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Does Fish Oil Lower Blood Pressure?
A Meta-Analysis of Controlled Trials

Martha Clare Morris, ScD; Frank Sacks, MD; Bernard Rosner, PhD

Background. In a meta-analysis of 31 placebo-controlled trials on 1356 subjects, we examined the effect
of w-3 fatty acids in fish oil on blood pressure by grouping studies that were similar in fish oil dose, length
of treatment, health of the subjects, or study design.

Methods and Results. The mean reduction in blood pressure caused by fish oil for the 31 studies was
—3.0/-1.5 mm Hg (95% confidence intervals: systolic blood pressure: —4.5,—1.5; diastolic blood pressure:
—2.2,—0.8). There was a statistically significant dose-response effect when studies were grouped by w-3
fatty acid dose: —1.3/—0.7 mm Hg at doses <3 g/d, —2.9/—1.6 mm Hg at 3.3 to 7 g/d, and —8.1/—5.8
mm Hg at 15 g/d. Both eicosapentaenoic acid and docosahexaenoic acid were significantly related to blood
pressure response. There was no effect on blood pressure in eight studies of “healthy” persons (mean
reduction, —0.4/—0.7 mm Hg) at an overall mean dose of 4.2 g w-3 fatty acids/d. By contrast, there was
a significant effect of —3.4/—2.0 mm Hg in the group of hypertensive studies with a mean fish oil dose of
5.6 g/d and on systolic blood pressure only in six studies of hypercholesterolemic patients (—4.4/—1.1
mm Hg) with a mean dose of 4.0 g/d. A nonsignificant decrease in blood pressure was observed in four
studies of patients with atherosclerotic cardiovascular disease (—6.3/—2.9 mm Hg). Variations in the
length of treatment (from 3 to 24 weeks), type of placebo, and study design (crossover or parallel groups)
did not appear to account for inconsistent findings among studies.

Conclusions. There is a dose-response effect of fish oil on blood pressure of —0.66/—0.35 mm Hg/g w-3
fatty acids. The hypotensive effect may be strongest in hypertensive subjects and those with clinical
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atherosclerotic disease or hypercholesterolemia. (Circulation 1993;88:523-533)
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fish oil effect on blood pressure is inconclu-

sive. From results of animal and clinical stud-
ies, it is theorized that the -3 fatty acids in fish oil have
hypotensive properties through stimulation of the pros-
taglandins that control sodium and water excretion,
cause vasodilation and inhibition of the vasoconstrictor
thromboxane, regulate renin release, and decrease the
response to vasopressor hormones.! However, many
studies do not report significant decreases in blood
pressure.

There are a number of plausible explanations for the
inconsistent findings. For example, many studies are
based on small samples and may lack the statistical
power to detect a modest effect. The blood pressure
response to fish oil also may vary depending on w-3
fatty acid dose or length of treatment or may occur only
in certain types of subjects, such as patients with
hypertension or various cardiovascular diseases. Study
design may contribute to biased results through carry-
over of treatment effects in crossover studies or imbal-
ance in baseline characteristics in parallel group studies.

D espite many clinical studies, the evidence for a
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One might argue that certain placebos also bias results,
since the three types currently in use (w-6 polyunsatu-
rated, monounsaturated, and saturated fatty acids) have
all been investigated for their own blood pressure
effects, even if the evidence is unconvincing.2

Two recent reviews?# noted weaknesses of many studies
of fish oil and blood pressure, including the absence of
placebo controls, unblinded blood pressure observers, and
measurement error. However, neither review assessed
how differences in dose, type of subject, or study design
may account for variations in a fish oil effect. We explored
these issues through a meta-analysis in an attempt to
provide a useful summary of the data accumulated thus
far.

Methods

We conducted an extensive literature search using
Index Medicus for references of all publications on w-3
fatty acids from fish oil, including fish oil supplements
(in the form of emulsions or capsules) and fish diets. All
clinical trials on human subjects that reported the effect
of fish oil on blood pressure were reviewed. We also
received permission to include results of a multicenter
trial that were unpublished at the time of this analysis.5

The only criteria for trial inclusion in the meta-
analysis were use of a placebo control and report
of pretreatment and posttreatment blood pressure
measurements.

We computed overall summary estimates of a blood
pressure effect from fish oil by combining the mean
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estimates of effect reported by individual studies
weighted by the inverse of the individual and between
study variance according to a random effects model.s All
summary estimates of effect are presented with 95%
confidence intervals (CI) based on the estimated vari-
ances (see “Appendix”: Calculation of the Summary
Estimate of Effect and 95% CI).

The blood pressure effect attributed to fish oil treat-
ment was calculated differently for parallel group and
crossover study designs to reflect the intergroup and
intragroup comparisons. In the case of a parallel group
design, blood pressure effect was calculated by subtract-
ing the mean change among controls from that in the
fish oil group; in crossover studies, the estimate repre-
sents the difference in posttreatment blood pressures
for the fish oil and placebo periods. We included the
adjusted rather than crude effects for the two studies’8
that controlled for differences among treatment and
control groups.

We were unable to derive the correct within-study
variances (S?) for more than two thirds of the trials
based on the published data (few reported exact prob-
ability values or confidence intervals for the group
differences described above). As an alternative, we
computed our own estimates using the data and formula
for blood pressure variance published by Rosner and
Polk.® These authors described the variance of individ-
ual mean blood pressure, measured through standard
sphygmomanometers, as a function of within- and be-
tween-visit measurement error and reported these two
variance components for different age, sex, and race
categories for a large screening population. We com-
puted variance estimates for each study in the meta-
analysis using these published estimates of the variance
components and information that the studies provided
on subject characteristics, number of blood pressure
measurements (taken on different visits and within one
visit), and number of subjects (see “Appendix”: Calcu-
lation of Within-Study Variance). In one study,!® where
blood pressure was measured 20 times over a 12-hour
period using an ambulatory device, the variance esti-
mates were not directly applicable; thus, we assumed
the equivalent of 10 standard measurements taken at
each of two visits for the variance calculations.

We assessed the homogeneity of study estimates of
effect by the Q test, where O>y?%_,.¢;s indicated that
the individual estimates for k studies were not estima-
tors of one underlying effect (see “Appendix”: Calcu-
lation of Q).

For each meta-analysis, we selected one set of blood
pressure results from any particular study to avoid
undue weighting by that study in the summary esti-
mates. Selection criteria were designed to maximize
similarity among studies; therefore, blood pressure
measurements taken with the subject in the sitting
position took precedence (followed by supine, then
standing), as did those from standard sphygmomanom-
eters (followed by random-zero and ambulatory devic-
es). When results for more than one dose level!%11 or
length of treatment!-* were reported, we selected
effects of the dose and treatment length closest to the
mean for all studies in the overall analyses (4.8 g -3
fatty acids/d and 7 weeks). However, these studies were
represented in every category for which they had infor-
mation in subgroup analyses.

Weighted least squares regression was used to test for
a dose-response effect on blood pressure, with individ-
ual study effects weighted by the inverse of the esti-
mated variance. For these analyses, we included all
available data for different dose levels, which meant
that two studies'®!! each reporting the effect of two
doses of w-3 fatty acids were represented twice in the
regression models, once for each dose level.

Differences in effect between groups of studies were
assessed by the two-sample standard normal test and,
where appropriate, analysis of covariance to adjust for
dose of w-3 fatty acids. The two-sided ¢ test was used to
test for statistical significance of the B-coefficients with
the standard error of B divided by the square root of the
error mean squared.!s All tests were performed at the
.05 level of significance (see “Appendix” for details).

Results

We reviewed 52 clinical studies reporting the effect of
fish oil on blood pressure.57:8:10-14,16-58 Twenty-one pub-
lications did not meet the criteria for inclusion in the
meta-analysis including three studies that did not report
blood pressure data for both fish oil and placebo
groups32-34; one study that used a diet supplement of
eggs from chickens fed fish oil*%; one that reported only
mean arterial pressure,?¢ a legitimate representation
but incompatible with our definition of fish oil effect;
one study with a randomized block design of fish oil and
sodium restriction that reported data for the combina-
tion of treatments only??; and 15 studies that did not use
a placebo control comparison.!”-31 Of the five controlled
trials with insufficient numerical data for this meta-
analysis, four reported no effect on blood pressure32-34.37
and one reported a significant decrease.36 The diet study
using eggs enriched with fish oil reported a significant
decrease in blood pressure with consumption of the
treatment eggs but not with the control eggs.

There were 31 placebo-controlled trials that re-
ported mean blood pressure data for both placebo and
fish oil treatment groups3.7.8:10-14,16,38-58 (Table 1). Most
studies used encapsulated fish oil; only Cobiac et al®
and v Houwelingen et al*? examined the effects of a
fish diet. Since Cobiac et al also included groups
receiving fish oil and placebo supplements, we used
the data for the fish oil group in the meta-analyses.
Blood pressure results from the three experimental
sites in the study by v Houwelingen et al were included
in the analyses as separate studies. The crossover
studies of Margolin et al3® and Radack et als8 used
parallel group analysis of the first period only because
of the presence of a treatment by period statistical
interaction; we also used the data from the first period
in the meta-analyses. Two studies, one with a parallel
group design!¢ and one crossover study,?® did not use
random assignment to the treatment and control pe-
riods. Twenty of the 31 studies reported that both
participants and blood pressure observers were
blinded to treatment status; four reported single blind-
ing either of participants*! or of blood pressure ob-
servers3; three were unblinded!0.12.16; and four did
not state whether blinding was part of the de-
sign’45:54.56 (Table 1). Eight studies measured blood
pressure with automated?19.16 or random-zero3.11,12:49,51
devices to reduce observer bias. About half (15) of the
studies used multiple readings to account for natural
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within-person variations in blood pressure, but only
threes11.50 of these averaged the measurements over
multiple visits, a more accurate estimate of the overall
mean (Table 1).

For individual studies, the changes in blood pressure
associated with fish oil ranged from —16.8 to +9.0
mm Hg for systolic blood pressure (SBP) and —9.6 to
+1.7 mm Hg for diastolic blood pressure (DBP), with
the largest decreases occurring in the smallest studies.
Using the estimated variances to construct 95% ClIs
around the effect estimates, nine studies (29%) showed
significant decreases in SBP and five (16%) in DBP,
with just one of the 31 studies’ showing significant
decreases in both (Fig 1).

Overall Meta-Analysis

In the overall meta-analysis of 31 studies representing
1356 participants, the mean reduction in blood pressure
caused by fish oil was —3.0/—1.5 mm Hg (95% CI: SBP:
—4.5,-1.5; DBP: —2.2,—0.8) (Table 2). Individual study
estimates of the fish oil effect on diastolic blood pres-
sure had low variability (Q=34, P=.28). The estimates
for SBP, however, were highly variable across studies
(Q=179, P<.001), indicating that the response to fish oil
may be better characterized by separate estimates of
effect for groups of studies similar in design or subject
characteristics.

Subgroup Analyses by Dose

When we grouped studies according to dose of w-3
fatty acids, we observed greater decreases in blood
pressure with increasing dose; there was little change in
blood pressure at the lowest doses <3 g/d (—1.3/-0.7
mm Hg), a significant moderate decrease with doses
from 3.3 to 7 g/d (—2.9/—1.6 mm Hg), and a significant
substantial decrease at the highest dose of 15 g/d
(—8.1/-5.8 mm Hg) (Table 3). No study investigated
doses between 7 and 15 g.

We used weighted least squares regression to test for a
dose-response effect on blood pressure with each study
assigned the mean value (2.6 g, 4.8 g, or 15 g) of its
corresponding dose category. The dose-response effect
was statistically significant for both SBP (P=.005) and
DBP (P=.0082). We reanalyzed the data with each study
represented by its actual dose of w-3 fatty acids to assure
that the relation was not merely an artifact of the arbi-
trarily defined dose categories. The relation remained
significant although slightly reduced; per 1.0 g increase in
dose there was a 0.66 mm Hg decrease in SBP (P=.002)
and 0.35 mm Hg decrease in DBP (P=.026) (Fig 2). We
conducted further analyses excluding the highest dose of
15 g/d, which, based on just two small studies, provided a
highly unstable estimate. Without this extreme category,
the dose-response relation <15 g/d remained statistically
significant for SBP, with a decrease of 0.78 mm Hg per
gram increase of -3 fatty acids (P=.02) but not for DBP
(—-0.24 mm Hg per gram, P=.32). The dose-response
effect was also evident when dose was represented by
either of the primary -3 fatty acids, eicosapentaenoic
acid (—0.93/—0.53 mm Hg per gram increase in dose,
P=.009/.046), or docosahexaenoic acid (—1.5/—0.77
mm Hg per gram, P=.001/.021).

Subgroup Analyses by Treatment Length

There were similar mean decreases in blood pressure
with 3 to 4 weeks, 5 to 6 weeks, and 8 to 10 weeks of
treatment (Table 3). The blood pressure decrease in the
longest duration trials of 12 to 24 weeks was less than in
the trials of shorter duration but not significantly so.
When we eliminated the largest trial (TOHP,5> which
used a low dose of 2.4 g w-3 fatty acids/d), the estimate
of effect of 12 to 24 weeks of fish oil treatment increased
slightly to —2.0/—2.0 mm Hg. Therefore, the effect of
fish oil on blood pressure manifests fully after 3 to 4
weeks.

Subgroup Analyses by Subject Type

We identified eight studies that targeted “healthy” per-
sons with no clinical manifestations of disease.5.13.39.41.43.45
In all except one of these studies!? in which the mean total
cholesterol at baseline was 6.0 mmol/L, blood pressure
and total cholesterol were within normal ranges (SBP/
DBP <140/90 mm Hg and cholesterol <5.5 mmol/L). The
mean reduction in blood pressure for this group of studies
was close to zero (—0.4/—0.7 mm Hg), with no indication
that the individual study estimates were not consistent (Q
tests for homogeneity: P=.32/.67, SBP/DBP).

Nine studies selected hypertensive samples through
screening or patient clinics.”-10.11.14,38,4044,52,58 The hyper-
tensive samples had a significant overall mean reduction
in blood pressure caused by fish oil of —3.4/-2.0
mm Hg, but the average w-3 fatty acid dose for this
group was higher than for other types of subjects, and
the individual study estimates were highly variable for
systolic blood pressure (Q=17.4, P=.03) (Table 3).
When we controlled for dose using analysis of covari-
ance, the mean effect for hypertensives was not signifi-
cantly different from the healthy group; the adjusted
mean difference between the groups was —0.95 mm Hg
for SBP (P=.32) and —0.22 mm Hg for DBP (P=.75).
We repeated the analysis on studies of stable hyperten-
sives only, which meant dropping two trials!1:52 in which
the mean DBP was <90 mm Hg during the baseline or
placebo periods. For this group, the summary estimate
of effect was —4.5/—2.5 mm Hg (95% CI: SBP:
—-7.8,—1.2; DBP: —4.4,—0.6), whereas there was still
variability among individual study estimates of the SBP
effect (0=12.2, P=.06). When we adjusted for w-3 fatty
acid dose, the difference in mean effects between the
groups of stable hypertensives and healthy subjects was
statistically significant for SBP (B=-3.6 mm Hg,
P=.02) but not for DBP (8=—1.6 mm Hg, P=.14).

Six studies recruited hypercholesterolemic patients or
used screening to select persons with high cholesterol
levels.16:46.4850.54.56 For this group, there was a statisti-
cally significant effect of fish oil treatment on SBP of
—4.4 mm Hg (95% CI: —6.6,—2.2) but not for DBP.
Individual estimates of effect were consistent among the
studies (SBP: 0=6.2, P=.29; DBP: 0=4.6, P=.47). The
SBP effect for hypercholesterolemic studies was signif-
icantly greater than the effect for healthy subjects by 4
mm Hg (P=.0008), but the effects on DBP did not
differ. The doses were similar for the two groups, 4.0 g
and 4.2 g, respectively.

The largest effect, although not statistically signifi-
cant, was observed among patients with cardiovascular
diseases, where three of the four studies*’4%51.57 had
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TABLE 1. Characteristics of the 31 Trials Included in the Meta-Analysis

Reference Study TC (mmol/L) Blinding No. of BPs
No. Design No. of subjects* Type of subjectt BP (mm Hg)i Participant Observer§ /Device|
39 Mortensen et al 20 Fish oil Healthy men TC: 5.0 + + 1BP
1983/crossover 20 Mixed oil (25-40y) BP: 120/76 Standard
41 Bruckner et al 10 Fish oil Healthy men TC: 4.3 + - 2 BPs
1987/parallel group 11 Olive oil (19-40y) BP: 119/80 Standard
43 v Houwelingen et al
1987/parallel group
Maastricht 19 Fish Healthy men TC: 4.9 - + 1BP
20 Meat (20-45y) BP: 121/77 NS
Tromso 11 Fish Healthy men TC: 4.9 - + 1 BP
12 Meat (20-45 y) BP: 118/77 NS
Zeist 10 Fish Healthy men TC: 4.1 - + 1 BP
10 Meat (20-45 y) BP: 115/73 NS
13 Flaten et al 27 Fish oil Healthy men TC: 6.0 + + 2 BPs
1990/parallel group 29 Olive oil (35-45y) BP: 119/80 Standard
45 Ryu et al 10 Fish oil Healthy men TC: NS NS BP NS
1990/parallel group 10 Wheat germ (20-39y) BP: 124/73 NS
5 TOHP 175 Fish oil Healthy men and women TC: NS + + 3+3 BPs
1992/parallel group 175 Olive oil (30-54y) BP: 123/81 R-Z
40 Norris et al 16 Fish oil Hypertensive men and TC: NS + + 2 BPs
1986/crossover 16 Placebo women (45-74 y) BP: 161/95 NS
10 Knapp et al 8 Fish oil Hypertensive men TC: NS - - 20 BPs
1989/parallel group 8 Saturated mix (age NS) BP: 137/94 Automated
44 Meland et al 20 Fish oil Hypertensive men TC: 6.4 + + 3 BPs
1989/parallel group 20 Mixed oil (26-66 y) BP: 149/101 Standard
7 Bonaa et al 78 Fish oil Hypertensive men and women TC: 6.6 NS 2 BPs
1990/parallel group 78 Corn oil (34-60 y) BP: 144/95 Automated
14 Levinson et al 8 Fish oil Hypertensive men and TC: 5.6 + + 3 BPs
1990/parallel group 8 Saturated mix women (18-75 y) BP: 147/94 Standard
52 Wing et al 20 Fish oil Hypertensive men and TC: 6.6 + + 2 BPs
1990/crossover 20 Olive oil women (32-75 y) BP: 139/81 NS
58 Radack et al 16 Fish oil Hypertensive men and TC: 5.5 + + 3 BPs
1991/parallel group 17 Safflower women (mean, 46 y) BP: 136/95 Standard
38 Margolin et al 22 Fish oil Hypertensive men and TC: 5.7 + + 3 BPs
1991/parallel group 24 Corn oil women (60-80 y) BP: 164/94 Standard
11 Morris et al 18 Fish oil Hypertensive men and TC: 5.8 + + 3+3 BPs
1992/crossover 18 Olive oil women (32-64 y) BP: 130/87 R-Z
46 Demke et al 13 Fish oil Hypercholesterol, men TC: 7.5 + + BP NS
1988/parallel group 18 Safflower and women (18-60 y) BP: 119/74 NS
Bach et al 30 Total Hypercholesterol, men and TC: 5.6 + + BP NS
1989/parallel group saturated women (mean, 31 y) BP: 130/85 NS
56 Dart et al 21 Fish oil Hypercholesterol, men TC: 9.7 NS BP NS
1989/crossover 21 Olive oil and women (mean, 46 y) BP: 125/77 NS
54, Wilt et al 38 Fish oil Hypercholesterol, men TC: 6.2 NS 3 BPs
55 1989/crossover 38 Safflower (mean, 42 y) BP: 124/84 Standard
50 Kestin et al 11 Fish oil Hypercholesterol, men TC: 6.3 + + 3+4 BPs
1990/parallel group 11 Linoleic (mean, 46 y) BP: 124/75 Standard
16 Cobiac et al 12 Fish Hypercholesterol, men TC: 6.8 - - 12 BPs
1991/parallel group 13 Fish oil (30-60 y) BP: 128/79 Automated
6 Saturated mix
57 Davidson et al 30 Total CHD TC: 8.0 + + BP NS
1986/parallel group  olive oil Age, sex NS BP: 142/88 NS
47 Mehta et al 8 Fish oil CHD, men TC: 5.9 + + BP NS
1988/crossover 8 Placebo (52-713 y) BP: 138/80 NS

*The number of subjects in each treatment period is listed for crossover studies. The number of subjects in each treatment group was not
reported for References 57 and 48. Saturated mix is a mixture of saturated and other oils; mixed oil is a mixture of corn and olive oils.
+NS, not specified. Mixed sample indicates that there were no inclusion criteria for health of the sample. CHD, Coronary heart disease.
$TGC, total cholesterol at baseline; BP, average blood pressure at baseline for active and control groups for parallel group studies and BP
during the placebo period for crossover studies.
§Blinded to treatment status.
[[One number represents the number of BPs used to measure BP at one visit; otherwise, the first number represents the number of
measurements at one visit and the second number represents the number of measurement visits. Device, type of sphygmomanometer; R-Z,
random zero; NS, device not specified.
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TABLE 1. Continued

Reference Study TC (mmol/L) Blinding No. of BPs

No. Design No. of subjects* Type of subjectt BP (mm Hg)f Participant Observer§ /Device|

51 Solomon et al 5 Fish oil Stable angina, men and TC: NS + + BP NS
1990/parallel group 5 Olive oil women (42-64 y) BP: 142/87 R-Z

49 Gans et al 16 Fish oil Claudication, men and women TC: 6.6 + + BP NS
1990/parallel group 16 Corn oil (mean, 66 y) BP: 148/80 R-Z

12 Haines et al 19 Fish oil Diabetics, men and women TC: 5.0 - - BP NS
1986/parallel group 22 Olive oil (30-59y) BP: 136/82 R-Z

53 Jensen et al 18 Fish oil Diabetics, men and women TC: 5.7 + + BP NS
1989/crossover 18 Olive oil (22-47y) BP: 148/89 Standard

8 Hendra et al 40 Fish oil Diabetics, men and women TC: 6.0 + + BP NS

1990/parallel group 40 Olive oil (mean, 56 y) BP: 143/83 NS

42 Rogers et al 30 Fish oail Mixed sample, men TC:5.2 + + BP NS
1987/parallel group 30 Olive oil (22-65y) BP: 130/76 Standard

decreases in blood pressure ranging from —10 to —17 Subgroup Analyses by Study Design

mm Hg for SBP and -3 to —10 mm Hg for DBP. The Comparison of the fish oil effect on blood pressure

estimate of effect for the three studies of diabetic by study design indicated a greater decrease (by

patients®1253 was small and nonsignificant. Since the —2.5/—1.0 mm Hg) among crossover than parallel

estimates of effect for diabetic and cardiovascular dis- group designs, but when we controlled for dose, the

ease patients are based on only a few studies, these adjusted difference of —0.62/—0.19 mm Hg was not

results should be viewed with caution. statistically significant (probability values for SBP/

Given the observed association between w-3 fatty DBP, .76/.77, respectively).

acid dose and blood pressure effect in the overall

analyses, we examined the dose-response relation

within subgroups of subject type. There was no evidence Subgroup Analyses by Placebo

of a dose-response effect of fish oil among the group of The magnitude of the crude blood pressure effect for

healthy subjects (SBP: B=0.5, P=.63; DBP: B=0.3, fish oil versus placebo was virtually the same regardless of
P=.42), nor among hypercholesterolemics (SBP: g=0.7, which placebo was used (Table 3). The group of studies
P=.35; DBP: B=-0.2, P=.76). There was a statistically using w-6 polyunsaturated oils for placebo administered a
significant dose-response effect among the hypertensive lower mean fish oil dose (3.6 g/d) than either of the groups
studies of —0.7/—0.5 mm Hg per gram increase in -3 using olive oil (4.5 g/d) or saturated oil placebos (4.6 g/d).
fatty acids (P=.02/.04 for SBP/DBP) that was not Further analyses controlling for fish oil dose showed a
evident when we restricted the analysis to w-3 fatty acid small but significantly greater effect for SBP in the group
doses of 2 to 6 g/d, a range similar to that of the groups of studies using w- 6 polyunsaturated oils for placebo when
of healthy and hypercholesterolemic studies (within the compared with the olive oil group (SBP/DBP: 8=2.3/0.6
range of 2 to 6 g w-3 fatty acids/d SBP: B=-1.0, P=.14; mm Hg, P=.04/.43). Missing from this subanalysis by pla-

DBP: B=-0.2, P=.52). There was also no dose-re- cebo type were two studies that used a mixture of corn
sponse relation among stable hypertensives in this dose and olive oils*>* and two others that did not report the
range (SBP: B=0.8, P=.49; DBP: 8=0.7, P=.43). type of placebo.4047
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FIG 1. Graphs show effects of fish oil on systolic blood pressure (SBP) and diastolic blood pressure (DBP) with 95% confidence
intervals for the 31 studies in this meta-analysis. For each study, the mean difference in blood pressure is plotted against the number
of subjects in each treatment. Symbols indicate health of study sample: ®, healthy; A, hypertensive; O, hypercholesterolemic; *,
diabetic/mixed; O, cardiovascular disease.
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TABLE 2. Overall Meta-Analysis on 31 Studies of Fish Oil and Blood Pressure

-3 Treatment Variancet BP Effect
Reference Dose* length
No. Study (g/d) (wk) SBP DBP SBP DBP
Healthy subjects
39 Mortensen et al 33 4 5.12 3.75 -4.0 -4.0
41 Bruckner et al 39 3 15.88 12.08 5.0 1.0
43 v Houwelingen et al
Maastricht 4.7 6 8.54 6.50 1.1 -0.9
Tromso 4.7 6 14.49 11.03 0.1 -0.9
Zeist 4.7 6 16.64 12.66 =37 -3.0
13 Flaten et al 6.5 6 5.95 2.18 1.5 0.8
45 Ryu et al 3.0 4 12.63 9.34 -4.3 -2.0
5 TOHP 24 24 0.36 0.23 -0.2 -0.6
Hypertensive subjects
40 Norris et al NS 6 9.17 4.09 -10.0 -2.0
10 Knapp et al 3.0 4 10.87 6.6 -2.6 -0.1
44 Meland et al 6.0 6 8.93 5.82 1.0 -1.0
7 Bonaa et al 51 10 2.81 1.50 -6.4 -2.8
14 Levinson et al 15.0 6 25.46 13.65 -8.0 -9.0
52 Wing et al 4.5 8 5.48 2.83 0.6 -03
58 Radack et al 20 12 14.16 7.35 =72 -6.7
38 Margolin et al 4.7 8 10.51 4.52 1.1 0.1
11 Morris et al 4.8 6 1.82 1.02 -24 -1.8
Hypercholesterolemic subjects
46 Demke et al 1.7 4 15.67 8.22 -3.0 1.0
48 Bach et al 25 5 6.92 4.41 -9.0 -4.0
56 Dart et al 6.0 8 5.54 3.09 -53 =20
54 Wilt et al 6.0 12 4.41 3.12 =217 -18
50 Kestin et al 34 6 4.09 2.61 -5.1 0.0
16 Cobiac et al 4.5 5 7.01 4.59 -0.6 13
Cardiovascular disease subjects
57 Davidson et al 6.0 4 15.77 8.66 -9.8 =32
47 Mehta et al 5.4 4 16.30 7.70 -10.0 -4.0
51 Solomon et al 4.6 12 51.27 25.12 -16.8 -9.6
49 Gans et al 3.0 16 17.13 7.67 9.0 1.0
Diabetic subjects
12 Haines et al 4.6 6 10.97 6.49 1.0 1.7
53 Jensen et al 4.6 8 5.57 3.82 -9.0 -4.0
8 Hendra et al 3.0 6 6.30 3.16 0.4 -0.6
Mixed sample
42 Rogers et al 33 4 7.26 4.52 -3.1 -5.0
Overall 4.8 -3.0 SBP -1.5DBP
95% Confidence intervals -4.5,—-15 -2.2,-0.8
Additional findings from the 31 studies used in analyses by dose
10 Knapp et al 15.0 4 10.87 6.6 -82 -4.1
11 Morris et al 24 6 1.82 1.02 14 0.9
Additional findings from the 31 studies used in analyses by treatment length
13 Flaten et al 6.5 3 5.95 2.18 -0.2 -1.0
14 Levinson et al 15.0 4 25.46 13.65 -7.0 -7.0
11 Morris et al 4.8 12 5.46 3.07 0.7 0.9
12 Haines et al 4.6 3 10.97 6.49 3.0 -2.0

SBP, systolic blood pressure; DBP, diastolic blood pressure; BP, blood pressure; NS, not specified.
*w-3 Dose represents eicosapentaenoic acid plus docosahexaenoic acid. The w-3 dose for Bruckner et al, reported

as 1.5 g/10 kg body wt, is estimated based on a mean weight of 85 kg.
+Estimated within-study variances (S?) (see text).
$Change in BP attributed to fish oil treatment (see text).
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w3 SBP (mm Hg) DBP (mm Hg)
Dose

Subgroup* n (g/d) ot BP effect 95% CI Q BP effect 95% CI
w-3 Fatty acid dose

<3 g/d 9 2.6 23.2% -13 -4.8,2.2 10.1 -0.7 -1.9,0.5

>3-7 g/d 21 4.8 40.8t -29 -4.5,-13 19.5 -1.6 -24, -0.8

15 g/d 2 15.0 <1 -8.1 -13, =2.7 1.2 -5.8 -10, -1.2
Treatment length

3-4 Wk 11 5.1 15.5 -29 -5.5, -0.4 8.2 -23 -3.7, =09

5-6 Wk 13 5.4 24.2% -24 -4.5, -0.3 12.1 -1.1 =22, -0.1

8-10 Wk 5 5.0 12.7% -4.1 -17.17, -0.5 35 -2.0 -35, -0.6

12-24 Wk 6 3.8 15.7¢ -13 -4.8,2.2 9.1 -14 -3.4,0.6
Subject type

Healthy 8 4.2 9.2 -04 -1.6,0.8 5.8 -0.7 -15,0.1

Hypertensive 9 5.6 17.4% -3.4 =59, -0.9 9.8 =20 -3.3, -0.7

Hypercholesterolemic 6 4.0 6.2 -4.4 -6.6, —2.2 4.6 -1.1 -2.7,0.5

CVD 4 4.8 17.2% -6.3 -17, 45 3.9 -2.9 —-6.4, 0.6

Diabetic 3 4.1 9.7% =27 -9.4,4.0 35 -1.2 -4.3,1.9
Study design

Parallel group 23 4.5 53.0F =22 -39, -05 27.4 -1.2 -21,-03

Crossover 8 4.9 16.61 -4.7 =72, =22 3.6 =22 -34, -1.1
Placebo

-6 Fatty acids 8 3.6 15.8t -3.0 -5.9, -0.8 7.9 -1.5 -2.9, -0.1

Olive oil 12 4.5 325t -2.2 -4.4, -04 14.2 -1.2 -24, -02

Saturated oil 7 4.6 9.7 -3.0 -6.1,0.1 2.1 -1.9 -4.2,04

SBP, systolic blood pressure; DBP, diastolic blood pressure; BP, blood pressure; CI, confidence intervals; CVD, cardiovascular disease.
*Studies included in subgroup analyses by length of treatment are 3-4 wk (References 10, 12-14, 39, 41, 42, 45-47, 57); 5-6 wk (References
8,11-14, 16, 40, 43, 44, 48, 50); 8-10 wk (References 7, 38, 52, 53, 56); 12-24 wk (References 5, 11, 49, 51, 54, 58). Studies in subgroup analyses
by dose of w-3 fatty acids are <3 g/d (References 5, 8, 10, 11, 45, 46, 48, 49, 58); 4-7 g/d (References 7, 11-13, 16, 38, 39, 41-44, 50-54, 56,

57); 15 g/d (References 10, 14).

tStatistically significant at P<.05 (see “Appendix”: Calculation of Q Test for Homogeneity).

Discussion

We conducted a meta-analysis of 31 controlled trials
that showed a small, statistically significant effect of fish
oil on blood pressure of —3.0/—1.5 mm Hg at an overall
mean dose of 4.8 g w-3 fatty acids/d. The narrow
confidence intervals for the overall effect indicated that
this finding probably was not due to chance and pro-
vided evidence for a biological relation that was here-
tofore unresolved because of inconsistent findings
among studies. We did, however, observe substantial
heterogeneity among individual study estimates for
SBP, which suggested that the effect was not uniform.

Subgroup analyses showed that some of the discrep-
ancies in study results may be explained by differences
in the dose of w-3 fatty acids administered to subjects
and the presence of a weak but real dose-response
effect. Health status of the study samples also appeared
to account in part for the inconsistencies, since there
was no evidence of an effect of fish oil among healthy
subjects but moderate effects among hypercholester-
olemics and stable hypertensives. The presence of a
dose-response effect only within the subgroup of hyper-
tensive subjects and only when the two studies using the
highest dose of 15 g w-3 fatty acids/d were included in
the analysis may be due to the restricted dose ranges
used in studies of hypercholesterolemics and healthy
subjects or to the small number of studies used to detect
small changes in effect and thus insufficient statistical

power. It is also possible that among hypercholesterol-
emic patients, the blood pressure response to fish oil
plateaus at a low dose.

The most consistent blood pressure responses to fish
oil occurred among hypercholesterolemics, in which all
six studies reported decreases in SBP, and in coronary
heart disease patients, in which three of four studies
reported large decreases in blood pressure. There is less
certainty about the response to fish oil among hyper-
tensives, where even among stable hypertensives the
estimates for SBP were highly variable. Differences in
dose appeared to account for some of this variation, but
limited data prevented further investigation of, for
example, the coexistence of hypercholesterolemia
among hypertensives.

We were able to rule out other features of trial design
as important sources of variation among trial results.
The fish oil effects on blood pressure appeared to be
fairly constant with varying lengths of treatment, except
for a nonsignificant reduction in effect for treatment
periods greater than 10 weeks, a likely consequence of
diminished compliance with pill taking. There was also
little evidence that the different types of placebo used
by the studies could account for the divergent results: In
analyses controlling for dose, the group using olive oil
placebos had a significantly smaller effect on SBP than
those using w-6 polyunsaturated oils, but this was not
substantiated in the comparison with studies using
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FIG 2. Plots show inverse associations between dose of w-3 fatty acids and mean changes in systolic blood pressure (SBP) and
diastolic blood pressure (DBP) caused by fish oil. For each study, the mean difference in blood pressure changes between fish oil
and placebo treatment groups is plotted against dose in weighted least squares regression. The weight of each study effect is

indicated by the size of the circle.

saturated fats and oils. The smaller reduction in blood
pressure may be due to chance or to the fact that a
greater number of the olive oil studies were of healthy
or diabetic samples, groups with comparatively smaller
estimates of effect. We also observed a greater blood
pressure response in studies using a crossover design
when compared with that of parallel group studies, a
finding that refutes the contention by some3 that cross-
over studies yield null results because of carryover of
treatment effects into the placebo period.

The overall effects from the meta-analysis could be an
overestimate by publication bias of the true blood
pressure response to fish oil (see Fig 1). Notably, effects
of =3 mm Hg in either SBP or DBP are reported in all
six studies (100%) with sample sizes of 20 or less
compared with 10 of 21 studies (45%) with samples
ranging from 21 to 60 and just one (25%) of the four
largest studies. However, the degree of bias should be
minimal in that the smallest samples are generally given
the least weight in the meta-analysis.

Our procedure for estimating the variance of individ-
ual studies produced weights favoring large samples, the
crossover design (through the absence of intersubject
variability), and multiple measurements of blood pres-
sure, particularly the number of separate measurement
occasions. This method appeared to provide good ap-
proximations of the actual study variances: Statistical
significance of SBP and DBP changes based on the
estimated variances were in agreement with investiga-
tors’ reports of statistical significance in 92% of the
cases (61 of 66 effects for 33 doses in 31 studies), and
four of the five disagreements were cases of borderline
significance.

Although we did not weight studies by scores of their
scientific merit, a critical review of their methods did not
reveal any shortcomings that would substantially alter
the meta-analysis results. For example, one crossover
study?® failed to use random assignment, but in the
absence of carryover effects, this should not affect the
results; only the study by Cobiac et al, which was
primarily designed to compare groups receiving fish oil
or a fish diet, used questionable randomization to the
control group.16 Also, although few reports presented
more than limited information on characteristics of the
treatment and placebo groups, one studys! did show
substantial imbalances that could point to biased blood
pressure effects, but this study received negligible
weight in the meta-analysis. Neither could we find
evidence for bias caused by low compliance or failure to
blind the staff and/or participants. Compliance reports
were generally excellent: Sixteen studies using biochem-
ical measures of compliance showed appropriate in-
creases in the w-3 fatty acids, and six others reported a
high percentage (>90%) of pills taken. All seven of the
remaining studies, including one with 78% compliance*3
and six others with no compliance report, had blood
pressure effects >3 mm Hg. Of the 11 studies that did
not blind both participants and staff to treatment status,
less than half (5) reported effects >2 mm Hg, and two of
these used automatic devices to measure blood
pressure.

Our finding of no fish oil effect on blood pressure in
studies using low doses of w-3 fatty acids of 3 g/d or less
is supported by a number of population studiesso-63 that
observed no correlation between blood pressure and
fish consumption or biochemical levels of w-3 fatty acids
in cross-sectional analyses.
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The predominant theory attributes the hypotensive
effect of fish oil to the w-3 fatty acid eicosapentaenoic
acid (EPA), primarily to its ability to stimulate the
synthesis of prostacyclin (a vasodilator) and inhibit
thromboxane (a vasoconstrictor), although recent evi-
dence from human studies indicates that the hypothesis
of altered prostanoid synthesis has limitations as an
explanation of lowered blood pressure.! The association
between EPA and blood pressure response was sup-
ported by our meta-analysis. Although less is known
about the hypotensive effects of docosahexaenoic acid
(DHA), this was also significantly associated with blood
pressure reduction.

Our analysis revealed that hypercholesterolemics and
patients with cardiovascular disease had the largest
blood pressure response to fish oil, which is consistent
with a recent review! suggesting that the antihyperten-
sive effects caused by inhibition of thromboxane synthe-
sis are most likely to occur in those with initially high
levels of thromboxane, such as in patients with
atherosclerosis.

Insufficient data precluded our investigating the pos-
sibility of effect modification by dietary consumption of
fish or sodium. In a trial of 157 hypertensives, Bonaa et
al’ found that fish oil lowered blood pressure only
among those who consumed less than three fish meals
per week, whereas Cobiac et al3” reported a fish oil
effect in those on sodium-restricted diets but not in
other subjects.

We conclude that there is a dose-response hypoten-
sive effect of fish oil in hypertensive patients but little or
no effect among healthy normotensives, at least at
clinically feasible dose levels. There also may be mod-
erate effects on blood pressure among hypercholester-
olemics and possibly larger effects in patients with
cardiovascular disease. The hypotensive effect of fish oil
may be related to the presence of atherosclerosis.

Fish oil is unlikely to be of benefit to healthy subjects
for the prevention of hypertension or to treat hyperten-
sive patients, given the uncertainty of a response and
the large dose required to elicit small changes in blood
pressure. Based on regression analysis of the nine
controlled studies of hypertensive subjects, 7.7 g w-3
fatty acids/d (about 15 capsules/d) is required for a
blood pressure reduction of —4/—3 mm Hg. The data do
suggest that fish oil may have a moderate, clinically
meaningful effect in atherosclerotic patients. However,
in view of the small numbers of subjects in previous
trials, a larger trial would be needed to test this
hypothesis.

Appendix

Calculation of the Summary Estimate of Effect
and 95% Confidence Intervals

To calculate the summary estimate of effect for k studies,
the ith individual study estimate y; was multiplied by the
inverse of the between- and within-study variance, w;,=(1/
[0:*+S?]). The weighted estimates were summed over the k
studies and divided by the sum of the weights:

k
2”’:‘ Yi

i=1

k
2w

i=1

We used the var(Y)=(Zw;)™! to obtain 95% CI for the esti-
mates of effect:

Y+1.96Vvar(Y)

Calculation of Within-Study Variance (S?)

Given that Xj; is group mean blood pressure for measure-
ment period / of treatment group j in the ith individual study,
Var(X;) is a function of the number of subjects as well as the
number of blood pressure readings taken at one or more visits.

(o ZA/RjI+a “WRyVy)
P,

bi

Var(X;)=

where o’ is the between-visit component and oy’ is the
within-visit component of variance for R; readings taken at
each of V, visits for P, number of subjects.

The individual study estimates of blood pressure variance,
o’ and oy, were obtained from a large screening study® of
subjects grouped by age (30 to 49 years and 50 to 69 years),
race (white and black), and sex, using information from the
individual studies on the proportion of subjects within these
categories. We first computed the weighted average variance
over the two age categories within sex and race categories
(step 1 in the example below), followed by computation of the
weighted average variance for race within the sex category
(step 2), and finally, computation of the weighted average
variance over men and women (step 3). For studies where no
information was provided on the sex, age, or race of the
subjects, we assumed proportions equivalent to those of all
studies combined: 78% were men, 50% in each age category,
and white race. We also assumed that blood pressure was
measured once at one visit for each measurement period
(Ry=V;=1) when this information was not reported.

Presented below are computations for the within-visit (oy?)
and between-visit (o) variance estimates for SBP for the fish
oil group of TOHP.5

Step 1. Calculate the weighted average variance over age
categories given data on the age distribution of the TOHP
study sample (83% 30 to 49 years and 17% 50 to 69 years) and
the variance estimates provided by Rosner and Polk? for these
age categories by race and sex (numbers within parentheses).

White men Black men

o’ .83(34.6)+.17(49.5)=37.13 .83(56.2)+.17(73.6)=59.16

o, .83(14.0)+.17(15.7)=14.29 .83(15.0)+.17(18.6)=15.61

White women Black women

o’ .83(42.90)+.17(64.80)=46.6 .83(56.20)+.17(73.30)=59.11

oy .83(12.80)+.17(13.50)=12.92 .83(11.20)+.17(18.80)=12.49

Step 2. Calculate the weighted average variance over race
categories given data on the race distribution of the TOHP
study sample (88% white and 12% black) and the weighted
average variances computed in step 1 (numbers within
parentheses).

Men Women

o, .88(37.13)+.12(59.16)=39.77 .88(46.60)+.12(59.11)=48.10

oy’ .88(14.29)+.12(15.61)=14.45 .88(12.92)+.12(12.49)=12.87

Step 3. Calculate the weighted average variance over sex
categories given data on the sex distribution of the TOHP
study sample (70.9% men and 29.1% women) and the
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weighted average variances computed in step 2 (the numbers
within parentheses).

o, .709(39.77)+.291(48.10)=42.19

oy’: .709(14.45)+.291(12.87)=13.99

For the parallel group study design, the blood pressure effect
for individual studies is measured by calculating the difference
between the blood pressure changes for the fish oil and placebo
treatment groups. If X, is the mean blood pressure for the jth
treatment group (j=1, fish oil; 2, placebo) at the /th measure-
ment period (/=1, pretreatment; 2, posttreatment), then the
change in blood pressure is denoted by d;=X,—X;, and
var(dy) =var(X;)+var(X;,).

The blood pressure effect for the ith parallel study is y,=
dy—d,,, and S?=var(y,) =var(X;;)+var(X;,) +var(X;;) +var(X;,).

With the crossover design, the blood pressure effect is com-
puted as the difference between posttreatment blood pressure
measurements (/=2) for the fish oil (j=1) and placebo (j=2)
treatment groups, disregarding any pretreatment blood pressure
measurements: y;=X,,—X,, and S?=var(y,) =var(X;,)+var(X,,).

Calculation of Q and the Between-Study
Variance o for k Studies

The estimate of between-study variance (o?) for k studies
was based on the Q statistic:

Q=2ai()’i—?)2
. 0-(k-1)

A

Ea,-— za,-z/zai

where a;=(S?)! for the ith study. When Q—(k—1) <0, then
o?=0.6

Comparison of Adjusted Estimates of Effect
for Two Groups of Studies

We compared the estimates of effect for two subgroups of
studies using the standard normal test for the difference
between means: Z=(Y,-Y,)/[var(Y;)+var(Y,)]"%.

Regression Analyses Controlling for
w-3 Fatty Acid Dose

We used analysis of covariance and the ¢ test to test for the
statistical significance of the difference between estimates of
effect controlling for dose. The standard error of the B-coef-
ficients, SE(B), was adjusted for the error mean squared
produced by the regression model:

B
" SE(BINMSE

Acknowledgments

Dr Morris was supported by a National Institute of Envi-
ronmental Health Sciences National Research Service Award
(5T32 ES07069) through the Harvard School of Public Health.
We would like to thank Dr Julie Buring and Dr Richard
Monson for critical review of the manuscript.

References

1. Knapp H. Hypotensive effects of w3 fatty acids: mechanistic
aspects. In: Simopoulos A, Kifer R, Martin R, Barlow S, eds.
Health Effects of w3 Polyunsaturated Fatty Acids in Seafoods. World
Review Nutr Diet. Basel: S Karger AG; 1991;66:313-328.

2. Sacks F. Dietary fats and blood pressure: a critical review of the
evidence. Nutr Rev. 1989;47:291-300.

3. Knapp H. Omega-3 fatty acids, endogenous prostaglandins, and
blood pressure regulation in humans. Nutr Rev. 1989;47:301-313.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

24.

26.

27.

. Radack K, Deck C. The effects of omega-3 polyunsaturated fatty

acids on blood pressure: a methodologic analysis of the evidence.
J Am Coll Nutr. 1989;8:376-385.

. Trials of Hypertension Collaborative Research Group. The effects

of nonpharmacologic interventions on blood pressure of persons
with high normal levels: results of the Trials of Hypertension
Prevention (Phase I). JAMA. 1992;267:1213-1220.

. Laird N, Mosteller F. Some statistical methods for combining

experimental results. Int J Tech Assess Health Care. 1990;6:5-30.

. Bonaa K, Bjerve K, Straume B, Gram I, Thelle D. Effect of

eicosapentaenoic and docosahexaenoic acids on blood pressure in
hypertension. N Engl J Med. 1990;322:795-801.

. Hendra T, Britton M, Roper D, Wagaine-Twabwe D, Jeremy J,

Dandona P, Haines A, Yudkin J. Effects of fish oil supplements in
NIDDM subjects. Diabetes Care. 1990;13:821-829.

. Rosner B, Polk B. Predictive values of routine blood pressure

measurements in screening for hypertension. Am J Epidemiol.
1983;117:429-442.

Knapp H, FitzGerald G. The antihypertensive effects of fish oil: a
controlled study of polyunsaturated fatty acid supplements in
essential hypertension. N Engl J Med. 1989;320:1037-1043.

Morris M, Taylor J, Stampfer M, Rosner B, Sacks F. The effect of
fish oil on blood pressure in mild hypertensives: a randomized
crossover trial. Am J Clin Nutr. 1993;57:59-64.

Haines A, Sanders T, Imeson J, Mahler R, Martin J, Mistry M,
Vickers M, Wallace P. Effects of a fish oil supplement on platelet
function, hemostatic variables and albuminuria in insulin-
dependent diabetics. Thromb Res. 1986;43:643-655.

Flaten H, Hostmark A, Kierulf P, Lystad E, Trygg K, Bjerkedal T,
Osland A. Fish-oil concentrate: effects on variables related to
cardiovascular disease. Am J Clin Nutr. 1990;52:300-306.
Levinson P, Iosiphidis A, Saritelli A, Herbert P, Steiner M. Effects
of w3 fatty acids in essential hypertension. Am J Hypertens. 1990;
3:754-760.

Hedges L, Olkin 1. Statistical Methods for Meta-Analysis. Orlando/
New York: Academic Press Inc; 1985.

Cobiac L, Clifton P, Abbey M, Belling G, Nestel P. Lipid, lipopro-
tein, and hemostatic effects of fish vs fish-oil w3 fatty acids in mildly
hyperlipidemic males. Am J Clin Nutr. 1991;53:1210-1216.

Lorenz R, Spengler U, Fischer S, Duhm J, Weber P. Platelet
function, thromboxane formation, and blood pressure control dur-
ing supplementation of the Western diet with cod liver oil. Circu-
lation. 1983;67:504-511.

Singer P, Jaeger W, Wirth M, Voigt S, Naumann E, Zimontkowski
S, Hajdu I, Godicke W. Lipid and blood pressure-lowering effect of
mackerel diet in man. Atherosclerosis. 1983;49:99-108.

Singer P, Wirth M, Voigt S, Zimontkowski S, Godicke W, Heine H.
Clinical studies on lipid and blood pressure lowering effect of
eicosapentaenoic acid-rich diet. Biomed Biochim Acta. 1984;43:
$421-5425.

Singer P, Wirth M, Berer I, Voigt S, Gerike U, Godicke W,
Koberle U, Heine H. Influence on serum lipids, lipoproteins, and
blood pressure of mackerel and herring diet in patients with type
IV and V hyperlipoproteinemia. Atherosclerosis. 1985;56:111-118.
Singer P, Berger I, Wirth M, Godicke W, Jaeger W, Voigt S. Slow
desaturation and elongation of linoleic and a-linolenic acids as a
rationale of eicosapentaenoic acid-rich diet to lower blood pres-
sure and serum lipids in normal hypertensive and hyperlipemic
subjects. Prostaglandins, Leukot, Med. 1986;24:173-193.

Singer P, Berger I, Luck K, Taube C, Naumann E, Godick W.
Long-term effect of mackerel diet on blood pressure, serum lipids,
and thromboxane formation in patients with mild essential hyper-
tension. Atherosclerosis. 1986;62:259-265.

. Singer P. Blood pressure-lowering effect of mackerel diet. Kiin

Wochenschr. 1990;68(suppl XX):40-48.

Singer P, Melzer S, Boschel M. Original contributions: fish oil
amplifies the effect of propranolol in mild essential hypertension.
Hypertension. 1990;16:682-691.

. Sanders T, Vickers M, Haines A. Effects on blood lipids and

haemostasis of a supplement of cod-liver oil, rich in eicosapen-
taenoic and docosahexaenoic acids, in healthy young men. Clin Sci.
1981;61:317-324.

Rylance P, Gordge M, Saynor R, Parsons V, Weston M. Fish oil
modifies lipids and reduces platelet aggregability in haemodialysis
patients. Nephron. 1986;43:196-202.

Hamazaki T, Nakazawa R, Tateno S, Shishido H, Isoda K, Hattori
Y, Yoshida T, Fujita T, Yano S, Kumagai A. Effects of fish oil rich
in eicosapentaenoic acid on serum lipid in hyperlipidemic hemo-
dialysis patients. Kidney Int. 1984;26:81-84.



G20z ‘62 JequenoN uo Aq Bio'sfeuinofeye/:diy wouy pspeojumoq

29.

30.

31

32.

33.

35.

36.

37.

38.

39.

41.

42,

43.

45.

Morris et al Fish Oil Effect on Blood Pressure: Meta-Analysis of Controlled Trials 533

. Kasim S, Stern B, Khilnani S, McLin P, Baciorowski S, Jen C.

Effects of omega-3 fish oils on lipid metabolism, glycemic control,
and blood pressure in type II diabetic patients. J Clin Endocrinol
Metab. 1988;67:1-5.

Blonk M, Bilo H, Nauta J, Popp-Snijders C, Mulder C, Donker A.
Dose-response effects of fish-oil supplementation in healthy vol-
unteers. Am J Clin Nutr. 1990;52:120-127.

Landgraf-Leurs M, Drummer C, Froschl H, Steinhuber R, Von-
Schacky C, Landgraf R. Original articles: Pilot study on omega-3
fatty acids in type I diabetes mellitus. Diabetes. 1990;39:369-375.
Stern B, Kasim S, Khilnani S, McLin P, Baciorowski S, Jen C.
Omega-3 fish oils increase the serum apoprotein B level and
improve blood pressure in non-insulin dependent diabetics. Clin
Res. 1987;35:842A. Abstract.

Kristensen S, Schmidt E, Andersen H, Dyerberg J. Fish oil in
angina pectoris. Atherosclerosis. 1987;64:13-19.

Goren A, Stankiewicz H, Goldstein R, Drukker A. Fish oil treat-
ment of hyperlipidemia in children and adolescents receiving renal
replacement therapy. Pediatrics. 1991;88:265-268.

. Haglund O, Wallin R, Luostarinen R, Saldeen T. Effects of a new

fluid fish oil concentrate, ESKIMO-3, on triglycerides, cholesterol,
fibrinogen and blood pressure. J Intern Med. 1990;227:347-353.
Oh S, Hsieh T, Ryue J, Bell D. Eggs enriched in -3 fatty acids and
alterations in lipid concentrations in plasma and lipoproteins and
in blood pressure. Am J Clin Nutr. 1991;54:689-695.

Homan van der Heide J, Bilo H, Tegzess A, Donker A. The effects
of dietary supplementation with fish oil on renal function in cyclo-
sporine-treated renal transplant recipients. Transplantation. 1990;
49:523-527.

Cobiac L, Nestel P, Wing L, Howe P. Effects of dietary sodium
restriction and fish oil supplements on blood pressure in the
elderly. Clin Exper Pharmacol Physiol. 1991;18:265-268.

Margolin G, Huster G, Glueck C, Speirs J, Vandergrift J, Illig E,
Wu J, Streicher P, Tracy T. Blood pressure lowering in elderly
subjects: a double-blind crossover study of w-3 and w-6 fatty acids.
Am J Clin Nutr. 1991;53:562-572.

Mortensen J, Schmidt E, Nielsen A, Dyerberg J. The effect of w6
and 3 polyunsaturated fatty acids on hemostasis, blood lipids and
blood pressure. Thromb Haemost. 1983;50:543-546.

. Norris P, Jones C, Weston M. Effect of dietary supplementation

with fish oil on systolic blood pressure in mild essential hyperten-
sion. BMJ. 1986;293:104-105.

Bruckner G, Webb P, Greenwell L, Chow C, Richardson D. Fish
oil increases peripheral capillary blood cell velocity in humans.
Atherosclerosis. 1987;66:237-245.

Rogers S, James K, Butland B, Etherington M, O’Brian J, Jones J.
Effects of a fish oil supplement on serum lipids, blood pressure,
bleeding time, haemostatic and rheological variables: a double
blind randomized controlled trial in healthy volunteers. Atheroscle-
rosis. 1987;63:137-143.

v Houwelingen R, Nordoy A, van der Beek E, Houtsmuller U, de
Metz M, Hornstra G. Effect of a moderate fish intake on blood
pressure, bleeding time, hematology and clinical chemistry in
healthy males. Am J Clin Nutr. 1987;46:424-436.

. Meland E, Fugelli P, Laerum E, Ronneberg R, Sandvik L. Effect of

fish oil on blood pressure and blood lipids in men with mild to
moderate hypertension. Scand J Prim Health Care. 1989;7:131-135.
Ryu J, Lerner J, Sullivan J. Unresponsiveness of forearm hemody-
namics to omega-3 polyunsaturated fatty acids and aspirin. Pros-
taglandins. 1990;39:339-347.

46.

47.

48.

49,

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

61.

62.

63.

Demke D, Peters G, Linet O, Metzler C, Klott K. Effects of a fish
oil concentrate in patients with hypercholesterolemia. Atheroscle-
rosis. 1988;70:73-80.

Mehta J, Lopez L, Lawson D, Wargovich T, Williams L. Dietary
supplementation with omega-3 polyunsaturated fatty acids in
patients with stable coronary heart disease. Am J Med. 1988;84:
45-51.

Bach R, Schmidt U, Jung F, Kiesewetter H, Hennen B, Wenzel E,
Schieffer H, Bette L, Heyden S. Effect of fish oil capsules in two
dosages on blood pressure, platelet functions, haemorheological
and clinical chemistry parameters in apparently healthy subjects.
Ann Nutr Metab. 1989;33:359-367.

Gans R, Bilo H, Weersink E, Rauwerda J, Popp-Snijders C,
Donker A. Fish oil supplementation in patients with stable clau-
dication. Am J Surg. 1990;160:490-495.

Kestin M, Clifton P, Belling G, Nestel P. «3 fatty acids of marine
origin lower systolic blood pressure and triglycerides but raise LDL
cholesterol compared with w3 and w6 fatty acids from plants. Am
J Clin Nutr. 1990;51:1028-1034.

Solomon S, Cartwright L, Pockley G, Greaves M, Preston F, Ram-
say L, Waller P. A placebo-controlled, double-blind study of eico-
sapentaenoic acid-rich fish oil in patients with stable angina pec-
toris. Curr Med Res Opin. 1990;12:1-11.

Wing L, Nestel P, Chalmers J, Rouse I, West M, Bune A, Tonkin
A, Russell A. Lack of effect of fish oil supplementation on blood
pressure in treated hypertensives. J Hypertens. 1990;8:339-343,
Jensen T, Stender S, Goldstein K, Holmer G, Deckert T. Partial
normalization by dietary cod-liver oil of increased microvascular
albumin leakage in patients with insulin-dependent diabetes and
albuminuria. N Engl J Med. 1989;321:1572-1577.

Wilt T, Lofgren R, Nichol K, Crespin L, Eckfeldt J. Fish oil
ingestion does not lower blood pressure in normotensive or hyper-
tensive men. Clin Res. 1989;3:916A. Abstract.

Wilt T, Lofgren R, Nichol K, Schorer A, Crespin L, Downes D,
Eckfeldt J. Fish oil supplementation does not lower plasma cho-
lesterol in men with hypercholesterolemia. Ann Intern Med. 1989;
111:900-905.

Dart A, Riemersma R, Oliver M. Effects of Maxepa on serum
lipids in hypercholesterolaemic subjects. Atherosclerosis. 1989;80:
119-124.

Davidson M, Liebson P, Bagdade J, Messer J, Schoenberger J.
Marine lipid concentrate reduces coronary risk factors: double
blind comparison with olive oil. J Am Coll Cardiol. 1986;7:247A.
Abstract.

Radack K, Deck C, Huster G. The effects of low doses of n-3 fatty
acid supplementation on blood pressure in hypertensive subjects.
Arch Intern Med. 1991;151:1173-1180.

Jorgensen K, Nielsen A, Dyerberg J. Hemostatic factors and renin
in Greenland Eskimos on a high eicosapentaenoic acid intake. Acta
Med Scand. 1986;219:473-479.

. Simonsen T, Vartun A, Lyngmo V, Nordoy A. Coronary heart

disease, serum lipids, platelets and dietary fish in two communities
in Northern Norway. Acta Med Scand. 1987;222:237-245.

Wood D, Riemersma R, Butler S, Thomson M, Macintyre C, Eiton
R, Oliver M. Linoleic and eicosapentaenoic acids in adipose tissue
and platelets and risk of coronary heart disease. Lancet. 1987;177-182.
Kromhout D, Bosschieter E, Coulander C. The inverse relation
between fish consumption and 20-year mortality from coronary
heart disease. N Engl J Med. 1985;312:1205-1209.

Shekelle R, Oglesby P, Shryock A, Stamler J. Fish consumption
and mortality from coronary heart disease. N Engl J Med. 1985;
313:820. Letter.





