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Abstract

Dietary (n-3) PUFA reduce inflammation, an independent risk factor for cardiovascular disease. The antiinflammatory

effects of docosahexaenoic acid (DHA) in hypertriglyceridemic men have not been previously reported, to our knowledge,

and were the focus of this study. Hypertriglyceridemic men (n¼ 17 per group) aged 39–66 y, participated in a double-blind,

randomized, placebo-controlled parallel study. They received no supplements for the first 8 d and then received either

7.5 g/d DHA oil (3 g DHA/d) or olive oil (placebo) for the last 90 d. Blood samples were collected from fasting men on study

days 27, 0, 45, 84, and 91. DHA supplementation for 45 and 91 d decreased the number of circulating neutrophils by 11.7

and 10.5%, respectively (P , 0.05). It did not alter the circulating concentrations of other inflammatory markers tested

within 45 d, but at 91 d it reduced (P , 0.05) concentrations of C-reactive protein (CRP) by 15%, interleukin-6 by 23%, and

granulocyte monocyte-colony stimulating factor by 21% and DHA increased the concentration of antiinflammatory matrix

metalloproteinase-2 by 7%. The number of circulating neutrophils was positively associated with the weight percent

(wt %) of 20:4(n-6) in RBC lipids, and negatively to the wt % of 20:5(n-3) and 22:6(n-3). Concentrations of CRP and serum

amyloid A were positively associated with the sum of SFA and negatively with the wt % of 18:1(n-9) and 17:0 in RBC lipids;

CRP was also positively associated with the wt % of 20:2(n-6). The mean size of VLDL particles was positively associated

with plasma concentrations of neutrophils and CRP. In conclusion, DHA may lessen the inflammatory response by altering

blood lipids and their fatty acid composition. J. Nutr. 139: 495–501, 2009.

Introduction

Cardiovascular disease (CVD)9 and stroke are the leading causes
of death in the United States, accounting for 38% of all deaths
(1). Inflammatory processes are important contributors to the
development of atherogenesis as well as to the vulnerability of
atherosclerotic lesions to rupture. The most extensively studied
biomarker of inflammation in CVD is C-reactive protein (CRP)
(2). Among apparently healthy men, the baseline level of in-
flammation, as assessed by the serum CRP, predicts long-term

risk of a first myocardial infarction, ischemic stroke, peripheral
vascular disease, and all-cause mortality (3). The association
between CRP and CVD persists after adjustments for age,
smoking, lipid levels, blood pressure, and diabetes (4–7). A
meta-analysis of 22 published studies reported that the odds
ratio for patients in the top one-third compared with the bottom
one-third of serum CRP levels was 1.58 (8). Thus, CRP is an
important factor that determines the risk for CVD and stroke.

In addition to CRP, an increase in the concentrations of other
inflammatory markers, including the number of white blood
cells (WBC), particularly neutrophils, serum amyloid A (SAA),
nitric oxide (NO), inflammatory cytokines [interleukin (IL)-1b,
IL-6, IL-8, tumor necrosis factor-a (TNFa)], and adhesion
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molecules [intercellular adhesion molecule-1 (ICAM-1), vascu-
lar cell adhesion molecule-1 (VCAM-1), and E-Selectin] also
appear to contribute to the development of atherosclerotic
disease (9). Other proteins such as matrix metalloproteinase-2
(MMP-2), IL-10, and transforming growth factor-b have anti-
inflammatory properties that may attenuate the adverse effects
of inflammatory factors (10–13).

We have previously reported that supplementing the diets of
healthy men with docosahexaenoic acid [DHA; 22:6(n-3)] sig-
nificantly reduced the number of circulating WBC, which was
primarily due to the reduction in the number of circulating
neutrophils (14). Conversely, supplementing diets with arachi-
donic acid [AA; 20:4(n-6)] significantly increased the number of
circulating neutrophils (15). The mechanisms by which DHA and
AA altered the number of circulating neutrophils are not under-
stood. In this study, we attempted to understand the role of DHA.

An increase in the consumption of fish, marine oils, purified
eicosapentaenoic acid [EPA; 20:5(n-3)] or DHA decreased the
concentrations of inflammatory markers in some but not all
studies. In particular, results from a number of epidemiological
studies showed an inverse association between serum CRP
concentrations and fish consumption (16–21). In another study,
CRP concentration was negatively associated with the granulo-
cyte DHA concentration (22). Supplementing human diets with
DHA or DHA 1 EPA did not alter the serum concentration of
CRP in many studies (23–29) but reduced it in others (30–32).
Similar inconsistencies have been reported regarding the effects
of dietary (n-3) PUFA on the concentrations of other inflamma-
tory markers (33).

Differences in the amount and duration of the fish oils used,
the ratio between EPA and DHA, the composition of basal diet,
the inflammatory status of study participants, and the sensitivity
of the assay methods used may have caused differences between
the results from previous studies with (n-3) PUFA and inflam-
mation. We recently reported the effects of DHA (in the absence
of EPA) supplementation on fasting and postprandial lipids in
hypertriglyceridemic men (34,35). This study was conducted
with hypertriglyceridemic men, because they have been shown
to have increased inflammation and are at increased risk for
CVD (36). Furthermore, we controlled the diet, amount, and
duration of supplementation with DHA or placebo and used
highly sensitive methods to determine the concentrations of
inflammatory markers. Here, we report the effects of DHA
supplementation on circulating markers of inflammation (num-
bers of WBC and concentrations of CRP, SAA, MMP-2, NO,
and cytokines) from the same study. We hypothesized that: 1)
DHA supplementation will increase the (n-3):(n-6) PUFA ratio
of RBC lipids and that will be negatively associated with the
number of circulating neutrophils and the concentration of CRP;
and 2) the reduction in circulating neutrophils will be related to
the diminished concentration of granulocyte colony stimulating
factor (G-CSF) and granulocyte monocyte-colony stimulating
factor (GM-CSF) that regulate the growth and differentiation of
these cells. In addition, we determined the associations among the
plasma concentrations of inflammatory markers and plasma lipids
and lipoproteins, as well as between inflammatory markers and
RBC fatty acids.

Subjects and Methods

Participants. Details regarding the study design and participants have
been previously published (34,35). Moderately hyperlipidemic but

otherwise healthy men (39–66 y) participated in this study. Potential

participants regularly taking antiinflammatory medications, including

steroids, as well as those taking antihypertensives, non-sulfonyl urea

medications for diabetes mellitus, or drugs that alter serum triacylglyc-

erols and HDL cholesterol (HDL-C) levels (i.e. fibrates and niacin) were
excluded. Also excluded were consumers of illegal substances, .5 drinks

of alcohol per week, more than one fish meal per week, and those taking

supplements of fish oil, flaxseed oil, or vitamin C or E. One drink of

alcohol was considered to be 142 mL of standard wine, 340 mL of beer,
35 mL of 80-proof liquor, or 10 mL of pure alcohol. Clinical chemistry

and hematology panels for all qualified participants were in the normal

ranges with the exception of blood lipids. All selected participants had

serum CRP concentrations of 1–10 mg/L; fasting serum triglyceride
concentrations of 150–400 mg/dL (1.70–4.53 mmol/L), total choles-

terol , 300 mg/dL (7.78 mmol/L), LDL cholesterol (LDL-C) , 220

mg/dL (5.69 mmol/L), and BMI between 22 and 35 kg/m2. Seventeen
participants in each group completed the study.

Study design. The study protocol was approved by the Institutional

Review Boards of the University of California Davis and the Veterans

Administration Medical Center, Mather, CA. It is listed in the government
Clinical Trials by the identifier NCT00728338 (37). The experimental

design was a double-blind, placebo-controlled parallel study with 2

metabolic periods: baseline (first 8 d) and intervention (last 90 d). During
the intervention period, participants supplemented their diets with

either placebo or DHA capsules. The DHA group received 7.5 g/d DHA

oil (DHA 3.0 g/d and no EPA) that is produced in the microalga

Crypthecodinium cohinii (Martek Biosciences). The placebo group
received 7.5 g/d of olive oil. The dose and sources of DHA and placebo oils

were based on published reports and on our previous DHA study (38).

Participants were instructed not to change their usual diets and activity

levels throughout the study. Usual dietary intakes were estimated by 3
unannounced 24-h dietary recalls obtained by telephone using a multi-

pass interview method during each of the metabolic periods. One of

the recalls was on a weekend day and the other 2 were on weekdays.
Dietary intake data were collected and analyzed using the Nutrition Data

System for Research software (version 2005, developed by the Nutrition

Coordinating Center, University of Minnesota, Minneapolis, MN).

To provide uniformity in the composition of diets between the
subjects and blood draw days, the metabolic kitchen provided all 3 meals

on the day before each blood draw. The energy intake was adjusted for

body height, body weight, age, and the estimated physical activity of the

participants using the Mifflin-St. Jeor equation and appropriate activity
factors (39). The test diet that was weighed and served on the day before

each blood draw (pretest diet) did not differ in composition or total

energy intake between the 2 groups (not shown). For these days, mean
energy intake for the 2 groups was 10,450 6 240 kJ; mean intakes for

fat, carbohydrates, and proteins were 82, 340, and 100 g/d, respectively.

SFA, monounsaturated fatty acids (MUFA), and PUFA provided 11.1,

10.1, and 8.8% of total energy, respectively.
Blood samples were drawn on study d 27 and 0 (baseline), d 45

(middle intervention), and d 84 and 91 (end intervention) following a

12-h fast. Plasma, sera, and RBC were prepared and stored as previously

reported (34,35). Concentrations of WBC, CRP, SAA, MMP-2, and NO
were determined on d 27, 0, 45, 84, and 91 and those of G-CSF, GM-

CSF, IL-6, and a number of other cytokines were determined only on

study d 0 and 91. For the variables tested on all blood draw days,

baseline represents the mean of study d 27 and 0, middle intervention
represents study d 45, and end intervention represents the mean of study

d 84 and 91.

WBC count and RBC fatty acid analysis. For each blood draw, a

complete and differential cell count was performed using a Cell Dyn 3200

Hematology analyzer (Abbott Laboratories). Details regarding lipid

extraction and fatty acid analysis have been previously published (34).

Inflammatory markers. Plasma concentrations of E-Selectin, ICAM-1,

VCAM-1, IL-1b, IL-2, IL-6, IL-8, and IL-10, TNFa, TNF-R1 and R2,

IL-6 soluble receptor, G-CSF, and GM-CSF were determined using the
Bioplex Suspension Array system (Bio-Rad Laboratories) and the reagent

beads (Biosource International) following the manufacturer’s instruc-

tions. Concentrations of serum CRP were measured by a high-sensitivity
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chemiluminescent assay (Immulite, Siemens Medical Solutions Diagnos-

tics). Concentrations of plasma MMP-2 and serum SAA were analyzed
by ELISA assays (R&D Systems; Biological). The plasma concentration

of NO was assessed by determining its oxidation products nitrite and

nitrate using the Total Nitric Oxide colorimetric assay kit (R&D

Systems).

Statistical analysis. SAS version 9.1.3 (40) was used for statistical

analysis. The SAS proc mixed was used to fit repeated measures, mixed
model with a first-order autoregressive covariance structure among the

repeated measures (41). Diet, time, and the interaction are the fixed

effects and subjects within diets are the random effect. Single degree of

freedom contrasts were used to compare the baseline with the middle
and end intervention means, and the middle with the end means within

diets using 1-tailed tests; P-values were Bonferroni corrected for multiple

comparisons. Results shown are the mean 6 SEM. P , 0.05 (P , 0.016

after Bonferroni correction) was considered significant. Associations
between plasma concentrations of inflammatory markers and those of

plasma lipids and lipoproteins and RBC fatty acids were determined

using data from both study groups to calculate the Kendall’s R.

Results

Circulating WBC. DHA supplementation decreased the number
of circulating WBC by 7.2 and 6.4%, respectively, at the middle
and end of the intervention compared with the start of the study
(P , 0.05; Table 1). The decrease in WBC in the DHA group was
primarily due to a decrease in the number of neutrophils, which
were reduced by 11.7% at the middle of the intervention and
by 10.5% at the end (P , 0.05). The number of circulating
lymphocytes, monocytes, eosinophils, and basophils was not
altered by DHA supplementation. In the placebo group, concen-
trations of all cell types remained constant throughout the study.

Circulating CRP, MMP-2, SAA, and NO concentrations.

DHA supplementation for 45 d (middle intervention) did not
significantly alter circulating concentrations of all 4 markers
compared with their concentrations before the start of DHA
supplementation (baseline). At the end of the intervention (mean
d 84 and 91), there was a significant 15% reduction in the
concentration of serum CRP and a significant 7% increase in the
concentration of plasma MMP-2 when compared with their con-
centrations at baseline (Fig. 1). DHA supplementation for 91 d

TABLE 1 DHA supplementation decreases the number of
circulating neutrophils in hypertriglyceridemic men1

Intervention

Cell type2 Treatment Baseline Middle End

n x 1029

WBC DHA 5.66 6 0.33a 5.25 6 0.23b 5.30 6 0.30b

Placebo 6.64 6 0.39 6.73 6 0.48 6.49 6 0.48

Neutrophils DHA 3.23 6 0.20a 2.85 6 0.17b 2.89 6 0.19b

Placebo 3.87 6 0.30 3.97 6 0.37 3.72 6 0.28

Lymphocytes DHA 1.67 6 0.12 1.63 6 0.11 1.68 6 0.12

Placebo 1.93 6 0.11 1.91 6 0.12 1.92 6 0.12

Monocytes DHA 0.50 6 0.04 0.51 6 0.04 0.48 6 0.04

Placebo 0.58 6 0.04 0.59 6 0.04 0.59 6 0.04

Eosinophils DHA 0.19 6 0.03 0.19 6 0.02 0.18 6 0.03

Placebo 0.19 6 0.03 0.19 6 0.03 0.20 6 0.03

Basophils DHA 0.07 6 0.01 0.07 6 0.01 0.07 6 0.01

Placebo 0.07 6 0.00 0.07 6 0.01 0.07 6 0.00

1 Data are means 6 SEM, n ¼ 17. Baseline represents the mean from study d 27 and

0, middle intervention represents study d 45, and end intervention represents mean of

study d 84 and 91. Labeled DHA means without a common letter differ; P , 0.01.

FIGURE 1 Effects of DHA supplementation on

circulating concentrations of CRP (A), MMP-2 (B), NO

(C), and SAA (D) in hypertriglyceridemic men. Base-

line represents the mean from study d 27 and 0,

middle intervention represents study d 45, and end

intervention represents the mean from study d 84

and 91. Data are means 6 SEM, n ¼ 17. Means

without a common letter differ, P , 0.05.
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did not alter serum concentrations of SAA and plasma NO.
Concentrations of these markers did not change in the placebo
group during the study.

Inflammatory cytokines and adhesion molecules. DHA sup-
plementation for 91 d decreased the concentrations of GM-CSF
and IL-6 by ;20% and tended to decrease that of G-CSF (P ¼
0.18); concentrations of these markers did not change in the
placebo group (Fig. 2). Plasma concentrations of other cytokines
(IL-1b, IL-2, IL-8, IL-10, and TNFa) and adhesion molecules
(ICAM-1, VCAM-1, and E-Selectin) in both the DHA and placebo
groups did not change (not shown).

Associations between markers of inflammation, RBC fatty

acids, and plasma lipids and lipoproteins. Kendall’s R
indicating positive and negative associations between concen-
trations of inflammatory markers and RBC fatty acid compo-
sition and plasma concentrations of lipids and lipoproteins are
shown (Tables 2 and 3). Both WBC and neutrophils showed
strong positive associations with the concentrations of large
VLDL and the mean size of VLDL particles; both also had sig-
nificant negative associations with the concentrations of medium
and small VLDL particles and the size of HDL particles (Table
3). Neutrophils displayed a significant positive association with
the weight percent (wt %) of 20:4(n-6) in RBC lipids and neg-
ative associations with the wt % of 20:5(n-3) and 22:6(n-3),
total (n-3) PUFA, the EPA:AA ratio, and the (n-3):(n-6) PUFA
ratio in RBC lipids (Table 2).

The serum CRP concentration was positively associated with
the wt % concentration of 20:2(n-6) and total SFA in RBC,
plasma concentrations of nonesterified fatty acids (NEFA), large
and medium VLDL particles, and the mean size of VLDL par-
ticles (Tables 2 and 3). Serum CRP was negatively associated
with the wt % of 18:1(n-9), 17:0, the sum of MUFA, and the
plasma concentrations of HDL-C and apolipoprotein (apo) CIII.
Serum SAA exhibited associations similar to those noted for
CRP; however, it had additional negative associations with RBC
20:3(n-9) and the plasma HDL:apo A ratio and positive as-
sociations with plasma concentrations of small HDL-C, apo B,
and lipoprotein (a).

Because the plasma concentration of MMP-2 increased and
that of CRP decreased following supplementation with DHA,
they showed opposing associations with some of the fatty acids
and lipids (total SFA, large VLDL, and mean size of VLDL).
However, both were negatively associated with apo C III.
Furthermore, MMP-2 was positively associated with the wt %
of 20:3(n-6) in RBC lipids. The plasma concentrations of NO
demonstrated an unusual response to changes in fatty acids and
lipids. It was negatively associated with the wt % of several fatty
acids [17:0, 18:0, 20:0, 22:0, 24:0, 20:1(n-9), 24:1(n-9), and
20:2(n-6)] in RBC lipids, and plasma concentrations of total-
and LDL-C. It had a significant positive association with the
concentration of medium-sized VLDL particles.

Discussion

In this study of hypertriglyceridemic men, we showed that DHA,
in the absence of EPA, significantly reduced the number of
circulating neutrophils and serum CRP and GM-CSF and in-
creased the concentration of MMP-2. The maximum effect of
DHA on the number of circulating granulocytes was attained
within 45 d, whereas significant effects on serum CRP and
MMP-2 were found at 91 d. DHA supplementation also tended
to reduce the G-CSF concentration (P ¼ 0.18). These data

suggest that reduction in the number of circulating neutrophils
may be due to the decreased concentrations of GM-CSF and
G-CSF. Plasma concentrations of triglycerides, VLDL, size of
VLDL, and the wt % of 20:4(n-6) in RBC lipids were the best
positive predictors of neutrophil numbers and the wt % of (n-3)
PUFA in RBC lipids was the best negative predictor for the
number of circulating neutrophils (Tables 2 and 3). Reduction in
the number of circulating neutrophils after DHA supplementa-
tion in this study is consistent with results from our previous
DHA study (14). The reduction in circulating neutrophils in our
current study was approximately one-half of that found in the
earlier study (21%). The amount of DHA used in our previous
study was twice that of the amount used in this study. Thus, the

FIGURE 2 Effects of DHA supplementation on plasma concentra-

tions of G-CSF (A), GM-CSF (B), and IL-6 (C) in hypertriglyceridemic

men. Data are means 6 SEM, n ¼ 17, except IL-6, n ¼ 11 for the DHA

group. Means without a common letter differ, P , 0.05.
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reduction in the number of circulating neutrophils seems to be a
function of the amount of DHA used. A positive association
between the number of circulating neutrophils with the wt % of
20:4(n-6) in RBC is consistent with our earlier results in which
we reported that AA supplementation increased the number of
circulating neutrophils in healthy men (15).

Although the sum of (n-3) PUFA in RBC was negatively
associated with the circulating number of neutrophils, the best
negative associations for CRP and SAA were with wt %
concentrations of 18:1(n-9) and a minor SFA (17:0) in RBC
lipids. Individually, wt % of none of the RBC SFA had a positive
association with plasma CRP and SAA concentrations, but the

TABLE 2 Significant Kendall’s R between markers of inflammation and RBC fatty acids in
hypertriglyceridemic men taking DHA supplements1

Variable WBC Neutrophils CRP SAA MMP-2 NO

R (P-value)

17:0 20.20 (0.022) 20.26 (0.005) 20.21 (0.015)

18:0 20.21 (0.018)

18:1(n-9) 20.33 (0.0001) 20.34 (0.0002)

18:2(n-6) 20.18 (0.05)

20:0 20.19 (0.04)

20:1(n-9) 20.18 (0.04)

20:2(n-6) 0.21 (0.02) 20.22 (0.01)

20:3(n-9) 20.24 (0.02)

20:3(n-6) 0.21 (0.01)

20:4(n-6) 0.19 (0.03)

20:5(n-3) 20.19 (0.03)

22:0 20.23 (0.009)

22:6(n-3) 20.19 (0.03)

24:0 20.22 (0.01)

24:1(n-9) 20.23 (0.01)

Total SFA 0.18 (0.03) 0.31 (0.0008) 20.18 (0.04)

Total MUFA 20.28 (0.002) 20.32 (0.0005)

Total (n-6) PUFA

Total (n-3) PUFA 20.22 (0.01)

EPA:AA ratio 20.21 (0.02)

(n-3):(n-6) PUFA ratio 20.20 (0.02)

1 R were calculated between inflammatory markers and RBC fatty acid composition using 3 values (study d 0, 45, and 91) from each

participant, n ¼ 17.

TABLE 3 Significant Kendall’s R between markers of inflammation and plasma lipids and lipoproteins in hypertriglyceridemic
men taking DHA supplements1

Variable WBC Neutrophils CRP SAA MMP-2 NO

R (P-value)

Triglycerides, mmol/L 20.015 (0.05)

Total-C, mmol/L 20.14 (0.008)

HDL-C, mmol/L 20.14 (0.01)

LDL-C, mmol/L 20.17 (0.001)

NEFA, mmol/L 0.16 (0.002)

Apo B, mmol/L 0.14 (0.009) 20.12 (0.02)

Apo CIII, mmol/L 20.12 (0.02) 20.17 (0.001)

Lp (a), mmol/L 0.12 (0.02) 20.22 (0.01)

Total-C:HDL-C ratio 20.17 (0.001)

LDL-C:HDL-C ratio 20.19 (0.0003)

Triglyceride:HDL-C ratio 0.19 (0.03)

LDL-C:Apo B ratio 20.14 (0.01) 20.14 (0.008) 20.18 (0.0004)

HDL:Apo A ratio 20.11 (0.05) 20.14 (0.007) 20.13 (0.02)

Large VLDL, nmol/L 0.26 (,0.0001) 0.29 (,0.0001) 0.14 (0.007) 20.17 (0.0009)

Medium VLDL, nmol/L 20.15 (0.004) 20.15 (0.005) 0.25 (,0.0001) 0.11 (0.03)

Small VLDL, nmol/L 20.15 (0.004) 20.16 (0.002) 0.12 (0.02)

Small LDL, nmol/L 0.12 (0.02) 20.15 (0.004)

Small HDL, nmol/L 0.24 (,0.0001)

Size VLDL, nm 0.32 (,0.0001) 0.33 (,0.0001) 0.18 (0.0007) 20.15 (0.003)

Size HDL, nm 20.15 (0.008) 20.15 (0.007)

1 R were calculated between inflammatory markers and plasma lipids and lipoproteins using 5 values (study d 27, 0, 45, 84, and 91) from each participant, n ¼ 17.
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sum of all SFA had strong positive associations for these 2 mark-
ers (Table 2). The lack of a significant effect of individual SFA
may be because of their weak effects individually, but collec-
tively, this effect became significant. It is unclear why 17:0 acted
differently than the rest of SFA. CRP concentrations were also
positively associated with plasma concentrations of NEFA, large
and medium VLDL, and the mean size of VLDL particles. DHA
supplementation significantly increased wt % of both EPA and
DHA in RBC lipids and did not change the wt % of 18:1(n-9)
(34). The lack of a negative association between RBC (n-3)
PUFA and serum CRP and SAA may be because SAA concen-
tration did not change and the reduction in CRP was modest
after DHA supplementation. Higher amount or longer duration
of DHA supplementation and an increased number of study
participants may reveal a negative association between RBC
DHA and serum CRP.

Our results showing a decrease in serum CRP following DHA
supplementation are at variance with results from several other
studies that reported no effects of (n-3) PUFA on serum CRP
(23–29). In our study, we used DHA 3 g/d. This amount did not
alter CRP within 45 d of supplementation but decreased it
significantly by 91 d (Fig. 1). Therefore, the discrepancy of
our results with those of other investigators may be due to a
shorter supplementation period of 6 wk or less (23,24,28) and
study subjects with low CRP and/or low intake of (n-3) PUFA
(26,27,29). Our results are consistent with those of previous
studies with fish or fish oils (19,30–32). One of these was an
epidemiological study in which CRP concentration was nega-
tively associated with (n-3) PUFA intake (19) and the other 3 were
intervention studies (30–32). One of the intervention studies
involved fish oil supplementation for 6 mo for patients with
rheumatoid arthritis (31), whereas the others involved supple-
mentation for only 5 (30) and 8 (32) wk. The amounts of (n-3)
PUFA in the 5-wk study was only 1.3 or 2.6 g/d, but this study was
conducted with women receiving hormone replacement therapy,
which may have increased the response to (n-3) PUFA. The 8-wk
intervention study had a much higher intake of (n-3) PUFA (14 g/d
sardine oil plus 180 g/wk oily fish). Furthermore, the basal diet in
this study was high in antiinflammatory fatty acids [30% PUFA
from walnuts, flaxseed, or canola oil high in (n-3) PUFA, 40%
from olive oil, and 30% from SFA]. The (n-3) PUFA provided only
0.7% of energy for the basal diet in our study. Our data suggest
that relatively elevated CRP and consumption of at least 3 g of
(n-3) PUFA daily for .6 wk may be needed to detect any effects of
(n-3) PUFA on CRP. Furthermore, the health status of the study
subjects and the fatty acid composition of the basal diet are
important in determining the effects of (n-3) PUFA.

Plasma concentrations of several other markers, including
cytokines (IL-b, IL-2, IL-8, IL-10, and TNFa), adhesion mol-
ecules (ICAM-1, VCAM-1, and E-Selectin), SAA, and NO did
not change in our study. Failure to detect effects of DHA on
these markers may be due to their low circulating concentrations
and low sensitivity of the assay methods used. Our results show-
ing a reduction in circulating IL-6 following DHA supplemen-
tation are consistent with those of 2 other recent studies that
found either a significant reduction or a trend toward reduction
in IL-6 concentration (30,32). Compared with the lack of effect
of DHA on plasma concentrations of IL-1b and TNFa in our
current study, DHA supplementation (6 g/d, 90 d) reduced the
lipopolysaccharide-stimulated production of both these cyto-
kines by 40–45% in our previous study (38). This inconsistency
may be due to the differences in the dose of DHA and its
effects on basal compared with stimulated levels of these
cytokines.

In contrast to the decline in the circulating concentrations
of inflammatory markers CRP and IL-6, concentration of the
antiinflammatory protein MMP-2 was significantly increased
with DHA supplementation. MMP-2 expression has been
reported to be upregulated in heart failure (42,43); however,
recent studies show that it attenuated inflammation in several
tissues (10–13). We believe this increase in MMP-2 caused by
DHA is due to an increased antiinflammatory response rather
than an increase associated with heart failure. Our results differ
from those of a study with dogs in which fish oil supplemen-
tation decreased MMP-2 expression in knee synovia (44). Future
studies are needed to understand the antiinflammatory role of
MMP-2 and regulation of its expression by (n-3) PUFA.

Overall, RBC concentrations of SFA and (n-6) PUFA, the
plasma concentration of large VLDL particles, and the mean size of
VLDL particles were positively associated with several markers of
inflammation; wt % concentrations of 18:1(n-9) and (n-3) PUFA in
RBC lipids were negatively associated with some of the markers of
inflammation reported here. These findings are generally consistent
with the proinflammatory effects of saturated and (n-6) PUFA and
the antiinflammatory effects of (n-3) PUFA and MUFA. However,
our findings of associations between markers of inflammation and
a minor fatty acid (17:0) and size of VLDL particles are novel and
need to be confirmed in future studies.

Our finding of a reduction in the concentration of CRP in
response to DHA supplementation is comparable to the 15–25%
reduction in CRP caused by statins (45,46) and may have clinical
relevance. Furthermore, we anticipate a larger reduction in CRP
with continued intake of DHA. Results from our DHA studies
reported here and previously (34,35) indicate that DHA sup-
plementation may improve cardiovascular health in several
ways. DHA decreases the concentrations of fasting and post-
prandial triglycerides, small dense LDL particles, remnant-like
chylomicron particles, and inflammatory markers and increases
the concentrations of large HDL and LDL particles, antiinflam-
matory markers, and the (n-3) index.
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