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This paper describes the effects of ﬂaxseed and its components (ﬂax oil, secoisolariciresinoldiglucoside[SDG], ﬂax lignan complex [FLC], and ﬂax ﬁbers] on serum lipids
(total cholesterol [TC], low-density lipoprotein-cholesterol [LDL-C], high-density lipoprotein cholesterol [HDL-C], and triglycerides [TG]) in animals and humans. Ordinary
ﬂaxseed reduces TG, TC, LDL-C, and TC/HDL-C levels in a dose-dependent manner in
animals. In humans, it reduces serum lipids in hypercholesterolemicpatients but has no
effects in normocholesterolemicpatients. Flax oil has variable effects on serum lipids in
normo- and hypercholesterolemic animals. Flax oil treatment, with a dosage containing
greater than 25 g/day of α-linolenic acid, reduces serum lipids in humans. Although FLC
reduces serum lipids and raises serum HDL-C in animals, its effects on serum lipids in
humans are small and variable. Flax ﬁbers exert small effects on serum lipids in humans.
Crop Development Centre (CDC)-ﬂaxseed, which contains low concentrations of αlinolenic acid, has signiﬁcant lipid lowering effects in animals. Pure SDG has potent
hypolipidemic effects and raises HDL-C. In conclusion, ﬂaxseed and pure SDG have
signiﬁcant lipid-lowering effects in animals and humans, while other components of
ﬂaxseed have small and variable effects.

Hyperlipidemia is deﬁned as elevated serum levels of total
cholesterol, low-density lipoprotein-cholesterol (LDL-C),
triglycerides, or all three. The causes of hyperlipidemia are
genetic, environmental, and/or a combination of both.
Hyperlipidemia is mostly acquired. Hyperlipidemia is second
only to hypertension as a risk factor for cardiovascular
diseases, including coronary artery disease, stroke, and
peripheral vascular disease.1 High blood pressure and hypercholesterolemia are the two main causes of heart disease and
stroke.2 Flaxseed and its components have been reported to
suppress, regress, and slow the progression of hypercholesterolemic arthrosis.3–9 Coronary artery disease, peripheral
artery disease, and stroke in the hypercholesterolemic individual may be due to hypercholesterolemia-induced atherosclerosis. Agents such as statins, bile acid sequestrants,
nicotinic acid, ﬁbric acid, and evolocumab have been used

to lower serum lipids.10,11 Although there are no comparative studies demonstrating that alternative nutraceuticals,
such as ﬂaxseeds and its components, may be useful in
lowering serum lipids, they seem to have potential for doing
so.3–9 Tangentially, there are some reviews on the use of
garlic12 and artichoke leaf extracts13 in lowering serum
lipids. The purpose of the present paper is to review the
effects of ﬂaxseeds and its components on serum/plasma
lipids in normo- and hypercholesterolemic experimental
models and human patients. This review will shed light on
the therapeutic potential of ﬂaxseeds and its components in
hypercholesterolemia treatment. Therapeutic interventions
with ﬂaxseeds and its components may prevent, regress, and
slow the progression of lipid-induced coronary artery disease, peripheral artery disease, and stroke by lowering serum
lipid levels.
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Flaxseed and Hyperlipidemia

Flaxseed is the richest source of plant α-linolenic acid (ALA)
and lignans.14,15 Approximately 38 to 45% of its mass is oil, of
which 51 to 55% is ALA and 15 to 18% is linoleic acid.16,17 Flax
meal, which is devoid of oil, is approximately 55 to 68% the
weight of ﬂaxseed and contains approximately 16.4 mg/g of
secoisolariciresinoldiglucoside (SDG).18 SDG is present
mostly in the seed coat.19 SDG comprises between 0.6 to
6 g of 100-g ﬂaxseeds.6 Flax lignan complex isolated from
ﬂaxseeds is composed of, by weight, 34to 38% SDG, 15 to 21%
cinnamic acid glucoside, and 9.6 to 11% hydroxymethylglutaric acid.20 Flaxseed contains proteins (10.5–31.0% by
weight)16 and ﬁber (25–28% by weight), of which 25% is in
the soluble form.21 Another variety of ﬂaxseed, called CDCﬂaxseed, has similar oil and SDG content to ordinary ﬂaxseed, but contains only 2 to 3% ALA by mass.18 This variety of
ﬂaxseed has different effects on serum lipids.18 We will
discuss the effects of various components of ﬂaxseed on
serum lipids in the following subsequent sections.

Flaxseed and Lipid Reduction
Animal Studies
Animal models indicate that ﬂaxseeds, when comprising 10%
of the diet, do not affect serum lipid levels. However, at a dose
of 20% of the diet, plasma levels of total cholesterol (TC), LDL-C,
and triglycerides (TG) fell by 21, 37, and 23%, respectively, in
rats.22 At 30% of the diet, ﬂaxseed reduced TC, LDL-C, and TG by
33, 67, and 23, respectively.22 Flaxseed in doses of 27.8, 41.7,
and 55.6% reduced TC and high-density lipoprotein cholesterol
(HDL-C) but did not affect the plasma levels of TG in rats.23
Serum levels of TC were reduced in LDL receptor deﬁcient
(LDLr deﬁcient) mice without alteration in TG by ﬂaxseed.24
Lucas et al25 reported that ﬂaxseed reduced the serum levels of
TC, increased the levels of TG, and had no effect on serum HDLC levels in the ovariectomized golden Syrian hamster animal
model.26 However, Haliga et al26 showed that ﬂaxseed reduced
serum levels of TC by 24.9% and increased HDL-C by 91% in the
streptozotocin-induced diabetic golden Syrian hamster animal
model. Flaxseed has been shown to have no effect on serum TC
and TG in normocholesterolemic rabbits.27 Prasad3 reported
that ﬂaxseeds at an oral daily dose of 7.5 g per kg body weight
for 8 weeks did not affect the serum levels of TC in normocholesterolemic rabbits, although it decreased them in hypercholesterolemic rabbits. The serum levels of TG were not
affected in both normo- and hyper-cholesterolemic rabbits.
Flaxseeds with very low ALA, CDC-ﬂaxseeds, in the dose of
7.5 g/kg body weight for 8 weeks, reduced the serum levels of
TC, LDL-C, TC/HDL-C, and LDL-C/HDL-C by 31, 32, 34, and 32%,
respectively, in hypercholesterolemic rabbits.18 The levels of
TG and VLDL-C were also elevated in hypercholesterolemic
rabbits. Serum HDL-C levels were unaltered both in normocholesterolemic and hypercholesterolemic rabbits. The above
data suggest that, in normocholesterolemic rats, low doses of
ﬂaxseed do not alter the serum levels of TC, LDL-C, and TG,
while high doses of ﬂaxseed reduce serum levels of TC, LDL-C,
and TG in a dose-dependent manner. Although ﬂaxseed did
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not alter the serum levels of TC and TG in normocholesterolemic rabbits, it reduced the levels of TC in hypercholesterolemic rabbits and overectomized golden Syrian hamsters. In
normocholesterolemic rabbits, CDC-ﬂaxseed did not affect the
serum levels of TC, LDL-C, VLDL-C, although it increased the
levels of HDL-C.

Human Studies
Cunnaneet al28 reported a reduction of 9 and 18% in cholesterol and LDL-C, respectively, without changes in HDL-C, in
healthy females fed 50-g ﬂaxseeds per day for 4 weeks.
Surprisingly, Jenkins et al29 reported a reduction of 5 and 8%
in serum total cholesterol and LDL, in patients fed partially
defatted ﬂaxseeds for a 3-week period in a randomized
crossover trial. Arjmandiet al30 reported a reduction of 6.9,
14.7, and 7.4% in TC, LDL-C, and lipoprotein A, respectively, in
postmenopausal women fed 38-g ﬂaxseed/day for 6 weeks. In
a random double-blind, placebo-controlled trial in healthy
menopausal women, 40 g/day ﬂaxseed for 12 months reduced
apoprotein (Apo) levels by 7.5%.31 Flaxseed reduced the serum
levels of serum TC levels by 0.20  0.5mmol/L (p ¼ 0.012) and
HDL-C by 0.08  0.24 mmol/L (p ¼ 0.03). HDL and TG were not
affected. Daily 30-g ﬂaxseeds for 3 months reduced TC and
LDL-C levels by 7 and 10%, respectively, in 55 mild-to-moderate hypercholesterolemic native American postmenopausal
women, while the levels of TG and HDL-C remained unaltered.33 Also, 30-g milled ﬂaxseed daily for 12 months reduced
the plasma levels of TC and LDL-C in patients with peripheral
artery disease by 11 to 15% at 1 month into the trial.34 The
plasma levels of HDL-C did not change throughout. However,
TG levels signiﬁcantly increased at 12 months. Plasma TC and
LDL-C levels were signiﬁcantly attenuated by ﬂaxseeds at
6 months compared with baseline. Bloedon et al35 reported
that baked products containing ﬂaxseed at a dose of 40 g/d for
10 weeks, given to men and women with LDL-C between 130
and 200 mg/dL, reduced the serum levels of LDL-C by 13% and
lipoprotein A by 14% at 5 weeks. In men, ﬂaxseed reduced the
serum levels of HDL-C by 16 and 9% at 5 and 10 weeks,
respectively. Demark-Wahnefriedet al36 reported that ﬂaxseeds (30 g/d for 30 days) signiﬁcantly reduced serum cholesterol in prostate cancer patients on low fat diets. Lucas et al37
reported that ground ﬂaxseeds (40 g/d for 3 months) signiﬁcantly reduced serum TC and non-HDL-C in postmenopausal
women age below 65 years. The decreases in serum LDL-C and
TG were 4.7 and 12.8%, respectively, but neither decrease was
signiﬁcant. In a randomized controlled clinical trial, in hyperlipidemic individuals, 30-g raw ﬂaxseed powder for 40 days
reduced the serum levels of TC, LDL-C, and TG signiﬁcantly (TC
[226.05 vs. 214.53 mg/dL], LDL-C [133.8  7.76 vs. 130.7  56 mg/dL], and TG [226.05  18.7 vs. 176.6  11.1 mg/dL]).38 The
levels of HDL-C remained unaltered. In the control group,
the serum levels of TC, LDL-C, and TG increased signiﬁcantly.
The HDL-C levels in the control group remained unaltered.
Stuglin and Prasad39 reported that consumption of three
mufﬁns containing 32.7-g ﬂaxseeds daily for 4 weeks in
healthy young adults did not alter the serum levels of TC,
LDL-C, HDL-C, and very low-density lipoproteins (VLDL-C).
However, the serum levels of TG were signiﬁcantly elevated.
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Machado et al40 used 28 g/d of brown ﬂaxseeds and golden
ﬂaxseeds in 75 overweight boys and girls for 11 weeks
(Monday–Friday/week) and observed no signiﬁcant differences in lipid proﬁles. There were no signiﬁcant changes in serum
TC, LDL-C, HDL-C, TC/HDL-C, and LDL-C/HDL-C.
The above data suggest that ﬂaxseed, in general, reduces
the serum levels of TC, LDL-C, and TG in hypercholesterolemicpatients. Flaxseed has nonsigniﬁcant effects on serum
lipids in normocholesterolemicpatients.

Flaxseed Oil and Lipid Reduction
Animal Studies
Ranhotraet al41 showed that consumption of ﬂaxseed oil for
6 weeks did not lower serum TC in hypercholesterolemic
rats. However, the combination of defatted ﬂaxseeds meal
and ﬂaxseeds oil signiﬁcantly reduced serum cholesterol
levels in rats.41 Flaxseed oil (1 g/kg body weight for 60 days)
signiﬁcantly reduced the plasma level of TC and TG in high fat
diet-fed white rats. However, ﬂaxseed oil had no effect on TC
and TG levels in normal diet-fed rats.42 Flaxseed oil at 5% of
the diet for 8 weeks did not affect the serum levels of TC, LDLC, HDL-C, TG, and TC/HDL-C in hypercholesterolemic rabbits
and normocholesterolemic rabbits.4 Flaxseed oil did not
prevent the rise in TC in ovariectomized Syrian hamsters
although ﬂaxseed did prevent this rise.43 Nounou et al44
showed that myocardial ischemia in rats increases the serum
levels of TC and TG, decreases the serum level of LDL-C, and
has no effect on HDL-C. In their study, they showed that
ﬂaxseed oil (0.4 g/kg daily for 6 weeks) reduced the serum
levels of TG, TC, and LDL-C, but had no effect on HDL-C in rats
with myocardial ischemia. Flaxseed, along with exercise in
rats with myocardial ischemia, did not affect the serum levels
of TG, TC, and LDL-C but increased the serum level of HDL-C.
The data suggest that ﬂaxseed and exercise is effective in
raising HDL-C in myocardial ischemia. Taken together, the
above data show that the effects of ﬂaxseed oil on serum
lipids was variable in hypercholesterolemic and normocholesterolemic animals.

Human Studies
Flax oil administered to ﬁreﬁghters in doses of 1.2, 2.4, and
3.6 g/d for 12 weeks did not produce any signiﬁcant changes
in the serum levels of TC, HDL-C, and TG.45 Flax oil administered to 56 noncoronary artery disease individuals, in
doses containing 3-g ALA for 26 weeks, signiﬁcantly reduced TC levels (4.95  0.99 vs. 5.43  0.00 mmol/dL).46
However, these investigators did not ﬁnd any signiﬁcant
change in the serum levels of HDL-C, LDL-C, and TG. ALA did
not affect LDL particle size. There was no effect on the
concentrations of large, less atherogenic LDL-1 and LDL-2
subfractions. Kaulet al47 reported that oral administration
of ﬂax oil (1 g/d for 3 months) to healthy patients did not
signiﬁcantly alter serum levels of TC, HDL-C, LDL-C, and TG.
A ﬂax oil diet containing 28.8% of its energy from fat did not
signiﬁcantly alter serum TG, TC, HDL-C, LDL-C, Apo-A1, and
Apo-B levels in healthy adults.48 Kestin et al49 reported that
there was no effect of ALA (9.2 g/d for 6 weeks) on plasma
International Journal of Angiology
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LDL-C, TG, and VLDL-C in 33 normotensive and mildly
hypercholesterolemic men. Consumption of ﬂax oil containing 8.1-g ALA/d for 12 weeks by 40 dyslipidemicpatients
(aged, 38–71 years) did not alter the serum levels of TC, TG,
HDL-C, and LDL-C.50 Flaxseed oil (15 g/d), containing 8-g
ALA, given to healthy patients for 12 weeks reduced the
serum levels of HDL-C (42.7  10.4vs. 42.0  10.2 mg/dL,
p < 0.005) but had no effect on TC, TG, and LDL-C.51 Singer
et al52 reported that ﬂaxseed oil (60 mL/d for 2 weeks)
given to 14 mild essential hypertensive patients signiﬁcantly decreased the serum levels of TC, LDL-C, TG, and
LDL-C/HDL-C ratios. Flaxseed oil (30 mL/d for 4 weeks)
given to healthy volunteers decreased serum levels of
TG and apolipoprotein-B signiﬁcantly, at 1.23  0.64 vs.
1.03  0.44 mmol/L and 1.06  0.24 vs. 1.00  0.25 g/L,
respectively.53 It also signiﬁcantly decreased the ratio
of TC/HDL-C (4.15  1.44 vs. 3.85  1.19). In a double-blind
controlled trial with 34 hemodialysis patients, Mirfatahi
et al54 showed that ﬂaxseed oil (6 g/d for 8 weeks) signiﬁcantly reduced serum TG levels by 23%. There were no
signiﬁcant changes in the serum levels of TC, LDL-C, HDL-C,
and lipoprotein(A).
Akrami et al55 reported that ﬂax oil (25 mL/d) given to
patients with metabolic syndrome for 7 weeks reduced the
serum levels of TC, TG, LDL-C, and HDL-C by 18.23  25.45 mg/L
(p< 0.001), 52.46  74.32 mg/dL (p ¼ 0.001), 7.19  17.47 mg
(p ¼ 0.46) and 1.38  3.34 mg/dL (p ¼ 0.45), respectively. Consumption of 10mL of ﬂaxseed oil (6-g ALA/day) for 14 days in
young women did not signiﬁcantly alter the concentration of TC
(4.44  0.73 vs. 4.49  0.88 mmol/L), LDL-C (2.55  0.68 vs.
2.63  0.73 mmol/L), HDL-C (1.50  0.30 vs. 1.50  0.32
mmol/L), and TG (1.03  0.36 vs. 0.96  0.35 mmol/L) compared with baseline.56 In another study, the effect of 10-g
ﬂax oil containing 5.49-g ALA, and 10-g corn oil containing
0.09-g ALA, consumed daily for 12 weeks in 15 patients was
observed. Flax oil signiﬁcantly reduced CETP levels and to a
greater degree than corn oil. Also, the serum levels of TC, LDL-C,
HDL-C, and non-HDL-C, Apo-A1, and Apo-B levels were signiﬁcantly lower with ﬂax oil than with corn oil. The levels of TG
were not affected with either ﬂax oil or corn oil. The data
suggest that ﬂax oil certainly reduces the levels of TC, LDL-C,
HDL-C, non-HDL-C, Apo-A, and Apo-B.57
The data suggest that the effect of ﬂaxseed oil is highly
variable on the serum lipids in the normocholesterolemic
and hypercholesterolemicpatients. It appears that high doses
(>25-g ALA) reduce the serum levels of TC, LDL-C, HDL-C, TG,
Apo-A1, and Apo-B.

SecoisolariciresinolDiglucoside(SDG) and
Lipid Reduction
Animal Studies
SDG in the oral dose of 15 mg/kg body weight daily for 8 weeks
did not alter the serum levels of TG, TC, LDL-C, HDL-C,
LDL-C/HDL-C, and TC/HDL-C in normocholesterolemic rabbits.6 However, SDG in the above dose reduced the serum
levels of TC by 33%, LDL-C by 35%, TC/HDL-C by 64%, and
LDL-C/HDL-C by 64%.6 It also increased the levels of HDL-C by
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140% initially but did not alter the levels TG in hypercholesterolemic rabbits.6 SDG at a dose of 1% in the diet reduced the
serum levels of TG by 38% and TC by 15% in high fat fed mice.58
Consumption of SDG (oral 20 mg/kg daily) for 8 weeks reduced
the serum levels of TC by 33%, TG by 39%, and LDL-C by 45%, and
raised the levels of HDL-C by 22% in hypercholesterolemic
rats.59 Felmlee et al60 reported that oral administration of oral
0, 3, or 6mg SDG/kg body weight daily, or oral 0, 1.6, or
3.2 mg/kg body weight daily for 4 weeks of an aglycone called
secoisolaricinol, produced dose-dependent decreases in the
serum levels of TC and LDL-C in hyperlipidemic rats. Zanwar
et al61 reported that 20mg/kg body weight of SDG given orally
signiﬁcantly reduced the serum levels of TG, TC, and VLDL-C,
while nonsigniﬁcantly increasing the serum levels of HDL-C in
poloxamer-407-induced hyperlipidemic mice.
The data suggest that pure SDG markedly reduces the
serum levels of TC, LDL-C, TC/HDL-C, and LDL-C/HDL-C, and
raises the levels of HDL-C in hypercholesterolemic animals.
However, SDG does not alter the serum levels TC, LDL-C, TG,
HDL-C, TC/HDL-C, and LDL-C/HDL-C in normocholesterolemic rabbits. To our knowledge, the effects of pure SDG on
serum lipids are yet to be tested.

alter the serum levels of TC, LDL-C, and TG, but decreased the
levels of HDL-C. In another randomized double-blind placebocontrolled trial, where ﬂaxseed lignan extract equivalent to
either 20- or 100-mg SDG daily for 12 weeks was given, the
serum levels of TC and LDL-C decreased by 6.2 and 8.4%, respectively, in the 100-mg group.65 The ratio of LDL-C/HDL-C
decreased signiﬁcantly in this group as well. There were neither
signiﬁcant changes in the levels of TG and HDL-C within nor
between groups. The 20-mg SDG dose did not affect the levels of
TC, LDL-C, HDL-C, TG, and LDL-C/HDL-C. In a double-blind,
randomized crossover, placebo-controlled study in postmenopausal women, Barreet al66 reported that none of the blood
lipids (i.e., TC, HDL-C, LDL-C, TG, and TC/HDL-C) were altered by
FLC with a dose equivalent to 600-mg SDG/d for 3 months. Pan
et al67 reported that, in a randomized, double blind, placebocontrolled, crossover trial of 73 diabetics with mild hypercholesterolemia, FLC equivalent to 360-mg SDG/d for 12 weeks did
not signiﬁcantly affect the serum levels of TC, LDL-C, TG,
lipoprotein (A), apo-A, and apo-B.
The data suggest that the effects of FLC on serum lipids
are variable irrespective of normocholesterolemia and
hypercholesterolemia.

Flax Lignan Complex and Lipid Reduction

Flaxseed Dietary Fibers and Lipid Reduction

Animal Studies

In a double-blind randomized crossover trial of 17 young
patients, Kristensenet al68 investigated the effects of ﬂax ﬁber
drink and ﬂax ﬁber bread. Both contained 5.2-g ﬂaxseed
dietary ﬁber and were given three times per day for 7 days.
They found that ﬂax ﬁber drink reduced the serum levels of TC
by 12% and LDL-C by 15% (p ¼ 0.001), while ﬂax ﬁber bread
reduced the serum levels of TC by 7% and LDL-C by 7 and 9%,
respectively. (p ¼ 0.05). Thakur et al69 reported that ﬂaxseed
gum incorporated bread, containing 5-g ﬂaxseed soluble ﬁber,
given to 60 type-2 diabetic patients for 3 months, reduced the
serum levels of TC from 182  11 mg/dL to 163  9 mg/dL
(p < 0.03), and LDL-C from 110.8  8 to 92  9 mg/dL
(p ¼ 0.02). In a prospective cohort study of participants, who
are free of cardiovascular disease for approximately 6.5 years,
consumption of ﬂax-ﬁber-enriched drinks (10 g/d) or higher
reduced serum cholesterol.70 Taken together, the data suggest
that ﬂaxseed ﬁber has mild hypocholesterolemic effects.

Prasad5 reported that FLC in the oral daily dose of 40mg/kg
body weight for 2 months did not alter the levels of serum TG,
TC, and LDL-C, but increased the levels of HDL-C in normocholesterolemic rabbits. In hypercholesterolemic rabbits,
FLC in the dose of 40 mg/kg body weight daily for 8 weeks
decreased the serum levels of TC, LDL-C, and TC/HDL-C,
respectively, by 20, 14, and 34%, while raising HDL-C levels
by 30% and having no effect on serum levels of TG. The data
suggest that FLC is effective in lowering serum lipids in
hyperlipidemic animals but not in normocholesterolemic
animals.

Human Studies
In a randomized, double-blind, placebo-controlled study,
administration of 300 mg/d or 600 mg/d of dietary SDG, taken
from ﬂaxseed extract, to hypercholesterolemicpatients for
8 weeks signiﬁcantly reduced the plasma levels TC and
LDL-C.62 They showed that 300 mg of FLC/day reduced plasma
TC and LDL-C levels by 15.47 and 17.04%, respectively, while
the dose of 600 mg/d reduced them by 22.0 and 24.38%,
respectively. HDL-C at 8 weeks decreased signiﬁcantly in the
600 mg/d SDG treatment group, compared with placebo. In the
600 mg group, the ratio of TC/HDL-C decreased signiﬁcantly but
there was no signiﬁcant difference between the groups. TG
levels in the 600 mg group decreased signiﬁcantly only within
the groups.62 In a randomized, double-blind, placebo-controlled crossover study, Hallund et al63 investigated the effect
of FLC on plasma lipids in healthy postmenopausal women with
the dosage of 500mg/d SDG for 6 weeks. They found that FLC did
not affect the plasma levels of TC, LDL-C, HDL-C, and TG. In
another randomized, double-blind, placebo-controlled study,
Cornish et al64 reported that 550mg/d FLC for 6 months did not

Perspectives
CDC-ﬂaxseed, which contains low-ALA content, reduced the
serum levels of TC and LDL-C more than ordinary ﬂaxseed,
while raising serum TG levels in animal models. Both ordinary ﬂaxseed and CDC-ﬂaxseed had no effects on the serum
levels of HDL-C. The greater reduction of TC and LDL-C and
elevation of serum TG levels with CDC-ﬂaxseed could be due
to its lower levels of ALA because it is known to decrease the
serum levels of TG.49 Meanwhile, SDG appears to be very
potent in lowering serum TC, LDL-C, TC/LDL-C, and
LDL-C/HDL-C, in addition to raising HDL-C in rabbits. However, SDG has not been tested in humans because of its
nonavailability in large amounts. This could prove to be a
potent agent for lowering lipids and elevating good
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cholesterol. The effects of ﬂaxseed and its constituents are
variable, which may be due to variable doses and species
variations. The small effects of ﬂaxseed and its constituents
may be due to small doses and frequency of administration.
Large doses at frequent intervals may have signiﬁcant effects
on serum lipids. Information gaps in the literature can be
addressed. First, studies should be conducted in experimental animals with various doses of ﬂaxseed, ﬂax oil, SDG, FLC,
and ﬂaxseed ﬁber to determine optimal doses for improving
serum lipid levels. With this approach, optimal dosage of
ﬂaxseed and its constituents can be determined. Clinical
studies should then be conducted.
The present data suggest that ﬂaxseed oil, FLC, and
ﬂaxseed ﬁbers may not serve as therapeutic agents for
lowering serum TC, TG, LDL-C, TC/HDL-c, and LDL-C/HDL-c,
not even for elevating serum levels of HDL-C. They may be
used as adjunctive therapeutic agents for treatment of
hyperlipidemia. Flaxseed and SDG may serve as therapeutic
agents for hyperlipidemia treatment. To date, the effects of
SDG have not been tested in patients with normocholesterolemia nor hypercholesterolemia. SDG and FLC may be very
useful in elevating serum levels of HDL-C. Flaxseed and its
constituents may serve as preventive measures against
hypercholesterolemia and familial hypercholesterolemia.
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Conclusion
Flaxseed reduced the serum levels of TC, LDL-C, and TG in a
dose-dependent manner in rats, hypercholesterolemic rabbits, and ovariectomized golden Syrian hamsters. CDC-ﬂaxseed markedly reduced serum TC, LDL-C, TC/HDL-C, and
LDL-C/HDL-C in rabbits. Flaxseed reduced the serum levels
of TC, LDL-C, and TG in hypercholesterolemic subjects but
had no effects in normocholesterolemic subjects. Flaxseed
oil has variable and small effects in animals but reduces the
serum levels of TC, LDL-C, HDL-C, TG, Apo-A1, and Apo-B in
humans. Pure SDG markedly and signiﬁcantly reduces the
serum levels of TC, TG, LDL-C, TC/HDL-C, and LDL-C/HDL-C in
hypercholesterolemic rabbits, rats, and mice. FLC reduced
the serum levels of TC, TG, and LDL-C, and increased the
levels of HDL-C, in hypercholesterolemic rabbits. It did not,
however, affect serum lipids in normocholesterolemic rabbits, with the exception of increasing HDL-C. The effects of
FLC on serum lipids were very variable and small in subjects
with or without hypercholesterolemia. Flaxseed ﬁber had
mild effects on serum lipids in humans. In conclusion,
ﬂaxseed and pure SDG have signiﬁcant lipid-lowering effects
in animals and humans, while other components of ﬂaxseed
have variable and small effects.
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