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and another 44 patients received placebo (3 patients discon-
tinued the trial). Serum resistin, MCP-1, and the lipid profile 
were measured before and after supplementation. The adi-
ponectin-resistin index (1 + log10 [resistin] – log10 [adiponec-
tin]) and atherogenic index (log10 triglyceride/high-density 
lipoprotein cholesterol) of plasma (an indicator of cardiovas-
cular complications) were assessed. The independent Stu-
dent t test was used to assess the differences between the 
supplement and placebo groups and the paired t test to an-
alyze the before/after changes. Results: In this study, n-3 
PUFAs reduced serum MCP-1 levels (from 260.5 to 230.5 pg/
mL; p = 0.002), but they remained unchanged in the placebo 
group. n-3 PUFAs could not decrease serum resistin levels. 
The adiponectin-resistin index was significantly reduced af-
ter supplementation with n-3 PUFAs when compared to the 

Keywords
n-3 Polyunsaturated fatty acids · Type 2 diabetes 
mellitus · Resistin · Inflammatory cytokines · Monocyte 
chemoattractant protein 1

Abstract
Objective: To determine the effect of supplementation with 
n-3 polyunsaturated fatty acids (PUFAs) on circulatory resis-
tin and monocyte chemoattractant protein 1 (MCP-1) levels 
in type 2 diabetes mellitus (T2DM) patients. Subjects and 
Methods: This was a 10-week, placebo-controlled, double-
blind, randomized trial of n-3 PUFAs (2,700 mg/day) versus 
placebo (soft gels containing 900 mg of edible paraffin). For-
ty-four T2DM patients were supplemented with n-3 PUFAs 
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Significance of the Study

• During this 10-week, placebo-controlled, double-blind, randomized trial involving patients with type 
2 diabetes mellitus (T2DM), supplementation with n-3 polyunsaturated fatty acids (PUFAs) reduced 
the serum levels of monocyte chemoattractant protein 1 and the overexpression of chemokines that 
occur in T2DM. n-3 PUFA supplementation could thus improve the lipid profile of T2DM patients. 
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placebo. The atherogenic index was also significantly im-
proved after supplementation with n-3 PUFAs (from 1.459 to 
1.412; p = 0.006). Conclusions: The MCP-1 levels and lipid 
profile were improved after supplementation with n-3 PU-
FAs, but resistin serum levels were not changed. Hence, the 
anti-inflammatory effects of n-3 PUFAs might be mediated 
by targeting MCP-1. © 2017 The Author(s) 

Published by S. Karger AG, Basel

Introduction

The prevalence of both type 2 diabetes mellitus 
(T2DM) and obesity are increasing worldwide, support-
ing the possibility of their close relationship [1]. Abnor-
malities in inflammatory pathways and dysfunctions in 
adipose tissue are linked [2]. Therefore, improving in-
flammatory situations could be a new approach for the 
management of T2DM and its complications [3].

Long-chain n-3 polyunsaturated fatty acids (PUFAs), 
namely, eicosapentaenoic acid (EPA) and docosahexae-
noic acid (DHA), decrease plasma triglyceride (TG) lev-
els, arrhythmias, and inflammation, thereby ameliorating 
endothelial dysfunction [2, 4]. The beneficial effect of n-3 
PUFA intake on the metabolic profile of patients with 
T2DM and obesity has been reported [5]. Clinical trials 
have shown that the consumption of n-3 PUFAs is pre-
dictive of a decrease in the cardiometabolic complications 
of T2DM [5]. n-3 PUFAs accumulate in adipose tissue 
[4], so it could be hypothesized that some of their effects 
might partly be associated with improvements in adipose 
tissue function. Moreover, n-3 PUFAs have been found 
to ameliorate the low-grade inflammation in adipose tis-
sue and regulate adipokine gene expression [4, 6].

Currently, adipose tissue is recognized as a metaboli-
cally active organ [7]. The interwoven network of adi-
pose-derived polypeptide hormones [4, 8] (e.g., adipo-
nectin and resistin) and inflammatory cytokines (e.g., 
TNF-α, IL-6, and monocyte chemoattractant protein 1 
[MCP- 1]) mainly contribute to the development of obe-
sity-associated conditions (e.g., hypertension, T2DM, 
and atherosclerosis) [7]. Resistin is one of the important 
adipokines overexpressed in obesity, insulin-resistant di-
abetes, and T2DM via an unknown molecular mecha-
nism [8]. Interestingly, both in vitro and in vivo studies 
show that administration of exogenous recombinant re-
sistin impairs glucose tolerance and insulin action in nor-
mal-weight and glycemic-controlled animals, and anti-
resistin antibody improves insulin sensitivity in obese 
and insulin-resistant animals [9, 10]. 

MCP-1 is another adipokine which is expressed by a 
variety of activated cells, such as in the adipose tissue, ex-
erting a critical role in inflammatory pathways [2]. MCP-
1 is overexpressed in the insulin-resistant state, obesity, 
and T2DM [11]. 

Little is known about the effect of n-3 PUFAs on the 
interwoven network of the metabolic-inflammatory 
pathway in patients with T2DM, which could potentially 
benefit from supplementation with n-3 PUFAs. The ma-
jority of the available studies were mostly carried out on 
experimental animals and provided inconsistent findings 
[12]. Therefore, the aim of this trial was to determine the 
effect of n-3 PUFAs on plasma resistin, MCP-1, and the 
adiponectin-resistin index.

Subjects and Methods

Trial Design
This was a single-center, randomized, double-blind, placebo-

controlled clinical trial with a parallel-group design. Forty-four 
T2DM patients were supplemented with n-3 PUFAs and another 
44 patients received placebo (3 patients discontinued the trial). 
The diabetic individuals were randomly allocated to 2 groups to 
receive n-3 PUFAs (supplement group) or placebo (placebo 
group). The Ethics Committee of the Tehran University of Medical 
Sciences approved the protocols of the trial. 

Participants
Two-hundred and three T2DM patients were initially recruited 

into the study from July 2014 to January 2015. All the patients were 
diagnosed and referred by an endocrinologist based on the criteria 
of the American Diabetes Association [13]. Inclusion criteria were: 
men aged 30–65 years and premenopausal women aged >30 years, 
a willingness to participate, a BMI of 25–40, and a willingness to 
adhere to the diet and maintain physical activity during the 10-
week period of the study. Exclusion criteria were: any kind of  
interfering medications (such as insulin or thiazolidinediones), 
pregnancy or lactation, comorbidities (e.g., renal, hepatic, thyroid, 
and hematological disorders and malignancies), allergies to fish or 
fish oil, and any changes in the type or dosage of medications dur-
ing the study. A total of 115 patients were excluded due to lacking 
eligibility (n = 77), unwillingness (n = 28), and other reasons (n = 
10). The details of the characterization of the trial are shown in 
Figure 1. The remaining 88 T2DM patients were randomly allo-
cated (1: 1 ratio) to the supplement or placebo group, and were fol-
lowed for 10 weeks until May 2015. All the enrolled individuals 
were informed about the purpose of the study and completed a 
written informed consent form. Patients were free to discontinue 
the study whenever they wanted.

Randomization
The permutated-block randomization method was used to al-

locate the patients into the 2 groups. Sequentially numbered con-
tainers were generated for concealment by a blinded statistician. 
Clinicians as well as participants were blinded to the randomiza-
tion procedure.
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Interventions
The supplement group received 3 soft gels of n-3 PUFAs with 

their meals for 10 weeks (each gel contained 600 mg EPA and 300 
mg DHA; NUTRALAB, Canada; prepared at Zahravi Pharmaceu-
tical Co, Tabriz, Iran). The placebo group also received 3 soft gels 
with the same appearance (containing 900 mg of edible paraffin; 
Minoo Pharmaceutical, Cosmetic and Hygienic Co., Iran). The 
participants were asked to maintain their routine diets and physi-
cal activity levels. Their adherence to the interventions was checked 
by weekly phone calls. 

Outcomes and Measurements
The measurements were performed before and after supple-

mentation. A blood sample (10 mL) was collected from all the par-
ticipants after 12 h of fasting. The samples were centrifuged to 
separate the serum. The sera were stored at –80 ° C for further anal-
yses.

Serum resistin (Mediagnost, Reutlingen, Germany) and MCP-
1 (Diaclone, France) were measured using the ELISA method ac-
cording to the instructions provided by the manufacturer.

Anthropometric, metabolic, and biochemical parameters were 
measured at baseline and after 10 weeks of supplementation with 
either n-3 PUFAS or placebo. A form was used to record the de-
mographic data and medical history of each patient. Body weight 

203 individuals were assessed for eligibility (from July 2014 to January 2015)

n-3 PUFAs (n = 44)

44 were analyzed

41 were analyzed

Placebo (n = 44)

Excluded (n = 115)
♦ Not meeting inclusion criteria (n = 77)
♦ Declined to participate (n = 28)
♦ Other reasons (e.g., travelling, become ill)

 (n = 10)

Received allocated intervention
(n = 44)
Did not receive allocated intervention
(n = 0)

Lost to follow-up (n = 0)

Discontinued intervention (n = 0)

Received allocated intervention
(n = 44)
Did not receive allocated intervention
(n = 0)

Lost to follow-up (n = 2)

     One patient went on a trip, and the other one 
     dropped out due to difficult transportation

Discontinued intervention (n = 1)

     Patient feeling increased blood sugar

88 T2DM patients met all inclusion criteria and were randomized

Fig. 1. Participants’ trial profile during the study as a flow diagram.
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and height were measured. BMI was then calculated. Serum total 
cholesterol, triglycerides (TG), and high-density and low-density 
lipoprotein cholesterol (HDL-c and LDL-c) were measured using 
the standard enzymatic methods with commercial kits (Pars 
Azmoon, Tehran, Iran). Serum adiponectin was measured using 
the ELISA method (Mediagnost). The detailed method was report-
ed previously [14]. The atherogenic index of plasma is considered 
as: log10 TG/HDL-c [15], and the adiponectin-resistin index as:  
1 + log10 (resistin) – log10 (adiponectin) [16]. 

Statistical Analysis
Data are presented as mean ± standard deviation (SD). The dif-

ferences between the supplement and placebo groups were tested 
by the independent t test and the before/after changes were ana-
lyzed using the paired t test. Statistical analyses were performed 
using SPSS v20.0 (IBM SPSS Statistics for Windows, Armonk, NY, 
USA). p values <0.05 were regarded as statistically significant.

Results

The mean age of the patients was 50.93 ± 7.27 years, 
and the mean BMI was 28.7 ± 4.1. There was no statisti-
cally significant difference in demographic, anthropo-
metric, or laboratory measurements between the inter-
vention groups before the intervention (Table 1). Overall, 
85 T2DM patients (44 in the supplement group and 41 in 
the placebo group) successfully finished the trial. Loss to 
follow-up is shown in Figure 1. 

Supplementation with n-3 PUFAs significantly re-
duced serum MCP-1 levels (from 260.46 to 230.513 pg/

mL; p < 0.001) but remained unchanged in the placebo 
group (Fig. 2a). The postintervention difference between 
the supplement and placebo groups was statistically sig-
nificant (p = 0.032). However, n-3 PUFAs could not sig-
nificantly decrease the serum resistin level (Fig. 2b; p = 
0.126). 

A statistically significant reduction was observed in 
the adiponectin-resistin index after supplementation 
with n-3 PUFAs (Fig. 2c). The atherogenic index was also 
statistically significantly improved after supplementation 
with n-3 PUFAs, with no change in the placebo group 
(Fig. 2d). 

The changes in lipid profile after intervention are 
shown in Table 2. A statistically significant postinterven-
tion difference (p = 0.039) was observed only for TG, but 
the other lipid markers remained unchanged in both 
groups.

Discussion 

This clinical trial on T2DM patients showed that n-3 
PUFA supplementation reduced the serum concentra-
tions of MCP-1 significantly, with no effect on resistin. It 
also found that n-3 PUFAs significantly improved the 
plasma atherogenic index, which is a predictor of cardio-
vascular complications. 

The finding that the consumption of n-3 PUFAs had a 
cardioprotective effect in T2DM, was safe, and was with-
out adverse metabolic effects is consistent with another 
study which found that the blood pressure was lower, 
platelet aggregability was reduced, the risk of primary car-
diac arrest was lowered, cardiovascular mortality and TG 
were levels decreased, HDL-c levels were increased, and 
there was improved endothelial function [5]. The finding 
that the serum concentration of MCP-1 was reduced after 
supplementation with n-3 PUFAs could be due to the ben-
eficial effects of n-3 PUFAs (as outlined above) and their 
correlation with anti-inflammatory effects [2]. 

We observed that supplementation with n-3 PUFAs 
decreased the MCP-1 level. Since n-3 PUFAs are agonists 
of peroxisome proliferator-activated receptor (PPAR)-γ 
and PPAR-α [17], it could be reasonable to hypothesize 
that supplementation with n-3 PUFAs might induce the 
PPAR-γ/PPAR-α-dependent pathway to ameliorate the 
inflammatory characteristics of T2DM. Consumption of 
n-3 PUFAs was found to reduce early chemokines, che-
mokine ligand 5 (CCL5, also known as RANTES [regu-
lated on activation normal T-cell expressed and secret-
ed]), and MCP-1 in an animal study [17], and also in  

Table 1. Baseline characteristics of the type 2 diabetes mellitus  
patients

Baseline
characteristics

n-3 PUFAs
(n = 44)

Placebo
(n = 41)

p
valuea

Sex, n 0.483
Male 29 24
Female 15 17

Disease duration, years 6.93 (1.82) 7.57 (2.2) 0.147
Age, years 51.15 (7.45) 50.56 (7.21) 0.7
Weight, kg 82.56 (15.87) 79.57 (12.94) 0.34
Height, cm 1.67 (0.10) 1.64 (0.09) 0.18
BMI 29.22 (3.58) 29.21 (2.9) 0.99
Waist-to-hip ratio 0.95 (0.05) 0.96 (0.07) 0.56
FBS, mg/dL 172.11 (39.55) 182.26 (52.48) 0.315
HbA1c, % 7.53 (1.10) 7.84 (1.12) 0.207

All continuous values are expressed as means (SD). a Signifi-
cances are based on the independent t test. FBS, fasting blood sug-
ar; HbA1c, glycated hemoglobin.
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Table 2. Lipid profile of patients with type 2 diabetes mellitus before and after the 10-week period of supplemen-
tation with n-3 PUFAs or placebo

Time point Placebo n-3 PUFAs p value

TG, mg/dL baseline 166 (71) 172 (68) 0.685
after intervention 171 (78) 141 (54) 0.039*

TC, mg/dL baseline 203.95 (45.24) 195.41 (63.37) 0.479
after intervention 187.76 (46.99) 187.39 (41.90) 0.970

LDL-c, mg/dL baseline 93.803 (2.69) 94.95 (35.47) 0.877
after intervention 95.383 (5.25) 99.10 (30.85) 0.605

HDL-c, mg/dL baseline 45.02 (9.26) 44.25 (11.91) 0.740
after intervention 43.32 (10.10) 42.55 (9.79) 0.722

All values are means (SD). TG, triglycerides; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-densi-
ty lipoprotein cholesterol; TC, total cholesterol. * p < 0.05.

Fig. 2. Postintervention/baseline of atherogenic index (a), adiponectin-resistin index (b), MCP-1 (c), and resistin 
(d) values in patients with type 2 diabetes mellitus treated with n-3 polyunsaturated fatty acids (n-3 PUFAs) in 
comparison with the placebo group. * p < 0.05.
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randomized controlled trials of human insulin-resistant 
individuals [18, 19]. However, Dewell et al. [20] showed 
that various doses of n-3 PUFAs do not affect MCP-1  
and some other inflammatory markers in metabolic syn-
drome. 

Resistin is a cysteine-rich protein which is mainly se-
creted by macrophages [8, 9]. Some studies [7, 21–23] 
have demonstrated the close relationship of obesity, insu-
lin resistance, and inflammation. They showed that adi-
pokines, such as resistin, are molecular links of the action 
of adipocytes and macrophages [24]. Therefore, resistin 
might provide a unique link between the risk of obesity, 
inflammation, and metabolic syndrome in humans [21]. 
It has been reported that serum resistin levels are signifi-
cantly higher in diabetic patients than in healthy individ-
uals, and that this is negatively correlated with insulin 
sensitivity [25, 26]. Moreover, positive associations have 
been demonstrated between serum resistin and BMI, in-
sulin resistance, and diabetes [26]. Numerous inflamma-
tory factors upregulated by resistin are well-recognized 
mediators involved in the development of insulin resis-
tance. Hence, it seems reasonable that resistin could play 
a role in the pathogenesis of T2DM [26]. 

The finding of a nonsignificant reduction in resistin 
level after n-3 PUFA supplementation is contrary to the 
previous in vitro and animal studies that indicated the ef-
ficacy of n-3 PUFAs in reducing resistin levels [27, 28]. 
The finding regarding the significantly reduced MCP-1 
and the nonsignificant amelioration of resistin after the 
intervention could be due to the fact that these cytokines 
are secreted from various sources. The majority of secret-
ed MCP-1 is from the macrophages, although resistin is 
predominantly produced by adipocytes. Therefore, we 
hypothesized that following patients for a few additional 
weeks may also reveal the effect of n-3 PUFAs on resistin; 
this necessitates long-term trials. 

The plasma atherogenic index was also significantly 
improved after supplementation with n-3 PUFAs, but 
there was no change in the placebo group. It has been 
demonstrated that n-3 PUFAs can significantly improve 
the plasma atherogenic index of T2DM patients [15]. The 
high plasma level of the atherogenic index is linked with 
the small LDL particle size, which is itself is a predictor of 
conditions like obesity, hyperinsulinemia, and inflamma-
tory status. Coronary artery disease, T2DM, hyperten-
sion, and metabolic syndrome have all been linked with a 
high plasma atherogenic index [15]. 

Moreover, we observed that n-3 PUFAs could signifi-
cantly ameliorate the adiponectin-resistin index, which is 
a better marker than the individual adiponectin and re-

sistin level [16]. Adiponectin and resistin are endocrine 
hormones that play principal roles in the regulation of 
energy, glycemic status, and lipid homeostasis. The over-
all similarity of resistin and adiponectin regarding their 
multimeric assembly structure, along with their opposing 
physiological effects, indicates a common regulatory 
mechanism in metabolic homeostasis [16]. This mecha-
nism is represented by the adiponectin-resistin index, 
which was able to show the modest beneficial change ex-
erted by n-3PUFAs in our T2DM patients. The limitation 
of this study was the short follow-up period.

Conclusion 

In this study, n-3 PUFA supplementation for 10 weeks 
reduced the serum level of MCP-1 in T2DM patients but 
had no effect on the resistin level. We revealed that the 
anti-inflammatory effects of n-3 PUFAs might be medi-
ated by targeting MCP-1. More studies are needed to ex-
plain the exact molecular mechanisms involved in such 
beneficial roles of n-3 PUFAs, focusing particularly on 
their effects on the expression of the peroxisome prolifer-
ator-activated receptor (PPAR) genes as well as experi-
menting with different doses and durations of supple-
mentation.
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