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Abstract Background. It has been hypothesized that a
diet containing n—3 fatty acids from fish reduces the risk
of coronary heart disease, but few large epidemiologic
studies have examined this question.

Methods. In 1986, 44,895 male health professionals,
40 to 75 years of age, who were free of known cardiovas-
cular disease completed detailed and validated dietary
guestionnaires as part of the Health Professionals Follow-
up Study. During six years of follow-up, we documented
1543 coronary events in this group: 264 deaths from cor-
onary disease, 547 nonfatal myocardial infarctions, and
732 coronary-artery bypass or angioplasty procedures.

Results. After controlling for age and several coronary
risk factors, we observed no significant associations be-
tween dietary intake of n—3 fatty acids or fish intake and
the risk of coronary disease. For men in the top fifth of
the group in terms of intake of n—3 fatty acids (median,
0.58 g per day), the multivariate relative risk of coronary

HE low rates of coronary heart disease in Japan

and Greenland, where fish is an important compo-
nent of the diet, suggest that the consumption of fish
may be protective against such disease.!* Possible
mechanisms of this effect include the ability of long-
chain n—3 polyunsaturated fatty acids, which are abun-
dant in fish, to decrease plasma levels of very-low-densi-
ty lipoprotein cholesterol, increase vasodilatation, and
reduce platelet aggregation.*> An inverse association
between fish intake and the risk of death from coronary
disease has also been found in prospective studies in the
Netherlands,® Sweden,” and the United States,>’ but not
in similar investigations in Norway,!® among Japanese
men in Hawaii,'' or among U.S. physicians.'? Evidence
concerning the incidence of coronary heart disease is
sparse because most studies have examined only deaths.
The intake of n—3 fatty acids was assessed in only two
studies,>'? and the validity of reported fish consumption
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heart disease was 1.12 (95 percent confidence interval,
0.96 to 1.31), as compared with the men in the bottom fifth
(median, 0.07 g per day). For men who consumed six or
more servings of fish per week, as compared with those
who consumed one serving per month or less, the multi-
variate relative risk of coronary disease was 1.14 (95 per-
cent confidence interval, 0.86 to 1.51). The risk of death
due to coronary disease among men who ate any amount
of fish, as compared with those who ate no fish, was 0.74
(95 percent confidence interval, 0.44 to 1.23), but the risk
did not decrease as fish consumption increased.
Conclusions. Although the possibility of residual con-
founding by unmeasured factors cannot be entirely ex-
cluded, these data suggest that increasing fish intake
from one to two servings per week to five to six servings
per week does not substantially reduce the risk of coro-
nary heart disease among men who are initially free of
cardiovascular disease. (N Engl J Med 1995;332:977-82.)

or calculated n—3 fatty-acid intake was not evaluated in
previous investigations.

METHODS

The Health Professionals Follow-up Study

The Health Professionals Follow-up Study began in 1986, when
51,529 male health professionals 40 to 75 years of age completed
a detailed food-frequency questionnaire and provided information
about their medical history, risk factors for heart disease, and dietary
changes during the past 10 years.”® Follow-up questionnaires were
sent in 1988, 1990, and 1992 in order to determine the incidence of
coronary end points. We excluded from our analysis 1595 men who
did not satisfy the a priori criteria for daily calorie intake (between
800 and 4200 kcal) and completeness of data on food consumption
(fewer than 70 blanks out of 131 listed food items). In addition, we
excluded 5039 men who reported on the 1986 questionnaire that they
had previously been given a diagnosis of myocardial infarction, angi-
na, stroke, transient ischemic attack, or peripheral arterial disease or
had undergone coronary artery surgery. We followed the 44,895 re-
maining men who were eligible in 1986 for the occurrence of coro-
nary heart disease during the subsequent six years. Follow-up was
complete for more than 94 percent of the eligible subjects in each
two-year follow-up cycle. Nonresponding participants were assumed
to be alive if they were not listed in the National Death Index.

Dietary Assessment

The 1986 questionnaire included items regarding the subject’s av-
erage frequency of consumption during the previous year of specified
portions of 131 foods. Four fish items were included: dark-meat fish
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such as bluefish (1.37 g of n—3 fatty acids per portion); canned tuna
(0.69 g); other fish (0.17 g); and shrimp, lobster, or scallops (0.46 g).
We calculated the average daily intake during that year of marine
n—3 fatty acids as the sum of the daily consumption of each type of
fish multiplied by the n—3 content of the specified portion,' and we
adjusted this and other nutrient values for total energy intake by
means of regression analysis."”

A question about the use of fish-oil supplements was included in
the 1988 follow-up questionnaire; only 4 percent of the men reported
using such supplements. The validity of the food-frequency question-
naire was assessed in a random sample of 127 men living in the Bos-
ton area, by comparing their calculated intake of n—3 fatty acids
from fish with the concentrations of the fats in their adipose tis-
sue.'*"® The Spearman correlation coefficient for the correlation of
the intake of eicosapentaenoic acid, adjusted for energy intake, and
the percentage of eicosapentaenoic acid in adipose tissue was 0.49
(P<<0.001); the mean percentage of eicosapentaenoic acid in adipose
tissue was 0.04 percent for men in the bottom fifth of the sample in
terms of their calculated, energy-adjusted intake of eicosapentaenoic
acid, and it was 0.11 for men in the top fifth. In addition, we com-
pared fish intake as reported in the questionnaire with two one-week
dietary records obtained approximately six months apart.'® The
mean fish intake (calculated as the sum of the four fish items) was
3.7 servings per week according to the questionnaire and 3.6 servings
per week according to the dietary records (Spearman correlation co-
efficient, 0.61; P<<0.001). Mean fish consumption in the dietary rec-
ords was 1.2 servings per week for the men in the lowest intake cat-
egory, according to their responses to the questionnaire, and 5.8
servings per week in the highest intake category.

Ascertainment of End Points

The ascertainment of end points has been described in detail pre-
viously.!” Briefly, fatal coronary disease (including sudden death),
nonfatal myocardial infarction, coronary-artery bypass grafting, or
angioplasty occurring between the return of the base-line question-
naire and January 31, 1992, were considered as end points. Partici-
pants who reported a myocardial infarction on a follow-up question-
naire were asked for permission to review their medical records.
Nonfatal myocardial infarction was considered confirmed if the
World Health Organization criteria were met?; specifically, this di-
agnosis required symptoms plus either typical electrocardiographic
changes or elevated cardiac-enzyme levels.

To validate the report of coronary-artery bypass grafting or angio-
plasty, we obtained medical records for a sample of 102 participants
who reported undergoing those procedures. Reports were confirmed
for 98 men (96 percent), and we therefore considered the subjects’
reports to be sufficiently accurate.

Deaths were reported by family members, coworkers, or postal au-
thorities or were identified through the National Death Index. Fatal
coronary disease was confirmed by reviews of medical records or au-
topsy reports. Fatal coronary disease was also considered confirmed
if it was listed as the underlying cause of death on the death certifi-
cate and if a diagnosis of coronary disease was confirmed by other
sources. Sudden death, defined as death within one hour of the onset
of symptoms in men with no previous serious illness or plausible
cause of death other than coronary heart disease, was included in our
analysis as fatal coronary disease. Ten men with nonfatal end points
(three with coronary-artery bypass procedures and seven with myo-
cardial infarctions) died during the follow-up period; they were in-
cluded in the analyses of the specific nonfatal end points but were
counted only once in analyses of the total numbers with myocardial
infarction or the total with coronary disease. The physicians who re-
viewed the subjects’ medical records were blinded to the dietary-
intake data.

Statistical Analysis

Participants contributed follow-up time from the date of return of
the 1986 questionnaire up to the date of occurrence of an end point,
the date of death, or January 31, 1992. Relative risks were calculated
by dividing the incidence of coronary heart disease among men in
cach of five roughly equal quintile groups (defined by n—3 fatty-acid
intake) by the incidence among men in the lowest fifth of the sample
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in terms of intake. The men were classified in six groups in terms of
fish intake, ranging from those who never ate fish or consumed it less
than once per month to those who consumed six or more servings per
week. We adjusted the relative risks for age (in five-year age groups)
using the Mantel-Haenszel method.?’ The Mantel extension test??
was used to test for linear trend. To adjust for other risk factors, we
used proportional-hazards models.?? In multivariate models, we test-
ed for significant trends by assigning each participant the median
value of his category and modeling this as a continuous variable. All
the reported P values are two-sided.

RESULTS

During 242,029 person-years of follow-up, we docu-
mented 1543 coronary events (264 deaths due to coro-
nary disease, 547 nonfatal myocardial infarctions, and
732 coronary-artery bypass or angioplasty procedures).

Intake of n—3 fatty acids from fish was associated,
either inversely or directly, with a variety of dietary and
nondietary risk factors (Table 1). We therefore ana-
lyzed the relation between n—3 fatty acids and the risk
of coronary heart disease with and without adjustment
for these variables.

In age-adjusted analyses, the intake of n—3 fatty ac-
ids from fish was directly associated with the overall
risk of coronary events; the relative risk for the men
with the highest intake, as compared with those with
the lowest, was 1.19 (95 percent confidence interval,
1.02 to 1.39; P for trend, 0.03) (Table 2). This positive
association was mostly due to an increased frequency of
bypass grafting among men with a higher intake of
n—3 fatty acids from fish. The risk of sudden death (89
cases, data not shown) was also found not to be in-
versely associated with the intake of n—3 fatty acids;
the relative risk for the men with the highest intake, as
compared with those with the lowest intake, was 1.10
(95 percent confidence interval, 0.56 to 2.13). After ad-
justment for coronary risk factors, the association be-
tween n—3 fatty-acid intake and the risk of coronary
disease was attenuated (Table 2). However, further ad-
justment for physical-activity level and intake of vita-
min E and carotene strengthened the association; the
relative risk for the men with the highest intake of n—3
fatty acids, as compared with those with the lowest
intake, was 1.22 (95 percent confidence interval, 1.03
to 1.44).

To reduce the possibility of residual confounding by
the men’s perceptions of their high risk of coronary
events, we conducted two separate analyses, one after
excluding the 12,614 men with diabetes, hypertension,
or hyperlipidemia, and the other after excluding the
17,339 men who knew their serum cholesterol levels at
base line. The results of the two analyses were similar:
the multivariate relative risks of coronary heart disease
for the men with the highest intake of n—3 fatty acids
as compared with those with the lowest intake were
1.12 (95 percent confidence interval, 0.90 to 1.40) and
1.20 (95 percent confidence interval, 0.95 to 1.52), re-
spectively. Also, we reduced the possibility of confound-
ing by unreported coronary disease at base line by ex-
cluding events that occurred during the first four years
of follow-up. We still found no inverse association be-
tween n—3 fatty-acid intake and the risk of coronary
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Table 1. Relation of the Intake of n—3 Fatty Acids from Fish to
Selected Risk Factors for Coronary Heart Disease (CHD) at

Base Line.*
VARIABLE QUINTILE OF n—3 FATTY-ACID INTAKE
1 2 3 4 5

Median n—3 intake (g/day) 0.07 0.15 0.24 0.34 0.58
Total fish intake (servings/wk) 0.7 1.6 22 32 5.9
Cigarette smoking (% of group) 11.4 10.9 10.1 8.5 7.8
Alcohol intake (g/day) 11.4 12.1 13.1 11.6 10.8
Body-mass index{ 24.9 24.9 249 248 24.8
Family history of CHD (%) 10.0 11.5 11.0 11.6 13.8
History at base line (%)

Hypertension 18.1 19.5 20.6 20.7 21.8

High cholesterol 75 8.9 9.9 11.9 14.4

Diabetes 2.5 2.3 2.6 2.5 3.0
Serum cholesterol (mg/dl): 203 203 203 203 203
Physical activity (MET/wk)§ 16.8 17.6 19.8 224 235
Use of vitamin supplements (%)

Vitamin E 14 16 18 20 24

Vitamin C 19 21 23 25 30

Multivitamin 38 40 40 43 46
Intake of dietary fiber (g/day) 20.4 21.2 22.5 22.6 23.8
Intake of carotene (IU/day) 8305 9032 10,018 10,752 12,183
Intake of cholesterol (mg/day) 318 329 343 327 328
Intake of saturated fat (g/day) 27.3 26.4 26.5 24.0 222
Percentage of calories from fat 33.9 332 32.8 31.9 30.8

Intake of trans fatty acids (g/day) 3.98 3.76 3.70 3.25 2.90
Intake of polyunsaturated fat (g/day) 13.4 13.5 14.2 13.5 13.7
Food intake (servings/day)

Red meat 1.2 1.1 1.1 0.9 0.7
Chicken 0.2 0.3 0.3 0.4 0.5
Cereals 35 3.4 34 32 3.1
Vegetables 2.9 32 3.6 3.8 4.4
Fruit 2.0 22 2.4 25 2.8
Sweets 1.7 1.5 1.5 1.3 1.1
Low-fat dairy products 1.0 1.0 1.0 0.9 0.9
High-fat dairy products 1.5 1.4 14 1.2 1.0

*Standardized for age to the total cohort; values are means, unless otherwise specified. In-
take of n—3 fatty acids has been adjusted for total energy intake.

FThe weight in kilograms divided by the square of the height in meters.

#Based on the 17,339 men who reported their serum cholesterol levels at base line. To con-
vert values for serum cholesterol to millimoles per liter, multiply by 0.02586.

$§MET denotes metabolic equivalent, defined as the energy consumed per minute of sitting
at rest.

disease; the relative risk for the highest intake group as
compared with the lowest was 1.29 (95 percent confi-
dence interval, 0.99 to 1.68).

The relation of coronary risk to fish intake was sim-
ilar to that for intake of n—3 fatty acids. The relative
risk of any coronary event for the men who consumed
the most fish, as compared with those who consumed
the least, was 1.16 (95 percent confidence interval, 0.89
to 1.53) in the age-adjusted analyses (Table 3) and 1.14
(95 percent confidence interval, 0.86 to 1.51) after ad-
justment for coronary risk factors (Table 3). The slight-
ly higher risk of coronary disease among the men with
the highest fish intake was once again due to an excess
of coronary bypass grafting and angioplasty proce-
dures. As was the case with n—3 fatty acids, only slight
differences in these estimates were caused by further
adjustment for the level of physical activity and intake
of vitamin E or carotene; by the exclusion of men with
a history of diabetes, hypertension, or high cholesterol
levels or those who knew their base-line serum choles-
terol levels; or by the exclusion of coronary events that
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occurred during the first four years of follow-up. In
none of these analyses was there a significant inverse
relation between fish intake and the risk of coronary
heart disease. In analyses according to type of fish, the
relative risk for the men in the highest intake group
(three or more servings per week) as compared with
those in the lowest intake group (less than one serving
per month) was 1.18 (95 percent confidence interval,
0.95 to 1.48) for dark-meat fish and 0.92 (95 percent
confidence interval, 0.76 to 1.10) for other fish.

The results of a secondary-prevention trial suggested
that fish intake may reduce mortality due to coronary
disease, but not the incidence of myocardial infarc-
tion.* We found the highest risk of fatal coronary dis-
ease among men who reported no fish consumption,
but the risk did not decrease with increasing fish in-
take. The relative risk for men who ate any amount of
fish, as compared with men who ate no fish, was 0.74
(95 percent confidence interval, 0.44 to 1.23) after ad-
justment for established risk factors (as in the multi-
variate model in Table 3) and 0.77 (95 percent confi-
dence interval, 0.46 to 1.28) after further adjustment
for physical-activity level and the intake of vitamin E
and beta carotene.

To increase the probability of detecting an effect of
fish intake that may occur only after several years of
high levels of consumption, we repeated the analyses,
including only the 14,230 men who reported at base
line that there had been no change in their fish intake
during the previous 10 years. There were 506 coronary
events in this group. In these analyses the relative risk
for the men with the highest intake of n—3 fatty acids
from fish, as compared with those with the lowest in-
take, after adjustment for coronary risk factors (as in
the multivariate model in Table 2), was 1.04 (95 per-
cent confidence interval, 0.75 to 1.44). The comparable
figure for fish intake was 1.25 (95 percent confidence
interval, 0.71 to 2.19).

The use of fish-oil supplements (reported by 4 per-
cent of the cohort in 1988) was not significantly asso-
ciated with risk. The multivariate relative risk for users
as compared with nonusers of such supplements was
0.96 (95 percent confidence interval, 0.68 to 1.35).
There was also no significant inverse association be-
tween the intake of fish or n—3 fatty acids from fish
and the risk of myocardial infarction in any of the sub-
groups defined according to risk factors for coronary
disease.

DISCUSSION

In this large prospective cohort study, we found no
evidence of an association between the intake of either
marine n—3 fatty acids or fish and the risk of coronary
heart disease. Potential bias due to incomplete follow-
up was minimized by the high rate of follow-up. We
also excluded from the analyses men with previous
evidence of cardiovascular disease, who might have
changed their diets as a consequence of the disease. A
previous diagnosis of hypercholesterolemia, diabetes,
or hypertension might also have caused an increase in
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Table 2. Relative Risk of Coronary Heart Disease (CHD) According to Dietary Intake
of n—-3 Fatty Acids.*
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change in fish intake in the years be-
fore the beginning of the study. In
1986, two thirds of the men reported

X FOR P FOR
VARIABLET QUINTILE GROUP TREND TREND having greatly increased their intake
! 2 } 4 3 of fish during the past 10 years.
Age-adjusted analysis However, the lack of association be-
Range of intake of 0.01-0.11  0.12-0.19  0.20-028 0.29-0.41 0.42-6.52 tween fish intake and the risk of cor-
n—3 fatty : :
acids (glday) onary disease among men who did
No. of men 9,329 9,220 9,005 8,860 8,481 not change their fish intake argues
No. of person-years of 50,449 49,902 48,613 47,722 45,343 against this pOSSibility. Although we
follow-up e
Coronary-artery bypass cannot exclude the possibility of re-
grafting sidual confounding — as might oc-
No. of cases 131 132 142 161 169 : : :
ur if men higher risk because
RR 1.0 0.99 1.07 1.20 127 2.63 0.01 ¢ at hig sk becaus
95% CI — 0.78-126  0.85-1.36 0.95-1.51 1.01-1.60 of unmeasured or imperfectly meas-
Nonfatal myocardial ured covariates ate more fish in an
infarction : :
No. of cases 116 110 104 92 132 attempt to lower their risk — the
RR 1.0 0.93 0.89 0.78 1.13 040 0.69 small change in the relative-risk esti-
95% CI — 072-121  0.68-1.15 0.52-1.02 0.89-145 mates caused by adjustment for the
Fatal CHD .
No. of cases 50 sg 49 53 54 knowr} risk factors makes such con-
RR 1.0 1.14 0.96 1.04 1.06 000 1.0 founding unlikely.
95% CI — 0.78-1.66 0.65-142 071-153 0.72-1.55 A true protective effect of n—3
Any myocardial .
infarction: fatty acids from fish could also have
No. of cases 163 166 153 144 185 been missed if the fish consumed
RR 1.0 1.00 0.92 0.87 1.13 0.46 0.65 : .
95% CI — 0.81-124 0.74-1.15 0.69-1.08 0.91-1.39 by the men 1n our Cohprt was main-
Any CHD ly fried commercially in cholesterol-
g]‘;- of cases 2]9(‘)‘ 39969 5259 ]3%52 135139 15 003 raising fat. However, the consump-
95% Cl — 084-1.16 084-1.16 0.87-1.19 1.02-1.39 ‘ tion of fried food away from home at
Multivariate analysiss least once per week was rf.:ported
Coronary-artery bypass more frequently by men with the
grafting 1.0 0.97 1.05 115 1.16 171 0.09 lowest intake of fish (31 percent)
;{SRO/ a — 0.76-1.24  0.82-1.33 091-145 0.92-147 than by those with the highest intake
0 . .
Nonfatal myocardial (25 percent); a difference in the
infarction same direction was reported for food
RR 1.0 0.93 0.89 0.78 1.09 077 044 .
95% CI — 072-121  0.68-1.16 0.59-1.03 0.85-1.41 fried at home (35 percent vs. 20 per-
Fatal CHD cent). These results, which are con-
19‘51; a 1.0 07év1‘1‘ o 062-9f41 07(1)-()? © 07(1)-0? o 0.08 0.94 sistent with the overall healthier life-
0 — 3 —1. ! — 1. . —1. . —1. . .
Any myocardial §tyle of the men with higher ﬁsh
infarctions intake, make increased consumption
RR 1.0 1.00 0.92 0.86 1.09 071 048 : : .
of fried food an unlikely explanation
95% CI — 0.81-1.25  0.74-1.15 0.69-1.08 0.88-1.35 . Y . p .
Any CHD of our findings. In addition, no in-
RR L0 0.98 0.97 0.99 L12 L71 0.09 verse relation was observed between
95% CI — 0.83-1.15  0.83-1.15 0.84-1.17 0.96-1.31

*Intake of n—3 fatty acids has been adjusted for total energy intake. Relative risks are for the comparison with the men
with the lowest intake (group 1).

FCI denotes confidence interval, and RR relative risk.

#Includes nonfatal myocardial infarction and fatal CHD.

§The multivariate model includes age (seven categories); body-mass index (five categories); smoking habits (current
smoker [number of cigarettes smoked], former smoker, or person who never smoked); alcohol consumption (four categories);
history of hypertension; history of diabetes; history of hypercholesterolemia; family history of myocardial infarction before
60 years of age; profession; and quintile group for intake of n—3 fatty acids.

the risk of coronary disease and the
intake of dark-meat fish, which is
usually not fried.

In a prospective investigation of
the risk of coronary disease among
852 middle-aged Dutch men who
were followed for 20 years, men who
consumed more than 30 g of fish per

fish intake among some participants in the study, but
the exclusion of men with these disorders did not ap-
preciably change the results.

Errors in assessing fish intake may have weakened
the evidence of a protective effect of marine n—3 fatty
acids or fish intake against coronary disease. However,
our validation study indicated that there was a genuine
fourfold difference in fish consumption between men in
the lowest and highest intake categories based on the
questionnaire. A related source of potential error is a

day at base line had only about half the risk of fatal cor-
onary disease of men who consumed none.® Similar
findings were reported among 1931 men in the Western
Electric Study who were followed for 25 years.? Inverse
relations between fish intake and mortality from coro-
nary disease among men and women were also ob-
served in two prospective studies’” and a case—control
study.? However, no association between fish intake
and deaths due to coronary disease was observed in a
large study of Norwegian men'® or in a study of Japa-
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Table 3. Relative Risk of Coronary Heart Disease (CHD) According to

Dietary Fish Intake.*
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tion of those studies, however, is the
lack of control for other dietary risk

VARIABLET FisH INTAKE CATEGORY
1 2 3 4 5
Servings of fish con- <l/mo 1-3/mo 1/wk 2-3/wk 4-5/wk
sumed
Mean fish intake (g/day) 0 7 18 37 69
Age-adjusted analysis
No. of men 2,042 3,314 12,296 16,920 6,271
Person-years of fol- 10,975 17,886 66,367 91,370 33,779
low-up
Coronary-artery bypass
grafting
No. of cases 23 48 192 261 127
RR 1.0 1.31 1.42 1.38 1.71
95% CI — 0.80-2.14 0.93-2.19 0.90-2.10 1.11-2.65
Nonfatal myocardial
infarction
No. of cases 34 34 159 184 74
RR 1.0 0.63 0.79 0.65 0.67
95% CI — 039-1.01 0.55-1.14 0.45-0.94 0.45-1.01
Fatal CHD
No. of cases 16 19 80 93 28
RR 1.0 0.76 0.86 0.73 0.57
95% CI —  0.39-148 0.50-147 0.43-1.24 0.31-1.03
Any myocardial
infarction
No. of cases 49 52 236 277 102
RR 1.0 0.67 0.82 0.69 0.65
95% CI —  046-0.99 0.60-1.11 0.51-0.94 0.47-0.92
Any CHD
No. of cases 72 100 427 537 229
RR 1.0 0.88 1.01 0.91 0.99
95% CI —  0.65-1.19 0.79-1.30 0.71-1.16 0.76—1.29

Multivariate analysis§

Coronary-artery bypass
grafting 1.0 1.31 1.43 1.40 1.71

RR — 0.80-2.16 0.93-2.21 091-2.15 1.09-2.68
95% CI
Nonfatal myocardial
infarction
RR 1.0 0.62 0.80 0.67 0.69
95% CI — 039-1.00 0.55-1.17 0.46-0.97 0.46-1.04
Fatal CHD
RR 1.0 0.74 0.86 0.71 0.54
95% CI — 038-145 0.50-1.47 041-1.21 0.29-1.00
Any myocardial
infarction
RR 1.0 0.66 0.82 0.69 0.65
95% CI1 — 044-097 0.60-1.12 0.51-0.94 0.46-0.92
Any CHD
RR 1.0 0.87 1.02 0.92 0.99
95% CI —  0.64-1.18 0.79-1.31 0.71-1.18 0.76-1.30

factors for coronary disease.
A wide variety of presumably fa-
vorable physiologic effects are as-

P For
TREND

6

=6/wk sociated with n—3 fatty acids: a
1o reduction in very-low-density lipo-

protein cholesterol levels; inhibition
1052 Qf thrombpxane produ§ti0n and an
21,652 increase in prostacyclin synthesis,

with a resulting reduction in the like-
lihood of thrombosis; a reduction in
84 blood viscosity; and a reduced risk

173 001 of cardiac arrhythmias.® However,
1.10-2.72 .

these cardiovascular effects occur at

doses of 3 g or more of n—3 fatty ac-

06995 097 ids per day, amounts several times

063142 higher than those consumed by men

in the highest intake categories in

0%52 0.19 epidemiologic studies. Thus, it seems

0.45-1.52 unlikely that the reduction in mor-

tality due to coronary disease in

05 some of these studies is caused by

091 0.47 the known cardiovascular effects of
0.64-1.28 n—3 fatty acids.

178 Several factors may contribute to

1.16 0.17 the apparently discordant results of

0-89-1.53 studies of fish consumption and cor-

onary heart disease. A possible ex-

165 0.02 plar}atic.)n is that fish intake is pro-

1.03-2.64 tective in very small amounts (one to

two servings per week), perhaps pro-

viding an essential minimal amount

0.96 0.62 of long-chain n—3 polyunsaturated
0.63-1.47

fatty acids or of some still unidenti-
077 0.14 fied nutrient. If so, the lack of associ-

0.41-1.44 ation in our study could be explained

by the small proportion of men who

0.90 0.70 consumed less than one serving of
0.63-1.28

fish per week. Moreover, dietary fish
L4 0.19 intake could be unrelated to the inci-
0.86-1.51 dence of myocardial infarction but

*All relative risks are for the comparison of the men in the intake category in question with those who ate no fish (group 1).

FCI denotes confidence interval, and RR relative risk.
fIncludes nonfatal myocardial infarction and fatal CHD.

§The multivariate model includes age (seven categories); body-mass index (five categories); smoking habits (current
smoker [number of cigarettes smoked], former smoker, or person who never smoked); alcohol consumption (four categories);
history of hypertension; history of diabetes; history of hypercholesterolemia; family history of myocardial infarction before

60 years of age; and profession.

nese men living in Hawaii'!'; both cohorts — like that
in our study — were characterized by high fish intake.
In a preliminary report from the Physicians’ Health
Study, no association between intake of either fish or
n—3 fatty acids and the incidence of coronary disease
was observed.'?

Levels of long-chain n—3 fatty acids in adipose tis-
sue or blood have been found to be inversely associated
with the risk or severity of coronary disease in some in-
vestigations,?”? but not all.?****! An important limita-

might reduce mortality due to coro-
nary disease, perhaps by reducing
the risk of fatal arrhythmias. Con-
sistent with this interpretation are
the results of previous prospective
studies, which reported inverse asso-
ciations between fish intake and
mortality due to coronary events,> the reduction in
mortality but not in the incidence of reinfarction in the
Diet and Reinfarction Trial,?* and the lower (albeit not
significantly lower) risk of death due to coronary disease
among men who consumed any amount of fish, as com-
pared with those who consumed none, in this study.
Finally, other factors may modify the effect of the in-
take of fish or of n—3 fatty acids from fish on the risk
of coronary disease. Linolenic acid can be elongated af-
ter ingestion to eicosapentaenoic acid,! and high intake

Downloaded from www.nejm.org on November 28, 2009 . For personal use only. No other uses without permission.
Copyright © 1995 Massachusetts Medical Society. All rights reserved.



982 THE NEW ENGLAND JOURNAL OF MEDICINE

of this n—3 fatty acid from nonmarine sources may
compensate for low intake of the long-chain n—3 fatty
acids provided by fish. However, we did not find an as-
sociation between fish intake or the intake of n—3 fatty
acids from fish and the incidence of coronary disease
among men with low linolenic acid intake. Because
n—3 fatty acids may compete with n—6 polyunsaturat-
ed fatty acids for conversion to eicosanoids,! high in-
take of linoleic acid may dampen the cardiovascular ef-
fects of small changes in intake of n—3 fatty acids from
fish. In view of changes over time in diet,*? linoleic acid
intake is likely to have been higher in our cohort than
among participants in the studies that support an in-
verse association between fish intake and mortality due
to coronary disease. We found no association, however,
between the ratio of n—3 to n—6 fatty acids and the
risk of coronary disease.

We have no convincing explanation for the sugges-
tion of an increased frequency of coronary-artery by-
pass surgery among men with higher fish intake in this
study. Perhaps men with higher fish intake are more
health-conscious and more willing to undergo angiog-
raphy and elective coronary surgery. We also cannot
exclude the possibility that coronary surgery is less
likely to be performed in geographic areas where fish
may be less available. However, relative-risk estimates
for coronary-artery bypass grafting or myocardial in-
farction did not change materially after adjustment for
the region of residence (data not shown).

Our results suggest that increasing fish intake from
one to two servings per week to five to six servings per
week is unlikely to reduce the risk of coronary disease
substantially among men without preexisting cardio-
vascular disease. However, an effect of fish or fish oil at
lower or higher levels of intake, or among persons with
dietary habits or other risk factors that are markedly
different from those of the men in our cohort, cannot
be excluded by these data.

We are indebted to the participants in the Health Professionals
Follow-up Study for their continued cooperation and participation; to
Al Wing, Mira Koyfman, Karen Corsano, and Steve Stuart for com-
puter assistance; and to Jill Arnold, Betsy Frost-Hawes, Kerry
Pillsworth, Mitzi Wolff, Jan Vomacka, and Cindy Dyer for their as-
sistance in the compilation of the data and the preparation of the
manuscript.
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