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Effects of Omega-3 Supplementation on 
Adipocytokines in Prediabetes and Type 2 Diabetes 
Mellitus: Systematic Review and Meta-Analysis of 
Randomized Controlled Trials  
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Background: The objective of this systematic review and meta-analysis was to determine the effects of omega-3 supplementation 
on adipocytokine levels in adult prediabetic and diabetic individuals.
Methods: We searched PubMed, Medline, EMBASE, Scopus, Web of Science, Google Scholar, Cochrane Trial Register, World 
Health Organization Clinical Trial Registry Platform, and Clinicaltrial.gov Registry from inception to August 1, 2017 for ran-
domized controlled trials. Pooled effects of interventions were assessed as mean difference using random effects model. We con-
ducted a sensitivity, publication bias and subgroup analysis.
Results: Fourteen studies individuals (n=685) were included in the meta-analysis. Omega-3 supplementation increased levels of 
adiponectin (0.48 µg/mL; 95% confidence interval [CI], 0.27 to 0.68; P<0.00001, n=10 trials), but effects disappeared after sensi-
tivity analysis. Tumor necrosis factor α (TNF-α) levels were reduced (–1.71; 95% CI, –3.38 to –0.14; P=0.03, n=8 trials). Treat-
ment duration shorter than 12 weeks was associated with greater reduction than longer treatment duration. Levels of other adipo-
cytokines were not significantly affected. Publication bias could generally not be excluded.
Conclusion: Eicosapentaenoic acid and docosahexaenoic acid supplementation may increase adiponectin and reduce TNF-α 
levels in this population group. However, due to overall study heterogeneity and potential publication bias, a cautious interpreta-
tion is needed.
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INTRODUCTION

Global rates of diabetes mellitus have reached epidemic pro-
portions and are associated with an ever-growing health and 
socioeconomic burden. The World Health Organization 
(WHO) estimates that the number of diabetic individuals rose 
from 108 million in 1980 to 422 million in 2014, whereas low- 
and middle-income countries have experienced a particularly 
high increase in diabetes prevalence [1]. With this enormous 

increase in global rates of diabetes also rises the economic cost, 
e.g., US data show that the total economic cost of diagnosed 
cases of diabetes amounted to USD 174 billion in 2007 and 
rose to 245 billion in 2012 [2]. A large part of the growing dia-
betes rates can be explained by the enormous increase in the 
global burden of obesity [3]. According to data from WHO, 
more than 1.9 billion adults were overweight in 2014; of these 
600 million were obese [4]. Diabetes is associated with a signif-
icantly increased risk for all-cause mortality [5]. From the 
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pathological perspective, there are two main types of diabetes: 
type 1 diabetes mellitus (T1DM), which is characterized by 
pancreatic β-cell secretion deficiency, and type 2 diabetes mel-
litus (T2DM), which is preceded by prediabetes in most indi-
viduals [6], and is caused by a complex interplay between insu-
lin resistance and β-cell dysfunction [7].

Increased body adiposity leads to a greater risk of developing 
T2DM even with at normal body mass index (BMI) [8]. Dys-
function at the cellular level within the adipose tissue has been 
linked to insulin resistance and T2DM [9]. It is now well-es-
tablished that adipose tissue is a metabolically highly active or-
gan, secreting a plethora of molecules, with more than 600 
identified so far [10]. These biologically active molecules, col-
lectively known as adipocytokines, have been suggested to play 
a significant role in insulin resistance [11], β-cell dysfunction 
[12], as well as the occurrence of diabetes [13] and associated 
comorbidities [14,15].

Omega-3 fatty acids, a group of polyunsaturated fatty acids, 
have gained increasing popularity among general population 
and clinicians for their suggested positive modulatory effects 
on a variety of physiological function. Eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA) represent the two 
major types of omega-3 fatty acids. EPA and DHA are mainly 
gained from seafood consumption, such as from fatty fish. 
These fatty acids are essential, as they cannot be produced by 
the human body, but have to be obtained by consuming ma-
rine food, such as fatty fish and fish oil. Supplementing ome-
ga-3 fatty acids was estimated to costs of 34.7 billion USD in 
2016 [16]. These supplements have been used in managing a 
variety of clinical conditions and are believed to have a pletho-
ra of health benefits [17].

Regarding the effects of omega-3 fatty acids on the risk of 
developing diabetes, studies have shown mixed results [18,19]. 
Positive effects have been reported in relation to diabetic com-
plications [20]. Omega-3 fatty acids have also been associated 
with favourable outcomes on adiponectin and leptin [21] and 
a range of inflammatory cytokines [22].

Given their ever-increasing popularity and the emerging ev-
idence suggesting positive modulatory effects on signalling 
molecules, including adypocytokines, it is of high relevance to 
investigate the influence of omega-3 fatty acid supplementa-
tion on adipocytokine plasma concentration in prediabetic 
and diabetic individuals.

METHODS

Literature search
PubMed, Medline, EMBASE, Scopus, Web of Science, Google 
Scholar, Cochrane Trial Register, WHO Clinical Trial Registry 
Platform, and Clinicaltrial.gov Registry were used to systemat-
ically search for randomized controlled trials. We did not use 
any language restriction in the search. The literature was 
searched from inception to August 1, 2017. Key words includ-
ed, among others: fatty acids, omega-3, fish oil, EPA, DHA, ad-
ipokines, adipocytokines, leptin, adiponectin, and clinical trial. 
In addition, related articles in electronic databases were also 
searched. Retrieved articles, systematic reviews and meta-
analyses were searched manually in order to identify any over-
looked additional potentially relevant trials.

Study selection
We used the following inclusion criteria: (1) intervention in-
volving supplementation with EPA, DHA, both EPA and 
DHA, and fish oil; (2) randomized controlled trials with paral-
lel or cross-over design; (3) involving adult (≥18 years) human 
subjects diagnosed with any of the following clinical condi-
tions: insulin resistance, impaired glucose tolerance, impaired 
fasting glucose, or T2DM; (4) a minimum of 4 weeks interven-
tion period; (5) encompassed the evaluation the outcome of 
interest to this meta-analysis; and (6) reported post-interven-
tion mean values or change from baseline values with standard 
deviation (SD).

We applied the following exclusion criteria: (1) non-inter-
ventional studies, (2) uncontrolled studies, (3) lack of sufficient 
information on baseline or follow-up plasma concentration 
values of the selected adipocytokines, and (4) reviews, confer-
ence abstracts, commentaries, case reports, or duplicate publi-
cation from the same study.

Risk of bias assessment
We used Cochrane Collaboration’s tool for assessing the risk of 
bias in randomized trials in order to assess the risk of bias of 
included studies (low, unclear, high) with respect to following 
study characteristics: random sequence generation (selection 
bias), allocation concealment (selection bias), blinding of par-
ticipants and personnel (performance bias), blinding of out-
come assessment (detection bias), incomplete outcome data 
(attrition bias), selective reporting (reporting bias), and others 
[23].
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Data extraction and statistical analysis
From every study included, the two authors independently ex-
tracted the following information into a data spread sheet: 
family name of the first author of the study; publication year; 
characteristics of trial participants (number, age and gender); 
duration of the intervention; definition of the intervention and 
respective control; and assessed outcomes.

We extracted values of group means and corresponding SD. 
Where medians or interquartile ranges were reported instead 
of means, we used formulas proposed by Hozo et al. [24] to 
calculate the means and SD values. Where standard error of 
the mean (SEM) was only reported, SD was estimated using 
the following formula: SD=SEM×square root (n), where n is 
the number of subjects. The primary end point was change in 
circulating levels of adipocytokines, which were reported as 
changes between the values of arithmetic means at the end of 
the study-baseline [25]. SD of mean differences (MDs) were 
calculated as SD=square root [(SDbaseline)2+(SDend of treatment)2–
(2r×SDbaseline×SDend of treatment)] for each group, assuming that 
r=0.5 [26]. 

We used the software Review Manager 5.3 as provided by 
the Cochrane Collaboration [27]. We applied the inverse-vari-
ance, random effects model of DerSimonian and Laird [28] to 
calculate the pooled estimates of the weighted MDs between 
the intervention and control groups, because this model incor-
porates between-study variability and provides a more conser-
vative estimate of the average effect size. 

The standard chi-square test was used as a statistical measure 
of heterogeneity between the different studies. The I2 value was 
applied to determine the magnitude of inconsistency [29], cal-
culated as I2=[(Q−df)]/Q×100%, Q being the χ2 value and df 
the corresponding degree of freedom. An I2 value of greater 
than 50.0 % was defined as a cut-off to determine considerable 
heterogeneity between the included studies.

Sensitivity analysis through the leave-one-out method was 
employed to explore whether the dependency of the results on 
individual studies when these reported substantially different 
effect-sizes than the other studies.

We used the funnel-plot method to test for publication bias. 
In this method, the difference in mean changes were plotted 
against their standard errors to measure the precision of the 
studies. Where there was any disagreement between the au-
thors, the data were revisited and agreed on by discussion by 
the authors.

RESULTS

Literature search and study characteristics
After applying all the selection criteria, 15 studies were includ-
ed in the systematic review [30-44]. These studies reported the 
following outcomes: plasminogen-activator inhibitor 1 (PAI-
1), adiponectin, leptin, resistin, tumor necrosis factor α 
(TNF-α), and interleukin 6 (IL-6). One study [42] had a cross-
over design, and could not be included in the quantitative syn-
thesis (meta-analysis) in Review Manager; hence, 14 studies 
with parallel design were included in the meta-analysis [30-
41,43,44]. Fig. 1 shows a detailed overview of the search strate-
gy. Fig. 2A represents the overall risk of bias summary accord-
ing to the defined characteristics, and Fig. 2B provides an 
overview across all individual studies included in the system-
atic review.

The studies included in the meta-analysis included a total of 
29 treatment arms, comprising a total of 685 trial participants 

Fig. 1. Flow diagram.
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(Table 1). Most studies involved subjects with T2DM; Krebs et 
al. [33], Spencer et al. [41], and Wong et al. [44] enrolled pa-
tients with prediabetes. One study [33] was conducted only 
with female subjects, otherwise both sexes were represented. 
The trial duration ranged from 6 to 24 weeks. Interventions in 
most studies consisted of omega-3 supplementation alone, in 
two studies [33,44] intended weight loss was a part of the in-
tervention. Most studies used both EPA and DHA in the inter-

vention, one study [30] used only EPA, and in one study EPA 
and DHA [38] were two different treatment arms, so that effect 
sizes were pooled separately. 

Influence of omega-3 supplementation on plasma 
concentrations of adipocytokines
Two studies reported PAI-1 levels. Kabir et al. [32] used IU/mL 
as unit, and conversion was done to ng/mL [45]. Omega-3 

Fig. 2. Risk of bias assessment tool. (A) Summary of risk of 
bias of across the trials included in the systematic review. In-
formation for every study characteristic was pooled from every 
trial (green: low risk of bias; yellow: unclear risk of bias; red: 
high risk of bias), combined and overall results expressed in 
percentages. (B) Overview of risk of bias across individual tri-
als according to study characteristics. Each bias domain was 
evaluated carefully from every trial and decided whether the 
information provided reflected a low risk of bias (green), high 
risk of bias (red), or if insufficient information was provided 
and the risk of bias was therefore unclear (yellow).
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supplementation did not significantly affect PAI-1 levels (MD, 
–11.47 ng/mL; 95% confidence interval [CI], –23.52 to 0.57; 
P=0.06, I2=11%) (Fig. 3). 

Effect sizes for adiponectin were pooled from a total of 10 
studies. Omega-3 supplementation significantly increased 
plasma adiponectin concentration (MD, 0.48 µg/mL; 95% CI, 
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Fig. 3. Influence of omega-3 fatty acids supplementation on plasminogen-activator inhibitor 1 levels (ng/mL). Forest plot shows 
pooled mean differences with 95% confidence intervals (CIs) for two randomized controlled trials. The green colored square rep-
resents the point estimate of the effect of the intervention for each trial. The horizontal line joins the upper and lower limits of the 
95% CI of the effects. The square area represents the relative weight of the trial in the meta-analysis. The black colored diamond at 
the bottom represents the pooled mean difference with 95% CI for all study groups. SD, standard deviation; IV, interval variable. 
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Fig. 4. Influence of omega-3 fatty acids supplementation on adiponectin levels (µg/mL). (A) Forest plot shows pooled mean differ-
ences with 95% confidence intervals (CIs) for 10 randomized controlled trials. The green colored square represents the point estimate 
of the effect of the intervention for each trial. The horizontal line joins the upper and lower limits of the 95% CI of the effects. The 
square area represents the relative weight of the trial in the meta-analysis. The black colored diamond at the bottom represents the 
pooled mean difference with 95% CI for all study groups. As opposed to graphs for all other outcome parameters, the labels of the X-
axis are different, because an increase in adiponectin levels is seen as favorable. (B) Meta-analysis after eliminating Veleba et al. [43] as 
part of the leave-one-out sensitivity analysis (the trial was given a relative weight of 0.0%). SD, standard deviation; IV, interval variable. 
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0.27 to 0.68; P<0.00001, I2=98%) (Fig. 4A). For the sensitivity 
analysis, we eliminated Veleba et al. [43], because this study re-
ported an effect which was significantly greater than that of 
other individual studies. No effects of omega-3 supplementa-
tion on adiponectin concentration were observed (MD, 0.00 
µg/mL; 95% CI, –0.09 to 0.08; P=0.98, I2=85%) (Fig. 4B) in 

this sensitivity analysis.
With regards to effects on resistin, omega-3 supplementa-

tion did not affect its levels in a statistically significant way 
(MD, –0.77 ng/mL; 95% CI, –2.44 to 0.97; P=0.4, I2=100%) 
(Fig. 5).

Supplementing omega-3 fatty acids did not significantly alter 
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Test for overall effect: Z=0.84 (P=0.40)
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Fig. 5. Influence of omega-3 fatty acids supplementation on resisting levels (ng/mL). Forest plot shows pooled mean differences 
with 95% confidence intervals (CIs) for two randomized controlled trials. The green colored square represents the point estimate 
of the effect of the intervention for each trial. The horizontal line joins the upper and lower limits of the 95% CI of the effects. The 
square area represents the relative weight of the trial in the meta-analysis. The black colored diamond at the bottom represents the 
pooled mean difference with 95% CI for all study groups. SD, standard deviation; IV, interval variable. 
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Veleba, 2015	 −1.4	 3.9	 16	 1.2	 5.86	 13	 0.0%	 −2.60 [−6.31, 1.11]

Total (95% CI)			   163			   157	 100.0%	 −0.03 [−0.10, 0.04]
Heterogeneity: Tau2=0.00; Chi2=5.92, df=6 (P=0.43); I2=0%
Test for overall effect: Z=0.90 (P=0.37)

Jacobo-Cejudo, 2017	 −0.18	 0.14	 29	 −0.15	 0.12	 25	 79.2%	 −0.03 [−0.10, 0.04]
Kabir, 2007	 0.2	 13.52	 12	 1.7	 16.66	 14	 0.1%	 −1.50 [−13.10, 10.10]
Krebs, 2006	 −9.9	 13.21	 35	 −12.3	 14.87	 32	 0.4%	 2.40 [−4.36, 9.16]
Lee, 2014	 −4.5	 9.68	 16	 −9.3	 6.8	 21	 0.6%	 4.80 [−0.76, 10.36]
Poreba, 2017	 0.19	 1.71	 36	 0.48	 2.04	 38	 18.5%	 −0.29 [−1.15, 0.57]
Spencer, 2013	 −4.3	 43.85	 19	 1.7	 19.38	 14	 0.0%	 −6.00 [−28.18, 16.18]
Veleba, 2015	 −1.4	 3.9	 16	 1.2	 5.86	 13	 1.2%	 −2.60 [−6.31, 1.11]

Total (95% CI)			   144			   143	 100.0%	 −0.08 [−0.49, 0.34]
Heterogeneity: Tau2=0.06; Chi2=5.64, df=5 (P=0.34); I2=11%
Test for overall effect: Z=0.35 (P=0.72)
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Fig. 6. Influence of omega-3 fatty acids supplementation on leptin levels (ng/mL). (A) Forest plot shows pooled mean differences with 
95% confidence intervals (CIs) for seven randomized controlled trials. The green colored square represents the point estimate of the 
effect of the intervention for each trial. The horizontal line joins the upper and lower limits of the 95% CI of the effects. The square 
area represents the relative weight of the trial in the meta-analysis. Notice the absence of the black colored diamond at the bottom as 
in other graphs because of the magnitude of the pooled mean difference with 95% CI for all study groups. (B) Meta-analysis after 
eliminating Spencer et al. [41] as part of the leave-one-out sensitivity analysis (the trial was given a relative weight of 0.0%). SD, stan-
dard deviation; IV, interval variable. 
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leptin levels (MD, –0.03 ng/mL; 95% CI, –0.10 to 0.04; P=0.37, 
I2=0%) (Fig. 6A). As the effect reported in Spencer et al. [41] 
was considerably different compared with that of other indi-
vidual studies, we eliminated it from the analysis, this did re-
sult in a significant change in effect size (MD, –0.08 ng/mL; 
95% CI, –0.49 to 0.34; P=0.72, I2=11%) (Fig. 6B). 

Omega-3 supplementation also exerted an effect on plasma 
concentrations of inflammatory cytokines IL-6 and TNF-α. 
The effects on IL-6 did not reach statistical significance (MD, 
–0.10 pg/mL; 95% CI, –0.25 to 0.05; P=0.2, I2=21%) (Fig. 7), 
but TNF-α levels significantly reduced (MD, –1.71; 95% CI, 
–3.38 to –0.14; P=0.03, I2=86%) (Fig. 8A), this effect also re-
mained after removing Spencer et al. [41] for the sensitivity 
analysis, as this was the only study which reported an increase 
in TNF-α levels in the primary analysis (MD, –2.01 pg/mL; 
95% CI, –3.55 to –0.47; P=0.01, I2=87%) (Fig. 8B).

Subgroup-analysis
As adiponectin and TNF-α were the only two outcomes whose 
blood levels were significantly affected by omega-3 supple-
mentation in the primary analysis and we found considerable 
study heterogeneity, we conducted a subgroup analysis by dose 
(low ≤2,000 mg, high >2,000 mg) and treatment duration 
(<12, ≥12 weeks) to investigate whether the effect of the inter-
vention in these outcomes varied between the subgroups.

For adiponectin, omega-3 significantly increased its levels 
when supplemented in high dose (MD, 0.62 µg/mL; 95% CI, 
0.40 to 0.85; P<0.00001, I2=99%); low-dose supplementation 

did not lead to significant changes (MD, 0.48 µg/mL; 95% CI, 
–0.73 to 1.69; P=0.44, I2=67%; test for subgroup differences: 
P=0.82, I2=0%) (Fig. 9A). As for treatment duration, we found 
significant effects in the subgroup ≥12 weeks (MD, 0.47 µg/mL; 
95% CI, 0.26 to 0.68; P<0.00001, I2=99%), while shorter treat-
ment duration did not produce statistically significant effects 
(MD, 0.73 µg/mL; 95% CI, –0.28 to 1.73; P=0.16, I2=0%; test 
for subgroup differences: P=0.62, I2=0%) (Fig. 9B). 

For TNF-α, omega-3 did not significantly change the levels 
neither in the low-dose (MD, –0.04 pg/mL; 95% CI, –0.10 to 
0.02; P=0.17, I2=0%) nor in the high-dose group (MD, –2.31 
pg/mL; 95% CI, –5.55 to 0.93; P=0.16, I2=88%; test for sub-
group differences: P=0.17, I2=46.9%) (Fig. 10A). Supplement-
ing omega-3 for less than 12 weeks significantly reduced 
TNF-α levels (MD, –4.71 pg/mL; 95% CI, –6.01 to –3.41; 
P<0.00001, I2=0%); whilst no statistically significant effects 
were found with longer supplementation (MD, –0.16 pg/mL; 
95% CI, –0.96 to 0.64; P=0.7, I2=46%; test for subgroup differ-
ences: P<0.00001, I2=97.1%) (Fig. 10B).

Publication bias
Visual inspection of funnel plots for adiponectin, leptin, IL-6, 
and TNF-α (Fig. 11) revealed a moderate asymmetry in all of 
the outcomes, so that a publication bias cannot be excluded 
and we cannot ascertain that a non-publication of negative or 
inconclusive data did not influence our meta-analysis.

	 −20	 −10	 0	 10	 20

Study or subgroup	 Mean	 SD	 Total	 Mean	 SD	 Total	 Weight	 IV, Random, 95% CI
Kabir, 2007	 0.3	 1.92	 12	 0.1	 1.64	 14	 1.2%	 0.20 [−1.18, 1.58]
Krebs, 2006	 −0.67	 4.18	 35	 −0.75	 1.66	 32	 1.0%	 0.08 [−1.42, 1.58]
Mocking, 2012	 −0.02	 2.55	 12	 0.4	 1.73	 12	 0.7%	 −0.42 [−2.16, 1.32]
Mori, 2003 (DHA)	 −0.07	 0.43	 17	 0.2	 0.22	 16	 26.0%	 −0.27 [−0.50, −0.04]
Mori, 2003 (EPA)	 0.03	 0.18	 17	 0.2	 0.22	 16	 43.2%	 −0.17 [−0.31, −0.03]
Ogawa, 2013	 −0.9	 25.43	 13	 −0.3	 25.02	 13	 0.0%	 −0.60 [−19.99, 18.79]
Poreba, 2017	 0.08	 0.37	 36	 −0.08	 0.57	 38	 27.9%	 0.16 [−0.06, 0.38]
Spencer, 2013	 1.6	 8.41	 19	 1.5	 17.21	 14	 0.0%	 0.10 [−9.68, 9.88]

Total (95% CI)			   161			   155	 100.0%	 −0.10 [−0.25, 0.05]
Heterogeneity: Tau2=0.01; Chi2=8.85, df=7 (P=0.26); I2=21%
Test for overall effect: Z=1.29 (P=0.20)

IV, Random, 95% CI
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Fig. 7. Influence of omega-3 fatty acids supplementation on interleukin 6 levels (pg/mL). Forest plot shows pooled mean differences 
with 95% confidence intervals (CIs) for eight intervention effects pooled from seven randomized controlled trials (two separate ef-
fects were pooled for docosahexaenoic acid [DHA] and eicosapentaenoic acid [EPA] treatment arms from Mori et al. [38]). The green 
colored square represents the point estimate of the effect of the intervention for each intervention. The horizontal line joins the upper 
and lower limits of the 95% CI of the effects. The square area represents the relative weight of the interventions in the meta-analysis. 
SD, standard deviation; IV, interval variable. 
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DISCUSSION

To the best of our knowledge, this is the first meta-analysis to 
investigate the results of omega-3 supplementation on adipocy-
tokine levels in prediabetic and diabetic individuals. We found 
that omega-3 supplementation has no statistically significant 
effects on levels of PAI-1, resistin, leptin, and IL-6. We found 
that omega-3 can significantly increase adiponectin levels, but 
study heterogeneity was very high in this analysis (I2=98%). 
Moreover, this effect was dependent on one individual study, as 
it completely disappeared once we conducted sensitivity analy-
sis. Regarding TNF-α, omega-3 supplementation reduced its 
levels both in the primary as well in the sensitivity analysis, but 
with considerable study heterogeneity in both analyses. We 
conducted a subgroup analysis based on omega-3 dose and 

treatment duration for these two outcomes in order to elucidate 
whether the effects of omega-3 supplementation in the primary 
outcomes varied between the subgroups via a test of interaction 
(indicating effect modification). We found that for TNF-α, 
omega-3 supplementation has different effects in subgroups 
with different treatment durations while using 12 weeks as the 
cut-off value, i.e., there was significant effect modification 
based on treatment duration. Interestingly, lower treatment du-
ration significantly reduced TNF-α levels as compared to lon-
ger treatment duration. We found no effect modification in the 
dose subgroup analysis for TNF-α levels, nor for dose or treat-
ment duration for adiponectin levels. 

PAI-1’s associations with obesity and diabetes have been es-
tablished in the 1980s [46], and it is nowadays well established 
that elevated levels of PAI-1 are associated with the develop-
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Study or subgroup	 Mean	 SD	 Total	 Mean	 SD	 Total	 Weight	 IV, Random, 95% CI

Study or subgroup	 Mean	 SD	 Total	 Mean	 SD	 Total	 Weight	 IV, Random, 95% CI

Kabir, 2007	 0.8	 15.6	 12	 0.3	 22.11	 14	 1.1%	 0.50 [−14.06, 15.06]
Krebs, 2006	 0.03	 3.67	 35	 −0.05	 1.84	 32	 16.6%	 0.08 [−1.29, 1.45]
Mocking, 2012	 −0.14	 0.2	 12	 −0.23	 10.35	 12	 5.2%	 0.09 [−5.77, 5.95]
Malekshahi Moghadam, 2012	 −3.06	 6.41	 42	 1.99	 10.35	 42	 9.3%	 −5.05 [−8.73, −1.37]
Mori, 2003 (DHA)	 −6.73	 3.12	 17	 −1.09	 2.53	 16	 14.7%	 −5.64 [−7.57, −3.71]
Mori, 2003 (EPA)	 −4.77	 3.38	 17	 −1.09	 2.53	 16	 14.4%	 −3.68 [−5.71, −1.65]
Ogawa, 2013	 −1	 0.96	 13	 −0.1	 1.8	 13	 17.3%	 −0.90 [−2.01, 0.21]
Poreba, 2017	 −0.05	 0.14	 36	 −0.01	 0.13	 38	 19.0%	 −0.04 [−0.10, 0.02]
Spencer, 2013	 4.7	 13.86	 19	 −6.2	 13.73	 14	 2.4%	 10.90 [1.38, 20.42]

Total (95% CI)			   203			   197	 100.0%	 −1.71 [−3.28, −0.14]
Heterogeneity: Tau2=3.38; Chi2=58.98, df=8 (P<0.00001); I2=86%
Test for overall effect: Z=2.14 (P=0.03)

Kabir, 2007	 0.8	 15.6	 12	 0.3	 22.11	 14	 1.1%	 0.50 [−14.06, 15.06]
Krebs, 2006	 0.03	 3.67	 35	 −0.05	 1.84	 32	 17.1%	 0.08 [−1.29, 1.45]
Mocking, 2012	 −0.14	 0.2	 12	 −0.23	 10.35	 12	 5.1%	 0.09 [−5.77, 5.95]
Malekshahi Moghadam, 2012	 −3.06	 6.41	 42	 1.99	 10.35	 42	 9.3%	 −5.05 [−8.73, −1.37]
Mori, 2003 (DHA)	 −6.73	 3.12	 17	 −1.09	 2.53	 16	 15.1%	 −5.64 [−7.57, −3.71]
Mori, 2003 (EPA)	 −4.77	 3.38	 17	 −1.09	 2.53	 16	 14.7%	 −3.68 [−5.71, −1.65]
Ogawa, 2013	 −1	 0.96	 13	 −0.1	 1.8	 13	 17.9%	 −0.90 [−2.01, 0.21]
Poreba, 2017	 −0.05	 0.14	 36	 −0.01	 0.13	 38	 19.8%	 −0.04 [−0.10, 0.02]
Spencer, 2013	 4.7	 13.86	 19	 −6.2	 13.73	 14	 0.0%	 10.90 [1.38, 20.42]

Total (95% CI)			   184			   183	 100.0%	 −2.01 [−3.55, −0.47]
Heterogeneity: Tau2=3.13; Chi2=53.89, df=7 (P<0.00001); I2=87%
Test for overall effect: Z=2.55 (P=0.01)
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Fig. 8. Influence of omega-3 fatty acids supplementation on tumor necrosis factor α levels (pg/mL). (A) Forest plot shows pooled 
mean differences with 95% confidence intervals (CIs) for nine intervention effects pooled from eight randomized controlled trials 
(two separate effects were pooled for docosahexaenoic acid [DHA] and eicosapentaenoic acid [EPA] treatment arms from Mori et al. 
[38]). The green colored square represents the point estimate of the effect of the intervention for each intervention. The horizontal line 
joins the upper and lower limits of the 95% CI of the effects. The square area represents the relative weight of the interventions in the 
meta-analysis. (B) Meta-analysis after eliminating Spencer et al. [41] as part of the leave-one-out sensitivity analysis (the trial was giv-
en a relative weight of 0.0%). SD, standard deviation; IV, interval variable. 
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ment of T2DM [47] and cardiovascular events and mortality 
[48]. Intervention to reduce the levels of PAI-1 have therefore 
been recognized as a priority in this population [49].

Leptin could be righteously called the master hormone of all 

adipokines, because of the variety of physiological functions 
that it controls and they are all of great relevance in diabetes 
[50]. Body fat mass is the single most important determinant 
of leptin levels in individuals, but insulin resistance that occurs 
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Study or subgroup	 Mean	 SD	 Total	 Mean	 SD	 Total	 Weight	 IV, Random, 95% CI

Study or subgroup	 Mean	 SD	 Total	 Mean	 SD	 Total	 Weight	 IV, Random, 95% CI

          ≤2,000 mg
Hashemi, 2014	 2.3	 3.92	 34	 0.3	 4.17	 36	 21.5%	 2.00 [0.10, 3.90]
Mazaherioun, 2017	 0.49	 2.97	 44	 −0.17	 2.6	 41	 31.7%	 0.66 [−0.52, 1.84]
Ogawa, 2013	 1.8	 9.78	 13	 0.5	 11.23	 13	 2.1%	 1.30 [−6.80, 9.40]
Poreba, 2017	 −0.26	 0.5	 36	 0.16	 0.72	 38	 44.7%	 −0.42 [−0.70, −0.14]
Subtotal (95% CI)			   127			   128	 100.0%	 0.48 [−0.73, 1.69]
Heterogeneity: Tau2=0.83; Chi2=9.02, df=3 (P=0.03); I2=67%
Test for overall effect: Z=0.78 (P=0.44)

          >2,000 mg
Jacobo-Cejudo, 2017	 0.09	 0.07	 29	 0.02	 0.012	 25	 27.8%	 0.07 [0.04, 0.10]
Kabir, 2007	 0.5	 2.1	 12	 −0.4	 2.82	 14	 1.4%	 0.90 [−1.00, 2.80]
Krebs, 2006	 2.33	 5.79	 35	 −0.22	 6.94	 32	 0.5%	 2.55 [−0.53, 5.63]
Spencer, 2013	 −0.02	 0.31	 19	 −0.01	 0.28	 14	 22.9%	 −0.01 [−0.21, 0.19]
Veleba, 2015	 1.1	 0.34	 16	 −1.9	 0.42	 13	 19.5%	 3.00 [2.72, 3.28]
Wong, 2013	 0.013	 0.02	 13	 0.03	 0.01	 12	 27.9%	 −0.02 [−0.03, −0.00]
Total (95% CI)			   124			   110	 100.0%	 0.62 [0.40, 0.85]
Heterogeneity: Tau2=0.05; Chi2=471.37, df=5 (P<0.00001); I2=99%
Test for overall effect: Z=5.37 (P<0.00001)

Test for subgroup differences: Chi2=0.05, df=1 (P=0.82); I2=0%

          <12 weeks
Kabir, 2007	 0.5	 2.1	 12	 −0.4	 2.82	 14	 28.1%	 0.90 [−1.00, 2.80]
Mazaherioun, 2017	 0.49	 2.97	 44	 −0.17	 2.6	 41	 71.9%	 0.66 [−0.52, 1.84]
Subtotal (95% CI)			   56			   55	 100.0%	 0.73 [−0.28, 1.73]
Heterogeneity: Tau2=0.00; Chi2=0.04, df=1 (P=0.83); I2=0%
Test for overall effect: Z=1.42 (P=0.16)

          ≥12 weeks
Hashemi, 2014	 2.3	 3.92	 34	 0.3	 4.17	 36	 1.2%	 2.00 [0.10, 3.90]
Jacobo-Cejudo, 2017	 0.09	 0.07	 29	 0.02	 0.012	 25	 23.2%	 0.07 [0.04, 0.10]
Krebs, 2006	 2.33	 5.79	 35	 −0.22	 6.94	 32	 0.5%	 2.55 [−0.53, 5.63]
Ogawa, 2013	 1.8	 9.78	 13	 0.5	 11.23	 13	 0.1%	 1.30 [−6.80, 9.40]
Poreba, 2017	 −0.26	 0.5	 36	 0.16	 0.72	 38	 16.4%	 −0.42 [−0.70, −0.14]
Spencer, 2013	 −0.02	 0.31	 19	 −0.01	 0.28	 14	 19.1%	 −0.01 [−0.21, 0.19]
Veleba, 2015	 1.1	 0.34	 16	 −1.9	 0.42	 13	 16.4%	 3.00 [2.72, 3.28]
Wong, 2013	 0.013	 0.02	 13	 0.03	 0.01	 12	 23.2%	 −0.02 [−0.03, −0.00]
Total (95% CI)			   195			   183	 100.0%	 0.47 [0.26, 0.68]
Heterogeneity: Tau2=0.05; Chi2=483.57, df=7 (P<0.00001); I2=99%
Test for overall effect: Z=4.37 (P<0.0001)

Test for subgroup differences: Chi2=0.25, df=1 (P=0.62); I2=0%
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Fig. 9. Subgroup analysis on the influence of omega-3 fatty acids supplementation according to (A) omega-3 dose and (B) treatment 
duration for adiponectin (µg/mL). Forest plot shows pooled mean differences with 95% confidence intervals (CIs). The green colored 
square represents the point estimate of the effect of the intervention for each trial. The horizontal line joins the upper and lower limits 
of the 95% CI of the effects. The square area represents the relative weight of the trial in the meta-analysis. The black colored diamond 
at the bottom represents the pooled mean difference with 95% CI for all study groups. SD, standard deviation; IV, interval variable. 
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in T2DM was found to be associated with higher leptin levels 
independently of body fat mass [51]. Hyperleptinaemia is a 
marker of leptin resistance, a pathophysiological condition 
where tissues do not respond to leptin signaling, which further 
potentiates the metabolic and cardiovascular disarrangements 

that occur in face of diabetes [52]. Consequently, reducing 
blood leptin levels is suggested to ameliorate leptin sensitivity 
[53], but a recently conducted meta-analysis, which was not 
only constrained to prediabetic and diabetic individuals, found 
that moderate, but significant reduction in leptin levels was 
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Study or subgroup	 Mean	 SD	 Total	 Mean	 SD	 Total	 Weight	 IV, Random, 95% CI

Study or subgroup	 Mean	 SD	 Total	 Mean	 SD	 Total	 Weight	 IV, Random, 95% CI

          ≤2,000 mg
Kabir, 2007	 0.8	 15.6	 12	 0.3	 22.11	 14	 0.0%	 0.50 [−14.06, 15.06]
Mazaherioun, 2017	 −0.14	 0.2	 12	 −0.23	 10.35	 12	 0.0%	 0.09 [−5.77, 5.95]
Ogawa, 2013	 −1	 0.96	 13	 −0.1	 1.8	 13	 0.3%	 −0.90 [−2.01, 0.21]
Poreba, 2017	 −0.05	 0.14	 36	 −0.01	 0.13	 38	 99.7%	 −0.04 [−0.10, 0.02]
Subtotal (95% CI)			   73			   77	 100.0%	 −0.04 [−0.10, 0.02]
Heterogeneity: Tau2=0.00; Chi2=2.31, df=3 (P=0.51); I2=0%
Test for overall effect: Z=1.36 (P=0.17)

          >2,000 mg
Krebs, 2006	 0.03	 3.67	 35	 −0.05	 1.84	 32	 24.9%	 0.08 [−1.29, 1.45]
Malekshahi Moghadam, 2012	 −3.06	 6.41	 42	 1.99	 10.35	 42	 19.5%	 −5.05 [−8.73, −1.37]
Mori, 2003 (DHA)	 −6.73	 3.12	 17	 −1.09	 2.53	 16	 23.9%	 −5.64 [−7.57, −3.71]
Mori, 2003 (EPA)	 −4.77	 3.38	 17	 −1.09	 2.53	 16	 23.7%	 −3.68 [−5.71, −1.65]
Spencer, 2013	 4.7	 13.86	 19	 −6.2	 13.73	 14	 8.0%	 10.90 [1.38, 20.42]
Total (95% CI)			   130			   120	 100.0%	 −2.31 [−5.55, 0.93]
Heterogeneity: Tau2=10.46; Chi2=34.32, df=4 (P<0.00001); I2=88%
Test for overall effect: Z=1.40 (P=0.16)

Test for subgroup differences: Chi2=1.88, df=1 (P=0.17); I2=46.9%

          <12 weeks
Kabir, 2007	 0.8	 15.6	 12	 0.3	 22.11	 14	 0.8%	 0.50 [−14.06, 15.06]
Malekshahi Moghadam, 2012	 −3.06	 6.41	 42	 1.99	 10.35	 42	 12.5%	 −5.05 [−8.73, −1.37]
Mori, 2003 (DHA)	 −6.73	 3.12	 17	 −1.09	 2.53	 16	 45.4%	 −5.64 [−7.57, −3.71]
Mori, 2003 (EPA)	 −4.77	 3.38	 17	 −1.09	 2.53	 16	 41.2%	 −3.68 [−5.71, −1.65]
Subtotal (95% CI)			   88			   88	 100.0%	 −4.71 [−6.01, −3.41]
Heterogeneity: Tau2=0.00; Chi2=2.40, df=3 (P=0.49); I2=0%
Test for overall effect: Z=7.08 (P<0.00001)

          ≥12 weeks
Krebs, 2006	 0.03	 3.67	 35	 −0.05	 1.84	 32	 20.4%	 0.08 [−1.29, 1.45]
Mocking, 2012	 −0.14	 0.2	 12	 −0.23	 10.35	 12	 1.8%	 0.09 [−5.77, 5.95]
Ogawa, 2013	 −1	 0.96	 13	 −0.1	 1.8	 13	 25.8%	 −0.90 [−2.01, 0.21]
Poreba, 2017	 −0.05	 0.14	 36	 −0.01	 0.13	 38	 51.3%	 −0.04 [−0.10, 0.02]
Spencer, 2013	 4.7	 13.86	 19	 −6.2	 13.73	 14	 0.7%	 10.90 [1.38, 20.42]
Total (95% CI)			   115			   109	 100.0%	 −0.16 [−0.96, 0.64]
Heterogeneity: Tau2=0.32; Chi2=7.41, df=4 (P=0.12); I2=46%
Test for overall effect: Z=0.39 (P=0.70)

Test for subgroup differences: Chi2=34.05, df=1 (P<0.00001); I2=97.1%
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Fig. 10. Subgroup analysis on the influence of omega-3 fatty acids supplementation according to (A) omega-3 dose and (B) treatment 
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achieved with omega-3 fatty acid supplementation in non-
obese individuals, whereas smaller and non-significant effects 
were observed in obese individuals [54], but the grade of re-
duction was greater than the one revealed in our analysis in 
both groups. 

Adiponectin circulates in relatively high concentrations (μg/mL) 
as compared to other adipokines, and has unique physiological 
properties with a profound impact on glucose and fatty acid 
metabolism as well as the cardiovascular system, which has 
placed it in the center of interest of the scientific community. 
Hypoadiponectinaemia paradoxically occurs in obesity and 
diabetes, and due to its insulin-sensitizing and anti-inflamma-
tory properties, increasing circulating levels of adiponectin is 
believed to result to improved metabolic and cardiovascular 
functions [55]. Our results are in line with those previously re-
ported in meta-analysis [56] and narrative reviews [21]. Inter-
estingly, the increase in adiponectin levels we observed was 
largely dependent on one study and there was unexplained 
study heterogeneity, as we could not infer effect modification 

neither to treatment duration nor omega-3 dose used. The un-
explained heterogeneity in adiponectin levels was also found 
in previous meta-analysis [56].

Resistin is a relatively newly discovered adipocytokine which 
is suggested to exert very important effects that link obesity to 
insulin resistance and T2DM [57], and evidence also amounts 
with regards to its role in mechanisms leading to cardiovascu-
lar disease, including inflammation, endothelial dysfunction, 
thrombosis, angiogenesis, and smooth muscle function. Re-
ducing the levels of resistin is therefore seen as a promising 
strategy [58]. To our knowledge, this is the first meta-analysis 
that investigated the effects of omega-3 supplementation on 
resistin, and even though the effect was non-significant with a 
very high degree of study heterogeneity, our results suggest a 
potential modulatory role of omega-3 fatty acids on this inter-
esting adipocytokine.

TNF-α and IL-6 are one of the main proinflammatory cyto-
kines that are also secreted to a large part from the adipose tis-
sue which is infiltrated by macrophages and other immune 

Fig. 11. Funnel plot displaying study precision against the mean difference (MD) effect estimate with 95% confidence interval for 
(A) adiponectin, (B) leptin, (C) interleukin 6, and (D) tumor necrosis factor α. SE, standard error. 
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cells and their levels are elevated in diabetic individuals, result-
ing to inflammation [59]. Inflammation not only contributes 
to the etiology of diabetes, but once the disease has set on, it 
aggravates its clinical course and is associated with a range of 
complications [60]. The reducing effects of omega-3 fatty acids 
on these two cytokines might be explained by their general an-
ti-inflammatory properties [23]. The reduction in subclinical 
inflammation by supplementing EPA and DHA along with po-
tential positive modulation of other physiological pathways 
that are brought about by changes in plasma concentrations of 
herein investigates cytokines may contribute to improved 
management of patients suffering from prediabetes or T2DM. 
Interestingly, our work identified that for TNF-α, treatment 
duration infers effect modification, where shorter treatment 
duration is associated with higher reductions in TNF-α levels.

However, our systematic review and meta-analysis has sev-
eral limitations. In general, most studies which were included 
did not provide sufficient information to be able to assess the 
risk of bias across many of the pre-set out criteria. Based on the 
I2 measure of greater than 50%, substantial study heterogeneity 
was found across outcome parameters investigated. The popu-
lation analyzed was also heterogeneous, as the patients en-
rolled differed in terms of general characteristics, such as age, 
BMI, male/female ratio, medication use. Omega-3 supplemen-
tation also varied across the included studies with regards to 
the dose, duration, and EPA/DHA ratio. Moreover, intentional 
weight loss was a part of intervention in two studies, whereas 
the remaining studies only included omega-3 supplementation 
as intervention. This is important, as weight loss is known to 
affect a variety of metabolic parameters. Furthermore, two 
outcome parameters (PAI-1 and resistin) were inspected on 
the basis of only two studies with a small sample size. Finally, 
we could not exclude publication bias in our meta-analysis. 
These limitations implicate that a cautious interpretation of the 
results of the present systematic review and meta-analysis is 
necessary.
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