
Journal Pre-proof

The combined effects of omega-3 polyunsaturated fatty acid supplementation
and exercise training on body composition and cardiometabolic health in adults: a
systematic review and meta-analysis

Mousa Khalafi, Aref Habibi Maleki, Michael E. Symonds, Sara K. Rosenkranz, Mahsa
Ehsanifar, Sanaz Mohammadi Dinani

PII: S2405-4577(25)00022-1

DOI: https://doi.org/10.1016/j.clnesp.2025.01.022

Reference: CLNESP 2364

To appear in: Clinical Nutrition ESPEN

Received Date: 30 April 2024

Revised Date: 19 November 2024

Accepted Date: 3 January 2025

Please cite this article as: Khalafi M, Maleki AH, Symonds ME, Rosenkranz SK, Ehsanifar M, Dinani SM,
The combined effects of omega-3 polyunsaturated fatty acid supplementation and exercise training on
body composition and cardiometabolic health in adults: a systematic review and meta-analysis, Clinical
Nutrition ESPEN, https://doi.org/10.1016/j.clnesp.2025.01.022.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2025 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights are
reserved, including those for text and data mining, AI training, and similar technologies.

https://doi.org/10.1016/j.clnesp.2025.01.022
https://doi.org/10.1016/j.clnesp.2025.01.022


The combined effects of omega-3 polyunsaturated fatty acid supplementation and exercise 1 

training on body composition and cardiometabolic health in adults: a systematic review and 2 

meta-analysis 3 

Mousa Khalafi*1, Aref Habibi Maleki2, Michael E Symonds3, Sara K Rosenkranz4, Mahsa Ehsanifar2, 4 

Sanaz Mohammadi Dinani1 5 

1- Department of Sport Sciences, Faculty of Humanities, University of Kashan, Kashan, Iran  6 

2- Department of Exercise Physiology and Corrective Exercises, Faculty of Sport Sciences, 7 

Urmia University, Urmia, Iran 8 

3- Academic Unit of Population and Lifespan Sciences, Centre for Perinatal Research, School 9 

of Medicine, University of Nottingham, Nottingham, United Kingdom 10 

4- Department of Kinesiology and Nutrition Sciences, University of Nevada Las Vegas, Las 11 

Vegas, NV, USA 12 

*Corresponding author: Department of Sport Sciences, Faculty of Humanities, University of 13 
Kashan, Kashan, Iran, Email: mousa.khalafi@kashanu.ac.ir 14 

 15 

Abstract 16 

Introduction. We performed a systematic review and meta-analysis to investigate the effects of 17 

combining omega-3 polyunsaturated fatty acids (n-3 PUFAs) supplementation with exercise training, 18 

as compared to exercise training alone, on body composition measures including body weight, body 19 

mass index (BMI), fat mass, body fat percentage, and lean body mass. Additionally, we determined 20 

the effects on cardiometabolic health outcomes including lipid profiles, blood pressure, glycemic 21 

markers, and inflammatory markers.  22 

Method. Three primary electronic databases including PubMed, Web of Science, and Scopus were 23 

searched from inception to April 5th, 2023 to identify original articles comparing n-3 PUFA 24 

supplementation plus exercise training versus exercise training alone, that investigated at least one of 25 

the following outcomes: fat mass, body fat percentage, lean body mass,  triglycerides (TG), total 26 

cholesterol (TC), low-density lipoprotein (LDL), high-density lipoprotein (HDL),  systolic (SBP) and 27 

diastolic (DBP) blood pressures, fasting glucose and insulin,  interleukin-6 (IL-6), and tumor necrosis 28 

factor-alpha (TNF-α). Standardized mean differences (SMD) or weighted mean differences (WMD), 29 

and 95% confidence intervals (CIs) were calculated using random-effects models.  30 

Results. A total of 21 studies involving 673 participants with BMIs ranging from 24-37 kg.m2 and 31 

ages ranging from 30–70 years were included in the meta-analysis. Overall, the results indicated that 32 

as compared with exercise training alone, adding omega-3 supplementation to exercise training 33 

decreased fat mass [WMD: -1.05 kg (95% CI: -1.88 to -0.22), p = 0.01], TG [WMD: -0.10 mmol/L 34 

(95% CI: -0.19 to -0.02)], SBP [WMD: -4.09 mmHg (95% CI: -7.79 to -2.16), p = 0.03], DBP [WMD: 35 

-4.26 mmHg (95% CI: -6.46 to -2.07), p = 0.001], and TNF-α [SMD: -0.35 (95% CI: -0.70 to -36 

0.00), p = 0.04], and increased LDL [WMD: 0.14 mmol/L (95% CI: 0.02 to 0.26), p = 0.01] and lower-37 
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body muscular strength [SMD: 0.42 (95% CI: 0.01 to 0.84), p = 0.04]. However, omega-3 38 

supplementation with exercise training had no additional effects compared with training alone, for 39 

other body composition or cardiometabolic outcomes.  40 

Conclusion. This systematic review and meta-analyses suggestes that adding omega-3 41 

supplementation to exercise training may augment some effects of exercise training on body 42 

composition and cardiometabolic health in adults, although such effects appear to be modest.  43 

Key words. Omega-3, exercise training, body composition, cardiometabolic health  44 

Introduction  45 

Exercise training and regular physical activity are effective strategies for promoting health and the 46 

prevention and treatment of several chronic diseases [1, 2]. Physical activity guidelines recommend 47 

both aerobic and resistance-based physical activity for people of all ages and abilities [3]. Exercise 48 

training also leads to a wide range of beneficial physiological adaptions such as improving dyslipidemia, 49 

insulin resistance, liver function, hypertension, chronic low-grade inflammation, plus body 50 

composition, together with complementary effects on overall cardiometabolic health [4-9].  51 

Omega-3 polyunsaturated fatty acids (n-3 PUFAs), primarily docosahexaenoic acid (DHA), 52 

eicosapentaenoic acid (EPA), and alpha-linolenic acid (ALA), play a clinically important role in 53 

promoting health and prevention of chronic diseases [10]. They have cardiometabolic health benefits 54 

including improving lipid profiles, blood pressure, liver fat, pro-inflammatory cytokines, and glycemic 55 

markers [11-14]. In addition, n-3 PUFAs can reduce the risks of sarcopenia through improved muscle 56 

strength and function due to anti-inflammatory, anti-catabolic effects, anabolic effects, and improved 57 

insulin sensitivity [15, 16]. Therefore, n-3 PUFAs supplementation may be clinically effective in 58 

management of cardiometabolic diseases such as type 2 diabetes, and in the treatment and prevention 59 

of sarcopenia. Both the cardiometabolic and anti-sarcopenic effects are associated with improved body 60 

composition.   61 

Although several systematic reviews and meta-analyses have investigated the potential role of n-3 62 

PUFAs to independently improve cardiometabolic risk factors [11, 17-22], no comprehensive meta-63 

analysis has investigated the effects of n-3 PUFAs supplementation and exercise training. Previous 64 

results from randomized clinical trials have shown that n-3 PUFAs supplementation may have 65 

synergetic beneficial effects on cardiometabolic risk markers and body composition, although there 66 

are conflicting results [23-33]. Due to the proposed mechanisms by which n-3 PUFAs may improve 67 

cardiometabolic health, we hypothesized that n-3 PUFAs supplementation to exercise training would 68 

be a beneficial intervention for improving body composition measures including body weight, body 69 

mass index (BMI), fat mass, body fat percentage, and lean body mass. Additionally, we hypothesized 70 

further advantagous effects on cardiometabolic health outcomes including improved lipid profiles, 71 

blood pressure, glycemic markers, and inflammatory markers.  72 

Methods  73 

Study protocols 74 
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The current study followed the Cochrane Handbook for Systematic reviews of Interventions 75 

Guidelines and was performed according to Preferred Reporting Items for Systematic Reviews and 76 

Meta-analysis (PRISMA). This study was registered at  www.crd.york.ac.uk/prospero  with the ID 77 

number: CRD42024512182 78 

Data Source and Search Strategy 79 

We systematically searched three primary electronic databases including PubMed, Scopus, and Web 80 

of Science, from their inception through April 5th, 2023 to identify published studies that investigated 81 

the effects of n-3 PUFAs supplementation to exercise training on body composition and 82 

cardiometabolic health in adults. In order to conduct the systematic search, the following search terms 83 

and Boolean operators were  used: (“omega-3” OR “omega 3” OR “n-3” OR “n-3 polyunsaturated 84 

fatty acid” OR “n-3 PUFA” OR “fishoil” OR “fish oil” OR “ALA” OR “DHA” OR “EPA” OR 85 

“alpha-linolenic acid” OR “acid α-linolenic acid” OR “docosahexaenoic acid” OR “eicosapentaenoic 86 

acid”) AND (“exercise” OR “exercise training” OR “physical activity”) AND ("randomized control 87 

trial" OR "randomized clinical trial" OR "randomized" OR "random*" OR "randomly"). The filter 88 

for the English language was applied. In addition, Google Scholar and the reference lists of selected 89 

studies were manually searched to ensure that all relevant studies were included in the meta-analysis. 90 

The search was performed by two independent reviewer (M Kh and A H M) and any disagreements 91 

were resolved by discussion with other reviewers.  92 

Study Selection and Inclusion and Exclusion Criteria  93 

All relevant studies were imported to Endnote 20 software for removing duplicate references. 94 

Subsequently, two reviewers (A H M and M E) independently screened them based on the titles 95 

and/or abstracts to identify studies potentially meeting the inclusion criteria. They then independently 96 

assessed the full-texts for eligibility, as is summarized in Figure 1. We included randomized parallel 97 

trials that were published in peer-reviewed articles written in the English language. Our search and 98 

screening strategies were based on the following PICO (Population, Intervention, Comparison, 99 

Outcome) process as follows: 1) Population: studies with human participants aged ≥ 18 years, 100 

regardless of sex assigned at birth or health status including individuals who are healthy, 101 

overweight/obese, and elderly participants, as well as those with various comorbidities (such as 102 

metabolic syndrome, cardiovascular diseases, non-alcoholic fatty liver disease, or diabetes). This 103 

diversity in health status reflects the high variability among study populations; 2) Intervention: studies 104 

that investigated the chronic effects of n-3 PUFAs supplementation plus exercise training with 105 

intervention durations of ≥ 2 weeks, with no limitations on the maximum duration of the 106 

interventions; 3) Comparison: studies that included an exercise training arm with the same exercise 107 

training as the n-3 PUFAs supplementation plus exercise training arm; 4) Outcome: studies that 108 

included any of the following measures related to body composition  including body weight, BMI, fat 109 

mass, body fat percentage, and lean body mass; or cardiometabolic health markers including lipid 110 

profiles (triglycerides (TG), total cholesterol (TC), low density lipoprotein (LDL), and high density 111 

lipoprotein (HDL), blood pressure (systolic (SBP) and diastolic (DBP) blood pressure), glycemic 112 

markers (fasting glucose and insulin), and inflammatory markers including interleukin-6 (IL-6) and 113 

tumor necrosis factor alpha (TNF-α). If required, lipid profiles and glycemic markers expressed in 114 

mg/dL were converted to mmol/L [34].  For n-3 fatty acid supplementation, all n-3 interventions in 115 

dietary or supplement form with reported dosages and duration of intervention were included [35]. 116 
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For exercise training, any type from aerobic, resistance, interval, and combined training were included. 117 

The exclusion criteria were non-randomized trials and non-original studies, studies that included 118 

combining n-3 supplements with another supplement such as whey protein, and studies of trained 119 

subjects or athletes.  120 

Data Extract and Synthesis and Quality Assessment 121 

Two reviewers (M HS and A H M) independently extracted relevant data from all eligible studies, and 122 

any disagreements were resolved by discussion with other reviewers, first author, year of publication, 123 

study design, sample size, participant characteristics including sex assigned at birth, age, health status, 124 

n-3 characteristics including type, dosage, and time of consumption; and exercise training 125 

characteristics including training mode, duration, intensity, frequency, and time; and outcome 126 

variables. In addition, to calculate the effect sizes and generate forest plots, means and standard 127 

deviations (SDs) pre- and post- intervention and/or mean changes and their SDs were extracted. 128 

However, when required, these data were extracted from figures using GetData Graph Digitizer 129 

software, or were calculated from other data such as standard errors, medians, ranges and/or 130 

interquartile ranges (IQRs) [36-38]. The quality of the included studies was assessed using the 11-item 131 

Physiotherapy Evidence Database (PEDro) tool for risk of bias, for which scores are summarized in 132 

supplementary Table 1.   133 

Data Analysis 134 

Comprehensive Meta-analysis software (CMA3, version 3.0) was used to perform meta-analyses. 135 

Separate meta-analysies were conducted for each outcome to compare the effects of n-3 PUFAs plus 136 

exercise training, versus exercise training alone, to determine standardized means differences (SMD) 137 

and 95% confidence intervals (CIs) or weighted mean differences (WMD) and 95% CIs based on 138 

whether measurement units were the same or different. SMDs, WMDs and 95% CIs were calculated 139 

using random effects models and the DerSimonian and Laird approach due to the assumption that 140 

heterogeneity was likely between clinical studies [39]. The I2 statistics was used to check for 141 

heterogeneity between studies, where I2 values of ≥50% and ≥75% indicated significant and 142 

considerable heterogeneity, respectively; and I2 values of <25% and 25–50% indicated low and 143 

moderate heterogeneity, respectively [40]. Visual interpretation of funnel plots and Egger’s tests were 144 

used to determine whether publication bias was likely, where ap-value <0.10 was considered as 145 

significant. In addition, when publication bias was detected by visual interpretation of funnel plots, 146 

the trim and fill method was used, and any corrections reported [41].    147 

Results  148 

Characteristics of the included studies 149 

The initial searches yielded 2,756 records through the electronic database searches. After removing 150 

duplicates, 1,993 articles remained for screening based on title and abstract of 70 articles remained for 151 

the full-text screen. Subsequently, 49 articles were removed for the reasons reported in Figure 1. 152 

Finally, 21 articles [23-29, 31-33, 42-52] met the eligibility criteria for meta-analysis. The extracted 153 

study characteristics are summarized in Table 1. Briefly, 673 participants with BMIs ranging from 24 154 

to 37 kg.m2 and ages ranging from 30 to 70 years were included in the meta-analysis. In terms of 155 

health status, participants ranging from healthy to those with chronic cardiovascular and metabolic 156 
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disorders were included. Intervention durations ranged from six [24] to 48 [45] weeks. Ten studies 157 

used resistance training [23-28, 32, 42, 46, 48], six studies used aerobic training [29, 33, 44, 47, 49, 51], 158 

three studies used combined training [43, 50, 52], and two studies used high intensity interval training 159 

[31, 45]. For n-3 PUFAs, studies provided long-chain n-3 PUFAs (EPA and/or DHA) from fish oil 160 

or capsules, and ALA from flax oil.  161 

Meta-analysis 162 

Body Composition. Combined n-3 PUFAs supplementation and exercise training did not change 163 

body weight [WMD: -0.42 kg (95% CI: -1.31 to 0.47), p = 0.35; 11 trials], BMI [WMD: -0.36 kg.m2 164 

(95% CI: -0.81 to 0.08), p = 0.12; 10 trials], body fat % [WMD: -0.54% (95% CI: -1.34 to 165 

0.24), p = 0.17; 8 trials], or lean body mass [WMD: 0.20 kg (95% CI: -0.76 to 1.18), p = 0.67; 6 trials], 166 

but decreased fat mass [WMD: -1.05 kg (95% CI: -1.88 to -0.22), p = 0.01; 6 trials] significantly more 167 

than exercise training alone (Supplementary Figures 2-6). There was no significant heterogeneity 168 

among included studies for body weight (I2=0.00, p =1.00), BMI (I2=0.00, p =0.98), body fat% 169 

(I2=0.00, p =0.99), fat mass (I2=0.00, p =0.97) or lean body mass (I2=0.00, p =1.00). Visual 170 

interpretation of funnel plots suggest publication bias for body weight, BMI, body fat %, fat mass, 171 

and lean body mass. However, Egger’s tests did not confirm bias for body weight (p = 0.44), BMI 172 

(p = 0.14), body fat% (p = 0.78), fat mass (p = 0.38), or lean body mass (p = 0.79). The trim and fill 173 

method indicated missing studies on the right or left side of the mean, and after including the missing 174 

studies, the effect sizes were as follows: for body weight [WMD: -0.46 kg (95% CI: -1.35 to 0.42)], 2 175 

trials from the left side of the mean], BMI [WMD: -0.42 kg.m2 (95% CI: -0.85 to 0.00), 4 trials from 176 

the left side of the mean], body fat % [WMD: -0.53% (95% CI: -1.33 to 0.25), 1 trial from the right 177 

side of the mean], fat mass [WMD: -1.12 kg.m2 (95% CI: -1.93 to -0.32), 2 trials from the left side of 178 

the mean] and lean body mass [WMD: 0.18 kg.m2 (95% CI: -0.76 to 1.14), 2 trials from the left side 179 

of the mean]. 180 

Lipid Profiles. Combined n-3 PUFAs supplementation and exercise training decreased TG [WMD: 181 

-0.10 mmol/L (95% CI: -0.19 to -0.02), p = 0.009; 9 trials] and increased LDL [WMD: 0.14 mmol/L 182 

(95% CI: 0.02 to 0.26), p = 0.01; 5 trials], but did not change TC [WMD: 0.07 mmol/L (95% CI: -0.01 183 

to 0.17), p = 0.11; 7 trials] or HDL [WMD: 0.01 mmol/L (95% CI: -0.02 to 0.04), p = 0.53; 6 trials] 184 

comopared with exercise training alone (Supplementary figure 7-10). There was significant 185 

heterogeneity amongst included studies for TG (I2=54.49, p =0.02) and HDL (I2=27.87, p =0.22), but 186 

not for TC (I2=0.00, p =0.54) or LDL (I2=0.00, p =0.97). Visual interpretation of funnel plots suggest 187 

publication bias, but was not confirmed by Egger’s test for TG (p = 0.53), TC (p = 0.45), LDL 188 

(p = 0.44), or HDL (p = 0.87). The trim and fill method indicated missing studies from the right or 189 

left side of the mean, and after including the missing studies, the effect sizes were as follows: for TG 190 

[WMD: -0.10 mmol/L (95% CI: -0.17 to -0.02), 2 trials from the right side of the mean], TC  [WMD: 191 

0.15 mmol/L (95% CI: 0.03 to 0.27), 4 trials from the right side of the mean], LDL [WMD: 0.14 192 

mmol/L (95% CI: 0.03 to 0.26), 1 trial from the right side of the mean] and HDL [WMD: 0.01 193 

mmol/L (95% CI: -0.01 to 0.03), 2 trials from the left side of the mean]. 194 

Blood Pressure. Combined n-3 PUFAs and exercise training decreased SBP [WMD: -4.09 mmHg 195 

(95% CI: -7.79 to -2.16), p = 0.03; 6 trials] and DBP [WMD: -4.26 mmHg (95% CI: -6.46 to -196 

2.07), p = 0.001; 6 trials] than exercise training alone (Supplementary figure 11-12). There was no 197 
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significant heterogeneity among included studies for SBP (I2=0.00, p =0.49) or DBP 198 

(I2=0.00, p =0.69). Visual interpretation of funnel plots suggested publication bias, that was not 199 

confirmed by Eggers tests (SBP (p = 0.54) or DBP (p = 0.14)). The trim and fill method indicated 200 

missing studies from the right or left side of the mean, and after including the missing studies, the 201 

effect size for SBP was [WMD: -3.75 mmHg (95% CI: -7.33 to -0.17), 1 trial from the right side of the 202 

mean] and for DBP was [WMD: -4.81 mmHg (95% CI: -6.88 to -2.74), 2 trials from the left side of 203 

the mean].  204 

Glycemic Markers. Combined n-3 PUFAs supplementation and exercise training did not change 205 

fasting glucose [WMD: 0.07 mmol/l (95% CI: -0.15 to 0.30), p = 0.50; 5 trials] or insulin [SMD: 0.10 206 

(95% CI: -0.28 to 0.49), p = 0.60; 4 trials] compared with exercise training alone (Supplementary figure 207 

13-14). There was no significant heterogeneity among included studies for fasting glucose 208 

(I2=27.50, p =0.23) or insulin (I2=0.00, p =0.77). Visual interpretation of funnel plots suggested 209 

publication bias and the Egger’s tests confirmed bias for fasting insulin (p = 0.001), but not for fasting 210 

glucose (p = 0.45). The trim and fill method indicated missing studies from the right or left side of the 211 

mean, and after including the missing studies, the effect size for glucose was [WMD: 0.01 mmol/l 212 

(95% CI: -0.20 to 0.23), 1 trial from the left side of the mean] and for fasting insulin was [SMD: -213 

0.03 (95% CI: -0.36 to 0.29), 2 trials from the left side of the mean]. 214 

Inflammatory Markers. Combined n-3 PUFAs supplementation and exercise training did not 215 

change IL-6 [SMD: -0.14 (95% CI: -0.38 to 0.10), p = 0.27; 10 trials], but decreased TNF-α [SMD: -216 

0.35 (95% CI: -0.70 to -0.00), p = 0.04; 10 trials] compared with exercise training alone (Supplementary 217 

figure 15-16). There was no significant heterogeneity for IL-6 (I2=0.00, p =0.76), but heterogeneity 218 

was significant for TNF-α (I2=48.20, p =0.04). Visual interpretation of funnel plots suggested 219 

publication bias, but not confirmed by Egger’s tests (IL-6 (p = 0.70) or TNF-α (p = 0.63)). The trim 220 

and fill method indicated missing studies from the right or left side of the mean, and after including 221 

the missing studies, the effect size for IL-6 was [SMD: -0.07 (95% CI: -0.30 to 0.15), 2 trials from the 222 

left side of the mean] and for TNF-α was [SMD: -0.44 (95% CI: -0.80 to -0.08), 1 trial from the left 223 

side of the mean].  224 

Muscular Strength  225 

Combined n-3 PUFAs and exercise training did not change upper-body muscular strength [SMD: 226 

0.24 (95% CI: -0.16 to 0.64), p = 0.24; 6 trials] or hand grip strength [SMD: 0.09 (95% CI: -0.31 to 227 

0.50), p = 0.64; 4 trials], but increased lower-body muscular strength [SMD: 0.42 (95% CI: 0.01 to 228 

0.84), p = 0.04; 13 trials] compared with exercise training alone (Supplementary Figure 17-19). There 229 

was no significant heterogeneity studies for upper-body muscular strength (I2=34.59, p =0.17), hand 230 

grip strength (I2=0.00, p =0.98), but there was for lower-body muscular strength (I2=69.17, p =0.001). 231 

Visual interpretation of funnel plots suggests publication bias, but Egger’s tests confirmed publication 232 

bias only for lower-body muscular strength (p = 0.08), and not for upper-body muscular strength 233 

(p = 0.27) or hand grip strength (p = 0.52). The trim and fill method indicated missing studies from 234 

the right or left side of the mean, and after including the missing studies, the effect sizes were as 235 

follows:  for upper-body muscular strength [SMD: 0.40 (95% CI: 0.04 to 0.75), 2 trials from the right 236 

side of the mean], hand grip strength [SMD: 0.06 (95% CI: -0.29 to 0.43), 1 trial from the left side of 237 
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the mean] and lower-body muscular strength [SMD: 0.70 (95% CI: 0.30 to 1.10), 4 trials from the right 238 

side of the mean].  239 

Discussion 240 

The primary results of this meta-analysis are that n-3 PUFAs supplementation to exercise training led 241 

to decreased TG, blood pressure, and TNF-α, and increased LDL and lower-body muscular strength, 242 

as compared with exercise training alone. However, n-3 PUFAs supplementation had no beneficial 243 

effect on body composition, glycemic markers, TC, , HDL, IL-6, or upper-body muscular strength. 244 

Consequently, adding n-3 PUFAs supplements to exercise training has modest benefits on some 245 

cardiometabolic health markers.    246 

Several systematic reviews and meta-analyses have investigated the impact of n-3 supplementation but 247 

the results are mixed. For example, one meta-analysis showed a 0.59 kg reduction in body weight but 248 

no change in fat and lean body mass following n-3 supplementation [53], whilst another showed no 249 

effect [54]. Regarding the combination of n-3 PUFAs supplementation with exercise training, our 250 

results are consistent with a recent meta-analysis which showed no increase muscle mass in healthy 251 

young and older adults [55], or body mass in elderly subjects [15]. It has been suggested that n-3 leads 252 

to weight and fat loss via regulation fat oxidation, reducing food intake and increasing thermogenesis 253 

activity, and enhances muscle mass by increasing the rate of the muscle protein synthesis [15, 56-59]. 254 

Exercise training is the primary lifestyle intervention recommended to improve body composition by 255 

reducing body fat and increasing muscle mass (lean body mass). These benefits occur depending on 256 

the type of exercise training [60]. Based on our analysis and understanding of the literature, we propose 257 

that, given that exercise can improve body composition, n-3 PUFAs supplementation may not add 258 

further stimulation of muscle protein synthesis or fat oxidation.  259 

Dyslipidemia is a primary and independent risk factor for CVDs [61-64], and is thereby considered as 260 

a main therapeutic target for prevention and treatment. Previuous meta-analyses have suggested that 261 

exercise training improves dyslipidemia as exhibited by increased HDL and decreased TG, TC, and 262 

LDL [65-70], adaptations mediated by weight and fat loss [71]. Additionally, exercise training may 263 

improve lipid metabolism in skeletal muscle, liver, and adipose tissue [72]. The potential for augmented 264 

benefits on dyslipidemia for adding n-3 PUFAs to exercise training are largely unknown. Our study  265 

indicates that n-3 PUFAs supplementation may reduce TG without influencing TC, LDL, and HDL, 266 

and may even occur when LDL concentrations are increased [19-22]. An improvement in lipid profiles 267 

with n-3 PUFA supplementation may act by increased LDL catabolism, decreased LDL synthesis, and 268 

increased the utilization of lipids in the liver through enhanced PPAR-α and reduced PPAR-γ action 269 

[73, 74]. We also show that adding n-3 PUFAs to exercise training does not improve fasting glucose 270 

and insulin, and is accord with previous meta-analyses [75, 76]. Our findings show that there is 271 

insufficient evidence to suggest that n-3 PUFAs may augment the effects of exercise training on 272 

glycemic markers and lipid profiles—except for TG— and may lead to increases in LDL. These results 273 

may be explained by the role of n-3 PUFAs in converting lipoprotein sub-units, VLDL to LDL [77]. 274 

Exercise training has been widely recognized as a safe and effective approach for reducing and 275 

controlling blood pressure [78, 79] that may be enhanced with n-3 PUFA supplementation as shown 276 

by others [80-82]. Possible mechanisms include improved endothelial function, stimulation of nitric 277 

oxide synthase, lowered vascular resistance, and increased anti-inflammatory and antioxidant activity 278 
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[83-87]. Even small beneficial effects from n-3 PUFA supplementation on blood pressure may be 279 

clinically important given small changes in blood pressure can increase CVD risk [88], whilst and 280 

modets reductions lower the risk of  CVD and CVD-related mortality [89].  281 

Exercise training and n-3 PUFA supplementation have well documented anti-inflammatory properties 282 

which are associated with reducing the effects of pro-inflammatory cytokines [90, 91], as confirmed 283 

by earlier meta-analyses showing reduced pro-inflammatory cytokines such as IL-6 and TNF-α under 284 

a range of health conditions [11, 17, 18], and with exercise training [92-95]. Our study shows a 285 

synergetic effect with combined n-3 PUFAs supplementation and exercise training on reducing TNF-286 

α that may be important, since TNF-α contributes to the progression of CVDs and metabolic diseases 287 

such as diabetes mellitus [96-98]. Previous studies have indicated that n-3 fatty acids work 288 

mechanistically by displacing arachidonic acid in cell membranes, which leads to the production of 289 

eicosanoids known for their anti-inflammatory properties [99]. Additionally, n-3 fatty acids 290 

downregulate the expression of cyclooxygenase (COX), a crucial enzyme involved in the production 291 

of pro-inflammatory cytokines, through the inhibition of NF-kB signaling [100]. In this regard, it has 292 

been shown that the consumption of EPA and DHA decreases the expression of genes associated 293 

with inflammatory pathways, including the NF-kB signaling pathway and the synthesis of eicosanoids 294 

[101]. However, the decrease in TNF-α was small, and no significant differences in changes in IL-6 295 

were observed. In future investigations, it is important to determine whether changes in inflammatory 296 

markers translate into improved insulin resistance, that was beyond the scope of our meta-analysis 297 

due to the small number of studies available.  298 

In addition to effects of n-3 supplementation on body composition and cardiometabolic health, it can 299 

improve exercise performance, especially muscle strength [55]. In addition, in individuals with 300 

sarcopenia or at risk for sarcopenia, high dose n-3 PUFA supplementation was associated with 301 

improved muscle strength and physical function [15]. We confirm findings in older adults showing 302 

positive effects of n-3 PUFAs supplementation with resistance training on lower-body muscle strength 303 

[102], and may be mediated by improving anabolic and decreasing catabolic effects, improved insulin 304 

sensitivity, and neuroprotective properties [15]. However, it is not clear which of the mechanisms may 305 

be responsible for the beneficial effects of adding n-3 PUFAs to exercise, but it appears that benefits 306 

are more than just increased muscle mass, as we did not observe significantly larger changes in lean 307 

body mass with combined supplementation and exercise as compared with exercise alone. 308 

Our study had several important limitations that should be considered. First, the number of studies 309 

that met our apriori inclusion criteria was limited, resulting in small sample sizes that did not allow us 310 

to perform subgroup analyses for several relevant outcomes, including fasting glucose and insulin 311 

levels. Second, the n-3 PUFAs supplementation included in our analysis varied widely in terms of 312 

dosage and EPA/DHA ratios, which may have moderated the effects of n-3 PUFAs. This variability 313 

could not be further examined due to the small number of available studies, along with the differing 314 

types of exercise adopted. Additionally, the overall variability within the study populations, including 315 

differences in age, biological sexes, and health statuses, was high, which may limit the generalizability 316 

of our findings to broader populations. Furthermore, the relatively small number of participants in 317 

each intervention group could potentially affect the robustness of our conclusions and the statistical 318 

power of our analyses. We recommend that future research should aim to include larger samples and 319 

consider subgroup analyses to address the identified limitations more effectively. Therefore, our 320 

Jo
urn

al 
Pre-

pro
of



findings should be interpreted with caution, as the results may be applicable only to specific groups 321 

or under certain conditions.  322 

In conclusion, we show that n-3 PUFAs supplementation to exercise training may be have slightly 323 

superior effects on reducing TG, blood pressure, and TNF-α, and increasing lower-body muscular 324 

strength when compared with exercise training alone. However, these results should be considered 325 

with caution given the high heterogeneity and potential publication bias for some outcomes, and given 326 

the fact that for several health outcomes considered, there was no significant difference between 327 

combined n-3 PUFAs supplementation with exercise as compared with exercise training only. This is 328 

particularly true for body composition measures, limiting our enthusiasm regarding the effectiveness 329 

of prescribing this supplement for improving body composition and for many cardiometabolic health 330 

markers. 331 
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Table 1. Intervention Characteristics 

Source, year 

Participant characteristics Exercise and supplement intervention characteristics 

Outcomes Sample 
size 
(sex) 

Health status 
Age 

(years) 
BMI 

(kg/m2) 
Design 

Duration 
(weeks) 

Exercise mode; 
weekly sessions 

Exercise protocol Supplement protocol 

Alves et al, 
2022 [1] 

32 
(F) 

Sarcopenic 
EX:71.4±6.2 

EX+SU:70.6±3.9 
EX:24.7±3.5 

EX+SU:25.6±3.1 
Double-

blind RCT 
14 

Resistance; 
3 Supervised sessions 

3 sets, 12 reps, 50-80% 1RM 
4 g/day, fish oil capsule 

(440 mg EPA, 220 mg DHA) 
Weight, BMI, IL-6, TNF-a, Lower body 

strength, Hand grip 

Brook et al, 
2021 [2] 

16 
(F) 

Healthy 
EX:66.5±4.0 

EX+SU:64.4±2.3 
EX:25.8±2.5 

EX+SU:26.0±2.0 
Double-

blind RCT 
6 

Resistance, 
3 Supervised sessions 

6 sets, 8 reps, 75% 1RM 
3680 mg/day, n-3 PUFA pill 

(1860 mg EPA, 1540 mg DHA) 
LBM, BF, Lower body strength 

Cornish and 
Chilibeck, 
2009 [3] 

51 
(M & F) 

Healthy 
EX:65.4±6.2 

EX+SU:65.4±6.2 
ND 

Double-
blind RCT 

12 
Resistance, 

3 Supervised sessions 
2-4 sets, 6-12 reps, 60-85% 1RM 

30 ml/day, Flax oil 
(14 g ALA) 

TNF-a, IL-6, Upper & Lower body 
strength, LBM, FM 

Cornish et al, 
2018 [4] 

23 
(M) 

Older 
EX:70.9±5.0 

EX+SU:71.4±6.2 
EX:27.7±3.5 

EX+SU:27.5±4.2 
Double-

blind RCT 
12 

Resistance, 
3 Supervised sessions 

2-4 sets, 6-12 reps, 60-85% 1RM 
3 g/day, omega-3 capsule 

(1.98 g EPA, 0.99 g DHA) 
Weight, LBM, BF, Upper & Lower body 

strength, IL-6, TNF-a 

Da Boit et al, 
2017 [5] 

50 
(M & F) 

Older 
EX:70.6±4.5 

EX+SU:70.6±4.5 
EX:25.6±4.2 

EX+SU:25.6±4.2 
Double-

blind RCT 
18 

Resistance, 
2 Supervised sessions 

4 sets, 9 reps, 70% 1RM 
3 g/day, n-3 PUFA capsule 

(2.1 g EPA, 0.6 g DHA) 
Weight, BMI, Glucose, TG, Insulin, IL-6, 
TNF-a, SBP, DBP, Lower body strength 

Dalle et al, 
2021 [6] 

22 
(M & F) 

Non-sarcopenic 
older 

EX:70.6±1.5 
EX+SU:71.2±1.0 

EX:26.7±0.4 
EX+SU:27.1±0.7 

Double-
blind RCT 

12 
Resistance; 

3 Supervised sessions 
first 6 weeks: 2 sets, 12-15 reps, ~70% 1RM 
last 6 weeks: 3 sets, 10-12 reps, ~80% 1RM 

1100 mg/day, n-3 PUFA softgels 
 (540 mg EPA, 410 mg DHA, 4 mg vitamin E)  

Weight, BMI, HDL, LDL, TG, TC, 
Insulin, Glucose, BF, Lower body 

strength, Hand grip, IL-6 

Félix-Soriano et 
al, 2021 [7] 

36 
(F) 

Overweight and 
obesity 

EX:59.0±3.5 
EX+SU:58.1±3.1 

EX:30.8±2.3 
EX+SU:31.1±1.8 

Double-
blind RCT 

16 
Resistance, 

2 Supervised sessions 
3-4 sets, 8-15 reps, 50-80% 1RM 

3 g/day, omega-3 capsule  
(150 mg EPA, 1650 mg DHA) 

Weight, BMI, Upper & Lower body 
strength, BF, SBP, DBP, TC, TG, LDL, 

HDL, Glucose, Insulin 

Haghravan et al, 
2016 [8] 

44 
(F) 

Overweight 20 to 45 years old 
EX:27.6±1.3 

EX+SU:27.9±1.5 
Double-

blind RCT 
8 

Aerobic,  
Supervised sessions 

supervised exercise sessions 
1 capsules/day, omega-3 

 (600 mg EPA, 300 mg DHA) 
Weight, BMI, BF, VO2max 

Hearon et al, 
2022 [9] 

29 
(M & F) 

Obese with 
high-risk of 
heart failure 

EX:50.0±6.0 
EX+SU:50.0±6.0 

EX: 36.7±5.0 
EX+SU: 36.7±5.3 

Double-
blind RCT 

48 
HIIT,  

3-4 Supervised sessions 
5-8 sets, 30-120 s, cycling, >95% HRpeak 1.6 g/day EPA, omega-3 Weight, BMI, FM, LBM, VO2max 

Heileson et al, 
2023 [10] 

21 
(M & F) 

Healthy 
EX:30.5±5.7 

EX+SU:28.0±7.4 
EX:26.6±4.3 

EX+SU:25.8±3.5 
Double-

blind RCT 
10 

Resistance, 
2 Unsupervised and 
1 Supervised session 

3-4 sets, 8-12 reps, 70% 1RM 
4.5 g/day, omega-3 capsule 

  (2.3 mg EPA, 1.6 mg DHA) 
Upper & Lower body strength, LBM, 

FM, BF 

Hill et al, 
2007a [11] 

30 
(M & F) 

Overweight 
with high blood 

pressure, 
cholesterol, or 
triacylglycerols 

EX:51.0±7.5 
EX+SU:47.0±8.0 

EX:32.7±3.0 
EX+SU:34.5±6.0 

Double-
blind RCT 

12 
Aerobic, 

3 Supervised sessions 
45 min, walking, 75% HRmax 

1.9 g/day, n-3 PUFA capsule 
  (60 mg EPA, 260 mg DHA) 

Weight, BMI, BF, FM, LBM, TG, TC, 
HDL, SBP, DBP 

Lee et al, 
2019 [12] 

20 
(M & F) 

Healthy 
EX:66.6±7.3 

EX+SU:67.1±4.4 
EX:23.5±3.6 

EX+SU:24.0±3.2 
RCT 12 

Resistance, 
2 Supervised sessions 

2 sets, 10 reps, 50-70% 1RM 
3 capsules/day, n-3 PUFA 
(2.1 g EPA, 0.72 g DHA) 

SBP, DBP, Hand grip 

Lee et al, 
2022 [13] 

20 
(M & F) 

Healthy 
EX:66.6±7.3 

EX+SU:67.1±4.4 
EX:23.5±3.6 

EX+SU:24.0±3.2 
RCT 12 

Resistance, 
2 Supervised sessions 

2 sets, 10 reps, 50-70% 1RM 
3 capsules/day, n-3 PUFA 
(2.1 g EPA, 0.72 g DHA) 

Upper & Lower body strength, IL-6, 
TNF-a 

Lee et al, 
2023 [14] 

20 
(F) 

Healthy 
EX:65.4±2.3 

EX+SU:65.9±4.3 
EX:24.4±3.0 

EX+SU:23.9±1.5 
RCT 8 

Resistance, 
2 Supervised sessions 

3 sets, 10 reps, 50-70% 1RM 
3 capsules/day, n-3 PUFA 
(2.1 g EPA, 0.72 g DHA) 

SBP, DBP, TG, IL-6, TNF-a, Lower 
body strength, Hand grip 

Nayebifar et al, 
2020 [15] 

32 
(M) 

Healthy 20 to 30 years old ND RCT 6 
HIIT, 

3 Supervised sessions 
4-8 reps, 30-s, 85-95% HRmax, 30-s recovery Two 1000 mg tablets of omega-3 TG, TC 

Rodacki et al, 
2012 [16] 

30 
(F) 

Elderly 
EX:64.9±1.0 

EX+SU:63.8±1.4 
EX:25.4±1.6 

EX+SU:27.7±1.3 
RCT 12 

Resistance, 
3 Supervised sessions 

3 sets, 8 reps, 70-80% 1RM 
2 g/day, n-3 PUFA capsule 
  (0.4 g EPA, 0.3 g DHA) 

Weight, BMI, Lower body strength 

Slivkoff-Clark 
et al, 2012 [17] 

29 
(M) 

Overweight and 
obesity 

EX:56.2±5.2 
EX+SU:49.2±7.2 

EX:31.9±5.2 
EX+SU:32.5±2.9 

Single-blind 
RCT 

12 
Aerobic, 

2-5 Supervised sessions 
Walking at 50-65% HR 

4 capsules/day, fish oil 
(1000 mg EPA, 700mg DHA) 

BMI, Glucose, TG, LDL, HDL, TC 

Stepan et al, 
2022 [18] 

51 
(F) 

Elderly 
EX:70.0±4.0 

EX+SU:71.0±4.0 

EX:19.0–37.0 
EX+SU:19.0–37.0 

 
RCT 16 

Combined, 
3 Supervised sessions 

Twice a week (60 min, strength training, moderate 
intensity of BRPE 13–14) + 

 once a week (50 min, walking, 60%–85% VO2peak) 

5 capsules/day, omega-3 
 (230 mg EPA+DHA) 

Weight, BF, FM, , LBM, VO2max 

Taheri et al, 
2018 [19] 

16 
(F) 

Obese with 
mild to 

moderate 
depression 

EX:45.0±5.1 
EX+SU:45.0±5.1 

EX:32.4±1.3 
EX+SU:32.4±1.3 

RCT 8 
Aerobic, 

5 Supervised sessions 
Jogging, 30 min, 65-75% HRmax 

2 capsules/day, omega-3 
 (180 mg EPA, 120mg DHA) 

HDL, LDL, TC 

Tartibian et al, 
2011 [20] 

38 
(F) 

Healthy 
EX:61.4±6.9 

EX+SU:59.7±2.3 
EX:25.1±7.1 

EX+SU:26.3±4.8 
RCT 24 

Aerobic, 
3-4 Supervised sessions 

Walking and jogging; 25-45 min, 45-65% of HRmax 
1000 mg/day, n-3 PUFA, capsule 

(180 mg EPA, 120mg DHA) 
TNF-a, IL-6 

Wei et al, 
2013 [21] 

24 
(M & F) 

Hyperlipidemic 18 to 75 years old ND RCT 8 
Combined, 

4 Supervised sessions 
60 min, walking, cycling and calisthenics; 50-70% 

VO2peak 
Perilla oil capsules were taken 4 grain/time, 

twice/day 
TC, TG, HDL, LDL, TNF-a 

Abbreviations: SU omega 3 supplement; BMI body mass index EX exercise intervention; F female, M male; BF body fat; LBM lean body mass; FM fat mass; SBP systolic blood pressure; DBP diastolic blood pressure; TC total cholesterol; TG triglyceride; LDL low-density lipoprotein; HDL high-
density lipoprotein; IL-6 Interleukin-6; TNF-a tumor necrosis factor alpha;  HIIT high-intensity interval training; VO2max/peak maximal or peak oxygen uptake; HRmax/peak  maximal or peak heart rate; R resistance; A aerobic; C combined; reps repetitions; 1RM one-repetition maximum; BRPE borg 
rating of perceived exertion; CSA cross-sectional area; ND not-described 
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Figure 1. Flow diagram of systematic literature search 

Records identified through database 
searching: PubMed, Web of Science and 

Scopus (n = 2756) 
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Records after duplicates removed 
(n = 1993) 

Records screened 
(n = 1993) 

Records excluded by title and abstract 
(n=1923) 

Full-text articles assessed 
for eligibility 

(n = 70) 

Full-text articles excluded, with reasons (n=48) 
- Had not an exercise intervention (11) 
- Omega 3 combined with Omega 6, 9 or 

other supplement (22) 
- Published more than once (1) 
- Excluded research method (3) 
- Did not use n-3 supplement, or unknown 

dose of supplementation (2) 
- Had crossover design (1) 
- No relevant outcome (8) 

Studies eligible for the 
meta-analyses (n = 22) 

Studies included in 
quantitative synthesis (meta-

analysis) (n = 21) 

Did not include enough information to 
perform a meta-analysis (1) 
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