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a b s t r a c t

Numerous epidemiological and controlled interventional trials have supported the health benefits of

long-chain omega-3 fatty acids in the form of docosahexaenoic acid (DHA, 22:6n-3) plus

eicosapentaenoic acid (EPA, 20:5n-3) from fish and fish oils as well as from algal sources. The

beneficial effects on cardiovascular disease and related mortality including various risk factors for

cardiovascular disease (particularly lowering circulating triglyceride levels and the triglyceride:HDL-

cholesterol ratio) have been observed in the absence of any concomitant blood cholesterol lowering.

With appropriate dosages, consistent reductions in both fasting and postprandial triglyceride levels and

moderate increases in fasting HDL-cholesterol levels have been observed with algal DHA in the majority

of trials. These results are similar to findings for fish oils containing DHA and EPA. Related to greater fish

intake, higher levels of DHA in circulating blood biomarkers (such as serum phospholipid) have been

associated with reduced risks for the progression of coronary atherosclerosis and lowered risk from

sudden cardiac death. Controlled clinical trials have also indicated the potential for algal DHA

supplementation to have moderate beneficial effects on other cardiovascular disease risk factors

including blood pressures and resting heart rates. Recommended intakes of DHA+EPA from numerous

international groups for the prevention and management of cardiovascular disease have been

forthcoming, although most have not offered specific recommendations for the optimal individual

intake of DHA and EPA.

& 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Numerous population (epidemiological) and controlled inter-
ventional trials have supported highly beneficial effects of
docosahexaenoic acid (DHA, 22:6n-3) plus eicosapentaenoic acid
(EPA, 20:5n-3) from fish and fish oils in decreasing cardiovascular
disease (CVD) and cardiac mortality and favorably modifying
numerous CVD risk factors independent of blood cholesterol
lowering [1–3].

Cardiovascular disease is responsible for approximately 50% of
all mortality in North America. By the age of 60, approximately
half of the population has some form of clinical or pre-clinical
cardiovascular disorder including various stages of atherosclero-
sis. Death rates from coronary heart disease in North America are
markedly higher than corresponding rates in Japan despite only
moderately higher levels of blood cholesterol in the North
American population [4]. Thus, much of the dramatic difference
in CVD rates in North Americans relative to the Japanese are due
to blood cholesterol-independent risk factors. There is mounting
evidence that DHA plus EPA from fish/fish oil can significantly
reduce CVD and mortality independently of lowering LDL-
ll rights reserved.

.

cholesterol levels [3,4]. Many of the CVD risk parameters which
are favorably affected by DHA and EPA are not routinely measured
in the North American health care system. Interestingly, the
intake of fish and DHA and EPA per day in Japan is much higher
than that for North Americans [5].

The published epidemiological studies of Daviglus et al. [6]
indicated that Americans who consumed at least 34 g or more of
fish per day on average had a 40–50% lower risk of myocardial
infarction and much lower risk of coronary heart disease (CHD),
CVD, and all-cause mortality. This intake (34 g fish/day) is the
equivalent of approximately two fatty fish servings per week and
can be expected to deliver approximately 250–500 mg of DHA and
EPA (combined) per day on average. It is noted that the
predominant source of DHA plus EPA in the Western-type diet is
fish/seafood [7]. Direct assessment has indicated DHA and EPA
intakes to average 82 and 35 mg per day, respectively, with a
DHA:EPA ratio of 2.3/1 [8]. This reflects an average fish intake of
almost one serving per 7–10 days.

The 10-year MRFIT study [9] correlated increased intakes of
DHA and EPA (omega-3 fatty acids) as consumed by various
sectors of the population with the relative risk of heart-related
mortality. Increased consumptions of DHA and EPA up to 664 mg/
day were associated with an approximate 40% reduction in CVD,
CHD, and a significant reduction in all-cause mortality. An intake
of 664 mg DHA and EPA per day would require approximately 3–5
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fatty fish servings per week depending on the type/source.
Interestingly, current North American intakes of DHA and EPA
(combined) represent approximately 130–150 mg/day or one-
fourth of the 664 mg/day [4,8].

An overall review and meta-analysis of the various studies
correlating fish consumption with CHD mortality has been
published by He et al. [10]. Inclusion of the various cohort studies
represents an evaluation of over 220,000 subjects followed over
an average period of 11.8 years. Increased fish consumption per
week was associated with a significant progressive reduction in
CHD mortality. The highest apparent level of protection was
observed at fish intakes of five or more servings per week which
resulted in an estimated 35–45% reduction in the risk of CHD
mortality. It is noteworthy that such a level of fish consumption is
approximately equivalent to 650 mg/day or more of DHA and EPA
(combined). This latter intake (650 mg/day) is essentially the
target recommended by the 1999 NIH Workshop in Bethesda as
supported by ISSFAL (International Society for the Study of Fatty
Acids and Lipids) for optimal health and cardio care in normal
healthy subjects [11].

Recent studies have focused on the potential for fish oil
supplements enriched with DHA and EPA to modify ‘hard’ clinical
endpoints such as cardiac mortality in patients and at-risk
subjects. The 1999 GISSI-Prevenzione trial results from Italy [12]
indicated a highly beneficial effect of DHA and EPA supplementa-
tion in patients who had experienced a myocardial infarction
relative to controls. The 11,324 patients who had experienced a
myocardial infarction were assigned to supplemental interven-
tions following the introduction of a Mediterranean-type diet
(which included moderate fish consumption) as well as aggressive
treatment with various pharmaceutical agents for cardiovascular
care. Approximately half the patients received omega-3 supple-
mentation providing 850–882 mg/day of DHA plus EPA (com-
bined) or placebo. Over the follow-up interval of 3.5 years, the
individuals who were given EPA and DHA were found to exhibit an
approximate 30% reduction in overall cardiovascular deaths and a
reduction in sudden cardiac death of about 45%. A review of recent
omega-3 trials indicated reductions of CHD mortality of 36% and
total mortality of 17% with evidence for greater benefits in
secondary prevention than primary prevention in populations
consuming low amounts of omega-3 fatty acids [13].
2. Blood triglyceride and lipoprotein risk factors

Much of the traditional focus on the modification of circulating
lipids/lipoprotein factors for the primary prevention and second-
ary management of CVD has emphasized a reduction in total
cholesterol and LDL-cholesterol levels because of the established
relationship between these latter two risk parameters and serious
CVD end-points. More recently, evidence suggests that fasting
plasma (serum) triglycerides are an important and independent
risk factor for CHD [14]. For example, a progressive increase in the
incidence of major coronary events over an 8-year period in men
was associated with progressively increased levels of fasting
triglyceride levels (from o1.2 up to 41.9 mmol/L) over 8 years of
follow-up [15]. Recently, a prospective study based on a popula-
tion with prevalent metabolic syndrome (as seen with increasing
occurrence in our societies today) supported plasma triglyceride
as an independent predictor of CVD with even moderate
elevations (1.13–1.49 mmol/L) increasing the risk for fatal plus
non-fatal CVD [16].

The cardioprotective effect of higher circulating levels of HDL-
cholesterol has long been recognized. More recently, the ratio of
fasting triglyceride:HDL-cholesterol levels is thought to be a
potentially stronger predictor of myocardial infarction than even
the total cholesterol:HDL-cholesterol or LDL-cholesterol:HDL-
cholesterol ratios [17,18]. A pattern of high circulating triglyceride
levels together with low HDL-cholesterol concentrations has
been related to a more aggressive transition from atheroma to
atherothrombosis. Furthermore, the ratio of triglyceride:HDL-
cholesterol has been found to be closely correlated with the small,
dense LDL particles which are regarded as highly atherogenic [19].
Higher ratios of triglyceride:HDL-cholesterol are related inversely
to LDL size and positively with particle concentration. Thus,
lowering circulating triglyceride levels as well as the triglycer-
ide:HDL-cholesterol ratio is becoming of increased importance in
reducing the risk of CVD and hard end-points (non-fatal and fatal
myocardial infarctions). Recognizing that lowering of fasting
triglyceride levels often leads to a moderate reduction (rise) in
the calculated LDL-cholesterol concentrations (because of the
indirect use of the Friedwald equation for indirectly assessing
LDL-cholesterol levels via calculations) and that cholesterol
associated with lower density lipoprotein particles in addition to
LDL-cholesterol represents a risk factor for CHD. The non-HDL-
cholesterol levels are of considerable interest in risk assessment
and appear to be at least as useful as LDL-cholesterol measure-
ments for risk assessment and, for some populations and sectors,
may be of greater predictability [20].

The ability of supplementation with fish oil and derived
concentrates containing DHA and EPA omega-3 fatty acids to
lower fasting triglyceride levels has long been recognized, and
appropriate review articles on this topic are available [3,21]. Fig. 1
gives the average expected percentage reduction in fasting
triglyceride levels as estimated from a review of various
published trials by Harris [21]. The expected reductions for each
gram of DHA and EPA (combined) as consumed daily over a period
of at least a few weeks (in amounts ranging from 1 g up to 4 g DHA
and EPA daily) are given in relation to the fasting baseline serum
(plasma) triglyceride levels in the target populations. It is
apparent that the reductions in fasting triglyceride levels range
from �20% to 35% for dosages of 3–4 g of DHA and EPA
(combined) per day.
3. Effect of algal DHA supplementation on circulating plasma
lipids and lipoproteins

A number of studies have been performed which have
evaluated the effect of using algal DHA devoid of EPA on
circulating plasma lipids and lipoproteins in controlled human
trials. While the vast majority of the literature (as outlined above)
has employed fish-oil-based mixtures of EPA+DHA in the
numerous lipid-lowering studies, a few studies have directly
compared DHA with EPA concentrates or DHA from an algal
source with DHA+EPA from fish oil. Highly purified DHA appears
to have similar triglyceride-lowering effects when compared
with EPA [22]. Furthermore, modest dosing with algal DHA
(1000 mg/day) over 8 weeks was found to provide a significant
decrease in fasting triglyceride levels (an average of 21.8%) as
compared to a very similar lowering (18.3%) in the DHA+EPA
group providing similar amounts of long-chain omega-3 fatty
acids [23]. The latter authors concluded that there does not
appear to be significant differences in triglyceride-lowering
between DHA only and DHA+EPA combination products when
the dosing is performed based on the amount of DHA. It is noted
that a portion of dietary DHA (approximately 10% based on the net
rise in circulating EPA levels in relationship to circulating DHA
plus EPA elevations when algal DHA is fed) is converted into EPA
within human subjects [24,25]. Thus, the vast majority of the
triglyceride-lowering observed with algal DHA is most likely due
to DHA itself with a very small contribution from any resulting
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Fig. 2. Effects of supplementation with algal DHA on fasting triglyceride (TG) and

HDL-cholesterol (HDL-C) levels from clinical trials.
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Fig. 1. Average expected % change in fasting triglyceride (TG) levels based on differing baseline triglyceride status in various cross-over and parallel studies (modified with

permission from www.dhaomega3.org).
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Fig. 3. Effects of supplementation with algal DHA on LDL-cholesterol (LDL-

C):HDL-cholesterol (HDL-C) and TG:HDL-C ratios from clinical trials.
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generation of EPA via metabolism. It is also noted that bioavail-
ability studies by Arterburn et al. [26] have found similar
bioequivalencies for DHA from different algal oils in capsules as
compared to DHA-fortified food based on the resulting elevations
in DHA levels in plasma phospholipid and erythrocyte membranes
following 28 days of supplementation.

With the availability of the algal DHA (‘veggie DHA’) more than
12 years ago, we conducted and published a clinical trial [24] in
vegetarian subjects who had normal fasting triglyceride levels
(mean values of 0.81 mmol/L). An encapsulated placebo or
supplemental DHA providing 1.62 g/day for a 6-week period was
evaluated with blood sampling and corresponding lipid/lipopro-
tein measures at day 0, day 21, and day 42. The key findings from
this trial included no effect of DHA on total LDL-cholesterol levels,
a significant elevation in HDL-cholesterol levels at week 3 (by 13%
overall) and week 6 (by 17% overall) along with a significant
reduction in the LDL-cholesterol:HDL-cholesterol ratio at week 3
(by 11%) and at week 6 (by 22%). Furthermore, a significant
reduction in fasting triglyceride levels at week 3 (by 22%) and at
week 7 (by 17%) was observed with algal DHA supplementation.
While not reported in the original publication in 1996, calcula-
tions from the latter group indicated an overall 8.2% reduction in
the levels of non-HDL cholesterol and a substantial reduction (by
25%) in the mean fasting triglyceride:HDL-cholesterol ratio upon
termination of the trial at day 42.

Figs. 2 and 3 provide the calculated % change in circulating
lipid parameters based on mean values at entry and following
supplementation with varying doses of DHA for varying durations
upon review of 8 published studies using DHA-containing algal oil
[24,27–32] and the publication by Conquer and Holub [33] where
two different dosages of DHA were given (750 mg or 1500 mg
daily) for a 42 day period. A summary of the percent changes in
fasting triglyceride and HDL-cholesterol levels from these studies
are given in Fig. 2. Depending upon the dose of DHA employed/
day and the baseline lipids/lipoprotein values for the test subjects,
the overall reductions in fasting triglyceride and the
triglyceride:HDL-cholesterol ratios for the studies summarized
ranged from 1.9% to 25.6% and 1.3% to 32.0%, respectively

http://www.dhaomega3.org
http://www.dhaomega3.org
http://www.dhaomega3.org
http://www.dhaomega3.org


ARTICLE IN PRESS

B.J. Holub / Prostaglandins, Leukotrienes and Essential Fatty Acids 81 (2009) 199–204202
(Figs. 2 and 3). The mean fasting triglyceride and the
triglyceride:HDL-cholesterol levels were lower following DHA
supplementation (relative to initial levels) in 9/9 trials (Figs. 2 and
3). Higher overall HDL-cholesterol levels following supple-
mentation were found in 8/9 trials and in 6/9 trials in the case
of LDL-cholesterol. The LDL-cholesterol:HDL-cholesterol ratio
exhibited inconsistent shifts across the trials (Fig. 3). The mean
dose (all studies) was 2092 mg DHA/day and the average changes
(following supplementation relative to entry) in the plasma lipids/
lipoprotein levels were as follows: triglyceride (�16.7%), HDL-
cholesterol (+6.5%), LDL-cholesterol (+4.1%), LDL-cholesterol:
HDL-cholesterol ratio (�3.2%), and the mean triglyceride:HDL-
cholesterol ratio (�22.0%). If normalized to a per 1000 mg dose basis,
the mean corresponding changes upon DHA supplementation can be
calculated to be �8.0%, +3.1%, +2.0%, +1.5%, and �10.5%, respectively.

Prospective studies have indicated that surges in non-fasting or
postprandial triglyceride levels following a meal containing
simple carbohydrates and fat represents a strong and independent
predictor of atherosclerosis and cardiovascular disease [34].
A number of studies using EPA+DHA in the form of supplemental
fish oil have shown their capacity to significantly reduce both
fasting and postprandial triglyceride elevations via inhibition of
hepatic triglyceride synthesis and/or enhancement of triglyceride
clearance from the circulation in the form of chylomicron particles
and very-low-density lipoproteins [2,21]. The early work of Agren
et al. [35] indicated that a DHA-oil providing 1.68 g/day of DHA
over a 14 week period resulted in a significant reduction in both
fasting and postprandial triglyceride levels. Very recently, Kelley
and colleagues [32] reported upon daily supplementation with
3000 mg DHA/day from an algal source over a 45 day period
which provided a 24% reduction in fasting triglyceride concentra-
tions from baseline, and, in addition, the effect of DHA on
postprandial triglyceride concentrations was found to mimic its
effect on the fasting levels. These authors also reported marked
decreases in the concentrations of fasting large very-low-density
lipoproteins, intermediate-density lipoproteins, and the mean
diameter of the former particles with similar changes being
observed for area under the curve for the postprandial measure-
ments from 0 to 6 h. The authors concluded that DHA supple-
mentation may further improve cardiovascular health by lowering
the small, dense LDL particles in addition to the triglyceride-
lowering in both the fasted and postprandial state.
4. Effect of algal DHA supplementation on other CVD risk factors

In addition to hypertension being long-recognized as an
important risk factor for CVD, stroke, and related mortality [36],
the resting heart rate is well recognized as an independent risk
factor for CVD and has been suggested for inclusion in major risk
factor assessment [37]. There is considerable evidence that
elevated heart rates (particularly above 80 beats/min) are directly
associated with the risk of developing both hypertension and
atherosclerosis. The early studies by Mori et al. [38] using 4 g of
purified DHA per day over a 6-week period reported a significant
reduction in both daytime (awake) ambulatory blood pressures as
well as 24-h measurements. Relative to placebo, 24-h blood
pressure fell by 5.8 and 3.3 mm Hg overall for systolic and diastolic
pressures, respectively, and daytime blood pressures fell 3.5 and
2.0 mm Hg, respectively. This group also reported that DHA
reduced 24-h heart rates by a mean of 3.5 beats per minute and
daytime rates by 3.7 and night time rates by 2.8 beats per minute.
A clinical trial from our laboratory [29] in post-menopausal
women receiving algal DHA or placebo in a randomized, double-
blind, placebo-controlled crossover design with a DHA supple-
mental intake of 2.8 g/day over 6 weeks gave rise to a highly
significant decrease (by 7%) in the resting heart rate in addition to
significant triglyceride-lowering, HDL-cholesterol elevation, and
marked reductions in the TG:HDL-cholesterol ratio. The effects on
resting heart rate are possibly related to the antiarrhythmic effects
of n-3 fatty acids [39–41] which are of considerable interest since
reductions in heart rate have been associated with decreased all-
cause mortality and sudden cardiac death [37]. Very recently,
Theobold and colleagues [42] reported that even a moderate
increase in the daily intake of DHA (by providing 750 mg DHA/day
from a purified algal source) can provide a modest but statistically
significant reduction in diastolic blood pressure (by 3.3 mm Hg
overall). In the later study, the tendency for a reduction in resting
heart rate (by 2.1 beats per minute) after DHA supplementation
did not reach statistical significance at the P ¼ 0.05 level. Very
recently, algal-derived DHA omega-3 supplementation at 3 g/day
for a 90-day period in men with elevated triglyceride levels was
found to significantly decrease the number of circulating
neutrophils by 11–12% at days 45 and 91. DHA also reduced the
concentrations of C-reactive protein (CRP) by 15%, interleukin-6
by 23%, and granulocyte monocyte-colony stimulating factor by
21% at 91 days [43].
5. Effect of DHA on blood levels of DHA and CVD

It is becoming apparent that increased levels of the long-chain
omega-3 fatty acids (particularly DHA+EPA) appear to be inversely
related to the risk of the progression of coronary atherosclerosis,
sudden cardiac death, and coronary heart disease [1–3]. The work
of Albert et al. [44] indicated that subjects dying from sudden
cardiac death exhibited significantly lower levels (Po0.005) of DHA
in total blood lipid as compared to the control group. Using DHA
content in serum phospholipid as the biomarker, higher levels of
DHA have also been associated with a lower relative risk for CHD
[45]. Recently, higher plasma DHA levels in serum phospholipid
have been associated with reduced progression of coronary
atherosclerosis in women with coronary artery disease [46].
Supplementation studies using different doses of DHA have shown
dramatic increases in DHA levels on both circulating plasma
phospholipid and non-esterified fatty acid fractions (DHA as free
fatty acid) which approach near-maximal levels following 6 weeks
of supplementation [33]. Interestingly, 6 weeks of supplementation
with placebo, 750 mg of algal DHA, or 1500 mg of algal DHA per day
resulted in concentrations of DHA as non-esterified fatty acid with
mean values of 1.5, 7.5, and 12.7mM. These concentrations of
circulating DHA as free fatty acid are of interest since antiar-
rhythmic cardiac effects of DHA have been reported in isolated
myocytes at concentrations of only 5–10mM [39].
6. Recommended intakes

The 1999 Workshop on the Essentiality of and Recommended
Intakes for Omega-6 and Omega-3 Fatty Acids held in Bethesda,
Maryland [11] recommended an overall intake for the main-
tenance of optimal health including cardiovascular care of 650 mg
DHA+EPA (combined) for adults with the provision that at least
one-third of the mixture should be represented by each of the
components (i.e., at least 220 mg of DHA and also of EPA). The
rationale for such a recommendation which ensured the con-
sumption of both DHA and EPA was based on the large number of
population studies indicating the health benefits of consuming
fish; all fish contain a mixture of both long-chain omega-3 fatty
acids. The predominant source of DHA+EPA in the Western type
diet is fish/seafood [7] and the overall dietary ratio of DHA:EPA is
approximately 2.3:1 [8]. Almost all subsequent recommendations
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directed toward the optimal intakes of long-chain omega-3 fatty
acids for cardiovascular health (prevention and/or management)
have not been structured so as to ensure an ample consumption of
both DHA+EPA. The American Heart Association provided dietary
guidelines which advised the consumption of two fatty fish meals
per week for the prevention of CVD [47] without a specific
reference to fixed intakes of DHA and/or EPA. It has been
estimated that approximately 8 ounces (227 g) of cooked fatty
fish per week (two servings of four ounces each) would provide
the equivalency of approximately 500 mg/day of DHA+EPA [47,48].
For patients with CHD, the American Heart Association has
encouraged patients to increase their consumption of DHA+EPA
(total) to approximately 900–1000 mg/day which is very close to
the daily supplemental dose used in the GISSI-Prevenzione Study
[12]. For blood triglyceride lowering, recommended intakes for
DHA+EPA of 2–4 g/day have been suggested by the American
Heart Association [47]. Recently, the American Dietetic Associa-
tion in conjunction with the Dietitians of Canada published a
position paper [48] wherein two servings of fatty fish per week
are advised. Furthermore, 500 mg/day of DHA+EPA was recom-
mended. Kris-Etherton and Hill [49] have published a concise
outline on both North American and global recommendations for
the intake of long-chain omega-3 fatty acids and fish for
cardiovascular care. Very recently, support for a nutritionally-
achievable DRI (Dietary Reference Intakes) has been published
[50] with a target daily intake of DHA plus EPA between 250 and
500 mg/day based on the strength of the current literature where
a clear, inverse relation between DHA plus EPA intakes and the
risk of fatal (and possibly nonfatal) coronary heart disease appears
to exist.
7. Conclusion

Higher intakes of DHA from fish/seafood and the correspond-
ing elevations in blood levels of DHA have been associated with
reductions in the progression of coronary atherosclerosis and the
risk of CHD and sudden cardiac death. Supplementation with DHA
from an algal source at appropriate dosages has been found to
have beneficial effects on risk factors for CVD, including reduc-
tions in blood triglyceride levels (as found also for fish oils
containing DHA and EPA) and in the triglyceride:HDL-cholesterol
ratio, as well as shifts towards moderate elevations in HDL-
cholesterol levels. Favorable effects on additional risk factors
including blood pressure and resting heart rate have been
reported in various studies. The benefits recognized for DHA on
risk factors for CVD are consistently observed in almost all studies
independent of blood cholesterol lowering. While recommenda-
tions from various groups for target intakes for DHA+EPA for the
prevention and management of CVD have been forthcoming,
specific recommendations on DHA and EPA intakes independently
have generally been lacking to date for valid reasons unlike
specific recommendations from international groups for DHA
intakes in pregnancy, lactation, and infancy.

Finally, it is noted that the average composition of fish/seafood
as consumed in most countries generally has greater amounts of
DHA as compared to EPA. To date, there have been no long-term
controlled supplementation trials which have directly compared
only EPA versus only DHA at identical intakes versus mixtures
thereof wherein ‘hard’ endpoints such as cardiac-related mortality
have been monitored.
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