
Secondary data analysis investigating effects of marine omega-3 
fatty acids on circulating levels of leptin and adiponectin in older 
adults

J.A. Rausch, Ph.D., RNa,*, S. Gillespie, Ph.D., RNa, T. Orchard, Ph.D., MS, RDb, A. Tan, Ph.D., 
MDa, J.C. McDaniel, Ph.D., RNa

aThe Ohio State University, College of Nursing, 1585 Neil Avenue, Columbus, Ohio 43210

bThe Ohio State University, College of Education and Human Ecology, 1585 Neil Avenue, 
Columbus, Ohio 43210

Abstract

Background: Higher leptin and lower adiponectin levels have been linked to progressing 

systemic inflammation and diseases of aging. Among older adults with obesity and 

an inflammatory conditions, we quantified effects of eicosapentaenoic acid (EPA) and 

docosahexaenoic acid (DHA) supplementation on leptin, adiponectin, and the leptin-to-

adiponectin ratio (LAR). We also examined associations among adipokine and cytokine levels.

Methods: Using a randomized, double-blind, placebo-controlled design, participants (mean age 

61.3 ± 2.1) received 1.5 g EPA + 1.0 g DHA (n = 14) or mineral oil (n = 18) daily. Plasma 

adipokine and cytokine levels were quantified by electrochemiluminescence at all study intervals.
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Results: While no between-group differences were detected, there was a reduction in the LAR 

(by 23%, p=.065) between weeks 4 and 8 among the EPA+DHA group. Adiponectin levels were 

negatively associated with IL-1β levels at week 4 (p=.02) and TNF-α levels at week 8 (p=.03).

Conclusion: Potential benefits of EPA+DHA supplementation among aging populations warrant 

further study.

Keywords

Leptin; Adiponectin; Leptin-to-adiponectin ratio; Inflammation; EPA; DHA

1. Introduction

Chronic systemic inflammation has been linked to diseases of aging that introduce 

significant risk for morbidity and mortality [e.g., cardiovascular disease (CVD), diabetes 

mellitus (DM), depression] [1–5]. So strong is the relationship between aging and systemic 

inflammation that it inspired the term inflammaging [6]. Studies have begun to uncover 

multiple metabolic and immune-related antecedents to inflammaging [2,7,8], with findings 

of rising leptin and diminishing adiponectin levels increasingly implicated.

Adipose tissue (AT) stores excess energy as fat and also functions as an endocrine organ, 

producing leptin and adiponectin to help regulate feeding behavior, energy expenditure, and 

inflammation [8]. After secretion by adipocytes, leptin and adiponectin enter the peripheral 

circulation and act as regulatory hormones that communicate with other organs including 

the brain, liver, and immune system [7–9]. Excess AT, as seen in obesity and aging, leads 

to an imbalance in circulating levels of leptin and adiponectin, which also has significant 

immune implications [10–12]. Leptin’s actions are primarily proinflammatory and the leptin 

receptor (LEPR) is ubiquitously distributed in nearly all immune cells [10–14]. Conversely, 

adiponectin has been shown to counteract pro-inflammatory mediators [9,12,15–17], and up-

regulate expression of anti-inflammatory mediators [9,15,17] (Fig. 1). Given the opposing 

actions of leptin and adiponectin, the leptin to adiponectin ratio (LAR) has shown particular 

promise as a biological reflection of increased disease risk [18–22].

Some [23–27] but not all [28,29] randomized clinical trials (RCTs) report beneficial effects 

of omega-3 eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) supplementation 

on leptin and adiponectin levels (Fig. 2). EPA and DHA are long known for their 

anti-inflammatory effects [25–33]. They are also thought to positively affect leptin and 

adiponectin levels by promoting a healthy weight [29,31,32], reducing the size of adipocytes 

[33,34], improving insulin sensitivity [33,35], reducing the expression of genes that encode 

for leptin, and increasing the expression of genes that encode for adiponectin [7,9,23,24,30] 

(Table 1). Discrepancies in trial findings may be related to differing doses or lengths of 

supplementation, with at least 2 g/d of EPA and DHA daily over at least 4 weeks appearing 

to be required to reap the expected benefit [31,32]. It also remains to be determined 

whether likelihood of benefit depends upon the demographics or clinical characteristics 

of the population under study.
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Using data from a randomized, double-blind, placebo-controlled trial that determined the 

effects of daily 1.5 g EPA + 1.0 g DHA supplementation on biomarkers of inflammation 

after 4 and 8 weeks of treatment among adults aged 50 years and older with obesity 

and a chronic inflammatory condition [33], we assessed the effects of the intervention 

on plasma levels of leptin, adiponectin, and the LAR at the same time points. To 

further our understanding of the role of leptin and adiponectin in inflammaging in this 

population, we also examined associations among plasma leptin, adiponectin, the LAR, and 

pro-inflammatory cytokine levels. We hypothesized that EPA+DHA supplementation would 

be associated with lower leptin levels, higher adiponectin levels, and a lower LAR at 4 

weeks and 8 weeks compared to placebo. We hypothesized that plasma leptin levels and 

the LAR would be positively associated, and plasma adiponectin levels would be negatively 

associated with plasma pro-inflammatory cytokine levels at both assessments.

2. Participants and methods

The current study is a secondary analysis of data generated by a RCT conducted between 

August 2012 and July 2015 in accordance with the Ethical Principles for Medical 

Research involving Human Subjects outlined in the Declaration of Helsinki in 1975 

(last updated in 2018, see https://www.wma.net/policies-post/wma-declaration-of-helsinki-

ethical-principles-for-medicalresearch-involving-human-subjects/).

2.1. Participant sample

The study population consisted of patients recruited from two outpatient wound clinics 

affiliated with a large Midwestern medical center. Eligible participants were adults aged 50 

to 85 years diagnosed with at least one chronic inflammatory condition (nonhealing venous 

leg ulcers). All participants completed the study protocol during three study visits (weeks 0, 

4, and 8) at the medical center-affiliated clinical research center, after signing an informed 

consent document approved by the facility’s Institutional Review Board. Forty participants 

consented to the study with almost equal allocation to the two intervention groups (n = 21 

for EPA+DHA Group and n = 19 for Control Group). After accounting for attrition, the 

final sample of the parent study included 35 people. There were complete data regarding 

plasma levels of leptin and adiponectin for 32 of the 35 participants in the parent study that 

were analyzed for the current study (EPA+DHA Group (n = 14), Control Group (n = 18). 

A general summary of patient flow through the parent study and inclusion in this secondary 

analysis is presented in the CONSORT diagram shown in Fig. 3.

2.2. Study design

The parent study used a randomized, double-blind, placebo-controlled, repeated measures 

design to assess the effects of daily oral EPA+DHA supplementation versus placebo 

on levels of polyunsaturated fatty acid (PUFA)-derived inflammatory mediators, 

proinflammatory cytokines, and polymorphonuclear leukocytes in blood and wound fluid, 

and wound healing in older adults with chronic venous leg ulcers (CVLUs) (Trial 

registration: December 12, 2012 at ClinicalTrials.gov identifier NCT01754506). The results 

of the analyses of primary outcome measures have been previously published [26]. For 

the current study, existing data from the parent study were analyzed to determine the 
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effects of daily oral EPA+DHA supplementation versus placebo on plasma levels of 

leptin, adiponectin, and the LAR across the study interval (weeks 0, 4 and 8), and to 

evaluate associations between leptin, adiponectin, LAR, and the proinflammatory cytokines 

interleukin (IL)–6, IL-1β, and tumor necroses factor (TNF)-α.

2.3. Study interventions

All soft gels (EPA+DHA or mineral oil) were identical in appearance, lemon-flavored, 

and compounded and packaged in like containers by J. R. Carlson Laboratories, Inc. 

(Arlington Heights, IL) in order to eliminate detection of allocated group. The contents 

of the soft gels for the intervention group are listed in Table 2. Participants of both groups 

were instructed to store the soft gels in the refrigerator, take five soft gels and one tablet 

containing 81 mg of acetylsalicylic acid (ASA) daily with their evening meal (ASA was 

administered because it has been found to enhance specialized pro-resolving mediators (e.g., 

lipoxins, resolvins) from EPA and DHA [48]. Participants were also instructed to bring the 

bottles containing any remaining soft gels and tablets to the next study visit to determine 

adherence to the study protocol, refrain from using anti-inflammatory drugs, if possible, and 

maintain their usual diet with the exception of excluding fish, seafood, algae, kelp, and other 

nutritional supplements containing fish oil. Participants in the EPA+DHA group consumed 

a total dose of 2.5 g of EPA+DHA (1.5 g of EPA and 1.0 g of DHA), which has been 

previously shown to significantly increase plasma EPA+DHA levels [34] and decrease some 

inflammatory biomarkers after four weeks of supplementation [35,36]. A dose of up to 3.0 

g/d is considered safe and acceptable for the general public [37]. Participants in the control 

group consumed a total daily dose of 2.5 mL of light mineral oil which included 0 g of 

EPA and 0 g of DHA. Mineral oil is chemically inert, with the majority (98%) remaining 

unabsorbed in the feces; a dose of 2.5 mL daily has not been associated with any adverse 

events in prior studies [34,38].

2.4. Assessments

Study visits were completed at week 0 (baseline), week 4, and week 8. At week 

0, participants self-reported sociodemographic data via an electronic questionnaire and 

medication and comorbidity data via interviews by study nurses; all data were recorded 

using Research Electronic Data Capture (REDCap) [39]. Sociodemographic data included 

gender, age, race, marital status, employment status, income, highest level of education 

completed, and the total number of people in their household. Medical records were 

reviewed by study staff to confirm health history data. Fasting blood samples were collected 

at all three study time points. Levels of serum leptin and adiponectin were determined 

by electrochemiluminescence using Human Leptin and Adiponectin kits and the Meso 

QuickPlex SQ 120 (Meso Scale Discovery, Rockville, MD). Per the manufacturer, the 

specificity or lower limit of detection for leptin and adiponectin are 0.00578 and 0.0013 

ng/ml, respectively [40,41]. Plasma PUFA levels were analyzed by the well-established gas 

chromatography method [42]. Levels of proinflammatory cytokines (IL-1β, IL-6, and TNF-

α) were quantified using Invitrogen (1600 Faraday Avenue Carlsbad, CA, 92,008) Human 

ELISAs for IL-1β (cat# KHC0014), IL-6 (cat# KHC0061) and TNFα (cat# KHC3011) [33].
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2.5. Statistical methods

Congruent with the RCT design of the parent study, we conducted an intent-to-treat analysis. 

We analyzed data from the participants for whom samples had been collected at all three 

time points for leptin and adiponectin plasma levels. We used descriptive statistics to 

summarize sample characteristics. Both histograms and Kolmogorov-Smirnov tests revealed 

that the leptin, adiponectin, and LAR data were not normally distributed. Therefore, we 

conducted transformation using a two-step process [43]. The first step requires transforming 

the variable into a percentile rank, resulting in a uniform distribution. In the second step, 

an inverse-normal transformation is applied to the results from the first step guided by the 

mean and standard error of the original variable to achieve normal distribution with the 

same mean and standard error. Two-sample T-tests and Chi-square statistics were used to 

check the balance of study groups in baseline measures. Paired t-tests were used to examine 

within-group change from baseline across the study time points for each intervention group. 

Independent sample t-tests were conducted to compare mean levels of leptin, adiponectin, 

and LARs between treatment groups at each time point. We also compared the change from 

baseline in levels of leptin, adiponectin, and LARs between treatment groups at week 4 

and week 8 using two-sample t-tests. Pearson r correlations were conducted to assess the 

relationship between the following variables: leptin, adiponectin, and LAR to IL-6, IL-1β, 

and TNF-α. All tests were two-sided at a significance level of 0.05.

Due to the pilot nature of the study, the small sample size may not provide sufficient power 

to detect statistical significance. Therefore, we calculated Cohen’s d for the between-group 

comparisons. The cutoffs of 0.2, 0.5, and 0.8 indicate small, medium, and large effect sizes, 

respectively. Statistical Package for the Social Sciences version 25.0 for Windows was used 

for all data analyses (SPSS, Chicago, IL).

3. Results

3.1. Participant characteristics

The majority of participants included in this secondary analysis were older (age: M±SD = 

61.3 ± 2.1), white (62.5%), males (62.5%), who were obese (BMI: M±SD = 41.5 ± 2.1) and 

had an average of two comorbidities in addition to a CVLU diagnosis. Our sample of 32 

participants included patients diagnosed with multiple chronic inflammatory conditions in 

addition to CVLUs, such as CVD (n = 25), DM (n = 16), arthritis (n = 15), and depression 

(n = 8). At baseline, the two treatment groups were balanced based on the descriptive 

characteristics (Table 3).

3.2. Effects of treatment

3.2.1. Plasma levels of epa+dha—The mean plasma levels of EPA+DHA at the study 

time points for both groups are displayed in Fig. 4. The EPA+DHA Group had significantly 

higher plasma levels of EPA+DHA at week 4 (M = 5.01, SE = 0.56) and at week 8 (M = 

5.48, SE = 0.53) compared to week 0 (M = 2.02, SE = 0.18), t(13) = −5.12, p < .001, t(13) 

= −7.44, p < .001, respectively. Conversely, there were no significant differences in plasma 

levels of EPA+DHA across time in the Control Group (week 0: M = 1.95, SE = 0.11; Week 

4: M = 1.92, SE = 0.13; week 8: M = 1.92, SE = 0.14), t(17) = 0.438, p = .67, t(17) = 
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0.437, p = .67, respectively. At week 0, the mean plasma levels of EPA+DHA between the 

EPA+DHA Group (M = 2.02, SE = 0.18) and Control Group (M = 1.95, SE = 0.11) were not 

significantly different, t(30) = 0.37, p = .71, d = 0.12. However, the between-group analyses 

showed that the plasma levels of EPA+DHA were significantly higher in the EPA+DHA 

Group at week 4 (M = 5.01, SE = 0.56) and at week 8 (M = 5.48, SE = 0.53) compared to 

the Control Group (week 4: M = 1.92, SE = 0.13; week 8: M = 1.92, SE = 0.14), t(30) = 

5.997, p < .001, d = 2.01; t(30) = 7.218, p < .001, d = 2.42, respectively.

3.2.2. Leptin, adiponectin, and LAR—Table 4 shows the transformed leptin, 

adiponectin, and LAR data at weeks 0, 4, and 8, by treatment group.

The within-group analyses showed no significant differences in mean plasma levels of leptin 

over the study interval in the Control group or in the EPA+DHA group. The between-group 

analyses showed that the mean plasma levels of leptin of the EPA+DHA and Control groups 

were not significantly different (week 0: M = 56.21, SE=14.16 vs. M = 79.07, SE = 16.94; 

week 4: M = 72.62, SE = 10.76 vs. M =; week 8: M = 60.26, SE = 13.12 vs. M = 83.37, 

SE = 17.21). However, a small-to-medium effect size of the between-group difference was 

identified at week 0 (d = 0.37) and week 8 (d = 0.29).

Due to differences in mean leptin levels at baseline, the changes in mean levels of leptin 

were calculated and between-group analyses were conducted. Although small difference in 

means was identified, the mean change of leptin was not statistically significantly different 

between groups from week 0 to week 4, week 4 to week 8, or total change week 0 to week 

8, t(29) = 0.89, p = .38, d = 0.32, t(29) = −0.66, p = .52, d = 0.23, t(29) = 0.60, p = .55, d = 

0.23, respectively.

The within-group analyses of adiponectin levels showed no significant changes in the 

Control group when comparing week 0 (M = 27.15, SE = 6.76) to week 4 (M = 29.21, 

SE = 6.46), or week 0 to week 8 (M = 32.92, SE = 5.23), t(16) = −0.41, p = .69, t(16) = 

−1.17, p = .26, respectively. However, the mean plasma levels of adiponectin in the Control 

group were higher at week 8 (M = 32.92, SE = 5.23) compared to week 4 (M = 29.21, SE 

= 6.46), t(16) = 1.8, p = .09. The within-group analysis of the EPA+DHA group showed no 

significant changes in mean plasma levels of adiponectin over the study interval (week 0: M 
= 17.22, SE = 8.73; week 4: M = 16.48, SE = 8.61; week 8: M = 10.73, SE = 8.76).

The mean plasma levels of adiponectin in the EPA+DHA group vs. the Control group were 

not significantly different at week 0 (M = 17.22, SE = 8.73 vs. M = 27.15, SE = 6.76) or 

week 4 (M = 16.48, SE = 8.61 vs. M = 29.21, SE = 6.46). However, the between-group 

differences at week 0 and week 4 were of small-to-medium effect size (d = 0.33, and 0.43, 

respectively). At week 8, the mean plasma levels of adiponectin were significantly higher in 

the Control group (M = 32.92, SE = 5.23) compared to the EPA+DHA group (M = 10.73, 

SE = 8.76; p = .03) and a large effect size was identified (d = 0.80).

Due to differences in mean adiponectin levels at baseline, the changes in mean levels 

of adiponectin were calculated and between-group analyses were conducted. A small non-

significant difference in change of mean adiponectin levels from week 0 to week 4 was 
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identified between the EPA+DHA group (M = −0.7, SE = 5.8) and the Control group (M 
= 2.1, SE = 5.1), t(29) = −0.366, p = .72, d = 0.13. There was a medium non-significant 

difference in change of mean adiponectin levels from week 0 to week 8 between the 

EPA+DHA group (M = −6.5, SE = 5.5) and the Control group (M = 5.8, SE = 4.9), t(29) 

−1.66, p = .11, d = 0.60.

Concerning LARs, the within-group analyses of the Control group data detected no 

significant changes in mean plasma LARs over the study interval (week 0: M = 5.46, SE = 

1.13; week 4: M = 5.88, SE = 1.62; week 8: M = 5.29, SE = 1.33). Likewise, there were 

no significant changes in the mean plasma LARs in the EPA+DHA group when comparing 

week 0 to week 4 or week 0 to week 8 (week 0: M = 6.64, SE = 1.53; week 4: M = 7.3, SE 

= 1.2; week 8: M = 5.6, SE = 1.5). However, the mean LAR was lower in the EPA+DHA 

group at week 8 compared to week 4, t(13) = −2.02, p = .065.

The between-group analyses showed that the mean plasma LARs for the EPA+DHA group 

(week 0: M = 6.64, SE = 1.53; week 4: M = 7.25, SE = 1.21; week 8: M = 5.64, SE = 1.45) 

compared to the Control group (week 0: M = 5.46, SE = 1.13; week 4: M = 5.88, SE = 

1.62; week 8: M = 5.29, SE = 1.33) were not significantly different at any time point and the 

differences were of small effects sizes, t(29) = 0.63, p = .53, d = 0.23, t(29) = 0.66, p = .52, d 
= 0.24, t(29) = 0.18, p = .86, d = 0.08, respectively.

3.3. Correlations

Table 5 displays the Pearson Correlation coefficients of relationships between leptin, 

adiponectin, LAR, and the proinflammatory cytokines IL-6, IL-1β, and TNF-α. In the 

EPA+DHA group, there was a significant negative correlation between mean plasma levels 

of adiponectin and mean plasma levels of IL-1β at week 4 and mean plasma levels of TNF-α 
at week 8, r(N = 14) = −0.63, p = .02, r(N = 14) = −0.60, p = .03, respectively. In the 

Control group, mean plasma levels of leptin showed a strong negative relationship to both 

mean plasma levels of adiponectin and TNF-α at week 8, r(N = 17) = −0.57, p = .02, r(N = 

17) = −0.50, p = .04, respectively. Mean plasma levels of leptin were also shown to have a 

moderate negative relationship to mean plasma levels of adiponectin at week 4, r(N = 17) = 

−0.49, p = .05.

4. Discussion and conclusions

4.1. Relevance

The daily dietary intake of the marine-derived omega-3 fatty acids EPA+DHA by the 

majority of people in the United States are below what many groups worldwide are currently 

recommending [35,44]. The World Health Organization advises adults (>18 years of age) to 

consume 200–500 mg/d of EPA+DHA and the United States’ National Institute of Medicine 

recommends women in this same age group consume at least 110 mg/d of EPA+DHA and 

men to consume at least 160 mg/d of EPA+DHA [45]. Nonetheless, findings from two 

recent studies suggest that between 60% [46] and 95% [45] of people do not consume the 

recommended daily amounts of EPA+DHA either by dietary intake or by supplementation.
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Supplementing diets with EPA+DHA, long known for their anti-inflammatory effects, has 

been shown to improve symptoms and outcomes associated with some diseases common in 

aging that have an inflammatory component to their pathobiology (e.g., CVD, DM, arthritis) 

[47–49]. However, the mechanisms of action of EPA+DHA leading to inflammation 

reduction are not entirely known. Given that chronic low-grade systemic inflammation in 

aging is linked to multiple chronic diseases [5], that the adipokines leptin and adiponectin 

are involved in regulating inflammatory responses, and that some RCT findings suggest 

EPA+DHA supplementation may have beneficial effects on leptin and adiponectin, it is 

important to clarify the extent of the effects. It is also important to clarify the dose and 

duration of EPA+DHA supplementation required to affect a change, particularly in the LAR, 

a novel indicator of overall inflammatory status.

4.2. Summary and comparison with other studies

The primary purpose of this secondary data analysis was to determine the effects of 

supplementation with marine omega-3 fatty acids, EPA+DHA, on plasma levels of leptin 

and adiponectin in a sample of overweight and obese older adults with chronic inflammatory 

conditions. While supplementing diets with 2.5 g/d of EPA+DHA did not have a significant 

effect on plasma levels of leptin or adiponectin individually over the 8-week study interval, 

the mean LAR in the EPA+DHA group was reduced by 23% from week 4 to week 8. This 

is an important finding considering that emerging evidence suggests the LAR is an accurate 

indicator of systemic inflammation and risk for some inflammatory diseases in persons of 

all age groups [22,50,51]. Although normal reference values for LARs are not available to 

date, lower LARs have been shown to indicate less inflammation [52–56]. The current study 

finding of a 23% reduction in the LAR after EPA+DHA supplementation is aligned with a 

2017 study by Jacobo-Cejudo et al. that assessed the effects of EPA+DHA supplementation 

(520 mg/d) on leptin and adiponectin over 24 weeks in 54 patients with DM [57]. In that 

study, individual levels of leptin and adiponectin did not change significantly over time, 

however, the LAR was reduced by 81.5% in the EPA+DHA treated group by the study end 

point compared to baseline. Future studies determining more definitive reference values for 

leptin, adiponectin, and the LAR in terms of inflammation status would significantly move 

this field of inquiry forward.

The finding that no significant changes in plasma levels of leptin or adiponectin were 

detected in the EPA+DHA group or between the two groups in the current study is similar 

to findings reported by several previous RCTs in adult populations [28,58,59]. However, 

the EPA+DHA dose per day, study duration, and populations of interest varied across these 

studies. Previous studies that have reported significantly lower levels of leptin or higher 

levels of adiponectin after EPA+DHA supplementation used doses ranging from 1.244 – 

4.2 g/d for longer periods of time (12 – 24 weeks) than the current study [60,61]. For 

example, in 2006 Krebs and colleagues tested EPA+DHA supplementation (4.2 g/d) for 24 

weeks in a sample of 67 overweight women (BMI > 27) with hyperinsulinemia and found 

significantly lower leptin levels and significantly higher adiponectin levels in the treatment 

group compared to the control group by the end of the study [60]. Taken together, the 

findings of these studies suggest that an EPA+DHA daily dose between ~1.2 and 4.2 g/d 

for at least 12 weeks may be necessary before significant beneficial changes to individual 
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levels of leptin or adiponectin occur in overweight or obese older adults with inflammatory 

conditions.

There were no differences in BMI between groups across the current study interval. 

However, both groups exhibited higher levels of leptin at the three study time points than the 

current reference values that are categorized by sex, age, and BMI (Table 6). Additionally, 

while the mean adiponectin levels at the three study time points in the EPA+DHA group 

were normal according to the reference values (for people with BMIs > 30, (Table 6), the 

adiponectin levels in the control group were unusually high throughout the study compared 

to reference values (Table 7). Although the reasons for these variations are not clear, 

there are several factors known to influence leptin and adiponectin levels in addition to 

BMI [7,9,62,63]. For example, the antidiabetic drug metformin has been shown to activate 

the AMPK pathway, leading to increased expression of adiponectin by adipocytes [64]. 

Metformin has also been shown to improve leptin sensitivity [65]. Further, a 2011 review 

of clinical studies evaluating the effects of antidiabetic drugs on leptin and adiponectin 

in patients with DM reported that insulin increased both leptin and adiponectin, orlistat 

decreased leptin and increased adiponectin, glimepiride increased adiponectin but had no 

effect on leptin, and fenofibrate decreased leptin but had no effect on adiponectin [66]. In the 

current study, there was no difference in frequency of use of metformin or insulin between 

groups. Data on the use of other antidiabetic drugs were not collected.

The hormones testosterone, estrogen, and progesterone have also been reported to 

differentially affect leptin and adiponectin levels. Estrogen has been shown to upregulate 

pathways (PPAR-γ and AMPK) known to increase adipocyte production of leptin and 

adiponectin [7,9] while testosterone has been shown to down-regulate leptin and adiponectin 

by inhibiting mRNA and protein expression in adipocytes [7,9, 67]. As a result, men tend 

to have lower levels of leptin and adiponectin than women. Nevertheless, we did not find 

significant differences in leptin or adiponectin levels between men and women in the current 

study. Further investigation is needed to clarify the extent sex hormones impact leptin and 

adiponectin.

The strong negative correlations between adiponectin and IL-1β at week 4 and between 

adiponectin and TNF-α at week 8 in the EPA+DHA Group detected in the current study are 

congruent with reports from previous studies showing that adiponectin inhibits secretion of 

pro-inflammatory mediators by innate immune cells [68,69] and suggesting that adiponectin 

has anti-inflammatory actions [61,70–72]. Conversely, the significant negative relationship 

that emerged between leptin and TNF-α in the Control Group at week 8 differs from 

recent literature reporting that leptin upregulates TNF-α in innate immune cells [71,73]. The 

reasons for this unexpected relationship seen in the current study are unclear.

The combined EPA+DHA dose used in our parent study was 2.5 g/d for a period of 

eight weeks. This dose and length of treatment aligned with recommendations that a dose 

of greater than 2 g/d is needed to elicit anti-inflammatory effects and that up to 3 g/d 

is safe for the general public to consume [31,74,75]. However, this dose and duration 

of supplementation had no significant effect on plasma levels of leptin and adiponectin 

individually in the current study. Some human studies using comparable doses have reported 
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similar null findings in terms of the effect of EPA+DHA supplementation on leptin and 

adiponectin levels [58,76–80]. Thus, a larger dose of EPA+DHA or a similar dose for a 

longer period of time may be necessary to affect a significant change in these individual 

adipokine levels, a hypothesis supported by previous RCTs reporting that EPA+DHA 

supplementation for 10 to 24 weeks leads to beneficial changes in leptin, adiponectin, or 

LARs in some populations [57,60,61,81–84].

No side effects or adverse events associated with EPA+DHA supplementation were reported 

in the parent study, which is in line with a recent systematic review of RCTs evaluating 

the incidence of side effects in 27 studies testing EPA+DHA supplementation [85]. The 

review concluded that the most commonly reported side effect was mild gastrointestinal 

disturbances, occurring in only 3.5% of all people randomized to the EPA+DHA groups 

in the included studies [85]. Additionally, there were no side effects or adverse events 

associated with the mineral oil placebo in the parent study. The potential for unintended 

effects of the comparator oil (e.g. mineral oil) on outcomes is a legitimate concern in lipid 

supplementation studies. In a recent review of 80 studies that used mineral oil as a placebo, 

researchers found lack of evidence that mineral oil significantly affected inflammatory 

markers [86]. While there has been concern that some of the positive results associated 

with icosapent ethyl (a type of n-3 fatty acid) in the Reduction of Cardiovascular Events 

with Icosapent Ethyl–Intervention Trial (REDUCE-IT) were due to the potentially negative 

effects of the mineral oil placebo, after a review of the literature, authors concluded that 

mineral oil, in quantities typically used for placebos in clinical trials, does not notably 

impact study outcomes [86]. This increases confidence that results seen in the parent study 

and our analysis are related to EPA+DHA supplementation.

4.3. Strengths and limitations

The current study had several strengths. First, the parent study was a RCT, the gold standard 

for determining cause and effect relationships. Additionally, the combined EPA+DHA dose 

of 2.5 g/d was aligned with the literature reporting that at least 2 g/d is needed to elicit anti-

inflammatory effects [31,33,87]. Finally, this study evaluated the effects of the intervention 

on the LAR, which, to our knowledge, has been done in only one previous study according 

to a recent systematic review of RCTs testing the effects of EPA+DHA supplementation on 

leptin and adiponectin [88].

A limitation of this study is that because it was a secondary analysis of an existing data set, 

potential covariates such as estrogen or testosterone were not considered in the statistical 

analysis because they were not measured in the parent study. A second limitation is the 

relatively small sample size that may have reduced our ability to find a statistical effect in 

the sample if the effect exists in the population. Testing the intervention in a larger sample 

for a longer period of time may lead to different findings.

4.4. Conclusion

The current study evaluated the effects of EPA+DHA oral supplementation on plasma levels 

of leptin, adiponectin, and the LAR in a sample of overweight and obese older adults 

with chronic inflammatory conditions. We hypothesized that EPA+DHA oral therapy would 
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have beneficial effects on plasma levels of leptin and adiponectin, adipokines involved in 

modulating inflammatory responses. While we report no significant effects of EPA+DHA 

supplementation on levels of leptin or adiponectin individually, there was a trend toward 

a reduction in the LAR (by 23%) between weeks 4 and 8 among the EPA+DHA group. 

Future studies using larger samples, high versus low dose EPA+DHA, and perhaps variable 

ratios of EPA to DHA for longer treatment periods are needed to make clear the extent that 

EPA+DHA supplementation alters leptin, adiponectin, and the LAR.
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Fig. 1. 
Role of leptin and adiponectin in inflammation. Leptin and adiponectin are primarily 

secreted by adipocytes; after entry into peripheral circulation they act as hormones, helping 

to regulate inflammatory responses. The figure depicts the anti-inflammatory effects of 

adiponectin on the left and the proinflammatory effects of leptin on the right in lean 

individuals. In aging and obesity, an imbalance in leptin and adiponectin is hypothesized to 

amplify systemic inflammation.
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Fig. 2. 
Hypothesized effects of EPA+DHA on leptin and adiponectin. Although the exact 

mechanisms remain unclear, it has been suggested that supplementing diets with EPA+DHA 

decrease leptin levels and increase adiponectin levels through four main hypotheses: 1) 

Direct or indirect alteration in expression of the genes that encode for leptin and adiponectin 

(Lep and Adipoq, respectively) [10,12, 30–32]; 2) Reduction of adipocyte size [33,34]; 3) 

Decrease in adiposity [29,31,32]; and, 4) Improvement of insulin sensitivity [33,35].
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Fig. 3. 
CONSORT diagram of participant flow through parent study and inclusion in secondary 

analysis. The CONSORT diagram depicts the flow of participants through the parent 

study from eligibility assessment through completion of the parent study and inclusion in 

secondary analysis. Of the 264 persons assessed for eligibility 40 participants met inclusion 

and exclusion criteria and were randomized into the two groups. Thirty-five of those 40 

participants completed the entire parent study. Of the 35 participants that completed the 
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parent study, only 32 had complete leptin and adiponectin data for all three study time 

points. As such, data from 32 participants were included in this secondary data analysis.
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Fig. 4. 
Plasma Levels of EPA+DHA by Treatment Groups at Study Time Points. At baseline, both 

groups had similar levels of plasma EPA+DHA (EPA+DHA group M = 2.02, SE = 0.18 

and Control group M = 1.95, SE = 0.11, t(30) = 0.37, p = .71, d = 0.12). The EPA+DHA 

group had significantly higher plasma levels of EPA+DHA at week 4 (M = 5.01, SE = 0.56) 

and at week 8 (M = 5.48, SE = 0.53) compared to week 0 (M = 2.02, SE = 0.18), t(13) = 

−5.12, p < .001, t = −7.44, p < .001, respectively. alternatively, the Control group did not 

show significant changes in plasma levels of EPA+DHA across time (week 0: M = 1.95, SE 

= 0.11; Week 4: M = 1.92, SE = 0.13; week 8: M = 1.92, SE = 0.14), t(17) = 0.438, p = 

.67, t(17) = 0.437, p = .67, respectively. The between-group analysis showed that the plasma 

levels of EPA+DHA were significantly higher in the EPA+DHA group at week 4 (M = 5.01, 

SE = 0.56) and at week 8 (M = 5.48, SE = 0.53) compared to the Control group (week 4: 

M = 1.92, SE = 0.13; week 8: M = 1.92, SE = 0.14), t(30) = 5.997, d = 2.01, p < .001, 

t(30) = 7.218, p < .001, d = 2.42, respectively. This indicates that both groups adhered to 

the study protocol and that the treatment dose was adequate to significantly change plasma 

levels of EPA+DHA. EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid. Error 

bars represent ±SEs. Between group analyses revealed significant differences at Week 4 and 

Week 8, p < 0.001, < 0.001, respectively.
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Table 1

Hypothesized Mechanisms of action of EPA+DHA on leptin and adiponectin.

Mechanism Leptin Adiponectin References

Promote healthy weight ↓ ↑ [25]

Reduce adipocyte size ↓ ↑ [25,88]

Improve insulin sensitivity ↓ ↑ [25,26]

Reduce Lep and increase Adipoq gene expression ↓ ↑ [7,9,23,24,30]

Lep and Adipoq are genes that encode for leptin and adiponectin, respectively. EPA = eicosapentaenoic acid, DHA = docosahexaenoic acid.
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Table 2

Fatty acids in study supplement as determined by independent analysis.

Fatty acid Common name Mg/capsule % of total fatty acids

C6:0 Caproic Acid 0.10 0.0

C8:0 Caprylic Acid 0.08 0.0

C14:0 Myristic Acid 1.04 0.1

C16:0 Palmitic Acid 21.00 2.0

C16:1 Palmitoleic Acid 7.94 0.8

C18:0 Stearic Acid 34.25 3.4

C18:1 Oleic Acid 98.17 9.7

C18:2n6 Linoleic Acid 30.09 3.0

C18:3n6 Gamma-linolenic Acid 1.45 0.2

C18:3n3 Alpha-linolenic Acid 7.27 0.7

C18:4n3 Stearidonic Acid 20.46 2.1

C20:0 Arachidic Acid 9.99 1.0

C20:1 Eicosenoic Acid 36.80 3.7

C20:2n6 Eicosadienoic Acid 2.99 0.3

C20:3n6 Dihomo-gamma-linolenic Acid 2.48 0.3

C20:4n6 Arachidonic Acid 20.32 2.1

C20:3n3 Eicosatrienoic Acid 2.70 0.3

C20:4n3 Eicosatetraenoic Acid 17.41 1.8

C20:5n3 Eicosapentaenoic Acid (EPA) 324.67 33.4

C21:5n3 Heneicosapentaenoic Acid 16.59 1.51

C22:0 Behenic Acid 4.43 0.5

C22:1 Cetoleic Acid 55.86 5.7

C22:2n6 Docosadienoic Acid 1.32 0.1

C22:4n6 Adrenic Acid 3.56 0.4

C22:5n6 Docosapentaenoic Acid (n-6) 6.83 0.6

C22:5n3 Docosapentaenoic Acid (n-3) 47.05 4.4

C22:6n3 Docosahexaenoic Acid (DHA) 217.78 21.2

C24:0 Lignoceric Acid 0.73 0.1

C24:1 Nervonic Acid 5.45 0.6

Total fatty acids 998.81 100.0
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Table 3

Baseline characteristics of participants included in secondary analyses.

Factors Total Sample EPA+DHA Group Control Group

n/M (%/SE) n/M (%/SE) n/M (%/SE) p-value*

Participants 32 (100) 14 (43.8) 18 (56.2) 0.48

Age in Years 61.3 ± 2.1 60.8 ± 3.5 61.6 ± 2.8 0.85

Race 0.96

White 23 (71.9) 9 (71.4) 11 (72.2)

African American 9 (28.1) 4 (28.6) 5 (27.8)

Sex 0.85

Male 20 (62.5) 9 (64.3) 11 (61.1)

Female 12 (37.5) 5 (35.7) 7 (38.9)

Marital Status 1.00

Married/Living w/Someone 16 (50) 7 (50) 9 (50)

Widow/Divorced/Single 16 (50) 7 (50) 9 (50)

Education 0.58

Some High School 1 (3.1) 0 (0) 1 (5.6)

High School Graduate 10 (31.3) 5 (35.7) 5 (27.8)

Some College 12 (37.5) 4 (28.6) 8 (44.4)

College Graduate or > 9 (28.1) 5 (35.7) 4 (22.2)

Employment Status 0.43

Disabled/Unemployed 28 (87.5) 13 (92.9) 15 (83.3)

Employed Part-time 2 (6.3) 0 (0) 2 (11.1)

Employed Full-time 2 (6.3) 1 (7.1) 1 (5.6)

Annual Income 0.83

< $10,000 7 (21.9) 4 (28.6) 3 (16.7)

$10,000 – $24,999 11 (34.4) 4 (28.6) 7 (38.9)

$25,000 – $44,999 4 (12.5) 2 (14.2) 2 (11.1)

> $45,000 10 (31.3) 4 (28.6) 6 (33.3)

Smoking History 0.20

Current Smoker 6 (18.8) 4 (28.6) 2 (11.1)

Former Smoker 14 (43.8) 7 (50) 7 (38.9)

Never Smoker 12 (37.5) 3 (21.4) 9 (50)

BMI (kg/m2) 0.64

BMI 41.5 (2.1) 40.4 (2.1) 42.4 (3.3)

Comorbidities

CVD 25 (78.1) 11 (78.6) 14 (77.8) 0.96

Diabetes 16 (50.0) 9 (64.3) 7 (38.9) 0.29

Arthritis 15 (46.9) 8 (57.1) 7 (38.9) 0.31

Depression 8 (25) 3 (21.4) 5 (27.8) 0.68

EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid; M = mean; SE = standard error; BMI = body mass index; CVD = cardiovascular 
disease; Meds = medications; L/A = leptin and/or adiponectin.
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*
p-value represents the between group comparison.
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Table 4

Plasma leptin, adiponectin, and LAR data at Weeks 0, 4, and 8 by treatment group.

Transformed Measure Week EPA+DHA Group Control Group

Mean (SE) Mean (SE) p-value ES

Leptin

0 56.2 (14.2) 79.1 (16.9) 0.34 0.37

4 72.6 (10.8) 83.4 (17.2) 0.60 0.18

8 60.3 (13.1) 77.2 (15.7) 0.44 0.29

4 vs 0 16.4 (11.3) 4.3 (8.3) 0.38 0.32

8 vs 0 4.1 (5.5) −1.9 (7.5) 0.55 0.23

ADN

0 17.2 (8.7) 27.2 (6.8) 0.37 0.33

4 16.5 (8.6) 29.2 (6.5) 0.24 0.43

8 10.7 (8.8) 32.9 (5.2)*†† 0.03 0.8

4 vs 0 −0.7 (5.8) 2.1 (5.1) 0.72 0.13

8 vs 0 −6.5 (5.5) 5.8 (4.9) 0.11 0.60

LAR

0 6.6 (1.5) 5.5 (1.1) 0.53 0.23

4 7.3 (1.2) 5.9 (1.6) 0.52 0.24

8 5.6 (1.5)† 5.3 (1.3) 0.86 0.08

4 vs 0 0.6 (1.0) 0.4 (0.5) 0.56 0.21

8 vs 0 −1.0 (1.3) −0.2 (0.5) 0.50 0.25

Original leptin and adiponectin data were not normally distributed. Data in this table has been transformed following a two-step process. Step-one 
transforms original data into a percentile rank, which results in a uniform distribution. Step-two applies an inverse-normal transformation to the 
result from step-one, resulting in a normally distributed dataset. The mean and standard deviation of the original variables are used during the 
transformation in to keep the same mean and standard deviation in the final resulting variable. Templeton (2011) details about the use of this 
process. EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid; ES = effect size; SE = standard error; LAR = leptin-to-adiponectin ratio.

Between groups: * p = .03; Within groups: † EPA+DHA group from Week 4 to Week 8, p = .065; †† Control group from Week 4 to Week 8, p = 
.09.
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Table 5

Pearson Correlation coefficients (r) to determine relationships between leptin, adiponectin, leptin-to-

adiponectin ratio (LAR) and cytokines.

Measure W 1 2 3 4 5 6

1. Leptin

0 – 0.08 0.81** −0.10 0.40 0.08

4 – 0.05 0.7** 0.11 0.05 −0.08

8 – −0.19 0.25 −0.03 −0.28 −0.27

2. ADN

0 −0.03 – −0.27 −0.14 0.14 −0.31

4 −0.49* – −0.45 −0.09 −0.63* −0.05

8 −0.57* – −0.09 −0.48 −0.47 −0.60*

3. LAR

0 0.84* −0.52* – −0.14 0.46 −0.06

4 0.93** −0.68** – −0.05 0.12 −0.31

8 0.94** −0.73** – −0.19 −0.04 −0.42

4. IL-6

0 −0.13 −0.19 −0.03 – −0.32 −0.1

4 −0.30 0.25 −0.23 – −0.02 −0.37

8 −0.32 0.20 −0.30 – −0.01 0.15

5. IL-1β

0 −0.25 0.26 −0.25 −0.23 – −0.01

4 −0.10 −0.11 −0.24 −0.37 – 0.27

8 −0.39 0.09 −0.22 −0.17 – 0.44

6. TNF-α

0 −0.41 −0.19 −0.33 0.23 0.11 –

4 −0.32 0.12 −0.35 0.35 0.20 –

8 −0.50* 0.03 −0.33 0.33 −0.01 –

The numbers 1–6 across the top row represent the same variables that are listed with the corresponding number in the first column. EPA+DHA 
Group correlations are shown ABOVE the diagonal dashes and the Control Group correlations are shown BELOW the dash line. W = week; ADN 
= adiponectin; LAR = leptin-to-adiponectin ratio; IL-6 = interleukin-6; IL-1β = interleukin-1 beta; TNF-α = tumor necrosis factor-alpha;

*
p < .05,

**
p < .01.
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Table 6

Leptin reference values (ng/ml).

Source BMI Sex Age Low Normal High Normal

Mayo Clinic Labs [89] 22 M NS 0.7 5.3

22 F NS 3.3 18.3

Cleveland Clinic Labs [90] NS M 18 – 99 0.5 12.5

NS F 18 – 99 0.5 15.2

Johns Hopkins Hospital Labs [91] & Quest Diagnostics [92] 18 – 25 M 18 – 71 0.3 13.4

18 – 25 F 18 – 71 4.7 23.7

25 – 30 M 19 – 60 1.8 19.9

25 – 30 F 19 – 60 8.0 38.9

BMI = body mass index; NS = not specified.
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Table 7

Adiponectin reference values (mcg/ml).

Source BMI Sex Age Low Normal High Normal

Mayo Clinic Labs [93]; Cleveland Clinic Labs [94]; Johns Hopkins Hospital Labs 
[95]

< 25 M NS 4 26

< 25 F NS 5 37

25 – 30 M NS 4 20

25 – 30 F NS 5 28

> 30 M NS 2 20

> 30 F NS 4 22

BMI = body mass index; NS = not specified.
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