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Abstract

Adipose tissue inflammation is associated with obesity comorbidities. Reducing such 

inflammation may ameliorate these comorbidities. n-3 fatty acids have been reported to have anti-

inflammatory properties in obesity, which may modulate this inflammatory state.

In the current study a 1 gram per day oral supplement of the n-3 fatty acid docosahexaenoic acid 

(DHA) was administered for 12 weeks to 10 grade 1-2 obese postmenopausal women and markers 

of adipose tissue and systemic inflammation measured and compared before and after 

supplementation.

DHA administration resulted in approximately a doubling of plasma and red cell phospholipid and 

adipose tissue DHA content but no change in systemic markers of inflammation, such as 

circulating C-reactive protein (CRP) or interleukins (IL) 6, 8 and 10 (IL-6, IL-8, IL-10). DHA 

supplementation did not alter the adipose tissue marker of inflammation crown-like structure 

density nor did it affect any gene expression pathways, including anti-inflammatory, hypoxic and 

lipid metabolism pathways.

The obese postmenopausal women studied were otherwise healthy, which leads us to suggest that 

in such women DHA supplementation is not an effective means for reducing adipose tissue or 
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systemic inflammation. Further testing is warranted to determine if n-3 fatty acids may ameliorate 

inflammation in other, perhaps less healthy, populations of obese individuals.
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Introduction

Obesity is increasing throughout the world and the associated chronically inflamed adipose 

tissue is thought to contribute to co-morbidities, such as cardiovascular and liver diseases, 

diabetes, and cancers, including post-menopausal breast cancer (1) (2). The n-3 long chain 

polyunsaturated fatty acids, docosahexaenoic acid (DHA) and eicosapentanoic acid (EPA), 

are essential nutrients that are minimally synthesized in humans but are derived mainly from 

marine or vegetable sources (3). Fish oils containing DHA and EPA have been used 

clinically to lower plasma triglycerides and blood pressure as well as the risk of 

cardiovascular disease (4) and insulin resistance (5) (6). In addition, products containing 

these n-3 fatty acids appear to improve symptoms in a number of clinical inflammatory 

conditions such as rheumatoid arthritis and asthma (7). An important potential outcome of 

supplemental n-3 fatty acids would be a reduction in obesity-associated inflammation in 

white adipose tissue (WAT). A hallmark of adipose inflammation is macrophage infiltration 

around dead and dying hypertrophied adipocytes, a pathologic lesion that is defined as a 

crown-like structure (CLS, 8). These CLS are associated with increased pro-inflammatory 

gene expression) accompanied by greater cytokine and chemokine secretion by adipocytes, 

making CLS a useful biomarker to test the anti-inflammatory effects in WAT of n-3 fatty 

acid supplementation (9).

The Western style diet is rich in saturated fatty acids and in omega-6 (n-6) polyunsaturated 

fatty acids and is relatively low in n-3 fatty acids. In obese subjects, the components of this 

diet might promote unhealthy adipose tissue inflammation (10). High levels of saturated 

fatty acids can activate innate immune cell toll-like receptor 4 (TLR4) to promote tissue 

inflammation and insulin resistance (11). n-6 fatty acids can promote the synthesis of lipid 

mediators including prostaglandins, thromboxanes and leukotrienes which can also promote 

inflammation and are deleterious to glucose homeostasis (12). Systemic inflammation often 

is accompanied by an increase in the urinary excretion of prostaglandins and leukotrienes 

(13). In contrast, the n-3 fatty acids, EPA and DHA have been described as possessing anti-

inflammatory properties that might oppose the pro-inflammatory effects of obesity (14).

There are human (15) and rodent (16) studies suggesting that n-3 fatty acids can inhibit 

tissue inflammation by altering the production of inflammatory mediators by competing 

with n-6 fatty acids such as arachidonic acid for enzymes in the pro-inflammatory 

eicosanoid biosynthetic pathway (17). In addition, n-3 fatty acids can be converted into 

resolvins which have potential anti-inflammatory properties (18) and can signal through 

GPR 120 on monocytes to dampen M1 gene expression and promote M2 anti-inflammatory 

gene expression (19). These and other potential mechanisms for the anti-inflammatory 
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effects of n-3 fatty acids have been extensively reviewed (20). It must be emphasized that 

rodent studies showing reduced adipose inflammation have used very large doses of n-3 fatty 

acids (21) and that human studies have been performed with a wide variety of n-3 fatty acid 

containing products (22). The absence of human intervention studies with n-3 fatty acids has 

been criticized (23).

The data on existing intervention studies with n-3 fatty acids to modify WAT inflammation 

in humans is controversial. If adipose tissue inflammation is a determinant of obesity 

complications then we would expect that potent anti-inflammatory agents would reduce such 

inflammation.

Data from 3 studies in insulin resistant patients or obese individuals undergoing bariatric 

surgery describe anti-inflammatory actions of 3-n fatty acids in adipose tissues (24-26). In 

contrast, one study found no effect of 3-n fatty acids on subcutaneous adipose tissues in 

subjects with normal glucose tolerance (27).

The positive data on n-3 fatty acids has stimulated widespread consumption of n-3 fatty 

acids as dietary supplements to reduce inflammatory conditions and improve health. Our 

hypothesis for the present study was that DHA would reduce inflammation and CLS density 

in subcutaneous adipose tissues resulting in lower circulating CRP, circulating cytokines and 

urinary eicosanoid excretion, reflecting decreased systemic inflammation and oxidative 

stress. Our results refute this hypothesis.

Materials And Mehtods

Subjects

Eligible subjects were class 1-2 obese (BMI 30 - 40) postmenopausal women (defined as >2 

years without a menstrual period). Subjects were recruited from the community through 

advertising, as well as participation in a Rockefeller University Hospital registry of subjects 

previously screened for research studies. Excluded were subjects with abnormal liver 

function tests, bleeding disorders, platelet count <120 × 103 and prothrombin time > 12 

seconds, fasting blood glucose > 130 mg/dl and blood pressure > 140/90mm Hg. In addition, 

subjects with clinical cardiovascular disease, clinical type 2 diabetes receiving oral 

hypoglycemic agents, smokers, regular users of aspirin, non-steroidal anti-inflammatory 

drugs, fish oils or vitamin D supplements, or with a history of gastrointestinal surgery other 

than appendectomy, or any cancers other than non- melanoma skin cancers were ineligible. 

Twenty-three subjects were screened and 13 subjects were enrolled. Of the 13 enrolled 

subjects, 10 subjects completed the 12 week study, 1 developed hematuria before beginning 

the n-3 fatty acid product, 1 was intolerant of the product, and 1 refused the end of study fat 

biopsy. Of those who completed the study, 4 were Caucasian and 6 were African American. 

Mean age of the study subjects was 61.1 +/- 5.3 years. This was a single center study 

performed at The Rockefeller University Hospital between July 2010 and February 2012. 

Subjects underwent a medical examination, laboratory tests and an electrocardiogram in 

order to exclude obesity complications. A Transparent Reporting of Evaluation with 

Nonrandomized Designs (TREND) flow chart summarizing subject selection is shown in 

Figure 1.
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Trial Approval and Registration

The study was approved by the Institutional Review Boards at Rockefeller University, Weill 

Cornell Medical College, and Memorial Sloan Kettering Cancer Center, and registered under 

ClinicalTrials.gov identifier NCT 01127867.

Interventions

Upon acceptance into the study the subjects were interviewed by our research nutritionists 

and administered a standard questionnaire to quantitate the macronutrient composition of 

their normal diet (28). Subjects were then admitted to the Rockefeller University Hospital 

for 3-4 days and while being kept on an approximation of their normal diet underwent 

baseline studies as described below.

Specimen Collection and Analysis

Fasting blood samples were analyzed in the Clinical Pathology Laboratory of the Memorial 

Sloan Kettering Cancer Center for electrolytes, liver function, renal function and high 

sensitivity CRP. Aliquots of serum for cytokine measurements, including IL-6, IL-8, IL-10 

and TNF-α were stored at -80O C for subsequent analysis. by ELISA in the New York City 

Obesity Research Center. Body composition was measured using the BodPod Tracking 

system based on air displacement plethysmography (COSMED, Italy). Resting energy 

expenditure calorimetry determination was performed using a Vmax indirect calorimeter 

metabolic cart (Viasys Health Care, Yorba Linda Ca.).

Analysis of urinary eicosanoid excretion was performed on an early morning spot urine 

collection by liquid chromatography – mass spectrometry in the Vanderbilt University 

Eicosanoid Core Laboratory as described (29). All urine eicosanoid levels were normalized 

to creatinine (mg/mL).

Subcutaneous adipose tissue aspiration biopsies were performed under local anesthesia 

between 0800-1100h, after an overnight fast. The initial adipose tissue biopsy was taken in 

the left lower quadrant of the abdomen while the final biopsy was taken in the right lower 

quadrant. The quadrants were alternated to avoid the potential of the results being 

confounded by trauma related to the initial biopsy. Adipose tissue was formalin-fixed and 

paraffin embedded for immunohistochemistry and frozen in RNA later for subsequent RNA 

extraction and analysis.

In addition, body composition was determined by BodPod and resting energy expenditure by 

indirect calorimetry.

Prior to discharge from the hospital, the study coordinator instructed study volunteers to take 

the DHA capsules twice daily (total 2000 mg containing about 1 gram of DHA) with food. 

The capsules consisted of 43% DHA, small amounts of myristic, oleic and palmitic acids. 

Subjects were provided a diary for measurement of weight and nutritional supplement 

intake.

They were taught to weigh themselves at the same time twice weekly and every effort was 

made to maintain their baseline weight and usual diet intake choices. Subjects were 
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contacted every 1-2 weeks by telephone and were seen by the research coordinator and 

research nutritionist at about 6 weeks after initiation of DHA administration at which time a 

pill count also was performed. Fasting blood was obtained for hematological and 

biochemical analyses and plasma and red cell phospholipid fatty acid analysis. Subjects 

were readmitted to the hospital after a total of 12 weeks +/- 4 days and had a repeat of 

baseline testing.

CLS Quantification in Adipose Tissue Biopsies

Abdominal WAT biopsies were obtained at the initial hospitalization and upon readmission 

12 weeks later. CLS in abdominal WAT biopsies were quantified as described (30). At the 

time of each biopsy, samples were fixed in formalin for 24 hours and then embedded in one 

paraffin block. Six sections were cut at 50μm intervals. The first section was stained with 

hematoxylin and eosin to insure the sample was representative of normal adipose tissue. 

Subsequent sections were stained immunohistochemically for the macrophage marker CD68 

(mouse monoclonal KP1 antibody; Dako; dilution 1:4,000) to identify CLS by light 

microscopy. The number of CLS per section was recorded by the study pathologist (DG). 

The area of adipose tissue examined per section was measured using Image J software (NIH, 

Bethesda) which was done for all 5 sections per block. Data for CLS density were expressed 

as mean +/- standard deviation of CLS/cm2.

Fatty Acid Composition

Subcutaneous adipose tissue fatty acid composition was analyzed as described by Yurko-

Mauro et al (31). In brief, adipose tissue total lipids were extracted using the method of 

Folch et al (32). Tricosanoic free fatty acid (NuCheck Prep, Elysian, MN, (USA) was added 

to each sample as an internal standard. Butylated hydroxytoluene was added before 

saponification and all samples were purged with nitrogen throughout the process to 

minimize oxidation. Total lipids were saponified and the fatty acids were converted to 

methyl esters (33). Fatty acid methyl esters were analyzed by gas liquid chromatography 

with a flame ionization detector. Peaks were identified by comparison of retention times 

with external fatty acid methyl ester standard mixtures fromNuCheck Prep. The fatty acid 

profiles of the adipose tissue total lipids were expressed as a weight percent. Fatty acid 

composition of red cells and plasma was determined using previously established methods 

(34).

Gene Expression Analysis

Total RNA was extracted from approximately 0.5g of snap frozen adipose tissue using a 

Qiagen RNeasy Lipid Tissue Mini Kit (Germantown, MD) as previously described (35). 

RNA quality was assessed using an Agilent Bioanalyzer at the Rockefeller University 

Genome Core Laboratory. Two to three μg of RNA with RNA Integrity Number >7 were 

submitted for 50 bp single end read RNA sequencing of polyA-enriched RNA, also at the 

Genome Core Laboratory.

We studied RNA-Seq samples from 20 tissues of 10 patients before DHA treatment and after 

DHA treatment. All 20 samples (10 before and 10 after) were sequenced at the Rockefeller 

University Genomic Core at least 40 million reads/sample. All samples were then examined 
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using FASTQC (36). The reads were aligned to the human genome (version hg19) using 

STAR 9 (37) aligner with default parameters. The alignment results were evaluated through 

RNA-SeQC (38) to ensure that all the samples had a consistent alignment rate, and no 

obvious 5′ or 3′ bias. Align reads were then summarized through feature Counts (39) with 

the gene model from Ensemble at gene level.

To eliminate the between-sample differences in read counts, the summarized counts matrix 

was then normalized through DESeq2 (40). DESeq2 was again applied to the normalized 

counts to estimate the fold change between two conditions and generate the regularized-

logarithmic transformed matrix for pathway analysis using Gene Set Enrichment Analysis 

(GSEA, Broad Institute, Cambridge MA), Ingenuity Pathway Analysis (IPA, Qiagen) and 

Gene Set Variation Analysis algorithm. An adjusted p-value of less than 0.05 (padj<0.05) 

was used to select genes that have a significant expression change. Unadjusted p-values were 

used for plotting.

Quantitative RT-PCR Analysis

Confirmation of gene targets of interest by qRT- PCR was performed using the Taqman 

FastVirus OneStep RT-PCR kit (Applied Biosystems) with inventoried probes for the noted 

genes and normalized to expression of Beta-2-microglobulin. The inventoried probes used 

are as follows: SCD1 Hs01682761_m1; LDLR Hs01092524_m1; VLDLR Hs01045922_m1; 

LRP1 Hs00233856_m1; CETP Hs00163942_m1; PLA2G6 Hs00185926_m1; PLA2G7 

Hs00965837_m1; DGAT2 Hs01045913_m1; LPL Hs00158701_m1; APOE 

Hs00171168_m1; LEP Hs00174877_m1; NLRP3 Hs00918082_m1; AdipoR1 

Hs01114951_m1; AdipoR2 Hs00226105_m1;CDH13 Hs01004530_m1.

Statistical Analyses

Demographic and clinical characteristics of the participants were summarized using mean 

with standard deviation and median with 25th and 75th percentiles. Two-tailed paired t-tests 

and Wilcoxon signed-rank tests were used to compare anthropometric measurements, 

biochemical variables, serum cytokines and immuno-histochemical results before and after 

DHA administra-tion. The false discovery rate was used to adjust for multiple testing. The 

5% significance level was set as decision threshold. GraphPad Prism, R and Excel were used 

for data visualization. SAS Studio version 3.5 and RStudio version 3.2 were used for 

statistical analyses. After regularized-logarithmic transformation, the GSVA algorithm was 

used to map the matrix of transformed counts to a matrix of pathway activities for a set of 

1454 curated pathways (gene sets) available in the Molecular Signatures Database 

(MsigDB). Linear mixed-effects models were applied to estimate and to compare the 

pathways activities before and after DHA administration. Clustering genes within pathways 

and inspecting pre- and post -differences with supervised heat maps provided elements for 

visual comparisons. Heat maps were column-wise scaled based on Euclidean distance and 

complete linkage algorithm for hierarchical clustering.

Power analysis was performed to test significance of changes in RNA-Seq gene expressions 

from baseline to post-treatment with the application of two-sided paired t-test. Based on 

preliminary data from the present study, we have estimated an average coefficient of 
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variation (biological variability) of 90%. Assuming an average depth of coverage per gene of 

20, a minimum sample size of 150 subjects would be needed to detect effect sizes larger than 

1.5 fold-changes with 80% power at 5% experiment wise significance. Calculations were 

performed with the function RNA power in RNASeqPower library available in R software.

Results

As shown in Figure 1, of the 23 subjects assessed for eligibility, 13 were enrolled in the 

study. Of these 1 did not receive DHA due to the discovery of hematuria, 1 discontinued 

DHA due to mild gastrointestinal intolerance and another refused the final WAT biopsy 

(Figure 1). Ten completed the protocol and their data were analyzed.

The mean composition of the pre-study diets of the subjects who completed the study is 

shown in Table 1 and the diet generally was maintained throughout the study period 

managed by frequent interactions with the research nutritionists. The nutrient intake of our 

study subjects comprised about 34 percent fat and 50 percent carbohydrate and generally 

reflects the Western style diet usually consumed by the United States population. 

Compliance for taking the study supplements was excellent based on pill counts at the 6 

week interval visit and study end at 12 weeks (data not shown). Furthermore compliance 

was confirmed by the greater than 1-fold increase in plasma and red blood cell phospholipid 

DHA levels as a percentage of total fatty acids at the end of the study (Table 2). Much of the 

increase was already detectable at the 6 week time point (data not shown). Fat stores 

represented 50.8 +/-6.0 percent of total body composition and resting energy expenditure 

was within 5.0 % of normal.

The substantial increase of plasma and red cell phospholipid DHA as a percentage of total 

fatty acids was accompanied by an increase in EPA and decreases in several n-6 fatty acids 

including arachidonic acid (Table 2). Both plasma and red cell phospholipids showed a 

highly significant decrease in the ratio of n-6 to n-3 fatty acids (p<0.002). In adipose tissue, 

the DHA content as a percent of total fatty acid content increased significantly from a mean 

of 0.13 to 0.27 percent (p<0.002) without a significant change in any other fatty acid 

species, but with an overall decrease in the ratio of n-6 to n-3 fatty acids (p<0.04) (Table 2).

The study subjects' weight and BMI were stable and differed by less than 3 percent between 

the start and end of the 3 month study period (Table 3). Furthermore, the DHA regimen had 

no effect on either systolic or diastolic blood pressure. Surprisingly, DHA administration 

was associated with a significantly increased fasting serum glucose concentrations 6 percent 

(p<0.001) (Table 4). Aspartate aminotransfer-ase and alanine transaminase levels also were 

higher although still within the normal range. At the same time, the prothrombin and partial 

thromboplastin times fell marginally without a change in serum estradiol or testosterone 

levels. Circulating hsCRP, interleukin 6, 8 and 10 and TNF-a were unaffected by DHA 

administration. Furthermore, the excretion of urinary eicosanoid metabolites, which can 

reflect systemic inflammation and oxidative stress, including prostaglandin E2 metabolite 

(PGE-M), prostaglandin D2 metabolite (PGD-M), prostacyclin metabolite (PGI-M), 

leukotriene E4 (LTE4), and F2-isoprostanes, were not significantly affected by the DHA 

administration (Table 5).
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The primary end points of the study were the changes in adipose tissue biopsies obtained 

before and after the intervention. Adipocyte diameters did not change significantly (data not 

shown). Measurement of adipose tissue CLS density has been used as an index that 

correlated with potentially deleterious complications in obesity. Mean CLS density at the 

baseline was 0.40 (+/- 0.4), no different from study end 0.29 (+/- 0.4). Figure 2 shows the 

data on CLS density in individual subjects and demonstrates the marked variation between 

subjects.

Transcriptomic analysis of adipose tissue biopsies was performed on all study subjects by 

RNA Seq. Prior to initiating the study, we hypothesized that DHA treatment for 3 months 

would reduce inflammatory (and hypoxia) signals in adipose tissue as well as potentially 

altering lipid synthesis and metabolism. Unsupervised analysis showed that no gene 

pathways were significantly upregulated or downregulated after correction for multiple 

testing. Supervised analysis showed inflammatory (Supplemental Figure 1) and lipid 

metabolism (Supplemental Figure 2) gene expression pathways were very variable between 

subjects and their responses to DHA.

We performed quantitative PCR analysis for selected genes of interest related to lipid 

metabolism and to check the validity of the gene expression data based on RNA Seq 

analysis. No significant changes were found in a priori selected lipid metabolism genes (data 

not shown). These negative results might have occurred because our study was 

underpowered with 10 subjects. We therefore determined on the basis of our RNA SeQ data 

how many subjects we would need in order to see a statistically positive effect of DHA. 

Only 17 genes in the extensive RNA SeQ data showed statistical cut off after correction for 

multiple testing. Based on statistical p value adjustment for a type 1 error, a future study to 

potential show an effect of DHA on adipose tissue inflammatory gene expression would 

need a sample size larger than 150 subjects to achieve 80% power to detect a moderate to 

large effect size.

Discussion

The present study was designed to investigate mechanisms that might underlie the reported 

anti-inflammatory effects of n-3 fatty acids in obesity. For this purpose, we evaluated the 

effects on subcutaneous adipose tissue inflammation of DHA, one important n-3 fatty acid, 

provided as a supplement of 1 gram per day for 3 months to obese postmenopausal women. 

Post-menopausal women were selected to avoid the confounding effects of menstrual cycle 

timing, and because obesity and its complications including adipose tissue inflammation 

(41) are common after menopause. The agent was well tolerated. Indeed, 2 subjects reported 

some relief from arthritic symptoms. There were no changes in body weight nor were there 

changes in systemic inflammatory markers.

The administration of the DHA supplement clearly was effective in increasing plasma and 

red cell membrane phospholipid DHA by 93% and 125%, respectively, as a percentage of 

fatty acids. In addition, adipose tissue DHA content almost doubled. In spite of this 

pronounced incorporation of DHA, we could detect no significant change in adipose tissue 

and plasma markers of inflammation.
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Early hypotheses suggested that fish oil supplementation might prevent insulin resistance in 

obese rodents (42). This hypothesis was confirmed subsequently in numerous studies using 

high fat diet induced obesity rodent models. Fickova fed obese rats diets rich in n-3 or n-6 

fatty acids for only 1 week and claimed that circulating lipids and insulin levels fell 

accompanied by an increase in adipocyte fluidity with n-3 fatty acid feeding (43). Rats made 

obese with a cafeteria- type diet who were fed an EPA ester compound for 5 weeks showed 

reduced retroperitoneal adipose tissue mass and lower TNF alpha gene expression (44). 

Other mouse studies suggested that n-3 fatty acids would reduce adipose cellularity by 

limiting hyperplasia (45). Most recent preclinical studies have focused on the ant-

inflammatory effects of n-3 fatty acids on adipose tissues of obese rodents (46). Anti-

inflammatory changes from n-3 fatty acid feeding have been described in diabetic db mice 

(47). These preclinical studies have been extensively reviewed (48) (49). It must be 

emphasized that many of these studies used doses of n-3 fatty acids well in excess of what 

would be feasible to use on a per kilogram basis in human translational studies.

Studies of the effects of dietary supplemented n-3 fatty acids administration on adipose 

tissues in human subjects are limited. Three studies in insulin resistant subjects found 

improvements in inflammatory markers in subcutaneous adipose tissue biopsies taken after 

2-3 months of n-3 fatty acid administration. Two months of treatment with fish oil in type 2 

diabetic patients lowered adipocyte diameters and reduced the expression of some anti-

inflammatory genes in WAT (15). Itariu later reported treatment of non-alcoholic severely 

obese subjects (BMI >40 kg/m2) with about 900 mg of EPA+DHA supplements for 8 weeks 

prior to planned bariatric surgery (26). A control group did not receive an n-3 fatty acid 

supplement. MCP-1 gene expression was downregulated in the surgically obtained adipose 

tissue compared to controls without other significant changes in pro-inflammatory markers 

and no differences in infiltrating macrophages. Spencer's group described treatment of 19 

metabolic syndrome patients who were not diabetic but showed glucose intolerance with a 

similar n-3 fatty acid mixture for 12 weeks and reported a small but significant reduction in 

WAT macrophage numbers and CLS density (25). Studies of adipose tissues in chronic 

kidney disease patients (50) and pregnant women (51) suggested some reduced 

inflammatory endpoints with n-3 fatty acid supplementation. However, no studies of non-

diabetic obese subjects directly compared adipose tissues before and after the n-3 fatty acid 

supplementation in the same subjects. In the present study, CLS density varied considerably 

between subjects and was lower at baseline than the average CLS density shown in Spencer's 

paper (25). Another study of 12 overweight to moderately obese subjects and 12 controls 

provided about 900 mg per day of an EPA compound for 12 weeks also did not find any 

effect in the expression of 12 genes encoding major mediators of inflammation in 

subcutaneous adipose tissue (27).

In our study, we investigated effects of the intervention on adipose tissue CLS density and 

on changes in gene expression indicative of a pro- inflammatory state, hypoxia and on lipid 

synthesis and metabolism. CLS can occur in adipose tissues throughout the body in obese 

subjects and CLS density has been used as a surrogate marker for the degree of adipose 

tissue inflammation (52). We found no effects of the intervention on adipocyte diameters or 

CLS density. CLS density was quite low in our subjects in the baseline biopsy and the 

changes after DHA were variable and non-significant. The potential mechanisms for n-3 
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fatty acids impact on adipose tissue metabolism are numerous and have been extensively 

reviewed (53) (54). However, we found no changes in gene expression of the inflammatory 

pathways that we evaluated nor in individual pro-inflammatory genes. Furthermore, there 

was no change in gene expression or pathways related to hypoxia, lipid synthesis or 

metabolism. We had the opportunity to explore the effects of DHA administration for 3 

months on plasma and red cell membrane phospholipid composition (Table 2). The DHA 

content of red cell phospholipids increased approximately 1-fold accompanied by a decrease 

in the n-6: n-3 fatty acid ratio and a marked reduction in the concentrations of n-6 fatty 

acids.

Fish oils which contain EPA and DHA have been reported to reduce serum lipids, improve 

glucose tolerance, decrease insulin resistance and even lower the risk of breast cancer (1). 

Adipose tissue inflammation is an acknowledged risk factor for many complications of 

obesity. Therefore, means to prevent or to reduce inflammation in visceral and subcutaneous 

adipose tissues is an objective of prevention and therapy in obese subjects. However, in our 

study 12 weeks of DHA administration did not reduce the levels of any of the inflammatory 

markers measured. Not all obese individuals, even if morbidly obese, are at risk for these 

obesity-related complications, a condition defined as “healthy obesity”. Such individuals 

have evidence of less adipose inflammation than those with complications (55,56).

What may explain the differences in these human studies? We enrolled postmenopausal 

women as a homogeneous group of test subjects. There are no data in the literature to our 

knowledge for any reduced effect of n-3 fatty acids based on gender or for age under 80 

years of age (57). We used a dose of the DHA supplementation which is tolerable in long 

term studies (58) and which resulted in marked incorporation of DHA into plasma and red 

cell membrane making it unlikely that larger doses would be more effective. We used only 

DHA whereas others have used combinations of EPA with DHA. These two omega-3 fatty 

acids have been reported to have some differing metabolic (59) effects and EPA has been 

reported to be the more anti-inflammatory fatty acid (60). It is conceivable that intestinal 

microbiota, which differ between individuals, could biodegrade n-3 fatty acids (61) and alter 

their absorption. This is unlikely to have occurred in a major way in our study since red cell 

phospholipid DHA content increased so markedly

Our study subjects were very obese with a mean BMI of about 36 kg/m2 but were healthy 

with no evidence of systemic inflammation, diabetes, liver disease or hypertension and by 

definition were “healthy obese”. Following DHA administration, they showed no reduction 

in circulating inflammatory markers or in urinary eicosanoid excretion.

The negative intervention study of Kratz et al (27) also recruited young, only moderately 

obese subjects (mean BMI 30Kg/m2) with normal baseline inflammatory markers. In 

contrast, the other studies described used obese subjects that already were insulin resistant 

and thus had “unhealthy obesity”.

The strength of our study was the use of DHA without EPA at doses shown to benefit 

circulating lipoprotein levels. Furthermore, we evaluated adipose tissue CLS density, a good 
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marker of adipose inflammation and both unsupervised and supervised analysis of adipose 

tissue gene expression.

A weakness of our study is that we only enrolled postmenopausal women. However, obesity 

is particularly common in postmenopausal women who suffer disproportionally from obesity 

associated complications. We only included 10 subjects in our study. However, as described 

earlier, if we planned to repeat a study using our gene expression data in adipose tissue in an 

attempt to find an anti-inflammatory effect of DHA we would need to recruit over 150 

subjects for adipose tissue biopsy which is impractical. We did not include a control group 

receiving no supplemental DHA because differences between subjects greatly exceed intra-

individual results for CLS density and gene expression data. Thus, we compared results 

before and after DHA intervention in each individual subject.

Conclusion

On the basis of this and other studies (62), we conclude that n-3 fatty acid supplements have 

little effect on adipose tissue inflammation in healthy obese individuals who have no 

evidence of inflammatory complications of the disease. Several studies have suggested that 

EPA+DHA esters may reduce adipose inflammation and thus be potentially useful in 

ameliorating cardiovascular and liver complications in metabolically unhealthy individuals.

Further short and long term studies of these fatty acids in metabolically unhealthy obese 

patients are warranted to determine if this group of obese individuals will benefit from n-3 

fatty acid supplementation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Trend diagram for the study
Twenty-three subjects were screened, 13 were randomized, 1 was excluded prior to 

allocation and intervention, 1 subject discontinued due to intolerance and 1 refused the final 

adipose tissue biopsy.
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Figure 2. Effect of DHA supplementation on subcutaneous adipose tissue
Biopsies were obtained before and after DHA administration and subjected to CD68 

immunohiastochemical analysis. Line plot of CLS density (CLS/cm2) between pre DHA 

and post DHA (p=0.43).
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Table 1
PRE-STUDY DIET COMPOSITION

Calories (kcal) Mean (SD) 2312 (709) Median (Q1, Q3) 1967 (1897, 2496)

Protein (g) 101 (14) 101 (90, 105)

% Protein 18.3 (3.2) 18.7 (16.9, 20.5)

CHO (g) 288 (116) 249 (208, 316)

% CHO 48.7 (6.0) 48.9 (45.2, 54.7)

Fat (g) 87 (26) 74 (970, 94)

% Fat 34.1 (4.0) 33.4 (31.2, 36.6)

Saturated fat (g) 32 (9) 31 (25, 37)

Monounsaturated fat (g) 27 (10) 23 (20, 33)

Omega 6/Omega 3 ratio 11.6 (10.8)* 8.9 (7.2, 9.7)

Omega 6 (g) 11.5 (6.1) 9.7 (7.8, 12.7)

Omega 3 (g) 1.2 (0.6) 1.1 (0.8, 1.2)

Cholesterol (mg) 360 (75) 356 (300, 415)

Total Dietary fiber (g) 22.7 (6.8) 21.6 (19.2, 24.9)

Soluble fiber (g) 4.7 (2.3) 5.1 (2.4, 6.2)

Insoluble fiber (g) 6.9 (3.4) 7.7 (4.5, 9.2)

*
Omega 6/Omega 3 diet ratio: n-6 PUFA = 18.2, 18.3 (n6), 20.2, 20.3 (n6), 20.4, 22.4. 22.5 (n6) n-3 PUFA = 18.3, 20.5 (EPA) 22.5 (n3), 22.6 

(DHA)
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Table 3
Effects of Dha administration on biometrics data

Mean (SD)

Weight (Kg) 95.6 (9.6) 96.1 (10.3) 0.34

BMI (Kg/M2) 36.0 (2.6) 36.2 (2.9) 0.26

BP Systolic 118 (8.2) 119 (5.4) 0.59

BP Diastolic 79 (6.7) 78 (5.1) 0.56

Data shown as before (pre) and after (post) DHA administration (+/-SD) BP = blood pressure
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Table 4
Effects of Dha administration on serum analytes

Glucose (mmol/L) 5.62 (0.7) 5.95 (0.76) 0.001*

AST (units/l) 19.7 (3.5) 22.1 (3.1) 0.04

ALT (units/l) 16.8 (4.6) 19.8 (6.8) 0.05

Prothrombin time (sec) 11.0 (0.7) 10.7 (0.7) 0.02

PTT (sec) 30.5 (3.4) 30.3 (3.2) 0.03

Estradiol (ng/L) 14.3 (7.6) 14.4 (7.0) 0.89

Testosterone (nmol/L) 0.59 (0.30) 0.55 (0.17) 0.62

Inflammatory Markers Hs CRP (mg/dl)

0.5 (0.4) 0.4 (0.3) 0.37

IL-6 (pg/ml) 1.7 (0.4) 1.5 (0.7) 0.66

IL-8 (pg/ml) 11.1 (3.6) 9.4 (2.0) 0.14

TNF-a (pg/ml) 14.8 (3.2) 13.9 (1.6) 0.48

IL-10 (pg/ml) 3.1 (2.0) 2.9 (1.8) 0.77

Data pre and post DHA administration shown as mean (+/- SD) in 10 subjects. Inflammatory markers measured in 5 subjects.

*
P-value is significant after adjustment for multiple testing using FDR < 5% level

AST = aspartate aminotransferase ALT = alanine transaminase PTT = partial thromboplastin time
hs CRP = high sensitivity C-reactive protein IL = interleukin
TNF a = tumor necrosis factor alpha
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Table 5
Effect of Dha Administration on urinary Eicosanoid Excretion

Pre-DHA Post-DHA p Value

umol per mg creatinine

F2-IsoPs 1.42 (0.08) 1.4 (0.7) 0.91

PGI-M 0.8 (0.3) 0.7 (0.2) 0.18

PGE- M 5.2 (2.1) 4.8 (2.1) 0.43

PGD- M 1.0 (0.5) 0.9 (0.4) 0.44

LTE4 0.02 (.03) 0.08 (0.0) 0.27

Eicosanoid concentration per mg. creatinine, measured in early morning spot urine collection before and after DHA administration. Data shown as 
mean (+/- SD).
F2-IsoPs=F2-isoprostanes
PGI-M=2,3-dinor-6-keto-prostaglandin F1a.
PGE-M =Prostaglandin E2 metabolite (9,15-dioxo-11α-hydroxy-13,14-dihydro-2,3,4,5-tetranor- prostan-1,20-dioic acid)
PGD-M = Prostaglandin D2 metabolite (9α-hydroxy-11,15-dioxo-13,14-dihydro-2,3,4,5-tetranor- prostan-1,20-dioic acid)
LTE4 = Leukotriene E4
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