Meta-analysis of the effects of flaxseed interventions on blood lipids
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ABSTRACT

Background: Several clinical trials have investigated the effects of
flaxseed and flaxseed-derived products (flaxseed oil or lignans) on
blood lipids; however, the findings have been inconsistent.
Objective: We aimed to identify and quantify the effectiveness of
flaxseed and its derivatives on blood lipid profiles.

Design: A comprehensive literature search was performed on the
basis of English reports of randomized controlled trials of flaxseed
or its derivatives on lipid profiles in adults, which were published
from January 1990 to October 2008. Attempts also were made to
access unpublished data. Study quality was assessed by using the
Jadad score, and a meta-analysis was conducted.

Results: Twenty-eight studies were included. Flaxseed interven-
tions reduced total and LDL cholesterol by 0.10 mmol/L (95%
CI: —0.20, 0.00 mmol/L) and 0.08 mmol/L (95% CI: —0.16, 0.00
mmol/L), respectively; significant reductions were observed with
whole flaxseed (—0.21 and —0.16 mmol/L, respectively) and lignan
(—0.28 and —0.16 mmol/L, respectively) supplements but not with
flaxseed oil. The cholesterol-lowering effects were more apparent in
females (particularly postmenopausal women), individuals with
high initial cholesterol concentrations, and studies with higher Ja-
dad scores. No significant changes were found in the concentrations
of HDL cholesterol and triglycerides.

Conclusions: Flaxseed significantly reduced circulating total and
LDL-cholesterol concentrations, but the changes were dependent
on the type of intervention, sex, and initial lipid profiles of the
subjects. Further studies are needed to determine the efficiency of
flaxseed on lipid profiles in men and premenopausal women and to
explore its potential benefits on other cardiometabolic risk factors
and prevention of cardiovascular disease. Am J Clin Nutr
2009;90:288-97.

INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of mortality
worldwide (1). Healthy dietary practices presumably play critical
roles in the disease prevention. In recent years, a growing body of
evidence from epidemiologic studies and randomized controlled
trials (RCTs) has shown the cardiovascular protective effects of
various foods and dietary factors, such as nuts, fish, plant sterols,
soy protein, and isoflavones (2, 3). Flaxseed (linseed, Linum
usitatissimum), an edible oil seed/grain and one of the oldest
arable crops, was recently acknowledged as a functional food (4)
and gained much attention because of its unique nutrient com-
ponents and potential effect on the prevention of CVD (5). In
addition to being the richest plant source of a-linolenic acid
(ALA; 50-62% of flaxseed oil, or ~22% of whole flaxseed) and
lignans (range: 0.2-13.3 mg/g flaxseed), flaxseed is an essential

source of dietary fiber (28% by weight), of which 25% is in the
soluble form (5-7).

Previous animal studies suggest that flaxseed reduces both
total and LDL cholesterol (8, 9). Flaxseed lignans also are shown
to have cholesterol-lowering effect and could regress the ath-
erosclerotic process (10, 11). Owing to the promising results in
preclinical models, many clinical trials have been performed to
determine the outcomes of flaxseed intervention (whole flaxseed,
flaxseed oil, or lignans) on various cardiometabolic risk factors,
particularly blood lipids (5, 7, 12, 13). However, the findings from
most of the previous clinical trials were inconsistent, and the
discrepancies could be attributed to small sample size, in-
sufficient study duration, variation in study designs, and diversity
of the test product. Therefore, given the increased statistical
power afforded by meta-analysis and the enhanced precision of
estimating effect sizes across several modest-sized trials, we
conducted such an analysis to evaluate whether administration of
flaxseed or its derivatives could improve blood lipids (total, LDL,
and HDL cholesterol and triglycerides).

METHODS

Study identification and selection

Two researchers (AP and DY) independently searched PubMed
(www.nlm.nih.gov/pubs/factsheets/pubmed.html), the Cochrane Li-
brary (www3.interscience.wiley.com/cgi-bin/mrwhome/106568753/
HOME), clinicaltrials.gov (http://clinicaltrials.gov/), the World
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Health Organization ICTRP (International Clinical Trial Regis-
try Platform; www.who.int/trialsearch), and the ProQuest Digi-
tal Dissertations Database (www.proquest.co.uk/en-UK/catalogs/
databases/detail/pqdt.shtml) for English-language reports of
clinical trials published from January 1990 to October 2008 and
studies describing the effects of flaxseed or its derivatives (in the
form of whole or ground flaxseed, flaxseed oil, or lignan supple-
ment) in adult humans were selected. The key words “flax* OR
linseed* OR lignan* OR Linum usitatissimum,” with the constraints
noted above, were used in the literature search. Bibliographies of
selected studies and relevant reviews (5, 7, 12, 13) were checked to
ensure a complete collection. Attempts were also made to contact
investigators for unpublished data. Studies were chosen for analysis
if they met the following criteria: /) the subjects consumed flaxseed
or its derivatives for >2 wk; 2) the study was an RCT with either
a parallel or crossover design; 3) the study reported the dose of
flaxseed, lignans, or ALA when whole or ground flaxseed, lignan
supplement, or flaxseed oil were administered, respectively; 4) the
effects of flaxseed or its derivatives on lipid profiles (total, LDL, and
HDL cholesterol and triglycerides) could be extracted from the
report; and 5) the control regimen did not contain phytoestrogens,
ALA, fish oil, or hormone replacements. According to these cri-
teria, a total of 30 citations were identified (14-43).

When a decision of inclusion or rejection could not be made
based on the title and abstract of a specific publication, the full
text of the article was obtained and the eligibility for inclusion
was assessed independently by 2 assessors (AP and DY) using an
inclusion-exclusion form. Differences about inclusion of studies
and interpretation of data between the researchers were resolved
by discussion until a consensus was reached.

Data extraction and quality assessment

Study characteristics [including authors, publication year,
sample size and attrition, dose and type of the intervention,
control treatment, study duration, study design (crossover or
parallel), and participant information (sex, initial health status,
and menopausal status for women)] and blood lipid data were
extracted independently by 2 assessors (AP and DY) and tabu-
lated for analysis. Likewise, study quality was independently
assessed by using the Jadad score level-of-evidence rating for
RCTs (44). The score included randomization, blinding, de-
scription of withdrawals and dropouts, methods of randomiza-
tion, and double-blinding status. The total score was the sum of
the 5 points, which generated a scale from O to 5; higher numbers
represented better quality. Other aspects, such as funding source
and geographic locations of the studies, were also indicated.

Measurements from the full study period were used for the
analysis (16-18, 23, 25, 35, 42, 43). In studies with multiple arms
and multiple comparisons (15, 25, 41, 43), the “shared” group
(eg, the intervention arm if there were multiple control arms or
the control arm if the intervention was administered with dif-
ferent doses) was equally split into >2 groups with smaller
sample sizes, and >2 comparisons were included in the meta-
analysis to avoid double counting and correlated comparisons
(46). Fish oil as one of the control regimens was included in 4
studies (15, 25, 27, 42), and participants in the fish-oil groups
were excluded from analysis according to the aforementioned
exclusion criteria. One study used whole flaxseed plus fiber as
one of the interventions (37), and participants in this arm were
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not included in the analysis because the specific effects of
flaxseed could not be ascertained. In a recent study (15), flax-
seed oil intervention was reported to have a nonsignificant in-
fluence on blood lipids; however, the relevant data were not
included in the publication. Therefore, the net changes in out-
comes in this study were replaced by “zero,” and the SDs were
replaced by the average SDs of the other studies.

For continuous outcomes in parallel studies, the means and SDs of
changes from baseline to endpoint (both intervention and control
groups) were extracted. Incrossoverstudies, the means and SDs were
used separately on interventions and controls. This step provided
a conservative estimate of the effects and reduced the power of the
crossover studies to show real influences of the interventions. For all
data, SDs were calculated from SEs or CIs, whenever it was nec-
essary, and the data were also estimated from the figures if no nu-
merical forms were presented. For those with missing SDs for the
changes, the average of the SDs of the initial and endpoint of relevant
biomarkers was adapted inthe analysis (because the SD of the change
was approximately similar to the average of the SDs of the baseline
and endpoint variables) (45). In addition, the change-from-baseline
SDs were also imputed by using correlation coefficient methods
referenced in the Cochrane Handbook (46).

Meta-analysis and statistical analysis

The estimate of principal effect was defined as the mean
difference (net change in mmol/L) in lipid concentrations be-
tween the subjects assigned to consume flaxseed or its derivatives
and those assigned to the control regimens. For the computation
of pooled effects, each study was assigned a weight consisting of
the reciprocal of its variance (46). The meta-analysis was per-
formed by using RevMan for WINDOWS software (version
5.0.16; updated on 18 September 2008; http://www.cc-ims.net/
RevMan/RevMan5; Copenhagen: The Nordic Cochrane Centre,
The Cochrane Collaboration, 2008).The fixed-effect models and
random-effects models were used to calculate the weighted mean
difference and 95% CI for each lipid variable according to the
level of heterogeneity. If significant heterogeneity was found in
the test, the results were consequently presented by using the
random-effects models. Otherwise, the results were presented
based on fixed-effect models. Moreover, potential publication
bias was examined by using funnel plots in which the SEMs of the
studies were plotted against their corresponding effect sizes (46).

Meta-regression was implemented to examine characteristics
of the studies that were hypothesized to influence the observed
treatment effects (47). The assumption of heterogeneity implied
by the use of random-effects models is plausible because of
differences in characteristics of the study populations (eg, sex),
types of interventions (eg, whole or ground flaxseed, lignan
supplement, or flaxseed oil), study duration, and study quality.
Some studies were conducted in so-called healthy individuals;
however, the definition of “healthy” varied substantially in dif-
ferent studies (18, 20, 22, 25, 26, 29, 40), and, in many cases,
these individuals had elevated lipid concentrations. Therefore,
the studies were categorized according to the baseline lipid
concentrations. To explore the possible influence of the afore-
mentioned covariates on net lipid changes, a series of prespecified
subgroup analyses were further conducted based on biological
plausibility and the literature. Of note, in one study (15), only 5%
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(3 of 62) of the subjects were women; therefore, this study was
categorized as a study of “men” in the subgroup analysis.

RESULTS

Characteristics of the studies

A total of 160 citations were yielded from the literature search
(137 from PubMed, 17 from references of the selected papers, 2
from clinicaltrials.gov, and 4 from dissertations); 82 citations
were retrieved for a complete evaluation after the titles and
abstracts were screened. Finally, 30 citations derived from 28
RCTs were included. The review flow diagram is depicted in
Figure 1. Of the 30 citations reporting data on blood lipids, 4
citations (27, 28, 38, 39) were found to be duplicative. Thus, 2 of
the citations (27, 38) were selected for data extraction, which
left a total of 28 studies for the analysis. The primary charac-
teristics of these 28 studies are outlined in Table 1.

Overall, 1539 subjects were randomly assigned in these trials,
and 1381 (89.7%) participants completed the studies. Of the 28
trials used in the meta-analysis, 6 trials were conducted exclu-
sively in women [5 in postmenopausal women (14, 20, 22, 30, 37)
and 1 in premenopausal women (33)], 10 trials were conducted in
men (19, 26, 27, 29, 32, 35, 36, 38, 41, 42), 10 trials were
conducted in both sexes (15-18, 21, 23-25, 34, 40, 43), 1 trial did
not indicate the sex composition of the sample (31), and 1 trial
reported results separately by sex (17).

Flaxseed in whole (14, 16, 19-21, 30, 37), ground (18, 31), or
defatted (24) form (generically called whole flaxseed) was tested
in 10 of 28 trials with doses from 20.0 to 50.0 g (median: 38.0 g;
10 g = 1 tablespoon). Wheat (18, 30), wheat bran/germ (16, 20,

Search results (n = 160)
PubMed search (n = 137)
Bibliographies and experts (n = 17)
ClinicalTrials.gov (n=2)
Dissertations (n =4)

Studies excluded after title and abstract

screening (n = 78)

Studies retrieved for detailed evaluation (n
=82)

Studies excluded by inclusion criteria:
Not relevant (n = 19)
Non-randomized trials (n=11)
Case-series studies (n=7)

No true control (n = 6)

No information on study design (» = 1)
Inability to extract data (n= 1)

With no data on blood lipids (n=7)

Potential reports to be included in the
meta-analysis (n = 30)

Duplicate reports on lipid data (n = 2)
With no outcome on:
Total cholesterol (n =0)
LDL cholesterol (n=1)
HDL cholesterol (n = 1)
Triglycerides (n =2)

Final  reports included in the
meta-analysis

Total cholesterol (n = 28)

LDL cholesterol (n =27)

HDL cholesterol (n =27)

Triglycerides (n = 26)

FIGURE 1. Review flow diagram according to the Quality of Reporting
of Meta-analyses (QUOROM) statement.
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24), manioc flour (21), or sunflower seed (14) were chosen as the
control regimen in these studies. However, in 2 of the studies
(19, 31), the participants in the control arms adhered to low-fat
diets or maintained their regular diets, whereas the participants
in the intervention arms received the same diet plus additional
flaxseed. In another study (37), regular muffins and bread were
compared with flaxseed-containing muffins and bread plus ad-
ditional flaxseed powder in the control and the intervention
groups. Flaxseed oil has been tested in nearly half (13/28) of the
trials (15, 23, 25-27, 29, 32, 35, 36, 38, 40-42), with doses of
1.0 to 38.0 g for ALA (median: 12.4 g; 7 g =~ 1 tablespoon). The
control regimens included oils enriched in the monounsaturated
fatty acids (MUFAs) olive or canola oil (23, 29, 41) or in the
n—6 polyunsaturated fatty acids (PUFAs) hempseed, safflower,
or sunflower oil (15, 25-27, 32, 35, 36, 38, 40-42). In the re-
maining 5 trials (17, 22, 33, 34, 43), flaxseed lignan supplement
was used with doses from 200 to 600 mg for lignans (median:
430 mg), and the controls were assigned to placebo (17, 22, 34,
43) or psyllium (33).

The trials varied in length from 2 to 52 wk, with a median
duration of 8.5 wk. Most of the trials (20 trials) adopted parallel
study designs (15-17, 19, 20, 23, 25, 27, 29-33, 35-38, 41-43),
whereas 8 trials used crossover designs (14, 18, 21, 22, 24, 26, 34,
40). The study qualities of the selected trials were diverse; 16
studies were classified as high quality (Jadad score of 4 or 5) (14—
17, 19-23, 25, 27, 30, 33, 34, 40, 43), and 12 studies were
classified as low quality (Jadad score of 2 or 3) (18, 24, 26, 29, 31,
32, 35-38, 41, 42). Most of the study reports did not indicate the
method for sequence generation, and 2 studies (29, 31) did not
mention whether the trials were randomized. Indeed, no differ-
ence was found when these 2 studies were included in the meta-
analysis or not. For practical reasons, double-blinding was not
applied in some studies, especially when whole or ground
flaxseed was used as the intervention.

In most studies, the investigators attempted to maintain the
participants’ dietary habits and provided similar amounts of total
fat and saturated fat in both the intervention and control arms. In 8
studies, the diets of both groups were exclusively offered by the
investigators (26, 31, 35, 41), or the participants were instructed
to follow the National Cholesterol Education Program Step II
(24), American Heart Association Step I (23), or low-fat, low-
cholesterol dietary patterns (16, 19). In one study, both groups
received the same exercise interventions (17). Most of the trials
were conducted in the United States (14-16, 19, 23, 26, 30, 33,
37), Canada (17, 18, 20, 24, 25), and European countries (22, 31,
36, 39-42), which are major production and consumption areas of
flaxseed and its products; the other studies were conducted in
Australia (27, 29, 32, 35), China (34, 43), and Brazil (21).

In addition, no differences in body weight or lipid concen-
trations were reported between the comparison groups at base-
line. Most of the trials were designed to maintain body weight,
and no significant weight changes were documented, except in
one study in which flaxseed prevented the increase in body
weight compared with the control regimen (20).

Changes in blood lipid concentrations

The results for total cholesterol were reported in 36 com-
parisons from 28 studies representing 1548 participants (Figure
2), whereas blood LDL-cholesterol concentrations were shown
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Flaxseed Control WMD
_Study Mean  SD n___ Mean SD n___ Weight Random, 95% Cl [mmollL]

Arjmandi (14) -0.41 1.18 34 -0.32 0.92 34 2.9%
Barcelo-Coblijin_1 (15) 0 085 12 0 0.87 3 0.8% e S—
Barcelo-Coblijin_2 (15) 0 0.85 10 0 0.87 3 0.8% —_—
Barcelo-Coblijin_3 (15) 0 0.85 10 0 0.87 3 0.8% e S—
Bloedon (16) -0.1 092 29 0.1 078 31 3.6% e
Cornish_1 (17) -0.14 1.1 20 -0.01 1.59 19 1.2% —_—
Cornish_2 (17) -0.1 088 27 0.06 1.13 25 2.6% —_—T
Cunnane (18) -0.24 0.34 10 -0.13 0.52 10 4.1% e
Demark-Wahnefried_1(19)  -0.91 114 40 -1.03 132 40 2.6% .
Demark-Wahnefried_2 (19)  -0.15 16 40 -0.88 176 M 1.6%
Dodin (20) -0.01 0.5 85 0.19 0.53 94 8.1% -
Faintuch (21) -0.1 0.57 24 -0.02 0.61 24 4.8% —T
Hallund (22) -0.23 0.96 22 -0.07 0.98 22 2.4% —_—T
Harper (23) 0.45 0.99 27 0.1 1.05 22 2.4% b —
Jenkins (24) 0.36 0.84 29 -0.17 0.95 29 3.3% e
Kaul_1 (25) 0.2 0.7 11 0.3 0.94 22 2.4% —_—T
Kaul_2 (25) 0.2 0.7 11 0.2 0.94 22 2.4% D
Kelley (26) -0.06 082 10 0.1 0.93 10 1.5% —
Kestin (27) -0.26 0.33 11 -0.28 0.3 11 6.0% —E
Li (29) -0.1 0.62 7 0.09 1.19 10 1.2% I
Lucas (30) -0.32 05 20 0.18 051 16 4.9% —_
Mandasescu (31) 1.35 1.56 20 -1.13 1.27 10 0.9% —
Mantzioris_1 (32) -0.4 1.1 15 06 11 15 1.5% e
Mantzioris_2 (32) 0.2 1 15 0 1 15 1.7% e e a—
Marblestone (33) -0.04 0.35 6 -0.03 0.47 5 3.0% —’_—
Pan (34) -0.17 0.7 68 -0.08 0.77 68 6.3% —
Pang (35) -0.11 0.5 15 -0.25 0.37 14 5.1% -
Paschos (36) 0 0.88 18 -1.04 1.19 17 1.8% _—
Patade (37) -0.43 072 17 0.11 0.53 9 3.1% _—
Rallidis (38) -0.16 1.01 50 -0.41 096 26 3.3% o
Schwab (40) -0.17 0.56 14 -0.14 0.62 14 3.5% —
Singer_1 (41) -0.85 1.53 7 0.28 0.66 15 07% ————
Singer_2 (41) 085 153 7 062 107 15 0.6% —
Wilkinson (42) -0.76 0.95 21 -0.42 0.74 17 2.7% I
Zhang_1 (43) 1.03 0.71 18 -0.61 0.54 8 3.0% —_—
Zhang_2 (43) 77 109 20 061 0.54 9 2.3%
Total (95% CI) 800 748 100.0% ¢

Heterogeneity: Tau? = 0.03; Chi? = 53.36, df = 35 (P = 0.02); 12 = 34%

Test for overall effect: Z=1.91 (P = 0.06)

1050 05 1
Favors flaxseed Favors control

FIGURE 2. Net changes (95% CI) in total cholesterol associated with flaxseed intervention expressed as the change during the intervention with flaxseed or
its derivatives minus the change during the control regimens. WMD, weighted mean difference; Random, random-effects model. The horizontal lines denote
the 95% Cls, some of which extend beyond the limits of the scales. The square represents the point estimate of each study. The diamond represents the overall
pooled estimate of the treatment effect. Overall, total cholesterol decreased by 0.10 mmol/L (95% CI: —0.20, 0.00 mmol/L; P = 0.06) in the intervention

groups compared with the control arms.

in 35 comparisons from 27 studies including 1471 subjects
(Figure 3). Because the test for heterogeneity was significant for
total cholesterol (P = 0.02) and marginally significant for LDL
cholesterol (P = 0.10), we reported the results from random-
effects models. For the overall population, total cholesterol de-
creased by 0.10 mmol/L (95% CI: —0.20, 0.00 mmol/L; P =
0.06), and LDL cholesterol decreased by 0.08 mmol/L (95% CI:
—0.16, 0.00 mmol/L; P = 0.04) in the intervention groups
compared with the control arms.

Concentrations of blood HDL cholesterol were reported in 35
comparisons from 27 studies representing 1353 participants
(Figure 4). The results of blood triglycerides were shown in 33
comparisons from 26 studies including 1359 subjects (Figure
5). Because no significant heterogeneity was found for HDL
cholesterol (P = 0.85) and triglycerides (P = 0.43), the results
were reported based on fixed-effect models. Overall, in-
tervention of flaxseed or its derivatives did not significantly af-
fect HDL-cholesterol or triglycerides concentrations.

Subgroup analysis

Meta-regression analysis showed that sex, type of intervention
(whole flaxseed, flaxseed oil, or lignan supplement), study quality
(measured by the Jadad score), and initial lipid concentrations
(high or low) influenced the net changes in total and LDL

cholesterol (data not shown). Therefore, subgroup analyses were
conducted based on these variables, and the results are sum-
marized in Table 2.

A significant reduction in total cholesterol was found in studies
using whole flaxseed, with a net change of —0.19 mmol/L (95% CI:
—0.29, —0.09 mmol/L). Total cholesterol concentrations also de-
creased significantly in the interventions using lignan supplement
(—0.28 mmol/L; 95% CI: —0.55, —0.01 mmol/L). Similarly,
concentrations of LDL cholesterol declined significantly in studies
using whole flaxseed (—0.16 mmol/L; 95% CI. —0.25, —0.06
mmol/L) and lignan (—0.16 mmol/L, 95% CI: —0.31, —0.01
mmol/L) supplements. No significant changes in total and LDL
cholesterol were detected with the intervention of flaxseed oil.

In general, the reduction in total cholesterol was greater in
women than in men, with mean changes of —0.24 mmol/L (95%
CI: —0.36, —0.12 mmol/L) and 0.09 mmol/L (95% CI: —0.05,
0.23 mmol/L), respectively. Only moderate reductions (—0.15
mmol/L; 95% CI: —0.27, —0.02 mmol/L) were observed in the
studies including both sexes. Similarly, the reductions in LDL
cholesterol were —0.17 mmol/L (95% CI. —0.28, —0.06 mmol/
L) in females, —0.14 mmol/L (95% CI: —0.25, —0.03 mmol/L)
in studies with both sexes, and 0.07 mmol/L (95% CI. —0.04,
0.18 mmol/L) in males. The tests of heterogeneity were not
significant in any of the analyses; thus, the results were reported
from fixed-effect models.
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Flaxseed Control WMD

_Study Mean  SD n Mean SD n___ Weight Random, 95% Cl [mmol/L]

Arjmandi (14) -0.65 1.17 15 -0.14 1.21 19 0.9%

Barcelo-Coblijin_1 (15) 0 0.72 12 0 0.73 3 0.7%

Barcelo-Coblijin_2 (15) 0 072 10 0 073 3 0.7%

Barcelo-Coblijin_3 (15) 0 072 10 0 0.73 3 0.7%

Bloedon (16) -0.21 0.58 29 0.08 0.58 31 4.9% |

Cornish_1 (17) 0.07 0.89 20 -0.02 0.78 18 2.0% A

Cornish_2 (17) 0.03 0.83 27 0.24 0.86 24 2.5% I

Cunnane (18) -0.24 0.34 10 -0.15 0.53 10 3.3% -

Demark-Wahnefried_1 (19)  -0.41 1.08 40 -0.75 1.17 40 2.2% ]

Demark-Wahnefried_2 (19) -0.33 1.21 40 -0.48 14 41 1.8% -

Dodin (20) 0.02 0.47 85 0.15 0.5 94 9.7% ™

Faintuch (21) -0.05 0.72 24 -0.03 0.73 24 3.0% -1

Hallund (22) -0.2 0.96 22 -0.03 0.96 22 1.8% - 1

Harper (23) 0.31 0.82 27 0.06 0.89 22 2.3% I

Jenkins (24) -0.44 0.61 26 -0.13 0.69 26 3.8% - 1

Kaul_1 (25) 0.3 0.94 11 0.2 0.47 22 1.7% -1

Kaul_2 (25) 03 094 1 01 094 22 1.3% —

Kelley (26) 0.08 104 10 017 102 10 0.8%

Kestin (27) -0.11 0.25 11 -0.21 0.22 1 7.6% T

Li (29) 0 0.43 7 0.02 1.02 10 1.2% -1

Lucas (30) -0.15 0.53 20 0.08 0.35 16 5.0% - T

Mandasescu (31) -0.15  0.23 20 -0.1 0.58 10 3.5% I

Mantzioris_1 (32) 03 1 15 -0.6 11 15 1.1% —

Mantzioris_2 (32) 0.1 11 15 0 09 15 1.2% R —

Marblestone (33) -0.06 0.24 6 -0.12 0.4 5 3.2% —

Pan (34) -0.11 0.74 68 -0.09 0.71 68 6.1% T

Pang (35) -0.05 0.43 15 -0.22 0.37 14 5.0% T

Patade (37) -0.4 0.72 17 0.17 0.45 9 2.6% -

Rallidis (38) -0.05 0.65 50 -0.13 0.71 26 4.2% -

Schwab (40) -0.11 0.63 14 -0.15 0.72 14 2.2% -

Singer_1 (41) 067 087 7 046 074 15 11%

Singer_2 (41) -0.67 0.87 7 -0.55 0.95 15 0.9%

Wilkinson (42) -0.35 0.57 21 -0.34 0.37 17 4.8% -1

Zhang_1 (43) 074 047 18  -034 045 8 3.4% —

Zhang_2 (43) -1 0.71 20 -0.34 0.45 9 2.8% -

Total (95% CI) 760 711 100.0% ¢

Heterogeneity: Tau? = 0.01; Chi? = 44.67, df = 34 (P = 0.10); I = 24%

Test for overall effect: Z = 2.02 (P = 0.04)
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FIGURE 3. Net changes (95% CI) in LDL cholesterol associated with flaxseed intervention expressed as the change during the intervention with flaxseed or
its derivatives minus the change during the control regimens. WMD, weighted mean difference; Random, random-effects model. The horizontal lines denote
the 95% Cls, some of which extend beyond the limits of the scales. The square represents the point estimate of each study. The diamond represents the overall
pooled estimate of the treatment effect. Overall, LDL cholesterol decreased by 0.08 mmol/L (95% CI: —0.16, 0.00 mmol/L; P = 0.04) in the intervention

groups compared with the control arms.

Subgroup analysis suggested that total and LDL cholesterol
were reduced to a greater degree in the high-quality studies, with
net changes of —0.13 mmol/L (95% CI: —0.24, —0.02 mmol/L)
and —0.08 mmol/L (95% CI. —0.16, —0.01 mmol/L), re-
spectively. However, no significant changes were detected in the
low-quality studies.

We also stratified the studies according to the initial lipid status
using cutoffs of 5.7 and 3.4 mmol/L for total and LDL choles-
terol, respectively. Significant reductions in total cholesterol were
found in the studies including subjects with high initial con-
centrations (—0.17 mmol/L; 95% CI: —0.32, —0.03 mmol/L)
but not in the studies enrolling subjects with low initial con-
centrations (0.03 mmol/L; 95% CI: —0.11, 0.17 mmol/L). The
same pattern was observed for LDL cholesterol, ie, a change of
—0.13 mmol/L. (95% CI: —0.23, —0.02 mmol/L) and 0.00
mmol/L (95% CI: —0.12, 0.12 mmol/L) for the studies with
high or low initial concentrations, respectively. No significant
changes in HDL cholesterol or triglycerides were found across
any subgroups (data not shown).

Publication bias

The funnel plot of the effects on blood lipids indicated no
significant publication bias (see Supplemental Figure 1 under
“Supplemental data” in the online issue).

DISCUSSION

Overall, flaxseed supplementation was associated with a de-
crease in blood total and LDL-cholesterol concentrations but did
not substantially affect HDL cholesterol and triglycerides. These
changes varied substantially depending on the treatment form of
flaxseed, quality of the study, sex, and initial lipid profile of the
subjects.

Our results showed that whole flaxseed interventions were
associated with significant reductions in total and LDL choles-
terol, whereas flaxseed oil interventions were not. Flaxseed
contains a large amount of fiber (28% by weight), and 25% of the
fiber is in the soluble form (4, 5, 7). Dietary soluble fiber has been
proven to have cholesterol-lowering effects, causing significant
decreases in total and LDL cholesterol (—0.045 and —0.057
mmol/L per gram, respectively) (48). The daily doses used in the
flaxseed interventions included in this meta-analysis ranged
from 20.0 to 50.0 g/d (median dose: 38.0 g). Therefore, esti-
mates of the effect of the soluble fiber on total and LDL cho-
lesterol were calculated as —0.12 and —0.15 mmol/L,
respectively. Additionally, flaxseed is one of the richest sources
of dietary lignans (range: 0.2-13.3 mg/g) (5-7), and purified
lignans also have been shown to reduce total and LDL choles-
terol in animal studies (10, 11). Human data, however, are still
limited; only 5 studies have used lignan supplements (17, 22, 33,



294 PAN ET AL
Flaxseed Control WMD
_Study Mean  SD n___ Mean SD n___ Weight Fixed, 95% Cl [mmol/L]

Arjmandi (14) 0 0.24 15 -0.05 0.23 19 2.0% 7
Barcelo-Coblijin_1 (15) 0 0.27 12 0 0.26 3 0.5%
Barcelo-Coblijin_2 (15) 0 0.27 10 0 0.26 3 0.4%
Barcelo-Coblijin_3 (15) 0 027 10 0 0.26 3 0.4%
Bloedon_1 (16) -0.1 0.23 15 0 0.31 15 1.3% - 1
Bloedon_2 (16) 0 0.49 14 0 0.36 16 0.5% D
Cornish_1(17) -0.15 036 20 -0.11 0.2 19 1.5% I B
Cornish_2 (17) 018 042 27  -0.15 035 25 1.1% s
Cunnane (18) -0.03 0.24 10 0.03 0.23 10 1.2% .
Dodin (20) -0.05 0.25 85 0.03 0.23 94 10.0% -
Faintuch (21) 0.01 045 24 0 044 24 0.8% ]
Hallund (22) -0.04 0.42 22 -0.07 0.45 22 0.8% —
Harper (23) 0.26 027 27 0.07 034 22 1.6%
Jenkins (24) -0.03 0.35 29 0.01 0.32 29 1.7% - 1
Kaul_1 (25) 0 0.47 1 0 047 22 0.4%
Kaul_2 (25) 0 047 M 0.1 047 22 0.4% ¢
Kelley (26) 005 043 10 0.03 036 10 0.4%
Kestin (27) -0.13 0.13 11 -0.06 0.09 1" 5.7% -1
Li (29) -0.11 0.3 7 0.02 0.24 10 0.7% _
Lucas (30) -0.09 0.23 20 0.06 0.24 16 2.1%
Mandasescu (31) 0.23 0.26 20 0.13 0.17 10 21% 7
Mantzioris_1 (32) 0 025 15 0.1 04 15 0.9% —
Mantzioris_2 (32) 0.2 0.3 15 0.2 0.4 15 0.8%
Marblestone (33) -0.05 0.13 6 -0.03 0.12 5 2.3% - T
Pan (34) -0.02 0.24 68 -0.02 0.25 68 7.3% -1
Pang (35) 007 019 15 0.1 019 14 2.6% I
Paschos (36) -0.05 0.1 18 -0.07 0.2 17 4.4% v
Patade (37) -0.06 0.19 17 -0.18 0.15 9 2.8%
Rallidis (38) -0.04 0.1 50 -0.03 0.13 26 15.2% -
Schwab (40) 0.05 0.29 14 0.06 0.32 14 1.0% - 1
Singer_1 (41) -0.03 0.2 7 -0.11 0.21 15 1.5% ]
Singer_2 (41) -0.03 0.2 7 -001 019 15 1.6% . —
Wilkinson (42) -0.11 0.16 21 -0.06 0.19 17 3.9% e
Zhang_1 (43) 01 006 18  -0.08 0.11 8 7.5% —T
Zhang_2 (43) 014 011 20 0.1 0.06 9 12.9% -
Total (95% Cl) 701 652 100.0% ﬂ

Heterogeneity: Chi? = 25.64, df = 34 (P = 0.85); 1> = 0%
Test for overall effect: Z = 1.53 (P = 0.13)

-0.2-0.1 0 0.1 02
Favors control Favors flaxseed

FIGURE 4. Net changes (95% CI) in HDL cholesterol associated with flaxseed intervention expressed as the change during the intervention with flaxseed
or its derivatives minus the change during the control regimens. WMD, weighted mean difference; Fixed, fixed-effect model. The horizontal lines denote the
95% Cls, some of which extend beyond the limits of the scales. The square represents the point estimate of each study. The diamond represents the overall
pooled estimate of the treatment effect. Overall, no significant effect of flaxseed intervention on HDL cholesterol was found (—0.02 mmol/L; 95% CI: —0.04,

0.00 mmol/L; P = 0.13).

34, 43). Moreover, the results were largely determined by one of
the studies (43). Hence, further studies are still needed to con-
firm whether lignans alone have a cholesterol-lowering effect.
In contrast, this meta-analysis found that flaxseed oil treatment
did not significantly reduce total and LDL-cholesterol concen-
trations compared with the control regimens. Such results are
consistent with a recent meta-analysis that reported neutral
effects of ALA on total and LDL cholesterol compared with the
control arms (49). One of the plausible explanations for the null
findings is that the effects of flaxseed oil may have been masked
by the use of MUFA- or n—6 PUFA—enriched oils as the control
regimen in these studies. Previous studies have indeed shown
that dietary replacement of MUFAs or n—6 PUFAs for saturated
fatty acids also has a cholesterol-lowering effect (50, 51). It was
noticed that flaxseed oil treatment induced a modest but non-
significant decrease in total and LDL cholesterol compared with
baseline values (data not shown). Prospective epidemiologic
studies also reported a reduced relative risk of coronary heart
disease when saturated or trans fatty acids were replaced with
ALA (52). Taken together, our results and those of others (49)
indicate that the effect of ALA on blood lipids is similar to that
of MUFAs or n—6 PUFAs, and whether replacement of ALA for
saturated or trans fatty acids could lower blood lipids remains to
be elucidated. Nevertheless, flaxseed oil has consistently been

found to induce a significant increase in the proportion of n—3
fatty acids in the plasma (16, 18, 25-27) or erythrocyte mem-
branes (15, 42) and a decrease in the ratio of n—6 to n-3, which
may have other benefits for CVD (53). However, the long-term
consequences of such an effect remain unclear.

According to the results of this meta-analysis, it appears that
initial cholesterol profiles exert a powerful moderating effect on
changes in lipid concentrations: the beneficial effects of flaxseed
and its derivatives were only observed among those with rela-
tively high initial cholesterol concentrations. Therefore, we
speculate that these high initial concentrations made the subjects
more likely to be influenced by the intervention. An alternative
explanation, however, is regression toward the mean. It was also
observed that the high-quality studies seemed to have a greater
cholesterol-lowering effect than did the poor-quality studies
(measured by the Jadad score). This may be attributed to the fact
that generally adequate sample sizes in the high-quality studies
permitted a greater statistical power to detect any beneficial
effects of the treatments.

The cholesterol-lowering effect of flaxseed and its products was
more remarkable in women than in men. This difference was more
striking in postmenopausal women, who tended to experience
increased total and LDL-cholesterol concentrations as a result of
estrogen decline (54). The actual causes for the sex difference are
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Flaxseed Control WMD
_Study Mean SD n Mean SD n___ Weight Fixed, 95% Cl [mmol/L]

Arjmandi (14) 0.14 091 34 0.07 074 34 1.8% —
Barcelo-Coblijin_1 (15) 0 062 12 0 0.62 3 0.4% _—
Barcelo-Coblijin_2 (15) 0 062 10 0 0.62 3 0.4% —_—
Barcelo-Coblijin_3 (15) 0 062 10 0 0.62 3 0.4% _
Bloedon (16) 0.17 083 29 -0.02 053 31 2.2% —
Cornish_1(17) -0.13 076 20 0.16 146 19 0.5% —
Cornish_2 (17) 0.09 068 27 -0.06 11 25 1.1% o
Cunnane (18) 0.07 023 10 -0.03 027 10 5.7% -
Dodin (20) 0.03 043 85 0.02 042 94 17.6% -+
Faintuch (21) 0.01 032 24 -0.02 033 24 8.1% —_
Hallund (22) 0.04 026 22 0.07 028 22 10.8% 4
Harper (23) 0.02 04 27 -0.03 036 22 6.0% ——
Jenkins (24) 0.09 1.08 29 -0.08 086 29 1.1% —_—
Kaul_1 (25) 0 047 M 0 094 22 1.2% _
Kaul_2 (25) 0 047 M 0.2 07 22 1.7% R et
Kelley (26) -0.22 064 10 -0.15 062 10 0.9% —_—
Kestin (27) -0.05 039 M 0.08 021 1 4.0% —
Li (29) 0.03 0.3 7 0.12 051 10 1.8% —_—
Lucas (30) -0.19 055 20 0.18 054 16 2.1% —
Mandasescu (31) -1.3 15 20 -0.38 05 10 0.5%
Mantzioris_1 (32) 0.1 08 15 0.2 07 15 0.9% —_—
Mantzioris_2 (32) -0.2 06 15 0.5 055 15 1.6% -
Marblestone (33) 0.23 0.36 6 0.24 0.2 5 2.4% e
Pan (34) 0.2 112 68 -0.01 089 68 24% —
Pang (35) 0.03 019 15 0.15 022 14 12.2% -
Paschos (36) 0.05 1 18 -0.08 088 17 0.7% —_t
Patade (37) 0.06 061 17 0.32 0.55 9 1.3% —_—
Rallidis (38) 0.09 045 50 -0.19 062 26 3.8% ——
Singer_1 (41) -0.32 0.42 7 -0.13 024 15 2.5% —
Singer_2 (41) -0.32 042 7 -0.13 047 15 1.8% —_—
Wilkinson (42) -0.37 065 21 0.08 083 17 1.2% _
Zhang_1 (43) -0.52 098 18 -0.52 1.11 8 0.3% _—
Zhang_2 (43) -0.86 09 20 -0.52 1.1 9 0.4% —
Total (95% CI) 706 653 100.0% [

Heterogeneity: Chi? = 32.67, df = 32 (P = 0.43); I?= 2%
Test for overall effect: Z = 1.07 (P = 0.29)

-1 05 0 05 1
Favors flaxseed Favors control

FIGURE 5. Net changes (95% CI) in triglycerides associated with flaxseed intervention expressed as the change during the intervention with flaxseed or its
derivatives minus the change during the control regimens. WMD, weighted mean difference; Fixed, fixed-effect model. The horizontal lines denote the 95%
CIs. The square represents the point estimate of each study. The diamond represents the overall pooled estimate of the treatment effect. Overall, no significant
effect of flaxseed intervention on triglycerides was found (—0.03 mmol/L; 95% CI: —0.08, 0.02 mmol/L; P = 0.29).

unknown. However, we noticed the following: /) most of the
comparisons (14 of 17) in men used flaxseed oil as the inter-
ventions, whereas all of the comparisons in women used flaxseed
(5 of 8) or lignans (3 of 8) as the interventions; 2) most of the
comparisons (12 of 17) in men had low initial cholesterol con-
centrations, whereas all of the comparisons in women (8 of 8) had
a high initial cholesterol concentrations; 3) more than half of the
comparisons (10 of 17) in men were of low study quality, whereas
most of the comparisons (6 of 8) in women were of high study
quality. Therefore, we are uncertain whether the observed dif-
ferential sex effects were the consequence of the study design
(type of intervention, initial cholesterol profiles of the subjects,
and study quality) or inherent biological variation. Therefore, the
effectiveness of flaxseed or lignan interventions on blood lipids in
hypercholesterolemic men or premenopausal women still remains
unclear and needs to be evaluated in the future.

Finally, we did not observe any significant effects of flaxseed
or its derivatives on HDL cholesterol and triglycerides. These
findings are generally consistent with individual reports, in which
70-90% of trials showed neutral effects on these 2 lipid variables.

The intervention using whole flaxseed, in females or in
individuals with high initial lipid concentrations, reduce total or
LDL cholesterol by ~ 0.2 mmol/L, which is estimated to result
in a reduction of =~3% in all-cause mortality and of 6% in both
coronary heart disease-related mortality and total events (55).

Therefore, the effects of flaxseed on dyslipidemia appear to be
clinically significant. Although we believe that this meta-analysis
provides useful information for clinicians and researchers alike,
the findings must be interpreted with caution because of the
following weaknesses. For some studies, the SDs of the net
changes were not available and were estimated as the average of
the SDs of the baseline and endpoint biomarkers. For the
crossover studies, we used means and SDs separately on in-
tervention and control phases. Furthermore, the effects of flax-
seed on lipid profiles are not uniform because of the substantial
heterogeneity among individual studies, ie, the studies were
conducted in a variety of populations and had different study
designs, methods, and criteria. Indeed, we found that the cho-
lesterol-lowering effects were related to the type of intervention,
study quality, sex, and initial lipid profiles. However, influences
of the other covariates, such as the quality of products and the
amount of specific bioactive components in flaxseed and their
bioavailability could not be fully determined because of the lack
of information in most of the existing studies. Efforts should be
made to include detailed nutrient contents in future studies.

In this meta-analysis, we assessed the effectiveness of flaxseed
and its derivatives on circulating lipid concentrations by
reviewing available published and unpublished RCTs. The results
suggest that flaxseed consumption reduces blood total and LDL-
cholesterol concentrations, and this effect was more evident in
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TABLE 2
Pooled estimates of effects on total and LDL cholesterol within various subgroups’
No. of Net change P value for Analysis
Variable comparisons (95% CI) P value heterogeneity model’
mmol/L
Total cholesterol
Intervention
Whole flaxseed 11 —0.19 (—0.29, —0.09)  0.0003 0.20 Fixed-effect
Lignan supplement 7 —0.28 (—0.55, —0.01) 0.04 0.06 Random-effects
Flaxseed oil 18 0.06 (—0.07, 0.19) 0.36 0.44 Fixed-effect
Initial total cholesterol concentration
<5.7 mmol/L 18 0.03 (—0.11, 0.17) 0.68 0.84 Fixed-effect
>5.7 mmol/L 18 —0.17 (=0.32, —0.03) 0.02 0.004 Random-effects
Sex
Female 7 —0.24 (—-0.36, —0.12) <0.0001 0.49 Fixed-effect
Male 16 0.09 (—0.05, 0.23) 0.21 0.27 Fixed-effect
Both 13 —0.15 (—-0.27, —0.02)  0.02 0.13 Fixed-effect
Jadad score
Low, 2 or 3 14 —0.04 (—0.26, 0.19) 0.75 0.04 Random-effects
High, 4 or 5 22 —0.13 (—0.24, —0.02)  0.02 0.10 Random-effects
LDL cholesterol
Intervention
Whole flaxseed 11 —0.16 (—0.25, —0.06)  0.001 0.30 Fixed-effect
Lignan supplement 7 —0.16 (—0.31, —0.01)  0.03 0.12 Fixed-effect
Flaxseed oil 17 0.06 (—0.04, 0.17) 0.24 0.72 Fixed-effect
Initial LDL-cholesterol concentration
<3.4 mmol/L 17 0.00 (—0.12, 0.12) 1.00 0.42 Fixed-effect
>3.4 mmol/L 18 —0.13 (—0.23, —0.02) 0.02 0.08 Random-effects
Sex
Female 7 —0.17 (—0.28, —0.06)  0.003 0.48 Fixed-effect
Male 15 0.07 (—0.04, 0.18) 0.21 0.62 Fixed-effect
Both 3 —0.14 (—0.25, —0.03)  0.01 0.16 Fixed-effect
Jadad score
Low, 2 or 3 13 —0.10 (—0.26, 0.06) 0.22 0.09 Random-effects
High, 4 or 5 22 —0.08 (—0.16, —0.01)  0.03 0.22 Fixed-effect

! The meta-analysis was conducted by using RevMan 5.0 software (Cochrane Information Management System; http://
www.cc-ims.net/RevMan/RevMan5). Net change is expressed as the change during intervention with flaxseed or its deriv-

atives minus the change during the control regimens.

2 The random-effects models were used if significant heterogeneity was found in the test. Otherwise, the results were

based on fixed-effect models.

studies that used whole flaxseed, that enrolled women (partic-
ularly postmenopausal women), and that were of high quality and
in subjects with high initial cholesterol concentrations. There-
fore, flaxseed consumption may be a worthwhile dietary ap-
proach for preventing hypercholesterolemia, particularly in
specific patient subgroups. This systematic review not only
provides a thorough synthesis of recent studies that evaluated the
lipid-modulating effects of flaxseed but also facilitates the
identification of future research priorities. Further studies are
needed with large sample sizes, adequate durations, and solid
study designs to investigate the effectiveness of flaxseed sup-
plementation on cardiometabolic risk factors other than blood
lipids, on various chronic diseases (eg, the metabolic syndrome
and diabetes), and ultimately on CVD-related morbidity and
mortality. Such studies are particularly important in individuals at
high risk of CVD and need to be carried out in a wide variety of
populations (eg, men and pre- and postmenopausal women) given
the evidence of differential effects.
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