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ABSTRACT

Increasing evidence suggests that adipokines, leptin and adiponectin, produced and se-
creted by adipocytes, are involved in regulating systemic inflammation and may be im-
portant targets for interventions to reduce the chronic systemic inflammation linked to
some conditions common in aging (e.g., atherosclerosis). Lower leptin levels and higher
adiponectin levels in peripheral circulation have been associated with less systemic inflam-
mation. While some studies have shown that marine-derived omega-3 fatty acids (eicos-
apentaenoic acid [EPA] and/or docosahexaenoic acid [DHA]) have effects on leptin and
adiponectin in the context of inflammation, the extent of their effects remain unclear. The
purpose of this systematic review was to summarize findings from randomized, controlled
trials that measured effects of EPA+DHA supplementation on circulating levels of leptin
and adiponectin to determine the state of the science. PubMed, CINAHL, Web of Science,
Scopus, and Cochrane Trials were searched up to June 2018 for studies meeting inclusion
criteria. Thirty-one studies included in this review were conducted in 16 countries. Eighteen
studies reported lower leptin and/or higher adiponectin levels with EPA+DHA supplemen-
tation versus placebo at study end point (9 reported statistically significant differences), but
doses, supplementation duration, and population characteristics varied across studies. In 9
studies reporting significantly lower leptin and/or higher adiponectin levels the EPA+DHA
dose was 0.52 to 4.2 g/day for 4 to 24 weeks. Additional studies are warranted which assess
dose parameters and patient populations similar to studies reporting significant effects of
EPA+DHA on leptin or adiponectin in order to evaluate the extent of reproducibility before
recommending EPA+DHA as a therapy to target these adipokines.

© 2020 The Authors. Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

More than half of all older adults (=65 years of age) in the
United States have 3 or more chronic conditions with an
inflammation component to their pathobiology [1]. Studies
show that unlike acute inflammation, chronic low-grade sys-
temic inflammation associated with aging increases risk for
developing or exacerbating many of these chronic conditions
(e.g., cardiovascular disease, diabetes, arthritis, and certain
cancers) [2-5]. Humans are susceptible to inflammation in
aging because of body composition changes (e.g., decreased
muscle mass, increased adipose tissue mass), imbalances be-
tween availability and demand of energy, and weakened im-
mune systems that occur over time [3,6]. Compared to younger
individuals, those 50 and older have 2 to 4 times higher circu-
lating levels of activated leukocytes and proinflammatory me-
diators, such as tumor necrosis factor-a (TNF-«), interleukin-
18 (IL-1B) and interleukin-6 (IL-6) [4,7]. Moreover, emerging
evidence suggests that 2 circulating adipokines, leptin and
adiponectin, are also mediators of inflammation and may be
novel targets for interventions to temper the chronic systemic
inflammation that occurs with aging and is detrimental to
health [8-10].

Leptin is a peptide hormone primarily produced and se-
creted by adipocytes (fat cells) located in adipose tissue [8]. It
is a strong indicator of total body fat status and a key regulator
of appetite, metabolism, and behavior. Additionally, recent
evidence indicates that leptin exhibits proinflammatory
actions, including regulating T-cells, upregulating phago-
cytic function of macrophages, increasing production of
proinflammatory cytokines, and stimulating reactive oxygen
species [11-13]. Adiponectin, one of the most abundant pep-
tide hormones in the human body, is produced and secreted
primarily by the mitochondria of adipocytes in adipose tissue
[9,14-16]. Recent studies show that adiponectin has potent
anti-inflammatory actions, including inhibiting production of
proinflammatory cytokines (e.g., TNF-«, IL-6), inhibiting ad-
hesion molecules, and increasing anti-inflammatory cytokine
production (e.g., IL-10) [9,13,16]. After secretion, both leptin
and adiponectin circulate in blood as hormones that act on
the immune system [9,10,15,17]. The proposed actions of lep-
tin and adiponectin on immune cells involved in regulating
inflammation are depicted in Fig. 1. While measuring leptin
or adiponectin levels in peripheral circulation may be helpful
in determining the status of systemic inflammation, recent
studies indicate that considering the leptin-to-adiponectin
ratio (LAR) may be more valuable [18-20]. Human studies
show that higher LARs indicates higher levels of systemic
inflammation and may be a more accurate indicator of inflam-
matory disease risk than leptin or adiponectin individually
[21-25]. Given the increasing evidence that inflammation in
aging contributes to the development of multiple chronic
diseases in aging and that leptin and adiponectin are in-
volved in modulating systemic inflammation, it is important
to evaluate safe, low cost interventions that could poten-
tially target these hormones. Findings from animal and
human studies suggest that marine-derived omega-3 fatty
acids, eicosapentaenoic acid (EPA), and docosahexaenoic
acid (DHA), long known for their anti-inflammatory actions,

may lower leptin levels and increase adiponectin levels
[26,27].

A diet rich in marine-derived omega-3 polyunsaturated
fatty acids (PUFAs) was first reported to reduce the risk of
cardiovascular disease by Dyerberg and colleagues who stud-
ied diets of Greenland Eskimos [28]. Since then, EPA+DHA
supplementation has been shown to reduce triglyceride levels
and plaque formation and improve symptoms or outcomes of
other chronic conditions with an inflammatory component
to their pathobiology (e.g., cardiovascular disease) [29]. It
has been hypothesized that EPA+DHA may alter leptin and
adiponectin levels in terms of tempering inflammation by (1)
altering gene expression of Lep and Adipoq (genes that encode
for leptin and adiponectin respectively) [30,31], (2) reducing
adipocyte size [32-34], (3) decreasing weight and total adipos-
ity [32,34], and/or 4) improving insulin sensitivity [32,34,35].

While EPA+DHA supplementation has long been as-
sociated with anti-inflammatory outcomes [36,37], their
mechanisms of action are not entirely known. While some
human studies report that EPA+DHA supplementation may
have favorable effects on leptin and adiponectin, in terms of
reducing inflammation, it is important to evaluate the col-
lective evidence from current literature about this important
topic using a systematic approach.

The purpose of the present study was to evaluate and
synthesize findings from recent randomized controlled trials
(RCTs) that reported the effects of EPA+DHA supplementation
on levels of leptin and adiponectin in peripheral circulation
by performing a systematic review. We searched PUBMED,
CINAHL, Scopus, Web of Science, and Cochrane Trials and
the reference lists of pertinent review articles [38-45] up to
June 10, 2018 using the keywords: “leptin OR adiponectin”
AND “inflammation” AND “PUFAs OR fish oil OR fish oils OR
polyunsaturated fatty acids OR omega 3 OR DHA OR EPA OR
eicosapentaenoic acid OR docosahexaenoic acid.”

2. Approach

This systematic review was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) [46,47] guidelines and checklist throughout design,
implementation, data extraction, analysis, and reporting.

2.1. Search methods for study identification

Five electronic databases (PUBMED, CINAHL, Scopus, Web of
Science, and Cochrane Trials) and citation lists of pertinent re-
view articles [38-45] were searched using predesigned search
strategies. The search was not limited by date to include all
relevant studies published up to the final search date of June
10, 2018. Databases were searched using related keywords of
MeSH and non-MeSH terms for marine omega-3 fatty acids,
inflammation, and adipokines. The search string used in all
databases was “leptin OR adiponectin” AND “inflammation”
AND “PUFAs OR fish oil OR fish oils OR polyunsaturated fatty
acids OR omega 3 OR DHA OR EPA OR eicosapentaenoic acid
OR docosahexaenoic acid.”
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Fig. 1 - Role of leptin and adiponectin in inflammation. Proposed effects of leptin and adiponectin on immune cells are
shown. Adipocytes produce and secrete leptin and adiponectin which circulate as hormones. The left side of the diagram
shows the anti-inflammatory effects of adiponectin while the right side of the diagram shows the proinflammatory effects
of leptin. In chronic systemic inflammation, as seen in obesity and aging, adiponectin levels are decreased, and leptin levels
are increased. This imbalance of leptin and adiponectin levels results in increased stimulation of proinflammatory immune
cells and decreased stimulation of anti-inflammatory cells, which promotes inflammation.

2.2. Eligibility criteria

We included all prospective studies that included a supple-
mentation of EPA or DHA and reported measures of leptin,
adiponectin, or LAR in blood. Studies were included in this
review if they were: (1) peer-reviewed, (2) randomized trials of
human adults, (3) contained leptin or adiponectin measures,
and (4) used an intervention of EPA and/or DHA supplemen-
tation. Studies were excluded that included (1) animals, (2)
children, or (3) pregnant women.

2.3. Study selection

Two investigators, J.R. and J.M., independently screened titles
and abstracts of all articles that were identified for eligibility.
They independently reviewed the full texts of the remaining
articles to establish inclusion or exclusion. Corresponding
authors of studies without sufficient data for meta-analysis
were contacted for additional information. When articles
included overlapping data, the most comprehensive arti-
cles were chosen. Disagreements were resolved through
discussions until consensus was reached.

2.4. Data extraction and quality assessment

Data from all articles that met inclusion criteria were ex-
tracted independently by investigators J.R. and S.G. and
managed using Research Electronic Data Capture (REDCap)
[48]. Data retrieved included country of origin, study design,
blinding, study population characteristics, duration of follow-

up, intervention dose, placebo substance and dose, leptin,
adiponectin, LAR, and attrition.

J.R. and S.G. assessed studies that met inclusion criteria
for risk of bias using the Cochrane Risk of Bias Tool for
Randomized Trials as outlined in the Cochrane Handbook for
Systematic Reviews of Interventions [49]. The Risk of Bias Tool
for Randomized Trials assesses risk of biases associated with
participant selection, performance, attrition biases, selective
outcome reporting, and blinding. Reviewers reached con-
sensus through discussions when disagreements occurred
during bias assessment. Despite risks of bias, all studies were
included to fully gage the state of the science (Table 1).

2.5. Outcomes assessed

The primary outcome measures investigated in this system-
atic review were leptin, adiponectin, and the LAR.

3. Results
3.1. Study characteristics

The electronic search was conducted in June 2018. A total
of 714 records were identified through searching electronic
databases. An additional 118 records were identified through
hand searching references in pertinent reviews, resulting in
a total of 832 records. After removing duplicates (n = 276),
556 records remained. By screening titles and abstracts, 494
records were excluded for not meeting inclusion criteria. Full
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Table 1 - The Cochrane Risk of Bias Tool for Randomized Trials as outlined in the Cochrane Handbook for Systematic

Reviews of Interventions was used to evaluate bias. The Risk of Bias summary for all articles included in the systematic
review is listed below

Reference (citation) Sequence  Allocation Blinding Incomplete Selective outcome Other sources
generation concealment outcome data reporting of bias
Allaire et al. (2016) [50] L L L L L IL
Gammelmark et al. (2012) [51] 1L, N I 1L, 1Ly L
Guebre-Egziabher et al. (2013) [52] N H H L L L
Haidari et al. (2015) [53] N L L L L N
Harving et al. (2015) [54] N L L N L N
Huerta et al. (2016) [55] N N L H L L
Itariu et al. (2012) [56] L N H L L L
Ito et al. (2014) [57] L H H H N H
Jacobo-Cejudo et al. (2017) [58] N N H L L L
Koh et al. (2012) [59] L L H L L L
Krantz et al. (2015) [60] N N L H L H
Krebs et al. (2006) [61] N N L L L L
Lee et al. (2014) [62] N N L L L L
Masson et al. (2013) [63] N N L N N N
Micallef and Garg. (2009) [64] L L L N L N
Mizia-Stec et al. (2011) [65] N N H L L L
Mohammadi et al. (2012) [66] L N L N L 1L
Munro and Garg (2012) [67] L L L L L N
Munro and Garg (2013) [68] L N L N L L
Patel et al. (2007) [69] N N H L L L
Poreba et al. (2017) [70] L H L L L L
Qin et al. (2015) [71] L L L L L L
Rizza et al. (2009) [72] N N L L L L
Sanyal et al. (2014) [73] L N L L L L
Satoh et al. (2009) [74] N N N L L L
Satoh-Asahara et al. (2012) [75] N N H L L N
Simao et al. (2012) [76] N N N N L L
Spencer et al. (2013) [77] N N N N L L
Troseid et al. (2009) [78] N N N H L L
Vargas et al. (2011) [79] N N L N L L
Yamamoto et al. (2014) [80] N H H N L L

H = High risk of bias; L = Low risk of bias; N = Neutral risk of bias.

texts of 62 remaining records were reviewed for eligibility. As
a result, 31 records were excluded. Flow of articles, including
reasons for full-text exclusion, are shown in the PRISMA
diagram in Fig. 2. Thirty-one studies met criteria for inclusion
in this systematic review [50-80].

Ten of 31 studies included in the review used more than
two arms in their designs [55,59,61,62,64,73,76,78-80|. Data
were reported from only arms that tested EPA, DHA, or
EPA+DHA supplementation and the control arm most like
the intervention group. For example, in the study by Micallef
and Garg (2009), data from the arms that also received plant
sterols were not included in this review.

Characteristics of the 31 RCTs included in this review
are shown in Table 2. Fourteen studies were conducted in
the United States (n = 5) or Europe (n = 9). Five studies
were conducted in Asia, 3 in Australia, 2 in Iran, and 1 each
in Mexico and Brazil. Five studies did not report locations.
Twenty-nine studies used parallel designs. Remaining studies
used a crossover design [50] and a 2 x 2 factorial design [64].
Double blinding (participants and researchers) occurred in
17 studies (53%). Five studies were single-blinded, and nine
studies did not implement blinding.

Populations of interest in studies included in this review
varied. Some studies focused on participants who were

overweight/obese [50,51,55-57,67,68] or were at risk for or
currently had cardiac disorders [53,60,63,65,69,78], lipid dis-
orders [59,64,80], diabetes mellitus type 2 [58,72], metabolic
syndrome [76,77], liver disorders [73], kidney disorders [52], or
polycystic ovarian syndrome [79]. Eight studies investigated
2 or more of the above conditions [54,61,62,66,70,71,74,75].
Additionally, the length of the studies varied from as few as 3
weeks [64] to as long as 3 years [78].

Researchers used various approaches for control groups.
For example, some studies used no intervention for the
control group [57,80], some used a dietary supplementation
intervention other than marine-derived fatty acids [74,78],
while others used usual or standard care or diet alone as the
control [65,69,75,76]. Twenty-five of 31 studies used an oil/fat
as the control substance, such as corn oil [50,60,62,71,77], olive
oil [51,54,63,72], sunola oil [64,67,68], soybean oil [79], sun-
flower oil [55], and butterfat [56]. One study used cornstarch as
the control substance [58], and 2 used edible paraffin [53,66].
Two studies did not report control substance [59,73]. One study
used an unnamed control substance in addition to a biweekly
support group, where physical activity and low energy diet
recommendations were made for the control group [61]. One
study used supplement drinks as interventions. The active
group used Smartfish drink (Smartfish, Oslo, Norway) that



Table 2 - Characteristics of articles included in systematic review

Reference; Country  Study Blinding Population Duration Intervention, dosein Age mean % BMI Sample %
(citation) Design (Weeks) g/d (SD) Males mean size Attrition
(SD) total
Allaire et al. (2016), NR  Crossover, Double Men/ Women with Abdominal Obesity, CRP 10 Corn Oil NR NR 29.3 (4.1) 125 18.8
[50] 3-arm 1-10 mg/L EPA, 2.7 NR NR 293 (4.3) 121 21.4
DHA, 2.7 NR NR 294 (4.4) 123 20.1
Gammelmark et al. Parallel, Double Overweight Men/ Women with increased WC 6 Olive 0Oil NR NR NR 24 4
(2012); Denmark [51]  2-arm EPA+DHA, 0.64-+0.48 58 (7.4) 48 30.8 (42) 25 0
Guebre-Egziabher et al.  Parallel, None Men/ Women with Chronic Kidney Disease, 10 Moderate EPA+DHA, 50.5 (10.8) 66.7 232(6.7) 6 0
(2013); France [52] GFR < 20 mL/min, BMI <27 1.08+0.72
2-arm High EPA+DHA, 502 (6.7) 333 234(38 6 0
2.16+1.44
Haidari et al. (2015); Iran Parallel, Double Men/ Women with BMI <30, recent Acute MI 10 Paraffin NR NR 28.8(3.8) 21 0
[53] 2-arm EPA+DHA, NR NR 24.8 (4.4) 21 0
0.54+0.36
Harving et al. (2015); Parallel,  Double Men/Women w/ESRD on HD, CVD 12 Olive Oil 68 (11) 64.6 245 (4.3) 79 233
Denmark [54]
2-arm EPA+DHA, 0.76+0.6375  65.5 (11) 66.3 248 (4.4) 83 19.4
Huerta et al. (2016); Parallel,  Double Caucasian, Sedentary Women w/BMI 27.5-40 10 Sunflower Oil + LA 38.9(1.7) 0 332(13) 21 NR
Spain [55]
4-arm EPA+DHA, 1.3+0.414 36.9 (2) 0 33(0.8) 16 NR
Itariu et al. (2012); Parallel, = None Severely Obese Men/ Women, nonDM, 8 Butterfat 38(2) 17.9 446 (NR) 28 12.5
Austria [56] 2-arm scheduled for Wt reduction surgery EPA+DHA, 1.84+1.52 39 (2) 14.8 48.7 (NR) 27 10
Ito et al. (2014); Japan Parallel,  None Japanese Obese Men/Women with BMI >25 12 No Intervention 55.6 (12.7)  55.8 29.1(4.2) NR NR
[57] 2-arm EPA, 1.8 52.7 (135) 533 29.6 (4.4) NR NR
Jacobo-Cejudo et al. Parallel, Single Men/Women with DM2, BMI <29.9 without =~ 24 Cornstarch 48.1 (6.8) 20 26 (1.6) 25 19.4
(2017); Mexico [58] 2-arm other chronic diseases EPA+DHA, 0.324+0.2 50.4 (6.3) 24.1 256 (24) 29 14.7
Koh et al. (2012); Korea  Parallel, Single Men/Women with HTCD 8 NR 54 (1) 59.2 252 (0.3) 49 2
[59] 3-arm EPA+DHA 2** 55 (1) 56 255 (0.4) 50 0
Krantz et al. (2015); Parallel, = Double Caucasian Men/ Women with at least one 12 Corn Oil 60.2 (10.8)  37.1 31.5(7.1) 35 NR
United States [60] 2-arm risk factor for CVD, without a diagnosis of EPA+DHA, 1.86+1.5 62.3(9.7) 333 33.9(8.6) 27 NR
CVD
Krebs et al. (2006); Parallel, Double Overweight Women, BMI >27, 24 Placebo + Wt Loss NR 0 346(53) 32 15.8
United Kingdom [61]  3-arm hyper-insulinemia EPA+DHA + Wt Loss, NR 0 35.3(5.6) 35 10.3
1.3+2.9
Lee et al. (2014); United Parallel, Single Men/ Women with early-stage DM2 or MetS 8 Corn Oil 59.9 (9.8) 28.6 348(5.3) 21 16
States [62] 3-arm EPA+DHA, 3.58+2.44 56.2(8.7)  37.5 332 (48 16 20
Masson et al. (2013); NR  Parallel,  Double Men/ Women with Chronic Heart Failure 12 Olive Oil NR 79.6 NR 544 12.5
[63] 2-arm EPA+DHA, 0.85+0.882 NR 80.1 NR 537 135
Micallef and Garg (2009); Parallel,  Double Men/ Women with established combined 3 Sunola Oil 54.9 (2.6) 46.7 26.6 (1) 15 0
Australia [64] 4-arm, HLPD
2x2 EPA+DHA, 56.6 (2) 40 26.4(1.3) 15 0
Factorial 0.32+1.12

(continued on next page)
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Table 2 (continued)

Reference; Country  Study Blinding Population Duration Intervention, dosein Age mean % BMI Sample %
(citation) Design (Weeks) g/d (SD) Males mean size Attrition
(SD) total
Mizia-Stec et al. (2011);  Parallel, = None Men/Women with Acute MI & successful 4 Standard Treatment 62 (NR) 84.2 275(2.9) 19 0
Poland [65] 2-arm coronary stent placement EPA+DHA, 0.465+0.375 56 (8) 73.7 27.2(3.2) 19 0
Mohammadi et al. Parallel,  Double Women w/PCOS, BMI 25-40 8 Paraffin 27.7 0 28.8(2.9) 31 3.1
(2012); Iran [66] 2-arm EPA+DHA, 0.72+0.48 27.3 (4.3) 0 287 (3.2) 30 6.3
Munro and Garg (2012); Parallel,  Double Men/ Women with BMI 30-40 14 Sunola Oil 42.3 (9.1) 21.4 33(3.2) 14 30
Australia [67] 2-arm EPA+DHA, 0.42+1.62 405(10.9) 167 327 (3.3) 18 10
Munro and Garg (2013); Parallel, = Double Men/Women with BMI 30-40 12 Sunola Oil 41.1(11.3) 333 325(3.6) 18 NR
Australia [68] 2-arm EPA+DHA, 0.42+1.62 39.9(11.7) 333 32.6(21) 15 NR
Patel et al. (2007); NR [69] Parallel, None Men at least 3 months post MI 12 Usual Care 59.7 (9.5) 100 277 (5.7) 19 0
2-arm EPA+DHA, 0.465+0.375  65.3 (7.6) 100 27.4(3.7) 16 0
Poreba et al. (2017); NR  Parallel,  Double Men/Women w/ DM2 & history of CAD or PAD 12 No EPA+DHA 66.7 (6.8) 68.4 NR 38 0
[70] 2-arm EPA+DHA, 1+1 64.4 (6.7) 61.1 NR 36 5.3
Qin et al. (2015); China  Parallel, Double Men/Women with NAFLD & HLPD 12 Corn Oil 44.3 (10.9) 73.5 26 (2.8) 34 15
[71] 2-arm EPA+DHA, 0.728+0.516 46 (10.7) 72.2 26.4(39) 36 10
Rizza et al. (2009); Italy ~ Parallel,  Double Adult Men/ Women offspring of persons with 12 Olive Oil NR NR NR 24 0
[72] 2-arm DM2 (1 or more parent) EPA+DHA, 1** NR NR NR 26 0
Sanyal et al. (2014); Parallel, Double Men/Women with biopsy-confirmed NASH 48 NR NR NR NR 55 NR
United States [73] 3-arm within six months High EPA, 2.7 NR NR NR 64 NR
Satoh et al. (2009); Japan Parallel,  Single Japanese Men/ Women with DLPD and MetS 12 Diet Only 52.2 (2.1) 41.3 30 (0.6) 46 0
[74] 2-arm Diet + EPA, 1.8 51.3 (21) 31.3 30(0.7) 46 0
Satoh-Asahara et al. Parallel, Single Overweight Japanese Men/ Women w/DLPD 12 Usual Care 54 (13) 66.7 29.1(5.3 39 0
(2012); Japan [75] 2-arm EPA, 1.8 52.3 (13) 51.2 299 (49) 43 0
Simao et al. (2012); Parallel, None Women with MetS 12 Usual Diet 47.1 (8.8) 0 NR 15 0
Brazil [76] 4-arm EPA+DHA, 1.8+1.2 47.5(9.2) 0 NR 19 0
Spencer et al. (2013); Parallel, Single Men/ Women non-DM2 with impaired 12 Corn Oil 53.3(2.2) 35.7 334(11) 14 NR
United States [77] 2-arm glucose tolerance, impaired fasting glucose EPA+DHA, 4** 48.8 (2.3) 31.6 334(23) 19 NR
or > 3 features of MetS
Troseid et al. (2009); Parallel,  None Men with a high risk of CVD 156 Diet Only NR 100 NR NR NR
Norway [78] 4-arm EPA+DHA+ Diet, 1.8+1.2 NR 100 NR NR NR
Vargas et al. (2011); Parallel,  Double Women with PCOS 6 Soybean Oil 28.9 (1) 0 33.2(18) 17 5.6
United States [79] 3-arm EPA+DHA, 2.148+1.452 31.7 1.9) 0 36.3(1.9) 17 19
Yamamoto et al. (2014); Parallel, None Men/ Women with HLPD 18 No Treatment 70.5 (7.9) 44.8 25 (4.5) 29 NR
Japan [80] 4-arm EPA, 0.9 71 (8.4) 58.1 257 (3.9) 31 45

Abbreviations: ALA, alpha-linoleic acid; BMI, body mass index, reported as kg/m?; CAD, coronary artery disease; CVD, cardiovascular disease; DLPD, dyslipidemia; DM2, Type 2 Diabetes Mellitus;
HLPD, hyperlipidemia; HTCD, hypertriglyceridemia; LA, linoleic acid; MetS, metabolic syndrome; MI, myocardial infarction; NAFLD, Nonalcoholic Fatty Liver Disease; NASH, Non-alcoholic steato-
hepatitis; NR, not reported in original manuscript or supplemental materials available; PAD, peripheral artery disease; PCOS, polycystic ovary syndrome. Age reported in years. **Did not specify
amount of EPA or DHA individually in original manuscript.
Table includes study arms of the fish oil supplementation group and a control group; other arms of studies were not included for simplification of effects of fish oil compared to a control group.
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Fig. 2 - Selection process for article inclusion. The PRISMA dia
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Thirty-one articles met eligibility requirements and were included in this systematic review. DHA, docosahexaenoic acid;

EPA, eicosapentaenoic acid; RCT, randomized controlled trial.

included 1 gram per day (g/d) each of EPA+DHA plus botanical
additives (pomegranate, chokeberry, and transresveratrol) to
reduce oxidation. In that study, the placebo group received
supplement drinks that included the same ingredients minus
EPA+DHA [70]. One study compared a moderate dose of
EPA+DHA to a higher dose of EPA+DHA [52].

Five studies assessed effects of EPA only versus control
[57,73-75,80], and one study examined effects of EPA versus
DHA versus control [50]. No studies examined DHA alone
versus control. Most studies (n 25) used a combined
EPA+DHA intervention [51-56,58-72,76-79]. Diverse doses of
EPA+DHA were used across studies. The lowest dose con-
sisted of 0.32 g/d of EPA and 0.2 g/d of DHA for combined
dose of 0.52 g/d [58]; the highest dose consisted of 3.5 g/d
of EPA and 2.44 g/d of DHA for combined dose of 6.02 g/d
[62].

Of the 31 studies included in this review, four reported the
mean age of the participants as <40 years [55,56,66,79], 21
studies reported the mean age of participants as >40 years at
the final study time point [50-52,54,57-65,67-71,74-77,80]. Four
studies did not report the mean age per treatment group at
final study time points [53,72,73,78]. Sample sizes of studies
ranged from 12 [52] to 1081 [63] participants. Three studies
did not disclose the sample size per treatment group at the

study end point [57,78,80]. Five study samples included only
women [55,61,66,76,79], and 2 studies included only men
[69,78]. However, the majority of studies (n = 24) included
both men and women.

Of studies that reported body mass index (BMI) (n = 26),
most (n = 25) reported that participants had a mean BMI >25,
which is considered overweight or obese by the Centers for
Disease Control [81]. Four studies did not report mean BMI
per treatment group at the study endpoint [70,73,76,78].

3.2. Withdrawal

Participant withdrawal rates in studies reporting attrition
(n = 24) ranged from 0% [52,53,64,65,69,72,74-76] to 30% [67].
Only 3 studies reported withdrawal rates higher than 20%
[50,54,67]. Although rates of withdrawal higher than 20%
can indicate threats to validity, it is common to see higher
rates when the duration of a trial is longer [82]. Studies
with higher attrition rates had study durations of 10 [50], 12
[54], and 14 weeks [67], respectively. Seven studies did not
disclose withdrawal rates at study end per treatment group
[55,57,60,68,73,77,78].
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3.3. Risk of bias

As shown in Table 1, most studies had a low or neutral risk
of bias. One study had a high risk of bias in 4 categories
of the Cochrane Risk of Bias Tool for Randomized Trials
[57]. Other studies had a high risk of bias in one category
[55,56,58,59,65,69,70,75,79], or 2 categories [52,60,80]. Remain-
ing studies had low or neutral risk of bias in every category.
Overall, the category with the most studies showing a high
risk of bias was in blinding [52,56,57,60,61,65,69,75,80]. There
was a high risk of bias in the allocation category in four
studies [52,57,60,78]. Four studies displayed a high risk of bias
in the incomplete outcome data category [55,57,60,78]. Other
sources of bias were identified in 2 studies [57,60]. The 2014
Ito et al. study did not report baseline data for randomized
groups to determine that groups were balanced. The 2015
Krantz et al. study stated that the dose of medication given
might not have been adequate to decrease pulse wave veloc-
ity “particularly if compliance was suboptimal,” however, the
study did not discuss if or how compliance was measured.
By not determining compliance within the study, a degree of
bias was introduced. All studies had either a low or neutral
risk of bias in the categories of sequence generation and
selective outcome reporting. It is important to note that
in some countries (e.g., Japan), comparing a placebo to an
effective treatment such as EPA or DHA is not permitted [83].
Rather, the comparison must be between standard therapy
and the drug being tested. In the included studies that were
subject to this rule [57,74,75,80], randomization was imple-
mented, however blinding was either single (researchers
blinded to participant allocation in analyses), or there was no
blinding.

3.4. Study findings

Eighteen of the 31 studies reported lower leptin levels or
higher adiponectin levels with EPA+DHA supplementation
when compared to the control group at the study endpoint.
Nine of these studies reported that the between group dif-
ferences at the study endpoint were statistically significant.
Fourteen studies reported no effects of EPA and/or DHA sup-
plementation on leptin, adiponectin, or LAR when compared
to the control group at the study end point. However, doses,
duration of supplementation, and populations of interest
varied widely across studies.

Leptin and adiponectin data are often skewed and, there-
fore, analyzed on a transformed scale [84,85]. Of the 31
included articles, only nine reported that the leptin and/or
adiponectin data distribution was checked for normality
[51,53-56,66,71,72,77]. Of those 9, only 4 studies reported
that the results for leptin and/or adiponectin data were nor-
mally distributed [56,71,72,77]. Additional information was
requested from corresponding authors of studies wherein
it was not clear if the leptin and adiponectin data were
normalized before the analyses [52,57-65,67-70,73,75,76,78,79].
Responses were received from 3 corresponding authors
[63,70,76]. Thus, a meta-analyses and effect size analyses for
the studies were not conducted.

3.4.1. Effects of EPA and/or DHA on leptin

Sixteen studies reported effects of EPA or EPA+DHA on levels
of leptin in peripheral circulation. Of those 16 studies, 12
reported lower levels of leptin in the EPA or EPA+DHA group
compared to the control group at study end points [53,56-
58,61,62,64,67,68,74,77,79] and 2 of those 12 studies reported
that the differences were statistically significant [53,61]. Of
the 16 studies reporting leptin levels as an outcome variable,
3 studies used only EPA supplementation (no DHA) and
reported no significant differences in leptin levels between
groups at the study end point [57,74,80]. Thirteen of the 16
studies used an EPA+DHA supplementation and of those 13
studies, 2 reported significantly lower leptin levels at study
endpoints in the EPA+DHA groups compared to the control
groups [53,61] (Table 3).

3.4.2. Effects of EPA and/or DHA on adiponectin

Thirty studies reported effects of EPA and/or DHA on levels
of adiponectin in peripheral circulation. Eighteen of those 30
studies reported higher adiponectin levels in the treatment
group compared to the control group at study endpoints, and
8 of those 18 studies reported that the between group dif-
ferences were statistically significant [50,51,53,61,66,71,74,75].
Five of the 30 studies including adiponectin as an outcome
variable used only EPA supplementation (no DHA) [57,73-
75,80]. Two of those 5 studies reported significantly higher
adiponectin levels in the treatment groups compared to the
control groups at study endpoints [74,75]. Twenty-three stud-
ies evaluated effects of a combined EPA+DHA supplementa-
tion on adiponectin levels over time; 5 reported significantly
higher adiponectin levels in EPA+DHA groups compared to
control groups at study end points [51,53,61,66,71]. Allaire
et al. (2016) compared effects of EPA versus DHA versus
control on adiponectin levels and reported that the group
receiving DHA supplementation had significantly higher
levels of adiponectin compared to the EPA group and the
control group at the study end point (Table 4).

3.4.3. Effects of EPA and/or DHA on leptin to adiponectin ratio
Only one study reported the LAR and in that study the LAR
was significantly lower in the EPA+DHA group at the study
endpoint compared to the LAR at the study onset [58]. There
were no significant differences in the LAR between groups at
the study end point. This study used a combined EPA+DHA
dose of 0.52 g/d for 24 weeks (Table 5).

4, Discussion

This systematic review summarizes current evidence from
RCTs about the effects of EPA or EPA+DHA supplementation
on circulating levels of leptin and/or adiponectin, hormones
involved in the regulation of systemic inflammation. Nearly all
immune cells contain leptin receptors, indicating that leptin
may be involved in all stages of the immune response [8]. For
example, leptin has been shown to facilitate the production of
the proinflammatory cytokines IL-18, IL-6, and TNF-« by stim-
ulating macrophage migration inhibitory factor [10]. Addition-
ally, Loffreda et al. showed that leptin enhances the synthesis
of proinflammatory cytokines by cultured macrophages [36].



Table 3 - Effect of marine omega-3 PUFAs on leptin reported in included studies

Reference Method for Group name Leptin Leptin at Change in Reported findings (between Treatment group
(citation) leptin baseline study end leptin mean groups), analysis used significantly higher
(ng/mL) (ng/mL) (+), significantly
lower (-) or no
difference (ND) than
Placebo group
Guebre-Egziabher ELISA Moderate EPA+DHA 20.3 (12.7) 23.4 (14.9) 3.1 No significant differences, np. ND
et al. (2013) [52] High EPA+DHA 19.8 (6.6) 23.8 (8.5) 4
Haidari et al. (2015) ELISA Paraffin 15.2 (3.9) 9.1 (2.7) —6.1 Significantly lower in EPA+DHA !
[53] EPA+DHA 14.2 (4.8) 6.9 (2.7) -7.3 group (p = 0.007), pm.
Itariu et al. (2012) RIA Butterfat 66 (4.6) 70.3 (4.1) 4.3 No significant differences, pm. ND
[56] EPA+DHA 69.7 (3.6) 69 (3.6) -0.7
Ito et al. (2014) [57] NR No Intervention 9.9 (6.3-19.4) 10.9 (5.8-19.6) UTD No significant differences, np. ND
EPA 11.2 (6.6-19.2) 9.5 (6.7-16.5) UTD
Jacobo-Cejudo et al. Luminometry Cornstarch 18.4 (13.2) 3.5(2.3) —14.9 No significant differences, pm. ND
(2017) [58] EPA+DHA 21.7 (15.5) 3.9 (2.5) -17.8
Krebs et al. (2006) ELISA Placebo + Wt Loss 25.9 (16.8) 13.6 (11.5) -12.3 Significantly lower in EPA+DHA !
[61] EPA+DHA + Wt Loss 26.7 (14.9) 16.8 (10.3) -9.9 + Wt Loss group (p = 0.0007),
Lee et al. (2014) [62] NR Corn Oil 53.5 (6.8)° 44.2 (5.3) ¢ -9.3 Namgignificant differences, np. ND
EPA+DHA 45.1(11) 406 (7.2) © -45
Micallef and Garg EIA Sunola Oil 15.1 (2.7) NR UTD No significant differences, NR. ND
(2009) [64]
EPA+DHA 19.1 (5.2) 16.1 (4.6) -3
Munro and Garg ELISA Sunola Oil 32.2 (14.4) 20.9 (9.8) -11.3 No significant differences, NR. ND
(2012) [67] EPA+DHA 32.1(20.2) 18.2 (11.5) ~-13.9
Munro and Garg EIA Sunola Oil 34.3 (13.5) 35.8 (19.4) 1.5 No significant differences, NR. ND
(2013) [68] EPA+DHA 36.3 (20) 35.4 (20.6) -0.9
Patel et al. (2007) [69] ELISA Usual Care NR NR —1.97 No significant differences, np. ND
EPA+DHA NR NR —-0.2»
Poreba et al. (2017) RIA No EPA+DHA 6.6 (5.1) 8(5.5) 1.4 No significant differences, np. ND
[70] EPA+DHA 49 (4.7) 5 (4.5) 0.1
Satoh et al. (2009) RIA Diet Only 15.2 (1.6) 14 (0.4) -1.2 No significant differences, pm. ND
[74] Diet + EPA 16.1 (1.6) 13.8 (0.5) -2.3
Spencer et al. (2013) Luminex Corn Oil 34.5 (3.8) 36.2 (5.9) 1.7 No significant differences, pm. ND
[77] EPA+DHA 52.5 (10.8) 48.2 (9.1) 4.3
Vargas et al. (2011) RIA Soybean Oil 28.1(3.4) 30.6 (4.3) 2.5 No significant differences, np. ND
[79] EPA+DHA 29.8 (3.5) 29.4 (3.2) —0.4
Yamamoto et al. NR No Treatment 11.1 (7) 10.8 (6.5) -0.3 No significant differences, pm. ND
(2014) [80] EPA 10.8 (9.7) 12.3 (14.6) 1.5

Abbreviations: EIA, Enzyme Immunometric Assay; IFMA, Immunoflourometric Assay; np, Nonparametric testing used in original study; NR, Not reported; pm, parametric testing used in original
study; QIA, Quantikine Immunoassay; RIA, Radioimmunoassay; UTD, Unable to Determine; Wt, Weight; e, unit not reported.
Leptin levels are listed as mean (SD) or median (interquartile range), as reported in original manuscript. Leptin was converted to ng/mL when reported under different measures.

~Change as reported in original manuscript.
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Table 4 - Effect of marine omega-3 PUFAs on adiponectin reported in included studies

Reference Method for Group name Adiponectin baseline  Adiponectin study Adiponectin Reported findings  Treatment group
(citation) adiponectin (mcg/mL) end (mcg/mL) CHANGE (between significantly
measurement groups), analysis ~ Higher (+),
used significantly
Lower (-), or no
difference (ND)
than placebo
group
Allaire et al. (2016) ELISA Corn 0il 7.2 (5.5) 7 (0.5) -0.2 Significantly higher 0
[50] EPA 7 (5.5) NR UTD in DHA group
DHA 7 (5.2) NR UTD compared to
control group,
(P =.047) and
compared to EPA
group (P < .001) at
study end, pm.
Gammelmark et al. ELISA Olive Oil 9.1(5.3) 9.1 (5.4) 0 Significantly higher 0
(2012) [51] in EPA+DHA group
compared to
control (P = .04),
pm.
EPA-+DHA 7.1(4.8) 7.6 (5.7) 0.5
Guebre-Egziabher QIA Moderate EPA+DHA 15.4 (4.6) 17.1 (4.6) 1.7 No significant ND
et al. (2013) [52] High EPA+DHA 19.5 (3) 20.8 (1.3) 1.3 differences, NR.
Haidari et al. (2015) ELISA Paraffin 5.1(2.8) 6.6 (4.1) 15 Significantly higher 1
[53] in EPA+DHA group
compared to
EPA+DHA 5.3(2.7) 7.2 (3.5) 1.9 control (P = .026),
pm.
Harving et al. (2015) IFMA Olive 0Oil 20.8 (12) 20.8 (13.2) 0 No significant ND
[54] EPA+DHA 18.6 (11.7) 18.8 (12.1) 0.2 differences, NR.
Huerta et al. (2016) ELISA Sunflower Oil + LA 12.8 (1.3) 13.2 (1.2) 0.4 No significant ND
[55] EPA 12.1 (0.9) 12 (1.4) -0.1 differences, np.
Itariu et al. (2012) RIA Butterfat 8.9 (0.6) 8.3 (0.6) -0.6 No significant ND
[56] EPA+DHA 8.4 (0.7) 8.3 (0.6) -0.1 differences, pm.
Ito et al. (2014) [57] NR No Intervention 5.5 (3.8-7.6) 6.1 (3.9-7.7) UTD No significant ND
EPA 5.2 (3.8-6.6) 6.5 (4.6-8.3) UTD differences, np.
Jacobo-Cejudo et al. Luminometry Cornstarch 22.8 (10.5) 24.3 (13.3) 1.5 No significant ND
(2017) [58] EPA+DHA 23.6 (20.3) 24.5 (13) 0.9 differences, np.
Koh et al. (2012) [59]  ELISA NR 2.4 (1.7-3.5) 2.4 (1.8-3.1) UTD No significant ND
EPA+DHA 2.5(1.7-3.3) 2.2 (1.8-3.4) UTD differences, np.
Krantz et al. (2015) NR Corn 0Oil 10.6 (8.3) NR 0.3 No significant ND
[60] EPA+DHA 12.2 (7.8) NR -0.4 differences, np.
Krebs et al. (2006) RIA Placebo + Wt Loss 11.4 (7.6) 11.2 (6) -0.2 Significantly higher 1
[61] in EPA+DHA + Wt
EPA+DHA + Wt Loss 10.5 (5.1) 12.9 (6.3) 24 Loss group (P =
.0012), np.
Masson et al. (2013) Time-resolved Olive 0Oil 10.8 10.5 -0.3 No significant ND
[63] IFMA EPA+DHA 11.0 10.7 -0.3 differences, np.
Micallef and Garg ELISA Sunola 0Oil 2.1(0.1) NR UTD No significant ND
(2009) [64] EPA+DHA 1.5 (0.2) 1.7 (0.2) 200 differences, NR.
Mizia-Stec et al. ELISA Standard Treatment 12,100 (9700) 19,400 (12,700) 7300 No significant ND
(2011) [65] EPA+DHA 12,500 (7800) 14,100 (8000) 1600 differences, np.

(continued on next page)
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Table 4 (continued)

Reference Method for Group name Adiponectin baseline  Adiponectin study Adiponectin Reported findings  Treatment group
(citation) adiponectin (mcg/mL) end (mcg/mL) CHANGE (between significantly
measurement groups), analysis  Higher (+),
used significantly
Lower (-), or no
difference (ND)
than placebo
group
Mohammadi et al. ELISA Paraffin 12.3 (3.6) 12 (3.1) -0.3 Significantly higher 0
(2012) [66] EPA+DHA 11.8 (3.2) 13.5 (2.4) 1.7 in EPA+DHA group
(P < .05), NR.
Munro and Garg ELISA Sunola Oil 10.2 (5.7) 12 (8.3) 1.8 No significant ND
(2012) [67] EPA+DHA 10 (6) 9.1 (5.2) -0.9 differences, NR
Munro and Garg ELISA Sunola Oil 12.2 (6.4) 13.4 (7.3) 1.2 No significant ND
(2013) [68] EPA+DHA 13.3 (4.9) 13 (6.4) -0.3 differences, NR
Patel et al. (2007) [69]  ELISA Usual Care NR NR 0.044 No significant ND
EPA+DHA NR NR 0.17 differences, np.
Poreba et al. (2017) RIA No EPA+DHA 4.89 (2.40) 4.67 (2.26) -0.22 No significant ND
[70] EPA+DHA 3.62 (1.93) 3.73 (1.96) 0.11 differences, np.
Qin et al. (2015) [71] ELISA Corn Oil 5.1 (0.6) 5.2 (0.8) 0.1 Significantly higher 1
EPA+DHA 5.1(0.5) 6.4 (0.4) 13 in EPA+DHA group
(P < .001), pm.
Rizza et al. (2009) [72] ELISA Olive Oil 10.6 (5.4) 8.4 (4.7) -2.2 No significant ND
EPA+DHA 7.8 (4.5) 9.5 (5.1) 1.7 differences, pm.
Sanyal et al. (2014) NR NR 4.4 (3,6.8) NR 0.16 (—0.28, 0.97) No significant ND
[73] High EPA - E 4.2 (3.3,6.4) NR 0.01 (—0.49, 0.770) differences, np.
Satoh et al. (2009) RIA Diet Only 7 (0.5) 7 (0.4) 0 Significantly higher 1t
[74] Diet + EPA 7 (0.5) 7.5 (0.5) 0.5 in EPA group (P <
.01), pm.
Satoh-Asaharaetal. NR Usual Care 6.5 (4.3-8.7) 6.2 (4.3-8) UTD Significantly higher 0
(2012) [75] EPA 6.1 (4.3-7.2) 6.6 (4.4-8.8) UTD in EPA group (P <
.05), np.
Simao et al. (2012) ELISA Usual Diet 112.2 (56.6-136.8) 112.6 (74.7-162.9) UTD No significant ND
[76] EPA+DHA 68.2 (47-78.9) 86.6 (51.4-131.6) UTD differences, np.
Spencer et al. (2013) ELISA Corn 0il 0.004 (0.0008) 0.0039 (0.0007) —0.0001 No significant ND
[77] EPA+DHA 0.0043 (0.0008) 0.0041 (0.0006) —0.0002 differences, pm.
Troseid et al. (2009)  EIA Diet Only 9.3 (5.5-13.4) 8.5 (5.2-13.6) UTD No significant ND
[78] EPA+DHA + Diet 9 (5.3-13.8) 8.3 (5.2-13.8) UTD differences, np.
Vargas et al. (2011) RIA Soybean Oil 0.0065 (0.0012) 0.0062 (0.0011) —0.0003 No significant ND
[79] EPA-+DHA 0.0075 (0.001) 0.0085 (0.0013) 0.001 differences, np.
Yamamoto et al. NR No Treatment 14.5 (3.5) 14.8 (5) 0.3 No significant ND
(2014) [80] EPA 10.4 (7.1) 12.5 (8.5) 2.1 differences, pm.

Abbreviations: EIA, Enzyme Immunometric Assay; IFMA, Immunoflourometric Assay; NR, Not reported; np, Nonparametric testing used in original study; pm, parametric testing used in original
study; QIA, Quantikine Immunoassay; RIA, Radioimmunoassay; UTD, Unable to Determine: due to missing data from original manuscript. Adiponectin was converted to mcg/mL when reported
under different measures.
Adiponectin levels are listed as mean (SD) or median (interquartile range), as reported in original manuscript.
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Table 5 - Effect of marine omega-3 PUFAs on leptin to adiponectin ratios (LARs) reported in included studies

Reference (citation) Group LAR LAR Study LAR Treatment group significantly
name baseline end CHANGE higher (+), significantly lower (-),
or no difference (ND) than
placebo group
Jacobo-Cejudo et al. Cornstarch 0.88 (0.68) 0.17 (0.12) -0.71 ND
(2017) [58] EPA+DHA 1.3 (1.2) 0.24 (0.26) ~1.06°

The final column indicates that LARs between groups were not statistically different.
@ Within group comparison from baseline to study end in the EPA+DHA treated group.

Thus, leptin may play a significant role in triggering and main-
taining high levels of proinflammatory cytokines in systemic
circulation that have been associated with chronic systemic
inflammation in aging [2,3,87]. Conversely, adiponectin has
been shown to act on proinflammatory mediators by de-
creasing monocyte production of TNF-« and IL-6 [10,16].
Additionally, Ouchi et al. reported adiponectin enhances anti-
inflammatory cytokines by stimulating macrophage produc-
tion of interleukin-10 [16]. As such, adiponectin actions may
play an important role in reducing or preventing the persistent
inflammation in peripheral circulation that has been linked
to multiple chronic diseases common to the aging population.

In terms of the effect of EPA or EPA+DHA supplementation
on leptin, we report that 12 of 16 studies included in this re-
view that measured leptin levels reported lower leptin levels in
the EPA or EPA+DHA groups compared to the control groups
by the study end points [53,56,58,61,62,64,67-69,74,77,79].
However, only 2 of these studies found the between-group
differences to be statistically significant [53,61]. The 2 studies
that found statistically significant differences at study end-
points both used combined EPA+DHA supplements and were
conducted over 10 and 24 weeks, respectively.

Fifteen of the 31 studies included in this review included
adiponectin as a primary outcome variable and reported that
adiponectin levels in peripheral circulation were higher in
the EPA or EPA+DHA supplementation group by study end
point [50-54,58,61,64,65,69-72,74,75]. Eight of those studies re-
ported that the between-group differences were statistically
significant [50,51,53,61,66,71,74,75]. All 8 studies reporting
statistically significant increases in adiponectin had a study
duration of > 6 weeks, and all but 3 [50,74,75] used a combi-
nation EPA+DHA intervention.

4.1. Effect of intervention on the LAR and clinical
outcomes

Using the LAR as a marker of inflammation status and/or as
a method to predict inflammatory disease risk in younger
populations may be more effective than considering leptin
or adiponectin levels alone [19,21,25]. Only 1 study out of the
31 studies included in this review reported the LAR [58]. The
EPA+DHA group in this study showed a significant reduction
in the LAR at the study end point compared to baseline
and greater improvements in clinical outcomes. This study
population consisted of men and women (mean age of 49
years) with Type II diabetes, a BMI <29.9 and no other chronic
diseases. In this sample, there were significant improvements

reported for blood lipids, blood glucose, waist circumference,
hemoglobin Alc, and atherogenic index.

4.2. Effect of study duration

Studies that showed significant reductions to leptin levels in
the intervention group compared to the control group ranged
from 10 weeks [53] to 24 weeks [61] duration. Similarly, studies
that showed significant increases to adiponectin levels in the
intervention group compared to the control group, durations
ranged from 6 weeks [51] to 24 weeks [61]. Studies that showed
no significant changes in leptin or adiponectin ranged from 4
weeks [65] to 156 weeks [78]. The study reporting LAR was 24
weeks in duration [58].

4.3. Effect of dose

The daily dose of EPA or EPA+DHA used in studies included
in this review varied widely. The average dose of EPA+DHA in
studies reporting significant reductions in leptin at study end
compared to baseline was 2.8 g/d (0.9 g/d-4.2 g/d) [53,61]. In
the 2 studies reporting significantly lower levels of leptin in
the EPA+DHA group versus control group by study end, one
used a dose of EPA+DHA of 4.2 g/d for 24 weeks [61], while the
other used a dose of EPA+DHA of 0.9 g/d for 10 weeks [53].

The average dose of EPA+DHA in studies reporting signifi-
cant increases in adiponectin at study endpoint compared to
baseline was 1.87 g/d (0.9 g/d-4.2 g/d) [50,51,53,61,66,71,74,75].
Similarly, of 8 studies that reported significantly higher levels
of adiponectin in the EPA or EPA+DHA group compared to
control group, 4 used doses of EPA or EPA+DHA >1.8 g/d
[50,61,74,75], and three used combined doses >1 g/d [51,66,71].
The eighth study used 0.9 g/d of combined EPA+DHA [53]. Of
the studies reporting significantly higher levels of adiponectin
in the EPA+DHA group at the study end point compared to
the control group, study duration ranged from 6 weeks [51] to
24 weeks [61]. These findings align with current literature
suggesting that an EPA+DHA dose of >2 g/d for 4 weeks or
more may be needed to maximize anti-inflammatory actions
(88,89].

4.4. Side effects

Side effects associated with EPA or EPA+DHA supplemen-
tation were reported in five studies included in this review
[50,56,62,67,76]. Side effects included fishy taste, gastrointesti-
nal irregularities, psychotic episode (n = 1), and a “reaction” to
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supplements. In the Allaire et al. (2016) study, researchers re-
ported that there were no differences in reported side effects
between groups. The low incidence of side effects reported by
the collective studies included in this review is aligned with
previous literature showing that EPA+DHA supplementation
in doses of up to 3 g/d is safe for the general public and thus
is considered a low-risk dietary intervention [90]. Moreover,
some studies testing even higher doses of EPA+DHA (up to
8 g/d) have reported no side effects or adverse outcomes
associated with the intervention [88,91].

4.5. Strengths

There are several strengths to this review. By using multiple
databases, broad search terms, and alternative search meth-
ods, this systematic review provides a thorough synthesis
of published literature. Additionally, this systematic review
included all articles meeting inclusion criteria up to the
date searches were conducted, June 10, 2018. Authors were
contacted when further information was needed; however,
only 3 of 19 replied. The review was limited to RCTs, and
most (n = 17) employed double-blind designs. The analysis of
quality of studies revealed most studies were conducted with
low risk of bias in all categories of the Cochrane Risk of Bias
Tool for Randomized Trials. Only one study showed a high
risk of bias in more than 2 categories [57].

4.6. Limitations

There were some limitations to this review. First, a degree
of bias may have been introduced by excluding papers not
written in English or not published in a peer-reviewed journal.
Additionally, manuscripts yet to be published on electronic
databases may have been missed during the search. There
is also a potential for nonpublication of trials with negative
results as well as selective reporting among published studies,
particularly when either leptin or adiponectin levels were
reported alone. Although the LAR has been recently identified
as a better indicator of inflammatory status than leptin
or adiponectin alone [92-94], only one study included LAR
calculations. Including LAR calculations into future studies
would facilitate comparison of this important metric across
studies. Finally, we could not perform a meta-analysis of
pooled data because not all studies included in this review
reported whether the leptin and/or adiponectin data had
been normalized.

Given that chronic conditions with an inflammatory com-
ponent (e.g., cardiovascular diseases, diabetes, and cancer)
are a growing concern in aging populations [1], it is important
to determine effective, low risk, low cost interventions to
help prevent, reduce risk for, or improve control of these
conditions. Dietary supplementation with EPA+DHA has
been found to improve symptoms and outcomes for multiple
chronic inflammatory conditions, including cardiovascu-
lar diseases, diabetes, and cancer [26,28,39,95], but their
mechanisms of action are not definitively known. Collective
findings of this systematic review suggest that EPA+DHA
supplementation may help balance circulating levels of leptin
and adiponectin, peptide hormones involved in regulating
systemic inflammation.

Although the 31 RCTs included in this systematic review,
evaluated the effects of EPA and/or DHA on circulating levels
of leptin and/or adiponectin, missing knowledge remains.
First, the exact mechanisms of EPA+DHA action on leptin and
adiponectin are not completely known. Second, the optimal
dose and duration of EPA+DHA supplementation needed to
affect a change in levels of leptin and/or adiponectin individ-
ually has not been determined. Third, the omega-3 fatty acids
have been shown to have anti-inflammatory actions through
other mechanisms, such as via the metabolic pathway that
leads to the synthesis of endocannabinoids [96-98]. Yet, to
our knowledge, the effect of these novel metabolites on leptin
and adiponectin production and secretion have not been
fully elucidated. Finally, identification of normal levels of
leptin, adiponectin and LARs in all BMI groups have not been
definitively determined.

In summary, this systematic review of RCTs was con-
ducted to determine what is currently known about effects
of EPA+DHA on circulating levels of leptin and adiponectin.
Several studies included in this review (18 of 32) reported that
EPA+DHA supplementation decreased leptin levels and LARs
and/or increased adiponectin levels (Table 6).

5. Recommendations for future research

Given the variation in EPA+DHA dose, duration of supple-
mentation, and population characteristics across the studies
included in this review, additional RCTs are warranted which
assess dose parameters and patient populations similar to
the previous RCTs reporting significant effects of EPA+DHA
supplementation on leptin and adiponectin in order to eval-
uate the extent of reproducibility. Other factors, including the
placebo form, background dietary omega-3 intakes, and use of
statins and other therapies might also explain the conflicting
findings among studies in this review. Therefore, it is rec-
ommended that scientists involved in future RCTs consider
these factors during the design phase. It is also suggested
that future studies measure levels of all fatty acids in blood in
study participants, preferably in blood cells (e.g., erythrocytes,
adipocytes) at all study time points. This would be helpful for
determining the effect of other fatty acids in the context of
EPA+DHA supplementation and for ascertaining if there are
differences in individual responses to supplementation.

In summary, additional studies are needed to clarify the
extent to which EPA+DHA supplements modulate circulating
levels of leptin and adiponectin and their impact on the
chronic systemic inflammation linked to various common
diseases in aging.
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Table 6 - Summary of treatment group characteristics and the effects of n-3 PUFAs from RCTs with significant between-group findings

Reference Sample size BMI Percentage of = Mean age Dose of Duration Blinding Bias (# of low  Effect on
(citation) males EPA+DHA (Weeks) risk categories  Leptin (L),
g/day out of 6) Adiponectin
(A), or LAR
Allaire et al. (2016) 123 29.4 NR NR 0+27 10 Double 6 1A
[50]
Gammelmark et al. 25 30.4 58 58 0.64 + 0.48 6 Double 5 TA
(2012) [51]
Haidari et al. (2015) 21 26.8 NR NR 0.54 + 0.36 10 Double 4 L+ 1A
[53]
Jacobo-Cejudo etal. 29 25.6 24.1 50.4 0.32 +0.2 24 Single 3 J|LAR
(2017) [58]
Krebs et al. (2006) 35 353 0 NR 13+29 24 Double 4 JL+ 1A
[61]
Mohammadi et al. 30 28.7 0 27.3 0.465 + 0.375 4 Double 4 TA
(2012) [66]
Qin et al. (2015) [71] 36 26.4 72.2 46 0.728 + 0.516 12 Double 6 1A
Satoh et al. (2009) 46 30 31.3 51.3 1.8+0 12 Single 3 TA
[74]
Satoh-Asahara etal. 43 29.9 51.2 52.3 1840 12 Single 2 1A
(2012) [75]
TOTALS - 9 Mean 43.1; Mean 29.17; Mean 59.2%; Mean 47.55; Range EPA - O - Mean 12.67; 6 Double/ 3 Mean 4.1; Range ({L x2), (1A x 8),
ARTICLES Range 21 - 123 Range 25.6 - 35.3 Range0-72.2% Range27.3-58* 1.8;DHA-0-29 Range4-24 Single 2-6 (J{LAR x 1)

Abbreviations: A, Adiponectin; BMI, Body mass index; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; L, Leptin; LAR, Leptin-to-adiponectin ratio; NR, Not reported.
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