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ABSTRACT 

Chronic systemic inflammation is associated with 
many conditions of aging such as atherosclero- 
sis. Lowering high n-6:n-3 polyunsaturated fatty 
acid (PUFA) ratios are commonly found in West- 
ern diets aids in preventing inflammatory-related 
diseases. However, it is not clear whether die- 
tary interventions designed to alter n-6:n-3 PUFA 
ratios can reduce systemic inflammation in 
younger adults. Studies that evaluate PUFA in- 
take often use subjective data from food fre- 
quency questionnaires or food records rather 
than more precise physiological measures of 
PUFAs (e.g. plasma levels). Therefore, the pur- 
pose of this pilot study that analyzed data from 
the experimental parent study of younger adults 
(n = 18), was to determine whether plasma PUFA 
levels were associated with levels of C-reactive 
protein (CRP), an inflammatory marker, and if 
supplementation with n-3 PUFAs was correlated 
with rising n-3 PUFA concentrations in plasma 
and decreasing n-6:n-3 ratios. In the parent 
study, participants received daily either placebo 
or n-3 PUFA softgels (1.6 g eicosapentaenoic 
acid [EPA] and 1.2 g docosahexaenoic acid 
[DHA]). EPA and DHA are the biologically active 
components in fish oil. Measures included blood 
for PUFA quantification at baseline and four 
weeks later, when blister wounds were created 
and wound fluid and saliva were collected. The 
saliva samples were used to measure CRP in the 
present study. We report that CRP was signifi- 
cantly and negatively correlated with total n-3 
PUFAs (tau-β = −0.373, p = 0.031) and positively  

correlated with n-6:n-3 ratios (tau-β = 0.320, p = 
0.063). Those consuming EPA + DHA supple- 
ments had significantly higher concentrations of 
total n-3 PUFAs and significantly lower n-6:n-3 
ratios (p < 0.001). The present study has shown 
that beneficial levels of n-3 PUFAs and n-6:n3 
ratios were achieved with 4-weeks of EPA + DHA 
supplementation and were associated with re- 
duced CRP in young adults. EPA + DHA sup- 
plementation for some young adults may help 
prevent inflammatory conditions later in life. 
 
Keywords: n-6:n-3 Polyunsaturated Fatty Acid 
Ratios; n-3 Dietary Supplementation; Inflammation; 
CRP 

1. INTRODUCTION 

Biologically active lipid mediators generated from poly- 
unsaturated fatty acid (PUFA) metabolism modulate in- 
flammation to a greater or lesser extent. More inflam- 
matory mediators include those derived from arachidonic 
acid (AA), a member of the n-6 PUFA family; less in- 
flammatory mediators include those derived from ei- 
cosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA), members of the n-3 PUFA family [1]. The anti- 
inflammatory actions of EPA and DHA are associated 
with their ability to 1) modulate the production and ac- 
tivity of lipid mediators such as eicosanoids produced 
from n-6 and n-3 metabolism, 2) alter cell membrane 
structure and function, 3) modulate molecules such as 
cytokines that are involved in normal and pathological 
cell functions and 4) directly suppress the expression of 
genes involved in inflammation, such as interleukin (IL)- 
1 and tumor necrosis factor (TNF)-α [2,3]. Relative to 
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lipid mediator synthesis are the findings that n-3 EPA is 
the preferred substrate for the rate-limiting enzymes 
cyclooxygenase (COX) and lipoxygenase (LOX) in the 
metabolic pathway when compared to n-6 AA (Figure 1); 
thus, a diet rich in n-3 EPA is believed to shift the 
physiological state to one that is less inflammatory than 
that of a diet containing high amounts of n-6 AA [4]. 

As an excessive, prolonged inflammatory response has 
been associated with the development and exacerbation 
of numerous chronic diseases [1,5], a more balanced 
dietary intake of n-6 relative to n-3 is desired for optimal 
health. Consuming higher quantities of n-3 PUFAs is one 
approach to normalizing high n-6:n-3 ratios. There is 
mounting evidence that an increase in dietary n-3 PUFAs, 
particularly the long-chain EPA and DHA, is effective in 
treating and lowering the risk of developing inflamma- 
tory-related conditions [5] such as arthritis [6], inflam- 
matory bowel disease [7], asthma [8], sepsis [9], and 

cardiovascular heart disease (CVD) [9]. 
Research suggests that systemic inflammation may be 

just as important to the development of CVD as elevated 
levels of serum cholesterol [10] because inflammation 
affects all stages of atherosclerosis [11]. The anti-in- 
flammatory actions of EPA and DHA explain, in part, 
study findings indicating that increased consumption of 
n-3 is associated with lower cardiovascular morbidity 
and mortality independent of other known CVD risk 
factors [12-15] and that increased consumption of n-3 is 
associated with a statistically significant reduction in 
cardiovascular risks [15,16]. Increasing EPA and DHA 
intake also has been shown to reduce plasma triglyc- 
erides [17] and arterial stiffness [18], increase heart rate 
variability [18], decrease risk of dysrhythmias [18,19], 
and reduce the synthesis of prothrombotic platelet throm- 
boxanes and pro-inflammatory prostaglandins in whole 
blood [17], all of which improve cardiac health. 

 

 

Figure 1. n-6, n-3 polyunsaturated fatty acid pathways generating lipid mediators of inflammation. 
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Because unremitting systemic inflammation is a con- 

tributing factor to the development of many chronic dis- 
eases, quantifying systemic inflammation through labo- 
ratory analysis can aid in risk assessment and in deter- 
mining the effectiveness of interventions designed to 
reduce inflammation. C-reactive protein (CRP), a proin- 
flammatory molecule produced by the liver, remains 
elevated in conditions of chronic inflammation [10] and 
levels are often measured to gauge the level of systemic 
inflammation. Some researchers have reported an asso- 
ciation between lower CRP levels and increased dietary 
intake of EPA and DHA [5,12,20]. However, dietary in- 
take studies of PUFAs should be balanced with studies 
that evaluate the association between physiological PUFA 
levels and inflammatory markers like CRP as this con- 
nection has not been definitively established in all age 
groups. In addition, some studies have reported only a 
modest to good correlation between dietary intake of PU- 
FAs and PUFA blood levels [21]. 

The purpose of this study was to test the hypotheses 
that in healthy young adults: 1) lower plasma concentra- 
tions of n-3 PUFAs and higher n-6:n-3 ratios are associ- 
ated with greater systemic inflammation, as measured by 
CRP concentrations; and 2) oral supplementation with 
EPA and DHA is associated with rising plasma concen- 
trations of n-3 and decreasing n-6:n-3 ratios. These data 
are important to increasing knowledge about the modu- 
lating effects of PUFA on chronic diseases characterized 
by a pro-inflammatory status and how adding certain 
PUFAs to the diets of healthy young adults may lower 
the risk of developing these conditions. 

2. METHODS 

2.1. Procedure 

This pilot study used plasma PUFA measures from a 
parent study and added the measurement of CRP levels 
(missing from the parent study design) to determine as- 
sociations between the two variables. The parts of the 
parent study methods relevant to the current project are 
described first. 

2.2. Parent Study Methods 

The IRB-approved parent study used a randomized, 
double-blind, repeated-measures design to evaluate the 
effects of 4 weeks of EPA + DHA supplementation on 
lipid mediator levels in acute blister wound fluid and 
wound healing of healthy subjects at the Clinical Re- 
search Center (CRC) at a large Midwestern University 
[22]. A total of 18 participants were enrolled in the parent 
study and assigned by computerized random sort to ei- 
ther the Active Group (received EPA + DHA supplement) 
or Placebo Group (received placebo) and blinded as to 

treatment. 
Participants were healthy individuals, aged 18 - 45 

years, with the ability to understand English. Individuals 
were excluded if they were taking nonsteroidal anti-in- 
flammatory drugs, lipid-lowering medications, nutritional 
supplements, corticosteroids; or if they were current smok- 
ers, pregnant, or lactating. Two visits were required for 
each participant in the parent study. All participants re- 
ceived a copy of the consent form prior to their first visit 
and were requested to fast for 8 hours before the ap- 
pointments to meet PUFA assay requirements. 

Visit 1 took place at the CRC, at which time each sub- 
ject signed the IRB-approved informed consent form. 
Demographic data (age, gender, race) were collected, and 
body mass index (BMI) was calculated. Blood was col- 
lected for the plasma PUFA analysis. The principal in- 
vestigator (PI), blinded to group assignment, provided 
verbal and written instructions to all participants to take 
five softgels at bedtime until study completion in 4 weeks, 
beginning in the evening on the day of Visit 1. All soft- 
gels were the same in appearance and packaged in like 
containers by J.R. Carlson Laboratories, Inc. (Arlington 
Heights, IL). The five placebo softgels supplied a total of 
2.4 ml/d of mineral oil, which is chemically inert, and on 
ingestion 98% remains unabsorbed in the feces. The five 
EPA + DHA softgels supplied a total of 1.6 g/d of EPA 
and 1.2 g/d of DHA in the form of triacylglycerols. The 
US Food and Drug Administration (FDA) states that in-
takes up to 3 g/day of EPA and DHA are safe for inclu- 
sion in the diet [23]. A similar EPA + DHA dose in the 
preceding pilot work significantly increased plasma lev- 
els of EPA and DHA in healthy human subjects after 4 
weeks [24]. As reported by others, a like dose signifi- 
cantly reduced ex vivo pro-inflammatory cytokine pro- 
duction after 4 weeks [25] and significantly reduced 
production of pro-inflammatory PGE2 by peripheral blood 
mononuclear cells after 12 weeks with no adverse effects 
[26]. Participants were instructed to maintain their usual 
diets, but to exclude fish, seafood, kelp, and flaxseeds 
until study completion. 

Visit 2: Four weeks after beginning the softgels, each 
participant was admitted to the CRC for data collection 
procedures. On admission, blood samples were taken for 
the plasma fatty acid analysis after an 8-hour fast and 
saliva was collected by using dental rolls to evaluate cor- 
tisol levels during the wound blistering procedure (in- 
creased stress has been associated with slower wound 
healing). 

2.3. Current Study Methods 

The saliva samples collected in the parent study at 12 
and 24 hours post-wounding to measure salivary cortisol 
levels were used in the current study to measure mean  
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CRP levels for all participants. To test the current study’s 
hypotheses, the strength of various relationships between 
the new CRP data and the PUFA data obtained in the 
parent study was evaluated. 

2.4. Plasma Fatty Acid Assays 

Plasma fatty acids were quantified by gas chromatog- 
raphy/mass spectrometry (GC/MS) at a laboratory lo- 
cated in the same university. Blood samples (1.0 mL) 
were collected in EDTA vacutainers, centrifuged at 720 g 
for 30 minutes at room temperature to isolate the plasma 
fraction, and stored at −80˚C prior to analysis. Total lip- 
ids were extracted from plasma samples with 2:1 (v/v) 
chloroform:methanol and 0.24 mL 0.88% KCL [27]. Fatty 
acid methyl esters were prepared using tetramethylgua- 
nidine at 100˚C. Analysis of fatty acid methyl esters was 
completed by gas chromatography using a 30-m Omega- 
waxTM 320 fused silica capillary column (Supelco, Belle- 
fonte, PA). Oven temperature started at 175˚C and in- 
creased at a rate of 3˚C/min until reaching 220˚C. Flow 
rate of the carrier gas helium was 30 mL/min. Retention 
times of samples were compared to standards for fatty 
acid methyl esters (Matreya, LLC, Pleasant Gap, PA, Su- 
pelco, Bellefonte, PA; Nu-Check Prep Inc., Elysian, MN). 
PUFAs were reported as percentage of total fatty acids 
identified in plasma samples. 

2.5. C-Reactive Protein Assays 

CRP assays for the current study were completed us- 
ing the salivary samples collected from all subjects at 
Visit 2 of the parent study. Studies comparing CRP in 
saliva to CRP in plasma (a commonly used biomarker of 
systemic inflammation) have demonstrated moderate-to- 
strong associations, suggesting that salivary CRP is a 
non-invasive, valid marker of systemic inflammation 
[28-30]. Additionally, no oral inflammatory conditions 
were reported by study participants, suggesting that local 
production of CRP in the oral cavity was not a con- 
founding factor to the interpretation of salivary CRP as a 
biomarker of systemic inflammation. 

All samples were assayed in duplicate, using a highly 
sensitive enzyme immunoassay (Salimetrics, State Col- 
lege, PA). The test used 50 μl of a 10× dilution of saliva 
per determination, had a lower limit of sensitivity of 10 
pg/mL, a standard curve range from 93.75 to 3000 pg/mL, 
an average intra-assay coefficient of variation of 3.9% 
and an average inter-assay coefficient of variation of 
7.5%. Method accuracy determined by spike and recov- 
ery averaged 98.9%, and linearity determined by serial 
dilution averaged 96.2%. 

2.6. Statistical Analysis 

As this was a pilot study, formal statistical power cal-  

culations were not made a priori. Statistical analyses 
were conducted using the SPSS statistical package for 
WINDOWS, version 19 (SPSS Inc., Chicago, IL). t tests 
were used for between-group comparisons of sociode- 
mographic and BMI data. BMI calculations were of in- 
terest in the current study because some studies have 
shown a positive correlation between BMI and CRP [31, 
32]. 

Statistical analysis of the experimental data was com- 
pleted in three steps to evaluate associations among the 
variables of interest. Type I error rates for all statistical 
tests were set a priori at 0.05. The first step was to quan-
tify the strength of relationship between various PUFA 
measures and levels of CRP detected in saliva. Because 
measured values of CRP and measured values of several 
PUFAs exhibited a right-skewed distribution, a non-pa- 
rametric measure of association (Kendal’s tau-β) was 
used. 

The second step was to quantify the strength of rela- 
tionship between treatment group and PUFA measures. 
Since several of the PUFA measures were right-skewed, 
a nonparametric Mann-Whitney test was used to test for 
differences between the Active and Placebo Groups at 
baseline and at 4 weeks. In addition, at this step we 
sought to ascertain whether plasma PUFA concentrations 
changed significantly between the two time points (base- 
line and 4 weeks) within each treatment group. Separate 
Wilcoxon tests were performed for each of the PUFA 
measures, which included total n-6, total n-3, EPA, DHA, 
AA, and ratios of n-6:n-3 and AA:EPA. 

The final step was to quantify the strength of relation- 
ship between treatment group and CRP. A nonparametric 
Mann-Whitney test was used because the dependent vari- 
able was heavily right-skewed. 

3. RESULTS 

3.1. Sociodemographics 

Sociodemographic characteristics describing partici- 
pants in the group as a whole and by Active and Placebo 
groups are displayed in Table 1, with similar data for 
both groups. There were no significant differences in 
mean age or BMI between the groups. 

3.2. C-Reactive Protein Negatively  
Correlated with Total n-3 PUFA Levels 
and Positively Correlated with n-6:n-3 
Ratios 

To test Hypothesis 1, a statistical analysis of salivary 
CRP was conducted to quantify the strength of relation- 
ship between various PUFA measures and CRP concen- 
trations detected in the saliva. A significant negative cor- 
relation between CRP and total n-3 PUFAs (tau-β =  
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Table 1. Characteristics of study participants and CRP. 

 Total Groupa (n = 18) Mean (SD) Activea (n = 9) Mean (SD) Placeboa (n = 9) Mean (SD) Effect Sizeb

Age (years) 26.2 (6.3) 24 (5.4) 28 (8.4)  

Male 9 2 7  

White 15 8 7  

African American 1 0 1  

Asian 1 1 0  

Other 1 0 1  

BMI, kilograms/meters2     

Visit 2 25.7 (6.0) 25.8 (7.9) 25.6 (3.8) 0.03 

Saliva-CRP (mg/L)     

Visit 2 0.009 (0.03) 0.001 (0.002) 0.017 (0.04) 0.66 c 

Note: BMI = body mass index. aNo significant differences between groups. bSmall effect size = 0.20; medium effect size = 0.50; large effect size = 0.80. cLog 
scale. 

 
−0.373, p = 0.031) was found (Figure 2). A marginally 
significant positive correlation was detected between 
CRP and n-6:n-3 ratios (tau-β = 0.320, p = 0.063) (Fig- 
ure 3). Total AA was not significantly correlated with 
CRP (tau-β = 0.03), nor were EPA and DHA (EPA: tau-β 
= −0.19; DHA: tau-β = −0.27). BMI had a nonsignificant 
positive correlation with CRP (BMI: tau-β = 0.11). 

 

There were no significant differences detected between 
the distribution of CRP concentration for the Active 
Group (M = 0.001 mg/L) and the Placebo Group (M = 
0.017 mg/L) (p = 0.161). As a secondary check on this 
relationship, CRP was transformed to the log scale, re- 
sulting in an approximately normal distribution of log- 
CRP values. The transformed data were examined using 
a two-sample t test, and no significant relationship was 
found (p = 0.179); however, there was a moderately large 
positive effect of the treatment (EPA + DHA sup ple- 
mentation) on CRP levels (effect size, log scale: 0.66; 
Table 1). CRP values ranged from 0.0001 to 0.12 mg/L 
for the combined group (M = 0.009, SD = 0.03). 

p = 0.03. 

Figure 2. Relationship between total n-3 plasma PUFAs and 
CRP. 

 

 

3.3. Plasma Unsaturated Fatty Acid Levels 
Altered Significantly after 4 wk.  
Supplementation of EPA + DHA 

To test Hypothesis 2, we analyzed the effects of the 
study dose on plasma PUFAs by first evaluating the 
changes in PUFA concentrations from baseline to Week 4 
within each group using separate Wilcoxon tests. Time 
was significantly related to all PUFAs measured except 
for AA and total n-6 in the Active Group. The average 
Active Group subject had an increase for EPA, DHA, and 
total n-3 with treatment (p = 0.008 in all cases). The av- 
erage Active Group subject had a decrease for the ratios 
of n-6:n-3 and AA:EPA with treatment (p = 0.008 in all 
cases) (Figure 4). The average n-6:n-3 and AA:EPA ra- 
tios for the Placebo Group showed no significant change 
over time; however, the average subject did have a de- 
crease in total n-3 and total n-6 PUFAs over time (p <  

p = 0.06. 

Figure 3. Relationship between plasma n-6:n-3 ratios and CRP. 
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Note: EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid; AA = 
arachidonic acid; V1 = visit 1 (baseline); V2 = visit 2 (after 4 weeks). 
*Significantly different from baseline–within group by Wilcoxon test (p < 
0.05. 

Figure 4. Plasma fatty acid measures within groups at baseline 
and after 4-week supplement intervention of EPA + DHA or 
placebo of mineral oil. 

 
0.05). 

The strength of relationship between treatment group 
and PUFA measures was then evaluated. Group assign- 
ment was significantly related to all PUFA measures ex- 
cept AA and total n-6 at Week 4. The Active Group had 
significantly lower levels than the Placebo Group (p < 
0.001) in both cases for the ratios n-6:n-3 and AA:EPA 
(Figure 5). Similarly, the Active Group had a signifi- 
cantly higher level than the Placebo Group after four 
weeks of EPA + DHA supplementation (p < 0.001 in all 
cases) for EPA, DHA, and total n-3. 

4. DISCUSSION 

This study was conducted with a sample of healthy 
young adults in the Midwest United States to investigate: 
1) the associations between plasma PUFA concentra- 
tions and systemic inflammation, as measured by CRP 
(an inflammation biomarker), and 2) whether oral sup- 
plementation with 1.6 g/d of EPA and 1.2 g/d of DHA 
was associated with higher plasma concentrations of n-3 
PUFAs and lower n:6:n-3 ratios. Higher plasma concen- 
trations of n-3 were significantly associated with lower 
CRP concentrations, and a positive correlation approach- 
ing significance existed between n-6:n-3 ratios and CRP. 
The Active Group (who consumed EPA and DHA sup- 
plements) had a significantly higher mean concentration 
of n-3 and significantly lower mean n-6:n-3 ratio after 
four weeks than did the Placebo Group, even though 
these values were similar at baseline for both groups 
(Figure 5). Collectively, the data indicated that the EPA 
+ DHA supplements were taken appropriately by par- 
ticipants in the Active Group and that the dose and dura- 
tion of supplementation were adequate to raise plasma 
concentrations of EPA, DHA, and total n-3 and reduce  
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Figure 5. Plasma fatty acid measures between groups at base-
line and after 4-week supplement intervention of EPA + DHA 
or placebo of mineral oil. 

 
both the n-6:n-3 and AA:EPA ratios from baseline values. 
In addition, although the strength of relationship between 
the Active Group and CRP values was not significant, 
there was a moderately large positive effect of the EPA + 
DHA supplementation treatment on CRP. Statistical sig-
nificance may have been detected had the sample size 
been larger. Therefore, further studies are warranted to 
ascertain if the findings of the current study represent 
beneficial effects on CRP levels among young adults 
who receive EPA + DHA supplementation. 

The significant reduction in the mean plasma n-6:n-3 
ratio in the Active Group from 11:1 to 4:1 by Week 4 of 
the intervention is meaningful in this young adult sample 
because a more balanced ratio is associated with normal 
development and homeostasis in terms of eicosanoid 
metabolism and cytokine production. The baseline n-6: 
n-3 ratio of 11:1 for the Active Group was just slightly 
lower than estimated n-6:n-3 ratios for current Western 
diets reported elsewhere [33,34]; hence, the sample was 
analogous to the general population. Relative to cardiac 
health, several international organizations have recom- 
mended a dietary n-6:n-3 ratio of 4:1 to 7.5:1 to decrease 
the risk of CVD [35-37]. It is believed that this or an 
even lower ratio range results in less inflammation and 
the possible improvement or prevention of many diseases 
such as CVD that have an inflammatory component. In 
the Lyon Heart Study, the ratio of 4:1 led to a 70% de- 
crease in total mortality from cardiovascular disease at 
the end of two years [38]; a ratio of 2-3:1 diminished 
inflammation in patients with rheumatoid arthritis [39]; 
and a ratio of 5:1 was associated with beneficial effects 
for asthma patients, whereas a ratio of 10:1 was linked to 
negative consequences [40]. The significance of balanc- 
ing the n-6:n-3 ratio for cardiovascular health was also  
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demonstrated in a randomized, controlled, three-diet, three- 
period, crossover study in which 22 hypercholesterolemic 
subjects were assigned to three diets with n-6:n-3 ratios 
of 10:1, 4.1:1, and 2:1 for six weeks [41]. The n-6:n-3 
dietary ratio of 2:1 was correlated with significantly 
greater suppression of the production of pro-inflamma- 
tory cytokines IL-6, IL-1β, and TNF-α by peripheral 
blood mononuclear cells (p < 0.05) compared to the 
other two ratios [41]. Reducing the production of these 
inflammatory cytokines is associated with cardioprotec- 
tive effects [42]. 

Findings from this study that higher n-3 PUFA levels 
and lower n-6:n-3 ratios were associated with lower lev- 
els of CRP add support to the idea that adjusting certain 
PUFA levels may be a potential CVD prevention strategy 
for young adults because decreasing CRP concentrations 
are also correlated with cardioprotective effects [43,44]. 
Several large-scale studies observed CRP to independ- 
ently predict impending CVD events in those without 
known CVD [11,44]. According to the American Heart 
Association, persons are at low risk of developing CVD 
if their CRP level is lower than 1.0 mg/L, at intermediate 
risk with levels of 1 - 3 mg/L, and at higher relative risk 
with levels > 3 mg/L [45]. 

The data showing that rising n-3 levels were signifi-
cantly associated with reduced CRP in this study are 
consistent with other studies reporting that n-3 PUFAs 
have anti-inflammatory actions. For example, a recent 
study by Ferrucci et al. [46] evaluated the relationships 
of plasma PUFA concentrations to circulating inflamma- 
tory markers in 1123 persons (aged 29 - 92 yrs.). They 
reported that PUFAs, and especially total n-3, were in- 
dependently associated with lower levels of pro-in- 
flammatory markers (CRP, IL-6, IL-1ra, and TNFα) and 
higher levels of anti-inflammatory markers (soluble IL-6r, 
IL-10, and TGFβ) independent of confounders. Though a 
systematic review by Balk et al. [47] reported mixed 
effects of n-3 PUFAs on serum markers of CVD risk, the 
present study findings are more in agreement with the 
many studies reporting an inverse relationship between 
the intake of n-3 and biomarkers of inflammation in 
healthy subjects and other human trials [48-52]. Collec- 
tively, these studies support the significant benefits of 
increasing low n-3 PUFA levels to help balance the 
n-6:n-3 ratio, and our results indicate that it is possible to 
achieve this goal efficiently with four weeks of n-3 EPA 
and DHA oral supplements in a young adult sample, and 
that this was associated with reduced CRP. 

The optimal n-3 supplemental dose to achieve a rela- 
tively balanced plasma n-6:n-3 ratio and suppress sys- 
temic inflammation likely involves multifactorial con- 
siderations; however, in other studies with chronic dis- 
ease populations, the dampening effects on inflammatory 
markers have been reported when individuals consume  

n-3 supplements containing EPA and DHA of at least 2 
g/d [17,53,54]. The FDA has evaluated the safety of EPA 
and DHA and concluded that a daily intake of EPA + 
DHA of up to 3.0 g/d is acceptable for the general public 
[23]. Serious side effects with larger daily doses of EPA/ 
DHA supplementation have not been reported [53], but 
retrosternal burning, diarrhea, and an aversion to the 
odor and taste are sometimes described. Even with the 
concomitant consumption of aspirin or warfarin for anti- 
thrombotic therapy, EPA + DHA supplementation has not 
been associated with increased bleeding trends [54]. 
Therefore, a therapeutic dose of up to 3 g/d of EPA and 
DHA can be recommended and taken economically in 
various forms to achieve anti-inflammatory effects. 

A limitation of this study is the small number of par- 
ticipants (n = 18) who were recruited from one area of 
the United States, which means the observed correlations 
between plasma PUFA concentrations and CRP may not 
generalize to other geographic locations. This is an ob- 
servational study that cannot suggest true causality be- 
tween EPA + DHA supplementation and CRP; however, 
the findings are useful for generating hypotheses to be 
tested in future clinical studies focusing on the young 
adult population. Though the mean CRP level for the 
young adults in the current study was <1.0 mg/L, even 
minor elevations have been associated with modifiable 
cardiovascular risk factors, such as obesity, metabolic 
syndrome, and tobacco use [55]. In addition, the fact that 
our population sample was primarily White should be 
considered when examining CRP levels because some 
studies have reported that CRP levels vary modestly by 
race/ethnicity [56]. For example, data from the Dallas 
Heart Study showed that Black men had higher median 
CRP levels than White men [56]. Thus, the mean CRP 
values in the current study may have been higher if our 
population sample had been more racially diverse. An- 
other limitation is that CRP concentrations were only 
evaluated after the supplementation/placebo interval. 

5. CONCLUSION 

To our knowledge, this is one of the first projects to 
examine the relationship between plasma PUFA concen- 
trations and the inflammatory marker CRP exclusively in 
healthy young adults in the Midwest United States. The 
principal findings of this study are that total plasma n-3 
PUFAs were inversely correlated with CRP, and that EPA 
+ DHA oral supplementation for four weeks was posi- 
tively correlated with higher plasma concentrations of 
total n-3 PUFAs, EPA, and DHA, and lower n-6:n-3 ra- 
tios. Findings from this study support previous findings 
that there are health benefits to increasing n-3 EPA + 
DHA consumption, either through foods or supplements. 
Our results indicate that it is possible to achieve this goal 
efficiently with four weeks of n-3 EPA and DHA oral 
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supplements in a young adult sample, and that this is 
associated with reduced CRP. Additional studies are needed 
to test this intervention in larger samples of young adults 
in diverse locations. Recommending EPA + DHA sup- 
plementation for some young adults may be a successful 
strategy for helping prevent some of the major chronic 
diseases in later life that are associated with excessive, 
protracted inflammation, such as CVD. 
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