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ABBREVJATIONS

Fatty acicis:

14:0 = Myristic

16:0 = Palmitic

18:0 = Stearic

20:0 = Arachidic

22:0 = Behenic

24:0 Lignoceric

16:1 =Palmitoleic

18:1 =Oleic

20:1 = Gondoic

22:1 =Erucic

24:1 =Nervonic

20:3n-9 = Mead

18:2n-6 = Linoleic

20:2n-6 = Eicosadienoic

20:3n-6 = Dihomo-y-linolenic

20:4n-6 = Arachidonic

22:4n-6 = Adrenic

22:5n-6 = Docosapentaenoic

18:3n-3 = Linolenic

20:5n-3 = Eicosapentaenoic, EPA

22:5n-3 = Docosapentaenoic

22:6n-3 = Docosahexaenoic, DHA

BMI = Body mass index

BP = Blood pressure

CHD = Coronary heart disease

CI = Confidence interval

CV = Coefficient ofvariation

HDL =High density lipoprotein cholesterol

LDL = Low density lipoprotein cholesterol

US = United States ofAmerica
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1. INTRODUCTION

The rise and fall of coronary heart disease (CHD) mortality in Westem Europe and the

United States (US) in the 20th1 century has been characterized as a modern epidemic.

Atherosclerosis, however, has probably afflicted humans at all times, although to a varying

degree. Ancient Egypt mummies show extensive atherosclerosis (3), indicating that CHD was

prevalent among affluent people 3-4000 years ago. Descriptions of the symptoms, signs and

the course of CHD emerged in European medical literature in the second part of the 18th

century (4). The disease gained increasing scientific interest, and in the middie of the 19th

century it was recognized that it is a coronary artery occlusion which causes myocardial

infarction (4). The etiology of atherosclerosis was a topic of interest among scientists in the

early years of the 20th century (5), when Anitschkow performed feeding experiments in rabbits

showing that dietary cholesterol raised blood cholesterol levels and induced atherosclerosis

(6).

CHD mortality rose dramatically after Second World War in Westem Europe and the US.

Mortality rates have declined since the 1960s and 1970s, but CHD is still the leading cause of

death (7). Secular trends in mortality rates points out life style as a main determinant of the

diseasc, and research has since the 1 950s focused the risk factors of disease and how they can

be modified (8).

The diet-heart hypothesis

The first prospcctive epidemiological studies of cardiovascular disease were initiated in the

late 1940s. Blood pressure, serum cholesterol level and smoking were pointed out as major

and independent risk factors for CHD (9-12). International comparisons revealed large

contrasts in both incidence rates and life styles, and generated hypotheses concerning the

etiology of cardiovascular disease. The Seven Countries Study demonstrated a positive

ecological association between death rates from CHD and percent of dietary calories from

saturated fat (12). Experiments by Keys and Hegsted in the i 960s provided evidence that the

amount and composition of dietaiy fat are important determinants of serum cholesterol level

(13; 14). These observations, together with previous work in animals, and population sti.idies

of Japanese migrating to Hawaii and California, gave rise to the “diet-heart hypothesis”.

According to the classical diet-heart hypothesis, dietary saturated fat and cholesterol increase,
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and polyunsaturated fat decrease serum cholesterol levels, thereby determining the

development of atheroma leading to myocardial infarction (15).

Observations in special populations contributed to further development of the diet-heart

hypothesis. In the i 970s, Bang and Dyerberg found that Greenland Eskimos experienced low

mortality from coronary heart disease compared to Danes (16), and that the traditional Eskimo

diet was high in very long chain n-3 polyunsaturated, as well as monounsaturated fatty acids

(17). It was also reported that Japanese fishing islanders who consumed a diet rich in fish had

higher serum levels of n-3 polyunsaturated fatty acids, and lower rates of cardiovascular

disease compared to people living on mainland Japan (18). Cohort studies conducted in

westem populations indicated that moderate fish consumption protected against coronary

heart disease (19-21) although the results were not consistent (22;23). Finally, a secondary

prevention study reported that modest intake of fatty fish protected against death from

recurrent myocardial infarction (24).

Dietaryfats

Saturated and monounsaturated fatty acids can be obtained from the diet or produced

endogenously, whereas polyunsaturated fatty acids of the n-3 and n-6 ciasses are essential to

humans (Figure 1). Very long chain n-3 polyunsaturated fatty acids are produced by marine

phytoplanctons, accumulate in the food chain, and are abundant in fatty fish, fish oils and sea

mammals (25). Eicosapentaenoic (EPA, 20:5n-3) and docosahexaenoic (DRA, 22:6n-3) are

the most important marine n-3 fatty acids. They are incorporated in membranes, act as

precursors for cellular signal substances (eicosanoids), and have effects on a variety of cellular

processes influencing atherosclerosis and thrombosis (26). Since the 1970s, many researchers

have focused EPA and DRA as major candidate substances responsible for the potential

cardioprotective effects of dietary fish (27).

The most common dietary n-6 fatty acid is linoleic acid (18:2n-6), which is metabolized to

arachidonic acid and its longer chain derivatives (Figure 1). Linoleic acid is plentiful in the

seeds of most plants, and oils rich in i 8:2n-6 include among others sunflower, safflower,

soybean and com oil (25). The n-6 fatty acids are vital components ofbiological membranes,

and arachidonic acid is substrate for eicosanoid metabolism.

10



Dietaryfats and cardiovascular riskfactors

The effects of dietary fats on serum cholesterol levels have been extensively studied. Several

studies confirmed that saturated fat increases whereas polyunsaturated fat decreases total

cholesterol concentrations, as outlined by Keys and Hegsted (15). Dietary studies have

extended our knowledge about the specific effects of dietary saturated, monounsaturated and

polyunsaturated fatty acids on low density lipoprotein (LDL), high density lipoprotein (HDL)

cholesterol and triglyceride levels (28;29). Lately, research has suggested that individual fatty

acids within the same fatty acid ciass may have different effects on lipid metabolism (30). It is

now established that individual saturated fatty acids have distinct effects on serum LDL and

HDL cholesterol concentrations (31). Dietary supplementation with EPA and DHA decrease

serum triglycerides by 25-30%, depending on dose and initial triglyceride level (32), but littie

is known about the effects of other fatty acids. The relation of serum triglyceride

concentrations and risk of coronary heart disease has been controversial (33). Recent studies

suggested that serum triglyceride level is an independent risk factor for coronary heart disease

(34-3 6), thus the effects of individual fatty acids on triglyceride metabolism may receive more

attention.

Do dietary fats influence blood pressure? In ecological data from the Seven Countries Study,

there was a positive correlation between dietary saturated fat and systolic blood pressure (12).

Observational studies from populations with high intalces of dietary saturated fat indicate that

saturated fat is positively associated (37-40) and polyunsaturated fat is inversely associated

(38;39) with blood pressure. In reports from Japanese migrant (41) and US populations (42-

44), however, there were no associations of dietary fat with blood pressure. Clinical trials

provide some support that a low fat diet with high ratio of polyunsaturated to saturated fat

decrease blood pressure (45-47). One review of animal and human studies concluded that n-6

polyunsaturated fatty acids decrease blood pressure in hypertensive individuals (48). In

contrast, two reviewers of human studies, stated that n-6 polyunsaturated fatty acids do not

influence blood pressure (49;50). While the present work was conducted, two meta-analyses

concluded that EPA and DHA decrease blood pressure in individuals with hypertension or

atherosclerotic disease (51 ;52).
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The effects ofEPA and DHA on atherogenesis and clinical disease

A great number of studies have been conducted to identify potential cardioprotective effects

of EPA and DHA. Dietary supplementation studies in humans show that total cholesterol

levels remain largely unchanged, serum triglycerides decrease, and blood pressure are lowered

in selected groups (32;51;52). Experimental data indicate that EPA and DRA can have

beneficial effects on atherogenesis (53). In clinical trials, however, dietary n-3 fatty acid

supplementation bad a modest beneficial effect on coronary artery graft patency (54), and

restenosis rate afier coronary angioplasty was unaffected (55;56). In the past years the possible

antiarrhythmic effects of EPA and DRA have been focused (57). A recent secondary

prevention trial (58) suggest that dietary supplementation with a small dose (1 gram daily) of

DRA and EPA can protect against fatal cardiac arrhythmias. In conclusion, studies this far

have pointed to several pathways by which EPA and DHA can influence cardiovascular

disease development, but clinical trials have not demonstrated consistent effects on

established cardiovascular risk factors.

Most studies of dietary n-3 fatty acid supplementation used mixtures of EPA and DRA. The

studies varied with respect to the selection of study participants and their background diet, the

duration ofthe supplementation period, the total daily dose ofn-3 fatty acids, and the ratio of

EPA to DRA provided in the dietary supplements. Thus, the question arose whether EPA and

DRA have different pharmacological and physiological effects. When this work was

conducted, the studies addressing separate effects of EPA and DRA were few and small (59-

61), mainly because of is the limited availability ofhighly purified fatty acids.

Biomarkers ofdietaryfars

Dietary fat intake is difficult to measure. The effects of individual fatty acids on

cardiovascular risk factors can be studied by supplementing the diet with the particular fatty

acid of interest. An alternative approach, and feasible in population studies, is to investigate

the relationship of blood levels of individual fatty acids with cardiovascular risk factors.

Individual fatty acid composition can be determined in lipid subfractions of plasma, in

erythrocyte and platelet membranes, and in adipose tissue. It is generally thought that adipose

tissue reflects long term (years) dietary fatty acid intake, plasma triglycerides reflect short time

intake (days), and the plasma cholesterol ester, phospholipids and blood cell membranes

reflect medium term intake (weeks, months) (62). The plasma fractions differ with respect to

the relative contributions of fatty acid ciasses and individual fatty acids. Ihe phospholipid

12



fraction reflects dietary intake of very long chain n-3 fatty acids well (63;64), and was

therefore chosen for fatty acid determinations in the present studies. Measurements of

individual fatty acid concentrations are too complex and time consuming to be part of routine

biochemistry in the near fi.iture, but can be feasible in population studies as measures of diet.

Extended knowledge about the effects of dietary fats on cardiovascular risk factors can

enable us to refine dietary advice to high-risk individuals and to the general population. By

combining the results from epidemiological and clinical studies with basic biomedical

research, we may gain insight into the mechanisms by which dietary fats influence disease

processes. These mechanisms can subsequently be targeted by interventions to lower the risk

of disease.

13



2. MM OF STUDY

This thesis focuses on the relationship of individual fatty acids in blood phospholipids with

blood pressure, serum cholesterol, triglycerides and apolipoproteins. A clinical trial and a

observational study address the following questions:

1. What are the effects of dietary supplementation with high doses (4 grams daily) of highly

purified EPA and DHA on serum lipids (triglycerides, total, LDL and HDL cholesterol,

apolipoprotein A and B), serum phospholipid fatty acid concentrations, blood pressure,

heart rate and left ventricular performance in middie aged healthy men?

2. What is the cross-sectional relationship of plasma phospholipid fatty acids concentrations

with blood pressure, serum triglycerides and total cholesterol among 40-42 year old men

who participated in a population study?

14



3. SUBJECTS AND METHODS

3.1 The intervention trial

3.1.1 The source population

The third cardiovascular survey in Tromsø (Tromsø III) was conducted from August trough

April 1986/87 by the University of Tromsø, Tromsø Health Council and the National Health

Screening Service. The organization and conduct of the screening has been described in detail

(65). The survey included residents of the municipality of Tromsø: All men bom between

1925 and 1966, all women bom between 1930 and 1966, a 10% random sample of youths

bom between 1967 and 1974 and the families of high risk men participating in a family

intervention study. Of 28 847 invited subjects, 49 had died and 2 203 had moved or were

living outside Tromsø during the screening period. Thus, the adjusted eligible population was

26 595, and 21 647 subjects (8 1.4%) participated.

The screening procedure included a questionnaire (Appendix I), measurements of height,

weight, blood pressure and heart rate, and a non-fasting blood sample. The questionnaire

covered previous and present cardiovascular disease, symptoms suggesting angina pectoris,

coronary heart disease among first degree relatives, leisure time physical activity, the use of

salt and fat in the diet, coffee consumption, smoking habits, and work situation. A nurse

checked the questionnaire for incomplete items and logical inconsistencies at the screening,

and also asked about time since last meal. Blood pressure and heart rate were measured

automatically (66). The blood sample was analyzed for total cholesterol, HDL cholesterol and

triglycerides at the Department of Clinical Chemistry, Institute of Medical Biology, University

of Tromsø (66).

A second questionnaire (Appendix II) was handed out at the screening site and was retumed

by mail by 92.0% of the participants. Questions covered chronic diseases other than

cardiovascular disease, the use of drugs and health care services, social support, diseases

among first-degree relatives, and dietary habits including habitual fish consumption.

Altogether 13 970 (adjusted eligible number) men were invited to Tromsø III, ofwhom 10

882 attended (77.9%) the survey and 9 997 (9 1.9%) returned the second questionnaire.
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3.1.2 The study participants

In 1993 a randomized double blind placebo controlled study with parallel design was

conducted to evaluate possible separate effects of highly purified EPA and DHA in healthy

men. Study participants were recruited among 2 159 eligible men who attended Tromsø III

(denoted screening in figures 2 and 3). Primary end points were blood pressure and serum

triglyceride concentrations. The secondary end points were serum total cholesterol, HDL

cholesterol, apolipoprotein A-I, apolipoprotein B, plasma fibrinogen, coagulation factor VII

and plasminogen activator inhibitor (PAI-I). The trial started with a 4-month run-in period. At

baseline the participants were randomized to dietary supplementation with 3.8 g/day ethyl

ester concentrate of EPA, 3.6 glday ethyl ester concentrate of DHA, or 4gfday of com oil

(placebo) for seven weeks.

The study was conducted at the Institute of Community Medicine, University of Tromsø. At

the first visit, a physician performed a clinical examination. At the third visit, a certified

clinical nutritionist assessed the nutrient intake. At all other visits, the participants met fasting

with the same investigator (a physician or a specially trained nurse), at the same hour of the

day (between 8.10 and 11.05 am), and in the same room. The investigator measured blood

pressure and obtained information on intercurrent disease, side effects and compliance.

Afterwards the participants went to an adjacent room for drawing of a venous blood sample.

Echocardiographic measurements were recorded at baseline and afler the supplementation

period in a subsample of participants. A cardiologist performed the measurements at the

Regional Hospital in Tromsø, which is located nearby the university.

Figure 2 shows a flow diagram of the subjects and the reasons for exclusions and dropouts.

The study design is outlined in figure 3, and table i displays the schedule of investigational

events.

3.1.3 Selection ofstudy participants

The inclusion criteria were as follows:

-Participant in Tromsø III (screening).

-Nonsmoking male, 35-55 years old in 1992.

-Non-fasting serum triglycerides <2.5 mmol/L at screening and mean fasting serum

triglycerides < 5.00 mmol/L during the run-in period.

-Serum total cholesterol < 8.00 mmol/L at screening and serum total cholesterol <9.5

mmol/L during the run-in period.
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-Diastolic blood pressure (DBP) < 95 mm Hg and systolic blood pressure (SBP) < 160

mm Hg at screening. DBP < 100 mm Hg and SBP < 170 mm Hg measured on two

occasions during the run-in period, and the DBP difference between the two

measurements < 15 mm Hg.

-Written informed consent.

The exclusion criteria were:

-Evidence ofmyocardial infarction, stroke, diabetes mellitus, hver or renal disease,

bleeding disorder, or other disease that can affect blood pressure, lipid rnetabolism, or

hemostasis, based on medical history, routine biochemistry or clinical examination.

-Symptoms suggesting angina pectoris or intermittent claudication.

-Regular use ofprescribed or non-prescribed drugs.

-Consumption of more than three dishes of fish per week in the usual diet, or regular

use offish oil capsules or cod hver oil during the run-in period.

-Dieting.

-Mental iliness, alcohol or drug abuse.

-Expected poor compliance for any reason.

-Expected or planned change in life-style, diet or physical activity the month before or

during the intervention period.

3.1.4 Power calculations

The study was designed to have 90% power to detect a difference in change between two

groups (by two-sample t-test) of 3.0 mm Hg diastolic blood pressure (assuming a standard

deviation of 5.1 mm Hg) at a significance level of 5%. Based on these assumptions, a total of

61 evaluable subjects was needed in each of the three treatment groups (n = [(zp + zc)2 X

(SD12 + SD22)j / z = [(1.28 + 1.96)2 x (5.1 + 5.12)] / 32 61). With 61 subjects in each

treatment group, the study ahlowed detection ofa 0.17 mmoh/L difference between two groups

in change in serum triglyceride concentration, (assuming a standard deviation of 0.28

mmoh/L). The standard deviations were estimated from a pilot study and previous studies

conducted at Institute of Community Medicine (67;68). A total of 234 subjects were

randomized to allow for dropouts.
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3.1.5 Randomization

The subjects were allocated to one of three treatment groups by computer generated random

numbers in blocks of six. Professor Egil Arnesen (Institute of Community Medicine), who

was unaware of the trial management, generated the numbers by using a computer program.

He kept one code list, and mailed one code list to Pronova Biocare A/S, that was responsible

for packing and labeling of the dietary supplements according to National Norwegian

Guidelines. Three boxes each containing 75 capsules and labeled with identical randomization

numbers were prepared for every participant. Pronova mailed a set of sealed envelopes each

containing the individual randomization code to the investigator, in case of serious adverse

event requiring the code to be broken during the trial. Pronova confirmed that the envelopes

were still sealed upon trial termination. The participants received ascending randomization

numbers with corresponding boxes in the sequence at which they met to visit 5, and the

investigator wrote the randomization numbers in the case report forms. The participants

retumed leftover boxes and capsules to the investigator at the end ofthe trial.

3.1.6 Measurements

The methods for measurements of height, weight, blood lipids, serum phospholipid fatty

acids and dietary assessment are presented in paper I. Methods for measurements of blood

pressure, heart rate, echocardiography, routine biochemistry and plasma active renin are

presented in paper II.
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FIGURE 2. Men participating in a randomized clinical trial investigating
the effects of highly purified EPA and DHA

fl

13 970 men were invited to the Tromsø survey 1986/87 (Tromsø III, screening)

‘I,
10 882 attended (77.9%)’

1
6 161 were 35-55 years old per 3 1.12.1992 (source population)

‘I
2 159 were eligible for the intervention ti-iaI2

1-
407 random sample invited to participate

349 responded

—> 98 men were excluded3

‘I
251 entered the run-in period

—> 17 men dropped out during the run-in period4

234 were randomized at baseline

—> 3 men dropped out during the intervention period5

231 completed the trial

—> 7 men were excluded from analyses 6

1-
224 were included in analyses ofblood pressure and heart rate (study population)

—> 2 men had missing measurements of serum lipids

1
222 included in analysis of serum lipids
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‘Ofwhom 9 997 retumed questionnaire 2.

2 Men who returned questionnaire 2 and had the following characteristics at screening:
nonsmoker, systolic blood pressure < 160 min Hg, diastolic blood pressure <95 mm Hg,
fish for dinner meals <4 times weekly serum total cholesterol < 8.00 mmol/L and serum
triglycerides < 2.5 mmol/L.

Excluded before the run-in period: 31 men used fish for dinner or bread spread >3 times
weekly, 20 used prescribed drugs, 20 were unable to participate due to work hours, 18 were
smokers, 6 refused to participate, I did not agree to abstain from fish oil during the trial, i
was a female and i dropped out for unknown reasons.

4Excluded during the inn-in period: 7 men could not participate due to work hours, 2 used
vasoactive drugs, 2 were smokers, i had decreased glucose tolerance, i had serum
triglyceride levels > 2.5 mmoi/L during the observation period, i consumed too much fish, i
was on a waiting iist for surgery, i withdrew and i dropped out for unknown reasons.

5Dropped out during intervention: i man withdrew due to abdominal diseomfort
(cholecystectomy), i suffered vertigo and vomiting and i developed diarrhea due to fish
intolerance.

6 Excluded from analyses: 3 changed their dietary habits and level ofphysical activity during
the intervention period, i initiated vasoactive medication, i underwent cancer surgery, i had
hematuria and i had irregular lifestyie and clinic visits.
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TABLE 1. Schedule of investigational events in a randomized clinical trial investigating
the effects ofhighly purified EPA and DIIA

Visit number 1 2 3 4 5 6 7 8
Week number -21 -1 0 6 7

Clinical examination *

Weight * * *

Height * *

Blood pressure/heart rate * * * * * * *

Echocardiography2 * *

Dietary history *

Dietary questionnaire * *

Side effects *

Compliance *

Capsule count *

Serum
Triglycerides * * * * * * *

Total cholesterol * * * * * *

HDL-cholesterol * * * * *

Apolipoprotein A-1 * * * *

Apolipoprotein B * * * *

ALAT * * *

ALP * * *

GGT * * *

Bilirubin * *

Albumin * * *

Creatinine * * *

Na+, K+ * * *

C- reactive protein * * *

Fatty acid profile * *

Plasma
Fibrinogen * * * *

Factor VII * * * *

PAI-1 * *

Activerenin * *

Glucose * *

Blood
Hemoglobin * *

Blood cell count * *

‘Visit 1 refers to screening (Tromsø III 1986/87)
2Subsample of 20 men from each treatment group
3Telephone interview
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3.2 The observational study

The National Health Screening Service in Norway has since 1985 screened individuals aged

42-42 years in 18 out of 19 counties in Norway (69). The aims of the screening are to monitor

cardiovascular disease risk, do epidemiological research, educate health care personnel, do

primary prevention of cardiovascular disease through population and high-risk strategies and

secondary prevention through early diagnosis, and finally to do supplementary studies.

The Nordland Health Study in 1988/89 was conducted in collaboration with the local health

autborities. The design and conduct and has been described (70). All subjects aged 40-42

years, and all residents in a small fishing community aged 14-49 years were invited. In June

1989, a reminder was sent and a second visit was made in 12 selected areas where attendance

rates were low. Altogether 10 497 individuals aged 40-42 years were invited, of whom 8 612

participated (82.0%).

The screening procedure was similar to that described for the Tromsø survey, and all other

county surveys in Norway (71). A questionnaire (Appendix III) was included in the letter of

invitation, and the participants handed it in at the screening site. A second questionnaire

(Appendix IV) was handed out at the screening and 7 506 participants (87.2%) returned it by

mail. The questions covered information about health and illness, diseases within the family,

psychological problems, social network, use of health care services, work environment,

physical activity, and dietary habits.

The rnethods for measurements of height, weight, blood pressure and heart rate are described

in paper III. A non-fasting venous blood sample was analyzed for serum total cholesterol and

serum triglyceride concentrations. Plasma phospholipid fatty acids were measured in a sub

study ofthe men, as described in paper lv.

We assessed the relationship of plasma phospholipid fatty acids with blood pressure, serum

total cholesterol and triglycerides in a sub-study of the men aged 40-42 years. Altogether

5 492 men 40-42 years old were invited, 4 302 participated in the sereening (78.3%), and

3 722 men (86.5%) returned the second questionnaire. Figure 4 shows a flow diagram ofthe

men included in the study, and the reasons for exclusion from the analyses.
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FIGUR.E 4. Men 40-42 years old participating in the Nordland Health Study 1988/89

n
5 492 men were invited to the Nordland Health Study

—1v
4 302 attended (78.3%)’

—4 144 men had missing measurements ofplasma phospholipid fatty acids2

4 158 were included in analysis ofrelationship ofplasma phospholipid fatty acids wiffi
serum triglycerides and total cholesterol (75.7%)

—4 I man had no blood pressure measurement

—> 19 men had previous myocardial infarction

—4 98 men used blood pressure medication

—4 7 men had both previous myocardial infarction and present blood pressure
metlication

1
4 033 were included in analysis ofrelationship ofplasma phospholipid fatty acids with blood

pressure (73.4%)

‘Ofwhom 3722 returned questionnaire 2
2Ofwhom 6 men used blood pressure medication
3Ofwhom 3590 men retumed questionnaire 2
4Ofwhom 3483 men returned questionnaire 2
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4. RESULTS

Paperl

Dietary supplementation with 4 grams daily of highly purified DHA and EPA for seven

weeks in a randomized double blind placebo controlled clinical trial showed that both fatty

acids lowered serum triglyceride levels in healthy middie-aged men. Although not statistically

significant, the net decreases in serum triglycerides were larger in the DHA group compared

to the EPA group at all levels of baseline triglycerides. The results further indicated that EPA

and DHA have separate effects on lipoprotein and fatty acid metabolism in humans. There

was a slight increase in serum HDL cholesterol in the DHA-group. Small decreases in serum

total cholesterol and apolipoprotein A-l levels were observed in the EPA group. Serum

phospholipid levels of both DHA and EPA increased in the DHA group, indicating that DHA

is retroconverted to EPA (Figure 1). In the EPA group, serum phospholipid EPA increased

and DHA levels decreased, indicating that EPA is not elongated to DHA in humans.

Paper II

Dietary supplementation with 4 grams daily of highly purified DHA decreased heart rate,

whereas supplementation with 4 grams daily of EPA increased heart rate in a randomized

double blind placebo controlled clinical trial. The changes in heart rate were associated with

changes in serum phospholipid fatty acid concentrations of DHA and EPA. Blood pressure

remained unchanged following dietaiy supplementation with DHA and EPA. Baseline blood

pressure was positively associated with serum phospholipid concentrations of saturated fatty

acids. A pooled analysis showed that left ventricular diastolic filling improved in the DHA

and EPA groups. A decrease in serum phospholipid concentrations of saturated fatty acids was

associated with improved leR ventricular diastolic fihling.

Paper III

Plasma concentrations of total fatty acids and saturated fatty acids showed positive linear

associations with blood pressure in a cross-sectional analysis of 4033 men 40-42 years old in

the Nordland Health Study. Polyunsaturated linoleic acid (1 8:2n-6) was inversely and linearly

associated with blood pressure. The associations of plasma fatty acids with blood pressure

were independent in multivariate regression analyses.
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Paper IV

Individual plasma phospholipid fatty showed different associations with seruni total

cholesterol and non-fasting triglyceride levels in a cross-sectional analysis of 4158 men 40-42

years old in the Nordland Health Study. Linoleic (1 8:2n-6) was the only fatty acid inversely

associated with total cholesterol. Very long chain (20 carbon atoms and more) saturated,

monounsaturated and n-3 polyunsaturated fatty acids displayed significant inverse

associations with non-fasting triglycerides, whereas shorter fatty acids within these ciasses

were positively associated with triglycerides. The associations of serum triglycerides with

individual plasma fatty acid concentrations depended both on fatty acid chain length and the

degree of unsaturation.
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5. DISCUSSION

5.1 Methodological considerations

The objective of the intervention study was to provide accurate estimates of the effects of

dietary supplementation with highly purified EPA and DHA on blood lipids, blood pressure

and heart rate in humans. The accuracy of a study depend on the precision (lack of random

error in measurement and estimation) and the validity (lack of systematic error in estimation)

of the study (72). Study precision can be improved by increasing study size (n), or by

increasing size efficiency, which is the amount of statistical information from a given number

of study subjects. Precision was attended to by actions taken to maximize size efficiency,

since it is not feasible to include a large number of subjects in an intervention trial.

The validity of a study is usually separated into two components. Intemal validity refers to

whether results are valid (“true”) pertaining to the study population in from which the data

arose. Confounding, selection bias and information bias can detract from intemal validity.

Extemal validity refers to whether the study results are applicable to groups other than the

study population. The present study was a phase II trial (initial clinical investigation for

treatment effect), in which intemal validity was the main focus, rather than external validity.

This priority had consequences for both the study design aud how the measurements were

obtained.

5.1.1 The intervention trial: subjects

Power calculations were performed to determine study size, which is the number of

individuals needed to answer a specified research question. Study power is the statistical

probability of detecting a difference between the groups under study, if there is one. The

power of a study can be increased by 1) increasing the number of study subjects, or by 2)

increasing the number of observations for each subject, or by 3) actions taken to decrease

measurement error. All three strategies were applied in the present study.
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Table 2. Calculated study power to detect protocol specified changes
in the randomized clinical trial at p< 0.05 (two-sjded)’

Primary end-point DHA-group EPA-group Study group Power
SD1 SD2 n (%)

mm Hg
Diastolic BP
Protocol estimate 5.1 5.1 61 90
One observation 6.3 5.8 72 85
Two observations 4.6 4.2 72 98

mmol/L
S-triglycerides
Protocol estimate 0.28 0.28 61 90
One observation 0.42 0.45 72 65
Two observations 0.31 0.40 72 81

‘According to protocol, and the use ofone and two observations at baseline
and at end of the study.

Table 2 shows the calculated protocol power and actual study power for the primary end

points (difference between groups of 3.0 mm Hg diastolic blood pressure and 0.17 mmolIL

serum triglycerides). According to the protocol, 61 individuals were needed in each study

group, and more thari 70 men were included to allow for potential dropouts.

Power increased when the number of observations of each individual increased. Two

observations of 72 individuals in each study group provided 98% power to detect the protocol

specified change in diastolic blood pressure. It can be calculated from table 2 that a 90%

increase in study size (n137 per study group) was necessary to achieve identical power by the

use of only one observation for each individual. Actual study power was less for serum

triglycerides because the variability in change (SD) was larger than anticipated. Two

observations of 72 individuals in each study group provided 81% power to detect the protocol

specified change in serum triglyceride concentration. Calculations show a 47% increase in

study size (n=106 per study group) was necessary to achieve identical power by the use ofone

observation for each individual. In conclusion, increasing the number of observations per

individual from one to two (at baseline and at end of intervention) increased power more

effectively than increasing study size.

The power calculations of the present study were based on a two-sample t-test of pairwise

comparisons. We performed, however, a one-way analysis of variance, and contrasted groups
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in the SAS general linear models procedure when the overall F-test p was less than 0.05

(Papers I and II). In the present study, these two analytical strategies yielded almost identical

p-values, supporting that the power calculations were satisfactory.

We did not adjust for multiple comparisons (Papers I and fl). There is no agreement among

statisticians on whether or how to adjust for multiple comparisons in hypothesis testing.

Strategies to adjust for multiple comparisons reduce the possibility of type I errors in

statistical testing (reject a true null hypothesis), but simultaneously, the probability of type II

errors (accept a false null hypothesis) increases. In other words, study power decreases.

Rothman recommends not adjusting for multiple comparisons, because this will lead to fewer

errors ofinterpretation when the data under evaluation are actual observations (73).

The size efficiency of a clinical trial can be improved by restricting eligibility criteria. This

strategy controls confounding, but may reduce the generalizability of the study results. The

source population, from which the study participants were recruited into the present study,

were all men aged 35-55 years per 31.12.1992 and who were examined at Tromsø ifi

(n=6l6l, figure 2 and table 3). Eligibility was restricted on the basis ofblood pressure, serum

triglycerides and total cholesterol concentrations. We also aimed to recruit men with moderate

fish intakes, because a previous study indicated that the blood pressure lowering effect of

DHA and EPA may be limited to individuals with low dietary iritakes and blood levels of

DHA and EPA (67). Nonsmokers were selected, because smokers showed larger variability in

change in blood pressure and were less compliant compared with non-smokers in a previous

intervention trial (65). Table 3 shows screening characteristics of the source and study

population.
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Table 3. Source and study population in the randomized clinical trial.
Characteristics at screening (Tromsø III 1986/87)

Variable Source population Study population
(n=6161) (n=224)

Mean ±SD

Systolic BP (mm Hg) 128.3 ± 13.01 127.4 ± 11.5
Diastolic BP (mm Hg) 76.6 ±10.21 75.2 ± 8.0
Total cholesterol (mmol/L) 5.93 ± 1.192 5.56 ± 0.97
HDL-cholesterol (mmol/L) 1.36 ± 0.34 1.35 ± 0.29
Non-fasting triglycerides (mmol/L) 1.66 ± 1.072 1.48 ± 0.75
Body mass index (kg/m2) 24.8 ± 3.01 24.5 ± 2.4
Present smokers (%) 47 0
Leisure time physical activity (%)

Sedentary 24 20
Moderate 49 50
Active 27 30

‘n=6158;2n=6153;3n=6152;4n=6160

The study population had a slightly lower mean diastolic blood pressure, serum total

cholesterol and serum triglyceride levels than the source population from which they were

recruited (by 2%, 6% and 11% respectively) (Table 3). Leisure time physical activity level

was somewhat higher than observed in the source population. They consumed less fat in their

usual diet than reported for Norwegian households in 199 1-92 (30% vs. 34% of total energy

from fat) (Paper 1) (74). Their baseline dietary intakes of DRA and EPA were higher than

reported among US (64) and Dutch (75) men, and comparable to Norwegian participants in

clinical trials (76).

The run-in period lasted for approximately 4 months and served several purposes. It was a

washout period for the men who used fish oil supplements when they were recruited into the

trial. The nm-in pei-iod gave the investigator an opportunity to confirm that inclusion criteria

were present and exclusion criteria were absent, and allowed for dropout of non-compliant

individuals. Finally, the run-in period controlled for regression to the mean. When repeated

measurements of some variable result in values drifting towards the mean of the distribution,

the phenomenon is called regression to the mean. It is a common problem in clinical trials and

ji is most frequently encountered if individuals are sampled at the upper (or lower) end of the

population frequency distribution of the variable. Some of the high (or low) values among
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these individuals are due to random intra-individual and measurement variation of the

variable.

Table 4. Blood pressure and serum triglyceride coneentration during
the run-in period in the randomized clinical trial (n=224)

Variable Visit 2 Visit 4 Visit 5

Mean±SD

Diastolic BP (mm Hg) 77.8 ± 8.0 77.2 ± 7.4 77.2 ± 7.8
S-triglycerides (mmollL) 1.29 ± 0.70 1.25 ± 0.58’ 1.25 ± 0.632

‘n=197;2n=222

Table 4 shows that there were negligible changes in major end-points (diastolic blood

pressure and serum triglyceride concentration) during the run-in period. In conclusion,

regression to the mean was not operating in the clinical trial, mainly because the study

participants were sampled within the normal range of the serum tnglyceride and blood

pressure distributions. The lack ofregression to the mean could also be expected from the data

in table 3, showing that the trial participants were fairly representative of the source

population from which they were recruited.

The purpose ofrandomization is to ensure comparability ofthe study groups. Randomization

is the main strategy, but no guarantee, to avoid confounding in a clinical trial. Confounding

can be thought of as a mixing of the effect of the exposure (e.g. study group receiving highly

purified EPA) on the outcome (e.g. diastolic BP) with that of a third factor (e.g. physical

activity). The third factor (physical activity) must be associated with exposure (EPA-group),

and independent of the exposure, be associated with the outcome (BP). Thus, confounding is

in essence a confusion of effects, which can distort intemal validity. The DHA, EPA and com

oil groups were well balanced with respect to baseline characteristics (Paper I), indicating that

the randomization was successful. Confounding may also be introduced during the

intervention period, however. To prevent confounding, all study participants were asked to

maintain their life styles during the course of the whole trial. The men were monitored with

respect to factors known to influence serum lipids and blood pressure. As a result, seven

individuals were excluded from the analyses (Figure 2). In summary, it seems unlikely that

confounding was introduced at baseline or throughout the intervention period of the clinical

trial.
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Several measures were taken to ensure compliance. We tried to select study participants who

were highly motivated. They received a schedule for their clinic visits, and a written reminder

prior to the final two visits. A telephone interview was conducted in the middie of the

intervention period to monitor compliance and side effects. Participants were offered an

economical compensation for loss of work-hours upon finishing the trial, but the amount

(NOK 500) was probably too small to influence compliance. Measures of compliance were

based on determination of serum fatty acids, the number of capsules returned at the end of

intervention, and a selfreport ofnumber ofmissed doses (Paper 1).

The analyses were restricted to the 224 men who adhered to the protocol (“per protocol

analysis”), rather than the 234 men who were randomized (“intention to treat analysis”). The

former strategy was chosen because the scope of the study was to assess the efficacy (effect

under ideal conditions) of highly purified DHA and EPA on the study end-points. This

approach can introduce selection bias in a clinical trial, if non-adherence to the protocol is

unevenly distributed between the study groups. Ten men who were excluded from the

analyses were evenly distributed in the study groups (DHA n=3; EPA n=4; corn oil n=3), thus

the choice ofanalytical strategy did not introduce selection bias.

The generalizability of study results (external validity) was not the main focus in the present

study. The participants were healthy and fairly representative of the source population from

which they were recruited (Table 3). Strictly, the results of the present clinical trial applies to

healthy middie aged men consuming a westem diet with relatively high levels of n-3 fatty

acids. There are no data indicating that sex interact with dietary n-3 fatty acid supplementation

in the effects on blood pressure and blood lipid levels. It seems plausible that the study results

apply also to women, who with hindsight could have been included in the clinical trial.

5.1.2 The intervention trial: measurements

Measurement error can hamper the precision of a study. In the clinical trial, we made

considerable effort to reduce measurement errors due to 1) the subjects being examined, 2) the

instruments being used for measurements, and 3) the observers. The quality of a measurement

rests on its reliability and validity. Reliability refers to whether a measurement is reproducible

(repeatable), whereas validity refers to the correctness ofthe measurement.

Both the primary end-points, diastolic blood pressure and serum triglycerides, show

considerable intra-individual variation (77;78). Blood pressure shows circadian variation (79).

and we therefore examined the study participants at the same time at each visit during the
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intervention period. After the run-in period they were familiar with the observer and the

stanclardized measurement procedure during which three recordings were made. Intra

individual serum triglyceride levels vary considerably with time since last meal, and they are

also influenced by alcohol consumption. The trial participants were asked to fast for 12 hours,

and to abstain from aleohol for 48 hours prior to clinic visits. Non-fasting men were asked to

retum to the clinic the following day for a fasting blood sample. Minor dietary intakes were

allowed for (up to one glass of semi-skimmed milk), and these men were categorized as non

fasting. Thus, 92-99% of the men gave fasting blood samples, and 87-89% abstained from

alcohol for 48 hours prior to clinic visits at baseline and throughout the intervention period.

The protocol deviations were uncommon and the frequency of deviations did not differ

between the three study groups. It is unlikely that non-fasting and alcohol consumption among

study participants introduced measurement error of serum triglycerides that biased the study

results.

Each paicipant was assied to one observer and one Dinamap automatic blood pressure

recorder throughout the study. The Dinamap is used in many trials evaluating effects ofblood

pressure interveritions. A search on Dinamap in the Medline database 1990 through 1999 gave

129 hits, indicating that it is frequently used. Regrettably, the Dinamap recorder received

grades when evaluated by the British Hypertension Society (80). The deviations from

manually recorded blood pressure with a standard mercury sphygmomanometer were larger

for diastolic, compared to systolic blood pressure. The articie states that accuracy was better in

the low blood pressure range (<130/80 mm Hg), which applies to most men in the present trial

(mean blood pressure recorded at baseline was 122/77 mm Hg). A report from the Norwegian

County Studies concluded that the Dinamap measured slightly lower diastolic blood pressure

when compared to a sphygmomanometer (81). In the present study, calibration of the two

Dinamap recorders showed that there was no drift in measurements during the trial. This

observation supports the reliability and hence the validity of the blood pressure results in the

clinical trial.
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Table 5. Baseline blood pressure aud heart rate by
observers aud Dinamap recorders in the randomized
clinical trial

• Observer i Observer 2
Variable Machine 1 Machine 2

(n119) (n=105)

mean ± SD

Systolic BP (mm Hg) 120.6 ± 9.9 124.2 ± 9.81

Diastolic BP (mm Hg) 76.5 ± 7.5 77.7 ± 7.4
Heartrate(bpm) 63.3±9.2 63.5±7.1

Body mass index (kg/m2) 24.6 ± 2.7 25.5 ± 2.82

lp<0.01 vs. observer 1; 2 p<0.05 vs. observer i

Standardized and automatic blood pressure recordings were important to reduce observer

bias. Table 5 shows that observer 2 (nurse) measured significantly higher systolic blood

pressure than observer 1 (physician) at baseline. The difference persisted throughout the trial

(data not shown). After adjustment for differences in body mass index by those who were

measured by observers i and observers 2, there was no signilicant difference between systolic

blood pressures measured by the two observers. It is therefore unlikely that observer bias

influenced measurement validity.

Routine blood chemistry, i.e. blood tests of hver and kidney function, electrolytes,

hemostatic variables, C-reactive protein, blood glucose, hemoglobin and blood cell count

were measured at baseline and at end of intervention (Table 1). The blood tests of kidney

fiinction are presented in paper II. The remaining data are presented in tables 6 and 7. Overahl,

the changes in routine blood chemistry were small and clinically insignificant. Serum alkaline

phosphatase (ALP) levels decreased by 4% and 5% in the EPA and DRA groups respectively,

significantly different from the corn oil group (Table 6). Reduced ALP levels after dietary

supplementation with DHA and EPA has been observed previously (65). Serum albumin

decreased by 1% in the EPA group, significantly different from the DHA group. Factor VII

increased by 4% in the corn oil group, significantly different from the EPA and DHA groups.

In all three study groups there were smahl changes in blood cehl count, that probably reflect

laboratory drift (Table 7). In the EPA group (relative to DHA and corn oil groups), there were
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minor decreases in blood hemoglobin, erythrocytes and hematocrit that were statistically

significantly different from the DHA and corn oil groups.

It is beyond the scope of this presentation to discuss the effects of n-3 polyunsaturated fatty

acids on hemostasis and fibrinolysis. Nevertheless, in this group of healthy men, no clinically

signiflcant effeets ofhighly purified EPA and DHA were observed on fibrinogen, factor VII,

platelet count (Tables 6 and 7) or PAI-l activity (82).
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5.1.3 The observational study: subjects

A cross-sectional study design can be used to describe associations between exposures and

outcomes, and to generate hypotheses. In the Nordland Health Study in 1988/89, a sub-study

was originally planned to be a prospective study of the relationship between plasma fatty acid

concentrations and cardiovascular disease. Due to financial constraints, limited capacity for

analyses, and because men are at higher risk of developing cardiovascular disease than

women, men were chosen for the study.

Study size is an important contributor to the precision of a population study, where

(compared to clinical trials) less effort can be taken to reduce measurement error. The large

sample size provided power to examine thoroughly the cross-sectional associations of plasma

fatty acid concentrations with blood pressure and serum triglycerides and total cholesterol.

The overall attendance rate of 78% was acceptable. Some non-attenders lived temporarily

outside their home, had died, or moved out ofthe county before or during the screening period

(70). In the Tromsø III survey in 1986/87, the adjusted eligible number was 5.5% less than the

crude number of men 40-44 years old who were invited (65). Applied on the Nordland Health

Study, these data give an adjusted attendance rate of 83% (5492 invited, 5190 adjusted

eligible men, 4302 attended).

Self-selection bias can operate in population studies, and the direction, but not the magnitude

can be indicated. In the Oslo Study, attenders had lower incidence of coronary heart disease

and were more likely to be married compared to non-attenders (83). In the Norwegian county

studies, death rates from most causes including coronary heart disease and hypertension were

lower among attenders cotnpared to non-attenders (84). In the Nordland Health Study,

attenders were more likely to be married than non-attenders, and there were no differences in

attendance rates between rural and urban areas (70). Previous studies indicate that an adverse

cardiovaseular risk profile is more frequent among non-attenders compared to attenders. We

have no information about phospholipid fatty acid levels among non-attenders, but it is

unlikely that the associations under study were different among non-attenders. The analyses of

the associations of plasma phospholipid fatty acids with blood pressure and serum lipids were

adjusted for potential confounding factors (Papers III and IV). In multivariate analyses n was

restricted to the men who returned questionnaire 2. Table 8 shows that these men bad slightly

lower levels of serum total cholesterol, total plasma phospholipid fatty acids, 16:1 and 20:3n-

9, and siightly higher levels of2O:5n-3 and 22:6n-3 compared with non-responders. Exclusion

ofthe non-responders to questionnaire 2 did not alter the associations under study.
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Table 8. Blood pressure, serum total cholesterol, triglycerides and
selected fatty acids according to response rate to questionnaire 2.
The Nordland Health Study 1988/89, 4158 men 40-42 years old

Returned guestionnaire 2

Variable Yes No
(n=3590) (n=568)

mean ± SD

Systolic BP (mm Hg)’ 133 ± 14 133 ± 15
Diastolie BP (mm Hg) ‘ 80.5 ± 10.0 81.2 ± 10.3
s-Total cholesterol (mmolIL) 6.10 ± 1.15 6.22 ± 1.202
s-Triglycerides (mmolJL) 1.97 ± 1.22 2.03 ± 1.24

Individual fatty acids (mol%)
16:0 26.6± 1.5 26.7± 1.6
18:0 13.9±0.9 13.9± 1.0
22:0 1.87±0.58 1.87±0.59
16:1 0.37±0.18 0.39±0.202
22:1 0.15±0.13 0.16±0.12
24:1 1.40±0.54 1.37±0.51
20:3n-9 0.11±0.07 0.12±0.072
18:2n-6 23.4±3.7 23.6±3.6
20:3n-6 2.46 ± 0.67 2.46 ± 0.66
20:5n-3 2.41 ± 1.79 2.25 ± 1.51 2

22:6n-3 6.57± 1.68 6.37± 1.63
Total fattyacids (j.imoL/L)4 4522 ± 683 4616 ± 7373

1n=3589•2p<0 05 vs. men who returned questionnaire 2
3p<0.0 i vs. men who retumed questionnaire 2
4Totalfattyacidsinclude 14:0, 16:0,18:0,20:022:0,24:0,16:1,18:120:1,

22:1, 24:1, 20:3n-9, 18:2n-6, 20:2n-6, 20:3n-6, 20:4n-6, 22:4n-6, 22:5n-6,
18:3n-3, 20:5n-3, 22:5n-3, 22:6n-3

Measurements ofplasma phospholipid fatty acids were missing for 144 men. The reasons for

missing data were difficulties in drawing an extra blood sample for preparation of plasma, or

because samples were lost or damaged during transport or analysis. Men for whom fatty acid

measurements were missing did not differ from men for whom measurements were present

with respect to baseline characteristics (data not shown). It is unlikely that loss ofthese men in

the analyses influenced the relationship of plasma fatty acids with blood pressure, serum

triglycerides and total cholesterol.
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Previous myoeardial infarction and current blood pressure medication can theoretically

confound the relationship of fatty acids with blood pressure. Both conditions influence blood

pressure and may also influence dietary habits and fatty acid levels. Altogether 124 men with

previous myocardial infarction, present blood pressure medication, or both were excluded

from the blood pressure analyses (Figure 4). These men accounted for only 3% ofthe eligible

population (n4 158), however, and including them in the analyses did not influence the

associations under study.

The possibility of confounding was discussed in papers III and IV, specifically related to

residual confounding by physical activity and alcohol consumption. Time since last meal may

potentially confound the relationship of individual plasma phospholipid fatty acids with blood

pressure and serum lipids. Time since last meal was associated with both fatty acid levels,

blood pressure and serum lipids (Table 9). Concentrations of fatty acids believed to reflect

dietary saturated fat (16:0, 16:1, 20:3n-9 and 20:3n-6) and DHA increased, whereas 18:2n-6

concentration decreased significantly with time since last meal. Diastolic blood pressure and

serum total cholesterol increased, and serum triglycerides decreased significantly according to

time since last meal. The observed associations ofplasma phospholipid fatty acids with blood

pressure, serum total cholesterol and triglycerides did not change in adjusted or in stratified

analyses, thus time since last meal was not a confounder in the present data.
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An intermediate variable is one that occurs on the causal pathway from the exposure to the

outcome. Adjustment for an intermediate variable in the analysis will erroneously attenuate

the association between exposure and outcome. There are data indicating that the type of

dietary fat influence weight gain in animals (85;86). If so, BMI is an intermediate variable in

the relationship of dietary fats (as expressed in plasma phospholipid fatty acids) with blood

pressure and serum lipids. On the other hand, BMI may by itseif influence plasma

phospholipid fatty acid concentrations. BMI is a powerful determinant ofblood pressure (87),

and it seems unlikely that the association between BMI and blood pressure rely solely on

dietary fat. It can thus be argued that BMI is both an intermediate and a confounder in the

relationship of individual plasma fatty acids with blood pressure and serum lipids. We

presented both unadjusted and BMI-adjusted analyses in papers III and 1V.

The results ofthe present cross-sectional analysis applies to middie aged men with relatively

high intakes of very long chain polyunsaturated n-3 fatty acids. There are data indicating that

for each level of reported dietary fat intake, women have lower levels (mol%) of plasma

saturateci fatty acids and higher levels of 18:2n-6 compared with men (63;64). The differences

may be related to differential reporting of dietary intake, and we can speculate that sex

influence fatty acid metabolism. Thus, the study results need confirmation in women and

other age groups.

5.1.4 The observational study: measurements

In the Nordland Health Study three automatic blood pressure recordings (DinamapTM)were

made at one occasion. The lowest blood pressure recording was used in the analysis, because

this was considered to be ciosest to the “usual” blood pressure. We can also reduce blood

pressure measurement error by using the mean of two or more recordings, which reduces

within-person variation.
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Table 10. Blood pressure variability according to one and two recordings.
The Nordland Health Study 1988/89, 4033 men 40-42 years old

Blood pressure recording Systolic BP CV’ Diastolic BP CV
(mm Hg) (%) (mm Hg) (%)

Lowest recording 132.6 ± 14.0 10.6 80.4 ± 10.0 12.4
Mean ofrecording 2 and 3 135.6 ± 14.0 10.3 82.3 ± 9.9 12.0

‘Coefficient ofvariation

Table 10 shows that the blood pressure variability (expressed by the coefficient ofvariation,

CV) was similar whether one or the mean of two blood pressure recordings was the unit of

analysis. Crude and multivariate associations between plasma phospholipid fatty acids and

blood pressure remained unchanged when the analysis was performed on the mean of

recording 2 and 3 as compared to the lowest recorded blood pressure.

5.2 Plasma phospholipid fatty acids

While some clinical trials evaluating effects of dietary interventions with DRA and EPA

reported absolute concentrations (tmol/L, mgIL) of plasma fatty acids (56;67;88), studies

relating plasma fatty acids to diet have focused relative concentrations (mol%) (63;64;89). In

the clinical trial (Papers I and II) we addressed absolute concentrations of individual fatty

acids, under the assumption that it was the absolute number of fatty acid molecules, rather

than relative contribution of a particular fatty acid which was important. In the population

study (Paper III) we evaluated the associations of both absolute and relative concentrations of

fatty acids with blood pressure. Absolute concentrations displayed larger variability (Table

11), and stronger associations with blood pressure than did relative concentrations of fatty

acids (Table 12). Absolute concentrations of most fatty acids were intercorrelated, and highly

correlated with total fatty acids (Table 13). Thus, independent associations of absolute

concentrations of individual fatty acids with any variable are hampered by collinearity

problems. Absolute concentrations of saturated fatty acids in particular will reflect total fatty

acids. The intercorrelations between relative concentrations of individual fatty acids were

weaker (Table 13).
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Table 11. Absolute (j.tmol/L) and relative (mol%) concentrations of
selected plasma phospbolipid fatty acids.
The Nordland Health Study 1988/89, 4033 men 40-42 years old

Absolute conc. Relative conc.

Fatty acid Mean ± SD CV’ Mean ± SD CV

pmol/L mol%

Saturatedfattyacids2 1996±314 16 44.1±1.3 3
Palmitic,16:0 1206±203 17 26.6±1.5 6
Stearic, 18:0 628± 104 17 13.9±0.9 7

Monounsaturatedfattyacids3 486± 108 22 10.7± 1.3 12
Palmitoleic, 16:1 17.3 ± 10.5 61 0.37 ± 0.18 49
Oleicacid, 18:1 387 ±93 24 8.52± 1.24 15

Eicosatrienoic acid, 20:3n-9 5.13 ± 3.58 70 0.11 ± 0.07 64

n-6 fatty acids4 1571 ± 273 17 34.8 ± 3.6 10
Linoleic, 18:2n-6 1059±211 20 23.5±3.6 15

Dihomo-y-linolenic, 20:3n-6 1 12 ± 38 34 2.45 ± 0.67 27
Arachidonic, 20:4n-6 356 ± 82 23 7.87 ± 1.40 18

n-3 fattyacids5 465 ± 164 35 10.3 ±3.3 32

Linolenie, 18:3n-3 8.43 ±4.59 54 0.18 ±0.09 50
Eicosapentaenoic, 20:5n-3 107 ± 81 76 2.37 ± 1.73 73

Docosahexaenoic, 22:6n-3 294 ± 85 29 6.52 ± 1.66 25

Total fatty acids6 4523 ± 682 15

‘Coefficient ofvariation
2Saturated fatty acids include 14:0, 16:0, 18:0, 20:0, 22:0, 24:0
3Monounsaturatedfattyacidsinclude 16:1,18:1,20:1,22:1,24:1

4n-6 fatty acids include 18:2n-6, 20:2n-6, 20:3n-6, 20:4n-6, 22:4n-6, 22:5n-6

5n-3 fatty acids include 18:3n-3, 20:5n-3, 22:5n-3, 22:6n-3
6 See table 8 for fatty acids included in total fatty acids

45



Table 12. Relationship of systolic and diastolic blood pressure
with absolute and relative concentrations of selected plasma
phosphohpid fatty acids.
The Nordland Health Study 1988/89, 4033 men 40-42 years old

Systolic BP Diastolic BP

Fatty acid g.tmol/L mol% j.Lmol/L mol%

16:0 0.24 0.09 0.29 0.16

18:0 0.19 -0.03 0.21 -0.03

16:1 0.22 0.17 0.26 0.21

18:1 0.19 0.06 0.23 0.10

20:3n-9 0.14 0.10 0.19 0.14

18:2n-6 0.07 -0.12 0.05 -0.17

20:3n-6 0.18 0.09 0.26 0.18

20:4n-6 0.16 0.02 0.20 0.05

18:3n-3 0.09 0.02 0.08 0.00

20:5n-32 0.12 0.07 0.10 0.05

22:6n-3 0.15 0.03 0.15 0.02

Total fatty acids3 0.23 0.25

‘Pearson correlation coefficients. r >0.13, 0.15 and 0.18 are
significant atp < 0.O5,p <0.01 andp <0.001 respectively

See table 8 for individual fatty acids included in total fatty acids

i I.i
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Papers III and IV discuss the extent to which plasma phospholipid fatty acid concentrations

reflect dietary fat intake. Generally, plasma phospholipid concentrations of essential

polyunsaturated fatty acids reflect dietary intake well (63;64). Concentrations of saturated and

monounsaturated fatty acids reflect both dietary intake and endogenous synthesis, and

correlate less with dietary fatty acids. In the Nordland Health Study, saturated fatty acids

concentrations displayed less variability than did monounsaturated and polyunsaturated fatty

acids (Table 11), indicating that levels of saturated fatty acids are metabolically regulated.

There are data indicating that concentrations of monounsaturated (63;64) and certain

polyunsaturated fatty acids (20:3n-9, 20:3n-6) (90;9 I) may reflect dietary saturated fat.

In the clinical trial, we performed a dietary interview (dietary history, visit 3) 4 months prior

to baseline measurements of fatty acid profiles (Paper I). The interview was specially designed

to record dietary n-3 polyunsaturated fatty acids, but offers an opportunity to examine the

relationship of dietary fatty acids with levels of serum phospholipid fatty acids. Table 14

displays the relationship between dietary fat (% of total fat) and serum concentrations (mol%)

ofselected fatty acids.

Table 14. Relationship of dietary fatty acids with serum phospholipid fatty acid
concentrations among 224 men 35-55 years old’

Serum phospholipid fatty acids (mol%)
Total

Dietary fat fatty acids
(% of total fat) 16:0 16:12 20:3n-6 18:2n-6 20:5n-32 22:6n-3 (j.unol/L)3

Saturated fat 0.00 0.06 0.14 -0.02 -0.04 0.02 0.03
16:0 0.02 0.15 0.19 -0.13 -0.02 0.03 0.12
18:2n-6 -0.01 -0.16 -0.13 0.14 -0.01 -0.07 -0.09
20:5n-32 0.07 0.05 -0.26 -0.23 0.37 0.43 0.21
22:6n-32 0.06 0.05 -0.25 -0.24 0.38 0.43 0.24

‘Pearson correlation coefficients. I r >0.13, 0.15 and 0.18 are significant at p<O.O5, p<O.Ol
and p<0.00 1 respeetively.

3Totalfattyaciclsinclude 16:0, 18:0,20:0,22:0,24:0, 16:1, 18:1,20:1,22:1,24:1,22:2,
18:2n-6, 20:3n-6, 20:4n-6, 22:4n-6, 18:3n-3, 20:5n-3, 22:5n-3, 22:6n-3.

Dietary intake of 16:0 was positively and significantly associated with relative

concentrations of 16:1 and 20:3n-6 (20:3n-9 was not measured). The data support the
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assumption that levels of 16:1 and 20:3n-6 (mol%) partly reflect dietary saturated fat. Dietary

intake of 18:2n-6 was also significantly associated with serum 18:2n-6 (mol%). In contrast,

dietary saturated fatty acids and 18:2n-6 were not correlated with serum absolute

concentrations (imolJL) of 16:1, 20:3n-6 and 18:2n-6 respectively. The associations between

dietary intakes (% of total fat), and serum (mol%) concentrations of DHA and EPA were

stronger than reported in paper I (r= 0.39 and r0.35 respectively, dietary grams/day vs. serum

jimollL). These observations are in agreement with others (76), and support that it is relative

rather than absolute concentrations of phospholipid fatty acids, which reflect dietary fat

intake.

Other researchers have pointed out that relative concentrations of serum fatty acids indicate

relative patterns in intake and do not provide information about absolute differences in fatty

acid intake (92). Another problem with relative concentrations is that if dietary intake and

blood coneentration of one fatty acid increase, the concentrations of some other fatty acids

must decrease.

In conclusion, relative concentrations of individual phospholipid fatty acids reflect diet and

are not highly intercorrelated. Although relative concentrations of individual fatty acids

require careful interpretation, it is the measure of choice when evaluating independent

associations of fatty acids with some variable.

5.3 General discussion

The clinical trial evaluated the effects of dietary supplementation with high doses of

individual fatty acids on cardiovascular risk factors (Papers I and II). Cross-sectional

associations of plasma levels of individual fatty acids with blood pressure and serum total

cholesterol and triglycerides were examined in the population study (Papers III and IV). These

are different approaches to study the impact of individual fatty acids on cardiovascular risk

factors, but the two studies agree on many results.

Dietary supplementation with DHA and EPA lowers serum triglyceride levels (32). DHA

had a more pronounced triglyceride-lowering effect than EPA in the clinical trial (Paper I).

The finding was new, and opposed studies in rats which indicated that EPA is responsible for

the triglyceride lowering effect of very long chain n-3 polyunsaturated fatty acids (93). The

results of the clinical trial find support in the population study, where plasma DHA displayed

a stronger inverse relationship with serum triglyceride levels than did EPA concentrations

(Paper IV). The population study further showed that very long chain saturated and
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monounsaturated fatty acids were inversely associated with serum triglycerides (Paper lv).

These associations are to our knowledge not described previously. They give rise to the

hypothesis that both chain length and the degree of unsaturation determine the association of

saturated, monounsaturated and n-3 polyunsaturated fatty acids with serum triglyceride levels.

Very long-chain monounsaturated fatty acids are abundant in fish oil (25) and we may

speculate that they contribute to the triglyceride lowering effect of fish oil.

EPA and DHA differed in their effects on total- and HDL cholesterol in the clinical trial

(Paper 1). The effeets were modest, and on the basis of this and previous research (32), it

seems unlikely that changes in blood cholesterol levels contribute substantially to potential

cardioprotective effects of very long chain n-3 fatty acids. The population study showed that

plasma phospholipid 18:2n-6 levels were inversely associated with total cholesterol

concentrations and agrees with numerous studies showing that increasing dietary 18:2n-6

decreases total cholesterol levels in blood (31). The associations of plasma phospholipid fatty

acids with blood cholesterol levels may have been more instructive if HDL cholesterol

concentrations were available. Regrettably, HDL cholesterol was not measured in the

Nordland Health Study.

The clinical trial showed that heart rate increased in the EPA supplementation group, and

decreased in the DHA group (Paper II). The changes were small, but consistent, and find

support in a recent study (94). In the population study plasma DHA (mol%) concentration was

significantly and inversely associated with heart rate (r=-0.04, p=O.009), whereas EPA

concentration was not associated with heart rate. Cell and animal studies indicate that very

long chain n-3 polyunsaturated fatty acids have antiarrhytkiniic effects (57;95). Fish

consumption may protect against cardiac arrhythmias in humans (96;97). Secondary

prevention studies suggest that dietary fatty fish (24), dietary linolenic acid (18 :3n-3) (98), and

a modest dose of EPA and DHA protect against cardiac arrhythmias (58). The present work

indicates that DHA and EPA have different effects on heart rate. Whether EPA and DHA also

differ with respect to antiarrhythmic effects in humans deserves further investigation

The observational study provided enough power to examine the associations of palmitic

(16:0), palmitoleic (16:1) and dihomo-y-linolenic (20:3n-6) acid with blood pressure (Paper

ifi). These fatty acids were positively associated with blood pressure in previous studies

(46;99; 100), and paper III can be the first report showing that all three fatty acids may reflect

dietary saturated fat. Plasma levels of saturated fat were positively associated, whereas plasma

18:2n-6 levels were inversely associated with blood pressure (Paper III), and the associations
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were independent in multivariate analyses. The regression model predicted a 1.4 mm Hg

decrease in systolic blood pressure ifplasma 16:0 levels decreased by 2 SD, and a further 1.9

mm Hg decrease ifplasma 18:2n-6 increased by 2 SD (model I). The changes predicted by the

model are larger than blood pressure reductions observed after sodiurn restriction in

individuals with high normal blood pressure (101). Our findings ofthe positive associations of

plasma phospholipid 16:0, 16:1, 20:3n-6, and inverse associations of 18:2n-6 with blood

pressure are supported in a large prospective study which was recently published (102).

Whether the associations of plasma fatty acids with blood pressure reflect a causal

relationship of dietary fats with blood pressure is not clear. If so, these findings can have

public health implications. Thus, the hypothesis that blood pressure decreases on a diet low in

saturated fat and high in I 8:2n-6 should be further investigated in a prospective or

experimental study design.

Polyunsaturated 18:2n-6 is the main constituent ofcorn oil, which is generally considered to

be neutral in its effect on blood pressure (103). In the clinical trial (Papers I and II), as in many

other trials evaluating the effects of very Iong-chain n-3 fatty acids on blood pressure (51),

corn oil supp1emets were used as placebo. The supplements provided 2.2 grams of I 8:2n-6

daily, corresponding to a calculated 20% increase of dietary 18:2n-6 in the corn oil group

(Paper I). Serum phospholipid 18:2n-6 levels and blood pressure did not change in the corn oil

group aller intervention. These observations can reflect that the relative pattern of dietary fatty

acid intake remained largely unchanged in the corn oil group. It is also possible that the

relationship between dietary i 8:2n-6 and plasma phosphoiipid levels of 18:2n-6 is nonlinear

in this range of dietary intake. Finally, there are data suggesting that a potential blood pressure

lowering effect ofdietary 18:2n-6 depends on the background diet (104).

In both the clinical trial and in the observational study, there were no consistent associations

ofvery long chain n-3 polyunsaturated fatty acids with blood pressure (Papers Il and III). Both

studies agree with previous findings that EPA and DHA do not influence blood pressure

levels in normotensive individuals (51;52). An alternative explanation for the iack of

association relates to the ‘threshoid hypothesis’, stating that dieta!y supplementation with n-3

fatty acids decrease blood pressure among hypertensive individuals whose initial plasma n-3

levels are iow (67;105). In the present work, the participants of both studies displayed

relatively high levels ofplasma phospholipid n-3 fatty acids. Thus, ifthere is a threshold, most

individuals may have levels weil over the limit at which n-3 fatty acids are associated with

biood pressure.
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Is research on effects of individual fatty acids useful to examine the diet-heart hypothesis?

Dietary fat intake is difficult to assess, and blood levels ofindividual fatty acids can be used to

study the effects of dietary fats on cardiovaseular risk factors and disease development. If the

goal is to give dietary advice to the public however, this approach has limitations. The

determinants ofplasma fatty acids concentrations, and how dietary changes affect plasma fatty

acids are poorly understood. It is documented that blood levels of essential fatty acids reflect

dietary intake, but less is known about levels of nonessential fatty acids. We need validation

studies of blood levels of individual fatty acids. It would be of great interest to know the

determinants of total fatty acids concentrations, which displayed strong associations with

blood pressure in the present observational study.

A further complication is that most food items are composed by a mixture of fatty acids and

other nutrients that may have distinct and interacting effects on cardiovascular risk, and food

composition tables suffer from poor and incomplete data (15). With these limitations in mmd,

we should focus on the effects of food items (fïsh, nuts, fruit and vegetables) rather than

individual fatty acids, if the goal of research is to generate dietary advice aimed to prevent

cardiovascular disease. Very long chain n-3 polyunsaturated fatty acids may be an exception

because they are available in a well-defined and limited number of food items. Dietary

supplementation regimens for specific effects can easily be designed with DHA and EPA.

If the goal of research is to generate hypotheses and identify mechanisms by which dietary

fats influence atherosclerosis and cardiovascular risk factors, then research on individual fatty

acids may be rewarding. If the mechanisms of disease development are known, they may be

targeted by interventions. In this context, dietary n-3 fatty acids have been most extensively

studied to identify the mechanisms by which they can prevent coronary heart disease (27).

Observational and intervention studies reported cardioprotective effects of small amounts of

dietary fish (19-21;24;96;97;106), or small dose of DRA and EPA (58). The hypothesis that

there is a “threshold ofeffect” has been related to both the hypotensive and the antiarrhythmic

effects of n-3 polyunsaturated fatty acids. In Norway, dietary intake of very long chain n-3

fatty acids is relatively high (0.9 grams daily in a nation-wide survey in 1993-94) (107), and

has probably increased as their potential cardioprotective effects received public attention. In

the Tromsø surveys, 21% of the men 30-60 years old used fish oil periodically in 1986/87

(Tromsø III, n=6 481), whereas in 1994/95 the corresponding percentage was 43% (Tromsø

IV, n=6 397). Dietary DHA and EPA accumul.:te in human adipose tissue (108), which may

serve as a reservoir with a lor g half-life. It may be too late to conduct studies on
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cardioprotective effects of n-3 fatty acids in Norway because dietary n-3 fatty acid intake in

the general population has exceed the threshold at which beneficial effects can be detected.
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CONCLUSION

A randomized double blind placebo controlled trial of dietary supplementation with highly

purified EPA and DHA for seven weeks showed that both fatty acids decreased serum

triglyceride levels in healthy middie aged men. Blood pressure did not change in any treatment

group, but left ventricular diastolic fluling improved in the EPA and DRA groups. EPA and

DHA had different effects on heart rate and lipoprotein metabolism. In the EPA-group, heart

rate increased, and there were small decreases in serum total cholesterol and apolipoprotein

Al. In the DHA-group, heart rate decreased, and serum HDL cholesterol increased slightly.

Analyses of serum phospholipid fatty acids indicated that EPA is not elongated to DHA, but

DRA is retroconverted to EPA.

In a cross-sectional analysis of 4033 men aged 40-42 years, blood levels ofindividual fatty

acids within fatty acid ciasses displayed different associations with blood pressure, serum

triglycerides and total cholesterol concentrations. Plasma phospholipid saturated and total

fatty acids were positively associated, whereas levels of polyunsaturated 18:2n-6 was

inversely associated with blood pressure. Linoleic (18:2n-6) was the only fatty acid inversely

associated with total cholesterol. Very long chain saturated, monounsaturated and n-3

polyunsaturated fatty acids displayed inverse relations to serum triglyceride levels. Both fatty

acid chain length and the degree ofunsaturation were associated with serum triglycerides.
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Highy purified eicosapentaenoic acid and
docosahexaenoic acid in humans have similar
triacyIgIycero-Iowering effects but divergent effects on
serum fatty acids13

Sa,neline Gri,nsgaard, Kaare H BØnaa, John-Bjarne Hansen, and Arne Narr/Øy

ABSTRACT To compare the effects of highly purified elhyl
esier concentraies of eicosapeniaenoic acid (EPA) and docosa

liexaenoic acid (DHA) on serum lipids, apolipoproteins, and serum

phospholipid [auy acids in hunians, we conducted a doublc-blind,
placebo-controlled. parallel design intervention study. Healihy

nonsmoking men (n = 234) aged 36—56 y werc randomly assigncd

to dietary supplementation with 3.8 g EPA/d, 3.6 g DHA/d, ar

4.0 g rom oilld (placebo) for 7 wk. Seruni triacylglycerols de

crcased 26% (i’ < 0.0001) in the DHA group and 21% (P =

0.0001) in lite EPA group compared witli the corn oil group.

Alihough not significant, net decreases in serum triacylglycerols

were consisienily greater in the DHA group across all quartiles of

baseline triacylglycerol concentrations. Scrum high-density-li

poprotein cholcsterol increascd 0.06 nimol/L (P = 0.0002) in ihe

DRA group. In thc EPA group, serum total cholesierol decrcascd

0.15 mmol/L (P = 0.02) and apolipoprotein A-1 decrcased 0.04

g/L (P = 0.0003). In the DHA group, seruiii phospholipid DHA

irtcreased by 69% and EPA increascd by 29%, indicating retro

conversion of DHA to EPA. in the EPA group. serunt phospho

lipid EPA incrcasecl by 297% wheieas DHA decreascd by 15%,

suggesting ihat EPA is not elongated to DI-lA in humans, The

serum phospholipicl ratio of n—3 to n—6 fatty acids increascd in

both groups, whereas ihe relative changcs in n—6 fatty acids

suggesicd possible alterations in hver desaturation aciivity in ihe

DHA group. We conclude ihat boih DHA and EPA dccrcase seruni

triacylglycerols. buL have differential eftecis on hipoproiein and

fatty acid metabolism in humans. Ass J C!ui Nuir

I 997;66:649—59.

KEY WORDS Fatty acids, n—3 fatty acids, eicosapent

acnoic acid, docosahexacttoic acid, triacyhglycerohs, phospho

lipids, randomized controlled trials

INTRODUCTION

Accumulating evidence indicates that flsh oil, rich in

eicosapenlacnoic acid (EPA; 20;5n—3) and docosahexae

noic acid (DHA; 22:6n—3) of the n—3 family, can modifv a

variety of celhular processes associated with hipid metabo

lism, athcrosclerosis, hypertension, thrombosis, and intlarn

mation (I). The amoont and the ratio of DHA to EPA in

diffement marine saurccs vary considerably (I, 2). Earlier

studies of n—3 fatty acid supplernentarion in hurnans used

oils varying in dosage form, total dose of fatty acids, and
relative content of DRA and EPA. Examination of these data

shows thal the most consistent effect of n—3 fatty acids on
cardiovascular disease risk factors is a reduction in scrum
triacylglycerol conccntration, whcrcas reported cffccts on

other variables are less consistent (3—5). It is possible that

the inconsistencies derive fram chance findings in small
scale sttidies ar differences in study design. Howevcr, thcy

mnay also be attributed to varying nietabohic effects of DRA

and EPA.
Animal studies showcd that EPA and DRA accumulate in

different coinpartments in the body and thus may be subject

to diffcrcnces in both mctabolism and effects (6—8). DRA

seleciively attenuated exprcssion of proatherogenic and

proinflammatory proteins in human endothelial ceils, sug
gcstiitg a beneficial effect of DHA on atherosclerosis (9),
whereas EPA may be a more potent platelet inhibitor ihan

DHA (10, Il). In vitro studies indicate that EPA and DRA

have differerit effects on triacylglycerol synthesis (12), and

it was suggested that EPA is primarily responsible for the
hypotriacylglycerolemic effect of n—3 fatty acids both in

rats (13) and humans (14). The extent to whlch these reports

can be generalized is constraincd by limitations in study

design, however. Knowledge of the specific effects of EPA

and DHA is needed to target n--3 supplements for specific

effecis. Long-terin studies with adequatc sample SiLC com

paring the biological e[fects of pure DHA and EPA in

human volunteers have not been reported (10, 14—16). We

thereforc conducied a doublc-blind, randomized, placebo

controlled, parallel design inlervention sludy to evaluate

effects of dietary suppiementation with highly purifted EPA

or DHA on serum lipids, apolipoproteins, and serum phos

pholipid fatty acid coniposition.
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650 GRIMSGAARD ET AL

SUBJECTS AND 1ETHODS

Subjects and experimental design

In 1986—1987, 21 826 subjccts, 81.3% of the men aged
20—6 I y old and Ihe women aged 20—56 y old living in Lhc
municipality of Tromsø, participated in a health survey (visit I)

DllI (17). All subjects completed a questionnaire about previous
disease, use of drugs, and diet and smoking habils, and iheir
height, weight, blood pressure, and nonfasting serum lipid
concentraflons werc measured. Four hundred seven men be
twcen tlte ages of 35 and 55 were selected according to the
following criteria: thcy reperted being healthy nonsmokers, did
not use nonprescribed or prescribed drugs, aud consurned less
than four fish dishes per week in their usual diet. They also had
serum cholcsierol concentrations < 8.0 inrnol/L, diastolic
blood pressure < 95 mm Kg, and systolic blood pressure <

160 mm Hg. Thcsc men were then asked in 1993 to undergo a
clinical cxamination Ihat included a complete medical history,
physical exarnination, and laboratory tests.

Among the 349 men who responded to the invitation, 251
subjccts lilled the above-mentioned criteria and ssere recruited
into thc present study. They bad no cardiovascular, hver, or
renal disease; bleeding disorder; diabetes melhitus; psycho
pathologic disease; alcoholism; or other disease that ran intlu
ence blood pressurc, lipid melabotism, or hernostasis. Thcy
were not consunung special diets and did not expect to change
their diet or lifestyle during the study period. Thcir mean
(± SD) age was 44 5 y (range: 36—56). The study was
approved by thc regional board of researclt ethics, and each
subject gave informed consent.

The study was performed according to Good Clinical Prac
tice requirements (18). It began with a 4-mo run-in period
during which subjects were asked to continue their usual diet
and living habils and during which their blood pressure and
fasting serum hipid concentrations were measured on two oc
casions (visit 2 and visit 3). Each subject’s average intake of
nutricnts was ealculated on a fourth visit. At the beginning of
the run-in period aud throughout Ihe study, participants were
instructed not to ingest cod hver oil or other fish-oih
supplements.

For entry into the intervention phase of the study, a subject’s
mean serum triacylglyceroh concentratiou during the run-in
period bad to be < 5.0 rnrnoh/L aud menn seruin chohesterol
coucentration < 9.5 mmol/L. Among the 251 subjects, 2 were
smokers, 2 bad serum glucose or triacyhglycerol coucenirations
above the inclusion criteria, 2 used cardiovascular drugs, I
consumed more than three fish dishes per week, and 10
dropped out during the ruu-in period for personal reasons.
Thus, 234 men entcred the double-blind, parallel group inter
vention trial, wluclt lasted for 7 wk. Computer-generated ran-
dom numbers were used to assign the participants to either
4.0 g 95% ethyl ester EPA/d, 4.0 g 90% ethyh ester DHA/d. or
4.0 g rom oih/d. The dietary supplements were administered in
indistinguishable soft gelatin capsules thateach contained 1.0 g
oil aud 4—6 IU vitarnin E as an antioxidant (Table 1). Euch
individual svas asked to ingest two capsules in the morning and
two capsules at night. The dietary supplements were manufac
tured by Pronova Biocare AS, Oslo.

Participauts were examined atter an overnigsi fast between
0800 aud 1130 on two separate occasions parated by an

TABLE i
Composiiion of dietary suppleiiienis’

Coi1ituent D[l,\ tjl’A Corn oil

22:6n—3 EtIiyl esier.(mg( 889 2
20:Sn—3 Elhyl esier (ing) IS 941
t8:2n—6 (ing) li I) 559
8:1 n—9 (ing) 0 0 259

Vitainiu E (IU) 4—6 4—6 3 7
p-Anisidinc value u35 <.35 —

Peroxidc vulue iurnoh/g) <.0.11 I <1)1)1 —

iuterval of 3—5 d. both at baseline (visits 5 and 6) aud atter 7 syk
of supplernentation (visits 7 aud 81. At each visit blood pres
sure svas measured and blood samples were cohhectcd. Partir
pauts were asked to abstaiu from alcohoh aud strenuous cxci

cise for 48 h before tbe visit. A telephone iutcrviesv was
performed in the middie of tbe intervention period to monitor
study comphiancc, side effecis. aud intercurrent disease. Com
phiance was assessed by counting leftover capsulrs aud was
calcutated as the percentage of the prescribed capsules taken.
We also measured serum phosphohipid fatty acid conceutra
tions at basehine and at the end of intervention.

Clinical and laboratory Illcasureinents

Height was measured during tlte ran-in period aud sveigill
was measured at basehine aud after the intervention period on
an electronic scale svith subjects weariug hight chothing and no
shoes. Before the interventiou each subject’s habitual nutrient
intake was assessed during a l-h interview by a ccrtilied
chinical nutritionist using the dietary history method. Food
models aud contaiuers were used to estimate quautities. Dietary
coustituents were calcuhated from standard food tables that also
cover individual fatty acids by using a specially designed
computer program (19—22). Eacli subject completed a sclf
administered questionnairc at baseline aud during lIte hast wcek
of Ute intervention to monitor food habits aud physicah activity
during the lutervention. Participauts svere askcd hosv many
tunes thcy ate Ush om ment for dinncr aud tiow inany units of
ahcohol they cousumed during the past week (one unit of
ahcohol equals 9 g). Those who reported being physically
active four or more times sveekly for 20 min. Icading to
sweatlng ur shortness of brcaih, were categorized as activc:
those reportiug 1—3 times weekly were categorized as moder
ately active; and thosc reporting 0 times sseekhy wcre catcgo
rized as sedeutary.

Bhood samples were drawn tom an antecubital vein into an
evacuated tube system using minimal stasis. Serum svas pre
pared by ctottmng whohe blood in a glass tube (Bectou Dickin
son, Meylau Cedex, France( at roomu tempemature for I h aud
then centrifugiug the saniphe at 2000 >< g for 15 min at 22 ‘C.
One—milhihiter ahiquots of serum were transferrcd into sterile
2-mL cryovials (Coruing, Park Ridge, IL), flushed with nito)
gen, and stored at —70 °C. Blood for plasma prepamation svas
cohlected into vacutaincrs (Becton Dickinson) containing 0.129
mol sodmum citmate/L (blood:anticoaguhant = 10:1). Ptasm,m
was prepared by centrifugation at 2000 X g for 15 min at
22 °C, tmansferred into sterile cryovials in ahiquots of I mL,

Dici,mry suppteimienis vere g(ven mmi irmdmsmmnguistmablc. ublong. sofi
gelatin capsules of 1.4 g avcragc weiglii. EFtA, docosaliesaenuic ,i,.mJ
supplcineni; EPA. cicosapciiiaenoic icid supplernieni.

I
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flushed wiili nitrogen, and storcd at —70 °C. All blood samplcs

were analyzed aller completion of the intervcntion period artd

before thc randomization code was broken.

Serum lipids were analyzed on a Hilaclti 737 Autoniatic

Analyzer (Bochringer Mannheim, Mannheint, Germany) with

rcagents from the manufacturcr. Total cholcsterol was mca

sured with an enzymatic colorimetric rncthod (CHOD-PAP)

and high-density-lipoprotein (HDL) cholesterol was assayed by

Ihe same procedure afler precipitadon of lower-densily lipopro

teins with heparin and manganese chloride. Serum triacyiglyc

erol conccntrations wcre delcrntincd with an enzymalic color

imetric lest (GPO-PAP). Low-dcnsily-lipoprotein (LDL)

cholesterol was calculated accotding to the Friedewald formula

(23). Apoiipoprotein A-l and apolipoprolein B-l were men

sured immunochcinically by rate nepitelometry using thc Array

Protein System frorn Beckman Instruments be (Brea. CA).

Fatty acids were measured by extracting total lipids from 500

serum according to Folch et al (24), with phosphatidylcho

line diheptadccanoyl added as an internal standard (P-50l4;

Sigma Chemical Company, St Louis), chloroform:methanol

(2:1, by vol) as a solvent, and bulylated hydroxyloluene (75

ntg/L) as an antioxidant. Total pltospholipids svere separated by

solid-phasc extraction wilh NH2 columns (size 3 cc: Anaiytiche

Bond Elul LRC; Varian, Harbour City, CA) (25), foilowcd by

trattsmclhyiation with boron trifluoride, extraction mm hexanc.

and evaporation to dryness. The fatty acid mcthyl esters were

dissolved in hexane and analyzed by gas-liquid chromatogra

phy (Shimadzu GC-14 A; Shimadzu Corporation, Kyolo,

Japan) fitted with a capillarv column (CP-Sil 88; lenglli: 50 ru,

internal diameter: 0.25 mm) obtained front Chrompack mc

(Rarilan, NJ). Rcmention times and response factors for each

fatty acid were determined using standards obtaincd from Nu

Chek Prep (Eiysian, MN). The results were integrated on a

Shirnadzu C-R4A inlegrator. Fatty acid coneentrations are re

ported as p.ntol fatty acidlL serum.

Statistical analysis

All results are expressed as means ± SDs. On examination

of Ihe frequency distributions, all variables e,cept serum tri

acylglycerol and certain lifestyie factors such as levd of phys

ical activily and fish, meat, and aicohol consumption were

normally distributed at baselinc and at the end of tntervention.

Serum lipid concentrations at bascline and at the end of the

intervenlion were calculatcd at lite mean of lite values obtained

at visits 5 and 6 attd the mean of the values obtained at visits

7 and 8. respectively. Change was calculaled as Ihe value

obtained after intervention itlinus tlte vaiue obtaincd at base

line. Percentage change was calculated as Ille group-wise mean

percentage change from baseline. Because of missing values,

change could 1101 be calculatcd for some individuais. Analysis

of changes in serum Itpids. scrum phospholiptd l6:ln—7. and

sum of serum phospltolipid fatty acids are Iherefore based on

222, 217, and 209 subjects, respectively. Two influencing

oullying values were excluded from lIte anaiysis of desatura

tion indexes.
To evaluate within-group change, we used paired i tests for

normally distributed variables, the Wilcoxon sigmted-rank lest

for ordinal attd non—normally distributed variables, and the

chi-square slatislic for categorical variables. One-way analysis

of variance was used to evaluate whether change differed

betwcen groups; the F lest was used for normally distributed

variabies and lite Kruskal-Wallis mest for ordinai and nott—

norntaliy distributed variabies. Betwccn-group comparisons of

change werc done by contrasting groups itt lite SAS general

linear modei proccdure whett lite ovcrail F lest wa.s significant

at P < 0.05 (26). We.did not adjust for multipie cotnparisotts

(27). Rcsults wcrc considercd signtficant svhen Ille two-stdcd P

value was < 0.05. Caution should be applied whcit Interpreting

P values in lite present study becausc thrce conlrasts wcrc

tested. When applying lIte Tukcy multipie-contparison proce

dure (28), tite 95% Cl included thc null value of nO cffect for

those contrasts for whiclt the uttadjusted P value was > 0.03.

Correlalions were lested by computing Pearsort or Spcartttan

correlation cocfficients.

RESULTS

Three of thc 234 subjecls who were randomly assigned to a

smudy arm dropped out durtttg lite tntervcntion pertod. Dnc

subject in lite DHA group was found mo have fal intolerance

aller citolecystcctomy, one subject in the EPA group deveioped

diarrhca, aud one subjcct in Ihe corn oil group experieticed

vertigo and vomilittg that was considered unteisted to lite

dielary supplemcnts. Two individuals in the DHA group, three

in the EPA group, and lwo ti lite cortt oil group wcre cxciuded

front the attaiysis. Thc reasons for exciusions were posstbbc

renal disease (ti = I), poor comttpliance witlt study protocol

(ut = I), initiation of a vasoactive drug (ut = I), cancer surgery

(n = I), amtd citange in atttount of physical activily durittg the

ifllervcltlion (ti 3). Thus, 224 subjects arc ittcluded itt the

prcsent analysis. Mean ages of the subjecls were 43 ± 5, 44 ±

5, and 45 ± 6 y and titeatt body ntass indcxes (in kg/tit2) svere

24.9 ± 2.6, 25.6 ± 2.9, attd 24.6 ± 2.7 itt thc DHA, EPA, and

corn oil groups, respectively.
Tltere were no signiiicant changes in itemnatology, blood

chenttstry (electrolymes, alanttte attttnotmattsferase, y-giutatnyi

lransferase, alkalinc phosphalase, albumin, bilirubin, creati

nine, and C-rcactive protein), serunt giucose, or piastna-activc

renin aller dietary interveittion with DHA, EPA, nr corn oil

(data not shown).

Conipliancc and side effeets

The mean nuntber of days in the study was 49 ± 5, 48 ± 3,

attd 48 ± 4 d in the DHA, EPA, and cortt oil groups, respcc

tively. Percettmage cotnpliance was slightly poorer in tite DHA

group (91 ± 6%) contpared with the EPA amtd rom oil groups

(botlt 94 ± 6%). Tltere were tto withmn-group corrclalions

betwecn contpliancc and change in serum DHA, EPA, or

littoleic acid comtcemttratiotls,
Side effects svere mild and translettt and for most tttdivtduals

fadcd 1—2 wk after lite smart of thc intervettlion. Fifty-cigitt

perccttl of subjects in Ihe DHA group and 57% itt the EPA

group expcrienced bclchittg after ittitiatiomt of the dietary sup

plements compared wilh 4% in the cormt oil group. A tastc ol

iish oil during lIte inlerventiomt was reported by 67% ofsubjecls

in the DHA group, 65% in Ihe EPA group, and 3% in lite corit

oil group.

Diet, body weight, mmd physical activity

Tite DHA. EPA, and cormt oil groups wcrc weii balattccd at

baseline. Total fat accoumtted for 30% of emtergy intake in all
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‘rABLE 2
Coiiipo.,ition of hackground diet’

. DIIA EPA Corn oilDaily nutricnt tittakc
(n = 72) (ti = 75) (n 77)

Energy (kJ( 10 37)) ± 2561 10 223 ± 2170 10 877 ± 2455
Proicin (g) 1)3 ± 23 103 ± 22 107 ± 25
Carbohydrate (g) 335 ± 80 324 ± 74 349 ± 87
Fibcr (g) 24,) ± 7.3 23.2 ± 6.7 25,2 ± 7.7
Alcohol (g) 582 ± 0.28 639 6.56 7.04 ± 7.00
Total fat (g) 81.2 32.1 81.6 23.9 85.9 ± 27.0
Cltolesterol (mg) 314 ± 102 327 89 334 ± 101
Saturated fat (g) 33.6 ± I 2.4 34.3 0.9 35.4 ± I 1,4
Monouttsaturated Ett (g) 27.6 ± 11.3 28.0 ± 8.7 29.6 ± 96
Polyuttsalurated fat (g) 13.5 ± 8.4 2.7 ± 4.6 140 ± 6.1
P:S 0,40 ± 0.15 0.39 ± 0(3 0.40 ± 11.13
18:2n—6 (g) 10.2 ± 7.0 9.50 ± 3.70 107 ± 5.1
20:5n—3 (g) 0.18 ± 1.20 0.19 ± 0.18 0.19 ± 0.2)
22:6n—3 )g) 0.34 0.32 0.35 ± 0.28 1)36 ± (1.32
0-Carotene )jig) 265) ± 1902 2634 284 2749 ± (905
Retinol )g) (003 ± 955 993 7(7 (03) ± 697
Thiamine )mg) 1.66 ± 0.38 1.67 ± 0.35 .76 ± 0.43
Riboflavin (ing) 2.20 ± 0.70 2.29 ± 0.67 2.31 ± 0.72
Niacin )rng) 23.6 ± 4.8 23.2 ± 4.8 23.8 ± 5.2
Vitainin C (tng) 90.0 ± 1.6 78.6 ± 35.5 88.9 45.0
Vitamin D (jag, 6.08 ± 9.77 5.33 4.16 5.65 ± 381
Vitatttin 6 )rng) 4.87 (.4)1 4.96 ± (.34 5.33 ± 1.53

groups, Dietary intake of DRA and EPA at baseline accounted
for 0.7% of total fat itUake. Differences in nutrient intake
belween Ihe DHA, EPA, and corn oil groups wcre minor and
not significant (Tablc 2). No significatitly diffcrent within- or
belween-group changes werc found wilh respect to body
weight, physicai activity, or food habits during the intervention
(Table 3). Body weight incrcased by 0.6 kg in the corri oil
group and by 0.7 kg in Ihe OHA and EPA groups. Thcre was

a nonsigttificanl increase in Ihe pereenlage of participanls who
reported being sedentar after compared with before Ihe nler
vention. Aicohol, ttleat, and Iish consutnplion (dinner meals)
increased slightly bul not sigttificanlly during the intervention.
None of lite participants reported consutning more than three

TABLE 3

flsh dishes weekiy before or during lite itllervctlliotl. Therc w.ts
good agrccntent bctss enn itieasut’cs of aleoltol consutttpttott
obtattied by Ute nutri Itotitst durt ng Ihe run—in pertod att) h5 lite
sclf-admittistered c]ucstiotitlattc at baselitte (r = 0.73. I’ —

0.0001).

Seruna lipids aud apolipoproteins

Set uitt tttean (95 Ç Cl in pare ntheses trtacy g lycerul coit—
cetttraliotis decreascd 0.22 tutuoi/L (((.15, 0.29) in Ute Di-lA
group and 0.15 mntol/L (0.06, 0.24) in lite EI’A griiup
(Table 4). In the corti oil group serum triacyiglyceiois
increased 0.11 mmol/L (0.03. 0.19). Compared with chatige
for lite corn oil group, serutn triacylglcerols dcci eased 26%
in the DRA group and 21% in lite EPA group. The dtifcr
ence betwcen the Di-lA and EPA groups was tiot significant

0.14). Hossever, neI decreases itt serum 1riacylglyce-
ols were consistenlly greater in the DHA group Ihan in lite
EPA group across quartiles of b.tseiinc ttiacylglycerol ren
centrations (Table 5). In lite EPA atni DHA groups titete
wcre to correlations betweett chatiges Ut individual tt— 3
fatty acids and changes in seruin triacylglycet ul
concenlrations.

Serunt total cholesterol decreased 0.15 mttioi/L (P <0.1)5) itt
lite EPA group and apolipoprolein A-l derreased 0.04 g/L (P <
0.001, Table 4). These changes differed sigttilicattlly front bolit
Ihe DHA and the corn oil groups. In lite DHA group, HDL
choleslerol ittcrcased 0.06 tnmol/L (P < 0.001), diiferittg sig
nti’icanlly front both Ihe EPA and cortt oil groups. l-lettce, in
both Ihe EPA and DHA groups there was att itirrease in Ihe
ratio of HDL choleslerol to apoiipoprotctt A-l aud a decrease
in tite ratio of lolal cholesteroi to i-IDL cholesterol.

Serunn phospholipid fatty acid concentrations

Itt lite tolai study group (ti = 224), lite cotrelations between
dietary ititake atid serutit phospitolipid cottcentratiotts of DRA
attd EPA at baseittte were r = 0.39 attd r = 0.35, respecltseiy
(both P 0.0001). The tnean of ittdtvtdual rattos oi’ dtctury
DHA to EPA at baseline was 2.5 ± I .2, whereas lite set uttt
pitospholipid ratio of Di-lA to EPA wus 3)1 ± 1.6)? = 0.0001,
for lite difference bctweett lite ratios), ittdicatittg accutnulation
of DHA riative to EPA in sertttn phospltoiipids.

Body wcighl aud (,festyle factors at baseline and changc atter 7 wk of snpplettientat,on stil), docosa)texaenoic ar,,) iDFIAt. eicotapentaenoic ar),)
(EPA). or corn oil’

DHA (ti = 72) EPA (i, = 75) Cor,t oil 1it = 77)

Baseitne Change Baseline Chattge Baselitte Cl,a,,ge

liody weight )kg) 800 ± l0.0 0.7 ± 12 82.6 ± 1)1.0 0.7 ± (.4 79.5 ‘3.4 06 ± 1.1
Fish consuniption (d,shes/wk) 2.10 ± (.0) 0.06 1.13 2(6 ± (.05 0.16 ± .06 2.03 ± 1.10 (1.21 ± (.29
Meat consutttption (dts)teslwk) 2.46 1.31 0.24 .53 2.56 ± (.39 ((.16 1.23 2.93 .28 0.15 21)1
Teetotaicrs (%) 4 0 I 0 4 (1
AlroltoI consumpuoit (glwk)’ 45.3 ± 44.3 0.3 ± 5.1 59 (i ± 63’) —11.8 ± 6.5 555 ± 50.8 (.5 ± 711
Phys,cal act,s ty

Sedeittary (%) 22 3 26 i 25 6
Moderutc )%) 69 59 — I 54
Act,ve (‘4’) 9 3 IS 1) 2) —7

There wcre to s,gnificant d,[fereitces a,nottg groups.
± SD.

Teetotalers were exctuded front analyse, of atcottol consuitiptton.

ti

‘.1 ± SD. DI-lA. docosahcxaenoic acid gtoup; El’A. eteosapentaenote
an,) group; P:S, ratjo of potyuttsalnrated to saturated falty acids.
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The total amount of serutn phospholipid fatty acids did not
change between groups during EPA, DRA, or corn oil supplc
mentation (Table 6). Likewise, there were no changes in serum
phospholipid saturated fatty acids. An for the mononnsaturated
fatty acids, palmitoleic acid (16:ln—7) decreased significantly
by 20% in the DHA group, cornparcd with no change in thc
EPA or corn oil groups. Oleic acid (l8:ln—9) concentrations
decreased by 11% and 12% in thc DRA and EPA groups,
respectivcly.

The total serum phospholipid n—6 fatty acid concentra
tion (sum of lS:2n—6, 20:3n—6, and 20:4n—6) decreascd
more in the EPA (—23%) than in the DRA (— 11%) group.
In the DHA group, howcver, the ratio betwecn Ihe individual
n—6 fatty acids changed more Ihan in Ihe EPA group. The
ratio of 20:4n—6 + 20:3n—6 to 18:2n—6 can be usecl as an
index of 6 desaturation activity because changes in 5
desaturation will not influencc tite ratio. The 6 desatura
don index decreased significantly in the DHA group com
pared wilh no change in the EPA nr corn oil group (Table
7). Similarly, Ute ratio of 20:4n—6 to 20:3n—6 ÷ l8:2n—6
can be used an an index of 5 desaturation activity. This
ratio decrcased significantly in the DHA group whereas il
increased significantly in the EPA group. An a result, the
ratio of arachidonic (20:4n—6) to linoleic (18:2n—6) acid
decreascd in the DHA group aud increased in the EPA
group.

During the intervention, the serurn phospholipid concentra
tion of n—3 fatty acids increased by 47% in the DHA group
and by 68% in the EPA group. The concentration of cr-iinolenic
acid (l8:3n—3) decreascd in both the DHA and EPA groups
compared with the corn oil group (Table 6). In the DHA group.
mean serurn phospholipid DHA and EPA concentrations in
creased significantly by 69% (individual range: —33% to
669%) and 29% (individual range: —63% to 557%), respec
tively, whereas docosapentaenoic acid (DPA; 22:5n—3) de
creased by 33% (individual range: —72% to 221%). In this
group, lhe correlation between tlte change in serum DRA aud
EPA was r 0.30 (P = 0.01, Figure I). In lite EPA group,
serum phospholipid EPA increased by 297% (individual range:
—2% to 1196%) and docosapentaenoic acid by 130% (individ
ual range: —9% to 393%). Surprtsingly, the serurn phospho
lipid concentration of DHA decreased by 15% (individual
range: —65% to 85%; P < 0.001) after EPA supplcinentation.
The correlation between lite change in serum DHA and EPA
was r = 0.39 (P = 0.0005) during supplementation witl1 EPA
(Figure 2).

Nunterous studies have examined thc effccts of maritte
n—3 fatty acids on lipid metabolism, bul the separate effects
of thc two major n—3 fatty acids have retnained largely
unknown. The present report extends previous data by show
ing that both DRA and EPA lower serurn triacylglyccrol
concentrations. DHA may be respunsible for thc increusc in
HDL cholesterol observed with sorne n—3 fatty acid sup
plcrncnts whereas EPA may produce a smal) decrease in
serunt total cholesterol. Our data further show hat DHA and
EPA produce different effects on Ihe fatty ai..id composition
of serum phospholipids. We studied a fairly largc sampie

recruited frotn tlte general population aud contpliance with
the study protocol snas good. Thc gcneralizability of lite

study thercfore appeurs sound.
Il is well established that n—3 latty acids lower scruiii

triacylglycerols. bul Ihis is thc first study in humans showtitg
that this effcct is attributable to both EPA and DHA. Suipris
ingly, DRA consistently bad a more pronounced triacylglyccr
ol-lowering effcct than EPA across all baseline conccntrations
of triacylglycerol (Tablc 5). Thcse observations provide stroiig
evidencc that DHA has a triacyiglyceroi-loweriug elfcct ot Is
own aud is not acting solely after retroconversion to EPA.
because if that were lite case, DHA would not be more potent
than EPA. This finding contrasls with previous studies in rats,
in which dietary supplcmeutation of highly purified EPA low
ered scrum triacylglycerols whereas DRA bad a modcst et fcct
ifany(13, 29—31). The opposing findtngs may be dose reluted:
the DRA and EPA supplemnents in the rut studies calculated as
mg d’ kg body wt are 10- to 30-fold larger than in ute
present study in humans (13, 29). Thc opposing findtngs may
also depend on species differences because rats aud hurnuims
dtffer with respcct to lipid metaboltsmn (32). Our finding is
further opposed by results front a single-blind crossover stud
concludtng that EPA is responsibie for the triacylglyceroi
lowering effect in huntans (14). However, tite study was smail
with only fine individuals in the DRA group, aud lite wash-out
period was 2 wk, which is bo short in dietary interventton
trials svith n—3 fatty acids (33).

Prevmou’. studies suggested that serum HDL cholesterol is
better maintained with oil rich in DHA than oil rich in EPA
(2, 34). The present data confirm these findings. The mccli
anism by which DHA increases HDL is not known. Serumu
triacylglycerols aud RDL cholesterol wcre inverseiy corre
lated at baseline (r = —0.42, P 00001), possmbiy duc to
plasnta lipid transfer protein activity (35, 36). lntcrcsttugiy.
there was no correlation betsveen changes in triacyigivcerols
and chamiges in RDL conccntrations during suppiementutmon
with DHA (r = —0.04, P = 0.73), suggesting that DHA
affects triacylglyccrol aud HDL metaboltsm through sepa
rate mechanisms. Mucit evidcnce iudicates that n—3 fatty
acids decreasc serum triacylglycerols mainly by reducing
hepatic very-low-dcnsity-lipoproteiu (VLDL) synthesis aud
secretion (37, 38), but n—3 fatty acids inay also increasc time
catabolic rate of VLDL (39). Morcoser, il has beemt reported
that lipid trunsfer protcin activily decreased after n—3 Cilly
supplementation in humans (40), resulting in higiter HDL
cholesterol conceutrations aud more triacylglycerols re
maining in time VLDL fraction. Whether such effects can
explain the increasc in RDL cholesterol and the more pro
uounccd trtacyiglycerol-loweriug effect after DHA supple
meutation in time presetit study remaimis urtktiown.

In both groups receiving active treatmcttt therc was an in
crease in the raiio of HDL to apolipoprotein A-l. The findtug
suggests an increased surfuce to core ratio of the RDL stole
cule aud a redistribution of the RDL subciasses toward time
larger aud more favorabie HDL2 an previously reportcd (34, 40,
41). Appamently. butit mn—3 fusty acids pioduce muomc cholester
ol-rich HDL particles, DRA by increasimig lite RDL-citolesterui
couccntration and EPA by decrcasittg thc apolipoprotein A-l
cottcemmtration. In these healthy moen with nioderately liigh se
mm cholesterol coticentutions, no conviucing elIects on total
clioiesterol were seen ti either treatnsent group. although a 3%
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FIGURL I. Plot ol change in serum phospliolipid docosalicxacnoic .tcid (DHA) concelltrallon versu cIl.mge in seruni pliosphoiipid cIcoapcntdellolc
aciLl IEPA) concenlratlon in Lite DI-lA supplrmentation group (fl 72).

decrease was obscrvcd in the EPA group. This is in agreement
with resulis obtained in previous studies concluding ihat n—3
fatty acids in moderate doses do not influencc total cholesterol
concentrations (4). There was, however, a beneficial decrease
in [be ratjo of total cholesterol to HDL cholesterol in both the
EPA and DHA groups.

Supplements witlt EPA or DHA produced an ittcrease of
serum phospltolipid n—3 fatty acids at the expense of n—6 and
monounsalurated fauy acids. In the EPA group, the pcrcentage
increase in serunt phospholipid EPA (297%) was nsuch largcr
than the corresponding increase in seruns phospholipid DHA
(69%) in thc DFIA group. A previous study showed that marine
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FIGURE 2. Plot of change in seiuin phosphollpid clcosapcliiaenoic acid (EPA( concelILration versus changc in serum phosphotipid docosallexIenoic
acid (DHA) couccntralion in Lite EPA supplentcntation group (n = 75(.



EFFECTS OF NIJIVIDIJAL n—3 [ATTY ACIDS 657

oil supplernentalion produced a rapid increuse in plasma EPA
(hat sooit reached a platcau, whereas DHA concentralion in
creased slowly and progressivcly (33). One might spcculatc
that ingested EPA is more readily absorbed than DHA. Nev
erlhclcss, Ihe observed ratio of DI-lA to EPA in serum phos
pholipids at baseline exceeded Chat of dietary intake (3.8 corn

parcd with 2.5, P 0.0001).
In a metabolic study comparing ingcstion ol highly purified

DHA and EPA, the two fatty acids produced identical increases
in plasma chylomicron n —3 coneentrations. bul DRA was
rore rapidly cleared from plasma Ihan was EPA (JB Hansen.
pcrsonal communication. 1996). DRA is knosvn to accumulate
in Ihe central nervous system and in cardiac tissue, and ad
vanccd atherosclerotic plaques are enriclted with more DRA
titan EPA after dietary supplementation (42). These results
indicatc that thc two fatty acids are distributcd mo ditkrent
compartments of the body and lave differeni metabolic Se
tions. The present study supporis thc proposed pattern of in-
corporation in which DI-lA is seleetively ineorporated into
extracirculatory pools whereas EPA has priority in the circu
latory p001.

In the DRA group, lite content of both DRA and EPA
incrcased in serum phospholipids, indicating retroconver
sion of DRA to EPA. The degree of retroconversion ap
peared to be modest and may rcach a saturation poiiti
(Figure i). Sinitlar findings were rcported in ccli and antinal
studies (il, 31) as well as in humans after dielary supple
inentation with highly purified EPA aud DHA (10, 15, 6,
43). Theoretically, [be inerease of serum EPA in the DRA
group couid result from the small atnount of EPA present in
Ille DRA supplements (0.072 g/d). To examine this possi
bility, we did a regression analysis with dietary intake of
EPA as [he predictor variabie and baseline scrum phospho
lipid EPA conccntration as Ihe dependent variable (serum
phosphoiipid EPA = 46.6 + 81.5 multiplied by diciary
make: F = 0.0001). The modei prcdicted that Ille amoUnt of

estra EPA provided by Ille DRA supplement would increase
serum phospholipid EPA to 67.8 mmol/L (95% CI: 60.4,
75.2) in the DRA group. The conccntration of EPA after
DRA supplementation (77.4 mmol/L) was highcr, however,
suggesting that rctroconvcrsion of DRA to EPA bok place.
Rence, ingested DRA may serve US a reservoir for EPA.

In the EPA group, there was a substantial inerease in serum
EPA and DPA svitereas DRA deereascd. This finding suggests
that purified EPA is elongated to DPA, bul not to DRA, and
confirms previous studies in both rats and humans (10, 15, 16,
3I). It is possible that EPA dispiaces DRA froni the 2-position
in serum phospholipids. NevertheIess, DRA coneentrations
increascd rnodcstly (20%) in 14 participants in the EPA group
(Figure 2). This subgroup was cltaracterized by large increascs
in both EPA (360%) and DPA (189%) during the intervention,
Although not detectable from their dietary habit reeords, 0 may
be that these individuals increascd their fish consumptioit and
consequently their DRA concentrations inereased during inter
vention. An alternative expianation is that some DRA produc
tion takes piace when EPA and DPA coneentrations lncrease
substantially.

A recent report established that DI-tA is biosynthesized
from a—linolenic acid in hurnan infants, although lite em—

version rate rnay be inadequatc to support infant needs (44).
Thus, cv-linolenic aeid and EPA may have different nleta

bolic patltways because il scents titat humaits ire oil ca1,ablc

of synthcsizing DRA from EPA uniess the EPA concentra
tioit is high. Titis may have cltnical importance il lite pur—
pose of n—3 fatty acid supplemenlation is to increase DRA
concen tratlon.

‘l’he change in bIte ratio of 1—3 to tt—6 seruni phospho—
lipid falty :icids svas iarger in Ille EPA group titan in Ille

DRA group. The proposed beneficial eflects ol ti —3 futty
acids on cardiovascular disease lave been partly attributed
to an inereasc in Ille rabitt of n—3 to n—6 latty acids in ccli
illentbranes,resuttitlg in a shitt in eicosanoid syniltesis to—

ward a more vasodtiatory and antiaggregatory stltie (5). lit
Ihis study, Ille arachidonic acid concentration decreased

simiarly in the EPA and DRA groups. In (he DRA group,
hossever, lite ratios (ie, desaturation indexes) of the individ
ual n—6 latty acids changed more Ihan in the EI1A group.

Bearing in mmd (hat serum phospholipid fatty acids are
inlluenced by several factors, one nlight specuiate that EPA
and DRA have different effects on iver desaturation en

zymes. Apparently, EPA excrts to elfects on hver dcsatu
ration activity. suggesting tltat arachidontc acid decrcased as
a resui t o f dispiaceinent irom se ru iii phosplto li pids. In lite

DRA group liowever. the decrease in arachidontc acid con
centration may have resulted front dccreased 6 aud 5
desaturation. Titese enzymes are iniluenced by several fac—

tors inciudtng diet (45). 1—3 Fatty acids deerease A6 aud .5
desaturation in rats (46—48) and DRA in particular has been

held responsibie for redueing .6 desaturation, possibly by a

feedback mecltanism (31). The present data suggest thab
n—3 fatty acids may inlluence eicosaitoid synthesis both by
reducing arachidonie acid synthesis (DRA) and by displac
ing araehidonic acid from serum phospholipids (EPA).

In both tile EPA and DRA groups therc was a reducbion in
monoenes. TIds may repiesent a reduction in 9 desuturation

as judged by Ille ratios of 8:0 10 18:111—9 aud of 16:0 to
16:1 ti—?. Sintilar obsersatiorts were miide in rats alter supple

mentation wilit it—3 latty acids (48, 49). Rence. n—3 boy
aeids ntay aflect mentbrane structure aud lunetioii by altering

activity in 9. 6. aud 5 desaturation enzymes.
There svere no important clinieal or biochemical side effects

during 257 man-montlts (itumber ol men taking lite suppIc

ments tintes the number of ntonths lite supplements werc

consunled) of dietary suppiementation svith higltly purilied
ethyl esters of EPA or DRA, aithough. transient beiciting with
a taste of fLsh oil was experienced frcquently. Consequeittly.

participanLs knesv they were ingesting all n—3 fatty acid but not
whether li was EPA or DRA. Tids points to a blinding problem
iii eontroiled studies wilii n—3 fatty acids. Compliance was
slightly poorer andi side effeets a litde more lrequent in Ille

DRA group.
We conelude that both DI-tA aitd EPA losver seruni triacyl

glycerol concentratioit, bul have differential effecLs on iipopro
(ein and fatty acid nletahohsm in humans. The present data
suggest tii:ib eifeets of individual n—3 fatty acids shouid be
takeit intet coitsideration whcn interpreting the elleeis of n—3

fatty acid supplettlentation. fl
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Effects of highly purified eicosapentaenoic acid and
docosahexaenoic acid on hemodynamics in humans1-3

Sanieline Grimsgaard, Kaare H BØnaa, John-Bjarne Hansen, and Eivind SP Myhre

ABSTRACT The hemodynamic effects of highly purified
eicosapentaenoic acid (EPA, 20:5n—3) and docosahexaenoic
acid (DI-lA, 22:6n—3) have not been evaluated in humans. We
therefore conducted a randomized, double-blind, parallel-design
interventjon study to assess possible separate effects of EPA and
DHA on blood pressure, heart rate, and cardiac mechanics.
Healthy, nonsmoking men aged 36—56 y (n = 224) were rart
domly assigned to dietary supplementation with 4 g/d of ethyl
ester concentrates of DHA or EPA or 4 g com oil/d (control).

Mean blood pressure at baseline was 122/77 mm Hg and was

positively associated with concentrations of serum phospholipid

saturated fatty acids. Blood pressure did not change during the

intervention. Mean heart rate at baseline was 63.4 beats/min; it

decreased 2.2 beats/min in the DHA group (P = 0.006 compared

with control), increased 1.9 beass/min in the EPA group

(P = 0.04 compared with control), and remained practically
unchanged in the control group. In a pooled analysis, changes in

heart raSe were independent of baseline heart rate and were asso
ciated with changes in concentrations of serum phospholipid

DHA and docosapentaenoic acid (22:5n —3). Echocardiography
in a subsample of 52 men showed improved left ventricular dias

tolic fihling in the marine oil groups compared with the corn oil

group (P = 0.02). In contrast. an increase in plasma concentra

tions of saturated fatty acids was associated with delayed dias

tolic fihling. We conclude that dietary DHA and EPA influence

heart rate and that the fatty acid composition of plasma phos

pholipids may affect cardiac rnechanics in humans. Arn J
Clin Nutr 1998;68:52—9.

KEV WORDS Eicosapentaenoic acid, EPA, docosa

hexaenoic acid, DHA. phospholipids, heart raSe, blood pressure,

echocardiography. chinical trials, humans, saturated falty acids,

n—3 fatty acids, marine oil

INTRODUCTION

Dietary supplementation with n—3 polyunsaturated fatty

acids of marine origin is reported to exert a wide range of bio

logical effects of relevance to cardiovascular disease. The pro

tective effects of these fatty acids include the ability to lower

seruni triacylglycerols and decrease the abihity of platelets to

aggregate (1, 2). The effects of marine ojis on hemodynamics
are less clear. Several reports indicate that marine oils may

lower blood pressure in subjects withi hypercholesterolemia

and in patients with essential hypertension (3); however, Ihese
findings are not corroborated by otber investigators (4).
Marine oils have been reported to Jower resting heari rate (5),
to reduce ventricular extrasystoles in humans (6), and to possi
bly prevent ventricular fibrillation (7). Incorporation of dietary
fat into cell membranes may aker the physiochemical proper
ties of the membrane and Wereby influence vascular sone (8)
and myocardial relaxation (9). Dietary saturated fat lowered
the left ventricular ejection fraction in nonhuman primates,
whereas marine oils increased the left ventricular ejection frac

tion by enhaneing ventricular fihling (9). Whether n—3 fatty

acids modify cardiac function and diastolic fihling in healthy
humans has to our knowledge not been examined.

Docosahexaenoic acid (DHA, 22:6n—3) and eicosapen

taenoic acid (EPA, 20:5n—3) are considered to be the biologi

cally active fatty acids in marine oils. The amount and propor

tion of DHA and EPA in different marine sources vary

considerably. Earlier studies of hemodynamic effects of n—3
fatty acids in humans used oils differing both in total dose and
in relative content of DHA and EPA. Animal studies have
shown that DHA and EPA accumulate in different compart

ments in ihe body and may be metabolized differently and have

different functions (10). Studies in rats indicate thst DHA,

whjch in contrast with EPA normally accumulates in mam

malian heart cells, preventa ischemia-induced arrhythmias

more effectively than EPA (Il). Is is unknown whether some of

the inconsistent findings on hemodynamic effects of marine

oils in humans are due to separate effects of DHA and EPA.
We therefore designed a randomized, controlled interven

tion trial to extend previous findings by comparing the effects

of dietary supplements containing highly purified DHA and

EPA on cardiovascular function. We also examined the rela

tions between blood pressure, heart rate, left ventricular

mechanics, and concentrations of serum phospholipid fatty

acids.
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SUBJECTS AND METHODS

Subjects and study design

The subjects and experimental design were described in detail
previously (12). In 1993 we recruited 234 nonsmoking, healthy
men aged 36—56 y from a population study. The men met the fol
lowing criteria at 2 visits during a 4-mo observation period:
mean systolic blood pressure <170 mm Hg, mean diastolic blood
preasure <100 mm Hg, and the difference between the diastolic
blood pressures measured on the 2 visits < 15 mm Hg. The study
was approved by the regional board of research ethics and each
subject gave his written, informed consent.

The study was a double-blind, placebo-controlled intervention
trial performed according to Good Clinical Trial Practice
requlrements (13). At baseline, computer-generated random
numbers were used to assign subjects to dietary suppiementation
with 4 g 90% pure ethyl ester DHA/d, 4 g 95% pure ethyl ester
EPA/d, or 4 g com oil/d (control) for 7 wk. The supplements
were adminiatered in indistinguiahable soft gelatin capsules that
each contained 1 g oil and 4—6 IU vitamin E as the antioxidant
(Pronova Biocare A/S, Oslo). Each subject was asked to ingest 4
capsules daily. In comparison, 500 g fatty fish contains 3.4 g
EPA and 5 g DHA (14).

Blood pressure and echocardiographic measurements

Participants were examined after an ovemight fast on 2 sepa
rate occasions within an interval of 3—5 d both at baseline and
after 7 wk of supplementation. A trained assistant measured
blood pressure and heart rate with an automatic instrument
(Dinamap: Critikort, Tampa, FL) as described previously (15).
The instrument nieasured pressure by the oscillometric method
and calculated the mean arterial pressure automatically as the
area under the pressure wave form divided by the time during
which Ute ares was measured (16). Heart rate was derived from
the median pulse-to-pulse interval during the time that blood
pressure was measured (17). After the subjects had been seated
for 5 min, 3 recordings were made at 2-min intervals. The mean
of the 2 final recordings was used in the anatyses. Calibration of
the instrument before and after the study showed that there was
no drift during the atudy period.

M-mode echocardiograptiy was used ss a noninvasive tool to
measure lett ventrjcular function at baseline and at the end of
intervention. One blinded investigator (ESPM) studied 20 ran
domly selected subjects in each intervention group. With the
subject in a supine, left lateral position, a transverse section of
the left ventricle was obtained at the levd of the tips of the
mitral vatves (Figure 1). End diastole was defined at the instard
of the peak R wave in a simultaneously obtained electrocardio
gram. End systole was defined at the instant of the maximum
posterior position of the inlerventricular seprum. End of early
diastolie filling was defined at the instant of thc end of early fast
posterior movement of the posterior wall. The following van
ables were obtained as the mean of 10 consecutive recordings:
left ventricular transverse end-dias(olic diameter (LVEDD); left
ventricular transverse end-systolic diameter (LVESD): frac
tional shortening (FS), defined as [(LVEDD —

LVESD)/LVEDD] X 100: left ventricular transverse diameter at
the end of fast expansion (LVEFED); and ractional early
expansion (FEE), defined as [(LVEFED — LVED)/(LVEDD —

LVESD)] x 100. Lett ventnicular mass was c’culated from a
spheroid model by using 4/3rrrt.

LVS

____________ _____

a b: c:

LVPW

___________ _____

FIGURE 1. An ultrasonic M-mode recording of the lett ventricie at the
levet of Ute mitral valve tips, showing Ute movements ol the left ventricu
lar septum (LVS) and lett ventnicutar postenior watt (LVPW) duning the
cardiac cycle. ECG. electrocardiogram; a, left ventnicular end-diastolic
diameter (LVEDD); b. lett ventnicular end-systolic diameter (LVESD):
c, lett ventricular diameter at ihe end ol fast expanslon (LVEFED.

Clinical and laboratory measurements

Diets were assessed by a certified clinical nutritionist using
the diet history method ss descnbed previously (12). Body mass
index (BMI) was calculated ss body wcight divided by the
square of the height (kg/mt). We assessed physical activity
(sedenta’, moderate, or active) with a questionnairc at baseline
and at the end of the intervention.

The collection and preparation of btood samples have been
described in detail (12). Btood samples were analyzed after thc
completton of Ute intervention and before the randomization
code was broken. Fatty acids in serum phospholtpids were meas
ured by gas-liquid chromatography as described previously (12).
Serum total cholesterol and tniacylglycerol wcre analyzed by
enzymatic colonimetnic methods with commerciat kits (CHOD.
PAP for cholesterol and GPO-PAP for triacytglycerols;
Boehringer Mannheim, Mannheim, Germany). HDL cholesterol
was measured after precipitation of the LDLs with heparin and
manganese chloride. Serunt lipids and serum creatinine, sodium.
and potassium were analyzed on a Hjtachi 737 Automatic Ana
lyzer (Boehringer Mannheim) with reagents from the manufac
turer. Plasma active renin was measured quantitatively by
immurtoradiometric assay (Nichols lnstitute By, Wijchen,
Netherlands) with reagenta from Ute manufacturer.

Statistical analysis

The pnmary endpoint was a change in diastolic blood pres
sure between the beginning (baseline) and Ihe encl of the 7-wk
intervention trist. The study was designed to detcct a differcnce
of 3 mm Hg in diastolic blood pressurc at a two-sided levet of
significance of 0.05, with a power of 0.90. Blood prcssure and
heart rate at baseline and at the end of the intervention were cat
culated ss the average of Ute values obtained on 2 separate occa
sions within an interval of 3—5 d. All variables were nomsslly
dtstributcd except basetine serum phosphotipid EPA. LoS trans
formation norenaljeed the distnibution of EPA bul did not influ
ence the analyses; hence. untransformed data were used.
Because of missing values, analyses of plasma acttve renin; all
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fatty acids; and serum creatinine, sodium, and potassium were
based on 216, 219, and 222 subjects, respectively. Change was
calculated as the value obtained after the intervention minus the
value obtained at baseline. Percentage change was calculated as

the groupwise percentage change from baseline. One-sample

i tests were used to assess within-group change. Results were

considered statistically significant when Ihe two-sided P value

was <0.05. One-way analysis of variance was used for between

group comparisons of change by contrasting group in the SAS

general linear models procedure when the overall F Lest was

significant at P <0.05 (18).
We did not adjust for multiple comparisons (19) and thus

caution should be applied when interpreting P values in the

present study because 3 contrasts were tested. Whcn Tukey’s

multiple comparison procedure was used (20), the 95% CI
included the null value of no effect for those contrasts for which

Ihe unadjusted P value was >0.03. In subgroup analyses, two

sample t tests were used to compare change in the marine oil

groups (pooled) with change in the corn oil group. Linear rela

Lions were examined by computing crude and adjusted Pearson

correlation coefficients and by developing multiple linear

regression models.

RESULTS

Three of the 234 men who were randomly assigned to a study

group did not complete the study. Seven men were excluded

because of either renal disease (n = I), poor compliance with the

study protocol (n = 1), initiation of a vasoactive drug (n = 1).

cancer surgery (n = 1), or change in levd of physical activity

during the intervention (n = 3), thus leaving 224 men for the

present analysis. Tbe DHA, EPA, and corn oil groups were well

balanced at baseline (Table 1) (12). Compliance was satisfac

tory: the subjects in each of the 3 groups took> 90% of the pre

scribed nusnber of capsules. There were no important side

effects.
In the DHA group, mean serum phospholipid DHA and EPA

concentrations increased by 69% and 29%, respectively, whereas

docosapentaenoic acid (DPA, 22:5n—3) decreased by 33%. In

the EPA group, mean serum EPA and DPA concentrations

increased by 297% and 130%, respectively, whereas serum DRA

decreased by 15%. We reported previously that in both the DRA

and EPA groups. serum n—3 fatty acid concentrations increased

at the expense of saturated, monounsaturated, and n—6 fatly acid

concentrations (12).
There were minor changes in concentrations of serum sodium,

whereas creatinine, potassium, and plasma active renin concentra

tions did not change dunng supplementation with DRA, EPA, or

rom oil (Table 2). Baseline plasma active renin concentrations wcre

inversely correlated with baseline systolic (r = —0.24, P = 0.0004)

and diastolic (r = —0.18, P = 0.006) blood pressure, whereas serum

total cholesterol concentrations were positively correlated with base

line systolic (r = 0.22, P = 0.001) and diastolic (r = 0.34, P = 0.0001)

blood pressure (pooled analysis of all participants).

Effect uf marine oil supplementation on blood pressure and

heart rate

Systolic and diastolic blood pressure did not change in any

treatment group during the intervention (Table 2). Neither were

there changes in blood pressure in subgroup analyses when the

participanls were stratified according to baseline values for sys

TABLE I
Basetine characteristics of subjects randornly assigned to dietary supple

mentation with docosaJexaenoic acid (DHA), cicosapentaenolc acid

(EPA), or corn oil’

DRA EPA Com oil
Churacteristic (n = 72) Ot = 75) (n = 77)

Age (y) 43.2 ± 5.1 44.3 ± 5.2 45.1 ± 5.6

BMI (kgJm2) 24.9 ± 2.6 25.6 ± 2.9 24.6 ± 2.7

Serum lipids (mmol/L)

Total cholesterol 6.00 ± 0.95 5.98 ± 0.94 6.02 ± 1.08

HDL cholesterol 1.36 ± 0.30 1.33 ± 0.31 1.41 ± 0.28

Triacylglycerols 1.24 ± 0.58 1.23 ± 0.57 1.22 ± 0.55

Diet (daily int.ake)
Energy (kl) 10370 ± 2561 10223 ± 2170 10877 ± 2455

Fat (% of energy) 29.0 ± 5.7 30.0 ± 4.6 29.7 ± 5.6
Saturated fat (g) 33.6 ± 12.4 34.3 ± 10.9 35.4 ± 11.4

P:S 0.40±0.15 0.39±0.13 0.40±0.13

EPA (g) 0.18 ± 0.20 0.19 ± 0.18 0.19 ± 0.21

DRA (g) 0.34 ± 0.32 0.35 ± 0.28 0.36 ± 0.32

Sodium (tog) 3497 ± 913 3501 ± 772 3679 ± 968

Serum phospholipid

tatty acids (p.mol/L)

Sum of fatty acids 4090 ± 676 4106 ± 592 4257 ± 708

Saturatedfattyacids 2131±310 2119±300 2192±380

EPA 59.8 ± 53.7 61.4 ± 41.0 64.0 ± 40.3

DRA 185 ±88 184±65 203± 69
‘ f ± SD. P:S, ratio of polyunsaturated to saturated fatty acids.

tolic blood pressure, diastolic blood pressure, plasma active renin,

serum cholesterol, serum saturated fatty acids, serum n—3 fatty

acids. dietary intake of saturated fat, or dietary intake of salt (data

not shown).
Heart rate decreased by 2.2 ± 4.6 beats/min in the DRA

group, increased by 1.9 ± 5.1 beate/min in the EPA group. and

remsined practically unchanged in the corn oil group (Table 2).

The change in the DHA group was significantly different from

that in the EPA and rom oil groups (DHA compared with EPA,

P = 0.0001; DHA compared with rom oil, P = 0.006; EPA com

pared wilh corn oil, P = 0.04). The predictors of bsseline heart

rate were analyzed in a multiple regression model that included

baseline blood pressure and baseline concentrations of phos

pholipid fatty acids. Baseline heart rate was associated with

baseline diastolic blood pressure (3 = 0.38, P = 0.0001) and

baseline DRA (3 = —0.02, P = 0.002; adjusted model R2 = 0.12,

P = 0.0001). The model predicted a reduction in heart rate of 2.6

beats/snin (95% CI: —4.4, —0.8 beats/min) if diastolic blood

pressure increased by 0.74 mm Hg and serum phospholipid

DRA increased by 128 imolfL (the mean changes in diastolic

blood pressure and serum phospholipid DHA in the DRA

group). This predicted value was similar to the observed reduc

tion in heart rate during supplementation with DHA (Table 2).

Compared with that in the contro] group. heart Tale in the DHA

group decreased and that in the EPA group increased across all

values of baseline hesrt rate (Figure 2). The slopes of the

changes in the DRA and EPA groups were parallel and nonco

incident when tested in multiple regression analysis (20), mdi

cating that EPA and DRA have different effects on change in

heart rate mndependent of baseline heart rate. In pooled analyses

of all subjects, change in heart Tale was inversely correlated

with change in serum phospholipid DRA (r —0.25, P =

0.0002) and positively correlated with DPA (r = 0.26. P =

0.000 1), but was not correlated with change in EPA.
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Systolic BP (mm Hg)
tJiastolic BP (mm Fig)
Mean afleriai EP (mm Hg)
Heart rate (beats/min)
Creatinine (imolJL)
Sodium (mmol/L)
Potassium (mntol/L)
Plasma active renin (mlJ/L)

‘? ± SD. BP, blood pressure.
2ANOVA for between-group compaiisons of change.
347SignigcantIy different from baseline (one-sample t test): 3P <0.05, P <0.001, 7P <0.01.

Signilicantly different from EPA, P = 0.0001.
6Significantly different from com oil: 6P = 0.006, 8P = 0.04, 9P = 0.009.

Effect of marine oil supplementation on left ventricular
function

Echocardiography was performed in a random subsample and
(ho analysis suffered from lack of slatistical power. Two of 60
men undergoing echocardiography dropped out of the study dur
ing the intervention. Six men were excludcd because high-quality
echocardiographic measurements could not be obtained
(n = 4) or because they changed their levd of physical activity
during Ihe intervention (n = 2), leaving 52 men in the analysia.
Loft ventricular dimensions as measured by LVEDD, LVESD,
LVEFED, and FEE tended to increase after supplementation
with DHA and EPA (Table 3). Because the effects of DHA and
EPA were similar, we pooled the data from the DHA and EPA
groups. Changes in LVEFED (Figure 3) and FEE (Figure 4)
were significanhly different from changes in Ihe com oil group
(P = 0.02 and P = 0.03, rcspectively). indicating improved early
left ventricular filling after marine oil supplementation.

Serum phospholipid fatty acids and left ventricular function

In a pooled analysis of all men undergoing echocardiography,
Ihere was a strong inverse association between change in
LVEDD, LVESD, aud LVEFED and change in serum saturated
fatty acida (r = —0.36, r = —0.38, and r = —0.41, respeciively;

[il all P <0.01; Table 4). The association was strongest for change in
serum phospholipid palmitic acid (16:0) (r = —0.45, P = 0.0008,
Figure 5). The relation between plasma fatly acids and left ven
tricular function was independent of changes in blood pressure,
heart rate, blood hpids, serum n—3 fatty acids, and the ratio of
polyunsaturated to saturated fatty acids (data not shown).

Serum phospholipid fatty acids aud blood pressure at
baaeline

Mean baseline fatty acid conceritrations were reporled previ
ously (12). Fatty acids of all main classes were positively corre
lated with blood pressure in univariate and age-adjusted analyses
(Table 5). The associalions between saturated and monounsatu
rated fatty acids and systolic blood pressure were not significant
after adjustment for BMI. Adjuatment for serum tolal cholesterol
weakened the association between salurated fatty acids and dias
tolic blood pressure (data not shown). In multiple regression
analysis, thc statiatically significant predictors of systolic blood

pressure were BMI. physical activity, plasma activc renin.
a-linolenic acid (18:3n—3), and DPA (adjusted model R2 = 0.33,
P = 0.0001), whereas diastolic blood pressure was predicted by
BMI, physical activity, serum total cholesterol, and DPA
(adjusted model R’ = 0.28, P = 0.0001). There were 00 statisti
cally significant associations between serum falty acids atid
heart tale in univariate or age-adjusted analyses.

DISCUSSION

This sludy ahowed that the fatty acid composition of serum

phospholipida can affect heart rate and possibly loft ventncular
diastolic function in humans. Several lines of evidence support a
causal relation between increased dietary intake of DHA and
decreased heart rate. First. we compared the effects of purified
DHA and EPA in a randomized, double-blind intervention trial.
Although sufficient blinding is a problem in dietary supplemen
tation trials with n—3 fatty acids, the participartts in the prosent
study were unable to discriminate betwcen the DHA and EPA

TABLE 2
Blood pressure; heart tale; serum conccntratlons of creatinine, sodium and potassium; aud concentrations of plasma acave renin at baseline aud change
after 7 wk ofsupplementation with docosahexaenoic acid (DHA), eicosapcntaenoic acid (EPA), or com oil’

DHA EPA Com oil
(n = 72) (n = 75) (n = 77) F lest:

Vanable Baseline Change Basehne Change Baseline Change

121.3 ± 9.3 0.5 ± 5.4 123.2 ± 9.8 —0.5 i 5.7 122.2 ± 10.8 0.7 ± 4.8 0.4
76.1 ±6.9 0.7±4.6 78.1 ±7.3 0.5±4.2 76.9±8.0 1.1 ±3.9 0.7
90.6 ± 7.3 1.2 ± 5.9 2.9 ± 8.0 0.4 ± 4.8 91.8 ± 9.1 0.8 ± 4.3 0.6
63.1 ± 8.3 —2.2 ± 4.6’ 63.7 ± 7.6 1.9 ± 5.178 63.5 ± 8.8 0.2 ± 6.1 0.0001
90.4 ± 10.5 1.1 ± 5.4 89.4 ± 10.4 0.0 ± 5.0 86.6 ± 9.7 1.8 ± 538 0.10

142.3 ± 1.7 —0.4 ± 141.9 ± 1.5 0.5 ± j37.9 141.6 ± 1.6 —0.1 ± 1.3 0.0003
4.5 ± 0.3 0.0 ± 0.4 4.5 ± 0.3 0.0 ± 0.3 4.5 ± 0.3 0.0 ± 0.3 0.9

27.4 i 16.8 1.6 ± 9.3 24.7 ± 9.8 0.3 i 8.2 25.3 i 11.1 —0.3 i 8.0 0.4
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FIGURE 2. Change in heart rate aller 7 wk of dietary sctpplcmenta

liort withdocosahexaenoic acid (DHA; n = 72), clcosapentaenoic icid
(EPA; n = 75), or corn oil (control; tu = 77), according to baseline heart
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TABLE 3
Left ventricular dimensions at baseline and change after 7 wk of supplementation with docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA), or

coxn oil’

DHA EPA Corn oil

(n 16) (n = 18) (n = 18) F Lest:

Variable Baseline Change Baseline Change Baseline Change

LVEDD (cm) 5.67 i 0.51 0.13 i 0.68 5.34 i 0.74 0.24 i 0.86 5.81 i 0.81 —0.19 ± 1.01 0.3

LVESD (cm) 3.32 ± 0.29 0.11 ± 0.35 3.16 ± 0.57 0.10 ± 0.51 3.51 ± 0.56 —0.19 ± 0.68 0.2

FS (%) 41.3 ±4.4 —0.5 ±4.6 40.6 ± 5.7 1.1±4.8 39.7 ±4.3 1.1 ±4.1 0.5

LVEFED (cm) 4.98 ± 0.37 0.26 ± 0.56 4.75 ± 0.73 0.31 ± 0.76 5.31 ± 0.64 —0.22 ± 0.81 0.06

ÆE (%) 71.3 ± 9.7 5.3 ± 10.8 72.5 ± 10.6 4.8 ± 10.5 78.9 ± 9.5 —2.9 ± 13.9 0.08

LVmass(g) 238±56 20±55 205±94 43±109 264±91 —15±117 0.2

‘ ± SI]. LVEDD, left ventricular transverse end-diastolic diameten LVESD. left vennicular transverse cnd-systolic diameter; FS, fractjonal shorsening;

LVEFEL), left ventricular transverse diameter at thc end of fast expansion; FEB, fractional early expansion; LV mass, left ventricular mass.
Z ANOVA for between-group comparisons of change.

supplements. Next, the difference between change in the DHA

group and that in the EPA and corn oil groups was highly signi

ficant (Table 2), which reduces Ihe possibilily of a chance find

ing. Third, the effect was consistent across baseline heart rate

values (Figure 2) aud, finally. the change in heart rate was cor

related with change in serum phospholipid OHA in a pooled

analysis of all participanta. Whether the increase in heart rate in

the EPA group was due to EPA, DPA, or a relative deficit of

DHA remains unknown.
A decrease in heart rate after marine oil supplementalion has

been observed both in animals (7, 9, 21) aud in humans (5, 22).

Free DHA and EPA reduced both contraction rate and fibrillation

aller arrhythmogenic stimuli in neonatal rat cardiac myocytes

(23). Reduced electrical excitability by inhibition of myocyle

voltage-gated sodium channels han been suggested as the pri

mary underlying mechanism. Marine oils reduced the suscepti

bility to ischemia-induced and reperfusion-induced anhythmias

in animal feeding studies (7, 24, 25). In humans, dietary marine

oils reduced the incidence of ventricular premature complexes

(6) ancl increased electrocardiogram R-R variability (26), mdi-

cating possible antiarrhythmic effects. Dietary intake of DHA
md EPA from seafood was associated with a reduced risk of pri

mary cardiac arrest in a population-based case-conlrol study

(27). Finally, 2 secondary prevention trials of myocardial infarc

tion survivors hypothesized that high intakes of fish (28) and

cz-linolenic acid (18:3n—3) (29) reduce the incidence of fatal

cardiac arrhythmias. DHA may be more effective Ihan EPA in

preventing ischemia-induced arrhythmia in rats (11). On Lite

basis of our data, we ran speculale that DHA is responsible for

tite postulated antiarrhythmic effect of n—3 fatty acids.

Early leI] ventricular diastolic filling is mainly duc to lite

myocardial relaxation rate and elastic recoil, aud a delaycd fall of

intraventricular pressure in Lite diastole is an early sign of left ven

tricular ischemia aud hypertrophy (30). The present sludy suggests

that highly unsaturated n—3 fatty acids irnprove early left ventric

ular diastolic filling. In contrast, an increase in serum saturated

fatty acids was associated with delayed diastolic fiuing. Our Bud

ings are supported by results obtained in human cardiac transplant

patienta showing that dietary marine oils improved left ventncular

diastolic function, as measured by reduced deceleration time (31).

FIGURE 3. Change in left ventricular transverse diameter at Lise end

of fast expansion (LVEFED) after 7 wk of dietary supplementation with

docosahexaeisoic acid (DHA). eicosapentaenoic acid (EPA), ur corst oil

(control). Bar with solid circle denoles lite mest, valur and 95% CI for

pooled analysis of Lise DHA aud EPA groups. Bar with open square

denotes lite mean valuc aud 95% Cl for Ihe cons oil group. DHA aud

EPA groups (pooled mean) were significantly different from Lise rom oil

group, P = 0.02.

LIHA EPA Control
FIGURE 4. Change in left ventricular fractional early espansion

(FEB) afler 7 wk of dieta,-y supplementation with docosahexaenoic acid

(DI-lA). eicosaprntaenoic acid (EPA). or corn oil (control). Bar wilh

solid circle dentes Lise mean value and 95% CI for pooled analysis of

Lise DHA aud EF \ groups. Bar with open square denotes Lise mean value
aud 95% Cl for e comn oil group. DHA aud EPA groups (pooled mean)

were significantly different from the com oil groiap, P = 0.03.
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Similarly, marmosets fed diets enriched in n—3 and n—6 fatty
acids had increased left ventricular ejection fractions due to
enhanced diastolic fihling compared with marmosets fed a satu
rated fat diet (9). Taken together, these data support the hypothe
sis thal dietary patteros can affect left ventricular diaatolic fihling
by modifying the fatty acid composition of phospholipids in
plasma and ccli membranes. We observed that saturaled fatty acids
were associated with changes in left ventricular fihling indepen
dent of changes in heart rate. Hence, the underlying mechanism or
mechanisms may be other than those responsible for the changes
in heart rate. The fatty acid composition of ccli membranes may
affect heart function by modifying mernbrane fluidity and elastic
properties of myocardial ceils. It ja also possible that saturated
fatty acids and n—3 fatty acids affect diastolie function through
separate meehaniams. Nitrogen monoxide haa been found to influ
ence left ventricular relaxation (32), and n—3 fatty acida may
influence nitrogen monoxide release (33).

Neither DFIA nor EPA lowered blood pressure in Ihis group of

flormotensive men. This is in accordance with recent meta-analyses
that concluded that marine nils in relatively high doses deerease
blood pressure in persons with hypertension or cardiovascular dis
ease (3, 34). Salt reatnction augmenled the decrease in blood pres
sure observed in hypertensive humans after marine oil supplemen
tation (35) and it has been suggested that marine oila affect
hypertension when it is mediated through increased activity in the
renin-angiotenain system (36). It is alao possible that long-term
effects of n—3 fatty acids depend on both the arnount and type of
other fatt consumed. However, in Ihe present 7-wk study, we found
no effect modification by values for blood pressure, serum choles
terol, plasma active renin. serum concerttrations of aaturated fatty
acids, serum concentrations of n—3 fatty acids, or dietary intake of
salt nr fat. The study participants were a homogenus group, which
may limit the possibility of delecting effect mod’ cation.

At baseline, both syslolic and diastolic blo.’l pressure were
posilively associated with concentrations of serum phospholipid

DPA, whereas there was no association between EPA nr DI-lA
and blood preasure. A previous study in mildly hypertensive
humans found a negative association between plasma EPA and
blood pressure (37). Absorption or metabolism of n—3 fatty
acids may differ between normotensive and hypertensive per

sons. A potential source of bias in crosa-sectional studies is a

change in behavior and dietary habita cauaed by the awareness of
high blood pressure and lise recent focus on the potential cardio

protective effects of marine nils.

We observed a atrong positive association between baseline

concentrations of saturated fatty acids in serum end blood pres.
sure. A positive relation between dietary intake of saturated fat

3.

2.

.3

Change in patmitic acid (imolIL)

FIGURE 5. Relanon between change in left ventricular transverse
diameter at the end of fast expansion (LVEFED) and change in serum
phospholipid palmitic acid (16:0) conccntrations during 7 wk of supple
mentasion with docosahexaenoic acid (DHA), eicosapentaenoic aud
(EPA), or corn oil (control). ‘lite lines represent the regression line
(solid) with 95% Ct (broken lines) for [be poolcd analysis of all subjects.

TABLE 4
Mean change in phospholipid fatty acid concentrations and correlations between change in fatty acicl concentrations utad chasge in lett ventricular dimen
sions after dietary supplementation with docosahexaenoic acid, eicosapentaenoic acid. or com oil’

Change in fatty acid Pearsos corretation coefficients
Fatty acid concentration LVEDD LVESD FS LVEFED FEE LV mass

,wnoIIL

Saturated fatty acids’ —8.43 ± 2l5 —0.36 —0.38 0.09 0.41” —0.09 —0.3l
16:0 —4.21 ± 144 —0.38 —0.42 0.14 —0.45 —0,13 0.33

Monounsaturated fatty acids7 —30.1 ± 89.9 —0.24 —0.21 —0.09 —0.30 —0.18 —0.19
Polyunsaturaled fatty acids8 —23.0± 191 —0.07 —0.tl 0.08 —0.16 —0.24 —0.10

n—6 fatty acids’ —129 ± 219 —0.16 —0.21 0.08 —0.27 —0.28’ —0.23
n—3 fatty acids’° 108 ± 128 0.18 0.20 —0.02 0.24 0.13 0.24

All fatty acids —54.8 ± 432 —0.26 —0.29 0.08 —0.33 —0.18 —0.24

ti = 52. except saturated fatty acids utad all fatty acids, for which ti = 51. LVEDD, left ventricular transverse esd’diastolic diameter; LVESD, left ven
tricular transverse end-systolic diameter; FS, fractional shortening; LVEFED, lett ventricular transverse diameter at the end of fast expansion; FEE, frac
tional early expansion; LV mass, left ventricular mass.

Saturated fatty acids include 16:0, 18:0, 20:0. 22:0, and 24:0.
SI).

4P <0.01.
5P <0.05.
SP < 0.00t.
‘Monounsaturated fatty acids include 16:1, 18:1, 20:1, 22:1. and 24:1.
tPolyunsaturated fatty acids include 20:2, 18:2, 20:3, 20:4, 22:4, 18:3, 20:5, 22:5, and 22:6.
tn—6 fatty acids include 18:2, 20:3, 20:4, and 22:4.
‘°n—3 fatty acids include 18:3, 20:5, 22:5, and 22:6.
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TABLE 5
Correlations between serum ptsospholipid fatty acid concentrations (pmol/L) and blood pressure at baseline1

Systolic blood pressure l3iastolic btood pressure

Fatly acid fl3 8W I’ TV jjj4

Saturated fatty acids 0.22 0.206 0.07 0.336 0.336 0.246

Monounsaturaed fatty acids O.19 0.20 0.08 0.296 0.316 0.236

Polyunsaturated fatsy acids 0.15v 0.16v 0.l5 0.266 0.286 0.286

n—6 fatty acicls 0.13 0.i5 0.13 0.21 0.236

n—3 fattyacids 0.10 0.10 0.10 0.22 0.236 0.246

o-Linolenic acid O.20 0.22 0.19 0.17 0.20 0.16v

Eicosapentaenoic acid 0.05 0.04 0.04 0.14v 0.12 0.13

Docosapentaenoic acid 0.206 0.21 0.206 0.316 0.346 0.336

Docosahexaenoic acid 0.09 0.10 0.10 0.22 0.236 0.246

All fatty acids 0.2V 0.2l 0.11 0.336 0.346 0.286

‘Values are Pearson correlation coefflcients. See footnotes to Table 4 for individual fatty acids within fatty aciti famiies.

2Age adjusted cone1ation coefficients (n = 219—224).

3Correlation coefficients adjusted for age and leve! of physical activity (n = 213—218).

Correlation coefflcients adjusted for age, levet of physical activity, aud body mass mdcx (n = 213—218).

5P <0.01.
6P <0.001.
P<o.05.

and blood pressure has been shown in population studies

(38—40), whereas the relation between saturated fatty acids in

blood and blood pressure is less clear (41, 42). Saturated fatty
acids may influence blood pressure through direct effects on the

vascular system or through lise actions of cholestero! as an inter

mediate promoting atherosclerosis and vascular stiffness. In a

dietary interventiort trial, blood pressure decreased significantly

after an 8-wk diet low in both total fat aud saturated fat, thereby

suggesting a direct effect of saturated fat on blood pressure (43).

The present study provides evidence for a relation between

concentrations of serum fatty acids and hemodynamics in

humans. EPA and DHA supplementation had differential effects

on resting heart rate, and further studies shoald examine whether

the lwo n—3 fatty acicls influence the susceptibility to cardiac

arrhythmias differently. A short-term increase in dietary EPA or

DHA does not affect blood pressure in norrnotensive subjects,

bul may improve left ventricular function and Ihereby contribute

to lise postulated cardioprotective effects of marine oils. [3
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Plasma Saturated and Linoleic Fatty Acids Are
Independently Associated With Blood Pressure

- Sameline Grimsgaard, Kaare H. BØnaa, Bjarne K. Jacobsen, Kristian S. Bjervc

Abslracl—The role of individual fatty acids in blood pressure regulation is unclear. We studicd the cross-scctional

relationship of blood pressurc, total plasma phospholipid fatty acid concentrations, and proportions of individual fatty

acids among participants in a population study. Blood pressurc was measured automatically, and plasma phospholipid

fatty acids wcre dctermined by gas-]iquid chromatography in 4033 healthy men 40 to 42 years old. Significant positive

linear associations existed bctwccn total fatty acids and saturated falty acids and blood prcssurc, whereas polyunsatu

rated linoleic acid was inversely associated with blood pressure. In multiple regression analyses, a 2-SD inerease in total

fatty acids was associated with an increase of 6.0(95% Cl, 5.1 to 6.8) mm Hg systolie blood pressure. A 2-SD increasc

in saturated palmitic acid was associated with 1.4 (95% CI, 0.5 to 2.3) mm 1-Ig increase in systolic blood pressure. In

contrast, a 2-SD increase in polyunsaturaled linoleic acid was associated wftb a 1.9 (95% CI, 1.0 to 2.8) mm Hg decrease

in systolic blood pressure. Wc conelude that plasma levels of total fatty acids, saturated fatty acids, and polyunsaturaled

linoleie acid are independently associated with blood prcssure. The present study supports the hypotbesis Ihat Ihe

composition of dietary fat influcnces blood pressure. (Hypertension. 1999;34:478-483.)

Key Words: fauy aeids i blood pressure. human

Tbe relationship betwcen dielaiy fats and blood pressure is

controversial. Systolie blood pressure was posilively

correlatcd with dietary saturated fat in ecological data.’

Observational studies that indicate Ihat dietary saturated fat is

positively associated with blood pressure2-4and polyunsatu

rated fat and the polyunsaturated)saturatcd fat (P/S) ratio are

inversely associated with blood prcssure2contradict reporls

tbat found no such associations.67

Blood levels of fatty aeids may be used to examine the

relationship betwecn individual fatty acids and blood pres

surc. Thcre are reports of positive associations betwcen blood

pressure and blood levels of saturated and monounsaturated

fatty acids,8-’° whcrcas polyunsaturated fatty acids have been

both positively and inversely associatcd with blood prcs

sure.6-’° Most previous studies included selected study

groups9.’° or few subjects.8.’° On the basis of expcrimental

data in animals and humans, I review found that n-6

polyunsaturated fatty acids decrease blood pressure in hypcr

tensive individuals.” However, 2 reviews of observational

data and cinical trials concludcd that dictary fats do not

influence blood pressure levcls’2’3
Plasma levels of essential polyunsaturated fatty acids

reflect dietary intake,’4’-whereas plasma levels of nonessen

tial fatty aeids are less reliable indicators of dietary fat.

Nevertheless, plasma levels of palmitic acid (16:0) and stearic

acid (18:0) and monounsaturated fatty acids eorrelated with

dietary saturated fat)4’5 in addition, high levels of dihomo

y-linolenic acid (20:3n-6) may reflect a diet rich in saturated

fat.’6
We analyzed lise association between plasma levels of

phospholipid fatty acids and blood prcssurc in 4033 men 40

to 42 years old. The large sainple size provided enough

information to evaluate ihe independent associations of total

fatty acids and individual fatty acids with blood pressure.

Methods

Subjects and Measuremcnts
All men akt womcn 40 to 42 ycars okt who lived in Nordland

County, Norway, werc invitcd in 1988-1989 to a healils scrccning

organizcJ by the National Health Screemng Service, thc University

of TromsØ (Norway), and the iocal hcalth authorities.’7 Plasma

phospholipid fatty acids were quantilicd in a subsludy of men, of

whom 5492 wcre invited and 4302 (78%) participated. li, our

analysis, we excluded men who reportcd previous myocardiai

infarction (n=19), USC of antilsypertensivc drogs (n104), or botji

(n7) and men whose blood pressure (n= i) or plasma fatty acid

(n=138) measurements wcre unavaiiable.

Thc heallh sereening invitalion ineluded a questionnairc on

cardiovascuiar disease, smoking habits, and teisure time physical

activity (3 ievels).’5 A second questionnaire, which included ques

tions on aicohol consumption,’9was distributed at the screening and

returncd via mai! by 3483 men. Data on aicohol consumplion wcrc

available for 3396 men. Tise sludy was approved by lise Norwegian

Data Inspectorate, which considered lise lcgal and cihical issucs of
lite sludy, and lise subjects gave informed consent.

Rcceivcd September 10, 1998; first decision Ociober 14, 1998; revisinn acceptcd May 12, 1999.

Front lise Institute of Community Medicine, University of Tromsø (SG., K.H.B., B.K.J.). and lise Dcparlment of Clinical Chemistry, Regional Hospital,

University of Trondheim (K.S.B.), Norway.
Cnreespondencc to Sameline Grimsgaard, instilute of Community Medicine, University of Tromsø, N-9037 Tromsø. Norway. fl-mai

samcline.grimsgaard@ism.uit.no
Q 1999 American Hcart Association, mc.

Ilypertension is vaiIabIc at httpJ/www.hypcrtcnsionaha.org

478



Grimsgaard ct til Fatty Acids and Blood Pressure 479

Body wcight was measured on an cleclronic scale with subjccts
dresseil in lightweight clothing. l-leight was measured in centimeters.

Body mass mdcx (BMI) was calculatcd as thc body weight in
kilograms divided by the square of be heighi in meters (kglm2). Wc
mcasured blood pressure by the oscitlometnc method2° wflh an
automatic device (Dinamap, Critikon).’’ Aftcr the subject bad rested
for 2 minutes, 3 rccordings were madc at 1-minute intcrvals wnh be
individual sitling. The Iowcst blond prcssure valuc was uscd in be
anatysis.

A nonfasting blood sample was analyzed for scrum cholcsterol at
the Central Laboratory, 1.Jlleval Hospital, Os1o.2 Plasma phospho
lipid fatty acids (myristic acid [14:0]. 16:0, 18:0, arachidic acid
[20:0], bchcnic acid [22:0], lignoccric acid [24:0], palmutoleic acid
[16:1], oleic acid [18:1], gondoic acid [20:1], erucic aeid [22:1],
ncrvonic acid [24:1], cicosatrienoic acid [20:3n-9], tinolcic aeid
[18:2n-6], cicosadienoie acid [20:2n-6], 20:3n-6, arachidonic acid
[20:4n-6], adrcnic acid ]22:4n-61, linolenic aeid [18:3n-3], cicosa
pentacnoic acid [20:5n-3]. docosapcntaenoic aeid ]22:5n-3, 22:5n-6],
aud docosahcxaenoie acid [22:6n-3]) werc quanlificd by gas-liquid
chromatography as deseribed prcviously.22 The cocffieients of van
ation for individual fatty acids estimated from replicate analyses
(n=55) ranged from 3.3% to 6.6%. Fatty aeids were measured
as yomollL and rclative concent.rations, mol%. Trans-fatty acids wcrc
not mcasurcd.

Statistical Analysis
Alt variables wcre normally dislributcd cxcept 20:5n-3, which was
log-transformed. Pearson seil Spearman corrclation eocfficients
wcre computed to evaluate unadjusted retalionships bctwcen fatty
aeids aud blood pressure, BMI, total cholesterol, daily smoking,
physieal activity, aud alcohot consumplion. Total fany acids and
individual fatty acids that showed significant univariate associations
with blond prrssure were included in multiplc regression analyses.
Wc included fatty acids associated witli dietary saturated fat (16:0,
16:1, md 20:3n-6), dietary n-6 (18:2n-6), aud dietary n-3 polyunsat
urated fat (20:5n-3) aud also examined possible contributions of
othcr falty acids. Finally, we adjusted for BMI, daily smoking,
pbysical aetivity, aud alcohol consumptlon. Residual analyscs eon
firrncd lIse model assumptions. Logistic regression was used to
estimate thc odds ratlo for hypcrtcnsion (dcfined as systolie blood
pressure asl6D mon Ilg and/or diaatolic blood pressure 95 mm Hg)
by a 2-SD change in fatty acid coneentrations. Two-sidcd P<0.05
was considered statistically significant. The SAS softwarc paekage
was uscd (SAS Corp).°3

Results
Ten percent of Ihe atudy participants (Table 1) were hyper
tcnsive. Saturated, monounsaturatcd, n-6, and n-3 fatty acids
accountcd for 44%, 11%, 35%, and 10% of total fatty acids,
rcspectivcly. Thc most abundant aaturated, monounsaturatcd,
and n-6 fatty acids were 16:0, 18:1. and 18:2n-6, respcctively
(Table 2). Monounsaturated and polyunsalurated fatty acids
displayed larger intcnindividual variability than did lcvels of
saturated fatty acids. The corrclations betwccn individual aud
total fatty acida wcre generally wcak (data not shown). Lcvels
of 16:0, 16:1, 18:1, 20:3n-9, aud 20:3n-6 acids werc posi
tively intcrcorrclated (r=0.10 to 0.53) and wcrc inversely
correlated with 18:2n-6 (r=—O.08 to —0.36). Very-long
chain n-3 fatty acids wcrc inversely correlated witb levels of
n-6 fatty acids (r—0.18 to —0.65). Total fatty acids wcrc
highly corrclatcd with serum total cholcstcrol (r=0.72).

Blood presstire was positively associatcd ‘.“ h total fatty
acids (Table 2). Mean systolic blood prcssur tncrcascd by
10 mm Hg from tbc bottom to the tup deci]c of ,.jtal fatty acid
conccntration, without any cvidcnce of a rcshold leve]
bclow whjch ur a platcau above which Iher: ;Ias nu associ

TABLE 1. Participants in the Nordland Health Study: 4033 Mon
40 to 42 Vears Old

Characterislic Menn! SD er %

Systolic bloed pressare, mm Hq 133±140

Oiastolic blood presnure, mm Hg 804±100
BMI, kg/m2 252±318

Serum total choleaterol, mmol/L 611±116

Daily smoking, % 47

Leisure time physical aclivity, %t

1. Sodentary 23

2. Moderate 51

3. Regular/hard trainirig 26

Alcoliol cnnsumption, %
Teetotalor 4

C005umpbon 5 units nI alcolrol

<Once yearly 20

A few times yoarly 45

1 to 2 timen monthly 24

1 to 2 timen weekly or more 7

n=4031, jn’4032, and 1n=3396.

ation (Figure 1, top left). Levels of 18:2n-6 werc invcrsc]y
asaociatcd with blood pressurc: mcan systolic bluod prcssurc
dccrcascd by 6 mm Hg from thc bottom to lIse tup decile of
thc l8:2n-6 coneentration (Figure 1, bottom left). Systulic
b]ood prcssurc was also positively associated with lvcls of
16:0, 16:], 18:1, 20:3n-9, 20:3n-6, aud 20:5n-3 (Table 2 anI
Figure I, night).

Total fatty acids and relative concentrations of 16:0 and
18:2n-6 werc independently associated with blood prcssurc in
multiple negression analysis (Table 3, mudel 1). Models 2 to
4 show t.he rclationship betwccn systolic blood pressure and
fatty acids when we substituted 16:0 with 16:1 and 20:3n-6,
which also ane considered to nefiect dictary saturated fat. All
3 fatty acids showed highly significant independent positive
rclationships with systolic blood pressure. Whcn falty acids
were addcd one at a time, nu fatty acids otiser than 16:0, 16:1,
and 20:3n-6 wcre significantly associated with systolic blood
pressure when total fatty acids and 18:2n-6 wcre a]ready
included in the negression models. In addition, total fatty
acids, 16:0, aud 18:2n-6 ncmained significantly associated
with blood pressure whcn we cuntrolled for BMI, physical
activity, smoking, and alcuhol cunsumption (Table 3. model
5). Fatty acids were similarly associated witlt systolic and
diastulic blood pressurc (data not shown). Thc regression
modcl, which included total fatty acids, 16:0, aud l8:2n-6,
explaincd 6% and 9% of the variability in systolto aud
diastolic bluod pressure, ncspcctively. The association bo
twcen Ievcls of 18:2n-6 and diastolic bloud pressure w:ss
strungcr thau that of systolic blood pressure aud rcmainc.1
nignificant aften adjustment for 13M1.

Figure 2 (top) illuslratca thc indcpendcnt association
total fatty acids aud BMI with blood pressure. Thc prevalcnce
ofhypcrtension was 23% among the 605 men in thc top tcrtj]c
of total fatty acids aud BMI. In contrast, 3% uf thc 576 men
in thc bottom tertile of total fatty acids aud OM] wcrc
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TABLE 2. levels el Plasma Phospholipid Fatty Acids and Correlations With Systolic Blood Pressure, BMI,
Smoking, Physical Activity, and Alcohol Consumption in 4033 Men

Systolic Blood Daily Ptsysical Alcohol
Fatty Acid Mean±SD CV Pressuref BMIt Smokinj ActiviW9 Consamphonj5

Total tatty acids, yomol/L1l 4523±682 15 0.23 0.23 —0.09 —0.09 0.18

Mol%

16:0 26.6±1.54 6 0.09 0.11 —0.02 —0,03 0.28

18:0 13.9±0.93 7 —0.03 0.11 0.02 0.00 —0.21

16:1 0.37±0.18 49 0.17 0.17 —0.01 —0.06 0.23

18:1 8.52±1.24 15 0.06 —0.05 —012 —0.04 0.10

20:3n-9 0.11±0.07 64 0.10 0.11 —0,03 —0.05 0.13

18:2n-6 23.5±3.62 15 —0.12 —0.25 —0.10 0.04 —0.17

20:3n-6 2.45±0.67 27 0.09 0.30 0.04 —0.09 0.00

20:4s-6 7.87±1.40 18 0.02 0.13 0.06 —0.04 0.10

18:3n-3 0.18±0.09 50 0.02 —0.06 —0.04 0.03 —0.01

20:5n-3 2.37±1.73 73 0.07 0.11 0.08 0.04 0.10

22:6n-3 6.52±1.66 26 0.03 0.09 0.17 0.04 0.04

*006fficients of variahon.
‘fPearsoo and 4Spearman coefficients: absolute values >0.03, 0,04, and 0.05 are significant at P<0.05, P<0.01 and P<0.001

respectively.
§See Table 1 for categories ut physical activity aud alcohol consurnption.
Illncludos 14:0, 16:0, 18:0, 20:0 22:0, 24:0, 16:1, 18:1 20:1, 22:1, 24:1, 20:3n-9, 18:2n-6, 20:2n-6, 20:3n-6, 20:4n-6, 22:4n-6,

22:5n-8, 18:3n-3, 20:5n-3, 22:5n-3, and 22:6n-3.

123456789
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contrast, 4% wcrc hypertensive among the 528 men in the
bottom terl.ile of total fatty acids and top tertile of 18:2n-6. By
multiple logistic regression in which we controlled for BMI,
daily smoking, alcohol consumption, and physical activity,
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hypertensive. Total fatty acids and 18:2n-6 wcre indepen
dently associated with blood pressure (Figure 2, bottom). The
prevalcnce of hypcrtension was 21% among 532 men in the
top tertile of total fatty acids and bottom tertile of 18:2n-6. In
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Figure 1. Top lett, Mean uystolic blood pressure by deciles of total fatty acids in plasma phospholipidu (umol/L). Bottom lett, Mean
systolic blood pressure by deciles 01 1B:2n-6 in plasma phospholipids (mol%). laight, Mean systolic blood pressure by deciles 0116:0,
16:1, and 20:3n-6 acids in plasma phospholipids (mol%). Error barn ctenote 95% Cl.
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TABLE 3. Multiple linear Regression Analysis of Systolic Blood Pressure in 40133 Men

Predictor Variatjle Model 1 Model 2 Madel 3 Modal 4 Model 5’

Total tatly acids, .omoVLt 6.0 (5.1, 6.0) 5.3 (4.4, 6.2) 5.8 (5.0, 6.7) 5.8 (4.9, 6.5) 4.9 (39, 5.9)

16:0, mal% 1.4 (0.5, 2.3) 1.1 (0.1, 2.1)

16:1, mol% 2.5 (1.6, 3.4)

18:2n-6, mol% —1.9 (—2.8, —1.0) —1.6 (—2.5, —0.7) —2.3 (—3.1, —1.4) —1.7 (—2.6, —0.8) —1.0 (—2.0, —0.1)

20:3n-6, mol% 1.5 (0.6, 2.3)

Sum of 16:0, 16:1, and 20:3n-5, mal% 2.0 (1.1 2.9)

BMI, kg/m2 48 (3.9, 5.8)

Phyuical activity 1 to 3t 0.6 (0.0, 1.3)

Alcotiol consumption 0.0 (—0.5, 0.6)

Daily smolçing, no/yca 0.1 )1.0. 1.0)
Acijusted 92 0.06 0.06 0.06 0.06 0.08

Valaes are estimated mean change (95% Cl) in systolic blood pressure (mm HO) by 2-SO ar 1-category increase in prediclor variable.
*n=3394,
tSee Table 2 tar individual tatty acida included in total fatty acids.
lSee Table 1 for categaries at physical activity aud alcohol consumytion.

thc odds ratio for hypertension was 2.2 (95% CI, 1.7 to 2.7)
for a 2-SD increasc in total fatty acids and 0.6 (95% Cl, 0.5
to 0.8) for a 2-SD incrcasc in 18:2n-6.

Discussion
We found a strong positive and linear relationship bctween
the total amount of plasma phospholipid fatty acids and blood
pressure. To the best of our k.nowlcdge, this association has
not been cxamincd in previous rcports. Conccntrations of
fatty acids associatcd with dietary saturalcd fat (16:0, 16:1.
and 20:3n-6) wcre positively associated with blood pressure,
and there was an invcrsc relationship bctween the concentra
tion of polyunsaturated 18:2n-6 and blood pressure. Thcsc
associations were independent in multivariate analyses. Our
findings are strcngthcncd by the population-based study
design, LIse relatively high participalion rate, and tbe large
sample size. However, because we studied men 40 to 42 years

0.441.1 22,0.25.0 25,1.34.0

Linol.jc ac,d, 18:2n-6 lmoI%l

Figure 2. Top, Mean systolic blood pressure by levela of BMI
(tertites), stratified by levels of total fatty acids in plasma phos
pholipids (tertiles). Bottom, Mean systolie blood pressure by 1ev-
ola of 18:2n-6 in plasma phospholipids (tertiles), stratified by
levels of total fatty acids in plasma phospholipids (tertiles).

old who consumed a Westcrn diet, LIse results need confirnsa
tion in othcr agc groups and in womcn.

The association betwcen plasma phospholipid fatty acids
and blood prcssure was independent of BMI. A positive
rclationship betwecn dietary saturated fat and blood pressurc
independent of BMI has been found in some24 but not all’
population studies. Earlier clinical trials were small and had
mcthodological problems.’2 Howevcr, a reccnt controllcd
trial [LIse Dietary Approaches to Stop Hypertension (DASH)
studyP4 reported a modcst reduction in blood pressure mdc
pendent of BMI in subjects who were fed a diet formulated to
reduco saturated fat (although intake of cholesterol, calcium,
and protein were slightly altered versus the otiser experimcn
tal dict). DM1 is a strong dctcrminant of blood pressure.’ Part
of the association bctwcen BMI and blood pressure may
depend on dietary fat. Therefore, iL can be questioned whether
adjuatment for BMI is appropriate when assessing thc
strength of Lhe relationahip bctween dielary fat, as reflected in
plasma fatty acids, and blood pressure.

We found that plasma concentrations of 16:0, 16:1, and
20:3n-6 were positively associated with blood pressure.
Obscrvational studies from Finland,° Francc,9 and US’° atso
found positive associations bctween blood levels of 16:0 and
16:1 and blood pressurc, and Lise ratio of 20:3n-6 to 18:2n-6
was incrcascd in erythrocyte membranes of hypertensive
subjects.26 Both 16:0 and 16:1 may be obtained from a diet
high in saturated fat,27 Although 20:3n-6 is a polyunsaturated
fatty acid, blood levels may increasc on a saturated fat diet,15
possibly because dietary fat can inlluencc enzymes involved
in Lise metabolism of 20:3n-6.2°

Blood pressure was inversely associated with 18:2n-6.
O[hcr investigators have found dictaxy5 and plasma8”°’
levels of 18:2n-6 to be mnversely associated with blood
prcssurc, but lise results are inconsistcnt.2-9-29The possibulity
of detecting a relalionship between 18:2n-6 and blood prcs
sure may be timitcd by low interindividual variation, impre
cise measures of dietary 18:2n-6, small sample sizc, and Lise
dcgree of atatistical control for potential confounders.

140 7834116117 6,12. on”31)
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Wc found that plasma levels of n-3 fatty acids wcre

positivcly associatcd with blood pressure in crudc analysis,

but no consistent rclationship cxistcd in thc multivariate

analyses. Blood pressure was positively associated with

plasma 20:5n-3 conccntrations in a small study of Finnish

mcn. In contrast, blood pressurc was invcrscly associatcd

with plasma 20:5n-3 in mildly hypertensive individuals.3°A

mcta-analysis concluded that marine n-3 fatty acids in phar

macological doses have a hypolcnsivc cffcct, which is re

stricted to hypertensive subjccts and individuals with

atherosclcrosis.3’
Plasma levels of 18:2ri-6 and n-3 polyunsaturated falty

acids relleci dietary intakc.L4.la32 Howcver, levcls of satu

rated and monounsaturated fatty acids may rcflcct both

dietary fat and endogcnous fat synthcsis. Thc conccnurations

of saturated fatty acids displaycd little variation among the

men in our study and indicated that levcls of saturated fat in

plasma phospholipids are actively regulated. Nevcrtheless, in

populations that consumc diets high in saturated fat, blood

levcls of saturated and monounsaturatcd fatty acids were

associated with dietary saturated fat,’4’5probably because of

thcir common sourccs in milk products and animal fat.27

Blood levels of 20:3n-6 incrcased on a diet high in saturated

fat and 10w fl 18:2n-6.’6Thcse data suggest that high levels

of 16:0, 16:1, and 20:3n-6 reflcct a diet high in saturated fat

relative to polyunsaturatcd fat.
A limitation when interpreting rclative conccntrations of

fatty acids is that if lise dietary intake of i fatty acid increascs,

the rclative conccntrations of somc othcr fatty acids may

dccrcase. Fiowever, in thc present analysis, tise associations of

saturatcd and polyunsaturated fatty acids with blood prcssurc

remaincd significant in multivariatc analyses, which suggcsts

that wc observed true independcnt associalions. Given the

lack of dietary data and the crude mcasures of physical

activity and alcohol used in the present study, wc cannot

exclude the possibility of residual confounding by lifestyic

variables. However, the question of physical activity segre

gated groups according to physical fi050,1 and the measure

of alcohol use was strongly associated with levels of

y-glutamyltransferase’9and usual alcohol consumption34in a

population study conductcd in the same gcographical area as

the present study.
Thc extent to which total plasma phospholipid fatty acids

reflect fat mctabolism or dietary fat is unknown. There was a

strong positive association betwcen lise concentration of total

fatty acids and total cholesterol, and dietary saturated fat is

the main lifestyle ddterminant of total cholesterol levels.’ Wc

hypothesizc tliat total fatty acids partly reflcct dietary total fat

and saturated fat intakc.
Thc mechanisms by which fatty acids may influcnce blood

pressure rcmain unknown. In humans, blood pressure and

cardiac 3-adrcnergic receptor responsiveness decreascd on a

10w-fat diet with a high PIS ratio.3 A high fat meal reduced

brachial artery rcactivity, which suggested that fatty acids

influence blood pressure by modulating endothetial func

don.35 Dictary saturatcd fat may also promote atherosclcrosis

and arterial stiffening and thercby increase blood pressure.

Carolid intima Lhickncss was positively associated with blood

levels of saturated fat.3° Animal studies suggest hat I 8:2n-6

may reduce blood prcssure by serving as a substratc for
vasoactivc prostaglandins” and pronnotc rclaxation of vascu

lar smooth muscle cells.37
This study showed that plasma phospholipid total fatty

acids and the proportions of saturatcd fatty acids and l8:2n-6
were indcpcndcntly associated with blood pressure and aug

gested that fatty acids are involvcd in blood pressure regula

don. Additional studies are needed to detcrminc whcthcr

these associations reflect cause-and-effcct relations and

whcthcr blood pressurc can dccrcasc on a diet low in total and

saturalcd fat and high in polyunsaturated 18:2n-6.
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i ABSTRACT

2 Little is known about the association hetween dietary fatty acids and serum triglyceride

3 concentrations. Plasma fatty acids may reflect dietary intake and can be used to study the

4 relationship between concentrations ofindividual fatty acids and serum lipids. We examined

5 the cross-sectional relationship ofplasma fatty acids with serum non-fasting triglyceride and

6 total cholesterol concentrations. Relative concentrations ofindividual plasma phospholipid

7 fatty acids were determined by gas liquid chromatography among 4158 men aged 40-42 years,

8 who participated in a population study.

9 The pattem ofassociations between individual fatty acids and cholesterol was different than

10 that between individual fatty acids and triglyceride concentrations. All fatty acids displayed

11 positive associations with total cholesterol concentration, except linoleic acid, which was

12 inversely related to cholesterol. In contrast, associations between individual fatty acids and

13 triglyceride concentrations differed in strength and direction depending on both carbon chain

14 length and the degree ofunsaturation. Concentrations ofvery long chain (20 carbon atoms or

15 longer) saturated, monounsaturated, and n-3 polyunsaturated fatty acids showed significant

16 inverse associations with triglycerides, whereas shorter fatty acids within these ciasses were

17 positively associated with triglyceride concentrations.

18 The present data suggest that the associations between concentrations ofserum triglycerides

19 and plasma phospholipid fatty acids depend on both fatty acids chain length and the degree of

20 unsaturation.

21



i JNTRODUCTION

2 Serum triglyceride concentration is probably an independent risk factor for coronary heart

3 disease (1), and the increased risk seems to start at relatively low concentrations of

4 triglycerides (2) Dietary supplementation with n-3 polyunsaturated fatty acids decreases

5 serum triglyceride concentrations (3). Littie is known about the effects ofother dietary fats

6 (4), although a meta-analysis indicated that dietary polyunsaturated fat lowered triglycerides

7 compared with monounsaturated fat (5).

8 There is an increasing awareness that individual fatty acids within the saturated,

9 monounsaturated, n-6 and n-3 polyunsaturated fatty acid ciasses may have different effects on

10 serum lipid and lipoprotein concentrations (6). Dietary fat intake is difficult to measure, and

li blood concentrations offatty acids may be used to examine the relationship between

12 individual fatty acids and serum lipids. Plasma concentrations ofessential n-6 and n-3

13 polyunsaturated fatty acids are highly correlated with dietary intake (7-9). Concentrations of

14 nonessential fatty acids are less reliable indicators ofdiet because they reflect dietary

15 consumption as well as fatty acid synthesis and metabolism. Nevertheless, plasma

16 concentrations ofpalmitic, stearic and monounsaturated fatty acids correlated with intake of

llll 17 saturated fat in individuals consuming a Westem diet (7 8) probably because oftheir

18 sources in milk products and animal fat (10). In addition, high concentrations ofeicosatrienoic

19 (20:3n-9) and dihomo-y-linolenic (20:3n-6) acids may reflect a diet relatively rich in saturated

20 fattyacids(11;12).

21 Studies examining the relationship of blood concentrations of individual fatty acids with

22 serum triglycerides and total cholesterol are not consistent (13-18). Most studies included

23 few subjects (13-15), or measured a limited number of fatty acids (13;15;17;18).

24 We analyzed the association ofindividual plasma phospholipid fatty acids with serum

25 concentrations of total cholesterol and tglycedes among 4158 men aged 40-42 years. This



i large data set allowed a detailed investigation ofthe relationship between plasma fatty acids

2 and serum triglycerides and total cholesterol in a population consuming a Westem diet.

3 METHODS

4 pjjects

s In 1988/89, all men and women aged 40-42 years living in Nordland county, Norway were

6 invited to a health screening organized by the National Health Screening Service, the

7 University of Tromsø and the local health authorities (19). Plasma phospholipid fatty acids

8 were quantitated in men, ofwhom 5492 were invited and 4302 participated (78%).

9 Measurements ofplasma phospholipid fatty acids ‘ere missing in 144 men, leaving 4158 for

10 the analysis. A second questionnaire was completed by 3590 men; thus the analysis on certain

il variables is restricted. The Norwegian Data Inspectorate considered legal and ethical issues

12 and approved ofthe study. The subjects gave informed consent.

13 Qçtionnaires

14 The letter ofinvitation gave information about the survey and included a questionnaire about

15 previous cardiovascular disease and smoking habits (yes/no). Leisure time physical activity

16 was graded from I to IV according to which ofthe following categories that would best

17 describe the participant’s usual Jevel ofphysical activity. I: reading or watching television or

18 other sedentary activity; II: walking, cycling or other forms ofexercise at least 4 hours a week;

19 III: participation in recreational sports, heavy gardening etc. for at least 4 hours a week; IV:

20 participation in hard training or sports competitions regiilarly several times a week. Categories

21 III and IV were merged in our analysis. A nurse checked the questionnaire for logical

22 inconsistencies and incomplete items at the examination, and obtained information about time

23 since last meal. A second questionnaire, covering alcohol consumption and dietary habits, was

24 handed out at the screening site and returned by mail. Alcohol consumption was categorized

25 from I to VI. 1: teetotaller; consumption ofalcohol equivaient to 5 units ofalcohol (1 unit
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i equals 9 grams ofalcohol) Il: no times last year; III: a few times last year; IV: 1-2 times per

2 month; V: 1-2 times per week; VI: 3 times per week or more. We merged categories V and VI

3 in the analysis. Two questions about habitual consumption oflean and fat fish for dinner

4 meals were categorized from I to V. I: less than once weekly; II: once weekly; III: twice

5 weekly; IV: three times weekly; V: four times weekly or more. We merged the two questions

6 into four categories covering total weekly consumption oflean and fat fish for dinner. The

7 questioimaire also assessed present use offish oil supplements (yes/no).

8 Measurements

9 Body weight was measured on an electronic scale with subjects wearing light inner clothing

10 and no shoes, and height was measured to the nearest centimeter. Body mass index (BMI) was

il calculated as the body weight in kilograms divided by the square ofthe height in meters

12 (kglm2). Systolic and diastolic blood pressure were measured by an automatic device

13 (Dinamap, Critikon, Tampa) (19). A non-fasting blood sample was collected and analyzed in

14 fresh serum for total cholesterol and triglycerides at the Central Laboratory, Ullevål Hospital,

15 Oslo. The analyses were performed by an enzymatic colorimetric method (20;21), on a

16 Hitachi 737 Automatic Analyzer (Boehringer Mannheim, Mannheim Germany) with reagents

jj 17 from the manufacturer Measurement precislon expressed as the coefficient ofvariation was

18 3%, for both serum total cholesterol and triglycerides respectively.

19
EDTA plasma was stored at -80°C for a maximum oftwo years before phospholipid fatty

20 acids(14:0, 16:0, 18:0,20:0,22:0,24:0,16:1, 18:l,20:1,22:l,24:l,20:3n-9, 18:2n-6,20:2n-

21 6, 20:3n-6, 20:4n-6, 22:4n-6, 22:5n-6, 18:3n-3, 20:5n-3, 22:5n-3 and 22:6n-3) were

22 quantitated by gas liquid chromatographv as described previously (22). The coefficients of

23 variation for individual fatty acids estimated from replicate analyses (n=55) ofa serum sample

24 ranged from 3.3% to 6.6%. Fatty tcids were measured as relative concentrations (mol%).

25 Trans-fatty acids were not meastred.
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i Statistical analysis

2 All variables were normally distributed except serum triglycerides and plasma 20:5n-3,

3 which were right skewed. Logtransformation had minor impact on the results and we therefore

4 used untransformed data in the arialysis. Pearson correlation coefficients were computed to

5 evaluate the relationships between concentrations ofindividual plasma phospholipid fatty

6 acids. We used simple linear regression analysis to predict change and 95% confidence

7 interval (CI) in serum triglyceride and total cholesterol concentrations by I standard deviation

8 (SD) increase in fatty acid concentration. Next, we developed multiple linear regression

9 models to examine independent associations between individual fatty acids and serum lipids.

10 Fatty acids significantly associated with serum triglycerides and total cholesterol in univariate

il analysis were considered for inclusion in the regression models. We included up to two fatty

12 acids from each fatty acid class. Within each fatty acid ciass we chose the fatty acid which had

13 the strongest positive and inverse relationship with triglycerides (18:0, 22:0 16:1, 24:1, 20:3n-

14 6, 22:6n-3) and total cholesterol (22:0, 22:1, 20:3n-9, 18:2n-6, 22:4n-6), and where

15 intercorrelations between fatty acids were less than r=0.60. Fatty acids significantly associated

16 with triglycerides and total cholesterol respectively, were retained in the models. Finally we

17 adjusted for body mass mdcx and evaluated the effects ofpotential confounding variables,

18 such as physical activity, alcohol consumption, daily smoking and time since last meal.

19 Residual analyses confirmed the model assumptions (23). Differences between means were

20 tested by two sample t-tests. Two sidedp-values < 0.05 were considered statistically

21 significant. The SAS soflware package was used (24).

22 RESULTS

23 Characteristics ofstudyparticipants are shown in table 1. Among the 4158 men, 34% had

24 serum total cholesterol concentrations 6.50 mmol/L, and 24% had non-fasting triglycerides

25 > 2.50 mmol/L. A history ofmyocardial infarction, angina pectoris, stroke, diabetes mellitus,
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i or use of antihypertensive drugs was reported by 176 men. Fish consumption was relatively

2 high, and 26% were present users offish oil supplements. Non-fasting serum triglyceride level

3 decreased with time since last meal (Table 2). Plasma phospholipid palmitic (16:0),

4 palmitoleic (16:1), 20:3n-9, 20:3n-6, eicosapentaenoic (20:5n-3) and docosahexaenoic

5 (22:6n-3) acids increased, whereas linoleic (1 8:2n-6) acid concentrations decreased slightly

6 when time since last meal increased (data not shown).

7 Inter-relationships between concentrations ofplasma phospholipid fatty acids

8 Concentrations ofvery long chain (20-24 carbon atoms) fatty acids within the saturated and

9 n-3 polyunsaturated fatty acid classes were highly intercorrelated (Table 3). Very long chain

10 polyunsaturated fatty acids ofthe n-3 ciass were positively correlated with very long chain

11 monounsaturated fatty acids and inversely correlated with fatty acids ofthe n-6 ciass.

12 Univariate relationship ofplasma phospholipid fatty acids with serum non-fasting

13 triglycerides and total cholesterol

14 Concentrations ofstearic (18:0) acid, 16:1 and 20:3n-6 showed strong positive associations

15 with triglyceride concentrations (Table 4 and figures 1-2). Veiy long chain saturated,

16 monounsaturated and n-3 polyunsaturated fatty acids, particularly lignoceric (24:0) acid,

17 nervonic (24:1) acid and 22:6n-3 were inversely associated with triglycerides. Both fatty acid

18 chain Iength and the degree ofunsaturation were related to triglyceride concentrations (Table

19 5). The association between triglycerides and chain length appeared to be stronger than the

20 association between triglycerides and degree ofunsaturation. Verv long chain saturated and

21 monounsaturated fatty acids were positively associated with total cholesterol and inversely

22 associated with triglyceride concentrations (Table 4 and figure I). The associations of

23 saturated and monounsaturated fatty acids with triglycerides differed depending on carbon

24 chain length, whereas all saturated and monounsaturated fatty acids were positively associated

25 with total cholesterol. The associations offatty acids with triglyceride concentrations were
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i generally stronger than the associations with total cholesterol. 18:2n-6 was the only fatty acid

2 showing a significant inverse association with cholesterol concentrations.

3 Multivariate relationship ofplasma phospholipid fatty acids with serum non-fasting

4 triglycerides and total cholesterol

5 Fatty acids explained 19% ofthe variance in triglyceride concentration (Table 6, model I).

6 Concentrations of 18:0, 16:1, 24:1 and 20:3n-6 were independently associated with

7 triglycerides. The associations remained significant when controlling for BMI, physical

8 activity and alcohol consumption (Table 6, model II). n-3 fatty acids were not significantly

9 associated with triglycerides when 24:1 was included in the multiple regression model. There

10 was interaction between alcohol consumption and 16: i in prediction oftriglycerides.

11 Concentrations of 16:1 increased significantly with increasing alcohol consumption

12 (p0.0001,data not shown). The association between 16:1 and triglyceride concentrations

13 weakened with increasing alcohol consumption, and 16:1 was not significantly associated

14 with triglycerides among men in the highest category ofalcohol consumption. The strongest

15 association between concentrations of 16:1 and triglycerides was observed among non

16 drinkers (data not shown).

17 Fatty acids explained 7% ofthe variance in total cholesterol concentration (Table 6 model I).

18 Concentration of I 8:2n-6 was not significantly associated with cholesterol after adjustment for

19 body mass index. (Table 6 model II). Adjustment for daily smoking did not affect the results

20 ofthe multiple regression analyses. Both stratified and adjusted analyses showed that time

21 since last meal did not influence the relationship ofplasma phospholipid fatty acids with

22 serum triglycerides and total cholesterol.

23 Consumption offish products. plasma phospholipid fatty acids and serum triglycerides

24 Use offish oil supplements and the level ofhabitual fis1 consumption and were positively

25 associated with concentrations ofgondoic (20:1) acid, erucic (22:1) acid, 24:1 and n-3 fatty
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i acids (all p<0.00l) (data not shown). Present-users offish oil bad 10% lowermean

2 triglyceride concentration compared with non-users (p=0.000I). In multiple regression

3 analysis, fish consumption was inversely associated with serum triglyceride concentrations

4 after adjustment for body mass index (p=r0.047). Fish consumption was not significantly

5 associated with serum triglyceride concentrations when 24:1 or 22:6n-3 were added to the

6 regression model.

7 DISCUSSION

8 This study shows that fatty acid chain length, as well as the degree ofunsaturation, is

9 associated with serum non-fasting triglyceride concentrations. Very long chain fatty acids of

10 the saturated, monounsaturated and n-3 ciasses were inversely associated with triglycerides,

il and the associations increased in magnitude with increasing fatty acid chain length.

12 Interestingly, individual very long chain saturated and monounsaturated fatty acids were

13 positively associated with total cholesterol, and inversely associated with triglyceride

14 concentrations. This observation has to our knowledge not been reported previously.

15 Associations offatty acids with non-fasting triglycerides were not influenced by time since

16 last meal. The analysis can reflect that plasma phospholipid fatty acids explain a component

17 ofthe inter-individual variability in serum triglyceride levels, which is not determined by time

18 since last meal.

19 Dietary supplementation with very long chain n-3 fatty acids decreases hver VLDL synthesis

20 (25) and serum triglyceride concentrations (3). Studies in rats showed that 20:5n-3 increased

21 mitochondrial beta-oxidation, and reduced fatty acid substrate for VLDL synthesis (26).

22 Mitochondria, the major sites for fatty acid oxidation, are poor oxidizers ofvery long chain

23 fatty acids (27), but proliferated during dietary supplementation with very long chain n-3 fatty

24 acids (28). Based on these observations we may speculate that very long chain saturated and

25 monounsaturated fatty acids stinulate mitochondrial prohiferation, whereby fatty acid
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i oxidation increase and VLDL triglycerides decrease. in contrast to fatty acids ofthe saturated,

2 monounsaturated and n-3 ciasses, n-6 fatty acids displayed no distinct pattem ofassociation

3 with triglycerides.

4 We found that concentrations ofvery long chain monounsaturated and n-3 fatty acids were

5 positively associated with habitual fish consumption and inversely associated with serum

6 triglycerides. Others have reported that level offish consumption and triglyceride

7 concentrations were inversely related (14;29). In previous cross-sectional studies however,

8 concentrations of2O:5n-3 were both positively (13), and inversely (14) associated with serum

9 triglycerides.

10 Cross-sectional studies indicate that plasma phospholipid levels ofessential polyunsaturated

il fatty acids reflect dietary intake (7-9). Dietary supplementation studies confirm that plasma

12 phospholipid concentrations ofl8:2n-6, 18:1, 20:5n-3 and 22:6n-3 are sensitive to changes in

13 dietary intake ofthese fatty acids (30;31). The origins ofvery long chain saturated and

14 monounsaturated fatty acids are less clear. They may be metabolic products ofshorter fatty

is acids. Fish and fish oils contain 20:1 and 22:1 as welI as n-3 fatty acids (10), and one cross

16 sectional study showed that plasma phospholipid concentrations of 24:1, 20:5n-3 and 22:6n-3

17 were positively associated with fish consumption (14). It is possible that concentrations of

18 very long chain monounsaturated fatty acids reflect dietary fish and fish oil intake.

19 In the present study, the inverse associations of22:1 and 24:1 with triglycerides were

20 stronger than the association of22:6n-3 with triglyceride concentrations. When 22:1 or 24:1

21 was added to a regression model including only 22:6n-3, the explained variability in

22 triglycerides increased significantly. This indicates that very long chain monounsaturated fatty

23 acids are independently associated with triglyceride concentrations, and are not merely

24 indicators ofdietary n-3 fatty acids.
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1 Plasma phospholipid concentrations of 18:0, 16:1 and 20:3n-6 displayed independent

2 positive associations with triglyceride concentrations. The observation finds support in the

3 Paris Prospective Study, where plasma concentrations of 16:1 and 20:3n-6 were positively

4 associated with triglycerides (16). A dietary intervention trial showed that serum triglyceride

5 concentration increased significantly on a 18:0 enriched diet, compared with a diet rich in

6 I 8:2n-6 (32). Plasma concentrations of 18:0 and 16:1 were positively associated with dietary

7 saturated fat in cross-sectional studies (7;8) and 20:3n-6 increased on a saturated fat diet (11).

8 Thus plasma concentrations of 18:0, 16:1 and 20:3n-6 appear to reflect dietary saturated fat to

9 some extent.

10 Alcohol consumption may be a potential confounder in the relationship between 16:1 and

11 triglycerides, since alcohol intake is associated with high levels of 16:1(1 6;33;34) and serum

12 triglycerides (35). In the present studythe association between 16:1 and triglycerides remained

13 significant when controlling for alcohol intake, but residual confounding may remain since we

14 used a rather crude estimate ofalcohol intake. However, stratified analyses showed that the

15 association between 16:1 and triglycerides was particularly strong among teetotallers and

16 those who consumed alcohol less than, or a few times yearly. This suggests that the

17 association between 16:1 and triglycerides does not depend on alcohol intake.

18 Serum non fasting triglycendes are subject to larger intraindividual vanation than are total

19 cholesterol concentrations (36), and this will tend to dilute any association between

‘I’ 20 tnglycendes and concentrations offatty acids We found that fatty acids explained 19% ofthe

21 vanabihty in tnglycende and 7% ofthe vanabihty in total cholesterol concentrations

22 Therefore, the biological association ofplasma phospholipid fatty acids with serum

23 triglycerides appears to be stronger than the association with total cholesterol.

24 In the present study, plasma phospholipid concentrations of22:0, 22:1 and 20:3n-9 were

25 independently and positively associated with serum total cholesterol concentrations. It is not
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i clearwhich factors determineplasma concentrations of22:O, 22:1 and 20:3n-9. Theymaybe

2 metabolic products ofshorter saturated fatty acids. Fish products can be a source of 22:1, as

3 noted above. When dietary intake ofpolyunsaturated fat is Iow, the metabolic conversion of

4 18:1 to 20:3n-9 increases (12). High levels ofplasma 20:3n-9 may thus reflect a diet relatively

5 rich in saturated fat.

6 Plasma concentrations of I 8:2n-6 are correlated with dietary intake (7;8). We found that

7 I 8:2n-6 concentrations were inversely associated with total cholesterol. Small observational

8 studies failed to detect any association between 18:2n-6 and total cholesterol (13;15). Larger

9 studies however, found that plasma (16;18) and adipose tissue (37;38) concentrations of

10 I 8:2n-6 were inversely associated with total cholesterol. These data are supported by feeding

il experiments showing that dietary 18:2n-6 decrease total and LDL cholesterol concentrations

12 (6), supposedly by increasing hver LDL receptor activity (39).

13 Our findings are strengthened by the population based study design, the relatively high

14 participation rate and large sample size. The study was conducted among men in a narrow age

15 range consuming a Western diet, and the results need confirmation among women and other

16 age groups. We did not measure trans-fatty acids and it is not known how they may influence

17 the results. Relative concentration (proportions) offatty acids were used in the analysis. The

18 use ofproportions is problematic since an increase in one proportion is associated with a

19 decrease in some other proportion(s). However, as seen in table 2, most correlations between

20 fatty acids included in the present analyses were not particularly strong. We therefore believe

21 the findings reflect biologic differences between individual fatty acids and not simply the

22 interrelationship between proportions offatty acids. Many associations ofindividual fatty

23 acids with serum triglyceride and total cholesterol concentrations weakened aller adjustment

24 for body mass index. It is however questionable whether djustment for body mass mdcx is
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1 appropriate, since plasma phospholipid fatty acids and body mass index may be intermediate

2 variables in the relationship ofdietary fat with serum cholesterol and triglycerides.

3 In summary, ihe present data show that there are major differences with regard to both the

4 strength and the direction ofthe association between serum triglyceride concentration and

5 individual fatty acids within the same fatty acid ciass. These results suggest that the

6 association between triglycerides and fatty acid depends on both fatty acid chain Iength and

7 the degree ofunsaturation.
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i FIGURE LEGENDS

2 Figure i

3 Mean serum total cholesterol (upper panels) and triglyceride (lower panels) concentrations by

4 deciles ofplasma phospholipid saturated (left paneis) and monounsaturated (right paneis) fatty

5 acids

6

7 Figure2

8 Mean serum total cholesterol (upper panels) and triglyceride (iower panels) concentrations by

9 deciles ofplasma phospholipid n-6 and n-9 polyunsaturated (left paneis) and n-3

10 polyunsaturated (right panels) fatty acids



TABLE I
Characteristics ofStudy Participants: 4158 Men 40-42 Years
Old

Characteristic Mean ± SD or %

Serum total cholesterol (mmol/L) 6.12 ± 1.16
Serum non-fasting triglycerides (mmol/L) 1.98 ± 1.22
Systolic blood pressure (mmHg) 133 ± 14
Diastolic blood pressure (mmHg) 81 ± 10
Body mass index (kg/m2) 25.3 ± 3.2
Daily srnoking 46
Leisure time physical activity

Sedentary 23
Moderate 52
Regular/hard training 25

Alcohol consumption
Teetotaller 4

5 units ofalcohol
<onceyearly 20
A few times yearly 45
1-2 times monthly 24
1-2 times weekly or more 7

Lean or fat fish for dinner b

<twice weekly 34
Twice weekly 30
Three times weekly 22
Four times weekly or more 14

afl3501
b n=3530



TABLE 2
Non-fasting Serum Triglycerides According
to Time Since Last Meal in 4158 Men

Time since Serum triglycerides
last meal n Meari ± SD

hours mmol/L

0 850 2.11± 1.23
I 1204 2.08±1.20
2 792 2.04 ± 1.30
3 509 1.88±1.18
4 375 1.75± 1.16
5 178 1.60±0.87
6 75 1.40±0.98
7 22 1.26±0.74
8 11 1.82±1.02
9 128 1.66± 1.28

missing 14 2.30±2.10
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TABLE 4
Concentrations of Plasma Phosphollpid Fatty Acids, and Change in Serum Non-Fasting
Triglycerides and Total Cholesterol by I SD Increase in Fatty Acid Concentration in
4158 Men

Predicted mean change (95% Cl)

Fatty acid Mean ± SD Triglycerides Total cholesterol

mol% innol/L

Saturated fatty acids 44.10 ± 1.34 0.02 (-0.02, 0.06) 0.16 (0.13, 0.19)
Myristic, 14:0 0.36 ± 0.13 0.10 (0.07, 0.14) 0.08 (0.05, 0.11)
Palmitic, 16:0 26.64 ± 1.54 0.00 (-0.03, 0.04) 0.01 (-0.03, 0.04)
Stearic, 18:0 13.89 ± 0.94 0.27 (0.24, 0.3 1) 0.07 (0.04, 0.11)
Arachidic, 20:0 0.50 ± 0.13 -0.26 (-0.29, -0.22) 0.10 (0.06, 0.13)
Behenic, 22:0 1.87 ±0.58 -0.23 (-0.27, -0.19) 0.17 (0.14, 0.21)
Lignoceric, 24:0 0.85 ± 0.28 -0.28 (-0.32, -0.24) 0.05 (0.01, 0.08)

Monounsaturated fatty acids b 10.71 ± 1.32 0.06 (0.03, 0.10) 0.06 (0.02, 0.09)
Palmitoleic, 16:1 0.37 ± 0.19 0.25 (0.22, 0.29) 0.1 i (0.08, 0.15)
Oleic, 18:1 8.52 ± 1.25 0.19 (0.15, 0.22) 0.00 (-0.03, 0.04)
Gondoic, 20:1 0.27 ± 0.13 -0.06 (-0.10, -0.02) 0.10 (0.06, 0.13)
Erucic, 22:1 0.15 ± 0.13 -0.13 (-0.17, -0.09) 0.19 (0.15, 0.22)
Nervonic, 24:1 1.39 ± 0.54 -0.33 (-0.36, -0.29) 0.03 (-0.01, 0.06)

Eicosatrienoic acid, 20:3n-9 0.11 ± 0.07 0.20 (0.16, 0.24) 0.18 (0.15, 0.22)

n-6 fatty acids C
34.74 ± 3.67 0.12 (0.08, 0.15) -0.12 (-0.15, -0.09)

Linoleic, 18:2n-6 23.44 ± 3.65 0.05 (0.02, 0.09) -0.15 (-0.18, -0.11)
Eicosadienoic, 20:2n-6 0.38 ±0.07 0.13 (0.09, 0.17) 0.15 (0.12, 0.18)
Dihomo-y-linolenic, 20:3n-6 2.46 ± 0.67 0.39 (0.35, 0.43) 0.10 (0.06, 0.14)
Arachidonic, 20:4n-6 7.87 ± 1.39 -0.03 (-0.07, 0.01) -0.03 (-0.07, 0.00)
Adrenic, 22:4n-6 0.50 ± 0.27 -0.03 (-0.07, 0.01) 0.20 (0.17, 0.24)
Docosapentaenoic, 22:5n-6 0.09 ± 0.05 0.20 (0.17, 0.24) 0.11 (0.07, 0.15)

n-3 fatty acids d
10.34 ± 3.31 -0.17 (-0.20, -0.13) 0.04 (0.01, 0.08)

x-Lino]enic. 1 8:3n-3 0.18 ± 0.09 0.10 (0.06, 0.13) 0.01 (-0.03, 0.04)
Eicosapentaenoic, 20:5n-3 2.39 ± 1.75 -0.14 (-0.18, -0.10) 0.05 (0.01, 0.08)
Docosapentaenoic, 22:5n-3 I .22 ± 0.24 -0.15 (-0.18. -0.1 1) 0.00 (-0.03, 0.04)
Docosahexaenoic, 22:6n-3 6.54 ± 1.67 -0.17 (-0.20, -0.13) 0.04 (0.00, 0.07)

°Saturated fatty acids include 14:0, 16:0, 18:0, 20:0, 22:0, 24:0
b Monounsaturated fatty acids include 16:1, 18:1, 20:1, 22:1, 24:1.
cn6 fattyacids include 18:2n-6. 20:2n-6. 20:3n-6, 20:4n-6, 22:4n-6, 22:5n-6.
d3 fatty acids include i 8:3n-3, 2fl:5n-3, 22:5n-3, 22:6n-3.



TABLE 5
Concentrations ofPlasma Phospholipid Fatty Acids and Change in Serum

Non-Fasting Triglyceride Concentrations According to Fatty Acid Chain

Length and Number offlouble Bonds in 4158 Men

Fatty acid group Mean ± SD Change in triglycerides°

Carbon chain length b mol% mmol/L

C20 13.99 ± 2.11 -0.02 (-0.06, 0.02)

C22 10.37 ± 1.93 -0.24 (-0.28, -0.20)

C24 2.24 ± 0.76 -0.33 (-0.37, -0.30)

Number of double bonds

4 8.37 ± 1.46 -0.03 (-0.07, 0.01)

5 3.70± 1.87 -0.15 (-0.18, -0.11)

6 6.54± 1.67 -0.17 (-0.20 ,-0.13)

° Values are predicted mean change (95%CI) by i SD increase in fatty acid

concentration
b C20 20:0+20: 1+20:3n-9+20:2n-6+20:3n-6+20:4n-6+20:5n-3

C22 22:0+22:1+22 :4n-6+22:Sn-6+22 :5n-3+22 :6n-3

C24 24:0+24:1
C4

= 20:4n-6+22:4n-6
5 = 22:5n-6+20:5n-3-1-22:5n-3
6 = 22:6n-3



TABLE 6
Multipie Linear Regression Analysis of Serum Non-Fasting Triglycerides and
Total Cholesterol in 4158 Men

Predictor variable Model I Model II

Triglycerides (mmol/L)
Fatty acid (mol%)

18:0 0.29 (0.25, 0.33) 0.25 (0.21, 0.29)
16:1 0.24 (0.20, 0.28) 0.18 (0.14, 0.23)
24:1 -0.18 (-0.22, -0.14) -0.22 (-0.26, -0.19)
20:3n-6 0.24 (0.20, 0.28) 0.15 (0.1 1, 0.19)

Bodymass index (kg/m2) 0.28 (0.24, 0.3 1)
Physical activity (13)2 -0.16 (-0.21, -0.11)
Alcohol consumption (0-4) b

0.05 (0.01, 0.09)
Adjusted R2 (%) 19 25

Total cholesterol ‘mmol/L)
Fatty acid (mol%)
22:0 0.17 (0.13, 0.21) 0.17 (0.13, 0.20)
22:1 0.13 (0.09, 0.17) 0.15 (0.11, 0.19)
20:3n-9 0.20 (0.17, 0.24) 0.19 (0.16, 0.23)
18:2n-6 -0.07 (-0.11, -0.04) -0.02 (-0.05. 0.02)

Body mass index (kg/m2) 0.20 (0.17, 0.23)
Physical activity (1-3) b

-0.10 (-0.14, -0.05)
Adjusted R2 (%) 7 d

I I a Values are predicted mean change (95% CI) by 1 SD increase in predictor vaab1e
and by one category increase in physical activity and alcohol consumption

i •. b See table 1 for categories ofphyica1 activity and alcohol consumption
cn3499
d04155



7
.

7
F

igure
i

0

iD 0—

_

0

Fatty
acid

14:0
16:0
18:0

—
20:0

—
22:0

—
24:0

Fatty
acid

—
16:1

—
18:1

—
20:1

—
22:1

—
24:1

532I

65
-

3
-

21
-

I
I

I
I

I
I

I
I

I
I

I
2

3
4

5
6

7
8

9
10

D
ediles

of
p
lasm

a
satu

rated
fatty

acids
(m

ol%
)

I
I

I
I

I
I

I
I

I
i

I
2

3
4

5
6

7
8

9
10

D
eciles

of
plasm

a
m

o
n

o
u

n
satu

rated
fatty

acids
(m

ol%
)





Serum triglycerides Serum total cholesterol
(mmoIIL) (mmoIJL)

1%) -4

I I I I I I I I I

—.

0

00
._ —

e

00

-

—.

— 00

000

CD
—

-I

IIIIp
—

00000

z z .

-.1-

CD

-

0

1%)-

(‘fl

CD-

-4-

CD

Co

0

0) -.1

II l1
III

h. 000

—-

IJ LJ

-I









HELSEUNDERSØKELSEN I TROMSØ
(Gjelder bare den person som brevet er adressert tiL)

Helseundersøkelsen kommer nå til Deres distrikt.

Tid og sted for trammøte vil De linne nedenfor.

De finner en orientering om undersøkelsen
den vedlagle brosjyren.

Vi ber Dem vennligst fylle ut spørreskjemaet på
baksiden og ta med dette til undersøkelsen.

Vi ber Dem eventuelt melde fra om fravær på
den vedlagte traværsrneldrngen.

Med hilsen

KOMMUNEHELSETJENESTEN I TROMSØ
FYLKESLEGEN I TROMS UNIVERSITETET I TROMSØ

STATENS HELSEUNDERSØKELSER

kommune

Første
bokstav i

Kitrrin eilernavn Dag og dato

Fodi dato Personer,

Møtested

Kreisnr.

Kiokkesloti

I I I I I I I LI LJ LJ LI LJJ LI LILJ LI LIJ LI
HØVDE VEKT ANM 70 M i’ 0 KODE 75 AVVIK ARM MAN AFO 00 751V 02

MÅLING I MÅLING 2 MÂLING 3

MAR S MAR 5 IIAR S

105 00 91 9v ,I97 i 100

I In o

I
HR

I
D

i 2 j
HR

i is i



Har en eller flere av foreldre eller søsken hatt
hjerteinfarkt (sår på hjertet) eller angina
pectoris (hjertekrampe)’ 12

2t1 .1’I’]

Har De, eller har De hatt:

Hjerleinfarkl’ ta
Angina pectoris (hertekrampe)’ 14

Hjerneslag’ 15

Sukkersyke’ 16

Er De under behandling for:

Høyt blodirykk’ 17

Bruker De:

Nitroglycenrt’ 18

C SYMPTOMER

Får De smerter eller ubehag i brystet når De:
Går i bakker, trapper eller
fort på flat mark’ in
Går i vanlig takt pà flat mark’ 20

Dersom De får smerter eller vondt
i brystet ved gange, pleier De da:

Stoppe’ 21

Soktne farten?
Fortsette i samme takt’

Dersom De stopper eller saktner farten,
går da smertene bort:

Etter mindre enn 10 minutter’ 22
Etter mer enn 10 minutter’

Har De vanligvis:

Hoste om morgenen’

D MOSJON

Bevegelse og kroppstig aktivitet i Deres fritid.
Dersom aktiviteten varierer mye, f.eks. mellom
sommer og vinter, så ta ett gjennomsnitt.
Spørsmålet gjelder bare det siste året.
Seil kryss i den Ilden som passer best.

Leser, ser på fjernsyn eller annen
stillesitlende beskjeftigelse’ 25

Spaserer, sykler etter beveger Dem på
annen måte minst 4 timer i uken’([ter kul De også Ingen med gang eller
sykling ii arbeidsstedet, sondagsturer mm.)

Driver moslonsidrett, tyngre hagearbeid eL?
(Merk at aktiviteten skal vare i minst
4 timer i uken.)

Trener hardt eller driver konkurranseidrelt
regelmessig og flere ganger i uken’

Røyker De daglig for tida’ 30

Dersom svaret er «JA.., svar da på dette:

Fløyker De sigaretter daglig’ at
(håedisillede eller labrikkfrensstilte(

Dersom De ikke royker sigaretter nå,
svar tja på dette:

Har De røykt sigaretter daglig tidligere’ 32

Dersom De svarte «JA.., hvor lenge er det
da siden De sluttet?

Mindre enn 3 måneder’ 33
3 måneder — I år’
1—5 år’
Mer enn 5 år’

Skal besvares av de som royker
nå eller som har roykt tidligere:

Hvor mange år 1(1 sammen har
De mykt daglig’ 34

Hvor mange siyaretter røyker eller
røykte De daglig?
Gi opp antallet sigaretter daglig 36
)tsåndrutlede * tabrikklrarrrstiitel

Røyker De noe annet enn sigaretter daglig?

Sigarer eller seruffer/sigarillos’ 40

Pipe’ 41

Dersom De røyken pipe, hvor mange pakker
tobakk (50 gram) bruker De i pipen
på en uke?

Gi opp glennomsnittlig tall på
pakker i uken 42

G KAFFE

Hvor mange kopper kaffe drikker De
vanligvis hver dag?
Sett kryss i den ruten som passer best.

Drikker ikke kalte, eller mindre
enn en kopp 45
1 — 4 kopper
5 — 8 kopper
g eller flere kopper

Hva slags kalle drikker De vanligvis hvor dag?
Kokekalfe 46

Filterkatle 47
Pulverkalle 40
Kofleinlri kalle 49
Drikker ikke kaffe bo

H ARBEID

Har Det de siste 12 månedene
fått arbeidsledighntstrygd’ si

Er De for tiden sykemeldt, eller
får De attløringspenger’ 52

Har De full eller delvis uforepensjon’ sa

Har De vanligvis skiftarbeid eller
nattarbeid 54

Har De i det siste året hatt:
Sett kryss i den ruten som passer best.

Fo det mesfe stjilesittende arbeid’ ss
[eks. sknivebondsark, iemakorarb, nrentering(

Arbeide som krever at De går mye’
li.eks. ekspeditururb, tett indvstriarb, uvderoisn I
Arbeide der Do går og løfter mye’
lf.eks. postbutt. tyee iridustriarb., bygn:rrgsarb.l
Tungt kroppsarbeid’
((eks, skegnarb., tungt ordbruksarb., tungt bygningarb I

Er husmorarbeid hovedytkel Deres’ 56
I ETTERUNDERSØKELSE

Har noen i husstartden Deres (utenom
Dem selv) vært innkalt til nærmere under
søkelse hos lege etter den siste hjerte
karundersØkelsen 57

Dersom denne helseundersokelsen viser at
De bor undersokes nærmere: Hvilken almen
praktiserende lege ønsker De da å
bli henvist til?

Sktiv navnet på legen tier
—v,

JA!NEt I
-i--r6

æ

fli

LJ3

m

Sigaretter

æ

Tubakkupk

I!
E SALT/FETT

i,,, i

Hvor ofte bruker De salt kjøtt
eller satt fisk til middag?
Sett kryss i den ruten som passer best.

Aldri eller sjeldnere enn en gang
i måneden 25
Inntil en gang i uken
Inntil to ganger i uken
Mer ertn to ganger i uken

Hvor ofte pleier De å stro ekstra salt
på mtddagsmaten?

Sett kryss i den ruten sem passer best

Sjelden eller aldri 27
Av og til eller ofte
Alltid eller nesten alltid

Hva slags margarin eller smør bruker De
vanligvis på brodet?

SeIl kryss i den ruten som passer best.

Bruker ikke smør etter margarin på brød
Smør
Hard margarin
Myk (Satt) margarin
Smør/margarin blanding

Hva slags lett blir vanligvis brukt til
matlaging i husholdningen Dgres?

Sett kryss i den ruten som passer best.

Smør eller hard margarin 29
Myk (Satt) margarin eller olje
Smør/margarin blanding

Iikkosin.*her

su_1
-

frtgen spesiell lege .
I i
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QUESTIONNAIRE I, TROMSØ
SURVEY 1986-87

English translation; Mrs. Anne Clancy and
Mr. Kevin McCafferly

A FAMILY
Have one or both ofyour parents, or any of
your siblings (brothers and sisters) bad a
heart attack or angina pectons
(heart cramp)?

Yes No Don’tknow
DD 0

C SYMPTOMS
Do you get pain or discomfort
in the chest, when:
Wallcing up hilis, stairs or waflcing
fast on levd ground?
Walking at ordinary pace
on levd ground?

If you get pain or discomfort in your
chest when wallcing, do you usually:

Stop
Slow down
Carry on at the same pace

Yes

If you stop or slow down, does the pain
disappear:

After less than 10 minutes?
After more than 10 minutes?

Yes

Exercise and physical exertion in leisure
time. If your activity varies much, for
example between summer and winter, then
give an average. The questions refer onlyto
the last twelve months.
Tick “yes”in ille most appropriate box:
- Reading watching TV or other Yes

sedentary activity? fl
- Walldng, cycling or other fonris of

exercise at least 4 hours a week?
(including walking or cycling to place
ofwork, Sunday walldng ,etc.) fl

- Participation in recreational sports,
heavy gardening, etc.? (Note: duration
ofactivity at least 4 hours a week) 0

- Participation in hard training or sports
competitions regularly several times
aweek? 0

E SALT/ FAT
How often do you use salted meat or
salted fish for dinner?
Tick ihe appropriate box
Never or less than once a month
Once a week or less
Twice a week or less
More than twice a week

How often do you add extra salt to
your dinner?
Tick the appropriate box
Rarely or never
Sometimes or often
Always or nearly always

What type ofmargarine or butter do
you usually use on your bread?
Tick ihe most appropriate box
Do not use margarineor butter
on bread
Butter
Margarine
Soft (soya) margarine spread
Butter/ margarine mixtures

What type of cooking fat do you
normally use in your household?
Tick ihe appropriate box.
Butter or hard margarine
Soft (soya) margarine or oil
Butter/ margarine mixtures
F SMOKING
Do you smoke daily at present?

Yes
fl
fl
fl
fl

Yes
fl
0
fl

Yes

fl
fl
0
0
fl

Yes
fl
0
fl

B OWN ILLNESSES
Have you, or have you had:
A heart attack?
Angina pectoris (heart cramp)?
A cerebral stroke?
Diabetes?

Are you receiving treatment for:
High blood pressure?

Yes No
fl0
00
DO
00

Ye.s No
DO

Do you use nitroglycerine? fl fl

Yes No

0
0
fl

D EXERCISE
Yes No



If”Yes”: D il
Do you smoke cigarettes daily? il 0
(hand-rolled or factory made)
If you do not smoke cigarettes at
present:
Have you previously smoked Yes No
cigarettes on a daily basis? 0 0

If” Yes”, how long is it since you
gave up smoking?
More than 3 months?
3 months to i year?
i - 5 years?
More than 5 years?

Yes
0
0
0
0

The following questions are to be answered
by those who smoke at present or who have
smoked previously.
How many years altogether have you
smoked on a daily basis

How many cigarettes do you stnoke or did
you smoke daily:
(hand-rolled + factory made)

Do you smoke anything else other than
cigarettes daily? Yes
Cigars, cigarillos, cheroots? 0
Pipe? 0
If you smoke a pipe, how many packets of
tobacco (50 gr.) do you smoke in a week?
Give the average number ofpackets a
week:

G COFFEE
How many cups ofcofTee do you usually
drink daily?
Tick the most appropriate box Yes
Do not drink coffee, or less than
one cup 0
l-4cups 0
5 - 8 cups
9ormorecups 0

What type of coffee do you usually
drink daily?
Coarse ground coffee for brewing
(boiled)
Finely ground filter coffee
Instant coffee
Caffeine free coffee
Do not drink coffee
H EMPLOYMENT

Yes No
DO

Yes No
00

Have you received unemployinent
benefit within the past
12 months?

Åre you at present on sick leave,
or receiving rehabilitation
allowance? fl fl

Åre you on a full time or partial Yes No
disability pensjon? fl 0
Do you usually work shifts or
do nigbt work? 0 0

Dunng the past year have you had:
Tick the most appropriate box. Yes
- Mostly sedentary work? (office

work, watchmaker, light manual
work) 0

- Work requiring a lot ofwalking?
(shop assistant, light industrial
work, teaching) fl

- Work requiring a lot ofwalking
and liffing? (postman, heavy industrial
work, construction) 0

- Heavy manual labour?
(forestty, heavy farmwork, heavy
construction) 0

Is house-keeping your main
occupation?

I FOLLOW - UP EXAMINATION
Has any one in your household (other than
yourself) been called in to a doctor for
further medical examination
after the previous cardiovascular Yes No
disease survey? 0 fl

If as a result ofthis survey you need further
medical examination, which general
practitioner do you wish to be referred to?
Write the doctor’s name here:

No particular doctor

fl

0
0
0
fl
fl







Tilleggsspørsmål til
Helseundersokelsen i
Tromsø 1986-87.

Hjerte-karsykdomrnene, som Hjerte-karundersøkels
ene 11974 og 1975—80 spesielt tok opp, er en mange
artet sykdomsgruppe med tildels dårlig kjente årsaks
forhold. I Tromsø vil vi derfor forsøke å få en mer
fullstendig kartlegging av forhold som kan være av be
tydning for sykdommens forløp, f.eks. kosthold, psykisk
press «stress, sosiale forhold og sykdomsforekomst
blant slektninger. En slik kartlegging er også viktig for å
finne fram til sykdomsskapende forhold for krettsyk
dommene, som er en sykdomsgruppe vi også vil prøve
å bekjempe i årene som kommer.

Sammen med irtnkallingen fikk De et spørreskjema
som De leverte ved undersøkelsen. Dette spørreskjema
kartlegger helseforholdene bedre og inkluderer

,ørsmål om noen forskjellige sykdommer og fysiskel
psykiske plager. Spesielt er det tatt med spørsmål
vedrørende svangerskap, fødsel og menstruasjon.

Dessuten er vi interessert i å få oversikt over hvordan
folk bruker helsetjenesten, for å få kunnskap om hvor
dan helsetjenesten kan bedres.

Vi håper De vil være brydd med å fylle ut også dette
skjemaet, og sende det tilbake til Tromsø Helseråd i den
utleverte konvolutt. Alle opplysninger i forbindelse med
Helseundersøkelsen vil bli behandlet strengt konfiden
sielt. Har De noen kommentarer til undersøkelsen kan
De skrive dem i kommentarfeltet på siste side.

Tromsø Helseråd

Med hilsen

Fagområdet medisin

F..HELSETILSTAND ... -. -

Hvordan er Deres helsetilstand?
Sen kryss i den ruten der ..Ja passer best.

Meget dårlig 12
Dårlig
Hverken god eller dårlig, middels
Bra
Utmerket

YKDOM V

Har De, eller har De hatt:
Kryss av eller Nei.. for hveri spørsmål.

Hudsykdommen psoriasis 13
Astma 14
Allergisk eksem 15
Høysnue 16
Kronisk bronkitt 17
Sår på magesekken 18
Sår på loivfingertarmen 19
Blindtarms-operasjon 20
Magesårs-operasjon 21
Leddgikt (kronisk revmatoid artritt) 22
Krettsykdom 23
Epilepsi (faliesyke) 24
Migrene 25

Ja Nei
00
00
00
00
00
00
110
OL]
00
00
OLI
00
00

- SYKDOM HOSFORELDREOG.SØSKEN
Kryss av for de slektningene som har eller har
hatt noen av sykdommene:

Hierneslag eller hierneblødning 28
Sukkersyke 32
Leddgikl (revmatoid artritt) 36
Kreft 40
Psoriasis 44
Magesår eller lolvfingertarmsår 48
Astma 52

ka Far & Seier
0000
0000
DOEIO
EIODEI
0000
EIEILILI
0000

Ja Nei
00

Ja Nei
oo

Ja Nei
00
00
OLJ
LIL]
00
OLI
00
00
LILI
00

Ja
Lii
02
03
04
05

Kryss av dersom stektningene ikke har eller
har hatt noen av disse sykdommene . . . . 56

MEDISINER

INFEKSJON
Hvor mange ganger har De hatt infeksjon slik
som torkjolelse, intluensa, ..ræksluka. og
lignende siste halvår? 26

Har De hatt slik inteksjon siste 14 dager? . . 27

Har De siste år brukt tabtetter sprøyter eller
aslmaspray mot aslma eller altergi 60

Har De brukt følgende medisiner siste
14 dager?

Smerteslillerrde 61
Febersenkende 62
Eksemsalve 63
Blodlrykksmedisin 64
Hierternedisin 65
Sovemedisin 66
Nervemedisin 67
Migrenemedisin 68
Medisin mot epilepsi (tallesyke) 69
Annen medisin 70

Antall
LO
Ja Nei
00



KONTAKT PGA. EGEN HELSE ELLER SYKDOM
Hvor mange besøk har De hatt siste år på
grunn av egen helse eller sykdom?

Hos vanlig lege 71
Hos spesialist utenfor sykehuset 72
På legevakta 85
Hos bedrittslege 87
Hos fysioterapeut 89
Hos kiropraklor 81
Hos naturmedisiner
(homeopat, soneterapeut 0.1.) 83
På sykehusets poliklinikk 85

Antall innleggelser på sykehus siste år . . . . 87

KOSTHOLD
Hvor mange brodskiver spiser De vanligvis
daglig?
Sett kryss i den ruten der -Ja- passer best

Mindre enn 2 skiver 88
2 — 4 skiver
5 — 6 skiver
7— 12 skiver
13 eller flere skiver

Hva slags melk drikker de vanligvis?
Sett kryss i den ruten der -Ja- passer best.

Drikker ikke melk 89
Melk (helmelk), søt, sur
Lettmelk
Skummet melk, søt, sur

Hvor mange glass/kopper melk drikker De
vanligvis daglig?

Mindre enn ett glass/kopp 90
i — 2 glass/kopper
3 — 4 glass/kopper
5 eller flere glass/kopper

FISKEMAT
Hvor ofte spiser De torsktei eller annen
mager fisk til middag eller som pålegg?
Sett kryss i den ruten der Ja- passer best.

Sjeldnere enn en gang i uken 91
— 1 gang i uken

2 ganger i uken
3 eller flere ganger i uken

Hvor ofte spiser De fet fisk som sild, kveite,

uer, makrell, laks, ørret til middag eller som
pålegg?
Sett kryss i ruten der -Ja- passer best.

Sjeldnere enn en gang i uken 92
i gang i uken
2 ganger i uken
3 eller flere ganger i uken

Bruker De tran regelmessig?
Sett kryss i ruten der -Ja- passer best.

Nei 93
I mørketida
Hele året

‘FROKOST

________ _________

Ja
Li
02
03
04

Ja
Li
02
03
04

Ja
Di
02
03
04

Ja
Li
02
03

MIDDAGSMAT
Hvor ofte spiser De vanligvis kjøtt til middagen?
Sett kryss i ruten der -Ja- passer best.

Sjeldnere enn en gang i uken 95
1 — 2 ganger i uken
3 — 4 ganger i uken
5 eller flere ganger i uken

Hvor ofte bruker De tett (smø margarin, remu
lade, majones og lignende) til eller på middags.
maten?
Sett kryss i ruten der -Ja- passer best.

Sjeldnere enn en gang i uken
— 2 ganger i uken

3 — 4 ganger i uken
5 eller flere ganger i uken

Bruker De vanligvis grønnsaker som del av
middagsmaten7

FRUKT
Hvor ofte spiser De vanligvis frukt?
Sett kryss i ruten der -Ja- passer best.

Sjeldnere enn en gang i uken
Omtrent en gang i uken
2 — 3 ganger i uken
4 — 5 eller flere ganger i uken
Omtrent daglig

Ja
Li
02
03
04

Ja
Li
02
L3
04

Ja Nei
LO

Ja
98 Li

02
03
04
Ds

Ja
Li
02
03
04
05

Ja
Di
02
03
04
05

Ja
Li
02
03
L4
05

Ja
Li
02
03
04

Antall
besøk

LZ

Ja
Li
L2
03
04
05

Ja
Di
02
Da
04

96

97

ALKOHOL

Ja Nei
OLEr De total avholdsmannl.kvinne

Hvis nei,
— Hvor ofte pleier De å drikke øl?
Sett kryss i ruten der -Ja passer best.

Aldri, eller noen få ganger i året 100
—2 ganger i måneden

Omtrent 1 gang i uken
2 — 3 ganger i uken
Omtrent hver dag

Hvor ofte pleier De å drikke vin?
Sett kryss i rulen der -Ja- passer best.

Aldri, eller noen få ganger i året lOi
—2 ganger i måneden

Omtrent 1 gang i uken
2 — 3 ganger i uken
Omtrent hver dag

— Hvor ofte pleier De å drikke brennevin?
Sett kryss i ruten der -Ja- passer best.

Aldri, eller noen få ganger i året 102
— 2 ganger i måneden

Omtrent i gang i uken
2 — 3 ganger i uken
Omtrent hver dag

Omtrent hvor ofte har De i løpet av siste år
drukket alkohol tilsvarende minst 5 hafvflasker
øl, en helflaske vin eller ¼ flaske brennevin?
Sett kryss i ruten der -Ja- passer best.

Ikke siste år 103
Noen få ganger

—2 ganger i måneden
3 eller flere ganger i uken

I Ja Nei

Liser De vanligvis frokost daglig7 94 Li Li



FYSISK AKTIVITET
Hvor ofte utfører De fysisk aktivitet av minst 20
minutters varighet og som fører til at De blir
svett eller andpusten?
Sett kryss i ruten der Ja.. passer best.

Sjelden eller aldri 104
Ukentlig
Flere ganger i uka
Daglig

Dersom De vanligvis utfører slik aktivitet minst
en gang i uka, hvor mye tid bruker De ukentlig
til slik aktivitet?
Sett kryss i ruten der .Ja.. passer best.

Mindre enn 30 minutter i uka 105
Mellom 30 minutter og i time i uka .

Mellom i og 2 timer i uka
Mer enn 2 timer i uka

VANE. OG KOSTENDRINGER
Har De endret Deres vanerlkosthold i løpet
av de siste 5 år når det gjelder:(Sett kryss for
hvert spørsmål)

Fett i kosten 106
Soyamargarin eller matoljer 107
Skummet melk eller lettmelk 108
Kaffe-forbruk 109
Alkohol-forbruk 110
Fysisk aktivitet 111

EKTESKAPSISAMBOFORHOLD

HUSSTAND

______________________

Hvor mange personer bor det i deres
husstand? 115

Er noen i Deres husstand 10 år eller
yngre? 117

Trenger noen i Deres husstand spesielt
tilsyn/pleie — utenom barna2 118

SKOLEGANG

Eli
02
03
04

RYGG. OG LEDDPLAGER
Har De i løpet av Siste år vært plaget av smerter
i ryggen som har vart lenger enn 4 uker? .. 123

Hvis ja, bedrer ryggsmertene seg dersom
De beveger Dem? 124

Har De vært plaget av stivhet i ryggen om
morgenen som varte lenger enn
30 minutter? 125

Har De i løpet av siste 3 år vært plaget av
smerier i noen av de følgende ledd i mer enn
3 måneder?

Kneleddene 126
Albueleddene 127
De innerste fingerleddene 128
Andre ledd 129

Hvis ja, merket De stivhet i leddene om
morgenen av mer enn 30 minutters
varighet 130

PLAGER I HODE, NAKKE OG SKULDRE
Hvor ofte er De plaget av hodepine?
Sett kryss i ruten der «Ja. passer best.

Sjelden eller aldri 131
En eller flere ganger i måneden
En eller flere ganger i uken
Daglig

Hvor ofte er De plaget av smerter i nakke eller
skuldre?
Sett kryss i ruten der .Ja.. passer best.

Sjelden eller aldri 132
En eller flere ganger i måneden
En eller flere ganger i uken
Daglig

Reduserer plagene i hodet, nakken eller
skuldrene Deres arbeidsevne?
Sett kryss i ruten der .Ja. passer best.

Aldri, eller i ubelydelig grad 133
I noen grad
I betydelig grad
Klarer ikke vanlig arbeid

Har De noen gang fått røntgenundersekt
ryggen, nakken og/eller skuldre 134

Ja Nei
DO

DO

DO

Ja Nei
00
00
00
00

Ja
Di
02
03
D4

Ja
Di
02
03
04

Ja
Di
02
03
D4
Ja Nei
00

Ja
El

Ja
Di
02
03
04

Ja Nei
DO

Ja Nei
DO

Ja Nei
OD

Ja
Di
02
03
04

Ja
Di
02
03
04

Bruker nå
ser som ter n/ndme
000
000
000
000
000
000

Ja Nei
00

år

Antall

Ja Nei
00
Ja Nei
00

Er De gift eller samboende 112

Hvor gammel var De da De første gang giftet
Dem eller innledet et samboerforhold? . . . 113

Hvor mange års skolegang har De (ta også med
folkeskole og ungdomsskole)? 119 EI] år

ARBEID

SOVNLØSHETIBEVISSTL0SHET
Nei
0

Ja
Di
02
03

Har De hatt lønnet arbeid hele siste år?
Sett kryss i ruten der «Ja’. passer best.

Fulltidsarbeid 121
Deltidsarbeid
Ikke lønnet arbeid

Hvor stor del av det daglige arbeid i hjemmet
gjør De vanligvis selv?
Sett kryss i ruten der .‘Ja. passer best.

Alt eller nesten alt 122
Minst halvparten
Mer enn en fjerdedel
Mindre enn en fjerdedel

Hender det at De er plaget av søvniøshet . 135
Hvis ja, når på året er De mest plaget?
Sett kryss i ruten der «Ja.. passer best.

Ingen spesiell tid 136
Særlig mørketiden
Særlig i midnallsoltiden
Særlig høst og vår

Har De gjennom hele siste år vært plaget av
søvnighet slik et det går ut over
arbeidsevnen’ 137

Har De siste år hatt anfall med plutselig tap
av bevissthet’ 138

Har De merket antall med plutselig endring i
pulsen eller hjerterytmen siste år 139



REAKSJONER PÅ PROBLEMER

Hvis De Iår store personlige problemer, regner
De da med å få hjelp og støtte fra ektefelle,
samboer eller familie? ................ 140

Har De lengere tid felt behov for å oppsøke
noen på grunn av personlige problem siste
år, uten at De har tatt slik kontakt’ 141

Har De i de siste 14 dager følt Dem ute av
stand til å takle Deres vanskeligheter?
Sett kryss i ruten der ‘Ja» passer best.

Aldri eller sjelden 142
Av og til
Ofte
Nesten hele tids

MENSTRUASJON
Hvor gammel var De da De fikk menstruasjon
første gang7 145

Når begynte Deres siste rnenstruasjon? . . 147

Hvor mange dager er/var det vanligvis fra
menstruasjonens 1. blodningsdag til neste
menstruasjons 1. blødningsdag (= tiden
mellom to menstruasjoners begynnelse)? . 153

Pleier/pleide menstruasjonen å være
regelmessig 155

Bruker De vanligvis smertestillende tabletter
under menstruasjonen? 156

PLAGER FOR MENSTRLJASJON
Har De før menstruasjon noen av disse
plagene:
— Er De nedtrykt (deprimert) eller irritabel?
Sett kryss i ruten der »Ja» passer best.

Ubetydelig 157
Merkbart
Plagsomt

— Har De smertefulle bryst?
Sett kryss i ruten der »Ja» passer best.

Ubetydelig 158
Merkbart
Plagsomt

— Har De hovne henderlfotter vektokning,
eller følelse av å »ese ut»?
Sett kryss i ruten der ..Ja» passer best.

Ubetydelig 15
Merkbart
Ptagsomt

Har De i de siste 14 dager felt Dem ulykkelig
og nedtrykt (deprimert)?
Sett kryss i ruten der »Ja» passer best.

Aldri eller sjelden 143
Av og til
Ofte
Nesten hele tida

Hender det ofte at De føler Dem ensom?
Sett kryss i ruten der ‘Ja» passer best.

Meget ofte 144
Av og til
Aldri eller nesten aldri

Forsvinner plagene når menstruasjonen
kommer’ 160

Bruker De mot slike plager:
— vanndrivende tabletter’ 161
— andre medisiner’ 162

SVANGERSKAP

PREVENSJON

Bruker eller har De brukt P-piller eller
spiral’ 166
Hvis ja, hvor mange år har De tilsammen
brukt:

P-piller’ 167
Spiral’ 169

Hvor gammel var De da De begynte med:
P-piller’ 171
Spiral’ 173

Hvis De har sluttet med P-pifter, uteble da
menstruasjonen i mer enn 6 måneder uten
at De var gravid’ 175

Har de måttet slutte med P-pitler fordi De
fikk høyt blodtrykk’ 176

KREFTPRØVE
Hvor mange ganger har De fått tatt krelipreve
(celleprøve) fra livmorhalsen siste 3 år? . . . 177

Hvor mange år siden er det siden siste
prøve’ 178

Ja

Li 2
[13
04

Ja
[li
[12
[13

Antall
fl

Llår

flår
flår

flår
flår

Ja Nei
00
Ja Nei
00

Ja Nei
00

Ja Nei
00

Ja
[11
02
03
04

RESTEN AVSKJEMAETBESVARES
BARE AV KVINNER

år

Ja Nei

00
Ja Nei
00
00

Hvor mange barn har De født’ 163

Hvor gammel var De første gang De var
gravid’ 164

flår

dag mnd.
II

[I] dager

Ja Nei
00
Ja Nei
00

Ja
Oi
02
03

Ja
Eli
02
03

Ja

02
03

Ja Nei

ULl

Deres kommentarer: 179

Antall prøver
fl

flår

0

Takk for hjelpen! Husk å postlegge skjemaet idag!
Tromsoundersøkelsen 1986-7



surveys of 1974 and 1979-80
focused are a very varied categoly
of diseases whose causes are stilt
partly unknown. In Tromsø we are
therefore trying to obtain a more
complete description of factors
which may be important for the
course ofthese diseases, such as diet,
psychological pressure, ‘tress

GENERAL STATE OF HEALTH
How is your health?
Tick the appropriate box.
Verybad
Bad
Neither good nor bad, “middlmg”
Good
Excellent

ifor,natio,i about your health and
includes questions on various
diseases and physical and
psychological complaints. We have
included questions on pregnancy,
birth and menstruation.

In addition, we are interested in
obtaining itformation on the public
use of medical services in order to
find out how to improve the health
service.

We hope that you will take the
trouble to fill in yet another

questionnaire and return it to

“Tromsø Board of Health” in the
enclosed envelope. All information
will be treated in slrict confidence. If
you have any comments to make on
the survey, you may write them down
in the space provided on the last
page ofthe questionnaire.

Yours sincerely

Tromsø Board Department of
ofHealth Medicine,

University of Tromsø

Have youl have you had: Tick
“yes” or “no” for each question.
The skin disease psoriasis?
Asthrna?

Yes Allergic eczema?
fl Hay fever?
fl Chronic broncbitis?
fl Stomach ulcer?
fl Duodenal ulcer?
fl Your appendix removed?

An operation for a stomach ulcer?
Chroruc rheuniatoid arthritis?
Cancer?
Epilepsy?
Migraine?
INFECTIONS

Yes No
On
fin
fin
fin
fin
fin
On
fin
fin
fin
fin
fin
fin

ADDITIONAL QUESTIONS THE

TROMSØ HEALTH SURVEY,

1986- 87.

English translation; Mrs. Anne Clancy and
Mr. Kevin McCafferty

Cardiovascular heart and
circulatory diseases, on which the

social conditions and the occurrence
of disease in relatives. Such a
descrztion is also important in the
search for faciors that contribute to
cancer a group of diseases which
we will also be trying to co,nbat in
the coming years.

When you were called in, you
received a questionnaire which you
handed in at the survey. The present

questionnaire asks for Jitrther

ILLNESS



How many times in the last 6 months have
you had infections like a cold, influenza (flu)
diarrhoealvomiting, or similar
ilinesses ? Number ofrirnes .

ILLNESS IN PARENTS OR SIELINGS
Tick Ihe appropriate box for relatives that
have, or have had the following ilinesses:

Cerebral stroke or
brain haemorrhage:
Diabetes:
Rheumatoid arthritis:
Cancer:
Psoriasis:
Stomach or duodenal

Mother Father Brother Sister

How many visits have you made dunng the
past year due to your own health or illness ?

Number ofvisits
To a GP(general practitioner):
To a specialist, (non hospital):
Emergency GP
Medical officer at work :
Physiotherapist:
Chiropractor:
Nature healer(homeopath etc.)
Hospital outpatient department
Number of hospital
admissions in the past year:

DIET
How many slices ofbread do you usually eat
daily?
Tick the mosS appropriate box. Yes
Less than 2 slices
2-4slices
5-6slices fl
7-12 slices
13 or more slices fl’

Tick the appropriare box ifneither your
parents nor siblings have or have
hadanyoftheabove Yes No
illnesses. fl fl

MEDICINES
Have you during the last year used tablets/
spraysorhadinjections Yes No
for asthma or allergies? fl fl

What type ofrnilk do you usually drink?
Tick the moss appropriate box. Yes
Do not drink milk
Full cream miflc
(ordinary or curdied) fl
Lightmilk fl
Skinimed rniflc
(ordinary or curdied) fl

How many glasses/cups ofmilk do usually
drink daily? Yes
Less than 1 glass/cup fl
1 -2 glasses/cups fl
3 -4 glassesfcups fl
5 or more glasses/cups fl

FISH
How often do you eat cod, coal flsh, red
snapper or other lean fish for dinner or in
a sandwich?
Tick the mosS appropriate box Yes
Less than once a week fl
Onceaweek fl
Twice a week fl
3 ormoretimesaweek fl
How often do you eat cod/pollock or other
lean fish for dinner ur in a sandwich?
Tick ihe mosS appropriate box. Yes

Have you had one ofthese
infection in the past 14 days?

Yes No

fl fl fl fl
fl fl fl fl
fl fl fl fl
G G fl fl
fl fl 0 fl

fl 0 fl fl
fl fl fl fl

ulcer:
Asthma:

:1

Have you used any of the following
medicines in the past 14 days?
Painkillers:
Antipyretics (to reduce fever):
Eczema ointment:
Blood pressure medication:
Heart medication:
Sleeping tablets:
Nerve tablets:
Migraine medication:
Epilepsy medication:
Other medicines:

Yes No
UD
DU
DU
UD
UD
DU
UD
UD
DU
UD

CONTACT DUE TO OWN HEALTH
OR ILLNESS



Yes
LI
LI
LI

Yes
LI
fl
LI
LI

Yes
LI
LI
fl
LI

Do you usually eat vegetables Yes No
with your dinner? LI fl

LI
LI
LI
LI

Yes No
LILI

Yes
LI
LJ

LI
LI
LI

Yes
LI
LI
LI
0
LI

Yes
LI
0
LI
0
LI

FRUTT
How ofien do you usually eat fruit?
Tick the appropriate box.
Less than once a week

PHYSICAL ACTIVITY
How often do you take part in physical

activity lasting at least 20 minutes, which

rnakes you perspire or become breathless?

Less than once a week LI About once a week
Onceaweek LI 2-3timesaweek

Twice a week LI 4 - 5 times a week

3 or more times a week LI More or less

How often do you eat fat fish, such as
hen-ing, halibut, mackerel, salmon or frout ALCOHOL

for dinner or in a sandwich? Are you a teetotaller?

Tick the most oppropriate box
Less than once a week If”not’ how often do you drink beer?

Tick the most appropriate box
Once a week
Twice a week

Never or just a few times a year
Once or twice a month

3 or more times a week
About once a week

Do you take cod hver oil regularly? 2 -3 times a week

Tick the most appropriate box Yes More or less daily

No LI
‘Dark-time’(mid-winter) LI How often do you drink wine?

All year Tick in the most appropriate box
Never or just a few times a year
Once or twice a month

BREAKFAST About once a week

Do you usually eat breakfast Yes No 2 - 3 times a week
every day? LI LI More or less daily

How often do you dririk spirits?

DINNER Tick the appropriate box

How often do you eat meat for dinner? Never orjust a few times a year

Tick the appropriate box Once or twice a month

Less than once a week Approximately once a week

Once or twice a week 2 or 3 times a week

3 - 4 times a week More or less daily

5 or more times a week
Approximately how often in the past year

have you dnmk alcohol corresponding to at
How often do you use fat like butter, least 5 small bottles ofbeer, a bottie ofwine,
margarine, mayonnaise, etc. with YOUr or a quarter bottle ofspirits?
dinner? Tick the inost appropriate box Yes
Tick the most appropriate box Not at all the past year LI
Less than once a week Afewtimes LI
Once or twice a week Once or twice a month LI
3 - 4 times a week 3 or more times a week LI
5 or more times a week



Tick the appropriate bot.
Rarely or never
Weekly
Several times a week
Daily

If you usuafly take part in this type of
activity at least weekly, how much time do
you spend exercising?
Tick the most appropriate box. Yes
Less than 30 minutes a week 0
Between 30 minutes and
one hour weekly 0
Between 1 and 2 hours a week 0
More than 2 hours a week 0

CHANGE IN DIETARY HABITS AN])

Use now
More As be/øre Less

000
000
O0 0
000
000
000

How old were you when you first rnarried or
moved in witb a partner? age:

HOUSEHOLD
How many persons live in your household?

MARRIAGE / PARTNER
Are you married or ‘living
together?

Number ofpersons

Is anyone in your household
10 years or younger?
Does anyone in your household
need special care/assistance?
(Other Ihan the children)

SCHOOLING
How many years schooling have you bad?
(include secondary and folk high schools)
Number ofyears

Yes EMPLOYMENT
O I-lave you had paid work this past year?
0 Tick ilie appropriate bot Yes
0 Full-time work 0
0 Part-time work 0

Unpaid work 0

How much house work do you normally do
yourself?
Tick the appropriate box Yes
All or almost all 0
At least half 0
More than a quarter 0
Less than a quarter 0

BACK AN]) JOINTS CONIMTIONS
During this last year have you suffered from
backache that has lasted longer
than 4 weeks?

lf”yes”, does the pain
improve when you exercise?

Have you suffered from morning stiffness in
your back lasting more than
30 minutes?

During the past 3 years have you suffered
from pain in any of the following joints
lasting more than 30 minutes? Yes No
Knees 0 0
Elbows 0 0
Innermost finger joints 0 0
Otherjoints 0 0

If”yes have you suffered from stiff
joints in the mornings lasting Yes No
more than 30 minutes? 0 0

NECK HEAD AND SHOULDER
COMPLAINTS
How often do you suffer headache?
Tick the appropriate box
Rarely or never
Once or twice a month
Once or twice a week
Daily

OTEIER HABITS
Have you changed any of the following
habits during the last 5 years?
Tick the appropriate box.

Dietary fat
Soya margarine or oil
Skinimed or low fat millc
Coffee intake
Alcohol intake
Physical activity

Yes No
00

Yes No
00

Yes No
00

Yes No
00

Ves No
00

Yes No
00

Yes
0
0
0
0



How often do you suffer pain in the
neck or shoulder?
Tick ihe appropriate box Yes
Rarely or never 2
Once or twice a month
Once or twice a week
Daily fl

Do these complaints inhibit your
ability to work?
Tick ihe appropriate box.
Little or no effect
To some degree
To a large degree
Cannot do ordinary work

Have your back, shoulders, and /or
neck ever been x-rayed?

SLEEPLESSNESS / LOSS OF
CONSCIOUSNESS
Have you ever suffered from
sleeplessness?

If “yes “, at what time of the year do you

usually suffer from sleeplessness?

Tick the appropriate box Yes
No particular time 0

Especially during the ‘dark time’ LJ
Especially during the arctic summer

(midnight sun) 0
Especially in spring and autumn 0

Have you at any time dunng the last 12

twelve months suffered from tiredness

that has affected your work Yes No

perforrnance? 0 fl

Have you suffered from sudden loss of
consciousness in the past yeai? Yes No

DO

Have you noticed sudden changes in

your pulse rate or heartbeat in Yes No

the past year? fl fl

REACTION TO PROI3LEMS
If you have major personal problems, do you
expect to get help and support from your

spouse or family? Yes No
[2

In the last year, have you long felt a need to
seek help with personal problems, without

doingso? Yes No
00

During the past 2 weeks have you felt unable

to cope with your problems?
Tick the appropriate box Yes
Seldom or never 0
Sometimes 0
Ofien fl
Nearly always fl

During the past 2 weeks have you felt
unhappy or depressed?
Tick the appropriate box Yes
Seldom or never fl
Sometimes fl
Often 0
Nearly always 0

Do you ever feel lonely?
Tick the appropriate box
Veiy often
Sometimes
Rarely or never

THE REMAIMNG SECTION OF THE

QUESTIONNAIRE APPLIES TO
WOMEN ONLY.

MENSTRUATION
How old were you when you started
menstruating? age:

When did you start (date, month, year)

your last period9

fl

fl

Yes
0
0
fl
fl

Yes No
00

Yes No
[fl

Yes
fl
0
0

How snany days usually pass from the first

day of one period to the first day of your



next period (the time lapsed between the How many children have you had?
start of two periods)? Number ofchildren

Numberofdays
How old were you when you got pregnant

Do/did you menstruate regularly? Yes No for the first time? Age00
Do you usually need pain- Yes No

CONTRACEPTIONkillers during menstruation? 0 0
Do you now use or have you ever used the

PRE-MENSTRUAL TENSION
contraceptive pill or an intrauterine device?

Yes NoDo you have any ofthe following o :
complaints before your period? If ‘yes ‘ for how many years altogether
Are you depressed or irritable? have you used: Number ofyears
Tick the appropriate box Yes The pill:
Hardly at all 0 An intrauterine device:
Noticeably
Very much SO How old were you when you started using:

Are your breasts painful? The pill: age:

Tick ihe appropriate box Yes An intrauterine device: age:

Hardly at all fl
Noticeably o If you stopped taking the pill, did 6 months
Veiy much 0 or more pass without menstruating (having a

period), without your being pregnant?
Do you have swollen hands/feet, put on Yes No
weight, or feel bloated? o 0
Tick the appropriate box. Yes
Hardly at all 0 Did you have to stop taking the pill due to
Noticeably high blood pressure? Yes No
Verymuchso 0 0 0

Do the complaints disappear Yes No
when you get your period? 0 0 CERVICAL SMEAR TEST

How many times have you had a cervical

What type ofmedication do you use for smear test in the last 3 years?

these complaints? Number oftimes:

Tick the appropriate box. Yes
Diuretics 0 How many years is it since you

Other medicines 0 bad your last cervical smear test?
Numberofyears

PREGNANCY

Comments

Thank you for your heip! Remember to post the questionnaire today!
The Tromsø survey 1986-1987.
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Helseundersokelsen i Nordland

1988-89.

Helseundersøkelsen i Nordland pågår fremdeles, og du er en av dem som har

benyttet muligheten til en ekstra helsesjekk.

Ved frammete til undersøkelsen fikk du utlevert et spørreskjema som skulle

sendes til Fylkeslegen i Nordland. Vi kan ikke se å ha mottatt ditt skjema ennå.

Derfor sender vi deg et nytt skjema og håper at du har anledning til å fylle det ut.

Svarkonvolutt følger vedlagt. Porto er allerede betalt.

I tillegg til at undersøkelsen gir mulighet til å forebygge hjerte-karsykdom, bidrar

den til øke våre kunnskaper om bl.a. kroniske sykdommei arbeidsmiljøet og

hvordan helsetjenesten fungerer. Det er derfor svært viktig at flest mulig svarer.

Alle opplysninger som du gir på skjemaet, vil bli behandlet strengt fortrolig.

På forhånd takk for hjelpen!

Med vennlig hilsen

Fylkeslegen i Nordland Universitetet i Tromsø

Statens helseundersøkelser



Har en eller flere av foreldre eller sosken hatt
hjerteinfarkt (sår på hjertet) eller anglna
pectoris (hjertekrampe)? 12

Har De, eller har De hatt

Hjerteinlarkt’ 13
Angina pecloris (hjertekrampe)’ 14
Hjerneslag 15
Sukkersyke’ 16

Er De under behandling for:

Høyt blodtrykk’ 17

Bruker De:

Nitroglycerin’ la

C SYMPTOMER
Får De smerter eller ubehag i brystet når De:

Går i bakker, trapper eller
fort på flat mark’ 19
Går i vanlig takt på flat mark’ 30

Dersom De får amerter eller vondt
i bryatet ved gange, pleier De da:

Stoppe’ 21
Saktne farten3
Fortsette i samme takt?

Dersom De stopper eller saktner farten,
går da amertene bort:

Etter mindre enn 10 minutter’ 22
Etter mer enn 10 minutter3

Har De vanligvis:

Hoste om morgenen 23
Gppspytt fra bryslel om morgenen’ 24

—

Bevegelse og kroppalig aktivitet i Deres fritid.
Dersom aktiviteten varierer mye, f.eks. mellom
sommer og vinter, så ta ett gjennomsnitt
Sporsmålet gjelder bare det siste året.
Sett kryss i den ruten sem passer best

Leser, ser på fjernsyn eller annen
slillesittende beskjeftigelse’ 25

Spaserer, sykler eller beveger Dem på
annen måte minst 4 timer i uken’
IHer skal De egså regne med gang eller
sykling til arbeidsstedet, sandagstarer m.rn.l

Driver mosjonsidrett, tyngre hage arbeid el.?
IMerk at aktiviteten skal narr i minst
4 timer i aken.l

Trener hardt eller driver konkurranseidrell
regelmessig og flere ganger i uken’

Rteyker De daglig tor tids’ 30
Dersom svaret er «JA», svar da på dette:

Reyker De sigaretter daglig’ at
Ihåndadlede eller fabrikktremsliltel

Dersom De ikke reyker sigaretter nå,
svar da på dette:

Har De reykt sigaretter daglig tidligere’ 32

Dersom De svarte eJA.,, hvor lenge er det
da siden De sluttet?

Mindre enn 3
3 måneder — 1 år’
1—5 år’
Mer enn 5 år’

Skal besvares av de som royker
nå eller som har roykt tidligere:

Hvor mange år til sammen har
De reykt daglig? 34

Hvor mange sigaretter røyker eller
røykte De dagltg?
Gi opp antallet sigaretter daglig 3k

ftråndnilledn + takrikklramskltel
Reyker De noe annet enn sigaretter daglig?

Sigarer eller serutler/sigarillos’ 4a
Pipe’ 41

Dersom De reyker pipe, hvor mange pakker
tobakk (50 gram) bruker De t pipen
på en uke?

Gi opp gjennomsnitilig tall på
pakkeriuken 42

“, G KAFFE
Hvor mange kopper kaI le drikker De
vanligvis hver dag?

Sett kryss i den ruten ssm passer best.
Drikker ikke kalle, eller mindre
enn en kopp 4s
1 — 4 kopper
5 — 8 kopper
g eller flere kopper

Hva slags kalte drikker De vanligvis hver dag?
Kokekalle 46
Frllerkalle 47
Pulverkalle 46
Kolleinlri kalle 49
Drikker ikke kalle sa

H . ARBEID

Har De i de siste 12 månedene
fått arbeidsledighetstrygd’ st

Er De for tiden sykemeldt, eller
får De allferingspenger’ 52

Har De bli eller delvis ulerepensjon sa

Har De vanligvis skillarbeid eller
naltarbeid 54

Har De i det siste året hatt:
Sett kryss i den ruten ssm passer best.

For del meste stillesitlende erbeid’ ss
lt.eks. skrivebo,asark, urrnakerarb., ninnleringt
Arbeide som krever at De går mye
lt.eks. ekspetfiterarb., lett industvarb., endervisn,l
Arbeide der De går og løfter mye’
lt.eks. pestbud, tyngre indaptriarb., bygningsarb.l
Tungt kroppsarbeid’
lt.eks. skogsark., tungt jerdbruksarb., tungt bygningarb.l

Er husmorsrbeid hovedyrkel Deres’ se

rn

År

Sigarener

Tekakkepk.

Li2

n41

m

Ikke skdv kar

El

Pike skria lier

m

æ

Lit

L12

E14
• SALT/FETT

Hvor otte bruker De salt kjott
eller salt fisk til middag?
Sett kryss i den ruten som passer best

Aldri eller sjeldnere enn en gang
i måneden 2k
Inntil en gang i uken
Inntil to ganger i uken
Mer enn to ganger i uken

Hvor ofte pleier De å stro ekstra salt
på middagsmaten?
Sett kryss i den ruten som passer best.

Sjelden eller aldri 27
Av og til eller ofte
Alltid eller nesten alltid

Hva slags margarin eller smor bruker De
vanligvis på brodet?
Salt kryss i den ruten som passer best.

Bruker ikke smør eller margarin på brad- 2e
Smør
Hard margarin
Myk (Soll) margarin
Smør/margarin blanding

Hva slags lett blir vanligvis brukt til
mattsging i husholdningen Deres?
Sett kryss i den ruten som passer beste

Smør eller hard margarin 29

Myk (Solt) margarin eller olje
Smør/margarin blanding

I ETTERUNDERSØKELSE

i [‘i

Har noen i husstanden Deres (utenom
Dem selv) vært innkalt lii nærmere under
søkelse hos lege etter den siste hjerte

57

Dersom denne helseundersokelsen viser at
De bor undersekes nærmere: Hvilken almen
prakltserende lege onsker De da å
hit henvist til?

Skriv navnet på legen kar

sa

byen spesiell lege

et
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Tilleggssporsmål til
Helseundersokelsen i
Nordland 1988—1989.

Hovedformålet med den undersøkelsen du idag har gjennom

gått er å undersøke risiko for hjerte- karsykdommer. Dette er
imidlertid en mangeartet sykdomsgruppe med tildels dårlig
kjente årsaksforhold.
For å finne mer ut av årsakene til hjertekarsykdommer og
andre hyppige kroniske sykdommer er det nødvendig å få
mer kunnskap om bl.a. vane helseforholdene generelt og
a:beidsmiljøet.

I dette spørreskjemaet ønsker vi derfor å stille deg en rekke
spørsmål om forhold som vi tror kan ha betydning for risikoen

for å få bl.a. hjertekarsykdom og kreft. Hvis du er i tvil om hva
du skal svare, sett kryss i den ruten som passer best.

Ved å delta på denne undersøkelsen bidrar du til å finne mer
‘ om de forhold som er av betydning for helse og sykdom.
.arene du gir vil bare bH brukt til forskning og blir behandlet

strengt fortrolig.

Det utfylte skjema sendes i vedlagte svarkonvolutt.
Portoen er betalt.

På forhånd takk for bidraget!

Med vennlig hilsen

Fylkeslegen i Nordland Universitetet i Tromsø

Statens helseundersøkelser

Har du eller har du hatt:
Kryss av for hver sykdom Ja Nei

Hudsykdommen psoriasis LI LI
Astma Li Li
Allergisk eksem LI Li
Høysnue LI Li
Kronisk bronkitt Li Li
Leddgikt (revmatisk artritt) Li Li
Bechterews sykdom LI LI
Brystkreft Li Li
Kreft på livmorhalsen Li Li
Annen kreftsykdom LI Li
Epilepsi (fallesyke) Li Li
Migrene LI LI

Hvor mange av dine egne tenner har du Antall
igjen?
Hvor mange ganger har du hatt vondt i hal
sen eller intluensa med høy feber det siste
året?

MAGEPLAGEII

PERSONALIA

Ja Nei
Er du gift eller samboende? Li Li
I hvilket fylke er du født?

Hvor mange års skolegang har du
(ta også med folkeskole og ungdomskole) år
Hvor mange personer bor del i din husstand?

Antall

Ja Nei Vel
Er to eller flere av dine besteforeldre av ikke

finskætt Li LI Li

Er to eller flere av dine besteforeldre av
samisk ælt

Har du vært plaget med sure oppstøt, hals- Ja Nei
brann eller brystsvie LI Li
Har du vært plaget med sterke smerter eller
verk øverst i magen LI Li

Hvis Ja:
Forandrer smertene seg når du spiser? . LI Li
Hvis smertene forandrer seg ved spising,
blir de:
mindre plagsomme Lii
verre 02

Ja Nei

Har du søkt lege på grunn av slike plager? LI LI
Hvor gammel var du første gang du fikk
slike plager9 år

Har du eller har du hatt sår påmagesekken Ja Nei

eller tolv1ingerfarmen’ Li Li
Hvis -Ja-: Hva slags sår?
Sår på magesekk Lii
Sår på tolvfingertarmen 02

Vet ikke Lii

Hvilket år ble disgnosen stillet første gang? ig

Ja Nei

Er såret påvist ved rontgenundersekelse? Li Li
Er såret påvist ved gastroskopi (direkte un
dersøkelse av magen gjennom bøyelig rør)? LI Li
Ble du innlagt i sykehus for såret Li Li
Er du operert for såret? LI Li

Hvis -Ja-: hvilket år ble du operert? 19

HELSE OG SYKDOM
Hvordan er din helsetilstand?

Dårlig Di
Hverken god eller dårlig LI2
Bra Li3
Utmerket LI4



KONTAKT MED HELSETJENESTEN

Hvor mange besøk har du hatt siste år på Antall
grunn av egen helse eller sykdom? besøk
Svar på hvert enkelt spørsmål.

Hos vanlig lege )
Hos spesialist utenfor sykehus 1 i ;
På legevakta i i
Hos bedrittsiege

*

Hos sykepleier på sykestue
Hos tysioterapeut
Hos kiropraktor
Hos naturmedisiner (homeopat,
soneterapeut 0.1.)
Hos tannlege
På sykehusets poliklinikk

Antall innleggelser på sykehus siste år . .

Antall hjemmebesøk av lege til familien
sisteår

Har du søkt hjelp på grunn av plager fra
hode, nakke og skutdre det siste året? Ja Nei

Hos vanlig lege fl fl
Hos spesialist utenfor sykehus fl fl
På legevakta fl fl
Hos bedriftslege fl fl
Hos kiropraktor fl fl
Hos naturmedisiner (homeopat,
soneterapeut 0.1.) fl fl
På sykehusets poliklinikk fl fl

Antall
Antall innleggelser på sykehus siste ar p.g.a.
plager fra hode, nakke og skuldre

Hva gjorde du siste gang du hadde vondt i
halsen etter influensa med høy feber?

Oppsøkfe lege for å få behandling fir
Oppsøkte lege for å få sykemelding .. . . fl
Ventet til det hele gkk over av seg sjel . . . fl
Brukte mine egne måter å bli frisk pâ . . . . flr

HOFTEPLAGER SYKDOM HOS FAMILIE

Kryss av for de slektninger som har
etter har hatt noen av sykdommene:

Ja Nei
Har du medfødt hoftelidelse9 fl fl
Hvis -Ja.: Sitter lidelsen i

Høyre hofte fli
Venstre hofte
Begge hofier fl

Hvor gammel var du da hoftelidelsene ble
oppdaget? år

Ja Nei
Er du operert i hoften? fl fl

Ja Nei Vet
Ble du som spebarn behandlet for hofteteil ikke
med gips eller med pute mellom beina fl fl fl
Kryss av for familiemedlemmer som har
eller har hatt hofteteil:

Fartar Lii Farmor 02 Søster 03 Far 04
Morfar 05 Mormor 06 Bror 07 Mor Eie

Hjerneslag eller hjerneblødning
Sukkersyko
Hudsykdommen psoriasis
Magesår eller tolvfingertarmsår

Astma
Leddgikt (revmatoid artritt)
Bechterews Sykdom

Far Mor Bar Sasler

flflflfl
flflflfl
flflflfl
flflflfl
flflflfl
flflflfl
flflofl

fl fl
flflflfl
flflflfl
flflflfl

Brystkreft

Annen kreftsykdom
Epilepsi (fallesyke)

PLAGER I HODE,NAKKE OG SKULDRE

Migrene

Ingen av sykdommene ovenfor . . . . fl fl fl fl

Hvor ofte er du plaget av hodepine?
Sjelden eller aldri fli
En eller flere ganger i måneden E(2
En eller flere ganger i uken fl
Daglig fli

Hvor ofte er du plaget av smerter i nakke
eller skuldre?

Sjelden eller aldri fl i

En eller flere ganger i måneden L12
En eller flere ganger i uken
Daglig

Reduserer plagene i hodet, nakken eller
skutdre din arbeidsevne?

Aldri, eller i ubetydelig grad fli
I noen grad fl2

I betydelig grad flo
Klarer ikke vanlig arbeid

BEVISTLØSHET I HJERTEPLAGER

Har du Siste år hatt antall med plutselig og Ja Nei
fullstendig tap av bevissthet9 fl fl
Hvis -Ja-: Fatt du om” fl fl

Antall
Hvor mange antall har du hatt siste år?

Har du hatt antatt med plutselig endring i Ja Nei
pulsen eller hjerterytmen siste år” fl fl
Hvis -Ja-: Hvordan var hjerteslagene?

Raskere enn normalt fli
Langsommere enn normalt fl2
Uregelmessige fl

Ja Nei
Ble du uvel, kvalm e.t. under antallet” fl fl

Antall
Hvor mange slike antall har du hatt siste år”

—2—



TILFREDSHET MED.HELSETJENESTEN

Hvor lang tid tar det vanligvis å fà time
hos vanlig lege i den kommunen der du bor?

O-4dager L1
5-8 dager 02

9-14 dager 1:13
Mer enn 14 dager 04
Vet ikke i:i

Er det vanskelig eller tett å få lege til syke-
besøk i hjemmet når det er behov for det?

Lett
Vanskelig 1:12
Svært vanskelig 03
Vel ikke 04

Er del lettere eller vanskeligere å få lege til
sykebesek enn for 5 år siden?

Lettere nå Oi
Uforandret 02

Vanskeligere nå 03
Vet ikke 04

Synes du at almenpraktiserende leger i din
kommune tar seg nok tid til å snakke med
pasientene?

Noktid Lii
Dårlig tid 1:12
Svært dårlig tid 03
Vet ikke 1:14

Er du alt ialt fornøyd eller misfornøyd
med almenlege-tjenesten i din bostedskom
murie?

Godt fornøyd Di
Fornøyd 1:12
Misfornøyd 1:13
Vet ikke 04

Tror du almenlegetjenesten alt i alt har
blitt bedre eller dårligere i løpet av de
siste Sår i din kommune?

Bedre nå enn før Lii
Bedre for 4-5 år siden 02
Uforandret 1:13
Vet ikke 04

Bor du i gangavstand til et vanlig Ja
legekontor? 0
Har fylket (Nordland fylkeskommune) Ja Nei
nektet deg innleggelse på sykehus uten
for Nordland når din vanlige lege mente
det var nødvendig? Li Li

—3—

BRUK AV RØNTGEN-UNDERSØKELSE

Har du vært til røntgenuridersekelse de siste Ja Nei

5år? 0 0
Hvis ..Ja.:
Hvor mange ganger har du vært til røntgen- Antall
undersøkelse av: ganger

nakken
korsryggen (veikryggen)
magesekkltolvfingertarm
tykktarm
tenner

Har du siste 5 årspedode latt være å søke
hjelp hos tannlege, lege. sykehuspoliklinikk
eller fysioterapeut p.g.a. egenandeler?
Kryss av for hvert spørsmål Ja Nei

Tannlege LI 0
Vanlig lege 0 Li
Poliklinikk Li 0
Fysioterapeut 0 0

KONTAKT I NÆRMILJØET
Hvor mange timer bruker du på lokal Antall
foreningsvirksomhet (som idrettlag, politiske timer
lag, religiøse eller andre foreninger)
i en vanlig arbeidsuke?

Hvor mange familier/husstander i Antall
nabolaget kjenner du så godt at
dere besøker hverandre av og til?

Har du i løpet av de siste 14 dagene snakket Ja Nei
med:

noen i familien om gleder og sorgar 0 Li
noen i familien om helsespersmål 0 0
andre utenom familienomgladerogsorgar 0 LI
andre utenom familien om helsespørsmål Li Li

Har noen spurt deg om råd når det gjelder
sykdom og helse de sista 14 dager2 0 Li

Hender det oftest du føler deg ensom?
Nei Lii
Avogtil 02

Ofte 03
Hvor ofte er du vanligvis sammen med ven
ner i fritiden?

Daglig/nesten daglig Oi
2-3 ganger pr. uke 02
Ca.lgangpr.uke 03
1-2 ganger pr. måned 04
Sjeldnere enn en gang pr. måned Us

I IHI

KOSTHOLD

Hvor mange brødskiver spiser du vanligvis
daglig?

Mindre enn 2 skiver Oi
2-4 skiver 02
5-6 skiver 03
7-12 skivar 04
13 eller flere skiver Ds

Hva slags melk drikker du vanligvis?
Drikker ikke melk Lii
Helmelk, søt eller sur 02
Lettmelk, søt eller sur 03
Skummet melk, sat eller sur 04

Hvor mange glass/kopper melk drikker du
vanligvis daglig?

Mindre enn ett glass/kopp Lii
1-2 glass/kopper 02

3-4 glass/kopper 03
5 eller flere gtass/kopper 04

Nei
LI
Ikke

aktuelt

Li



Hvor ofte spiser du vanligvis frukt?
Seldnere enn en gang i uken EJ i

• Omtrent en gang i uken LJ2
• 2-3gangeriuken

4-5 ganger i uken E14
Omtrent daglig D5

Hvor ofte spiser du vanligvis grønnsaker
til middag eller som egen rett?

Sjeldnere enn en gang i uken Dr
Omtrent en gang i uken La
2-3gangeriuken La
4-5 ganger i uken EJ4
Omtrent daglig EJ5

Hvor ofte spiser du gulrøtter?
Sjeldnere enn en gang i uken Li
Omtrent en gang i uken L2
2-3 ganger i uka La
Mer enn 3 ganger i uka L4

Hvor ofte spiser du pofeter til middag
i løpet av en uke?

Sieldnere enn 4 ganger i uken El i

4-5gangeriuken L2
6-7gangeriuken La

Hvor mange poteter spiser du vanligvis
til hvert middagsmåltid?

Mindre enn en Li
1-2 L2
3-4 L3
Seiler flere L4

Hvor ofte bruker du tett (smør; margarin, remu
lade, majones og lignende) til eller på
middagsmaten?

Sjeldnere enn en gang i uken Li
1-2 ganger i uken L2
3_4gangeriuken La
5 eller flere ganger i uken Li

Hvor ofte spiser du torsk/sei eller annen mager
fisk til middag?

Sjeldnere enn en gang i uken Li
i gang i uken L2
2 ganger i uken La
3 ganger i uken L4
4 eller flere ganger i uken L5

Hvor ofte spiser du feitere fisk slik som uer;
kveite, sild, makrell, laks eller ørret til middag?

Sjeldnere enn en gang i uken Li
i gang i uken L2
2 ganger i uken Da
3 ganger i uken E14
4 eller flere ganger i uken Ds

Hvor mange skiver spiser du der pålegget
består av feit fisk (sild, sardiner; makrell, laks
0.1.)?

Mindre enn en skive i uka Li
1-2 skiver i uka L2
3-6 skiver i uka L3
1-2 skiver om dagen L4
3-4 skiver om dagen Ls
5 eller flere skiver daglig L6

Tar du tran, tranpiller eller Ja
tiskeoljekapsler for tida? L

Hvor mye cola-drikker drikker du i uka?
Drikker ikke cola-drikker Li
Mindre enn OS liter pr. uke L2
0.5-1.5 literpr. uke La
Mer enn 1.5 liter pr uke Li

ALKOHOL

Ja Nei
Er du total avholdsmann/kvinne? L L
Hvis -Nei:
Hvor ofte pleier du å drikke øl?

Aldri, eller bare noen få ganger i året Li
1-2gangerimåneden L2
Omtrent i gang i uken La
2-3 ganger i uken L4
Omtrent daglig Lv

Hvor ofte pleier du å drikke vin?
Aldri, eller bare noen få ganger i året . • Li
1-2 ganger i måneden L2
Omtrent i gang i uken . . . • La
2-3 ganger i uken L4
Omtrent daglig Lv

Hvor ofte pleier du å drikke brennevin?
Aldri, eller bare noen få ganger i året . . . L i

1-2garrgerimåneden L2
Omtrent 1 gang i uken La
2-3 ganger i uken L4
Omtrent daglig Lv

Omtrent hvor ofte har du i løpet av siste år
drukket en mengde alkohol tilsvarende minst
5 halvt lasker øl, en hel flaske vin eller
1/4 flaske brennevin?

Ikke siste år Li
Noen få ganger L2
1-2gangerimåneden La
1-2 ganger i uken L4
3 eller flere ganger i uken Lv

MOSJON

Hvor ofte utfører du fysisk aktivitet av minst
20 minutters varighet som fører til at du blir
svett eller andpusten?

Sjelden eller aldri L i

Ukentlig L2
Flere ganger i uka L3
Daglig L4

Dersom du vanligvis utfører slik aktivitet
minst en gang i uka, hvor mye tid bruker
du ukentlig til slik aktivitet?

Mindre enn 30 minutter i uka Li
Mellom 30 minutter og 1 time i uka L2
Mellom i og 2 timer i uka La
Mer enn 2 timer i uka Li

Har du endret din fysiske aktivitet i løpet
av de siste 5 år?

Jeg drev mer fysisk aktivitet før Li
Det har ikke vært noen endring L2
Jeg drev mindre fysisk aktivitet for La

Nei
LI
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— Angi evt. yrkesbetegnelse her:

Resten av spørsmålene om arbeidsmiljø
besvares bare av dem som er i lønnet arbeid.

Hvor mane år du har vært på din
siste arbeidsplass9 år
Arbeider du i full slilling? Ja Nei
(37 timer eller mer pr. uke) fl fl
Har du skiftarbeide’ fl fl
Hvor ofte arbeider du overtid?

Hver uke LI1
Hver måned fl2

Sjelden eller aldri E13
Er reisetiden til og fra arbeidet samlet Ja Nei
over i time fl fl
Må du i forbindelse med arbeidet overnatte
utenlor hjemmel9 fl fl
Hvis ..Ja: Hvordan overnatter du?

I ordinær bopel)leilighet El1
På hybel fl2

På hotell/pensjonat fle
I anleggsbrakke :14
På annen måte fl

Har du vært sykemeldl tilsammen mer enn Ja Nei
4ukerdetsisleåret? El fl
Hvordan trives du med det arbeidet du har nå?

Meget godt LI1
Godt fl2

Dårlig fl3
Trives ikke E14

Er arbeidsoppgavene tilstrekkelig varierte?
Som oftest fl
IblanI En
Sjelden flt
Aldri fl

Får du vite om du gjør en god jobb?
Som oftest fli
Iblant fl2

Sjelden
Aldri fl

Er kontakten og samarbeidet med
overordnede bra?

Som oftest fli
Iblant E2
Sjelden flt
Aldri fin

Er samarbeide og fellesskap bra på
arbeidsplassen?

Som oftest fl i

blant fl2

Sjelden fl
Aldri fli

Får du hjelp og støtte når du har problemer
i arbeidet?

Som oftest Ei
Iblant fl2

Sjelden flt
Aldri E14

REAKSJONER PAPROBLEMER

Hvis du fårstore personlige problemer; regner Jø Nei
du da med å få hjelp og støtte fra ektefelle,
samboer etter familie’ fl fl
Har du i lengere tid følt behov tor å oppsøke
noen på grunn av personlige problem siste år;
uten at du har tatt slik kontakt? fl
Blir du utålmodig eller irritert når du må vente?

Svært irritert Ei
Noe irritert fl2

Ikke irritert flr

Er du stort sett fornøyd med tilværelsen?
Meget fornøyd fl i

Ganske fornøyd E12
Litt misfornøyd fl
Meget misfornøyd

Har du i de siste 14 dager felt deg ulykkelig
og nedtrykt (deprimert)?

Aldri eller sjelden [li
Avog til fl2

Ofte fl
Nesten hele tida

Under kommer noen påstandervi ber deg ta
stilling til.
For hver påstand skal du sette ett kryss i en
rute, alt etter hvor enig du er i påstanden.

Hell Noe Noe Helt
enig enig uenig uenig

Når jeg ikke føler meg bra, bør jeg snakke
med lege eller annet helsepersonell fl fl fl fl
Jeg har Stor kontroll over min egen helse . fl fl fl fl
Hvis jeg blir syk, er det for det meste
min egen adferd som avgjør hvor raskt
jeg blir frisk igjen fl fl fl fl
Folk flest har problemer nok om en ikke
også skal mase om alt som er Skadelig
lorhelsa fl fl fl El
Jeg kan i stor grad unngå kreft og hjertein
farkt, hvis jeg tar de riktige forholdsreglene fl fl fl 0
Jeg kan endre hvilken som helst vane,
bare jeg bestemmer meg for det fl fl fl fl
Folk må ha lov til å skade sin egen helse,
så lenge de ikke skader andre fl 0 fl fl

ARBEIDSMILJ0

Hva er ditt nåværende hovedyrke?
— Hjemmeværende husmor i... fl i

— Skoleelev/student fl 2

— lndustrilverkstedlanleggslbygningsl
sprengings/gruvearbeide fl 3

— Jordbrukslskogbruksarbeide fl 4

— Fisker/sjømann El 5

— Kontor/handelslhotelllservicearbeide fl
— Helsearbeide El 7

— Lærer/annet undervisningsarbeide fl 8

— Landtransport (sjåfør mv) fl g

— Arbeidsledig fin
— Under attføring flui
— Uføretrygdet/alderstrygdetlpenSjonert fl 12

— Annet 013

—5—



Kan du påvirke arbeidsforholdene slik at du får
et passende arbeidstempo?

Som oftest Di
Iblant 02
Sjelden Da
Aldri 04

Har du for mye å gjøre ditt arbeide?
Som oftest Ci
Iblant 02
Sjelden Da
Aldri 04

Stiller arbeidet for store krav til deg?
Som oftest Di
Iblant 02
Sjelden La
Aldri 04

Er du redd for at ditt arbeid skal endres
ved omorganisering, nye arbeidsmåter 0.1.?

Som oftest Li
Iblant 02
Sjelden Ca
Aldri 04

Er du blitt mobbetltrakassert på arbeids
plassen?

Ofte Di
Iblant 02
Sjelden Da
Aldri 04

Er du i ditt nåværende arbeid, eller har du i
tidligere arbeid vært, utsatt for:

Nåværende Tidligere
arbeid arbeid

Medtser Ulsafi
ubehag lvi

Ja Nei Ja Nei

DC 00

el.) 0000
Dårlig klima (kulde, varme,
trekk ol.) 0 0 0 0
Stråling (røntgen, glødende
metall, 0.1.) 0 0 0 0
Dårlig belysning fl 0 0 0
Synskrevende arbeide 0 fl 0 0
Tungeløft 0 0 0 fl
Ensformig arbeide fl 0 El 0
Tobakksroyk 0 0 D 0
Røyk (fra sveising, lodding
0.1.) 0000
Eksos 0000
Gasser og losemidler 0 0 0 0
Andre kjemikalier 0 0 0 0 0 0

Hvor gammel var du da du fikk menstruasjon
første gang’? år

Antall
Hvor mange barn har du født’?
Dersom du har født barn, hvor gammel var
du første gang du fødte’? år

Hvor gammel var du da du fikk ditt
Siste barn’?

Har du vært plaget av bekkenløsning under ett Ja
eller flere av dine svangerskap’? 0

Hvor ofte undersøker du brystene dine selv?
Sett kryss i den ruten som passer best.

Aldri Di
2-3 ganger pr. år 02
i gang pr. måned 03
Oftere enn en gang i måneden 04

Ja Nei
Har du søkt lege for kul i brystet’? 0 0
Hvis «,Ja:

Ble det tatt prøve av kulen? 0 fl
Har du røntgenundersøkt
(mammografert) brystene’? 0 0

Antall
Hvor mange ganger har du fått talt
kreftprove (celleprøve)
fra livmorhalsen siste 3 år?

Ja Nei
Bruker du P-Piller nå? 0 fl
Har du brukt P-Piller tidligere? 0 D
Hvis Ja på ett av de to spørsmålene over:

Hvor gammel var du da du begynte med
P-Piller’? år
Hvor mange år har du tilsammen brukt
P-Piller’ år
Dersom du har født, hvor lenge brukte du
P-Piller før første fødsel’? år

Hvis du har sluttet å bruke P-Piller:
Hvor gammel var du da du sluttet? år
Ble du anbefalt å slutte av medisinske Ja Nei
årsaker’? 0 0

Hvor mange år er del siden siste prøve
ble tatt’? år

RESTEN AV SKJEMAET
BESVARES BARE AV KVINNER

ar

Nei
fl

BRYSTLINOERSØKELSE

Utsall
lvi

Ja Nei

0Støy 0
Vibrasjoner (utstyr, kjøretøy

PREVENSJON

Do

Do

00
00
CD
00
DC
DC

Do
CD
CD
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