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Epidemiological studies have suggested that the consumption 

of fish may reduce the risk of cardiovascular disease. 

Compared to the number of studies using fish oils, few 

studies have used fish itself.  Those which have used fish 

have generally used fattier fish such as mackerel and salmon 

as part of an uncontrolled diet.  In this study, 23 healthy 

men consumed 200g each of Chinook salmon, Dover sole, and 

sablefish in a three-way crossover design for 18-day periods 

with three-week washout periods in between.  The diets had 

the approximate composition of the ^Western' diet:  45% 

carbohydrates, 3 6% fat, and 16% protein with the sole diet 

containing 1.95 g omega-3 (n-3) fatty acids, the salmon diet 

3.99 g n-3, and the sablefish diet 3.42 g n-3 fatty acids. 

Serum total cholesterol (TC), high density lipoprotein 

cholesterol (HDL-C), low density lipoprotein cholesterol 

(LDL-C), triglycerides (TG), bleeding time (BT), blood 

pressure (BP), platelet aggregation (PA) using ADP and 

collagen as agonists, platelet fatty acid profiles (FAP), 



thromboxane B2 (TXB2) , and apolipoprotein B (Apo B) were 

measured at the beginning and end of each period.  TC, and 

HDL-C, and TG changed significantly when compared to the 

prefish diet while both LDL-C and apo B demonstrated diet 

effect.  LDL-C increased on both the salmon and sablefish 

diets (p = 0.08) compared to the sole diet, and increased 

approximately 15% on the former two diets compared to the 

prefish diet.  Bleeding time was significantly longer when 

the salmon diet was consumed (p = 0.06).  The impact of the 

three diets on PA depended upon the agonist.  With collagen, 

only the sablefish diet decreased aggregation compared to 

the prefish diet.  When ADP was used, aggregation decreased 

on both the fattier fish diets compared to the low fat fish 

(sole).  Similar results were demonstrated for TXB2:  the 

fattier fish produced statistically equivalent decreases (p 

= 0.06) among the diets, and lowered TXB2 compared to the 

prefish diet.  There were no significant differences among 

the diets for either systolic or diastolic BP though there 

was a significant decrease (p = 0.01) in diastolic pressure 

compared to the prefish diet when the salmon diet was 

consumed.  Platelet fatty acid profiles reflected diet 

composition. 
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The Effect of the Consvunption of Three Types of Dietary Fish 
on Cardiovascular Risk Predictors 

CHAPTER 1 

INTRODUCTION 

Despite an age-adjusted 40% reduction in mortality from 

cardiovascular disease (CVD) in the past three decades (1), 

it is still the leading cause of death in the United States 

(2). Attempts at altering the three major risk factors for 

CVD—elevated serum cholesterol, high blood pressure, and 

smoking (3)—as well as other contributory factors such as 

obesity (4), diabetes (5), stress (6), and physical 

inactivity (7), have evoked several approaches.  The 

National Cholesterol Education Program expert panel 

specifically addressed the lowering of low density 

lipoprotein cholesterol (LDL-C) first by dietary means, and 

then if necessary, medications (3).  The panel also touched 

upon smoking and high blood pressure as modifiable factors, 

and included in its recommendations that life style 

modifications be a part of the general education program to 

reduce the risk of CVD (3). 

Note:  The terms coronary heart disease (CHD) and 
cardiovascular disease (CVD) used in this paper denote 
different disease entities.  The former refers to myocardial 
infarction (MI), angina pectoris, and coronary insufficiency 
while the latter refers to all of the above entities plus 
stroke, transient ischemia, congestive heart failure, and 
peripheral vascular disease.  The terms used here are the 
ones referred to by the author cited in each reference. 



Epidemiological studies in the 70's (8, 9), showing 

that the Greenland Eskimos and Japanese fisherman had low 

rates of CVD, led to the suggestion that the long chain, 

highly unsaturated fatty acids, the omega-3 (n-3) fatty 

acids, contained in marine mammals and fish could positively 

affect CVD risk factors, particularly serum cholesterol.  A 

long-term epidemiological study (10) undertaken in the 

Netherlands also indicated that the consumption of fish, 

even as little as 3 0 grams per day,could reduce the 

incidence of CVD.  In the decade from 1975-1985, an 

estimated 1000 journal articles were published about the 

effect of n-3 fatty acids on various disease states, 

particularly CVD (11).  Results of studies done in this 

decade with n-3 fatty acids on serum total cholesterol (TC) 

and triglycerides (TG) in normal lipemics (12) as well as 

hypertriglyceridemics (13), bleeding time (BT) (14), 

platelet aggregation (15), blood pressure (BP) (16), 

thromboxane A2 (TXA2) production (17), and platelet fatty 

acid profiles (18) all tended to demonstrate positive 

effects from their ingestion.  Later studies (19-21) using 

smaller portions of fish or lower doses of fish oil (22-25) 

showed less positive results—particularly regarding LDL-C. 

While the TG-lowering effect of n-3 fatty acid ingestion 

seems confirmed (26), the elevation of LDL-C would suggest 

that their consumption may not improve cardiovascular risk. 

On June 28, 1990, the Food and Drug Administration (FDA) 

sent letters to 67 fish oil suppliers and ordered them to 



stop distribution of fish oil supplements.  The FDA stated 

that "at the present time, there is no scientific evidence 

to support health claims that these ingredients have an 

effect on the risk of coronary heart disease."  The agency 

also stated that the safety of long term ingestion was 

unproven (27). 

The contradictory results from studies and the FDA's 

stance would suggest that there is much still to be learned 

concerning n-3's effects on cardiovascular risk predictors. 

One of the major confounding factors blurring analysis of 

the results of studies has been the use of varying amounts 

and sources of n-3 fatty acids:  that is, purified fish oils 

(28-29), fish themselves (30), and combinations of fish and 

fish oils (31) have been used in both human and animal 

studies.  This study attempted to clarify the picture of the 

effect of n-3 fatty acids on cardiovascular risk predictors 

by presenting the acids in a form (fish itself) and an 

amount (1-2 grams per day) that might be reasonably consumed 

within the ^Western' diet. 



CHAPTER 2 

REVIEW OF LITERATURE 

Studies (10, 32) have suggested that the consumption of 

fish, even as little as 30 grams per day, can positively 

affect CVD.  The data have been obtained from both 

epidemiologic and intervention studies.  The epidemiologic 

studies have varied in their method of dietary assessment 

using both food consumption patterns of populations and of 

individuals.  In the intervention studies, few investigators 

have used fish itself as the source of the n-3 fatty acids 

compared to the number which used fish oils (33, 34).  Those 

studies which have used fish (35-37) have generally used 

fattier fish, such as mackerel or salmon, and given the fish 

as part of a uncontrolled diet. 

Epidemiological Studies 

Suggestions that n-3 fatty acids were potentially 

beneficial in the prevention of CVD first came from 

epidemiological studies of populations, the Greenlandic 

Eskimos (Inuits) and Japanese fishermen and farmers.  In 

1969, the Danish researchers Jorn Dyerberg and Hans Bang 

began their investigation of why the Greenlandic Eskimos had 

very low rates of CVD.  Over the course of eight years 

(1970-8), they made four trips to Greenland and measured 

various parameters implicated in CVD (38) .  In the first 

expedition in 1970 (39), they compared 69 female and 61 male 



Inuit with 2 5 female Inuit who were residing in Denmark. 

Examining plasma total lipids, TC, and TG, and lipoproteins 

by electrophoresis, they found that the total lipids, TC, 

TG, and pre-jS-lipoproteins (very low density lipoproteins 

(VLDL)) were significantly lower in the Inuit than the 

Danish-resident Inuit.  They hypothesized that these lower 

levels could be due to the traditional way of life and/or 

diet, and could explain why there was such a low incidence 

of ischemic heart disease.  They noted, however, that such 

reduced levels of lipids were usually seen in populations 

with low fat diets—not diets like the Inuit which were high 

in protein and fat, and low in carbohydrates. 

At the same time that Bang and Dyerberg measured the 

blood lipids of Inuit residents in both Greenland and 

Denmark, they also measured the lipids in 193 native Danish 

subjects (38).  They found statistically lower levels of 

total lipids, TC, TG, VLDL, and /3-lipoproteins (low density 

lipoproteins (LDL)) for the Inuit as compared to sex-and 

age-matched native Danes.  The investigators speculated that 

there might be a genetic component at play to explain these 

lipid differences, but noted that the Danish lipid patterns 

were similar—whether they were obtained from Inuit living 

in Denmark or native Danes.  They concluded that the Inuit 

diet must be high in unsaturated and low in saturated fatty 

acids because, although the exact composition of the dietary 

fat was not known, analyses of whale oil and fish had shown 



them to be high in unsaturated and low in saturated fats. 

The Inuit consumed mainly marine mammals and fish. 

Further analyses of the plasma lipids obtained from the 

Inuit, Inuit living in Denmark, and native Danes produced 

results which suggested that the lower levels of plasma 

lipids were due more to the particular type of fat consumed 

than to the amounts consumed (40).  The Inuit living in 

Denmark had plasma fatty acid profiles similar to the native 

Danes while the Inuit had considerably (one-third to one- 

half) lower levels of linoleic acid (18:2n-6) (LA) and much 

higher levels (up to 16% of the total lipids) of 

eicosapentaenoic acid (20:5n-3) (EPA).  The Inuit had lower 

levels of linolenic (18:3n-3) (LNA) and arachidonic (20:4n- 

6) (AA) acids and higher levels of palmitic (16:0), 

palmitoleic (16:1), and docosahexaenoic (22:6n-3) (DHA) 

acids.  When examining the three major groups of fatty 

acids, saturated (SFA), monounsaturated (MUFA), and 

polyunsaturated (PUFA), the Inuit had higher levels of the 

polyunsaturated and lower levels of saturated than either 

group living in Denmark. 

In 1972 and 1976, Bang and Dyerberg made return trips 

to Greenland to gather the food for actual analysis of 

Eskimo food consumption patterns (38, 41).  These analyses 

demonstrated lower consumption of carbohydrates and higher 

protein while fat consumption was equal to that of the 

Danish controls.   The Greenlanders, however, consumed 

greater amounts of the long-chain fatty acids (20:5n-3 and 



22:6n-3)/ and Bang and Dyerberg hypothesized that these 

particular fatty acids might have a significant effect on 

serum cholesterol. 

The fourth expedition to Greenland occurred in 1978, and 

was aimed at investigating the thrombotic functions of 

platelet aggregation, BT, and prostaglandin production (38). 

Bang and Dyerberg had previously examined the platelet fatty 

acid profiles of the Inuit and found that there were higher 

amounts of fatty acids from the n-3 series and less from the 

n-6 series than those of the Danish controls (39).  Based on 

in vitro studies which had shown that the AA-derived 

prostaglandin TXA2 contained in platelets was proaggregatory 

while prostacyclin (PGI2) contained in the vessel wall was 

antiaggregatory, the researchers speculated that perhaps EPA 

gave rise to substances which were antiaggregatory.  Their 

in-vitro studies demonstrated that the aggregation of 

thrombocytes incubated with EPA was inhibited.  They 

concluded that EPA either produced prostaglandins which were 

antiaggregatory or directly inhibited the production of TXA2 

(42).  The comparison of 21 Inuit with 21 Danish controls 

demonstrated significantly longer BT (8.1 vs 4.8 minutes), 

no difference in platelet adhesivity, prothrombin time, and 

activated partial prothrombin time, but higher concentration 

of fibrinogen in Inuit.  In 10 Inuit, there was platelet 

aggregation neither with adenosine diphosphate (ADP) nor two 

different concentrations of collagen. 

The results from their four expeditions led them to 



conclude that the low levels of ischemic heart disease in 

Inuit were due to the Inuits' diet which produced low levels 

of TC, VLDL, and LDL-C, and TG.  They further pointed out 

that the elevated levels of high density lipoprotein 

cholesterol (HDL-C) found in Inuit males also reduced the 

risk of heart disease.  Finally, they theorized that the 

balance between proaggregatory and antiaggregatory 

prostaglandins was shifted to the antiaggregatory state by 

the higher levels of EPA.  If there were less tendency to 

aggregation, then thrombus formation might be reduced, and 

changes in the endothelial wall leading to atherosclerotic 

lesions might also be reduced. 

Thus, the epidemiological studies with Inuit and Danish 

subjects suggested that a diet low in saturated fatty acids 

and high in PUFA, particularly n-3 fatty acids, was 

consistent with low rates of cardiovascular disease.  Data 

from other countries also suggested that a diet containing 

at least small amounts of fish and overall low in SFA 

reduces the risk of CVD. 

Japanese who consume diets high in EPA have low rates 

of heart disease.  Platelet aggregation with ADP, and plasma 

fatty acid profiles were measured in residents of  fishing 

and farming villages.  In the fishing village the intake of 

seafood was 250 g/day (2.5 g EPA) while that in the farming 

village was 90 g/day (0.9 g EPA).  Plasma levels of DHA, 

EPA, and AA were significantly higher in the fishing village 

than the farming village.  The amount of ADP required to 



induce more than 50% maximun aggregation was also higher in 

the fishing village (43).   The same group of researchers 

later measured blood viscosity in the same fishing village 

and in another farming village.  They found that blood 

viscosity was significantly lower in the fishing group than 

the farming group.  They concluded that the marine diet 

decreased blood viscosity, and it was due to the EPA 

contained in the seafood.  They further suggested that there 

might be a clinical use for EPA in thrombotic conditions 

(44) . 

The long-term effect of n-3 fatty acid ingestion in 

seafood was assessed in a group of elderly (aged 64-93) 

Japanese living on Kohama Island in Okinawa.  They consumed 

an average of 148 g/day of fish and had been involved in 

both the traditional professions of farming and fishing. 

Their BP, electrocardiograms (EKG), serum fatty acid 

profiles, TC and HDL-C, and TG were compared to averages of 

those Japanese residing on the mainland.  While 51.7% of 

Japanese males and 54.7% of Japanese females above the age 

of 70 were hypertensive, 21.7% of males and 31.0% of females 

in Kohama were hypertensive.  Forty-eight percent of the 

EKG's on Kohama were within normal limits while 36.8% of the 

average Japanese over 70 were normal.  Total cholesterol was 

not significantly different from the average Japanese, but 

HDL-C was higher.  Finally, serum eicosapolyenoic acids 

(20:3, 20:4, and 20:5) were significantly higher in the 

island residents.  The researchers attributed the lower 
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incidence of CVD in Kohama to their diet (including a 50% 

lower ingestion of salt), lower BP, high HDL-C, and serum 

eicosapolyenoic acids (9). 

Bulliyya et al. (45) made a similar comparison of two 

groups of Indians:  those living in a coastal area and 

consuming marine fish four to five times per week and those 

Indians living inland and rarely consuming fish.  The 

researchers measured BP, pulse rate, BT, TC, HDL-C, and TG 

of 100 individuals living in a coastal village and 109 

persons living inland.  It was found that there was no 

significant difference between the two groups for BP and 

pulse rate, though the values were lower for the fish 

eaters.  However, BT and clotting time were significantly 

longer, and TC was significantly lower while HDL-C was 

significantly higher in the fish consuming group. 

Individual consumption of foods did not appear to be 

measured in this study, however, so it is difficult to 

assess actual intake.   The authors also listed fish 

varities to those which were "generally consumed" in the 

coastal area, and only provided total lipid and the 

percentage of LA and LNA for the analysis of the fish. 

These results from studies of the Inuit and Japanese and 

Indian fishermen and farmers have been considered to 

demonstrate the positive effects of n-3 fatty acids on CVD. 

Yet, it is necessary to note that these conclusions were 

based on small sample sizes.  Bang and Dyerberg (39) 

examined lipid profiles and hemostatic factors in 130 Inuits 
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while Kagawa et al. (9) examined these same factors in 77 

Japanese islanders and Hirai et al. (43) and Kobayashi et 

al. (44) compared 4 2 Japanese fishermen and 4 3 Japanese 

farmers.  Thus, these results should be viewed with caution, 

particularly those from the Inuit who usually die in middle 

age (46). 

Other epidemiologic data concerning the consumption of 

fish and lessened risk of CVD were obtained, not from 

dietary patterns as used in the above studies but, from food 

intakes of individuals.  These results demonstrated fewer 

positive effects of the consumption of fish on 

cardiovascular risk.  The Seven Countries Study examined the 

relationship between CVD and diet in seven countries: 

Yugoslavia, the United States, the Netherlands, Finland, 

Greece, Italy, and Japan (47).  Subsamples of these selected 

cohorts kept detailed food records, weighing and measuring 

all foods and beverages for 7-day periods.  Duplicate 

samples of these foods were then chemically analyzed.  A 

total of 11,579 men aged 40-59 and Wealthy' at the 

beginning of the study were followed for 15 years.   Wide 

differences in fish consumption were observed among the 

subgroups:  less than 10 g/day were consumed in Western 

Finland, the sample from the United States (men employed by 

the railroads), and Velika Krsna and Zrenjanin, Yugoslavia; 

10-35 g/day in Crete, Greece, Montegiorgio, Crevalcore, and 

Rome, Italy, Slavonia and Belgrade, Yugoslavia, and Zutphen, 

the Netherlands;  approximately 60 g/day in Eastern Finland 
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and Corfu, Greece;  95 g/day in Tanushimaru, Japan, and 

Dalmatia, Yugoslavia;  and 200 g/day in Ushibuka, Japan. 

Results suggested that fish consumption alone might not be 

associated with reduced rates of CVD.  The subgroups with 

the lowest rates of CVD were Velika Krsna, Ushibuka, Crete, 

Corfu, Tanushimaru, and Dalmatia.  Ironically, less than 10 

g/day were consumed in Yugoslavia while the Japanese had the 

greatest consumption of fish (200 g/day). What did become 

apparent was that the incidence of death was related 

positively to the percentage of energy derived from 

saturated fatty acids and consumption of fish did not 

protect an individual from developing CVD (47). 

Other methodology was used to assess the intake of fish 

in the Western Electric (32) and Zutphen studies (10,48). 

Participants were interviewed using a standardized format 

and information was obtained about typical daily and weekend 

intakes.  Information was also obtained about long term 

dietary patterns including adherence to modified diets and 

food preparation methods. In 1957, the Western Electric 

Study looked at 2000 American men aged 40-55.  The study 

found that serum cholesterol varied positively with 

cholesterol and SFA intake and tended towards an inverse 

relationship with the ingestion of PUFA.  In the 25-year 

follow-up, an inverse relationship was found between fish 

consumption and mortality from CHD.  The Zutphen Study (10, 

48) examined the relationship between CVD and fish 

consumption in 852 middle-aged men.  On follow-up 2 0 years 
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later, it was determined that fish consumption was inversely 

related to CVD in the period 1960-80.  The food consumption 

patterns demonstrated definite differences between those who 

consumed fish and those who did not.  The consumption of 

MUFA and PUFA, cholesterol, animal protein, and alcohol was 

significantly positively and the intake of polysaccharides 

was significantly inversely related to fish consumption. 

Examination between fish consumption and other variables 

such as age, serum TC, cigarette smoking, physical activity, 

systolic BP, subscapular skinfold, energy intake, and 

therapeutic diet failed to demonstrate an association.  A 

dose-related effect was observed when the intake ranged from 

0 to 30 g fish each day, and the researchers assessed an 

approximate 50% reduction in CVD in those individuals 

consuming 30 g fish per day compared to those consuming no 

fish. 

Epidemiologists from the Swedish National Institute of 

Environmental Medicine (49) obtained information on dietary 

consumption patterns including fish intake from 15,8 64 

individuals who were one of a pair of twins.  The data were 

obtained through a self-administered questionnaire given in 

1967-8.  The investigators excluded any subject reporting a 

history of CVD, and then divided individuals into three 

groups based on high, moderate, and low or no fish 

consumption.  In the 14-year follow up of 10,966 of these 

subjects, the relative risks for the three levels of 

consumption was calculated using the individuals who 
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consumed little or no fish as the reference group.  A dose- 

response relation with the lowest risk belonging to those 

individuals with the highest fish consumption was 

demonstrated even with adjustment for confounding factors 

such as smoking, hypertension, age, sex, marital status, 

geographical region, and urbanization.  These researchers 

did not report the amounts or kinds of fish consumed, 

however, or patterns of other foods consumed. 

Several 24-hour dietary recalls were used to assess 

food consumption patterns including fish intake in the 

large-scale, longitudinal Multiple Risk Factor Intervention 

Trial (MRFIT) (50).  Men aged 35-57 (12,866) who were judged 

to be at high risk for the development of CHD based on serum 

TC, smoking, and diastolic BP were assigned to either a 

special intervention group or control group.   The former 

group received special interventions to reduce cholesterol, 

smoking, and BP while the latter group was referred to their 

usual sources of medical care.  Based on analyses of four 

24-hour dietary recalls obtained in years 1, 2, 3, and 6 for 

the usual care group, an assessment was made of the intakes 

of those fatty acids found principally in fish:  20:5n-3, 

22:5n-3, and 22:6n-3.  A significant inverse relationship 

was found between those fatty acids and CHD, CVD, and all 

cause mortality.  The most significant effect seemed to 

occur in the quintile with largest intake:  an average of 

664 mg/day of the above n-3 fatty acids.  Mortality from CVD 
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was 41% lower and that from CHD was 4 0% lower when compared 

to no assessed intake of those n-3 fatty acids. 

While the above studies demonstrated positive effects 

of the consumption of fish on CVD, others using intakes of 

individuals did not.  Vollset et al. (51) found no inverse 

relationship between fish consumption and CHD among the 

17,000 Norwegian respondants to a dietary questionnaire. 

Administered in 1967, there were three questions concerning 

fish intake.  These responses were used to determine the 

number of times fish was consumed each month.  A re-analysis 

of data and follow-up covering 14 years was conducted, and 

11,000 of the individuals were stratified for age, smoking 

habits, region, and rural or urban status.  Examining only 

those individuals who died before the age of 80 and even 

excluding those with CHD before follow up, no relationship 

between fish consumption and total mortality was shown. 

Only one group, those men who died before age 45 (n = 22), 

suggested a negative trend between increasing fish 

consumption and CHD death. 

The Honolulu Heart Program and its data on 7615 men of 

Japanese ancestry without overt atherosclerotic heart 

disease also failed to show a relationship between fish 

consumption and CHD in this cohort (52).  The researchers 

gathered information about the subjects' fish consumption by 

asking what was the usual frequency of fish intake and the 

amount of fish eaten in the preceding 24 hours.  It was 

learned that just under one-half of the individuals ate fish 
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two or more times per week, and approximately 44% of the men 

had eaten fish during the preceding 24 hours of the dietary 

recall.  The amounts of fish consumed in the 24 hours ranged 

from 28 to 476 g.  Looking at the 12-year incidence of total 

and fatal CHD and its relation to consumption of fish, both 

in terms of frequency and total amount of grams of fish 

consumed, there was no statistically significant trend. 

Another study (53) examining the fish intakes of groups 

of individuals living in coastal and inland regions in 

Norway showed a similar lack of connection between fish 

intake and reduced CVD.  Fourteen healthy males aged 3 0-60, 

were chosen from two villages—one coastal and the other 

inland.  Each subject was instructed to weigh all foods 

consumed for a seven day period and answer a questionnaire 

regarding familial history of CVD, health status, dietary 

consumption patterns, and smoking habits.  After a 12-hour 

fast and a two-week avoidance of all drugs, blood was drawn. 

Platelet fatty acid profiles, TC and HDL-C, BT, TG, and 

platelet aggregation with collagen were measured.  The lipid 

profiles of fish consumed were also determined. Both groups 

of subjects consumed fish with the intakes averaging 132.4 g 

(0.9 g EPA) for those residing in the coastal area, and 55.1 

g (0.25 g EPA) for those living inland.  Platelet profiles 

demonstrated higher amounts of SFA and lower levels of LA in 

the phospholipids of men living in the coastal area while 

their TG levels were higher.  Collagen-induced platelet 

aggregation was also greater in the coastal men.  There were 
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no significant differences between groups for TC and HDL-C. 

Examining CHD mortality over a ten-year period, the rate was 

higher in the coastal men.  Thus in this investigation, n-3 

fatty acids appeared to have a detrimental effect on CHD; 

these results should be tempered, however, by the low dose 

(0.9 g/day) of EPA. 

Intervention Studies 

Since 1978 there have been approximately 30 journal 

articles (12, 16, 18-21, 30, 31, 35-37, 54-78) published in 

English examinining the effect of fish itself (rather than 

fish oil supplements) on lipidemic and hemostatic factors 

(Table 1).  The studies are similar in that most lacked a 

control group, and measured were before and after results 

instead of employing a crossover design.  Only one third of 

the studies included females (12, 16, 19, 30, 31, 54, 57, 

59, 61, 63, 66, 78) as subjects and most subjects, male and 

female, were ^healthy' or 'normal'. Just six studies (60-62, 

67, 70, 76,) included subjects who were hyperlipidemic or 

hypertensive.  With the exception of the DART study (67), 

total numbers of subjects were small.  Twenty-one of the 

studies (12, 16, 18, 19, 30, 31, 35, 37, 55-59, 62, 65, 68, 

71-73, 76, 78) had fifteen or fewer subjects.  Only one- 

third of the references cited (12, 16, 31, 57, 58, 59, 60, 

62, 71-73, 74, 76, 78) used a controlled diet.  In the 

remainder of the studies, the fish was added to an 
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uncontrolled diet, that is, fish was given to free-living 

individuals who consumed a self-selected diet. 

Lack of a controlled diet can produce confounding 

factors.  For instance, substituting fish for other protein 

foods in a diet can alter the total fat intake as well as 

the mix of fatty acids (26).  To overcome this fact, Cobiac 

et al. (75) instructed all subjects to consume 30% total fat 

regardless of dietary treatment.  The dietary treatments 

consisted of control, fish, and fish oil groups.  Actual 

analysis of dietary treatments demonstrated total fat 

intakes of 27% for the control and fish oil groups and 28% 

fat for the fish group. 

The results from these 3 0 references are not 

consistent.  To some extent, the differences may be 

explained by differences in study design.  For instance in 

the Cobiac study (75), while the amounts of SFA, MUFA, and 

PUFA were largely constant from group to group, the overall 

low fat intake for all treatments could provide an 

explanation for the lack of significantly different changes 

in TC, LDL-C, apo B, and BP between fish, fish oil, and 

control groups.  Similarly, von Lossonczy et al.(54) 

substituted 200 g/day of mackerel for 150 g/day Gouda 

cheese.  While amounts of total fat in the cheese and fish 

were comparable (27% vs 26%), the total fat content of the 

diet was restricted "to prevent a too fat-rich diet". 

Further explanations of usual diet and how the interventions 

changed this pattern were not given.  Therefore, the 
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significant decrease in TC in the fish treatment may not be 

a reflection of fish consumption itself.  Finally, Wolmarans 

et al. (77) fed subjects red meat and fatty fish in a 

crossover design.  He states that while total fat content 

was similar for both periods, the SFA content of the fatty 

fish phase was significantly lower than the red meat phase. 

This significant change in SFA content between the two diets 

does call into question whether the fish itself or the lower 

SFA content is responsible for the significantly reduced TC, 

LDL-C, VLDL-C, VLDL-TG, and total TG concentrations when 

fatty fish was fed.   Thus, some of the changes demonstrated 

in cardiovascular risk predictors could be a result of 

lowering total fat and/or SFA content rather than a result 

of the consumption of fish itself. 

Different lipidemic and hemostatic factors were 

measured in the studies, but most measured platelet fatty 

acid profiles and lipid profiles, particularly TG and TC. 

Comparison of the studies is difficult because of the many 

differences in the designs.  However, TG consistently 

decreased in all studies except two (35, 78), EPA and DHA 

contents of platelets or erthrocytes increased, and TXB2 

declined significantly in all studies in which it was 

measured. 

Regarding the plasma lipid levels, the consistently 

observed decrease in TG levels was dose-dependent:  a higher 

daily consumption of n-3 fatty acids produced a greater fall 

in TG level (12, 31). Results for other lipids were 
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variable.  Total cholesterol decreased significantly in some 

studies (12, 16, 20, 30, 54, 59-61, 69, 70, 77) or produced 

unspecified changes (21, 36, 62) in others.   Low density 

and high density lipoprotein cholesterol likewise 

demonstrated variable changes.  LDL-C either decreased 

significantly (usually with high doses of n-3 fatty acids) 

in some studies (12, 59-61, 77) or produced unspecified 

changes (21, 36) in others.  Similarly, HDL-C increased 

significantly (54, 60, 72, 75), decreased significantly 

(30), or remained unchanged (12). 

Regarding hemostatic factors, TXB2 decreased 

significantly in the nine studies in which it was measured 

(19, 20, 25, 30, 35, 57, 61, 64, 69).  Bleeding time 

increased significantly in some studies (31, 55, 58, 63, 75) 

or showed no change (71) in one.    The effects of fish on 

platelet aggregation varied depending upon the agonist, but 

even the results for a given agonist were inconsistent. 

Platelet aggregation induced by collagen decreased 

significantly (30, 3 5 [but this was dependent on dose; there 

was insignificant reduction with high-dose collagen], 55), 

or showed no influence (71, 78).   ADP-induced aggregation 

demonstrated a significant decrease (30, 55, 71) or no 

change (78).  Platelet aggregation with AA showed a 

significant decrease (19), no change (31, 35, 78), or had 

significantly increased time to reach aggregation but no 

change in concentration (71).   Other agonists (epinephrine, 
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thrombin) used less frequently in studies presented similar 

variability. 

Blood pressure tended to decrease in the studies which 

measured this factor.  Singer measured BP in several groups 

of subjects—normotensives (16, 60) as well as hypertensives 

(59-61, 69), and hyperlipidemics (59).  He found significant 

decreases in both systolic and diastolic pressures in 

normotensives ingesting mackerel but not herring (16); 

significant decrease in recumbent systolic pressure in 

hypertensives following mackerel ingestion but not herring 

(59);  significant reduction in systolic pressure in 

normotensives, hypertensives, and hyperlipidemics, and 

diastolic pressure in normotensives after mackerel (60); 

significant decrease in both systolic and diastolic 

pressures in hypertensives on two different amounts of 

mackerel (61);  and significant decreases in both systolic 

and diastolic pressures in hypertensives consuming mackerel 

in both low sodium, high potassium, and regular tomato 

sauces (69).  Van Houwelingen et al. (63) also saw 

significant reductions compared to baseline in both systolic 

and diastolic pressures in xhealthy' young men following 

supplementation of the diet with mackerel.  However, these 

changes were comparable to those seen in the control group. 

Cobiac et al. (75) found significant reductions compared to 

baseline in systolic and diastolic pressures in 

hyperlipidemics following a diet supplemented with salmon 

and sardines. 
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Other potential risk factors for CVD (blood viscosity, 

whole red cell deformability, the prostaglandins formed from 

the lipo-oxygenase and cyclo-oxygenase pathway: 

prostaglandin I2 (PGI), hydroxyeicosatetraenoic acid (HETE), 

hydroxypentaenoic acid (HEPE), fibrinogen, plasminogen, 

plasminogen activator among others) were measured, but these 

parameters were limited to individual studies.  Therefore, 

no trend could be discerned. 

Because the 3 0 cited references measured different 

cardiovascular risk factors and used varying amounts of n-3 

acids, comparisons are difficult to make.  However, some 

trends may be discerned by examining the 14 citations using 

controlled diets.  Eight of the studies (12, 16, 59, 60, 72, 

76, 62, 57) measured TC, and four of them (12, 16, 59, 60) 

demonstrated significant decreases.  In this instance, there 

does seem to be a dose-related effect:  the greatest 

decreases occurred with higher doses.  A significant effect 

could be seen with lower doses, however, with 5 g/day n-3 

appearing to be the threshold.  Five of them (12, 16, 59, 

60, 72) also measured LDL-C and HDL-C with similar results: 

in all studies but reference 72, LDL-C tended to decrease 

significantly while HDL-C increased significantly in all 

studies.  Interestingly, with the exception of reference 72, 

these results came within diets which were high in total fat 

(40-45%).  Caution must be used when viewing these results, 

however, as one of the studies (12) used liquid formula 

diets with large amounts of fish (up to one pound of salmon 
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per day).  Three of the studies (16, 59, 60) also came from 

one group, and while the diets were described as containing 

40% total fat and being isocaloric, no additional details 

were given about fatty acid composition.  Regardless of 

amount of n-3 given, though, all who measured TG saw 

significant decreases while the n-3 contents of platelets or 

erthrocytes increased significantly. 

Regarding hemostatic factors, five studies (31, 58, 71, 

74, 78) measured BT.  Results are less clear here since the 

study with the high dose n-3 (10 g/day) (31) demonstrated a 

significant increase in BT, but another (74) giving much 

smaller amounts n-3 (1-2 or 0.2-0.4 g/day) also saw 

significant increases.  Another study (58) also produced a 

significant increase in BT, but the amount of n-3 consumed 

in the diet is not given.  Three studies (31, 71, 78) 

measured platelet aggregation, but results were mixed with 

no consistent trend seen.  No study measured TXB2. 

Only three of the studies (16, 59, 60) using controlled 

diets measured BP, and all three came from the same group of 

investigators.  They saw decreases in systolic and/or 

diastolic pressures in normotensives (16), hypertensives 

(59), and hyperlipidemics (60).  These changes also seemed 

dose-dependent with the decreases seen in the groups 

consuming mackerel (approximately 5 g/day n-3) but not those 

consuming herring (2.8 g/day n-3). 

Thus, the small number of studies, particularly studies 

using controlled diet, makes it difficult to find 
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significant trends in the lipidemic and hemostatic factors, 

particularly since no one factor was measured in all of 

these studies.  The controlled diet studies suggest that 

there is a dose-related effect with higher amounts producing 

decreases in TC, LDL-C, TG, and BP.  However, since the 

number of studies is so small, the numbers of subjects 

involved were few, and different parameters were measured, 

extreme caution must be used when interpreting results. 

When all 3 0 cited references feeding fish are examined, a 

consistent lowering of TG, TXB2, and BP is seen.  However, 

since none of the controlled diet studies measured TXB2  and 

five of the seven studies measuring BP came from the same 

group of investigators and used similar study designs, 

caution must again be exercised when drawing conclusions. 

However, the intervention trials coupled with 

epidemiological studies do suggest that the consumption of 

fish can positively affect some of the factors related to 

CVD. 

Further studies of the effect of fish consumption upon 

lipidemic and hemostatic factors, in which diet is carefully 

controlled and the sample size is sufficiently large, are 

clearly necessary.  Therefore, our study with a moderate 

number of subjects (23), a rigorously controlled diet, and 

an amount of n-3 (2-3 g/day) that can be reasonably consumed 

within the xWestern' diet will provide needed data in this 

area. 



TABLE 1 
Intervention Studies Using Fish 

Year Investigator n Subjects Diet Fish Amount of 
Omega-S 

Length of 
Study 

What was measured Results 

1978 von 42 19 monks habitual diet substituting mackerel 8 grams 6 weeks TC, TGb, HDL-O, significant 1 TC, 
Lossonczy54 23 nuns 150 grams Gouda cheese 

with 200 grams 
mackerel 

(3 wks 
per diet) 

VLDLd, fatty acid 
composition of serum 
lipid 

significant 1 TG, 
significant t HDL-C 

1980 Siess" 7 7 males, healthy 500-800 grams mackerel 
plus unrestricted 
carbohydrates and fluids 

mackerel 7-11 grams 

EPA 
1 week TC, TG, platelet 

aggregation w/several 
agonists 

ns 1 TC, ns tTG, 
significant 1 of platelet 
aggregation and TXBj" 
formation induced by 
collagen 

1981 Goodnight31 11 6 male. fruits, vegetables, bread, salmon 10 grams 11 platelet lipids, BT', significant tBT, ns8. A' in 
5 females, cereal, plus liquid weeks (4 platelet aggregation platelet aggregation, A of 
healthy formula or similar diet weeks 

per diet 
w/ three 
week 
washout 
period in 
between) 

platelet fatty acids 

1981 Thomgren" 10 10 males, healthy habitual diet with principally 2-3 grams 11 platelet profiles, BT, significant A in platelet 

1986 predominance of fish, mackeral and EPA weeks fibrinogen, thromoplastin, profiles, significant tBT, 
1987 36 150-200 grams salmon and prothrombin time, 

platelet aggregation, TG, 
TC, HDL-C, Apo A, Apo 

B, blood glucose, 
selenium 

ns A fibrinogen, 
prothrombin, 
thromboplastin, significant 
1 platelet aggregation, 
significant iTG, ns A 

HDL and TC, Apo A, 
Apo B, glucose, 
significant increase 
selenium 

to 
<J1 



Year Investigator n Subjects Diet Fish Amount of 
Oniega-3 

Length of 
Study 

What was measured Results 

1982 O'Dea" 12 2 males, 10 

females, healthy 

principally seafood mullet, 

whiting, 

salmon, 

trevally, 
skippy, 

catfish, 

oysters, 

mudcrabs, 

snails, 

cockles 

2 weeks platelet profiles, TG, TC significant A profiles (t 

AA1), significant i TG, ns 

1 TC 

1983 Fehily36 118 118 males, 

healthy 

fish meals at least two 

times per week (average 

317 grams fatty fish) on 

top of habitual diet 

mackerel, 

kippers, 

herring, 

trout, 

salmon, 

sardines, 

pilchards 

0.3 - 0.6 

grams 
EPA 

3 months TC, HDL-C, LDL-O, TG no A TC, HDL-C, 
LDL-C, significant i TG 

1983 Bradlow30 8 3 males, 5 

females, healthy 

300-400 grams fatty 

fish, fruit, vegetables, 

bread, cereals, vegetable 

oil margarine 

sardines, 

pilchards, 

herring, 

kabeljou 

1-4 grams 

EPA 

8-21 

days 

(average 

16 days) 

platelet aggregation, 

platelet profiles, TXBj, 

TC, LDL-C, HDL-C, TG 

significant 1 platelet 

aggregation w/collagen. 

epinephrine, ADP, ns A 

w/ AA, significant i 

TXBj production 
w/collagen, epinephrine, 

AA, no A w/ADP, 

significant A in profiles (t 

EPA) significant i TC 

and HDL-C, ns t TG and 

LDL-C 
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Year Investigator n Subjects Diet Fish Amount of 
Omega-3 

Length of 
Study 

What was measured Results 

1983 Harris'2 12 6 males. 6 "saturated" control diet. salmon 20-29 12 TC, TG, HDL-C, significant iTC, LDL-C, 
females, healthy salmon oil diet, 

vegetable oil diet, plus 
fruit vegetable, grains, 

(up to 1 lb salmon and 
3-6 Tbsp salmon oil) 

grams 
(20:5, 
22:5, 22:6) 

weeks (3 
weeks 
on each 
diet) 

LDL-C, VLDL-C VLDL-C, TG, no A 
HDL-C w/salmon diet, 
significant i TC, LDL-C, 

but no A VLDL-C, TG, 
and HDL-C with 
vegetable oil, significant t 
EPA, DHA with salmon 
diet 

1983 Singer16 15 10 males, 5 diet composed of 40% mackerel, 2.2 grams, 4 weeks TC, LDL-C, HDL-C, significant i TC, TG, 

females, healthy fat, 40% CHO, 20% 
protein w/mackerel or 
herring 

herring EPA in 
mackerel 

diet, 1.0 
grams 
EPA in 
herring 

(2 weeks 
on each 
diet) 

TG, LCATk, BP1 LCAT post mackerel, ns 
J TC, TG, LDL-C, 
LCAT, BP, ns t HDL-C 
post herring 

1984 Thomgren'8 12 12 males, healthy habitual diet principally 2-3 grams 6 weeks BT, TXBj, in bleeding significant f EPA and 

36 supplemented 150 grams mackerel. EPA time blood, platelet DHA in platelets, 
1987 fatty fish salmon, and 

herring 
aggregation, platelet 
profiles, selenium 

significant t BT, no A 
TXBj, production in 
bleeding time blood, but 
significant decrease TXB^ 

in clotted blood, 
significant t selenium 

1985 O'Dea58 14 10 diabetic (5 "coastal" diet of barramurdie, 5 weeks BT, TC, TG, platelet significant t BT post both 
males, 5 predominately seafood catfish, (2 weeks profiles, (measurement diets, significant t AA in 

females), 4 non- supplemented with trevally, seafood made post both diets) platelets, no significant A 
diabetic (2 males. birds, kangaroo and stingray, and then in responses between 
2 females) crocodile; "inland" diet 

of kangaroo,seafood, 
figs, honey, birds, yams 

mullet, 
bream and 

shellfish 

3 weeks 
on 
kangaroo 
and 

seafood) 

diabetics and non- 
diabetics, significant 4 
TG post diet phases 

to 
^1 



Year Investigator n Subjects Diet Fish Amount of 
Omega-3 

Length of 
Study 

What was measured Results 

1985 Singer59 14 14 males mild 

HTN" 

diet composed of 40% 

fat, 40% CHO, 20% 

protein with mackerel or 

herring 

mackerel, 

herring 

2.2 grams 

EPA and 

2,8 grams, 

DHAin 
mackerel 
and 1.0 

gram EPA 

and 1.8 

grams 

DHAin 

herring 

4 weeks, 

(2 weeks 

on each 
diet) 

TC, LDL-C, HDL-C, 

TG, LCAT, BP 

significant I TG, TC, 

LDL-C, LCAT, 
recumbent systolic BP 

pressure post mackerel, 
significant I TG, ns A 
TC, LDL-C, LCAT, BP, 

ns t HDL-C post herring 

1986 Singed 120 47 normals, (26 

males, 21 

females), 36 

HTN 
(36 males), 
37 

hyperlipidemics 

(19 males, 18 

females) 

diet composed of 40% 

fat, 40% CHO; 20% 

protein supplemented 

with 60 ml sunflower oil 

or 60 ml linseed oil or 2 

cans mackerel 

mackerel 2.2 grams 

EPA and 

2.8 grams 
DHA (in 

mackerel) 

2 weeks fatty acid profiles, BP, 

TG, TC, LDL-C, HDL-C 
significant t in n-3 in all 

groups consuming 

mackerel, significant i in 

diastolic BP for normals 

consuming sunflower oil, 

significant 1 systolic BP 

all groups consuming 
mackerel, significant i 

diastolic BP in normals, 

significant * TG, post 

linseed and mackerel; TC 

for mackerel in normal: 

significant I TC and 

LDL-C for all diets, TG 

for linseed and mackerel; 

and t HDL-C in HTN 
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Year Investigator n Subjects Diet Fish Amount of 
Omega-3 

Length of 
Study 

What was measured Results 

1986 Singer*' 23 23 males - mild 

HTN (12 in 
study group, 11 
in control group) 

diet composed of 40% 
fat, 40% CHO, 20% 
protein supplemented 
with first 2 cans 
mackerel daily then 3 
cans per week for study 
group, usual diet for 
controls 

mackerel 2.2 grams 

EPA or 
2.8 grams 
DHA per 2 
can 
serving 

9 months 
(2 weeks 
w/2 cans 
daily 
8 months 
w/3 cans 
per 
week) 

fatty acid profiles, BP, 
TG, TC, LDL-C, HDL- 
C, TXBj 

significant t EPA and 

DHA after both study 
periods (but smaller i 
with lesser doses), 
significant * TG, TC, 
LDL-C, post first phase, 
BP only after second 
phase, no A in control 
group, ns t HDL-C 

1986 Skorepa62 15 1 male, 14 
females 

isocaloric, 50% CHO, 
20% protein, 30% fat 

carp 0.8 grams 
EPA 

4 days TG, TC significant * TG, no A 
TC 

1987 Atkinson" 8 5 males, 3 
females, healthy 

no animal protein nor fat 
except 750 grams/day 
trout 

fresh water 
trout 

1.9 grams 
EPA 

4 weeks platelet aggregation, fatty 
acid profiles, TC, TG, 
HDL-C, LDL-C 

ns i maximal degree of 
aggregation with 
epinephrine and ADP; 
significant * with AA, 

significant t EPA and 
DHA in profiles, 
significant t LDL-C 

1987 van 
Houwelingen 

2t 

Homstra64 

83 83 males-healthy 
(41 in "fish" 
group, 42 in 
"meat" group) 

135 grams mackerel or 135 
grams meat paste given at 
dinner meal 

mackerel 1.3 grams 
EPA and 
2.3 grams 
DHA (with 
an average 
80% 
compliance) 

6 weeks BP, BT, TC, LDUC, HDI^ 
C, TG, HHTP, and HHT" 
production, TXB,, TXBj, 
PGI2°, PGIj" 

significant i systolic and 
diastolic BP for mackerel but 
results not comparable to A's 
in control group, significant 
t BT in mackerel group, no A 
TC and LDL-C, HDLC T 
comparably in both groups, 
significant i TG in fish 
group, significant t n-3 in 
mackerel group, significant 
correlation between 1HHT, 
and TXB2 production and 
tHHTEandTXBj, 

1-3 
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Year Investigator n Subjects Diet Fish Amount of 
Omega-3 

Length of 
Study 

What was measured Results 

(van Houwelinge and 
Homstra continued) 

production, significant 1 
in TXE, in clotting blood 

in fish eaters, significant 
t in production of PGIj, 
and PGIj in fish eaters 

1988 Pfeuffei*5 8 2 males, 6 
females, healthy 

100 grams mackerel in 
exchange for other fatty 
food items 

mackerel 2.5-3 
grams 

7 days TC, TG, liproproteins significant t in TG in 
VLDL and LDL, 
significant 1 total TG, 
ns i TC 

1988 Agren20 62 Healthy males: Fish group 1: average freshwater: average 15 TG, TC, Apo A, Apo B, significant i TG and 

3.7 fish meals/week vendace. 1.8 grams weeks fatty acid profiles, TXBj TXB, for both groups of 
43 in fish group 

Fish group 2: same 
pike, perch, 
and trout. 

per fish 
meal 

fish eaters, significant i 
TC, Apo A, Apo B for fat 

19 in control number of fish meals marine: restricted fish eaters 
group plus lipid reduction 

Control group: usual 
diet 

herring 

o 
o 
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Year Investigator D Subjects Diet Fish Amount of 
Omega-3 

Length of 
Study 

What was measured Results 

1989 Bun« 2033 males, post 
myocardial 

usual diet except mackerel, 
herring, 

average 
2.3 grams 

2 years deaths, reinfarctions advice on fat produced no 
change in mortality, 

infarction (DART 1) 1 fat intake to 30% kipper. per week advice on fiber group 
study) and tP.S ratio to 1 

2) t fish intake to at 
least 2 portions (200-400 
grams per week) 

3) t fiber content of 
diet 

pilchard, 
sardine, 
salmon, trout 

showed ns slightly highr 
mortality, advice on fish 
intake showed 29% 
reduction in all-cause 
mortality, overall 2 year 
incidence of reinfarction 
from ischemic heart 
disease not significantly 
affected by any of the 

three diets 

1990 Hessel67 20 20 healthy males: group 1 ate 1.5 fish vendace, average 12 fatty acid composition of significant t n-3 in group 

meals per week perch, trout, 0.5 weeks erythrocyte ghosts, whole eating 3.8 fish meals, 
5 in Group 1 fish herring grams/day cell deformability significant t in whole cell 

eaters: 7 in Group 2 ate 3.8 fish for 1.5 deformability in both 
Group 2 fish meals per week fish meals groups of fish eaters, 
eaters, and 8 in delayed aggregation of 
control group erythrocytes from fish 

eaters 

1990 Brown68 12 12 males, healthy usual diet for breakfast Australian 0.74 grams 18 TG, TC, VLDL-C, LDL- significant i TG and 

and lunch, then dinner per day for weeks C, HDL2-C, HDL-C VLDL-C for fish and oil 
meal w/200 grams fish; fish eaters; (6 weeks group, ns i TG, TC, 
or 200 grams fish and a extra 1.5 each VLDL-C for fish only 
5 grams fish oil; usual grams diet) group 
diet for control group from fish 

oil 

o 
o 
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Year Investigator n Subjects Diet Fish Amount of 
Omega-3 

Length of 
Study 

What was measured Results 

1990 Singet*9 19 19 males, mild usual diet (with the mackerel 2.2 grams 4 weeks TG, TC, LDL-C, HDL- significant I TC, LDL-C, 

HTN omission of animal 
protein and fats) 
supplemented with 1 can 
mackerel (130 grams) in 
regular tomato sauce or 
INa, tlinoleic acid, tK 
containing tomato sauce 

EPA and 
3.8 grams 
DHAin 
regular 
mackerel, 

2.3 grams 
EPA and 
3.6 grams 
DHAin 
modified 
tomato 
sauce 

(2 weeks 
per 
phase) 

C, TXBj, BP TG, TXB2, for both diets, 
ns t HDL-C for both 
diets, significant J 

systolic and diastolic BP 
in both groups but more 
pronounced in the group 
consuming the special 
tomato sauce 

1990 Childs™ 18 18 males, normal usual diet (with oyster, clam, 63 days cholesterol absorption. significant * VLDL-C, 
ommission of meat. crab, mussel. (three TC, TG, LDL-C, blood and VLDL-TG for oyster, 
cheese, eggs and butter) squid, 21-day fatty acids, HDL-C crab, clam and mussel 

supplemented with shrimp periods) diets, significant tn-3 
oysters, clams, and crab fatty acids for all diets 
(group 1) or mussels, 
squid, and shrimp 
(group 2) 

o 
o 
a 
rt 



1-3 
> 
W 

W 

Year Investigator n Subjects Diet Fish Amount of 
Oniega-3 

Length of 
Study 

What was measured Results 

1991 Nelson" 9 9 males, isocaloric diets (16% salmon varied 100 days BT, platelet aggregation. no A BT, i prothrombin 
normoliptdemic protein: 54% CHO, depending (20 days fatty acid profiles, TG, time for salmon diet, 

Lingren72 30% fat) consisting of upon wt of stabiliza- TC, lipoproteins, significant t in threshold 

"natural" foods subject, tion apolipoproteins. for ADP and platelet 
Ferretti" each 

subject 
received 
2.1% of 
calories 

period, 

then 40 
days on 
salmon 
or 
stabili- 
zation 
diet) 

prostaglandin production: 

PGE" 

aggregation and significant 
prolonged time to max 
aggregation with AA for 
salmon, significant t n-3 
(20:5, 22:5, and 22:6) and 
*(20:4), significant JTG 
and significant tHDL-C, 
ns I VLDL for salmon, 
no A TC, LDL, HDL, 
significant * production of 
PGE 

1991 Akoh74 17 17 males, healthy balanced, isocaloric diet salmon. 1-2 grams 40 days BT. clotting time. ns difference between both 
with 28-33% fat; 15- catfish for salmon (stabili- prothrombin time; fish for BT and clotting 
22% protein: 46-56% and 0.2- zation fibrinogen, platelet times - both t times, no 
CHO: major source of 0.4 grams diet for profiles, activitated partial differences in PT and 
protein was the fish for catfish 21 days 

then 
study 
diet for 
19 days) 

thromboplastin time 
(AF11) 

Afi I, sigmticant T 
fibrinogen for both diets, 
significant t in n-3 in 
platelets 
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Year Investigator n Subjects Diet Fish Amount of 
Omega-3 

Length of 
Study 

What was measured Results 

1991 Cobiac" 25 25 males, mildly 

hyperlipedemic 
isocaloric diet, w/30% 
fat and a mixture of 
foods, fish diet 
contained salmon and 
sardines, fish oil diet 
had lean meats and oil 

salmon, 
sardines 

4.5 grams 

EPA and 
DHA 

8 weeks 
(3 weeks 
baseline 
and 5 
weeks 
diet) 

TC, HDL-C, LDL-C, 
TG, VLDL-C, fibrinogen, 
BT, TXB,, BP 

ns i TC for fish and fish 
oil diets, significant iTG 
and VLDL-C for both 

diets, significant t HDL- 
C for both diets, ns t for 
fish oil, significant 1 
Apo-Al and Apo -A2, for 
both diets, significant i 
fibrinogen, TXBj, systolic 
and diastolic BP for fish 
diet.  Significant i 
systolic BP for fish oil, 
significant f n-3 in 
platelets for both diets, 
significant t BT for fish 

1991 Marckmann 
76 

12 12 males, healthy traditional Danish diet 
with either 210 grams 
fish or lean meat 

herring 
salmon 
mackerel 

average of 
3.4 
grams/day 

38 days 
(10 days 
on each 
diet with 
an 18 
day 

washout 
period in 
between) 

TC, HDL-C, TG, 
fibrinogen, tissue 
plasminogen activator 
(t-PA) antigen, PA 
inhibitor Type I (PAI-1) 

no difference in TC, 
HDL-C, and TG between 
diets, significant tTG for 
both diets, no difference 
in factor VIIc, fibrinogen 
between diets through 

significant IVIIc for both 
diets, significant it-PA 
and PAI-1 antigen and 
significant it-PA and 

PAI-1 antigen and 
significant t PAI activity 
for meat diet 

t-3 
> 
F 
w 

o 
o 
3 
rt 
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Year Investigator n Subjects Diet Fish Amount of 
Omega-3 

Length of 
Study 

What was measured Results 

1991 Wolmarans 
77 

28 12 males 
16 females 

usual diet with either 
fatty fish or red meat 

pilchards, 
sardines, 
salmon, 
snook 

6.1 grams 15 
weeks (3 
weeks 
baseline 
with 6 
weeks 
for each 
diet) 

TC, HDL-C, TG, VLDL- 
C, LDL-C 

significant i TC, TG, 
LDL-C, and VLDL-C for 
fish compared to meat diet 

1991 Silverman78 10 10 
normolipidemic 

1 meal of 182 grams 
tuna or 12 grams fish oil 
concentrate 

tuna 6.15 grams 
n-3 in oil 
and 5.15 
grams n-3 
in tuna 

1 meal BT, TG, platelet 
aggregation, paltelet fatty 
acid profiles 

significant greater 
absorption of EPA from 
fish than fish oil; no 
differences in absorption 
of DHA, significant < 
platelet aggregation with 
endoperoxide for both fish 
and fish oil, ns i TG 

o 
o 
3 
rt 

CO 
Ul 



g Non-significant Change Arachidonic Acid 

'    Low density lipoprotein 
cholesterol 

k Lecithin cholesterol 
acyl transferase 

Blood pressure 

Hypertensive n Hydroxy fatty acids produced by cyclo-oxygenase and 
lipooxygenase pathways 

i-3 
> 
03 
tr1 

w 

Total Cholesterol 

Very low density 

Triglycerides 

Thromboxane B, 

High density lipoprotein 
cholesterol 

Bleeding time 

o 
o 
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rt 
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CHAPTER 3 

METHODOLOGY 

Materials and Methods 

Subjects:  Twenty-three young (aged 21-35) men with no known 

CVD were recruited for participation in the study. 

Participants were selected from the Oregon State University 

campus and the surrounding community.  All had serum TC and 

TG levels less than the 95th percentile (6.99 mmol/L (270 

mg/dl) for cholesterol, and 1.70 mmol/L (150 mg/dl for 

triglycerides) in the general population (79), were 

normotensive (80), and had a body mass index appropriate for 

size (80) (Table 2). 

Each subject was willing to maintain his weight 

and physical activity level during the study period.  A 

questionnaire obtained from each subject indicated that all 

were in good health and took no medication on a regular 

basis (Appendix 1). 

A three-day food record (Appendix 2) of each subject's 

normal consumption patterns was obtained and analyzed with 

the computer database Nutritionist III, version 3 (N-Squared 

Computing; Salem, OR).  These records verified that the 

subject's habitual diet contained no fish and was similar to 

the traditional ^Western' diet:  45% kcal carbohydrate;  16% 

kcal protein;  36% kcal fat;  and 435 mg cholesterol per day 

(81).  The Institutional Review Board of Oregon State 
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TABLE 2 

Initial characteristics of subjects1 

Age   (y) 26.48±0.91 (21-35) 

BMI2 24.02±0.48 (21.1-29.3) 

Serum  TC3   (mmol/L) 4.95±0.86 (3.35-6.97) 

Serum  LDL-C4   (mmol/L) 3.20±0.10 (2.20-4.73) 

Serum HDL-C5   (mmol/L) 1.37±0.05 (0.88-2.02) 

Serum  TG6   (mmol/L) 1.07±0.01 (0.45-2.52)  

'n = 23, mean ± SE, range in parentheses 
2BMI, body mass index = wt (kg)/ht (m2) 

3TC, total cholesterol: Cholesterol may be converted to 
mg/dl by dividing mmol/L by 0.0259 
4LDL-C/ low density lipoprotein cholesterol 

^DL-C, high density lipoprotein cholesterol 
6TG, triglycerides: Triglycerides may be converted to mg/dl 
by dividing mmol/L by 0.0113 
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University reviewed and approved the study protocol, and a 

consent form was obtained from each subject (Appendix 3). 

Experimental Design:  The subjects were divided randomly 

into three groups, and a three way crossover design was used 

to lessen the potential for intersubject variability (82). 

All components of the diet were held constant with the 

exception of the fish, where the subjects were given 200 g 

per day of either sablefish (Anoplopoma fimbria), Dover sole 

(Microstomus pacificus), or Chinook salmon (Oncorhynchus 

tshawytscha).  The subjects were not sequestered, but did 

consume all their meals and snacks (except for weekend 

lunches) at the Oregon State University Department of 

Nutrition and Food Management Metabolic Kitchen under the 

direction of the study investigators.  The subjects were 

given sack lunches on the weekend days. 

The study was conducted over a five month period from 

October, 1987 to February, 1988.  Each feeding phase was 

eighteen days long with an approximate three-week washout 

period in-between.  Every subject consumed the three types 

of fish by the end of the study. In the first feeding phase, 

seven subjects (group 1) consumed sablefish;  eight subjects 

(group 2) salmon;  and eight subjects (group 3) Dover sole. 

During the second feeding period, group 1 crossed-over to 

Dover sole, group 2 to sablefish, and group 3 to salmon. 

During the third feeding period, group 1 crossed-over to 

salmon, group 2 to Dover sole, and group 3 to sablefish 

(Table 3). 
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Dietary Regimen:  The dietary regimen during the study 

consisted of three meals and an evening snack.  All the food 

consumed was weighed and prepared at the Metabolic Kitchen. 

The subjects were allowed to consume unsweetened coffee, 

tea, and mineral waters, and dietetic carbonated beverages 

outside the Kitchen.  However, the ingestion of these 

liquids tended to be minimal. 

To test the effect of fish within the typical ^Western' 

food consumption pattern (81), the diet was designed to 

provide 45% of the kcal as carbohydrate, 16% as protein, 36% 

as fat, and 435 mg cholesterol.  This diet met or exceeded 

the 1980 Recommended Daily Alowances for nutrients (83). The 

energy needs for each subject were determined individually 

using the Harris-Benedict equation for males (84). 

kcal = 66.5 ± 13.8 {current body wt (kg)} ±5.5 {height (m)} 

- 6.8 (age) 

Five levels of caloric intake were designed to meet these 

various requirements of the participants (Table 4). 

The percent of the calories as carbohydrate, protein, and 

fat remained constant at all levels.  The cholesterol 

content varied on the level 1 diet from 474 mg on the sole 

diet, to 510 mg on the salmon diet, and 476 mg on the 

sablefish diet. The cholesterol increased 70 mg from 

thelevel 1 to the level 5 diet.  The foods in the base diet 

(Level 1) are given in Table 5. 
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TABLE 3 

Rotation of fish diets 

Phase 1 Phase 2 Phase 3 

Group 1 (n = 7) Cod Sole Salmon 

Group 2 (n = 8) Salmon Cod Sole 

Group 3 (n = 8) Sole Salmon Cod 
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Food Analysis:  The lipid content of a given species of fish 

varies as a function of site and time of year caught, sex, 

and portion of fish from which the meat is taken (85).  To 

minimize the possible variations in fat and fatty acid 

content, all three fish consumed in the study were caught 

off the Oregon coast on September 9-10, 1987.  They were 

immediately transported to the Oregon State University 

Seafood Laboratory in Astoria, Oregon where they were 

eviserated, skinned, and deboned;  the meat was then minced 

and thoroughly mixed;  finally it was vacuum packed and 

blast frozen.  The fish were maintained at -40oC until 

consumed or analyzed. 

All items of the level 1 base diet except the margarine 

and fish were collected, blended using a food processor 

(Model DLC-7 Cuisinart, Greenwich, CT), and stored at -40oC 

until analyzed.  Storage conditions were the same for 

margarine.  Lipids were extracted from the three fish 

species, the level 1 base diet composite, and the margarine 

by the method of Bligh and Dyer (86).  Approximately 0.6 g 

of each kind of sample was homogenized and then extracted 

using methanol, chloroform, and water (2:1:0.8; v:v:v). The 

sample was centrifuged to separate the layers, 

the lipid portion removed, and then re-extracted.  The lipid 

portions from the two extractions were combined and separate 

aliguots taken to determine the total lipid content 

gravimetrically (87) and the fatty acid profile (88).  The 
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TABLE 4 

Caloric levels of diet 

Level 1, 3000 kcal 

Level 2, 3250 kcal 

Level 3, 3500 kcal 

Level 4, 3800 kcal 

Level 5, 4000 kcal 
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TABLE 5 

Foods on the level 1 diet 

Breakfast 

orange juice 

bran flakes 

whole milk 

mixed grain toast 

vegetable oil margarine 

strawberry preserves 

Lunch 

turkey roll 

mixed grain bread 

prepared yellow mustard 

iceberg lettuce 

potato chips1 

red delicious apple, whole 

sugar cookies 

whole milk 

Dinner 

fish (chinook salmon, Dover sole, or sablefish) 

white sauce with egg yolk 

lemon 

brown rice, as prepared 

steamed carrots 

green beans 

mixed grain roll 
vegetable  oil  margarine 
vanilla   ice  cream 
strawberry  syrup 
Snack 

Bartlett pear 200 g 

2 

124 g 
29 g 

244 g 

61 g 
9.4 g 
28 g 

90 g 
68 g 
10 g 

20 g 
32.6 g 

170 g 
55 g 

244 g 

200 g 
132 g 

14.5 g 
97.5 g 

78 g 

67.5 g 
65 g 
18 g 

66.5 g 
63.5 g 

The potato chips were a gift from the Frito-Lay Co.; Irving, TX 
2The Dover sole and sablefish were donated by the Otter Trawl 
Commission;  Astoria, OR. 
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method for determining the fatty acid profile was the same 

as that for measuring it in platelets and is discussed 

subsequently.  The relative weight percent of the fatty 

acids was converted to g/lOOg net weight using the 

appropriate conversion factors (89, 90).  Values for each of 

the three samples were converted to daily consumption and 

summed to obtain total fatty acid intake in grams for each 

day.  The cholesterol content of the fish was measured 

colorimetrically using ferric chloride (91).  The selenium 

content of the three fish was measured by a semiautomated 

fluorometric method in the laboratory of Dr. Phillip 

Whanger, Department of Agricultural Chemistry, Oregon State 

University (92). 

Clinical Measurements 

The subjects kept a daily log of their weights (self- 

recorded) , physical condition, activity level, and general 

state of health (Appendix 4).  They also recorded any 

vitamins, minerals, or medications ingested. 

Prior to each blood collection, the subjects were asked 

to abstain from non-steroidal anti-inflammatory drugs for 

seven days, and alcohol for three days (Appendix 5).  The 

subjects were then fasted from 2200 hours the night before, 

and blood was collected between 0600 and 0800 hours on the 

first and last days of each feeding period. 

Venous blood was collected with minimal occlusion using 
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a 23G multiple sample Luer adapter (#7253, Becton Dickinson; 

Rutherford, NJ).  A total of 43 ml of blood was drawn, and 

apportioned in the following manner:  10 ml were collected, 

allowed to clot, and the serum used to determine TC, HDL-C, 

apolipoprotein B (apo B), and TG.  Five milliliters were 

collected and incubated at 370C for 30 minutes.  The serum 

was then separated and used to measure the ex vivo 

production of TXA2 as TXB2 (93).  Four 4.5 ml samples of 

blood were collected into silicone-coated tubes containing 

0.5 ml of 3.2% buffered sodium citrate and used to measure 

platelet aggregation.  The last 20 ml portion was collected 

into 0.1 ml of 15% EDTA solution and used to measure the 

platelet fatty acid profile. 

TC was measured enzymatically (94) using a kit (Sigma 

Diagnostics; St Louis, MO).  In this reaction, 1.0 ml of 

cholesterol assay solution was added to 0.01 ml serum in a 

cuvet.  The cuvet was covered with parafilm, inverted 

several times, and allowed to incubate at 370C for 10 

minutes.  The samples and a reference standard were then 

read against a blank at 500 nm.  This methodology is based 

on a modification of the Liebermann-Burchard reaction made 

by Allain (95).  In this procedure, the cholesteryl ester is 

first hydrolyzed to free cholesterol.  The free cholesterol 

is then oxidized to form colest-4-ene-3-one and hydrogen 

peroxide.  The hydrogen peroxide is finally reacted with 4- 

aminoantipyrine and p-hydroxybenzenesulfonate in the 

presence of peroxidase to yield a quinoneimine dye, and the 
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absorbance measured.  The amount of color produced is 

directly proportional to the concentration of TC in the 

serum.  Assay reproducibility was monitored using two serum 

samples (Sigma).  One contained elevated levels of lipids 

(high-L);  the other normal (normal-L). 

HDL-C was also determined enzymatically (94-96) with a 

kit (Sigma Diagnostics, St. Louis, MO).  Serum (0.4 ml) and 

0.05 ml HDL precipitating agent were added to a centrifuge 

tube and spun at 2000 x g for 10 minutes to obtain a clear 

supernatant.  The supernatant was withdrawn, and then 

assayed in the same manner as for TC.  This methodology is 

based on the selective precipitation of VLDL and LDL with 

phosphotungstate and magnesium [Mg(II)] (97).  After 

spinning, the supernatant contained only HDL.  It was 

assayed for its cholesterol content.  Two controls (normal-L 

and high-L) were assayed each time samples were run to 

monitor assay reproducibility. 

LDL-C was calculated using the Friedewald equation 

(98).  This equation is based on the assumption that VLDL-C 

is present in a concentration equal to one-fifth of the TG 

concentration.  This assumption is true if the TG 

concentration is less than 400 mg/dl.  The LDL-C value was 

thus determined after TC, HDL-C, and TG were measured 

directly. 

The formula used was: 

LDL-C = TC - (HDL-C) - TG/5 
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Serum TGs were measured spectrophotometrically using an 

enzymatic method (99) (Sigma Diagnostics;  St. Louis, MO). 

One and one-half milliliters TG reagent were added to 0.01 

ml of serum in a cuvet.  The cuvet was covered, mixed, and 

incubated at 370C for 10 minutes.  The absorbance of the 

sample was then read against a blank at 520 nm.  In this 

method, TG are first hydrolyzed by microbial lipase to 

glycerol and free fatty acids.  Glycerol is then 

phosphorylated by adenosine triphosphate (ATP) forming 

glycerol-1-phosphate (G-l-P) by the action of glycerol 

kinase (GK).  G-l-P is then oxidized by glycerol phosphate 

oxidase (GPO) to dihydroxyacetone phosphate (DAP) and 

hydrogen peroxide (H202) .  By means of a Trinder reaction, 

which is catalyzed by peroxidase, the H202 interacts with 4- 

aminoantipyrine (4-AAP) and 3,5-dichloro-2-hydroxybenzene 

sulfonate (DHBS) to form a red guinoneimine dye.  The 

absorbance of the dye at 520 nm is proportional to TG 

concentration. 

Apolipoprotein B levels in serum were determined 

manually using an immunoturbidimetric method (100) available 

in a kit from Raichem (San Diego, CA).  Five microliters of 

serum were diluted with 5 /xl of saline in a cuvet. One 

milliliter of antibody reagent was added, the cuvet capped 

with parafilm, and the contents gently mixed. The absorbance 

of the sample and blank (prepared with 5 ^1 sample, 5 fil 

saline, and 1 ml water) were read exactly 6 minutes later at 

340 nm.  The concentration of sample was determined from a 
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standard calibration curve prepared from controls traceable 

to the Centers for Disease Control (CDC). 

Bleeding time was measured using a Simplate device 

(General Diagnostic, Warner Lambert Ltd; NJ).  A site on the 

forearm distal to the anticubital fossa was selected, 

cleansed with alcohol, and allowed to air dry.  A 

sphygmomanometer was placed on the upper arm, and the cuff 

inflated to 40 mm Hg.  Within 60 seconds of cuff inflation, 

a standard incision 5 mm in length and 1 mm in depth was 

made parallel to the fold of the arm.  Every 3 0 seconds, No. 

1 filter paper (Whatman, Maidstone, England) was brought 

close to but not touching the edge of the incision.  The 

incision was blotted in a similar manner until the bleeding 

stopped.  The BT was measured as the time between the 

initiation and cessation of the blood flow.  All 

measurements were made by the same licensed medical 

technologist. 

Platelet aggregation was measured according to the 

method of Born (101).  Platelet-rich plasma (PRP) was 

prepared by centrifuging the plasma at 2 00 x g for 10 

minutes.  Platelets were counted using visible microscopy, 

and the number of platelets adjusted to 3 00,000/mm3 with the 

addition of platelet-poor plasma (PPP).  Platelet-poor 

plasma was prepared by removing the PRP, and then re- 

centrifuging the remaining blood sample at 4000 x g for 10 

minutes.  Aggregation was measured spectrophotometrically 

using a Chrono-log aggregometer (Chronolog Corp., Havertown, 
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PA), and adding either 4.4 fig/ml  collagen or 4.4 fxK  ADP as 

agonists.  The agonist was added to 0.45 ml of PRP which had 

been placed in a siliconized cuvet and warmed to 37° C.  The 

extent of aggregation was measured as the maximum change in 

light transmittance after 5 minutes (Tmax) and the rate of 

aggregation (the slope of the steepest portion of the curve 

following the addition of the aggregating agent) Vmax.  For 

collagen-induced aggregation, another parameter, the lag 

time (the time from which the aggregating agent is added to 

the beginning of the aggregation) was measured.   All 

aggregation studies were performed within two hours of 

taking the blood. 

TXA2 was measured as its stable metabolite, TXB2, using 

radioimmunoassay (RIA) (93) .  The RIA is based on 

competitive antibody binding where a radioactive antigen 

competes with a non-radioactive antigen for a fixed number 

of antibody binding sites.  When unlabeled antigen from 

either samples or standards and a set amount of labeled 

antigen (tracer) are allowed to react with a constant and 

limiting amount of antibody, decreasing amounts of tracer 

are bound to the antibody as the amount of unlabeled antigen 

is increased.  The antigen-antibody complex and the free 

antigen can be separated by dextran-coated charcoal (DCC). 

The free antigen is adsorbed on the DCC, and the complex of 

DCC-free antigen is removed by centrifugation.  The antigen- 

antibody complex contained in the supernatant is counted on 
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a scintillation counter after the addition of liquid 

scintillation cocktail. 

Two types of buffers were prepared for the dilution of 

the tracers, the standard solutions, the antibodies, normal 

rabbit plasma, and the RIA reaction medium.  One was a 

phosphate buffered saline containing gelatin (PBS-gel);  the 

other was phosphate buffered saline containing 0.05 M EDTA 

(PBS-EDTA).  The prostaglandin tracer was from New England 

Nuclear Products, and purchased from DuPont Biotechnology 

Systems (Wilmington, DE).  TXB2 standards were obtained from 

Biomol Research Laboratories Inc. (Plymouth Meeting, 

Pennsylvania), and the TXB2 antibody was graciously provided 

by Dr. Daniel Hwang (Louisiana State University).  TXB2 

antibody was diluted at the rate of 1:400 initially, and 

then further diluted with normal rabbit plasma (1:400 in 

PBS-EDTA) to give a final dilution of 1:2000.  Each tube 

contained either sample or varied amounts of standard in a 

total volume of 0.5 ml.  The total reaction volume was made 

0.8 ml by adding 0.2 ml of both the antibody and diluted 

tracer (approximately 6500 count per minute TXB2) in 0.1 ml 

of PBS-gel buffer.  After incubating for 24 hours at 40C, 

the antibody bound material was separated by adding 0.6 ml 

of suspension (0.6 mg/ml charcoal and 0.1 mg/ml dextran in 

distilled water).  The tubes were centrifuged for 10 minutes 

at 2300 x g at 40C using a JS7.5 swinging bucket rotor in a 

J-21C centrifuge (Beckman Instrument Inc., Palo Alto, CA). 

The supernatant was decanted into a scintillation vial.  Ten 
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milliliter of liquid scintillation cocktail (Ready Proteini, 

Beckman Instrument Inc., Fullerton, CA) was added to the 

supernatant and the radioactivity was determined in a LS 

5000 TD Scintillation System (Beckman Instrument Inc., 

Fullerton, CA). 

The fatty acid profiles of the platelets from 11 

subjects were identified using gas liquid chromatography 

(88).  The lipids were first extracted from a PRP pellet 

according to the method of Bligh and Dyer (86).  After 

extraction, the fatty acids were methylated with 14% boron 

trichloride in methanol (Sigma Chemical Co., St. Louis, MO). 

The fatty acid methyl esters were identified by a Hewlett 

Packard 5890 Gas Chromatograph (GC) interfaced with a 

Hewlett Packard Chem Work Station (Hewlett Packard, Palo 

Alto, CA).  The GC was equipped with a 30 m x 0.25 mm i.d., 

0.25 micron film thickness SP 2330 column.  Helium was the 

carrier gas and was used at a flow rate of 1 ml/minute with 

a split ratio of 100:1.  Hydrogen and air flow rates were 30 

ml per minute and 3 00 ml per minute, respectively.  Both the 

injector and detector were maintained at 2350C.  The column 

was programmed for 4 minutes at 1700C and then a 30C per 

minute to a maximum temperature of 22 50C.  Fatty acid methyl 

esters in the sample were identified by comparing to 

authenic standard mixtures (Sigma Chemical Co., St. Louis, 

MO.; NuChek Prep., Inc., Elysian, MN; Supelco Inc., 

Bellefonte, PA). 
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Blood pressures were measured in the subjects' 

nondominant arm after they had been seated comfortably for 

10 minutes.  The cuff was placed directly over the 

compressible artery approximately 2.5 cm above the 

anticubital space.  With the stethoscope in place, the 

pressure cuff was inflated to approximately 3 0 mm Hg above 

the point at which the pulse disappeared.  The cuff was then 

slowly deflated at a rate of 2 to 4 mm Hg per second.   All 

pressures were taken by a single individual using the same 

sphygnmanometer. 

Statistics 

The data were analyzed from two viewpoints.  The first, 

and the one from which the primary conclusions were drawn, 

was a comparison of all three groups.  This comparison is 

termed the diet effect.  In this analysis the response of a 

variable to a dietary intervention is represented by its 

initial value subtracted from its final value, creating a 

new variable termed the difference.  The data, the initial 

and final values as well as the difference, are given as 

least-square means.  The statistical analyses were done by 

using the analysis-of-variance (ANOVA) procedures for a 

three-period crossover design so that each subject served as 

his own control (102).  Where a diet effect was significant, 

further comparisons between means were done using a 

multiple-comparison procedure (Fisher's protected least- 

significant difference) (102) . 
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The second approach used to analyze the data was to 

compare the effect produced on a variable by the consumption 

of species of fish to its value on the prefish diet, the 

diet subjects were consuming when not participating in the 

study.  It is less rigorous than the first comparison 

because the composition of the prefish diet is known from 

the nutritional analysis by computer of the diet records 

rather than by chemical analysis of food actually eaten. 

This comparison is termed the fish effect.   The fish-effect 

comparisons were made separately for each species of fish 

using a two-tailed t-test (103).  All statistical 

calculations were performed using SAS General Linear Methods 

Procedure (SAS Institute, Gary NC) (67). 



55 

CHAPTER 4 

RESULTS 

Subjects and Diets 

The daily log kept by the subjects during the course of 

the study demonstrated overall well-being, little variation 

in lifestyle, minimal ingestion of medications, and body 

weights which were maintained within one kilogram of their 

original weights.  The subjects' platelet fatty acid 

profiles indicated compliance with the diets:  significant 

increases occurred in the weight percent of the highly 

unsaturated EPA on all three diets compared to the prefish 

diet (Table 18).  These data will be discussed in greater 

detail at a later point. Compliance was also indicated by a 

xplate check' after each meal by the investigators. 

Among the diets there was little variation in the 

distribution of energy, carbohydrate, fat, protein, and 

cholesterol (Table 6).  The level 1 diet contained 2,980 

kcal for the sole, 3,100 kcal for the salmon, and 3,020 kcal 

for the sablefish.  The differences in caloric level of the 

three diets was small: the sole diet just 4% lower (120 

kcal) than the salmon diet and 1.0% lower (40 kcal) than the 

sablefish diet. The carbohydrate levels on the diets were 

nearly identical:  the sole diet contained 51%, the salmon 

diet 49%, and the sablefish diet 50% total calories as 

carbohydrates.  The total fat content of the diets was 

similar with both the sablefish and salmon diets containing 

35% of total calories as fat while the sole diet 
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TABLE 6 

Distribution of energy and cholesterol content of the level 
1 diet for each of the three species of fish 

Sole Salmon        Sablefish 

Energy 

MJ/d 12.5          13.0 12.7 

kcal/d 2,980         3,100 3,020 

Protein 

%kcal 16           16 15 

g 123          126 112 

Carbohydrate 

%kcal 51            49 50 

g 388            388 388 

Fat 

%kcal 33           35 35 

g 111          123 120 

Cholesterol (mg) 474          510 476 
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TABLE 7 

Composition of the individual fish species 

 Sole Salmon Sablef ish 

Total lipid 1.0±0.11       7.0±0.58      5.7±0.41 

% (n=7) (n=6) (n=6) 

Cholesterol 68±2.8 90±17.0 69±2.2 

mg/lOOg (n=6) (n=6) (n=6) 

Selenium 906.50±69.20 277.10±12.0 311.8±1 

ng/g (n=3) (n=3) (n=3) 

Water 83.6±0.44      73.13±1.24    77.73±0.12 

g/lOOg (n=3) (n=3) (n=3) 

'Mean ± SEM; data are expressed per gram of wet weight of 

fish 
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contained 33% of total calories as fat.  The total number of 

grams of fat per diet ranged from 111 g on the sole diet to 

12 3 g on contained the salmon diet.  The sablefish contained 

120 g total fat.  The lipid content of the Dover sole diet 

was slightly lower than the other two diets because the fish 

contained less total fat:  1.03 g/100 g (wet weight) for the 

sole, and 6.95 g and 5.77 g/100 (wet weight), respectively, 

for the salmon and sablefish diets (Table 7).  Protein 

levels as percent of calories were the same on both the 

salmon and sole diets with each containing 16% while the 

sablefish diet varied only slightly from this value with 

15%.  The total number of grams of protein in each of the 

diets varied with the sablefish diet containing the lowest 

(112 g) amount, while the sole and salmon diets contained 

nearly similar amounts (123 and 126 g, respectively). The 

sole diet contained the lowest amount of cholesterol (474 

mg), while the salmon diet contained the greatest amount 

(510 mg).  The sablefish diet contained nearly the same 

amount of cholesterol as the sole diet (476 mg). 

Cholesterol content was 7% lower on the sole diet than in 

the salmon diet, and less than 0.5% lower than in the 

sablefish diet.  The cholesterol content of the fish also 

varied with salmon containing 90±17 mg/lOOg wet weight while 

the sole and sablefish contained similar amounts with 68±2.8 

rag and 69±2.2 mg/lOOg wet weight, respectively (Table 7). 

Because of the suggestion by Thorngren and Akesson (56) 

that the cardiovascular protective effect of fish may derive 
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from its selenium content, the level of selenium in the fish 

was measured.  The two fattier fish, salmon and sablefish, 

contained similar amounts of selenium, 277.1 and 311.8 ng/g 

(wet weight) while the Dover sole contained more, 906.5 ng/g 

(Table 7).  The Dover sole diet contained a total daily 

intake of selenium of 340 /xg, the salmon diet 210 /xq, and 

the sablefish diet 220 fxq, based on values from literature 

for the dietary composition of the foods other than fish. 

Although consumption of any of these three diets gave an 

intake greater than the Recommended Daily Allowance of 7 0 

/xg/d (83) and the upper limit of the estimated safe and 

adequate range of 200 jug/d (104) ,  animal studies with 

selenium have shown the bioavailablity in certain fish to be 

less than that in other foods (105).  The amounts of 

selenium consumed in these diets were, therefore, not 

considered to be harmful. 

The percentage of water in fish tends to vary inversely 

with the fat content (85).  As shown in Table 7, the salmon 

with an average of 7% fat had the lowest percentage of 

water—73.13% while the sole with 1.0% fat had the greatest 

percentage of water—83.6%.  The sablefish with 5.7% fat had 

a water content of 77.73%. 

Table 8 shows the daily intake of the individual fatty 

acids when the level 1 diet was consumed.  The variations 

present are due to variations in the individual fish 

species' fatty acids.  Three-quarters of the intake came 
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from four fatty acids—16:0, 18:0, 18:l(n-9)c, 18:2n-6—for 

all three diets. 

The total amount of the SFA, MUFA, and PUFA on the 

three diets was similar, with any variation being no more 

than a few grams.  Although the intake of saturated fatty 

acids was higher on the salmon diet, the small number of 

grams (3.46 g) from a total intake of 110-120 g lipid/day, 

represented only 3% of the total fatty acid intake.  The 

largest intake of any MUFA came from 18:l(n-9)c.  An average 

of 43.14 g on the sole diet, 46.81g on the salmon diet, and 

46.29 g on the sablefish diet was consumed.  Overall, the 

range in the intake of monoenes varied only 4.91g 

(approximately 10% of the total MUFA) from the 44.25g on the 

sole diet to 49.16 g on the salmon diet.  The PUFA content 

of the diets demonstrated variations similar to that of the 

MUFAS:  the sole diet contained the smallest amount (18.17 

g) while the salmon diet contained the largest (21.00 g). 

Linoleic acid (LA) (18:2n-6) was consumed in the greatest 

amount and the intake was similar for all three diets.  The 

consumption of AA (20:4n-6) was higher when the fattier fish 

were consumed:  0.82 g and 0.50 g on the salmon and 

sablefish diets, respectively, compared to 0.17 g on the 

Dover sole diet.  On percentage basis, since LA contributed 

the major fraction to the PUFA content of the diet, the 

change produced in the total consumption of n-6 fatty acids 

by the differences in AA intake was small:  5.4% when salmon 

diet was consumed compared to sole and 3.2% when the 
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TABLE 8 

Daily intake of individual fatty acids from the level 1 diet 
for each of the three species of fish1 

Fatty acids Sole Salmon Sablefish 

g/d 
Saturated 

14:0 4.61 5.19 5.11 
16:0 20.08 22.45 22.06 
18:0 10.95 11.44 11.24 
20:0 0.24 0.26 0.26 
22:0 ND2 ND ND 
24:0 0.08 0.08 0.08 
Total 35.96 39.42 38.76 

Monounsaturated 
16:ln-7 0.96 1.97 1.87 
18:l(n-9)t 11.58 11.59 11.59 
18:l(n-9)c 27.65 30.55 29.94 
18:ln-7 3.91 4.67 4.76 
20:ln-9 0.12 0.34 0.20 
22:ln-9 ND ND ND 
24:ln-9 0.04 0.08 0.08 
Total 44.25 49.16 48.44 

Polyunsaturated 
18:2n-6 15.59 15.71 15.73 
18:3n-3 1.31 1.39 1.39 
20:2n-6 ND ND ND 
20:3n-6 0.46 0.47 0.47 
20:4n-6 0.18 0.82 0.50 
20:5n-3 0.27 0.99 0.87 
22:5n-3 0.09 0.38 0.13 
22:6n-3 0.28 1.23 1.03 
Total 18.17 21.00 20.13 
n-6 16.23 17.01 16.70 
n-3 1.95 3.99 3.42 
n-6:n-3 8.34 4.26 4.88 

'Fatty acids are reported to two significant figures only to 
show those fatty acids present in small quantities and does 
not imply accuracy 

2Not detected 



62 

sablefish diet was compared with the sole diet.  Compared to 

the total intake of all SFA, MUFA, and PUFA, the amount of 

n-3 fatty acids consumed was small (2.00% of the total 

amount of fats on the sole diet;  3.64% on the salmon diet; 

and 3.19% on the sablefish diet).  Furthermore, the amount 

contained in the individual fish varied:  salmon contained 

105% and sablefish 75% more than sole (1.95 g on the sole 

diet;  3.9 9 g on the salmon diet;  and 3.42 g on the 

sablefish diet).  These differences were demonstrated by the 

ratio of n-6 fatty acids to n-3 fatty acids.  This value for 

the salmon and sablefish diets was approximately one-half 

that of the Dover sole diet. 

Comparatively, the amounts of SFAs and MUFAs were 

nearly the same among the three diets.  The amounts of 

PUFAs among the three diets were similar as well with the 

differences being largely reflective of EPA and DHA compared 

to LA content. 

Blood Lipids 

Twenty-four subjects started the study.  One was 

removed because of failure to comply with the rules of the 

study, and two were removed from the statistical analysis 

for TC, HDL-C, LDL-C, TG, and Apo B, because their serum TG 

levels exceeded 1.70 mmol/L (150 mg/dl).  Since, to our 

knowledge, there is no association known between hemostatic 

function and elevated serum TG, the data for all 2 3 subjects 

were included in the analyses for BT, platelet aggregation, 

ex vivo production of TXB2, systolic and diastolic BP. 
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Changes in serum TC (Table 9) did not differ 

significantly among any three diets;  that is, there was no 

diet effect.  However, there were fish effects.   Total 

cholesterol levels increased 5% (from 5.08 ± 0.09 to 5.34 ± 

0.07) when salmon was consumed compared to the prefish diet 

(p=0.02), and 7% (from 4.97 ± 0.09 to 5.33 ± 0.07) with the 

sablefish (p=0.02) (Table 9).  The change measured in total 

cholesterol when sole was consumed was insignificant.  HDL-C 

concentrations (Table 10) similarly did not differ 

significantly among the three diets. However, the values 

decreased when all three diets were consumed compared to the 

values before the fish were consumed.  HDL-C fell by a 

similar amount on the sole and salmon diets:  0.15 ± 0.22 

mmol/L (10%) on the former and 0.14 ± 0.25 mmol/L (9%) on 

the latter diet, respectively.  The decrease on the 

sablefish diet was less than the other diets:  0.07 ± 0.21 

mmol/L (5%). 

The change induced in LDL-C demonstrated both diet and 

fish effects.  For LDL-C (Table 11), the diet effect was 

significant at a level slightly lower (p = 0.08) than the 

traditional value (p = 0.05);  however, human studies are 

often interpreted with this level of probability as 

significant.  Consumption of the salmon diet increased LDL-C 

more than did the consumption of either the sole or 

sablefish diet.  The salmon diet increased LDL-C 16% while 

the sablefish diet increased it 14%.  The increase was 
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TABLE 9 

Effect of the three fish diets on total cholesterol1 

Sole       Salmon      Sablefish 

Initial (mmol/L)2 5.10±0.09    5.08±0.09      4.97±0.09 

Final (mmol/L) 5.07±0.07    5.34±0.07      5.33±0.07 

Difference (mmol/L)3 -0.02±0.10   0.26±0.11 0.27±0.11 

Change (%)4 -1            +5           +7 

Fish Effect 

p NS             0.02            0.02 

Diet Effect 

p NS 

'n = 21; data are given as least square means or least 
square means ± SE 

2Cholesterol may be converted to mg/dl by dividing mmol/L by 
0.0259 

difference is the initial value subtracted from the final 
value.  Comparisons in this row are the diet effect.  Values 
with different superscript are significantly different.  NS 
means not significantly different. 

4Change is the percent change produced in a variable after 
consumption of a diet compared to its value before 
consumption of the diet.  It represents the fish effect. 
Level of significance < 0.05 is given below the value. 
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smallest on the sole diet (4%).  In addition, there was also 

a fish effect because the LDL-C level after consumption of 

salmon or sablefish compared to the prefish dietary levels 

increased about 15% (p<0.001). 

Like TC, TG (Table 12) did not differ significantly 

among any of the three diets.  However, the levels fell 13% 

on the salmon diet (1.08 ± 0.09 mml/L to 0.94 ± 0.06) and 

15% (1.16 ± 0.09 mmol/L to 0.99 ± 0.06) on the sablefish 

diet compared to the prefish diet, but these changes were 

not significant.  There was virtually no change in the TG 

levels on the sole diet (0.97 ± 0.09 mmol/L to 0.96 ± 0.06). 

The differences in apo B among the three diets was 

highly significant (p=0.02) (Table 13);  its value increased 

when the fatter fish were consumed.  There was also a fish 

effect.  While apo B did not change on the sole diet 

compared to the prefish diet, it increased 14% on the salmon 

diet and 17% on the sablefish diet;  these changes were 

highly significant. 

Hemostatic Factors 

The effect of the three diets upon the BT (Table 14) 

was statistically significant at the p=0.06 level.  The 

greatest increase occurred when the salmon diet was 

consumed:  almost three minutes (8.1 minutes to 10.8). 

Approximately 60% of the subjects demonstrated an increase 

in the BT on this diet compared to 31% on the sablefish diet 

and 9% on the sole diet. 
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TABLE 10 

Effect of the three fish diets on HDL-C1 

Sole Salmon Sablefish 

Initial (mmol/L)2  1.48±0.07 1.55±0.08 1.48±0.08 

Final (mmol/L)     1.33±0.06 1.42±0.06 1.41±0.06 

Difference (itimol/L)30.15±0.06      0.14±0.06 0.07±0.06 

Change (%)4        -10               -9 -5 

Fish Effect 
p 0.002 0.005 ns 

Diet Effect 
p ns 

'n = 21; data are given as least square means or least 
square means ± SE 

2Cholesterol may be converted to mg/dl by dividing mmol/L by 
0.0259. 

difference is the initial value subtracted from the final 
value.  Comparisons in this row are the diet effect.  Values 
with different superscript are significantly different. NS 
means not significantly different. 

4Change is the percent change produced in a variable after 
consumption of a diet compared to its value before 
consumption of the diet.  It represents the fish effect. 
Level of significance < 0.05 is given below the value. 
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TABLE 11 

Effect of the three fish diets on LDL-C1 

Sole Salmon Sablefish 

Initial (mmol/L)2 3.16±0.10 3.02±0.10 3.03±0.10 

Final (mmol/L) 3.29±0.16 3.49±0.06 3.45±0.06 

Difference (mmol/L)3 0.13±0.11a 0.46±0.11ab 0.43±0.11b 

Change (%)4 +4 +16 +14 

Fish Effect 

p NS <0.001 <0.001 

Diet Effect 

p 0.08 

'n = 21; data are given as least square means or least 
square means ± SE 

2Cholesterol may be converted to mg/dl by dividing mmol/L by 
0.0259. 

difference is the initial value subtracted from the final 
value.  Comparisons in this row are the diet effect.  Values 
with different superscript are significantly different.  NS 
means not significantly different. 

4Change is the percent change produced in a variable after 
consumption of a diet compared to its value before 
consumption of the diet.  It represents the fish effect. 
Level of significance < 0.05 is given below the value. 
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The impact of the three diets upon platelet aggregation 

depended upon whether collagen or ADP was used as an 

agonist.  Tmax was lowered more in collagen-stimulated PRP 

when sablefish was consumed compared to salmon or sole 

(Table 15) (p=0.03).  Compared to the prefish diet, only 

sablefish demonstrated a statistically significant decline 

Approximately 60% of the subjects demonstrated an increase, 

in aggregation.  The results were similar for Vmax: only the 

consumption of sablefish decreased aggregation (p=0.07). 

There was a fish effect only when sablefish was consumed. 

There was no significant change in the lag time of collagen- 

induced aggregation (Table 15). 

When ADP was used as the agonist, aggregation measured 

as Tmax decreased on both the fattier fish diets (Table 16) 

compared to the sole diet.  The sablefish diet produced 

greater changes than did the salmon diet: a 19% reduction 

versus a 13% reduction, respectively.  Consumption of these 

diets significantly lowered platelet aggregation compared to 

that which occurred when the prefish diet was consumed.  No 

diet produced significant changes in the Vmax induced by ADP. 

Comparison of the three diets on ex vivo production of 

TXB2 in clotted whole blood showed significant changes at 

the p=0.06 level (Table 17).  The fattier fish produced 

statistically equivalent decreases.  Compared to the prefish 

diet, the sablefish and salmon diets lowered TXB2 production 

as well (sablefish, p=0.0002, and salmon, p=0.0001). 
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TABLE 12 

Effect of the three fish diets on triglycerides1 

Sole Salmon      Sablefish 

Initial (mmol/L)2   0.97±0.09 1.08±0.09    1.16±0.09 

Final (mmol/L)      0.96±0.06 0.94±0.06    0.99±0.06 

Difference (mmol/L)3 0.00±0.10 -0.14±0.10    -0.17±0.10 

Change (%)4           0 -13           -15 

Fish Effect 
p                  NS NS            NS 

Diet Effect 
p NS 

'n = 21; data are given as least square means or least 
square means ± SE 

2Triglyerides may be converted to mmol/L by dividing by 
0.0113. 

difference is the initial value subtracted from the final 
value.  Comparisons in this row are the diet effect.  Values 
with different superscript are significantly different.  NS 
means not significantly different. 

4Change is the percent change produced in a variable after 
consumption of a diet compared to its value before 
consumption of the diet.  It represents the fish effect. 
Level of significance < 0.05 is given below the value.  NS 
means not significantly different. 
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TABLE 13 

Effect of the three fish diets on Apolipoprotein B1 

Sole       Salmon      Sablefish 

Initial (g/L) 0.67±0.02      0.64±0.02      0.65±0.02 

Final (g/L) 0.67±0.02      0.73±0.02      0.76±0.02 

Difference (g/L)2  0.00±0.03a     0.09±0.03b     0.11±0.03b 

Change (%)3 0 +14 +17 

Fish Effect 

p NS 0.009 0.001 

Diet Effect 

p 0.02 

'n = 21; data are given as least square means or least 
square means ± SE 

2 Difference is the initial value subtracted from the final 
value.  Comparisons in this row are the diet effect.  Values 
with different superscript are significantly different.  NS 
means not significantly different. 

3Change is the percent change produced in a variable after 
consumption of a diet compared to its value before 
consumption of the diet.  It represents the fish effect. 
Level of significance < 0.05 is given below the value.  NS 
means not significantly different. 
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TABLE 14 

Effect of the three fish diets on bleeding time (minutes)1 

Sole Salmon Sablefish 

Initial 8.1 8.1 7.8 

Final 7.2 10.8 7.8 

Difference2 -0.8±1. 2a 3.1±1. 2b -0.1±1.2a 

Diet Effect 

0.06 

'n = 23;  data are given as least-square means or least 
square means ± SE. 

2 Difference is the initial value subtracted from the final 
value.  Comparisons in this row are the diet effect. Values 
with the same superscript letter are not significantly 
different. 
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The changes in platelet fatty acid profiles are given 

in Table 18.  Although there were significant changes in the 

individual fatty acids in the SFA, MUFA, and PUFA groups, 

there were no significant differences in the groups 

themselves.  Palmitic acid (16:0) increased on the sablefish 

diet while it decreased on both the salmon and sole diets 

(p=0.008). Small changes were produced in the levels of 

22:l(n-9) and 24:l(n-9) (p=0.03 and p=0.04, respectively) as 

well.  The AA (20:4n-6) changes were significant at the 

p=0.04 level, with the sole and sablefish diets decreasing 

the content while the salmon diet produced an increase. 

Salmon, however, increased the EPA (20:5n-3) content more 

than either sablefish or sole diets (561% versus 343% for 

sablefish and 228% for sole).  This diet effect was 

significant at the 0.002 level.  The changes produced in EPA 

and AA are reflected in the ratio of the sum of the n-6 

fatty acids to the n-3 fatty acids.  On all three fish diets 

the ratio decreased but the decrease was larger when the 

fattier fish, salmon and sablefish, were consumed (p=0.02). 

None of the fish diets produced significant changes in 

either systolic or diastolic BP (Table 19).  The salmon diet 

compared to the prefish diet did, however, significantly 

decrease diastolic pressure (p=0.01). 
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TABLE 15 

Effect of the three fish diets on platelet aggregation using 
the agonist collagen (4.4 mg/L)1 

Sole Salmon Sablefish 
(n=22) (n=23) (n=22) 

T  2 
-"-max 
Initial 76.12 75.29 79.55 
Final 76.46 78.90 70.70 
Difference3 1.78±3.66a 3.66±3.54a -9.80±3.66b 

Fish effect 
P NS NS 0.01 

Diet effect 
P 0.03 

Vmax
4 (1/min) 
Initial 75.75 75.43 79.52 
Final 79.78 82.64 68.47 
Difference 5.95±6.36a 7.29±6.15a -12.68±6.36b 

Fish effect 
P NS NS 0.05 

Diet effect 
P 0.07 

Lag time 
Initial 41.70 43.22 39.57 
Final 39.72 47.22 44.81 
Difference -1.89±3.12 4.4±4.04 5.06±2.23 
Fish Effect 

P NS NS NS 
Diet Effect 

P NS 

1 Data are given as least-square mean or least-square means 
± SE 

Tmax = maximum change in light transmittance after 5 
minutes. 

3 Difference is the initial value subtracted from the final 
value.  Comparisons in this row are the diet effect. 
Vallues with different superscrripts are significantly 
different. Fischer's least-significant difference test; 
p < 0.05.  NS means not significantly different. 

V„ rate of aggregation following addition of agonist 
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TABLE 16 

Effect of the three fish diets on platelet aggregation 
using the agonist ADP (4.4 /mol/L)1 

Sole Salmon Sablefish 
(n=22) (n=23) (n=22) 

T    2 
•'■max 

Initial 60.12 66.73 70.78 
Final 62.55 57.90 58.01 
Difference3 4.27±3.38a -8.76±3.27b -14.11±3.34b 

Fish  Effect 
P NS 0.01 0.002 

Diet Effect 
P 0.04 

Vmax
4   (l/min) 
Initial 76.62 75.42 75.50 
Final 73.73 70.80 66.95 
Difference -1.00±4.75 -4.56±4.60 -9.32±4.75 

Fish  Effect 
P NS NS NS 

Diet  Effect 
P NS 

1 Data are given as least-square means or least-square mean 
± SE 

2 
Lmax Tmax = maximum change in light transmitted after 5 min 

3 Difference is the initial value subtracted from the final 
value.  Comparisons in this row are the diet effect.  Values 
with different superscripts are significantly different. 
Fischer's least-significant difference test;  p < 0.05.  NS 
means not significantly difference. 

4 vmax = rate of aggregation following addition of agonist 
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TABLE 17 

Effect of the three fish diets on ex vivo production of 
thromboxane B2   (/ig/L) in clotted whole blood1 

Sole Salmon Sablefish 

Initial 

Final 

Difference2 

Fish Effect 

P 

Diet Effect 

40.01 

34.66 

-5.43±3.92a 

NS 

38.91 

23.74 

■15.52±3.63b 

0.0001 

0.06 

39.03 

28.24 

-10.59±3.78ab 

0.0002 

'n = 23; data are given as least-square means or least 
square means ± SE. 

difference is the initial value subtracted from the final 
value.  Comparisons in this row are the diet effect.  Values 
with the same subscript letter are not statistically 
different (Fischer's least-significant difference test, p < 
0.05).  NS means not significantly different. 
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Effect of the three fish diets on differences in the relative weight percent of the fatty 
acid profile in platelets1 

Fatty 
Acid  Initial 

Sole 
Final Difference3 

Salmon 
Initial  Final  Difference 

Sablefish Diet 
Initial   Final    Difference   Effect2 

Saturated 
16:0 19.51 
18:0 28.95 
20:0 1.22 
22:0 2.12 
24:0      1.32 

Total    53.11 

Monounsaturated 

16.22 -3.29±2.21a 22.24 21.33 -0.95±2.2r-b 20.79 24.98 4.19±2.21b 0.008 
30.56 1.62±1.53 28.98 27.96 1.01±1.53 26.00 28.14 2.13±1.53 NS 
2.27 1.05±0.34 1.14 1.17 0.04±0.34 1.27 1.08 -0.19+0.34 NS 
1.42 -0.69±0.24 1.83 1.35 -0.69+0.24 2.12 1.15 -0.97+0.24 NS 
1.49 0.17±0.22 1.19 0.98 -0.21±0.22 1.45 0.90 -0.55+0.22 NS 

52.00 -1.15+2.40 55.37 52.54 -2.84±2.40 51.64 56.25 4.61+2.40 NS 

18:ln-9 2.67 3.37 -0.69±0.68 
18:ln-9 12.03 13.89 1.8511.31 
20:ln-9 4.83 4.23 -0.6010.97 
22:ln-9 0.41 0.37 -0.04i0.13i 

24:ln-9 2.69 2.14 -0.5510.30' 

Total 22.63   24.00  1.36+1.99 

2.79 2.17 -0.6210.68 2.49 2.36 
2.19 11.43 -0.7611.31 13.18 11.09 
4.74 5.62 0.8810.97 3.77 3.96 
0.64 0.14 -0.50i0.13b 0.46 0.27 
2.05 2.26 0.21i0.30a 2.91 1.79 

2.41 21.62 -0.7911.99 22.82 19.48 

-0.1310.07 NS 
-2.0911.31 NS 
0.1910.97 NS 

-0.19i0.13a'b 0.03 
-1.1210.30b 0.04 

-3.34+1.99 NS 



Fatty 
Acid  Initial  Final 

Polyunsaturated 

Difference Initial  Final  Difference Initial Final Difference 
Diet 
Effect 

18:2n-6 4.48 5.04 0.5510.64 3.g6 3.88 -0.08±0.64 4.56 4.32 -0.2410.64 NS 
18:3n-3 ND ND ND ND ND ND 
20:2n-6 0.27 0.58 0.31±0.23 0.40 0.18 -0.22±0.23 0.28 0.24 -0.0410.23 NS 
20:3n-6 1.51 1.86 0.35+0.27 1.43 1.93 0.49±0.27 1.60 1.70 0.0910.20 NS 
20:4n-6 15.73 13.32 -2.40±0.10a'b 14.61 15.58 0.g7±1.10a 16.82 13.85 -2.9711.10b 0.04 
20:5n-3 0.21 0.48 0.27±0.10a 0.18 1.01 0.8310.10b 0.23 0.79 o.seio.io' 0.002 
22:5n-3 o.g7 1.38 0.41±0.32 o.g2 1.31 0.4010.32 o.gs 1.43 0.46+0.32 NS 
22:6n-3 1.07 1.37 0.30±0.30 0.71 1.94 1.2310.30 1.07 1.96 0.8910.30 NS 

Total 24.25 24.03 -0.22±0.70 22.21 25.83 3.62±1.70 25.54 24.27 -0.27±1.70 NS 

n-6 22.00 20.80 -1.20±1.44 20.40 21.57 1.1711.44 23.26 20.09 -3.1611.44 NS 
n-3 2.24 3.23 0.98±0.63 1.81 4.27 2.4610.63 2.28 4.18 1.9010.63 NS 
n-6:n-34 g.g4 7.63 -2.32±1.05b 12.03 5.13 -6.giil.05b 10.53 5.32 -5.21il.05a-b 0.02 

]n=ll;     ND means not detected, data are given as least square means or least square means 1 SE. 

2NS means not significant. 

3Difference is the initial value subtracted from the final value.  Comparisons in this row are the diet 
effect.  Values with the same superscript letterrs are not significantly different (Fischer's least- 
significant difference test, P < 0.05). 

4n-6: n-3 is the ratio of the grams of n-6 fatty acids to the grams of n-3 fatty acids. 
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TABLE 19 

Effect of the three fish diets on systolic and diastolic 
blood pressures (mm Hg)' 

Sole Salmon Sablefish 

Systolic 

Initial 128 
Final 128 
Difference2 0±2 

129 128 
129 126 
-2±2 -2±2 

Fish Effect 

NS NS NS 

Diet Effect 

NS 

Diastolic 

Initial 80 
Final 80 
Difference 0±1 

82 80 
78 80 
-3±1 0±1 

Fish Effect 

NS 0.01 NS 

Diet Effect 

NS 

^=2 3; data are given as least-square means or least-square 
mean ± SE. 

difference is the initial value subtracted from the final 
value.   Values with same superscript letters are not 
statistically different (Fischer's least-significant 
difference test, P < 0.05).   NS means not significant. 
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CHAPTER 5 

DISCUSSION 

As discussed in the review of literature, studies 

investigating the antithrombotic, hypolipemic effects of n-3 

fatty acids have shown varying results.  In this study where 

the subjects' total intake of foods was carefully 

controlled, we examined the effects of different species of 

fish with varying amounts of n-3 fatty acids on lipid and 

hemostatic factors.  Chinook salmon and sablefish with 

moderate amounts of n-3 fatty acids, and Dover sole with 

small amounts of n-3 were consumed by 23 college-aged males 

as part of a ^Western' diet.   The results demonstrated 

significant increases in LDL-C and apo B when the salmon and 

sablefish diets were consumed compared to when the sole diet 

was. 

Although fish was used as the sole source of n-3 fatty 

acids, the reason for this unexpected rise in LDL-C and apo 

B may be found in earlier studies done with normolipemic 

subjects using fish oil.  In subjects whose VLDL and TG 

levels fall within normal ranges, as did our subjects, 

approximately 90% of the apo B in serum is carried on the 

LDL particle (106).  It is therefore assumed that the serum 

concentrations of apo B reflect the apo B-LDL 

concentrations.  The concommittant rise in LDL-C and apo B 
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in this study suggests that n-3 fatty acids affect LDL 

principally by increasing the total number of particles 

rather than changing the composition.  Multiple mechanisms 

(26) have been proposed for this increase in LDL particle 

number, although we did not explore these mechanisms in this 

study.  One of these mechanisms uses the fact that the liver 

secretes at least two VLDL subspecies:  a small VLDL and a 

large, TG-rich VLDL.   It is that small VLDL that is 

preferentially converted to LDL (26).  It has been proposed 

that the selective effect of fish oil is to decrease the 

production of the large TG-rich VLDL which then decreases 

TG, but at the same time increasing the production of the 

small VLDL which then increases LDL (26, 106, 107).  Both 

human (106) and animal (108) studies provide evidence to 

support this hypothesis.  An additional reason for the 

increase of the LDL-C is the SFA content of our diets. 

Harris noted in his review (26) that LDL-C decreases were 

only seen in those studies where saturated fat content was 

reduced. Since our study was designed to look at the effect 

of fish within a typical ^Western' diet, the total fat and 

SFA contents were held constant and not reduced. 

Other studies in which fish were fed demonstrated the 

same inconsistent results regarding HDL-C as they did for 

LDL-C.  Childs et al. (70), Pfeuffer et al. (65), and 

Thorngren et al. (37) found non-significant increases; 

Singer et al. found non-significant increases for both 
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normotensives (16) and hypertensives (61) fed mackerel;  and 

Brown et al. (68), Atkinson et al. (19), and Fehily et al. 

(36) saw neither an increase nor a decrease.   Only Bradlow 

et al. (30) saw a significant decrease from baseline while 

only Cobiac et al. (75) saw a significant increase from 

baseline.  Van Houwelingen et al. (21) observed a non- 

significant increase in HDL-C in the group fed mackerel, but 

it increased by a comparable amount in the control group as 

well.  He stated that this increase pointed to the need for 

a control group.  Had a control group not been present in 

his study, one might have attributed the HDL-C increase to 

the n-3.  Clearly, in our study, the cause of the increases 

may well lie elsewhere.  While LDL-C went up in this study, 

HDL-C did not change significantly among the three diets, 

though both salmon and sole produced significantly decreased 

levels compared to the prefish diet.  Importance of these 

decreases is not readily apparent, however, since they were 

due to the fish effect rather than the diet effect. 

While results from the consumption of n-3 fatty acids 

have been inconsistent for cholesterol and apolipoproteins, 

the TG-lowering effect of the fatty acids is well-known.  In 

a comprehensive review, Harris (26) found average decreases 

of 20-50% with hypertriglyceridemics experiencing the 

greater reductions.  In our study, the serum TG 

concentrations decreased 15% on the sablefish diet and 13% 

on the salmon diet.  These decreases were not significant 
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for diet and were less when compared with studies using 

similar amounts of n-3 fatty acids (21, 75, 76).  However, 

the lack of significance may be due to to the large 

intraindividual and analytical variability of the serum TG 

determinations. 

The concentration of EPA in platelets was increased by 

all individuals consuming the diets:  the most by salmon, 

followed by sablefish, and then sole.  Arachidonic acid was 

decreased on the sablefish and sole diets, but increased 

slightly on the salmon diet.  These increases in EPA and 

decreases in AA in the platelet fatty acids are well- 

established.  Atkinson et al. (19) found nonsignificant 

increases in AA while there was significant increases in EPA 

when he fed subjects trout.  Cobiac et al. (75), Agren et 

al. (20), and Nelson et al. (71) found similar results: 

significant increases in EPA and small (5.5% final versus 

initial 6.2%, 24.5 mol% final versus 26.6 mol%, and 18.4% 

final versus 22.9% initial, respectively) though significant 

decreases in AA. 

The effect of the increased consumption of n-3 fatty 

acids produced equivocal results in lipemic factors, and 

this same equivocacy was seen in regards to hemostatic 

factors.  The salmon diet increased BT by three minutes with 

approximately 60% of the subjects consuming salmon 

experiencing increases.  This compares with only 31% of the 

subjects consuming sablefish diet and 9% consuming the sole 
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diet.  It is notable that despite containing approximately 

the same amount of n-3 fatty acids, there was a difference 

between the BT on the salmon and sablefish diets.  Results 

similar to these were seen in the study by Cobiac et al. 

(75). Those subjects consuming the Atlantic salmon and 

Norwegian sardines had a significantly increased BT compared 

to control values while the subjects receiving n-3 fatty 

acids in the form of MaxEPA demonstrated a slight non- 

significant decrease in BT.  This occurred despite the fact 

that the amounts of total n-3 fatty acids were equivalent 

(4.5 g on the fish diet versus 4.6 g with MaxEPA).  Cobiac 

et al. (75) suggested that a possible explanation for this 

difference could be attributed to either the reduction in 

the subjects' AA level in platelets when the fish were 

consumed or the greater amount of DHA in the fish than the 

fish oil.  Since in our study the AA level was higher in the 

platelets of those individuals consuming salmon but BT 

longer, we do not support his first conjecture.  However, 

the salmon did contain slightly greater levels of DHA.  The 

difference in the amount of DHA in salmon compared to 

sablefish was small and did not appear to be large enough to 

explain the difference in BT.  He also suggested that 

another explanation might be the presence of other compounds 

contained in the fish such as selenium.  The selenium might 

act in conjunction with n-3 fatty acids or augment the 

hemostatic effect of these fatty acids.   Thorgren and 
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Akesson (56), however, found no correlation between 

increased BT and the increase in plasma selenium when they 

fed volunteers their usual Swedish diet supplemented with 

150-2 00 g per day fatty fish, primarily mackerel and salmon. 

Since the level of selenium was considerably higher in the 

sole but the BT was unchanged, our data also suggest that 

the selenium in the fish did not contribute to differences 

in BT.  Atkinson et al. (19) proposed yet other reasons for 

alterations in hemostatic factors:  the presence of toxins, 

phytols, or branch-chain fatty acids.  He notes that changes 

in BT do not necessarily parallel changes seen in platelet 

aggregation. 

In our study, the effects on platelet aggregation 

depended upon the agonist.  Aggregation with ADP measured as 

Tmax was decreased for both the fattier fish, sablefish and 

salmon.  These findings are consistent with those found in 

other studies using fish. Goodnight et al. (31) using salmon 

and salmon oil, Siess et al. (35) feeding mackerel, Bradlow 

et al. (30) using a mixture of marine fish (sardines, 

pilchards, herring, and/or kabeljou), Nelson et al. (71) 

also feeding salmon, and Thorngren et al. (18, 55) using 

fatty fish, predominantly herring, salmon, and mackerel, all 

found decreased sensitivity to ADP.  This finding was not 

universal, though, for Atkinson et al. (19), feeding 

freshwater trout, found no differences in the aggregation 
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responses to ADP.  The responses to aggregation using 

collagen as an agonist were more varied.  Where we found 

only sablefish produced a significantly lower Tmax with 

collagen-induced aggregation. Goodnight et al. (31), Nelson 

et al. (71), and Thorngren et al. (18, 55) found no change 

to aggregation responses with collagen.  This contrasts with 

Siess et al. (35), Bradlow et al. (30), and Atkinson et al. 

(19) who demonstrated significant decreases in aggregation 

with collagen.  In view of the high variability found in 

platelet aggregation studies, one is left to conclude that 

the potential for fish consumption to impact on platelet 

behavior is poorly understood. 

The consumption of all three fish in this study 

lowered the production of TXBj, but only the two fattier 

fish produced a significant reduction when compared to 

baseline values.  Similar results were found by other 

researchers.  Siess et al. (35) who fed volunteers a 

mackerel diet found a significant reduction in TXB2 

production induced by low doses of collagen.  Bradlow et al. 

(30) likewise demonstrated significant reductions of TXB2 

after induction with collagen, epinephrine, and AA.  ADP 

induced smaller and non-significant decreases.  As noted, 

the ingestion of any fish seemed to produce changes, even if 

statistically nonsignificant:  Siess et al. fed 

approximately 7-11 g/day of EPA while Bradlow et al. gave 
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fish containing lower amounts (1-4 g/day).  Agren et al. 

(20) fed even lower amounts of n-3 fatty acids (1 g/day) in 

fresh water fish, but still saw significant decreases in 

TXB2 production as compared to baseline.  Singer et al. 

(61), however, found a dose-related response when he fed 

subjects a mackerel diet.  Five grams of n-3 fatty acids per 

day produced significant reductions in TXB2 production, 

while approximately 1.1 g/day did not.   Interestingly, 

Thorngren et al. (18) found no reduction in TXA2 in bleeding 

time blood, but a significant reduction in TXB2 was present 

in clotted whole blood in subjects fed approximately 2-3 g 

EPA in the form of fatty fish including salmon, herring, and 

mackerel.  In view of the fact that TXA2 levels in the blood 

in which aggregation is occurring may be more closely 

associated with molecular events than peripheral blood in 

circulation, Thorngren's results may be more conclusive. 

Most intriguing, though, are the results Cobiac et al. (75) 

found when he fed mildly hyperlipidemic men either 4.5 g EPA 

and DHA as fish or fish oil.  Only the fish diet (Atlantic 

Tasmanian salmon and Norwegian sardines) produced 

significant reductions in TXB2 production as compared with 

baseline.  There was no reduction at all when fish oil was 

given.  It is the consumption of fish, not the use of fish 

oils, that is associated with decreased mortality from CVD. 
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In our study, none of the fish produced significant 

changes in either systolic or diastolic BP, though the 

salmon diet produced a significant lowering of diastolic BP 

when compared to the prefish level.  Singer et al. (16), 

however, saw significant reductions in both systolic and 

diastolic pressures when he fed 15 ^healthy' volunteers 2.2 

g/day of EPA (total 5 g/day n-3) as mackerel.  Small but 

non-significant reductions were also seen when these same 

volunteers later consumed 0.5 g/day EPA (1.1 g total n-3 

fatty acids) as herring.  In a later study with mild 

hypertensives and hyperlipedemic men, Singer et al. (59) 

found significant reductions in systolic pressures in both 

groups when fed 5 g/day n-3 fatty acids as mackerel. 

Diastolic pressures also decreased in both groups, but the 

changes were non-significant. Cobiac et al. (75) found small 

reductions in both systolic and diastolic presures, but 

these decreases were non-significant when compared to 

baseline, and were of similar magnitude with those changes 

seen in their control group. 

Taken together hemostatic factors seem to be affected 

positively by the consumption of the n-3 fatty acids 

contained in fish.  Exact mechanisms are elusive, however. 

Reductions in TBXj production would seem to suggest that 

there would be concommitent reductions in BP and platelet 

aggregation, and an increase in BT.  As we have seen, that 
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is not true.  The salmon diet did produce a significant 

increase in BT compared to baseline, a significant decrease 

in aggregation with ADP when measured as Tmax (but not Vmax) 

although there was a decrease, a significant decrease in 

TXB2 when compared to the prefish diet, and a significant 

decrease in diastolic BP when compared to the prefish diet. 

Yet, sablefish with its similar amount of n-3 fatty acids 

did not change either BT or diastolic pressure.  There was a 

small non-significant decrease in systolic pressure, though. 

The decrease in TXB2 was similar to that of salmon diet. 

It has been thought that the n-3 fatty acids alter the 

balance between antiaggregatory and proaggregatory 

prostaglandin derivatives.  Bleeding time is thus lengthened 

because the n-3 fatty acids make the platelets less 

susceptible to aggregation when stimulated by ADP and 

collagen, naturally occurring agonists.  Yet the results 

from this study, and the seeming contradictions suggest more 

complex mechanisms.  A study using fish oil (109) 

demonstrated that increasing doses of MaxEPA failed to 

continue increasing BT, and led the researchers to speculate 

that some other component in fish might be responsible. 

Cobiac et al. (75) speculated in his study of subjects fed 

equal amounts of n-3 fatty acids in fish first and then fish 

oil that the higher amounts of DHA in the fish inhibited the 

aggregation more effectively than did the EPA.  In our 
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study, both of the fattier fish did have greater amounts of 

DHA than EPA with the salmon containing approximately 0.2 g 

DHA more per day than the sablefish.  Atkinson et al. (19), 

feeding fresh-water fish, suggested that some other 

component such as toxins, phytols, or branched-chain fatty 

acids may alter hemostatic factors.  They also cite the 

failure of the trout to reduce platelet AA.  Cobiac et al. 

(75)  also cited a reduction in the platelet AA as a 

possible reason for the differences in BT seen between 

phases when fish oil and fish were given.  Yet in our study, 

platelet AA increased when salmon was fed, although BT 

increased significantly from baseline. 

Some of these discrepancies may be explained by the 

physiological events which occur when BT is measured.  The 

microvasculature injury which is invoked may have little 

relation to platelet function and the production of TXB2 

(110).  Furthermore, Thorngren et al. (18, 37, 55, 56) 

demonstrated in earlier studies that these antithrombotic 

effects could not be accounted for by diminished local 

production of TXA2, in vivo, or by decreased platelet 

aggregation.  In addition, a definite correlation between 

the increase in platelet n-3 fatty acids and alteration of 

hemostasis did not exist.  She proposed instead that the 

selenium contained in fish may affect the platelet 

glutathione peroxidase (111) and this may affect platelet 
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function.   Studies with animals have suggested that while 

selenium from fish is absorbed, it may be less bioavailable 

than selenium from other sources;  studies demonstrating 

bioavailability in humans are lacking, however (105).  In 

the three fish used in this study, though, the Dover sole 

contained the greatest amount of selenium, but the 

conjectured changes in platelet function did not occur. 

Therefore, Thorngren's hypothesis may not be correct. 

Though TG have been suggested to be an independent risk 

factor for CVD, so lowering them may prove beneficial, this 

study suggests that the effect of n-3 fatty acids may lie 

more in the alteration of hemostatic factors rather than 

reducing blood lipids.  Although sablefish and Chinook 

salmon have approximately the same amounts of n-3 fatty 

acids, the salmon appears to have a greater ability to alter 

hemostatic factors than does sablefish.  This suggests that 

some other factor in fish may augment or assist n-3 fatty 

acids in altering hemostasis. 
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CHAPTER 6 

SUMMARY 

This well-controlled study examined the effect of the 

consumption of fish within a xWestern' diet on 

cardiovascular risk predictors.  Published literature 

available at the time that the study was initiated led to 

the expectation that the lipemic factors:  TC, LDL-C, and 

TG, would be reduced, and HDL-C would be increased, while 

thrombotic factors, BP, BT, platelet aggregation, and TXB2 

production would all be reduced.  Based on prior studies, it 

was anticipated that the changes would be greatest on the 

diet which contained the fish with the most n-3 fatty acids 

(the chinook salmon) while the changes would be small or 

non-existent on the diet with the fish containing the least 

amount of n-3 (the Dover sole).  It was hypothesized that 

the n-3 fatty acids contained in the fish, even within the 

xWestern' diet with its approximately 3 6% fat, would provide 

a protective effect, and cardiovascular risk factors would 

be reduced.  Instead, the picture that emerged proved to be 

far more complex. 

While fed the ^Western' diet of 36% fat, none of the 

fish produced significant changes in HDL-C but LDL-C 

increased on the fattier fish diets.  TC decreased only on 
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the sole diet.  Triglycerides did decrease on each diet, but 

the changes were small and statistically non-significant and 

did not appear to fit a pattern.  It was regarding the 

thrombotic factors that a trend did appear to occur.  As 

with the lipemic factors, the changes were often small and 

statistically non-significant, but diastolic and systolic 

BP, platelet aggregation with ADP, BT, and TXBj production 

all declined on the fattier fish diets while the Dover sole 

diet produced increases for systolic BP, platelet 

aggregation with both ADP and collagen, and TXB2 production. 

The decreases for the fattier fish were inconsistent, but 

the Chinook salmon appeared to be more anti-thrombotic. 

Thus, while the increases in the lipemic factors, 

particularly LDL-C, appeared disturbing, the consumption of 

the diet with the fattier fish, that with the higher amounts 

of n-3 fatty acids, appeared to favorably effect the 

thrombotic factors. 

The results from this study suggest that there might be 

an interplay between the n-3 fatty acids and amount of total 

fat, particularly SFA, and cholesterol in the ^Western' 

diet.  It was shown that an amount of fish that could be 

reasonably consumed within the typical Western diet, even 

though a relatively small amount of n-3 fatty acids were 

provided, favorably impacted thrombotic factors.  The 

question of whether a low fat diet in conjunction with the 
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consumption of n-3 fatty acids would favorably impact 

lipemic factors as well, was left unanswered, and deserves 

further investigation. 
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APPENDIX 1 

QUESTIONNAIRE 
Cardiovascular Disease Risk Reduction by Dietary Fish 

Name: 

Address: 

Telephone:  home:  work: 

Date: 

Code  nvunber: 
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Medical History 

I. Age:  
II. Sex:  
III. Past illnesses and present medical problems. 

1.  Do you have any of the following? Yes   No 
Diabetes       
Asthma       
High blood pressure       
Thyroid trouble       
Diseases of other endocrine glands 
(Cushings disease, Addison's disease, 
parathyroid or pituitary disease)      

Coronary heart disease      
High blood lipids      
(cholesterol or triglycerides)      

Gallstones or gallbladder disease      
Liver disease 
Cystic fibrosis or other intestinal malabsorption 

Kidney disease 
Other 

Explain: 

2.   Are you presently using prescription drugs? 

Please list the prescription drugs you are taking, 
the dosage, the number of times you take per day, and the 
number of months you have been taking them: 

Drug name Dosage       Number/day   Number of 
months 

taken 

3.  Are you in good health at present?   Yes   No 

If not, please explain: 

4.  Do you frequently get sick?   Yes    No 
If you do, please explain: 
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5.  Are you under the care of a physician for any 
reason? 

Yes   
If you are, please explain: 

6.  How often do you take aspirin or anti-inflammatory 
drugs? 
Never  1-2 times/week  5-10 times/week   
Other   
What anti-inflammatory drugs do you take? 

IV. Personal Habits 

1.  Do you smoke?  Not al all?  Cigarettes 

2. Do you drink alcohol?  Not at all?  Rarely, at 
parties  

Most weekends  Weekends & some weekdays  Most 
days  

About how many servings (equivalent to 1 ounce of 
liquor, 4 oz. of wine, or 10 oz. of beer) do you 
consume per week? 

3. Do you drink coffee, tea, or soft drinks containing 
caffeine?  Yes   No   

4. Are you presently on a special diet?  Yes  
No  
If so, pleasse describe this diet: 

5. Have you been using any supplements such as 
vitamins or minerals regularly for the last six 
months?  Yes No 

Please list any supplements you are taking, the 
dosage, the number of times you take per day, and 
the number of months that you have been taking 
them: 

Supplement name  Dosage Number/day  # Mos Taken 

6. Circle the word that you feel best describes your 
lifestyle: 

Sedentary   Moderately active    Very active 

7. Do you regularly engage in physical activity? 

Yes    No 
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During which of the following time periods do you 
eat the most food? 

Before 11 AM   Between 11 AM & 2 PM  
Between 2 & 5 PM 
Between 5 & 7 PM     After 7 PM 

9. How many people (including yourself) live in your 
home?  

10. How often are you the person who prepares meals 
for yourself and others who live with you? 

Always  Most of the time  Sometimes  
Seldom/never  

11.  Please describe your daily meal pattern.  Show 
which meals you usually eat, what time you usually 
eat them, and where you usually eat them: 

I don/t eat  I do eat At what time eaten Where eaten 

Breakfast 

Lunch 

Dinner 

Snack 

12. How many hours of television do you watch/week? 
Not any  Up to 2 hrs  Up to 4 hrs  
Up to 14 hrs  More than 14 hrs  

13. How often do you eat meals or snacks while 
watching TV? 
Never     Once in a while      Almost never 
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14.  Please put a number indicating how many servings 
of each of the following do you eat per week: 

A.  FRUITS (one small fruit or 1/2 cup is one 
serving) 
Citrus   Dried fruit   Others (please 
specify): 
Apples   Bananas     
Berries   Avocado (1/4 med)  
Melon   Raisins (1/3 cup)  
Plums   Pears       

B.  VEGETABLES (1 small veg or 1/2 cup cup is one 
serving) 

Green beans   Greens   Soybeans  
Tomatoes   Broccoli/cauliflower  
Lentils  Potatoes  
Sweet potatoes  Other dried beans  
Celery   Corn  
Mushrooms   Cabbage  
Carrots   Onions, mature  

C. BREADS AND CEREALS (1 slice or 1/2 cup is one 
serving) 

White bread  Whole wheat bread  
Brewer's yeast (3 T)  
White rice  Whole wheat pasta  
Wheat germ (1/4 cup)  
Saltines/soda  Brown rice  
Wheat bran (1/2 cup)  
Crackers (4-6)  Rye bread  
Soy flour (1/4 cup)  
Cookies   Cornbread  Breakfast 

cereal  
Others: 

D. MEATS (3 ounces is one serving) 

Shrimp    Poultry  

Other (please explain): 

Other shellfish   Eggs (2=1 serving) 
Canned tuna/salmon  Organ meats  
Other fish 
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E.  MILK AMD MILK PRODUCTS 

Milk, all kinds (1 fluid cup is one 
serving)  
Yogurt (1 cup is one serving)  
Cottage cheese (1/2 cup is one serving) 
Cheese, all other kinds (1 ounce is one 

serving)  
Other (please specify)  

F.  MISCELLANEOUS 
Jam/jelly (2T)   Peanuts (10)  
Peanut butter (1 1/2 T)  
Honey (2T)    Walnuts (10)  
Sunflower  seeds  (1/4 cup)  
Candy bar (1)   Almonds (10)  
Soft drinks (12 oz)   Filberts (10) 
Cake or pie (1 slice) 
Other (please specify): 

V.  Family history 

Do you have any blood relatives with the 
following? 

Yes    No 

Heart attack before age 60 
Diabetes 
Stroke before age 60 
Kidney failure 
Known high cholesterol 

or triglycerides 

Your height: 

Your weight: 

Your blood pressure: 

VI.  Please use this space for any additional comments you 
may have: 
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APPENDIX 2 

INSTRUCTIONS FOR FOOD RECORD 

Record all food and beverage items—except water— 
consumed including snacks. 

Be as specific as possible.  Instead of saying "tuna 
sandwich and potato chips" write:  "Approximately 1/2 cup 
tuna salad made with mayonnaise, sweet pickles, and onions 
on 2 slices of whole wheat bread and 1 oz. bag Lay's potato 
chips." 

When listing milk that is consumed, state whether it is 
skim (non-fat), 1%, 2% (low-fat), or whole. 

Indicate how food is prepared:  baked, fried, BBQ, 
broiled or steamed. 

List food measurements in cups, ounces, milliliters, 
inches, teaspoons, tablespoons, grams, etc. 

Liquids:  cups, ounces, or milliliters 
Fruits/vegetables:  number, cups, size 
Beans/grains/pasta:  cups, dry or cups cooked 
Meats/fish/cheese:  ounces, grams, inches in 
depth and diameter, cups, or slices 
Fats/oils:  teaspoons, tablespoons 

If you have any questions about recordinng your diet, please 
contact Beverly Patton, M.S., R.D. at 754-3561. 



SAMPLE  FOOD  RECORD DATE: 

BREAKFAST SNACK LUNCH SNACK DINNER SNACK 

1 C orange juice 1 c coffee McDonald's Big Mac Medium Baked Chicken 12 oz beer 
1 bowl (I'/i C) raisin bran 2 packs sugar Small French Fries banana breast - large, no skin 1 bag 
1 whole wheat 2 small chocolate chip cookies 16 oz Coke 1 large baked potato pretzels 
English Muffin 1 c broccoli w/2 tsp 
2 tsp margarine margarine 
1 c 2% milk tossed green salad 
1 c coffee w/lettuce, tomatoes, 
2 tsp sugar carrots, 2 Tbsp Italian 

dressing 
1 roll with 1 tsp 
margarine 
1 c ice cream, 
chocolate 
1 c 2% milk 



SAMPLE FOOD RECORD DATE: 

BREAKFAST SNACK LUNCH SNACK DINNER SNACK 

ro 
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APPENDIX 3 

Department of Foods and Nutrition 
Oregon State University 

Cardiovascular Disease Risk Reduction by Dietary Fish 

INFORMED CONSENT 

I have received an oral explanation of this study and I 
understand the following: 

1. I will give a 3-day dietary recall at the beginning of 
the study. 

2. I will have my weight and blood pressure recorded daily. 

3. All meals and snacks will be provided by the Foods and 
Nutrition Laboratory.  I am to consume no other food or 
beverage, and the diet is completely adequate in all 
nutrients. 

4. A cetified medical technologist will draw blood from my 
arm seven times during the course of the study.  No food or 
beverage except water will be consvuned from 10 PM on the day 
before the blood is to be drawn until the blood is drawn.  A 
small cut will be put into my forearm the day before the 
blood is drawn to deterrmine my bleeding time. 
These two procedures may cause a slight discomfort and a 
slight bruise. 

5. Since excessive physical activity and non-steroidal 
anti-inflammatory drugs (e.g. aspirin and ibuprofen) can 
compromise the results obtained in this study, they will be 
avoided while I am a participant. 

6. At the end of the feeding trial, $50 will be paid to me 
if I adhere to the requirements;  if I do not, I can be 
dropped from this study. 

7. I can withdraw from the study at any time. 

8. A code number will be used to identify my diet history, 
weight, 
blood pressure, blood analyses, and any other information 
that I provide.  The only persons who have access to this 
information will be the principal investigator, the medical 
technologist and the graduate student(s) involved with the 
project. 
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9.  Persons at increased risk for Hepatitis B or HTLV-III 
(commonly called AIDS) should not donate blood or any other 
body fluids and therefore should not participate in this 
investigation.  Persons at increased risk include men who 
have had sexual contact with another man since 1977,   persons 
who have used intravenous drugs, Haitian immigrants, and 
persons who have had sexual contact with either a member of 
one of these groups or a person who has AIDS. 

Signature of subject 
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APPENDIX 4 

Dr. Wander 
Diet Study 1987/88 
Food and Nutrition Dept. 
Oregon State University 
Name  
Date  

DAILY ACTIVITY SHEET 

1.  Record the amount of each of the following foods. 

Sugar Coffee Creamer 
Tea 
Diet Beverages 

Preserves 
Coffee 
Salt 

Mustard 

2.  Record your activity from the previous day and the 
length of time 
spent at it. 

3.  How do you feel today?    Excellent 
Good  
Fair  
Poor 

4. Did you take any medications yesterday? 

5. Are there any other events that we need to know about? 
Exams?  Injuries? 

6. Your weight today  

7. Other comments: 
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APPENDIX 5 

DRUGS TO AVOID PRIOR TO BLOOD DRAW 

DO NOT TAKE THE FOLLOWING DRUGS 3-DAYS BEFORE BLOOD IS 
DRAWN! 

Ibuprofen,  e.g. Motrin, Rufen, Advil, Nupren 

Fenoprofen, e.g. Nalfon 

Ketoprofen 

Naproxen, e.g. Naprosyn 

Suprofen 

Sulindac, e.g. Clinoril 

Indomethacin, e.g. Indocin 

Tolmetin, e.g. Tolectin tablets 

Mefenamic Acid, e.g. Ponstel 


