated three trials
[8, 17, 25] as having an unclear risk of bias because
they did not describe an acceptable method of allo-
cation concealment; because of that the others [19,
20, 26-28] described that drugs in trial groups and
control groups were similar in shape, size and so on
that the patients and researcher were not aware until
the end of the analysis, we rated them as having a
low risk of bias. For participant and outcome assess-
ment blinding, five trials were unclear [17-20, 26],
but they used objective measures (e.g. TG, TC, adipo-
nectin) and the outcome is not likely to be influenced
by the lack of blinding, while the rest one studies
used blinding; thus, we gave a low risk of bias for all.
None of trials missed data and incompletely reported
the outcomes, therefore we gave a low risk of bias.

Other sources of bias were at low risk in all of the
included studies. A graphical summary of the risks of
bias assessment is presented in Fig. 2.

Primary outcomes

Five RCTs [8, 17, 20, 25, 28] reported the change of
HOMA at the end of treatment. Due to the low het-
erogeneity, we used fix effect model. In this index, it
can be found that in improving insulin resistance,
omega-3 fatty acid is better [the change of HOMA:
(WMD -0.80; 95% CI -0.89, -0.71; P<0. 00001)]
(Fig. 3).

Five RCTs [8, 17, 19, 25, 27] reported total choles-
terol. We used fix effect model. According to the re-
sult, compared with the control group, omega-3 fatty
acid is better in decrease TC [TC: (WMD -9.43; 95%
CI -11.90, - 6.95; P<0. 00001)] (Fig. 4).

Omega-3 fatty acid Control
Study or Subgrou Mean SD__Total Mean

Mean Difference
SD Total Weight IV, Fixed, 95% Cl

Mean Difference
IV, Fixed, 95% CI

Test for overall effect: Z= 3.16 (P = 0.002)

Risk of bias legend

(A) Random sequence generation (selection hias)

(B) Allocation concealment (selection hias)

(C) Blinding of participants and personnel (performance hias)
(D) Blinding of outcome assessment (detection hias)

(E) Imcomplete outcome data (attrition hias)

(F) Selective reporting (reporting bias)

(G) Other hiases

Fig. 6 Adiponectin

Mohammadi 2012 135  2.41 30 12 31 31 356% 1.50([0.11,289) —
Karakas 2016a 85 255 17 63 3412 8 11.2% 2.20[-0.28, 4.68) 1

Karakas 2016h 76 255 17 B3 312 9 12.2% 1.30[1.07,3.67) 1T
Nadjarzadeh 2015 562 268 39 465 314 39 41.0% 0097[0.33,227) —
Total (95% CI) 103 87 100.0% 1.34[0.51,2.17] >
Heterogeneity: Chi*= 0.83, df= 3 (P = 0.84); F= 0% t f

4 2 0 2 4
Favours [Control] Favours [Omega-3 fatty acid)
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Omega-3 fatty acid Control Mean Difference Mean Difference
Study or Subgrou Mean SD _Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
Mohammadi 2012 28.58 33 30 28.83 294 31 236% -0.25[1.82,1.32) I
Karakas 2016a 36.6 462 17 333 484 8 36% 3.30[071,7.31] I
Karakas 2016b 352 462 17 333 484 9 39% 1.90[1.95575] -
Nadjarzadeh 2015 3117 583 39 3183 368 39 121% -0.66[2.85,1.53] —
Rahmani 2017 28.2 4.6 34 29 65 34 8.1% -0.80[-3.48,1.88) [
Ebrahimi 2017 27.8 43 34 283 B7 34 81% -050[3.18,218) T E—
Khani 2017 3008 339 43 3161 357 44 271% -1.53[2.99,-0.07) ——
Mirmasoumi 2017 26.9 5 30 266 54 30 84% 030233293 —r
Jamilian 2018 26.3 5.8 20 285 51 20 51% -2.20[-5.58,1.18] ——=
Total (95% Cl) 264 249 100.0% -0.55[-1.31,0.21]

Heterogeneity: Chi®=8.32, df= 8 (P = 0.40); F= 4%
Testfor overall effect: Z=1.42 (P=0.16)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection hias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection hias)

(E) Imcomplete outcome data (attrition bias)

(F) Selective reporting (reporting hias)

(G) Other hiases

Fig. 7 BMI

-10 -5
Favours [Omega-3 fatty acid] Favours [Control)

Five RCTs [8, 17, 19, 25, 27] reported triglyceride (TG)
level. Due to the heterogeneity (Tau® =383.21, I* = 84%,
P<0.0001), we used random effect model. It seems like
that compared with the control group, omega-3 fatty acid
can decrease the TG level in PCOS patients [TG: (WMD
-29.21; 95% CI -48.08, — 10.34; P = 0. 002)] (Fig. 5).

Three RCTs [17, 18, 25] reported adiponectin level. We
used fix effect model. According to the results, compared
with the control group, omega-3 fatty acid can increase
the adiponectin level in PCOS patients [Adiponectin:
(WMD 1.34; 95% CI 0.51, 2.17; P=0. 002)] (Fig. 6).

Secondary outcomes
Eight RCTs [8, 17-20, 25, 27, 28] reported BMIL. We
used fix effect model. In this index, there is not strong

evidence that the omega-3 fatty acid has an effect on
BMI because there was no statistical difference [BMI:
(WMD -0.55; 95% CI -1.31, 0.21; P = 0. 16)] (Fig. 7).
Four RCTs [17, 19, 20, 27] reported fasting insulin
and five RCTs reported fasting glucose [8, 17, 19, 20,
27] at the end of treatment. Due to the heterogeneity
[Fasting insulin: (Tau® =159.92, I*> =53%, P =0.07);
Fasting glucose: (Tau® =17.20, I> =70%, P =0.005)],
we used random effect model. For fasting insulin,
compared with the control group, there is not strong
evidence that the omega-3 fatty acid has an effect on
hyperinsulinemia because there was no statistical dif-
ference (WMD -8.28; 95% CI -24.35, 7.79; P=0. 31)
(Fig. 8). And for fasting glucose, there is also not
strong evidence that the omega-3 fatty acid has an

Heterogeneity: Tau®=159.92; Chi*= 8.54, df= 4 (P=0.07), F=53%
Test for overall effect Z=1.01 (P=0.31)
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(F) Selective reporting (reporting hias)

(G) Other hiases

Fig. 8 Fasting insulin
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00 50 0 50 100
Favours [Omega-3 fatty acid) Favours [Control]




Yang et al. Reproductive Biology and Endocrinology (2018) 16:27 Page 9 of 13
p
Omega-3 fatty acid Control Mean Difference Mean Difference Risk of Bias
Study or Subgrou Mean SD__Total Mean SD Total Weight IV, Random,95% CI IV, Random, 95% Cl

Test for overall effect: Z=0.97 (P=0.33)

Risk of bias legend

(A) Random sequence generation (selection hias)

(B) Allocation concealment (selection hias)

(C) Blinding of participants and personnel (performance hias)
(D) Blinding of outcome assessment (detection hias)

(E) Imcomplete outcome data (attrition hias)

(F) Selective reporting (reporting bias)

(G) Other hiases

Fig. 9 Fasting glucose
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Heterogeneity: Tau®= 17.20; Chi*= 16.56, df= 5 (P = 0.005); F= 70% 30 0 6 1 m

Favours [Omega-3 fatty acid] Favours [Control]

effect on fasting glucose because there was no statis-
tical difference (WMD -2.04; 95% CI -6.16, 2.08; P =
0. 33) (Fig. 9).

Five RCTs [8, 17, 19, 25, 27] reported LDL-C and
HDL-C at the end of treatment. For LDL-C, we used fix
effect model, and compared with the control group, the
omega-3 is likely to decrease LDL-C (WMD -9.62;
95% CI -10.30, -8.94; P <0.00001) (Fig. 10). How-
ever, for HDL-C, we used random effect model be-
cause of its high heterogeneity (Tau® =12.59, I* =
81%, P<0.0001), and there is also not strong evidence
that the omega-3 fatty acid has an effect on fasting
glucose because there was no statistical difference
(WMD 1.32; 95% CI -2.16, 4.81; P =0. 46) (Fig. 11).

Only two RCTs [19, 26] reported FSH and LH, and
three RCTs [19, 20, 27] reported SHGB and total testos-
terone. For FSH, LH and SHBG, we used fix effect
model; while for total testosterone, due to the hetero-
geneity (Tau® =0.02, I*> =45%, P =0.16), we used

random effect model. However, for all of these indexes,
there is also not strong evidence that the omega-3 fatty
acid has an effect on fasting glucose because there was
no statistical difference. [FSH: (WMD -0.39; 95% CI -1.
32, 0.54; P =0. 42); LH: (WMD -0.17; 95% CI -1.68, 1.33;
P=0. 82); SHGB: (WMD 0.55; 95% CI -7.07, 8.17; P =0.
89); total testosterone: (WMD -0.08; 95% CI -0.29, 0.13;
P =0.49)] (Figs. 12, 13, 14 and 15).

Adverse events

Only one study [27] reported AEs and the rest of
them did not mention AEs at all. And this study
mentioned that there were no serious AEs reported.

Discussions

This systematic review and meta-analysis including 9
RCTs analyzes the effectiveness of omega-3 fatty acid for
PCOS. Compared with the control group, omega-3 fatty
acid may improve insulin resistance (improve HOMA

Test for overall effect: Z= 27.68 (P < 0.00001)
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Fig. 10 LDL-C
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Fig. 11 HDL-C
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index and increase adiponectin level), and decrease
TC, TG, LDL-C. Meanwhile, there is not strong evi-
dence that the omega-3 fatty acid has an effect on
BMI, fasting insulin, fasting glucose, HDL-C, FSH,
LH, SHGB and total testosterone. As PCOS is closely
associated with insulin resistance and hyperandrogen-
ism [29-31], based on current evidence, omega-3
fatty acid may be recommended for the treatment of
PCOS with insulin resistance or/and high TC (espe-
cially LDL-C) and TG. While this finding seems
promising, it should be interpreted with caution
mainly due to the unclear risk of bias for selection
bias (random sequence generation and allocation con-
cealment) and a small number of participants. Al-
though comparing with control group, there is not
strong evidence that the omega-3 fatty acid has an ef-
fect on BMI, fasting insulin, fasting glucose, HDL-C,
FSH, LH, SHGB and total testosterone, it does not
mean there is no medical significance. Instead, it may

mean that omega-3 fatty acid may be the safer or
cheaper treatment options.

Only one study [27] reported AEs and the rest of them
did not mention AEs at all. This RCT reports that no
relevant side effect was recorded during the therapy.
However, the absence of information on AEs does not
mean that the intervention is safe [32]. Thus, although
based on current evidences, we consider that omega-3
fatty acid is a relatively safe treatment, we cannot assure
it. Future clinical trials are required to report AEs with
more explanations [33].

PCOS is one of the most common endocrine dis-
orders that women suffer from [34], which is closely
related to insulin resistance and hyperandrogenism
[4-6]. The relationship between insulin resistance
and hyperandrogenism is that insulin resistance can
stimulate the production and secretion of androgens
and ovarian failure [35-37]. Therefore, improving insulin
resistance is considered to be of quit importance for

Heterogeneity: Chi*=1.02, df=1 (P=0.31); F= 2%
Test for overall effect. Z=0.81 (P = 0.42)
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Fig. 12 FSH
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PCOS [35]. Omega-3 fatty acids are the very sub-
stance that increases the sensitivity to insulin by pro-
ducing and secreting anti-inflammatory adipokine
(such as adiponectin) and reducing inflammation and
proinflammatory cytokines [25, 28-39], which has
been revealed in our meta-analysis. Omega-3 fatty
acids can also reduce cholesterol absorption and
LDL-C synthesis, improve LDL receptor activity in
liver, and increase fractional rate of catabolism of
LDL-C [40, 41]. Therefore, omega-3 fatty acid supple-
mentation had a beneficial effect on some cardiomet-
abolic risk factors in women with PCOS [13].
Comparing with previous reviews [16], the strengths
of this systematic review and meta-analysis are that it
indicates that omega-3 fatty acid may be suitable for
the treatments of PCOS with insulin resistance or/
and high TC (especially LDL-C) and TG. And this re-
view included six recent (2016—-2018) RCTs [8, 17, 19,
20, 27, 28]. A study concluded that publication bias is
smaller in meta-analysis of more recent studies [42];

therefore, the risk of publication bias of this review
may not be high. The limitations include the small
number of trials, the small number of participants
and the high heterogeneity for some outcomes (such
as TG and HDL-C). The high level of heterogeneity
was explored using sensitivity analysis for risk of bias,
however, upon removal of the RCTs with medium
risk of bias, there was no difference in the direction
of effect or the heterogeneity. The heterogeneity may
come from placebo effects or other places. Mean-
while, study duration is generally short-to-medium
term (mostly 12 weeks), the long-term efficacy of
omega-3 fatty acid is temporarily uncertain. Addition-
ally, due to none of trials that reported AEs, the
safety of omega-3 fatty acid should be interpreted
with caution. Finally, the absolute treatment effects
should also be interpreted with caution because the
number of participants is small and it may not be
generalizable to all types of PCOS. Further rigorously
designed studies are needed to confirm the
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Study or Subgrou Mean SD__Total Mean SD_Total Weight
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Fig. 14 SHGB
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effectiveness and safety of omega-3 fatty acid in pa-
tients with PCOS. Furthermore, the individual patient
data (IPD) meta-analysis, which would allow analysis
to control for all types of heterogeneity due to differ-
ences in studies and/or patients and may be poten-
tially more reliable than aggregate data meta-analysis,
are also needed in the future [43, 44].

Conclusion

Our systematic review and meta-analysis provides evi-
dence that omega-3 fatty acid may be a novel drug for
PCOS patients. And based on current evidence, omega-
3 fatty acid may be recommended for the treatment of
PCOS with insulin resistance as well as high TC (espe-
cially LDL-C) and TG. However, current RCTs have lim-
itations, including small sample sizes and short duration.
The benefits from long term treatment of omega-3 fatty
beyond 6 months remain to be defined by future studies.
Meanwhile, more randomized, double-blind, large sam-
ple size trials of omega-3 fatty for PCOS are needed in
the future to confirm or modify the result of this work.

Acknowledgments
This work is supported by the National Natural Science Foundation of China
(No. 81274008).

Funding
The National Natural Science Foundation of China (No. 81274008).

Availability of data and materials
Not applicable.

Authors’ contributions

KY and LZ contributed equally to this work. KY, LZ and JG are responsible for
the study concept and design. KY, LZ and TB are responsible for the
literature searching; KY, LZ, TB and JG are responsible for data analysis and
interpretation; KY and JG drafted the paper; JG and TB supervised the study;
all authors participated in the analysis and interpretation of data and
approved the final paper.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
"Hunan University of Chinese Medicine, Changsha 410208, Hunan Province,
China. “Beijing University of Chinese Medicine, Beijing 100029, Beijing, China.

Received: 17 November 2017 Accepted: 13 March 2018
Published online: 27 March 2018

References

1. Kelley CE, Brown AJ, Diehl AM, Setji TL. Review of nonalcoholic fatty liver
disease in women with polycystic ovary syndrome. World J Gastroenterol.
2014,20:14172-84.

2. Baptiste CG, Battista MC, Trottier A, Baillargeon JP. Insulin and
hyperandrogenism in women with polycystic ovary syndrome. J Steroid
Biochem Mol Biol. 2010;122:42-52.

3. Chittenden BG, Fullerton G, Maheshwari A, Bhattacharya S. Polycystic ovary
syndrome and the risk of gynaecological cancer: a systematic review.
Reprod BioMed Online. 2009;19:398-405.

4. Ovalle F, Azziz R. Insulin resistance, polycystic ovary syndrome, and type 2
diabetes mellitus. Fertil Steril. 2002;77:1095-105.

5. Glueck CJ, Papanna R, Wang P, Goldenberg N, Sieve-Smith L. Incidence and
treatment of metabolic syndrome in newly referred women with confirmed
polycystic ovarian syndrome. Metabolism. 2003;52:908-15.

6. Phelan N, O'Connor A, Kyaw Tun T, Correia N, Boran G, Roche HM, et al.
Hormonal and metabolic effects of polyunsaturated fatty acids in young
women with polycystic ovary syndrome: results from a cross-sectional
analysis and a randomized, placebo-controlled, crossover trial. Am J Clin
Nutr. 2011,93:652-62.

7. Rafraf M, Mohammadi E, Asghari-Jafarabadi M, Farzadi L. Omega-3 fatty
acids improve glucose metabolism without effects on obesity values and
serum visfatin levels in women with polycystic ovary syndrome. J Am Coll
Nutr. 2012,31:361-8.

8. Khani B, Mardanian F, Fesharaki SJ. Omega-3 supplementation effects on
polycystic ovary syndrome symptoms and metabolic syndrome. J Res Med
Sci. 2017,22:64. https://doi.org/104103/jrms.JRMS_644_16. eCollection 2017

9. Hurst S, Curtis CL, Rees SG, Harwood JL, Caterson B. Effects of n-3
polyunsaturated fatty acids on COX-2 and PGE2 protein levels in articular
cartilage chondrocytes. Int J Exp Pathol. 2004,85:A22-3.



https://doi.org/10.4103/jrms.JRMS_644_16

Yang et al. Reproductive Biology and Endocrinology (2018) 16:27

20.

21.

22.

23.

24.

25.

26.

27.

28.

Sekhon LH, Gupta S, Kim Y, Agarwal A. Female infertility and antioxidants.
Curr Womens Health Rev. 2010,6:84-95.

Ruder EH, Hartman TJ, Blumberg J, Goldman M. Oxidative stress and
antioxidants: exposure and impact on female fertility. Hum Reprod Update.
2008;14:345-57.

Mohammadi E, Rafraf M. Benefits of omega-3 fatty acids supplementation
on serum paraoxonase 1 activity and lipids ratios in polycystic ovary
syndrome. Health Promot Perspect. 2012;2:197-204. https://doi.org/10.5681/
hpp.2012.023. eCollection 2012

Cussons AJ, Watts GF, Mori TA, Stuckey BGA. Omega-3 fatty acid
supplementation decreases liver fat content in polycystic ovary syndrome: a
randomized controlled trial employing proton magnetic resonance
spectroscopy. J Clin Endocrinol Metab. 2009;94:3842-8.

Sarbolouki SH, Djalali M, Dorosty AR, Djazayery SA, Eshraghian MR, SAR E, et
al. Effects of EPA and vitamin E on serum enzymatic antioxidants and
peroxidation indices in patients with type Il diabetes mellitus. Iranian J Publ
Health. 2010,39:82-91.

Tayyebi-Khosroshahi H, Houshyar J, Tabrizi A, Vatankhah AM, Razzaghi
Zonouz N, Dehghan-Hesari R. Effect of omega-3 fatty acid on oxidative
stress in patients on hemodialysis. Iran J Kidney Dis. 2010;4:322-6.

Sadeghi A, Djafarian K, Mohammadi H, Shab-Bidar S. Effect of omega-3 fatty
acids supplementation on insulin resistance in women with polycystic ovary
syndrome: meta-analysis of randomized controlled trials. Diabetes Metab
Syndr. 2017;11:157-62. https;//doi.org/10.1016/j.dsx.2016.06.025.

Karakas SE, Perroud B, Kind T, Palazoglu M, Fiehn O. Changes in plasma
metabolites and glucose homeostasis during omega-3 polyunsaturated
fatty acid supplementation in women with polycystic ovary syndrome. BBA
Clin. 2016; 5: 179-185. doi: https://doi.org/10.1016/j.bbacli.2016.04.003.
eCollection 2016 Jun.

Nadjarzadeh A, Dehghani-Firouzabadi R, Daneshbodi H, Lotfi MH, Vaziri N,
Mozaffari-Khosravi H. Effect of Omega-3 supplementation on Visfatin,
adiponectin, and anthropometric indices in women with polycystic ovarian
syndrome. J Reprod Infertil. 2015;16:212-20.

Rahmani E, Samimi M, Ebrahimi FA, et al. The effects of omega-3 fatty acids
and vitamin E co-supplementation on gene expression of lipoprotein(a) and
oxidized low-density lipoprotein, lipid profiles and biomarkers of oxidative
stress in patients with polycystic ovary syndrome. Mol Cell Endocrinol. 2016;
439:247-55.

Ebrahimi FA, Samimi M, Foroozanfard F, Jamilian M, Akbari H, Rahmani E, Ahmadi
S, Taghizadeh M, Memarzadeh MR, Asemi Z. The effects of Omega-3 fatty acids
and vitamin E co-supplementation on indices of insulin resistance and hormonal
parameters in patients with polycystic ovary syndrome: a randomized, double-
blind, Placebo-Controlled Trial. Exp Clin Endocrinol Diabetes. 2017;125:353-9.
https//doiorg/10.1055/5-0042-117773. Epub 2017 Apr 13

Deeks JJ, Higgins JP, Altman DG. Chapter 16: special topics in statistics. In:
Higgins JP, Green S, editors. Cochrane handbook for systematic reviews of
interventions. UK: The Cochrane Collaboration; 2011.

Deeks JJ, Higgins JP, Altman DG. Chapter 8: assessing risk of bias in included
studies. In: Higgins JP, Green S, editors. Cochrane Handbook or Systematic
Reviews of Interventions Version 5.1.0. The Cochrane Collaboration: UK; 2011.
Deeks JJ, Higgins JP, Altman DG. Chapter 9: Analyzing data and undertaking
meta-analyses. In: Higgins JP, Green S, editors. Cochrane handbook for
systematic reviews of interventions. UK: The Cochrane Collaboration; 2011.
Rafraf M, Mohammadi E, Farzadi L. Asghari-Jafarabadi. Effects of omega-3 fatty
acid supplement on serum lipid profile and markers of oxidative stress in women
with polycystic ovary syndrome. Iran J Obstet Gynecol Infertil. 2012;15:1-10.
Mohammadi E, Rafraf M, Farzadi L, Asghari-Jafarabadi M, Sabour S. Effects of
omega-3 fatty acids supplementation on serum adiponectin levels and
some metabolic risk factors in women with polycystic ovary syndrome. Asia
Pac J Clin Nutr. 2012;21:511-8.

Nadjarzadeh A, Dehghani Firouzabadi R, Vaziri N, Daneshbodi H, Lotfi MH,
Mozaffari-Khosravi H. The effect of omega-3 supplementation on androgen
profile and menstrual status in women with polycystic ovary syndrome: a
randomized clinical trial. Iran J Reprod Med. 2013;11:665-72.

Mirmasoumi G, Fazilati M, Foroozanfard F, Vahedpoor Z, Mahmoodi S,
Taghizadeh M, Esfeh NK, Mohseni M4 Karbassizadeh H, Asemi Z. The effects of
flaxseed oil Omega-3 fatty acids supplementation on metabolic status of patients
with polycystic ovary syndrome: a randomized, double-blind, placebo-controlled
trial. Exp Clin Endocrinol Diabetes. 2017; https//doiorg/10.1055/5-0043-119751.
Jamilian M, Shojaei A, Samimi M, Afshar Ebrahimi F, Aghadavod E, Karamali
M, Taghizadeh M, Jamilian H, Alaeinasab S, Jafarnejad S, Asemi Z. The

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Page 13 of 13

effects of omega-3 and vitamin E co-supplementation on parameters of
mental health and gene expression related to insulin and inflammation in
subjects with polycystic ovary syndrome. J Affect Disord. 2018;229:41-7.
https://doi.org/10.1016/jjad.2017.12.049.

Azziz R, Carmina E, Dewailly D, Diamanti-Kandarakis E, Escobar-Morreale HF,
Futterweit W, Janssen OE, Legro RS, Norman RJ, Taylor AE, Witchel SF. Task
force on the phenotype of the polycystic ovary syndrome of the androgen
excess PCOS society 2009. The androgen excess and PCOS society criteria
for the polycystic ovary syndrome: the complete task force report. Fertil
Steril. 2009,91:456-88.

Azziz R, Carmina E, Dewailly D, Diamanti-Kandarakis E, Escobar-Morreale HF,
Futterweit W, Janssen OE, Legro RS, Norman RJ, Taylor AE, Witchel SF.
Androgen excess society 2006.: positions statement: criteria for defining
polycystic ovary syndrome as a predominantly hyperandrogenic syndrome: an
androgen excess society guideline. J Clin Endocrinol Metab. 2006,91:4237-45.
Moran LJ, Misso ML, Wild RA, Norman RJ. Impaired glucose tolerance, type
2 diabetes and metabolic syndrome in polycystic ovary syndrome: a
systematic review and meta-analysis. Hum Reprod Update. 2010;16:347-63.
Loke Y, Price D, Herxheimer A. Chapter 14: Adverse effects. In: JPT H, Green
S, editors. Cochrane Handbook for Systematic Reviews of Interventions.
chapter 14. Chichester: John Wiley & Sons; 2011.

loannidis JPA, Evans SJW, Gatzsche PC, et al. Better reporting of harms in
randomized trials: an extension of the CONSORT statement. Ann Intern
Med. 2004;141:781-8.

Abbott D, Dumesic D, Franks S. Developmental origin of polycystic ovary
syndrome-a hypothesis. J Endocrinol. 2002;174:1-5.

Oner G, Muderris II. Efficacy of omega-3 in the treatment of polycystic ovary
syndrome. J Obstet Gynaecol. 2013;33:289-91.

Ardawi MSM, Rouzi AA. Plasma adiponectin and insulin resistance in
women with polycystic ovary syndrome. Fertil Steril. 2005;83:1708-16.
Abbott DH, Bacha F. Ontogeny of polycystic ovary syndrome and insulin
resistance in utero and early childhood. Fertil Steril. 2013;100:2-11.
Gonzdlez F, Kirwan JP, Rote NS, et al. Glucose ingestion stimulates
atherothrombotic inflammation in polycystic ovary syndrome. Am J Physiol
Endocrinol Metab. 2013;304:375-83.

Magee P, Pearson S, Whittingham-Dowd J, et al. PPARy as a molecular
target of EPA anti-inflammatory activity during TNF-a-impaired skeletal
muscle cell differentiation. J Nutr Biochem. 2012;23:1440-8.

Davidson MH. Mechanisms for the hypotriglyceridemic effect of marine
omega-3 fatty acids. Am J Cardiol. 2006;98:27i-33i.

Nestel PJ. Fish oil and cardiovascular disease: lipids and arterial function. Am
J Clin Nutr. 2000;71:2285-31S.

Kicinski M, Springate DA, Kontopantelis E. Publication bias in meta-analyses
from the Cochrane database of systematic reviews. Stat Med. 2015;34(20):
2781-93. https://doi.org/10.1002/sim.6525. Epub 2015 May 18

Riley RD, Lambert PC, Abo-Zaid G. Meta-analysis of individual participant
data: rationale, conduct, and reporting. BMJ. 2010;340:c221. https://doi.org/
10.1136/bmj.c221.

Kontopantelis E, Reeves D. A short guide and a forest plot command
(ipdforest) for one-stage meta-analysis. Stata J. 2013;13(3):574-87.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolVled Central



https://doi.org/10.5681/hpp.2012.023
https://doi.org/10.5681/hpp.2012.023
https://doi.org/10.1016/j.dsx.2016.06.025
https://doi.org/10.1016/j.bbacli.2016.04.003
https://doi.org/10.1055/s-0042-117773
https://doi.org/10.1055/s-0043-119751
https://doi.org/10.1016/j.jad.2017.12.049
https://doi.org/10.1002/sim.6525
https://doi.org/10.1136/bmj.c221
https://doi.org/10.1136/bmj.c221

	Abstract
	Objective
	Methods
	Result
	Conclusion

	Background
	Methods
	Protocol
	Search strategy and selection criteria
	Data analysis

	Results
	Results of the search
	Description of included trials and risk of Bias in included studies
	Primary outcomes
	Secondary outcomes
	Adverse events

	Discussions
	Conclusion
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

