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Abstract

Background: Atherogenesisis acomplex processinvolving both alow-grade inflammation and a disturbed lipid profile. Although dietary
fish and fish oil improve the latter of these two risk factors, their impact on the former is less clear.

Objective: This study addressed the effect of supplementation with fish oil in doses achievable with diet on serum C-reactive protein
(CRP), interleukin-6 (IL-6), and the lipid profile.

Methods and results: Thirty healthy subjects taking HRT were randomly divided into three groups and supplemented for five weeks with
14g/day safflower oil (SO), 7g/day of both safflower oil and fish il (LFO), or 14g/day fish cil (HFO). Measurements included serum
high-sensitivity CRP, IL-6 in plasmaand in cell culture supernatant collected from 24-hr lipopolysaccharide (L PS)-stimul ated whol e blood,
and lipid profile markers. CRP and IL-6 were adjusted for body mass index (BMI). Fish oil supplementation significantly decreased CRP
and IL-6 compared to SO, with a greater effect in the LFO than HFO groups. Plasma triacylglycerol (TG) and the TG/HDL-C ratio were
significantly lower in the HFO compared to the SO group.

Conclusions: These results suggest that dietary fish oil may decrease the risk for cardiovascular disease through the modulation of both

plasma lipids and inflammatory markers in healthy postmenopausal women. © 2003 Elsevier Inc. All rights reserved.
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1. Introduction

Cardiovascular disease (CVD) is the leading cause of
death in the United States. The main factor leading to CVD
is atherosclerosis manifested at the coronary, cerebral, and
peripheral level of the arteria system. The mechanism is a
generalized cellular and humoral inflammatory response
that leads to the formation of the atheromatous plaque [1].
Key participants in this process are the proinflammatory
cytokines such as interleukin-1 (IL-1), tumor necrosis fac-
tor-a (TNF-«), IL-6, and acute phase reactants (APR) such
as CRP. The potential role of CRP asamarker of subclinical
atherosclerosis in identifying at-risk individuals has been
studied in healthy women, healthy men, and elderly [2-5].
Postmenopausal women are considered at-risk individuals
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because of the imbalanced production of estrogens that
renders them at risk for CVD [6]. HRT has been shown to
increase CRP concentrations compared to non-users, and
this effect is irrespective of the hormonal preparation [7].
Additional factors that may up-regulate CRP levels in
healthy individuals are age [8], body mass index (BMI) [9],
level of physical activity [10], smoking [11], alcohol con-
sumption [12], and the polymorphism of genes associated
with CRP production [13-15]. In addition to inflammation,
serum lipids have been shown to play an important role in
atherogenesis. After menopause changes in the lipid profile
consist in increased triacylglycerol (TG), low density li-
poprotein-cholesterol (LDL-C), and decreased high-density
lipoprotein-cholesterol (HDL-C) concentrations, and consti-
tute independent risk factors for CVD [6]. In postmeno-
pausal women, HDL-C/TG ratio has emerged as a better
predictor of myocardia infarction than the routinely used
TC/HDL-C and LDL-C/HDL-C ratios [16].

Coldwater fish are rich in long chain polyunsaturated
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fatty acids (PUFA) from the n-3 family, eicosapentaenoic
acid (EPA, 20:5-n3) and docosahexaenoic acid (DHA, 22:
6-n3). Consumption of fish or fish oil has been shown to
have anti-inflammatory properties [17] and to improve the
lipid profile as well [18, 19]. The intake of EPA and DHA
used in these studies has ranged from a combined total of
1g, an amount that can be achieved through the diet, to 6 g
and more, amounts that could not be obtained with foods.
Additiondly, only a limited number of studies have ad-
dressed the impact of dietary interventions with fish or fish
oil on modification of risk factors for CVD in hedlthy
postmenopausal women.

Consequently, the purpose of this study was to assess the
dose-dependent effect of fish oil supplementation in
amounts achievable by dietary modifications on CRP and
IL-6 as markers of inflammation and on the lipid profile in
postmenopausal women using HRT.

2. Methods and materials

Two hundred women were screened according to the
following criteriac healthy, postmenopausal, taking HRT,
non-smokers, not on special diets and willing to refrain from
taking any supplements except vitamin D and calcium, from
eating fish, and from taking medications that would inter-
fere with study measurements (e.g., corticosteroids, thyroid
hormones, and antihypertensive drugs). Postmenopausal
status was defined as natural or surgery-induced amenorrhea
for at least 12 months. Thirty women met the inclusion
criteriaand signed the informed consent. Subjectswho were
selected consumed approximately 30% kcal in their diet
from fat and were willing to maintain the usua dietary
habits for the duration of the study. Previous studies have
shown that postmenopausal women do not modify the ma-
cronutrient intake of their diet significantly over a 9-month
period [20]. Subjects were provided with scales (Ohaus
Compact Scales, NJ) to weigh their food, and instructed on
how to keep a 3-day diet record. The dietary information
was analyzed using Food Processor Plus (version 7.1;
ESHA, Salem, OR). A medica history was taken. Alcohol
consumption and level of physical activity were determined.
Weight, height, and blood pressure were measured, and
blood was drawn for lipid and biochemical analyses.

The study was a double-blinded, placebo-controlled sup-
plementation trial. The protocol was approved by the Insti-
tutional Review Board of The University of North Carolina
at Greensboro. Subjects were randomly assigned to one of
the three treatment groups, safflower oil (SO), low fish ail
(LFO), or high fish oil (HFO). They consumed 14 one-gram
capsules of an oil supplement daily for five weeks. The fatty
acid profile of the oils was measured by gas chromatogra-
phy, as reported below. Selected fatty acids provided by the
daily supplement of the three oils are shownin Table 1. The
amount of EPA and DHA can be obtained from approxi-
mately one and two servings, respectively, of Chinook

Table 1
Selected fatty acids provided by supplements of 14 g/d SO, 7g/d SO and
7g/d FO (LFO), or 14gf/fish oil (HFO)*

Fatty acid SO LFO HFO
C16:0 141 176 211
C18:0 0.26 0.32 0.38
3 SFAT 1.68 251 3.38
C18:1n-9 3.56 253 150
3 MUFA* 3.56 3.37 3.16
C18:2n-6 7.92 4.04 0.17
C18:3n-3 0.12 0.13 0.15
C20:5n-3 - 0.59 118
C22:6n-3 - 0.50 1.00
3 PUFAS 8.04 5.44 2.86
S n-6° 7.92 411 0.30
S n-3" 0.12 1.33 2.56

* Values are means = SE (g/d).

T3 SFA = C14:0 + C16:0 + C18:0 + C20:0 + C22:0 + C24:0.

*3 MUFA = Cl14:1n-5 + C16:1n-7 + C18:1n-7 + C18:1n-9 + C20:
1n-9 + C22:1n-9 + C22:1n-11.

$3 PUFA = C16:2n-4 + C16:4n-1 + C18:2n-6 + C18:3n-3 + C18:
4n-3 + C20:2n-6 + C20:3n-6 + C20:4n-6 + C20:5n-3 + C22:5n-3 +
C22:6n-3.

®3 n6 = C18:2n-6 + C20:2n-6 + C20:3n-6 + C20:4n-6.

13 n-3 = C18:3n-3 + C18:4n-3 + C20:5n-3 + C22:5n-3 + C22:6n3.

saimon per day [21]. The SO was aobtained in bulk from
Arista Industries (Darien, CT). The fish oil was kindly
provided in bulk by OmegaProtein (Houston, TX). The oils
were encapsulated by Banner Pharmacaps, Inc. (High Point,
NC). Vitamin E (courtesy of ADM Nutraceuticals, Decatur,
IL) was added to the oils so that the amount of «, 8, and
y-tocopherol in the supplements matched for the three treat-
ment groups. Tert-butylhydroquinone (TBHQ) (Eastman
Chemica Company, Kingsport, TN) content of the oils was
matched at 0.02%. The final vitamin E content of the oils
was analyzed by normal phase high-pressure liquid chro-
matography (HPLC) [22]. They contained 0.556 mg a-to-
copherol/g ail, 0.669 mg ~y-tocopherol/g oil, and 0.171 mg
6-tocopherol/g oil. Lipid peroxidation in samples of each
supplement was analyzed before and during the supplemen-
tation period. Neither the p-anisidine value nor the peroxide
value increased during these times [23, 24]. Compliance
was monitored by the changes in the plasma fatty acid
profile and by the return of the empty supplement contain-
ers. The retention of subjects in the study was 100%.

Venous blood was collected after an overnight fast of at
least 12 h at the beginning of the study and after five weeks.
The blood needed for plasma was collected in Na,EDTA
tubes (1.5 mg/mL plasma). Plasma and serum were sepa-
rated at 1200 X g for 15 min at 4°C. Samples were imme-
diately aliquoted and stored at —80°C or used within an
hour of sampling. Whole blood for IL-6 measurement was
collected on heparin, diluted (1:10) using RPMI 1640 me-
dium, and stimulated with lipopolysaccharide (LPS), (20
pg/mL) for 24 h. Supernatant was stored at —80°C for
subsequent analysis.

Plasma total cholesterol (TC) was determined enzymat-
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ically as previously described [25], adapted for the use of
microtiter plates. Triacylglycerol was measured using a
modification of the method of McGowan et al. [26]. HDL-C
was measured enzymatically after the precipitation of
LDL-C and VLDL-C with phosphotungstic acid and MgCl,,
[27]. LDL-C was quantified using the formula of Friede-
wald et a. [28]. Each of the assays was performed using the
appropriate Sigma Diagnostics kit (Sigma, St Louis, MO).
The fatty acid profile of the supplements and plasma was
analyzed by gas chromatography as previously described
[29]. Briefly, lipids were extracted with chloroform metha-
nol (vol 1:2) according to the method of Bligh and Dyer
[30], and fatty acids were methylated using boron trifluoride
in methanol. After methylation fatty acids methyl ester were
measured by gas chromatography using heptadecanoic acid
(Nu-Chek Prep, Elysian, MN) as an interna standard.

Serum CRP and plasma IL-6 were measured by a high
sensitivity ELISA (Diagnostic System Laboratories, Inc.,
TX; R&D Systems, MN). IL-6 was also measured in the
supernatant from L PS-stimulated whole blood using ELISA
(R&D Systems).

Data are reported as means + SE, unless stated other-
wise. To minimize the variability among the subjects, dif-
ference scores (difference between final and initial values)
[31] were calculated for each individual and appropriate
statistics done with this new variable. Checking for
ANOVA assumptions revealed that the distributions of se-
rum CRP and plasma IL-6 were skewed to the right. Con-
sequently, outliers were removed and data were logarithmi-
caly transformed [32, 33]. Using the box-plot method,
outliers were identified and then removed, five for CRP,
four for plasma IL-6, and one for the cell supernatant I1L-6
analyses. For serum CRP and plasma IL-6 log-transformed
data were used for all analyses [33]. Because BMI as an
estimate of body fat has a proven impact on CRP and IL-6
levels, determination of significant differences in the log-
transformed data was done by ANCOVA using BMI as a
covariate [34]. We aso adjusted supernatant IL-6 for BMI,
assuming that the fat mass reflected by BMI imprints a
specific cell phenotype that would be present ex vivo. Pear-
son correlation coefficient analysis was used to quantify
associations between measured parameters. Significance
was tested at the 0.05 level and the Tukey post hoc test was
performed to detect the source of significance. All statistical
analyses were performed with SPSS for Windows, v.10
(SPSS Inc). The effect size, representing the standardized
difference between two treatments, was assessed by Co-
hen's d test. A smal, medium, or large effect size was
considered for ad equal to 0.2, 0.5, or 0.8, respectively [35].

3. Results
The subjects were apparently healthy postmenopausal

women taking HRT. The duration of hormone replacement
therapy was at least a year at the time of study. Twenty

subjects were taking estro-progestins, eight subjects were
on unopposed estrogens, and two on a formula containing
estrogen and methyl-testosterone. The use of different hor-
monal formulas was homogeneous among groups. The
medical history excluded any infectious or inflammatory
episodes during the three weeks before the study started,
chronic inflammation, and cardiovascular pathology. Com-
pliance of the subjects was excellent as indicated by the
paucity of unused capsules that were returned and the in-
crease in the EPA and DHA content of the plasma (Fig 1.)
No significant differences were found among the three
groups with regard to the baseline characteristics presented
in Table 2. None of the participants was involved in intense
physical activities. Subjects were non-smokers and free of
unusua dietary habits. The dietary intake was calculated
based on the 3-day records kept during the study. No sig-
nificant differences were found among groups as shown in
Table 3. The average daily energy intake was 6888 = 1911
kJ, with 17 + 4% from proteins, 51 = 10% from carbohy-
drates, and 30 = 7% from fat. Of the intake of energy from
fat, 10 = 3% was from saturated fat (SFA), 9 = 3% from
monounsaturated fatty acids (MUFA), and 5 = 2% from
PUFA). The intake of a-tocopherol was 4.4 = 2.5 mg/day,
lower than the currently recommended value of 15 mg/day
[36]. The supplement added 7.8 mg o-tocopherol /day,
resulting in adaily average intake approximately 81% of the
recommended value. Alcohol consumption was not signif-
icantly different among groups at baseline and correlated
with baseline concentrations of plasma IL-6, but not with
serum CRP (data not shown).

There were no significant differencesin plasmafatty acid
concentration among the groups a baseline (data not
shown). After 5-week supplementation there was no signif-
icant difference among groups with regard to SFA (P =
0.49), or MUFA (P = 0.83), either as the sum of the
individual fatty acids (Fig. 1) or as individua fatty acids
(data not shown). Although there were no significant dif-
ferences among the concentration of the sum of the PUFA
(P = 0.67) or the sum of the n-6 PUFA (P = 0.17) (Fig. 1),
supplementation with fish oil led to a dose-dependent in-
crease in plasma concentration of EPA and DHA (P =
0.000). The concentration of EPA increased approximately
380% in the LFO compared to the SO group (P = 0.003),
1000% in the HFO compared to the SO group (P = 0.000),
and 145% in the HFO compared to the LFO group (P =
0.000). DHA increased 98% in the LFO compared to the SO
group (P = 0.002), 176% in the HFO compared to the SO
group (P = 0.000), and 40% in the HFO compared to the
LFO group (P = 0.016). After 5-week supplementation
there was no significant difference among groups with re-
gard to arachidonic acid, (P = 0.23) (Fig. 1).

The initial and the difference score of plasma TC,
HDL-C, LDL-C, TC/HDL-C, and LDL-C/HDL-C did not
differ significantly among the three groups (Table 4). How-
ever, the difference score of plasma TG and the TG/HDL-C
ratio were significantly lower (P = 0.011 and P = 0.007,
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Fig. 1. Selected plasma fatty acids in postmenopausa women after 5-wk supplementation with SO, LFO, or HFO.

Values are means = SE (mmol/L).
3 SFA = C14:0 + C16:.0 + C18:0 + C20:0 + C22:0 + C24:0.

3 MUFA = Cl14:1n-5 + C16:1n-7 +C18:1n-7 + C18:1n-9 + C20:1n-9 + C22:1n-9 + C22:1n-11.
3, PUFA = C16:2n-4 + C16:4n-1 + C18:2n-6 + C18:3n-3 + C18:3n-6 + C18:4n-3 + C20:2n-6 + C20:3n-6 + C20:4n-6 + C20:5n-3 + C22:5n-3

+ C22:6n-3.
3 n-6 = C18:2n-6 + C20:2n-6 + C20:3n-6 + C20:4n-6.
AA = arachidonic acid
P-value < 0.05:  vs SO, "vs LFO.

respectively) in the HFO compared to the SO group. There
were no significant differences in these values between the
SO and the LFO groups (P = 0.43 and P = 0.30, respec-
tively) or between the LFO- and the HFO-supplemented
groups (P = 0.14 and 0.15, respectively).

CRP serum concentrations, both untransformed data and
log-transformed data adjusted for BMI, are presented in
Table 5. When using the log-transformed data adjusted for
BMI, highly significant differences were observed among
the groups at baseline (P = 0.000), after the 5-week sup-
plementation (P = 0.004), and for the difference score (P =

Table 2

Baseline characteristics of the subjects

Characteristics SO LFO HFO
N 10 10 10
Age 60 + 6 60+ 7 60+ 3
BMI (kg/m?) 23+ 3 15+3 26+ 3
SBP (mmHg) 128+ 2 131+1 1361
DBP (mmHg) 9+1 73+ 4 85+ 8
Total cholesterol (mmol/L) 59+08 55+08 57x07
LDL-cholesterol (mmol/L) 35+08 3*+06 33+06
HDL -cholesterol (mmol/L) 18+ 05 19+05 1.7+=03
Triacylglycerol (mmol/L) 13+0.6 12+06 16+03

Values are means = SD. Conversion factors used to transform choles-
terol and triacylglycerol from mmol/L to mg/dL are 38.6 and 88.5, respec-
tively.

BMI-body mass index, SBP-systolic blood pressure, DBP-diastolic
blood pressure.

0.000). For the initial values, the post-hoc analysis showed
significant differences between the HFO and SO groups (P
= 0.000) and between the HFO and LFO groups (P =
0.002), but not between LFO and SO groups (P = 0.34).
After the 5-week supplementation CRP concentrations in
serum were significantly lower in the LFO group compared
to the SO group (P = 0.01) or to the HFO group (P =
0.006). There was no significant difference between SO and
HFO groups (P = 0.9). However, when the difference
scores were compared, the decrease in CRP concentration
was significantly greater in the LFO and HFO groups com-
pared to the SO group (P = 0.000 and 0.004, respectively)
and the LFO compared to HFO groups (P = 0.015). CRP
serum concentrations were also compared using log-trans-
formed data not adjusted for BMI (data not shown). A

Table 3
The average daily intake
SO LFO HFO
Energy (kJ) 6755+ 788 7008 + 2728 6905 + 1911
Protein (% energy) 175 16 =3 16+4
Carbohydrate (% energy) 54+8 53 +13 49 + 10
Fat (% energy) 30+8 30+9 31+7
SFA 10+ 3 10+ 3 11+3
MUFA 8+3 9+3 9+ 2
PUFA 5+3 5*2 4x2
Cholesterol (mmol/L) 7+3 5+2 6=*+3

Values are means = SD. Conversion factors used to transform choles-
terol from mmol/L to mg/dL are 38.6.
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Table 4
Baseline values () and the difference score (F-1) in the plasma lipid profile of postmenopausal women after 5-wk supplementation with SO, LFO, and
HFO*
SO LFO HFO
n=10 n=10 n =10
| = F-I | |
TC (mmol/L) 556 + 0.24 0.04 = 0.14 5.36 £ 0.21 0.01 £0.18 5.81 £ 0.27 —0.15* 0.13
LDL-C (mmol/L) 343+ 0.30 -0.20 £ 0.22 297 = 0.19 -0.11 £ 0.17 348 = 0.22 -0.11 £ 0.10
HDL-C (mmol/L) 1.74 = 0.08 0.01 = 0.06 1.76 = 0.15 0.11 + 0.06 164+ 011 0.14 = 0.06
TG (mmol/L)® 0.95*0.11 0.20 = 0.09 111+0.21 —0.04 £ 0.09 152 + 0.16 —0.40 = 0.16"
TC/HDL-C*® 37x0.7 -03+04 3204 —-03*0.2 3702 -04+01
LDL-C/HDL-C 24+ 07 —0.48 = 0.50 1.8+03 —0.11+ 0.16 22+02 -03=x01
TG-HDL-C 0.54 = 0.06 0.13 £ 0.07 0.71 £ 0.17 —0.08 £ 0.05 0.99 = 0.13 -0.34+0.12"

* Data are reported as mean += SE.

® TG and TG/HDL-C are calculated in the plasma from 26 subjects (SO = 8, LFO = 8, HFO = 10).
Significant differences among groups are depicted by vs T SO (TG:P = 0.05, TG/HDL-C: P < 0.01).

significant difference was observed among groups (P =
0.03) when difference scores were compared. The subse-
guent post-hoc analysis detected a significant difference
between the SO and LFO groups (P = 0.023), but not
between the SO and HFO groups (P = 0.29) or the LFO and
HFO groups (P = 0.41).

Concentrations of IL-6 in plasma and in the supernatant
of LPS-stimulated whole blood are given in Table 6. When
using the log-transformed data adjusted for BMI, significant
differences in plasma IL-6 concentration were observed
among the groups at baseline (P = 0.000), after the 5-week
supplementation (P = 0.05), and for the difference score (P
= 0.000). For the initiad values, the post-hoc analysis
showed significant differences between the HFO and SO
groups (P = 0.000) and between the HFO and LFO groups
(P = 0.000), and a tendency to significance in the LFO
compared the SO groups (P = 0.06). After the 5-week
supplementation IL-6 concentrations decreased in all three
groups. The IL-6 concentration in plasma was significantly
lower in the LFO group compared to the HFO group (P =
0.04). There was no significant difference between the SO

Table 5
Concentration of serum CRP in postmenopausal women before and after
5-wk supplementation with SO, LFO, and HFO

o) LFO HFO
(n=9) (n=298) (n=18)

Initial (1)

L og-transformed* 0.62 = 0.03 0.67 = 0.04 0.84 + 0.02*8

Untransformed (mg/L)" (6.29 + 1.76)  (6.27 + 2.05)  (7.97 + 1.48)
Final (F)

Log-transformed 0.71 = 0.06 042 +0.08" 0.75+ 0.04°
Untransformed (mg/L)" (7.29 + 1.63)  (5.57 + 2.66)  (7.03 + 1.47)

Difference (F-I)
Log-transformed 0.09 = 0.03 —0.24+0.04* —0.09 + 0.02*3
Untransformed (mg/L)" (0.99 + 1.27) (—0.69 + 0.73) (—0.94 + 1.09

* Values are means *+ SE of the log-transformed data adjusted for BMI
(ANCOVA).

TValues are means = SE of the untransformed data.

P-vaue = 0.05; *vs SO, $vs LFO.

and either the LFO (P = 0.8) or the HFO groups (P = 0.11).
However, when the difference scores were compared, the
decrease in plasma IL-6 concentration was significantly
greater in the LFO and SO groups compared to the HFO
group (P = 0.000 and 0.000, respectively), and also signif-
icantly greater in LFO compared to SO (P = 0.03). IL-6
plasma concentrations were also compared using log-trans-
formed data not adjusted for BMI (data not shown). No
significant differences were observed among groups (P =
0.77) when difference scores were compared.

The effect of the treatment on 1L-6 was assessed also by
measuring the production of the cytokine in whole blood
stimulated with LPS. As these data were not skewed, log-
transformation was not necessary. There were no significant
differences among the groups (data not shown). However,
adjusting for BMI reveded significant differences among
the groups after the 5-week supplementation (P = 0.04),
and for the difference score (P = 0.000), but not at baseline
(P = 0.3). After the 5-week supplementation IL-6 concen-
tration in the supernatant of the L PS-stimulated whole blood
was significantly lower in the LFO group compared to the
SO group (P = 0.05). There was no significant difference
between the HFO and either the LFO (P = 0.12) or the SO
groups (P = 0.93). However, when the difference scores
were compared, the decrease in IL-6 concentration was
significantly greater in the LFO compared to either the SO
(P = 0.000) or the HFO (P = 0.000) groups, but not
significantly different in the SO compared to the HFO (P =
0.45) groups.

The effect size for the difference score for serum CRP
and plasma IL-6 concentrations was calculated on untrans-
formed data after removing the outliers and reported as
Cohen's d (Table 7). For CRP, there was a medium effect
size of the treatment in both the LFO (d = 0.54) and the
HFO (d = 0.55) groups compared to the SO group. When
HFO was compared to the LFO group the effect size did not
reach the conventional threshold of 0.20 for a“small” effect
(d = 0.10). For plasma IL-6, on the other hand, the largest
effect size was when the LFO group was compared to the
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Table 6

IL-6 concentration in the plasma and in the supernatant of LPS-stimulated whole blood in postmenopausal women before and after 5-wk

supplementation with SO, LFO, and HFO

SO LFO HFO
Plasma (n=10) (n=10) (n=16)
Initial (1)
Log-transformed/BM1* 0.15+ 0.01 0.19 = 0.01 0.06 + 0.01*8
Untransformed (pg/mL)" (1.63 = 0.31) (.74 £ 0.31) (1.20 = 0.12)
Final (F)
Log-transformed/BMI* 0.09 = 0.01 0.10 = 0.02 0.03 + 0.01%
Untransformed (pg/mL)" (1.50 = 0.27) (1.36 = 0.15) (114 = 0.17)
Difference (F-1)
Log-transformed/BM 1* —0.06 = 0.01 —0.09 + 0.01* —0.03 = 0.01%8
Untransformed (pg/mL)" (—=0.13 = 0.30) (—-0.38 £ 0.23) (—0.05 £ 0.10)
Super natant (n=10) (n=10) (n=9)
Initial (1)
(pg/mL)*® 15.13 = 0.33 14.39 + 0.40 14.76 = 0.26
Final (F)
(pg/mL)*® 1413 + 041 12.66 = 0.50* 13.90 = 0.26
Difference (F-1)
(pg/mL)*® —1.00 = 0.08 —1.72 + 0.10* —0.85 + 0.06°

* Values are mean + SE of the log-transformed data adjusted for BMI (ANCOVA).
T Values are means + SE of the data prior to any transformation and adjustment for BMI.

® Vdues are means *= SE of the data adjusted for BMI.
P-value =0.05; *vs SO, $vs LFO.

HFO group (d = 0.60). A small-to-medium effect size was
noted when the SO group was compared to the LFO group
(d = 0.29). The comparison between the SO and the HFO
groups elicited an effect size below the threshold of 0.20 for
a“smal” effect (d = 0.11).

Significant positive correlations were found at baseline
between CRP concentration and plasma IL-6 concentration
(0.462, P = 0.01), TG concentration (0.623, P = 0.000),
and TG/HDL-C ratio (0.577, P = 0.001).

4, Discussion

Although CVD is often associated with men, after meno-
pause the risk for CVD is similar in both genders [37]. For
many years HRT was considered beneficial to postmeno-
pausal women dueto improving their lipid profile, aswell as
osteoporosis outcome, memory and mood, and hot flashes.
A recent report [38] revealed that for HRT users risks

Table 7
Cohen's d as a measure of the effect size

CRP* (n = 25) IL-6" (n = 26)
SO/LFO 0.54 0.29
SO/HFO 0.55 0.11
HFO/LFO 0.10 0.60

Cohen’'s d is calculated based on mean and SD using data prior to any
transformation.
* CRP in serum; T IL-6 in plasma.

outweigh the benefits and HRT can lead to fatal cardiovas-
cular events and breast and uterine cancers. Some of the
predictive factors for cardiovascular pathology aggravated
during HRT are CRP and IL-6 [39, 40]. It has been docu-
mented that there is a significant difference regarding these
markers between women taking hormones and non-users,
but no difference among HRT and estrogen replacement
therapy (ERT) users[40]. In addition to inflammation mark-
ers, TG concentration may be particularly important for
postmenopausal women taking HRT, being 38% higher in
women using HRT compared to those not using HRT [41].
Also HDL-C may be lowered by HRT [42, 43]. It is rea
sonable to think that many postmenopausal women on HRT
will remain on this therapy, so complementary measures
should be taken to decrease the aforementioned risks. Re-
sults of the present study show that fish oil supplementation
can improve some of the lipid and inflammatory risk factors
for CVD in postmenopausal women taking HRT.
Research in the n-3 PUFA area [41, 44] has consistently
shown that consumption of fish and fish oils lowers serum
TG concentrations in humans. In addition, Stark et al. [41]
showed that a supplement of 4.0 g/day EPA and DHA
reduced the ratio of TG/HDL-C ratio, a CVD-risk factor
shown to be a better predictor of myocardial infarction than
the more commonly used ratios of TC/ HDL-C or LDL-C/
HDL-C [16] in postmenopausal women. In a recent meta-
analysis, Austin et a. [45] found that a 1 mmol/L-rise in
plasma TG was associated with a 32% increasein CVD risk
in men and 76% increase in women. Supplementation with
14 g/day fish oil in the present study led to a significant
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decrease in the TG concentration and TG/HDL-C ratio in
the HFO compared to the SO groups. This change in TG
suggests that the risk of CVD may be decreased by as much
as 30%. The parallel decrease of the TG/HDL-C ratio with
fish oil supplementation strengthens the significance of this
observation and provides a basis for the use of thisratio in
assessing the risk for CVD in future clinica trials.

Fish oil supplementation significantly decreased serum
CRP concentration compared to control, with a greater
effect in the LFO compared to the HFO group. Only the
lower dose of fish oil decreased IL-6 concentrations, either
in plasma or the supernatant from LPS-stimulated whole
blood.

Taking into consideration the fact that the sample size
was small, ranging from 6 to 10 subjects in each group,
additional information was needed to reflect the clinical
significance of the results found in the present study. There-
fore, besides the P-values (statistical significance), the ef-
fect sizes (practica significance) (Table 7) were calculated
[46]. For the difference score of serum CRP concentration
the comparison of both doses of fish oil to the placebo ail
yielded medium effect sizes as well as statistically signifi-
cant differences, suggesting a possible clinical significance
of these results. However, for the difference score of the
plasmalL-6 concentration, although the values measured in
all three groups were dtatistically different, a medium-to-
large effect size was determined only for the LFO to HFO
comparison. This suggests that the two doses of fish oil have
clinical significance for plasma IL-6, but not serum CRP
concentrations.

Research on the effect of fish oil supplementation on
CRP and IL-6 is limited. Therefore, it is difficult to make
definitive statements about this relationship and the under-
lying mechanism. Ernst et al. [47] supplemented healthy
males for 3 weeks with highly purified n-3 PUFA (1.75g
EPA +1.05g DHA) and measured changes in acute-phase
proteins induced by exercise in association with supplemen-
tation. The absence of a high-sensitivity assay for CRP at
that time made it impossible to assess the effect of n-3
PUFA, since the protein levels were undetectable. A series
of studies have been done in subjects with cancer cachexia
who were supplemented with various doses of n-3 PUFA.
As an example, Wigmore et al. [48] reported a significant
decrease in serum CRP concentration after 4-week supple-
mentation with doses of EPA (97.5% EPA+2.5% DHA)
ranging from 1 to 6g/day in patients with pancreatic cancer.
The supplementation significantly decreased the production
of IL-6 by LPS-stimulated peripheral blood mononuclear
cells isolated from subjects, but had no significant effect on
plasma IL-6 concentration. Madsen et al. [49] studied the
effect of fish consumption on CRP concentrations in pa-
tients with clinical suspicion of coronary artery disease. The
DHA content of granulocyte membranes inversely corre-
lated with serum CRP concentrations but there was no
correlation between the EPA content of granulocytes and
CRP concentrations. In a recent study, Chan et al. [50]

supplemented obese men with 4g/day Omacor™ (45% EPA
+39% DHA) aone or in association with atorvastatin for 6
weeks. At the end of this interval there was a significant
decrease in plasma CRP and IL-6 concentrations in the
atorvastatin + Omacor™ group, but not in the fish oil alone.
Collectively, these studiesindicate that the role of fish oil on
CRP and IL-6 is poorly understood.

The mechanisms by which n-3 PUFA may regulate CRP
and IL-6 are unclear. An aspect suggested by the current
study is that the eicosanoid pathway may not be the major
regulator of these proteins, since fish oil supplementation
did not significantly change plasma concentration of arachi-
donic acid, the major precursor of eicosanoids. However,
the n-3 fatty acids may target other proteins that are in-
volved in the modulation of CRP and IL-6, such as IL-1,
TNF-a, HNF-4, PPAR«, and other transcription factors.

The significant positive correlations that were found at
baseline between serum CRP concentration and plasma
IL-6, TG, and TG/HDL-C ratio suggest that the approach in
preventing CVD should entail both lipid and inflammation
risk factors. The present study suggests that fish oil supple-
mentation in amounts achievable by dietary modifications
could reverse some of the undesirable effects of HRT by
lowering the TG/HDL ratio, and plasma TG, serum CRP,
and IL-6 concentrations in healthy postmenopausal women.
Subjects took a 14 g supplement of oil daily for five weeks.
When they were taking the high fish oil supplement they
would have to eat six oz of Chinook salmon, tuna, or
mackerel each day. Thisis the size of a serving one usually
receives at a restaurant. Similarly those women taking the
low fish oil supplement would have to eat three oz of fish
daily. This is the serving size recommended by the U.S.
Department of Agriculture. Since most Americans do not
usualy eat fish daily, to be sure that the changes that we saw
can be produced by dietary modification, the study needs to
be confirmed in a population where fish is consumed less
frequently.
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