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ABSTRACT

Background: Elevated fibrinogen, activated factor XII (FXIIa), and
factor VII coagulant activity (FVIIc) are associated with higher risk
of fatal ischemic heart disease. This study tested the hypothesis that
lowering the dietary ratio of n—6 to n—3 polyunsaturated fatty acids
(n—6:n—3) would modify these risk factors in older men and
women.

Objective: The objective of the study was to measure fasting he-
mostatic risk factors and postprandial changes in activated FVII
(FVIIa) concentrations after a 6-mo alteration in dietary n—6:n—3.
Design: In a randomized, parallel design in 258 subjects aged 45-70
y, we compared 4 diets providing 6% of energy as polyunsaturated
fatty acidsatann—6:n—3 between 5:1 and 3:1 with a control diet that
hadann—6:n—3 0of 10:1. The diets were enriched in «-linolenic acid,
eicosapentaenoic (EPA) and docosahexaenoic (DHA) acid, or both.
Results: Fasting and 3-h plasma triacylglycerol concentrations were
11.1% and 7.2% lower with the diet that had an n—6:n—3 of =3:1
and that was enriched with EPA and DHA than with the other diets.
Fasting fibrinogen, FXIla, FVIIc, FVIla, and FVII antigen and post-
prandial FVIIa were not influenced by the diets. Avoiding foods high
in fat the day before measurement decreased FVIIc and FVIla by 8%
and 19.2%, respectively. A test meal containing 50 g fat resulted in
amean 47% (95% CI: 42%, 52%) increase in FVIla 6 h later, but the
response did not differ by n—6:n—3.

Conclusion: Decreasing the n—6:n—3 to =3:1 by increasing the
intake of EPA and DHA lowers fasting and postprandial plasma
triacylglycerol concentrations in older persons but does not influ-
ence hemostatic risk factors. Am J Clin Nutr 2006;84:513-22.
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INTRODUCTION

Therole of hemostatic function in determining the risk of acute
coronary syndromes is now well recognized (1). The Northwick
Park Heart Study (2) and the Prospective Cardiovascular Mun-
ster Study (3) found high fibrinogen concentrations and factor
VII coagulant activity (FVIIc) to be associated with a higher risk

of fatal ischemic heart disease (IHD) than were low concentra-
tions and activities. Fasting FVIIc is positively associated (4)
with plasma cholesterol and triacylglycerol concentrations.
FVIIc and fibrinogen increase with age, especially in postmeno-
pausal women, and are positively associated with obesity (5, 6).
Controlled feeding studies found that total fat intake acutely
influenced FVIIc (7), and a subsequent cross-sectional study
found FVIIc activity to be related to recent fat intake in middle-
aged men (8). FVIIc is dependent on the concentration of both
FVII zymogen and activated FVII (FVIla). Factor VII zymogen
concentration, which is usually measured as FVII antigen
(FVIlag), is partly determined by genetic factors, particularly the
FVII R353Q polymorphism (9), but it is known to increase with
age. FVIIa accounts for ~1-2% of circulating FVII, but this
proportion can increase after a high intake of fat. It was shown in
middle-aged men and women that FVIIc increased by ~10%
after a standardized test meal containing 50 g fat and that this
increase was attributable to an =35% increase in FVIla concen-
tration, whereas there was no increase in FVIIag (10). The mech-
anism by which postprandial lipemia increases FVII activation is
uncertain, but it may have to do with the activation of the contact
system of coagulation by lipid exchange reactions in the post-
prandial period (11, 12). The contact system can activate FVII via
the activation of factor XII (FXII), and activated FXII (FXIIa)
was found in the Northwick Park Heart Study to be associated

! From the Nutritional Sciences Research Division, King’s College Lon-
don, London, United Kingdom (TABS, FL, and SS); the Centre for Food
Safety and Nutrition, University of Surrey, Guildford, United Kingdom
(BAG, MG, ID, DJM); the Centre for the Genetics of Cardiovascular Disease,
British Heart Foundation Laboratories, Royal Free and University College
London Medical School, London, United Kingdom (JAC); and the Medical
Research Council Cardiovascular Research Group, Wolfson Institute, Barts
and The London Queen Mary’s School Medicine and Dentistry, London,
United Kingdom (GJM).

2 Supported by the UK Food Standards Agency.

3 Reprints not available. Address correspondence to TAB Sanders, Nutri-
tional Sciences Research Division, King’s College London, Franklin-
Wilkins Building, 150 Stamford Street, London SE1 9NH, United Kingdom.
E-mail: tom.sanders @kcl.ac.uk.

Received November 14, 2005.

Accepted for publication May 11, 2006.

Am J Clin Nutr 2006;84:513-22. Printed in USA. © 2006 American Society for Nutrition 513

9T0Z ‘9T 19qwia1das U0 AHVYHdIT ONYILYd AINN JLVLS VINVATASNNIC ¥e Hio uontinu-udle woly pspeojumoq


http://ajcn.nutrition.org/

@ The American Journal of Clinical Nutrition

514 SANDERS ET AL

with a greater risk of IHD (13). The lipolysis of triacylglycerol-
rich lipoproteins has been shown to activate FXII (14). Conse-
quently, changes in postprandial triacylglycerol and nonesteri-
fied fatty acid (NEFA) concentrations could influence the extent
to which FXII is activated.

Increasing the intake of n—3 fatty acids may decrease the risk
of fatal IHD (15, 16), particularly in older persons, who are those
most at risk. The Quantification of the Optimal n—6/n—3 Ratio
in the UK Diet (OPTILIP) Study was designed to assess the
effects of lowering the ratio of dietary n—6:n—3 on cardiovas-
cular disease (CVD) risk factors in older persons. This objective
was achieved by using a food-based intervention that involved
increasing the intake of a-linolenic acid (ALA; 18:3n—3), an
n—3long-chain polyunsaturated fatty acid (LC-PUFA) [notably,
eicosapentaenoic acid (EPA; 20:5n—3) or docosahexaenoic acid
(DHA; 22:6n—3)], or both in relation to the intake of linoleic acid
(LA). The results for insulin sensitivity and lipoproteins are re-
ported elsewhere (BA Griffin, et al, unpublished observations,
2006). This report presents results for fasting fibrinogen, FXIIa,
and FVII and the postprandial increase in FVIIa in response to a
standardized high-fat meal.

SUBJECTS AND METHODS

Subjects

Men and postmenopausal women aged 45-70 y were primar-
ily recruited from general practices participating in the UK Med-
ical Research Council General Practice Research Framework in
the towns of Camberley and North Mymms. An additional 29
subjects were recruited from among the staff of King’s College
London and its associated hospitals. Exclusion criteria were
body mass index (BMI; kg/m?) <20 or >35; fasting serum cho-
lesterol > 8 mmol/L or triacylglycerol > 6.0 mmol/L; abnormal
liver function or hematologic tests; a clinical history of choles-
tatic liver disease, pancreatitis, diabetes mellitus, or myocardial
infarction; and current use of anticoagulants other than aspirin. In
the younger women, postmenopausal status—defined as a span
of =1 y since menstruation—was confirmed by measurement of
the serum concentration of follicle-stimulating hormone. Sub-
jects taking blood pressure— or lipid-lowering medication were
eligible if their medication regimens were stable. Suitable sub-
jects were identified from general practice records and were
invited by letter to take part in the study. Subjects from King’s
College London were invited by a broadcast e-mail to take part
in the study. To further assess eligibility for the study, we asked
subjects to complete a health and food questionnaire identical to
that used in the European Prospective Investigation in Cancer
study (17) and to attend a screening clinic. Blood samples were
collected after an overnight fast for liver function tests, follicle-
stimulating hormone, lipids, plasma glucose, insulin, and routine
hematologic tests. Blood pressure (Omron 705CP; Omron
Healthcare Inc, Milton Keynes, United Kingdom) was recorded
with an automated sphygmomanometer, height without shoes
and weight in minimum indoor clothing were measured with a
stadiometer and beam balance, respectively. Eligible subjects
were then requested to make a 24-h urine collection for the
measurement of urinary cotinine and microalbumin concentra-
tions and to complete a 7-d dietary record before beginning the
study. The subjects made another urine collection and completed
a second dietary record at the end of the study.

The study participants received a modest financial reimburse-
ment for their participation in the study. They were provided at
regular intervals with some foods [yellow fat spreads (ie, butter,
margarine, and low-fat spreads), oil, and fish] for the dietary
intervention period.

Participants gave written informed consent. The study proto-
col was reviewed and approved by the Human Research Ethics
Committee of King’s College London and the research ethics
committees of the East and North Hertfordshire Hospitals and
North West Surrey.

Study design

The study used a randomized parallel design comparing 4
dietary treatments with a control; the duration of the intervention
was 6 mo. The 4 dietary treatments were the n—3 LC-PUFA diet,
the high linolenate diet, the n—3 LC-PUFA + linolenate diet, and
the moderate linolenate diet. The baseline characteristics of the
subjects by allocation to dietary treatments are shown in Table 1.
Subjects were studied in 3 cohorts over a 3-y period. The diets
were designed to keep the intake of saturated and monounsatu-
rated fatty acids constant and to provide ~6% of energy from
PUFAs withann—6:n—3 of 10:1 (control diet), 5:1, or 3:1 when
the n—3 fatty acids were provided predominantly as either ALA,
n—3 LC-PUFAs (mainly EPA and DHA), or both.

The dietary calculations were based on the consumption of
20 g fat as yellow fat spreads providing 16 g fat/d and 16 g as
cooking oil/d. The subjects were provided with oils and spreads
for the duration of the study. The LA and ALA contents of the
spreads were 39.6 and 0.5 g/100 g in the control diet, 16.9 and 5.0
¢/100 g in the high linolenate diet, and 4.7 and 0.8 g/100 g in the
moderate linolenate diet. The spreads used in the n—3 LC-
PUFA-enriched diets contained 11.8 g/100 g LA, 5.3 g/100 g
ALA, and 2.0 g/100g n—3 LC-PUFA. Subjects following the
control and n—3 LC-PUFA-enriched diets were provided with
high-oleic sunflower oil (LA, 10.6 g/100 g; ALA, 0.3 g/100 g),
and those following the high linolenate, n—3 + linolenate, and
moderate linolenate diets were provided with rapeseed (canola)
oil (LA, 19.7 g/100 g; ALA, 8.9 g/100 g). The spreads were
manufactured for the study by Unilever Research (Vlaardingen,
Netherlands), and the vegetable oils were purchased in a single
batch from Anglia Oils (Hull, United Kingdom).

In addition to the 0.4 g n—3 LC-PUFA/d provided by the
spread, subjects allocated to the higher intakes of n—3 LC-PUFA
(then—3 LC-PUFA and n—3 + linolenate diets) were advised to
increase their consumption of oily fish, particularly salmon,
which is estimated to supply 0.9 g n—3 LC-PUFA/d. These
subjects were provided with tinned salmon (John West Ltd, Liv-
erpool, United Kingdom) and salmon paté (Arctic Fjord; Mills
DA, Oslo, Norway) and asked to consume 2 portions of oily fish
a week. The tinned salmon and salmon paté had an n—3 LC-
PUFA of 1.6 g/100 g. As an incentive, the subjects were also
reimbursed the cost of any other oily fish consumed. The groups
not receiving advice to increase their intake of n—3 LC-PUFA
were provided with 2 small cans of tuna/wk; the tuna was canned
in olive oil in the control diet and in the high linolenate diet and
was canned in high-linoleic sunflower oil in the moderate lino-
lenate diet (John West Ltd). The drained canned tuna had ann—3
LC-PUFA content of 0.1 g/100 g. Otherwise, the subjects main-
tained their habitual diets.
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TABLE 1
Baseline characteristics of the subjects according to allocation to dietary treatment’
n—3 LC-PUFA + Moderate
Control diet n—3 LCP diet High linolenate diet linolenate diet linolenate diet

(n=44) (n=161) (n=53) (n=151) (n =49)
Age (y) 58 (46-70)* 62 (46-70) 60 (46-70) 61 (46-68) 61 (45-70)
Male [n (%)] 30 (68) 35(57) 32 (60) 24 (47) 31(63)
Female [n (%)] 14 (32) 26 (43) 21 (40) 27 (53) 18 (37)
Current smokers [ (%)]° 7 (16) 8 (13) 7(13) 9 (18) 11(22)
Current HRT user [1 (%)]* 6(43) 11 (42) 9(43) 9(18) 6(12)
Impaired fasting glucose [1 (%)]° 12 (25) 11 (18) 15 (28) 11 (22) 14 (28)
Fasting insulin >70 pmol/L [n (%)] 14 (32) 20 (32) 21 (39) 18 (35) 20 (41)
Metabolic syndrome® [1 (%)] 12 (27) 17 (28) 20(38) 7(14) 16 (33)
BMI (kg/m?) 26.4 +2.97 256 £33 26.2 = 3.6 259 +£32 264 =34
Systolic BP (mm Hg) 126.2 £ 19.3 1272 £21.0 125.7 £20.8 1312+ 19.2 1283 £ 159
Diastolic BP (mm Hg) 75.6 = 10.7 758 +£9.5 742 £ 12.1 77.6 £ 10.6 76.0 = 10.4
Serum cholesterol (mmol/L) 5.6 £0.9 5.6 £0.8 57+1.0 5.6 £0.9 5.6+09
Serum LDL (mmol/L) 33+09 34+0.8 35+09 35+0.8 35+09
Serum HDL (mmol/L) 1.5+04 1.5+0.5 14+04 1.5+04 14+04
Serum triacylglycerol (mmol/L) 1.2+£038 1.2 £0.7 1.4£038 1.1 £0.6 1.3£038
10-y risk of THD (%)® 129 £ 7.6 15.1 £ 8.1 15.6 = 8.7 16.9 = 8.0 172 £ 8.2

! LC-PUFA, long-chain polyunsaturated fatty acid; HRT, hormone (estrogen) replacement therapy: BP, blood pressure; IHD, ischemic heart disease. No

significant differences were found between groups.
2 X; range in parentheses (all such values).
7 Smoking status was confirmed by urinary cotinine measurements.
#In female subjects only.
? Glucose >6.1 and < 7.0 mmol/L.

% Impaired fasting glucose > 6.1 mmol/L or fasting insulin >70 pmol/L and = 2 of the following: BP >130/85, dyslipidemia (HDL <1.05 mmol/L for
men to <1.29 mmol/L for women or serum triacyglycerol >1.7 mmol/L), obesity (BMI >30 or waist-hip ratio >0.9 for men and 0.85 for women), or

microalbuminuria >3.5 mg/umol Cr.
7 Geometric x + SD (all such values).
¥ Based on an algorithm cited from the Framingham Study (18).

Subjects were asked to make 7-d weighed food intake records
at baseline and toward the end of the study. During the preex-
periment period, the subjects were issued scales and were in-
structed how to weigh and record in a food diary all food and
drink consumed for 7 d; this record was to function as a mea-
surement of their nutrient intake at baseline. On completion of the
diary, an investigator checked the food record with each volun-
teer to clarify that the information was comprehensible. Dietary
energy and nutrient intakes were calculated from the UK Nutrient
Data Base (The Stationery Office, Norwich, United Kingdom)
and by using the US Food Composition Table (SR14; US De-
partment of Agriculture, Washington, DC), the latter of which
gives more detailed composition of fish and meat products.
These data were supplemented with information provided by
food retailers and by chemical analyses of the foods provided.

Fasting venous blood samples were collected twice at baseline
and twice at the end of the study for measurement of blood lipids
and clotting factors. An additional fasting blood sample for
erythrocyte lipids was obtained after 3 mo of dietary treatment to
assess compliance to the dietary advice. Subjects were asked to
fast from 2200, and blood samples were collected between 0800
and 1000 on the next day. The second blood samples at baseline
and follow-up were collected after subjects were advised to avoid
foods high in fat on the previous day and to abstain from stren-
uous exercise; subjects were given a list of foods to avoid and
were provided with a frozen low-fat (<10 g fat) evening meal to
facilitate compliance with the dietary advice. After the second
blood samples at baseline and follow-up were drawn, the subjects

consumed a test meal and then further blood samples were ob-
tained at 2, 3, and 6 h after the meal. The test meal consisted of
a muffin (85 g) and a strawberry-flavored milkshake (350 mL)
that provided 50 g fat (14.8 g saturated fatty acids, 28.2 g oleic
acid, 3.4 g LA, and 0.2 g ALA), 17 g protein, and 75 g carbohy-
drate within 15 min, which was followed by a 200-mL glass of
water. The following ingredients were used to make the muffin:
30 g test high-oleic sunflower oil, 10 g wheat flour, 5 g corn-
starch, 5 g cocoa powder, 15 g sugar, 20 mL skimmed milk, 2 g
pasteurized egg white, 2 g vanilla essence, and 2 g baking
powder. The muffins were baked in batches and stored frozen
for up to 6 mo. The milkshake consisted of 100 mL light cream
(18% butter fat), 220 mL skimmed milk, 30 g liquid glucose
polymer (Polycal; Nutricia Clinical, Trowbridge, United
Kingdom), and 18 g milkshake mix (Nesquik; Nestlé, Croy-
don, United Kingdom).

After the 3-h blood sample was drawn, subjects were provided
with a standardized low-fat meal (1.7 MJ) consisting of a piece of
fruit, a low-fat yogurt (<1g fat), and a glass of water. Subjects
were advised to avoid any strenuous activity throughout the
study period but were allowed to leave the clinic to return to home
or work between blood samples.

Laboratory methods

Blood was drawn into Vacutainer tubes (Becton Dickinson,
Oxford, United Kingdom) by the application of minimal com-
pression when necessary for display of the vein. For measure-
ment of fibrinogen, FXIla, FVIIc, FVIlag, and FVIIa, blood was
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Dietary intakes at baseline and after a 6-mo dietary intervention containing additional n—3 fatty acids as linolenic acid or n—3 long-chain polyunsaturated

fatty acids (LC-PUFAs) or both’

Control diet

n—3 LC-PUFA diet

High linolenate diet

n—3 LC-PUFA +

Moderate linolenate diet

(n=38) (n=158) (n=151) linolenate diet (n = 47) (n = 40)

Baseline Follow-up Baseline Follow-up Baseline Follow-up Baseline Follow-up Baseline Follow-up
Energy (MJ/d) 9.02+1.84 899+t195 838X183 870*£194 883*+183 876194 9.02£1.85 9.19*£196 889£1.84 873£1.95
Protein (% of energy) 16.1 £2.9 164 £ 3.1 16.5 29 16.3 £ 3.1 16.0 £ 2.9 164 £ 3.1 16.8 £ 2.9 16.5 £ 3.1 163 £2.9 164 £ 3.1
Carbohydrate (% of energy)z 435+6.7 41.0+6.7 445+68 413+68 458 6.6 423+6.7 455+6.7 426+6.7 443+6.6 41.8+6.7
Fiber (g/d) 215279  21.1%+75 21679  215%75 21879 200£75 227+80 224%75 20679 194+75
Alcohol (g/d) 148 £16.6 16.1 £17.0 172*x165 159*+17.0 167*x165 168170 195£16.7 182+ 17.1 156 £ 165 146 £17.0
Fat (% of energy)2 357+58 374+59 32659  36.5%6.0 328 +58 36.1*£59 320+58 355+59 343+58 37.0%+59
SFA (% of energy)’ 13.7+£33  122+£26 11.7+£33 11.5£26 11.8 £33 11.5%+26 121 £33 11.2£26 128 £33 11.9£2.6
MUFA (% of energy)2 11.8 £23 144 £27 11.0+24 134 £29 11.9£25 142 £3.0 113+24 144 £28 11.8 £22 15.1 £2.7
PUFA (% of energy)’ 60+17 82+18 57+17 64+18 57+17 68+18 56+17 66+18 59+17 69+18"
n—6 (% of energy)* 4716 7.0 £ 1.6° 43116 44+ 1.6° 44+ 16 51+ 1.6 45+1.6 42+ 1.6° 4716 54 £ 1.6°
n—3 (% of energy)" 0.8+03 0.7 £0.5° 0.8+£03 1.6 £0.5° 0.7%£03 1.2 £0.5°¢ 0.6 £0.3 1.8 £0.5° 0.7%£03 0.9 £0.5%¢
Linoleic (% of energy)” 47+16 70+1.6° 43+16  44+16°  44+16 51E16™ 45+16 42+16° 47+1.6 54+ 1.6°
Linolenic (% of energy)” 0.6+0.2 0.5 £ 04° 05+02 1.0+04% 05402 1.1 +£04%  05+02 1.2 +0.4¢ 05+02 0.7 £ 0.4
n—3 LC-PUFA (% of energy)" 0.18 £023 0.18 £0.25" 027023 067 +0.25° 020+0.23 0.16+0.25 0.14 %023 0.68+025" 0.21+023 0.19 025"
n—6:n—3% 71+44 114 +£23% 6.7+43 29+23° 6.8 +43 44 +£23° 83+44 24+23° 8.0+43 6.6 +2.3¢

! Allvalues are ¥ * SD (adjusted for sex). SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids. There were no significant diet X sex interactions

(analysis of covariance) . Values in a row with different superscript letters are significantly different, P < 0.05 (Bonferroni adjustment for comparisons).

2 Overall effect of follow-up versus baseline, P = 0.0001.
34 Time X treatment interaction: °P = 0.023, “P = 0.00001.

collected into trisodium citrate. Only an atraumatic venipuncture
was accepted. Blood (4.5 mL) was collected in 0.5 mL of 0.105
mol trisodium citrate/L (Vacutainer 367691; Becton Dickinson)
and kept at room temperature until completion of centrifugation
(1500 X g for 15 min at room temperature). Plasma was pipetted
in 0.25-mL aliquots in polypropylene cryovials and rapidly fro-
zen and stored at —70 °C until assayed. Blood for lipid analyses
was collected into EDTA (Vacutainer 17644; Becton Dickin-
son), and plasma was separated by centrifugation at 1500 X g for
15 min at 4 °C and stored at —40 °C until analyzed. The remain-
ing packed cells were washed with saline, the white blood cells
were removed, and lipid extracts were prepared and stored in
solvents containing 50 mg butylated hydroxytoluene/L at
—20 °C until analyzed.

Plasma concentrations of triacylglycerol and NEFAs were
measured by enzymatic assays and with the use of an autoana-
lyzer (ACE; Alfa Wassermann, Woerden, Netherlands). Re-
agents were obtained from Randox Laboratories (Crumlin,
United Kingdom). Erythrocyte phosphoglyceride fatty acid
composition was measured by using capillary gas liquid chro-
matography (18). Fibrinogen, FVIIc, FVIlag, and FVIIa were
measured as described previously (10); FXIla was measured by
using an enzyme-linked immunosorbent capture assay with a
monoclonal antibody to FXIIa (Axis-Shield Diagnostics Ltd,
Kimbolton, United Kingdom); samples from the same subject
were analyzed in the same run to minimize between-assay vari-
ations. Urinary cotinine was measured by using an enzyme-linked
immunosorbent assay with horseradish peroxidase—labeled cotinine
(Cozart Diagnostics, Abingdon, United Kingdom). Urinary mi-
croalbumin was measured by using an immunoturbidometric assay,
and creatinine concentrations were measured by using the Jaffé
reaction on an Advia 1650 analyzer (Bayer Diagnostics, Newbury,
United Kingdom).

Statistical analysis

Data were log normalized before statistical analysis, and out-
liers (£3 SD) were excluded from the analysis to stabilize the
variance. The number of outliers for fibrinogen, FVIIc, FVIlag,
and FVIla were 3, 4, 2, and 3, respectively. Data for plasma
triacylglycerol and NEFAs were analyzed as log values by using
repeated-measures analysis of variance. Changes after treatment
were analyzed as the difference in log-transformed data and are
expressed as the percentage increase or decrease (95% CI); prob-
abilities were adjusted for multiple comparisons. When appro-
priate, probabilities were adjusted by analysis of covariance for
smoking, BMI, age, and sex. Data for FXIIa could not be trans-
formed to a normal distribution, and they were analyzed by using
the nonparametric Kruskal-Wallis test.

RESULTS

We screened a total of 354 subjects and excluded 46 subjects
because they did not meet the inclusion criteria. The remaining
subjects were randomly assigned to 1 of 5 diets; subjects living
together were allocated to the same treatment. Forty-four sub-
jects withdrew from the study for personal reasons (eg, family
commitments or a change in work circumstances) or because of
an inability or unwillingness to comply with the requirements of
the study; 4 subjects withdrew for reasons of ill health (cancer, 2;
mental illness, 1; orthopedic surgery, 1). A total of 258 subjects
(88 from Camberley, 141 from North Mymms, and 29 from
King’s College London) satisfactorily completed the 6-mo di-
etary intervention. The dietary intakes of the subjects at baseline
and after receiving the dietary advice are shown in Table 2. Most
(76%) of the subjects had serum cholesterol > 5.0 mmol/L, 16%
had low HDL (<1.0 mmol/L for men and < 1.2 mmol/L for
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women), 41% had blood pressure > 140/90 mm Hg, and 16%
were smokers (and their habit remained stable throughout the
study as assessed by urinary cotinine excretion). Only 11% of the
subjects had none of these risk factors for IHD; 43% had 1 risk
factor, 34% had 2 risk factors, and 11% had =3 risk factors. The
10-y risk of IHD according to the Framingham Study score cited
in an Adult Treatment Panel III Study (19) was 17.5% in the men
and 18.5% in the women, and it did not differ significantly ac-
cording to allocation to treatment. According to World Health
Organization criteria cited by Zimmet et al (20), 28% of the
subjects were classified as having the metabolic syndrome. The
intake of alcohol was not normally distributed; most of the sub-
jects were nondrinkers or occasional drinkers. However, 39% of
the men and 12% of the women (n = 54) consumed amounts of
alcohol above the UK recommended safe limits (210 mL/wk for
women and 280 mL/wk for men). In most of these subjects,
serum y-glutamyl transferase activity was within the normal
range (<55 units/L). However, 5 of these 54 subjects had mild
elevations of y-glutamyl transferase (<120 units/L) but no other
abnormalities on their liver function tests.

Of the 258 subjects in the trial, 234 satisfactorily completed
both baseline and endpoint weighed 7-d intake records. PUFAs
provided =~5.8% of the dietary energy and the n—6:n—3 in the
diet was 8:1, which was slightly lower than anticipated. After
subjects received the dietary advice, their intake of PUFAs was
1% higher than the 6% of energy that was planned. Intakes of
n—3 LC-PUFA and LA were close to those planned, but the
intake of ALA in the rest of the diet (ie, other than from fish,
yellow spreads, and oils) was slightly higher than anticipated.
Compared with baseline, estimates of total fat intakes as a pro-
portion of the dietary energy were greater (3.1% of energy; 95%
CI: 2.4%, 3.8%; P < 0.000001), and the proportion of carbohy-
drate was correspondingly lower (3.0% of energy; 95% CI: 2.4,
3.6; P <0.00001) after the dietary advice, but the percentages did
not differ between treatments. Intakes of saturated fatty acids
were significantly lower at follow-up than at baseline (—0.7% of
energy; 95% CI: 1.1, —0.4; P < 0.0001), and those of monoun-
saturated fatty acids were significantly higher (2.7% of energy;
95% CI: 2.4, 3.1; P < 0.0001), but the diet X follow-up inter-
actions were not significant. The diet X follow-up interaction
was statistically significant (P = 0.023) for the proportion of
energy derived from PUFAs when intake was greater in the
control group than in the other dietary groups. This difference
resulted from a higher intake of LA in the control group than in
the other groups. The proportion of energy derived from n—3
fatty acids did not differ significantly from baseline in the control
group, but it was significantly higher than baseline in all of the
dietary intervention groups. The ALA in the 2 groups receiving
additional n—3 LC-PUFA differed significantly between the 2
groups and also between each of those groups and the control
group, but not between the 2 groups and the high linolenate diet
group.

Analysis of the erythrocyte phosphoglycerides showed a sig-
nificant increase in the proportion of EPA and DHA with the
n—3 + LC-PUFA diet but not with the diets containing only
additional LA (Figure 1). The proportion of EPA in erythrocyte
lipids decreased slightly from baseline in the control group.
Overall body weight increased slightly but significantly over the
study period (x: 0.8 kg; 95% CI: 0.5, 1.1; P < 0.0001), but the

b
b
b
275+ b
2.504
2.254
2004
~ aa
1.754
] a a aa
2 1501
2
= 1.254
£
W4 004
0.754
0.504
0.254
0.00 . 1 £ 1
N v ' @ @
J & & & &
& X & & &
<® o S o
3 « o &
¢ & & &
& O &
4 ()
'bvo &
Q’
b
8.5+ b b b
8.0
7.59 aa a a
7.0 - a a
6.5+
6.0
5.5
£ 5.0
Z 457
I3 4.0
< 3.5
T
Z 3.0
2.5
2.0
1.5
1.0
0.5+
0.0 ) f f f T
N > & @ &
© & & & 0
& ¥ \é@ & &
® & «° «°
5 N o A
< & & &
& &S &
< P
‘.b\/
R
<

FIGURE 1. Mean (95% CI) proportions of eicosapentaenoic (EPA) and
docosahexaenoic (DHA) acid in erythrocyte lipids during the dietary treat-
ments. [J, Baseline; #, 3 mo of treatment; B, 6 mo of treatment. The groups
did not differ significantly at baseline. The diet X time (baseline, 3 mo, or 6
mo) interaction was significant for EPA and DHA (P < 0.0001 for both,
repeated-measures ANOVA); bars with different letters are significantly
different, P < 0.01 (Bonferroni multiple-comparison test).

changes in body weight did not differ significantly between treat-
ments. The fasting and postprandial plasma triacylglycerol con-
centrations are shown in Table 3. The n—3 LC-PUFA intake X
follow-up interaction was significant (P = 0.003). The compar-
ison of the results of the combined n—3 LC-PUFA treatments
and of the diets containing no additional n—3 LC-PUFA are
shown in Table 4. Overall plasma triacylglycerol concentrations
were lower in the groups that received additional n—3 LC-PUFA
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TABLE 3
Postprandial changes in plasma triacylglycerol concentration at baseline and follow-up with the different dietary treatments’
Follow-up
Treatment Fasting 2h 3h 6h
mmol/L
Control (n = 48)
Baseline 1.28 £ 0.45 1.61 £ 0.64 1.89 £ 0.73 1.82 £ 1.08
Follow-up 1.20 £ 0.40 1.70 £ 0.64 1.98 £0.73 1.99 £ 1.13
n—3 LC-PUFA (n = 54)
Baseline 1.38 £ 0.62 1.90 £ 0.82 2.21 £0.94 2.07 £ 1.15
Follow-up 1.19 £ 0.52 1.72 £ 0.68 1.99 £ 0.85 2.02 £ 1.07
High linolenate (n = 44)
Baseline 1.40 £ 0.68 2.06 = 0.81 2.36 £ 0.98 2.19 £ 1.22
Follow-up 1.33 £ 0.61 2.01 £0.78 2.29 £ 1.00 221 £142
n—3 LC-PUFA + linolenate (n = 44)
Baseline 1.21 £ 044 1.66 £ 1.45 1.91 £0.78 1.63 £ 0.82
Follow-up 1.06 £ 0.37 1.66 £ 0.65 1.78 £ 0.71 1.55 £0.70
Moderate linolenate (n = 44)
Baseline 1.35 £ 0.58 1.97 £ 0.85 2.14 £ 0.89 2.16 £ 1.15
Follow-up 1.36 £ 0.60 1.97 £ 0.83 2.30 £ 0.93 222+ 1.19

" All values are geometric X + SD (adjusted for age, sex, and BMI). LC-PUFA, long-chain polyunsaturated fatty acid. Data were log transformed and
analyzed by 4-factor (follow-up, time, n—3 LC-PUFA, and 3 concentrations of linolenate) repeated-measures ANOVA. There was a significant effect of time
(P < 0.0001) and a significant n—3 LC-PUFA X follow-up interaction (P = 0.003) but no significant linolenate X follow-up interaction (P = 0.67).

treatments than in those that did not. Plasma concentrations of
NEFA decreased from the fasting value at 2 h and then rose after
the test meal (Figure 2), but neither fasting values nor the post-
prandial response differed significantly between dietary treat-
ments.

The results for fibrinogen, FVIlag, and FXIla, none of which
were affected by the dietary intervention, are shown in Table 5.
However, at baseline, fibrinogen concentration was influenced
by age, alcohol intake, and serum cholesterol concentration; after
adjustment for age, sex, and BMI, plasma fibrinogen concentra-
tions were 5.5% lower (95% CI: —9.6%, —1.3%; P = 0.01) in
subjects consuming >1 unit alcohol/d (10 mL ethanol) than in
those consuming < 1 unit/d. At baseline, fasting FVIlag con-
centrations (Table 5) were positively correlated with those of log
plasma triacylglycerol (r = 0.189, P = 0.003) and cholesterol
(r=10.259, P <0.001). Fasting FVIIc was positively correlated
with plasma cholesterol (r = 0.2205, P < 0.001), log plasma
triacylglycerol (r = 0.206, P = 0.001), and BMI (r = 0.214, P =
0.001). FXIIa was positively correlated with FVIIag (p = 0.283,

TABLE 4

P < 0.001). FXIIa concentrations were significantly higher in
smokers than in nonsmokers [median: 1.35 ng/mL; interquartile
range: 0.55, 2.54 in smokers (n = 40); median: 0.42 ng/mL;
interquartile range: 0.70, 1.37 in nonsmokers (n = 214)], but no
relation between alcohol intake and FXIla concentration was
found.

The results for FVII in the fasting state, which did not differ
between treatments, are shown in Table 6. FVIlag concentra-
tions did not differ significantly. Fasting values for FVIIc and
FVIla were 8% (95% CI: —9.4%, —6.4%; P < 0.00001) and
19.2% (95% CI: —21.9%, 16.4%; P < 0.0001) lower, respec-
tively, before the test meal than before the other corresponding
fasting measurements at baseline and follow-up. Subjects had
been advised to restrict their fat intake on the day before the test
meal, whereas no restriction was imposed before the other fasting
measurement. The postprandial changes in FVIla, which in-
creased from the fasting value by a mean of 47% (95% CI: 42%,
52%) at 6 h but which were not influenced by the dietary treat-
ments, are shown in Table 7. The results for fibrinogen, FXIIa,

Postprandial changes in plasma triacylglycerol concentrations at baseline and follow-up in subjects according to whether they received additional dietary

n—3 long-chain polyunsaturated fatty acids (LC-PUFA)’

Fasting 2h 3h 6h
mmol/L
n—3 LC-PUFA (n = 98)
Baseline 1.38 £ 0.62 1.90 + 0.82 221 +£0.94 2.07 £ 1.15
Follow-up 1.19 £ 0.52 1.72 £ 0.68 1.99 + 1.07 2.02 £ 1.07
No n—3 LC-PUFA (n = 126)
Baseline 1.28 £ 0.45 1.61 + 0.64 1.89 £ 0.73 1.82 + 1.08
Follow-up 1.20 = 0.40 1.70 £ 0.64 1.98 £ 1.13 1.99 £ 1.13

! All values are geometric X + SD (adjusted for age, sex, and BMI). Data were log transformed and analyzed by 4-factor (follow-up, time, n—3 LC-PUFA,
and 3 concentrations of linolenate) repeated-measures ANOV A. There was a significant effect of time (P < 0.0001) and a significant follow-up X n—3
LC-PUFA interaction (P = 0.003). Changes in fasting values between groups compared with analysis of covariance adjusted for age, sex, and BMI differed
significantly between diets (P = 0.009).
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FIGURE 2. Geometric mean (95% CI) plasma nonesterified fatty acid
(NEFA) concentrations after the test meal that followed the 6-mo dietary
intervention (after adjustment for baseline value, age, sex, and body mass
index). Data were analyzed by repeated-measures ANOVA of the log data.
NEFA concentrations changed significantly over time (P < 0.001); however,
the diet X time X follow-up interaction was not significant (P = 0.21), and
the differences between diets at baseline were not significant.

and measures of FVII according to whether the subjects received
additional n—3 LC-PUFA, after adjustment for concentration of
dietary linoleate, are shown in Table 8; no significant differences
were observed.

DISCUSSION

The aim of the current study was to ascertain the effects on
hemostatic factors of manipulating the dietary n—6:n—3 in the
context of the UK diet. The study was undertaken in men and
women aged 45-70 y who by virtue of their age are at substantial
risk of CVD. The subjects had an estimated 18% risk of CVD
within 10 y. In the designing of this study, it was recognized that
alow intake of LA is associated with a higherrisk of IHD (21) and
that rates of CVD have fallen in the United Kingdom as the ratio
of PUFAs to saturated fatty acids has increased. Consequently,
the evaluation of diets providing < 4% of energy as LA was
excluded. Estimates of household food consumption have indi-
cated that the consumption of PUFAs (mainly LA) increased
from ~=4% in the 1970s to 7% of the dietary energy in the 2000
National Food Survey (22); the n—6:n—3 in the diet is estimated
to have risen from ~3:1 to =~10:1 (23). On the basis of epide-
miologic evidence, we hypothesized that the optimal n—6:n—3
would be =~3:1. The current study was designed to test whether
this ratio could be achieved in persons who increased their intake
of ALA or n—3 LC-PUFAs or both while maintaining relatively
constant intakes of saturated and monounsaturated fatty acids.
Estimates of dietary intakes at 6 mo showed that they were close
to those planned, even though the baseline estimates of total fat
intake were slightly lower than had been estimated when plan-
ning the study. Measurements of the proportions of EPA and
DHA in erythrocyte lipids indicated that compliance with the
dietary advice was good.

Although numerous studies have shown that a greater intake of
n—3 LC-PUFA decreases both fasting and postprandial triacyl-
glycerol concentrations (24), most studies have used intakes of
>3 g/d, as dietary supplements, and have been of relatively short

TABLE 5
Comparison of fasting plasma fibrinogen, factor VII antigen (FVIlag), and activated factor XII (FXIIa) concentrations at baseline and after a 6-mo dietary
intervention’
Diet
n—3 LC-PUFA + Moderate
Control n—3 LC-PUFA High linolenate linolenate linolenate P?

Fibrinogen (g/L)

n 44 61 52 51 49

Baseline 3.22 +0.54° 3.13 £ 0.54 3.16 £ 0.57 3.25+0.52 3.27 £ 0.60

Follow-up 3.18 £ 0.63 3.17 £ 0.55 3.25 £ 0.60 3.19 £ 0.57 3.28 £ 0.50

Percentage change (%) —0.4(—5.7,5.3)* 0.7 (=3.6,5.2) 2.8(—2.0,7.8) —1.5(—=6.1,3.2) —0.1(=5.0,5.1) 0.87
FVIlag (%)

n 43 57 46 49 47

Baseline 1354 £ 38.6 126 + 38.2 127.5 £ 38.1 127.2 £ 40.8 136.5 + 39.3

Follow-up 136.6 = 44.3 124.5 £ 43.1 123.7 £ 38.0 131.1 £ 41.6 136.7 = 39.5

Percentage change (%)  0.90 (—5.7,7.9) —1.20 (—6.6, 4.6) —2.90 (—8.0,2.4) 3.00 (—2.0, 8.2) 0.10 (=5.1,5.7) 0.65
FXlla (pg/L)’

n 43 60 48 51 47

Baseline 0.68 (0.36, 1.63) 1.63 (0.88, 0.43) 0.43 (1.49, 0.85) 0.85 (0.57, 1.36) 1.36 (0.67, 0.46)

Follow-up 0.70 (0.35, 1.31) 1.31(0.71,0.37) 0.37 (1.36, 0.76) 0.76 (0.50, 1.30) 1.30(0.70, 0.32)

Change 0(—=0.32,0.14) —0.06 (—0.23, 0.08) —0.11(=0.30,0.11) —0.02 (—0.18, 0.08) 0.04 (=0.11,0.22) 0.11

/ LC-PUFA, long-chain polyunsaturated fatty acid.

2 Analysis of covariance with adjustments for age, BMI, sex, and baseline value with the use of log-transformed data.

9 Geometric ¥  SD (all such values).

#X:95% Cl in parentheses (all such values).

? Data were not normally distributed, and statistical analysis was by Kruskal-Wallis test: median values with interquartile range. The diets did not differ

significantly at baseline.
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TABLE 6
Fasting factor VII coagulant (FVIIc) activity and activated FVII (FVIla) concentrations at baseline and at follow-up after a 6-mo dietary intervention’
Diet
n—3 LC-PUFA Moderate
Control n—3 LC-PUFA High linolenate + linolenate linolenate
FVIIc (%)
Background diet
n 40 57 48 47 45
Baseline 121.6 + 32.4° 115.4 £29.9 122.1 £ 36 117.5 £ 314 120.4 £33.1
Follow-up 1259 + 35.0 119.7 £ 30.1 122.4 + 34.4 121.7 £ 31.0 1252 +31.9
Percentage change (%) 3.50 (2.6, 10.1)* 2.27(-0.9,8.5) 0.25(—3.2,3.9) 3.56 (—1.4,8.8) 398 (—1.6,9.9)
Pretest meal®
n 40 57 48 47 45
Baseline 109.2 £25.7 108.5 £ 29.1 110.7 £ 27.9 110.2 £29.0 109.3 £29.2
Follow-up 115.8 £29.0 111.1 £28.1 112.5 £29.9 112.5 £28.5 111.3 £27.8
Percentage change (%) 6.10 (1.1, 11.3) 24(-1.7,6.8) 1.6 (—2.5,5.9) 2.02(-29,7.1) 1.80(—3.3,7.1)
FVIIa (ug/L)°
Background diet
n 40 57 46 49 43
Baseline 51.4 £ 30.7 455 £26.2 49 £252 51.2+£29.7 55.4 %269
Follow-up 54.6 £27.7 52.1 £28.7 51.6 £26.1 53.4£329 553 £285

Percentage change (%)
Pretest meal®

6.30(—7.5,22.1)

14.30 (1.6, 28.8)

5.40 (—4.7,16.6)

4.29 (—8.1,18.3)

—0.03 (—12.7,4.0)

46 49 43
369 £17.5 41.1 £21.6 412 £19.7
39.1 £ 19.1 432 £29 44.3 £22.7
59(—4.8,17.8) 5.1(—6.1,17.6) 74(—24,18.1)

n 40 57
Baseline 40.8 = 19.8 40.7 £ 21.2
Follow-up 45.7 £23.6 423 +£222
Percentage change (%) 12.1(—1.4,27.4) 4.1(-=5.5,14.7)

! LC-PUFA, long-chain polyunsaturated fatty acids. Data were analyzed by repeated-measures ANOVA with the use of log-transformed data. The
differences between diets in measures of FVIIc and FVIIa at baseline were not significant.

2 Background vs pretest meal effect, P < 0.0001; background vs pretest meal X follow-up baseline interaction, P = 0.83; follow-up X follow-up vs
baseline X diet interaction, P = 0.89; follow-up vs baseline X background vs pretest meal X diet interaction, P = 0.83.

3 Geometric X = SD (all such values).
#X;95% CI in parentheses (all such values).

? Subjects were advised to avoid foods high in fat on the day before the test meal, whereas no restrictions in diet were imposed on subjects after the

background diet.

% Background vs pretest meal effect, P < 0.0001; background vs pretest meal X follow-up baseline interaction, P = 0.95; follow-up vs baseline X diet
interaction, P = (0.87; follow-up vs baseline X background vs pretest meal X diet interaction, P = 0.63.

duration, typically < 3 mo. Finnegan et al (25) compared intakes
of 0.8 or 1.7 gEPA+DHA/d, 4.5 or 9.5 g ALA/d, or control (LA)
for 6 mo by using a parallel design in 150 subjects ranging in age
from 25 to 72 y. In that study, fatty acids were incorporated into
25 g fat spread, which replaced the subject’s normal spread, and
EPA+DHA was provided as capsules rather than as food.
Finnegan et al (25) reported a 7.7% reduction in fasting plasma
triacylglycerol concentrations with an additional 1.7 g/d of a
mixture of EPA and DHA and no effect of 4.5-9 g ALLA/d, but
they did not observe any effect on plasma triacylglycerol of an
additional 0.9 g EPA+DHA. The current study showed that a
daily intake of 1.3 g n—3 LC-PUFA (0.7% of total dietary
energy) lowered fasting and 3-h plasma triacylglycerol concen-
trations by 11.1% and 7.2%, respectively, compared with the
other dietary treatments. It is unlikely that this effect was medi-
ated by a decreased rate of lipolysis of adipose tissue, because
neither fasting nor postprandial NEFA concentrations changed
with the treatments. The most likely mechanism for the
triacylglycerol-lowering effect is the inhibition of hepatic triac-
ylglycerol synthesis mediated via the activation of the peroxi-
some proliferator—activated receptor a by n—3 LC-PUFA (26).

Plasma triacylglycerol concentrations were positively corre-
lated with FVIIc and FVIIag at baseline, and postprandial li-
pemia resulted in the activation of FVIL. Consequently, it may be

predicted that lower fasting plasma triacylglycerol concentra-
tions and low postprandial lipemia after the diets containing the
greater intake of n—3 LC-PUFA would lower values for FVIIc,
FVIlag, and FVIla. However, that was not the case. The lack of
effect of a higher intake of n—3 fatty acids on the various mea-
sures of FVII in the fasting state is in agreement with Finnegan et
al (27). Marckmann et al (28), however, reported a 9% decrease
in FVIlag after the consumption of 0.9 g n—3 LC-PUFA,
whereas Sanders et al (18) found no change in FVIlag but re-
ported an increase in FVIIc after consumption of 5 g n—3 LC-
PUFA in a low-saturated-fat diet that was 7% greater than that
seen after consumption of a control diet that was high in saturated
fatty acids. No relation was found between fasting or postpran-
dial concentrations of NEFA and FVIla. After a meal containing
50 g fat, FVIla increased by a mean of 47%, but it was not
affected by the background diet. The observation that a low
intake of fat on the day before the measurement had a major
influence on fasting FVIIc and FVIla supports the view that
meals high in fat acutely increase FVIla for =12 h. It seems
highly likely that the amount of fat in a single meal is a more
important determinant of FVIIa than is the proportion of the total
dietary energy derived from fat. Because meals containing <30 g
fat do not result in significant postprandial lipemia, a case has
been made for limiting the fat content of any one meal to <30 g
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TABLE 7
Postprandial increase in activated factor VII (FVIla) concentrations after a test meal containing 50 g fat at baseline and after the 6-mo diet intervention’
Diet
n—3 LC-PUFA Moderate
Control n—3 LC-PUFA High linolenate + linolenate linolenate
Baseline
n 40 57 46 49 43
Fasting 40.8 + 19.8% 40.7 £21.2 369 £17.5 41.1 £21.6 412 +19.7
6 h after a test meal 557 +£2738 56.5 £ 31.5 552 +29.7 61.7 = 36.6 56.6 + 31.7

Percentage change (%)
Follow-up

n

Fasting

6 h after a test meal

Percentage change (%)
Postprandial increment”

n

Percentage change (%)

36.5(21.5,53.1)°

40
45.7+23.6
66.5 = 28.4
45.4(32.2,59.8)

40
6.5 (—5.8,20.6)

39.0(29.4, 49.0)

57
423 £222
64.2 £ 36.0
51.7 (41.8,62.6)

57
9.3(—14,21.0)

49.8 (37.3,63.3)

46
39.1 £19.1
61.7 £32.7
58.1(42.2,75.8)

46

5.5(—6.9,19.8)

50.4 (40.0,61.4)

49
43.2+29.0
65.5 £ 429
51.7 (34.7,70.9)

49
0.9(-9.5,12.6)

37.2(20.1, 56.7)

43
443 £22.7
67.0 £ 36.6
51.3(38.7,65.0)

43
10.3 (—6.4,30.0)

! LC-PUFA, long-chain polyunsaturated fatty acid. Data were analyzed by repeated-measures ANOV A using log-transformed data. Fasting vs postpran-
dial effect, P < 0.0001; follow-up vs baseline X diet interaction, P = 0.32; follow-up vs baseline X diet X fasting vs postprandial interaction, P = 0.94. The
differences between treatments at baseline and at follow-up were not significant.

2 X % SD (all such values).
3%, 95% Clin parentheses (all such values).
# Measured on a log scale.

(29), particularly in older persons, a group in whom the post-
prandial increase in FVIla is greater.

In a secondary prevention-of-IHD trial, De Lorgeril et al (30)
reported lower plasma fibrinogen in subjects allocated to a diet
with a low n—6:n—3, provided mainly by rapeseed oil (canola),
than in subjects following usual dietary advice. In a crossover
trial of nonsmoking subjects, plasma fibrinogen concentrations
in subjects provided an intake of 5 g n—3 LC-PUFAs were lower
than concentrations in subjects following an identical diet in
which the n—3 LC-PUFAs were replaced with 5 g LA (18).
Finnegan et al (27) found no effect of 4.5-9 g ALA or 0.9-1.7 g
EPA+DHA on plasma fibrinogen in nonsmokers. Smoking is
well known to influence plasma fibrinogen concentrations (31),
and it can be a major source of confounding. In the current study,

TABLE 8

smoking status was assessed by measurement of urinary cotin-
ine; smoking habits did not change during the study. The findings
of the current study suggest that moderate increases in n—3 fatty
acids in the diet, achieved by increasing fish consumption and by
using rapeseed (canola) oil and spreads with a lower n—6:n—3,
have no measurable effect on plasma fibrinogen. The observa-
tion that moderate alcohol intake was associated with lower
plasma fibrinogen is in accord with other reports (32, 33). In-
creasing the intake of n—3 fatty acids did not affect FXIIa. There
were large variations in FXIla between subjects but little varia-
tion between measurements at baseline and follow-up. Zito et al
(34) showed that much of the between-subject variation is
determined by 46C—T polymorphism in the FXII gene. How-
ever, a strong effect of smoking on FXIla was observed, which is

Percentage changes in fasting and postprandial plasma factor VII (FVII) between baseline and follow-up in subjects given or not given additional dietary

n—3 long-chain polyunsaturated fatty acids (LC-PUFA)’

n—3 LC-PUFA No n—3 LC-PUFA
n Value n Value P?

% %
Fibrinogen 112 —0.3(—3.4,3.0° 144 0.7 (=2.1,3.7) 0.30
FXIla 111 —0.03 (—=0.23,0.08) 138 —0.02 (0.19, 0.16) 0.58
FVIlag 106 0.7 (=3.0,4.6) 136 —-0.7(=3.8,2.7) 0.41
FVIIc background diet 110 3.8(0.5,7.2) 135 2.5(-04,54) 0.42
FVIIc pretest meal 106 2.3(-0.8,54) 141 3.6 (0.8,6.4) 0.90
FVIIa background diet 107 9.70 (0.8, 19.4) 130 3.60 (—3.1,11.3) 0.32
FVIIa pretest meal 108 5.3(=2.0,13.2) 136 9.5(3.1,16.3) 0.90

FVIIa postprandial increment” 106 0.90 (—=5.5,7.3) 133 2.4(-3.9,8.8) 0.996

! FXIla, activated FXII; FVIIag, FVII antigen; FVIIc, FVII coagulant activity.
2 P values from 2-factor ANOVA without interaction adjusted for concentration of linoleate.

7 X;95% CI in parentheses (all such values).
# Measured on a log scale.

9T0Z ‘9T 19qwia1das U0 AHVYHdIT ONYILYd AINN JLVLS VINVATASNNIC ¥e Hio uontinu-udle woly pspeojumoq


http://ajcn.nutrition.org/

@ The American Journal of Clinical Nutrition

522

consistent with an earlier report (14), but we could find no rela-
tion between recent alcohol intake and FXIla in the current study.

In conclusion, these findings indicate that lowering n—6:n—3
by increasing the intake of n—3 LC-PUFA decreases both fasting
and postprandial plasma triacylglycerol concentrations in older
men and women but does not influence fibrinogen, FXIla, or
indexes of FVII. Lowering the n—6:n—3 by increasing the intake
of ALA and decreasing that of LA affected neither plasma tri-
acylglycerol nor hemostatic variables. The findings of this study
suggest that other lifestyle factors, such as high BMI, alcohol
intake, cigarette smoking, and the fat content of a meal, are
significant determinants of these hemostatic factors. [ ]
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