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Abstract

Introduction:) Many experimental and clinical trials have suggested that flax-
seed might be a potent antihypertensive, but the evidence concerning the ef-
fects of flaxseed supplements on plasma C-reactive protein (CRP) concentrations
has not been fully conclusive. We assessed the impact of the effects of flaxseed
supplementation on plasma CRP concentrations through a systematic review
of literature and meta-analysis of available randomised controlled trials (RCTs).
Material and methods: The literature search included EMBASE, ProQuest,
CINAHL, and PUBMED databases up to 1%t February 2016 to identify RCTs
investigating the effect of flaxseed supplements on plasma CRP concen-
trations. Meta-analysis was performed using a random-effects model, and
effect size was expressed as weighed mean difference (WMD) and 95% con-
fidence interval (Cl).

Results: Meta-analysis of 17 selected RCTs with 1256 individuals did not
suggest a significant change in plasma CRP concentrations following sup-
plementation with flaxseed-containing products (WMD: -0.25 mg/l, 95% Cl:
-0.53,0.02, p = 0.074). The effect size was robust in the leave-one-out sensi-
tivity analysis. Subgroup analysis did not suggest any significant difference
in terms of changing plasma CRP concentrations among different types of
flaxseed supplements used in the included studies, i.e. flaxseed oil (WMD:
-0.67 mg/l,95% Cl: -=2.00, 0.65, p = 0.320), lignan extract (WMD: -0.32 mg/|,
95% Cl: =0.71, 0.06, p = 0.103) and ground powder (WMD: —-0.18 mg/I,
95% Cl: —0.42, 0.06, p = 0.142).

Conclusions:|The meta-analysis of RCTs did not show a significant change in
plasma CRP concentrations following supplementation with various flaxseed
products. Large, well-designed studies should be still performed to validate
the current results.

Key words: flaxseed, linseed, Linum usitatissimum, C-reactive protein,
meta-analysis, systematic review.
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Introduction

Flaxseed (Linum usitatissiumum) is one of the
most consistent sources in bioactive compounds
such as polyunsaturated fatty acid, fibres, pro-
teins, antioxidants, and lignans [1]. The transla-
tion of the Latin origin of the name, meaning “very
useful”, is suggestive, considering the various
products with biological effects that contain flax-
seed and its fractions: flaxseed oil, whole seed,
flaxseed meal, flaxseed mucilage and/or alcohol
extracts, flaxseed hulls, ground whole seed, and
flaxseed oleosomes [2]. Two major varieties of
flaxseed products are available, but with different
biological activity [1, 3]. Flaxseed contains one-
third soluble and two-thirds insoluble fibres from
a total of 35-45% of fibres. It also contains a high
amount of a-linolenic acid, an essential fatty acid
that cannot be synthesised by the human body [4].
Other biologically important compounds found in
flaxseed products are linoleic acid, linolenic acid,
alkaloids, cyclic peptides, lignans, polysaccharides,
cyanogenic glycosides, and cadmium [2]. These
compounds have remarkable antioxidant, hypo-
tensive, anti-inflammatory, and hypoglycaemic
activities [5, 6], being used for prevention of rheu-
matoid arthritis, cardiovascular (CV) diseases, and
asthma [7-10].

A number of factors such as tumour necrosis
factor (TNF), pro-inflammatory cytokines, and in-
terleukins (IL) are responsible for increased levels
of C-reactive protein (CRP), an important marker of
systemic inflammation [11]. C-recative protein is
also considered as a strong predictor of CV risk in
comparison to several other inflammatory markers
[12, 13]. Some studies suggest that this acute-phase
protein marker, synthesised by the adipose tissue
or by the liver, might be significantly influenced
by the administration or consumption of different
formulations of flaxseed, like flaxseed oil, flaxseed
lignan, or flaxseed supplementation [14]. Therefore,
the aim of the present study is to review available
randomised clinical trials (RCTs) involving the use of
different forms of flaxseed to evaluate their effec-
tiveness on the CRP plasma concentration.

Material and methods
Search strategy

This study was designed according to the
guidelines of the 2009 preferred reporting
items for systematic reviews and meta-analysis
(PRISMA) statement [15]. EMBASE, ProQuest,
CINAHL, and PUBMED databases were searched
using the following search terms in titles and ab-
stracts: (“linseed” OR “flax seed” OR “flaxseed”
OR “linseed meal” OR “linum usitatissimum”)
AND (“c reactive protein” OR “c reaction protein”
OR “c-reactive protein” OR CRP OR “protein c re-

protein concentrations

active” OR “serum c reactive protein”). The wild-
card term ‘“*” was used to increase the sensitivity
of the search strategy. The search was limited to
studies in humans published in English. The liter-
ature was searched until 1%t February 2016. Two
reviewers (SU and M-CS) evaluated each article
independently, carried out data extraction and
quality assessment. Disagreements were resolved
by discussion with a third party (MB).

Study selection

Original studies were included if they met the
following inclusion criteria: (i) clinical trials with
a case-control or cross-over design, (i) investiga-
tion of the effect of flaxseed preparations on plas-
ma CRP concentrations, (i) providing baseline
and end-trial plasma CRP concentrations in both
flaxseed and control groups, and (iv) having a sup-
plementation with flaxseed for at least 2 weeks.

Non-clinical studies, uncontrolled trials, and
trials with insufficient data on CRP values in flax-
seed and control groups were excluded from the
meta-analysis.

Data extraction

Eligible studies were reviewed, and the follow-
ing data were abstracted: 1) first author’s name;
2) year of publication; 3) country were the study
was performed; 4) study design; 5) number of
participants in the flaxseed and control groups;
6) intervention assigned to the control group;
7) type (lignan extract, ground powder, or oil) and
dose of flaxseed supplement; 8) treatment dura-
tion; 9) age, gender, and body mass index (BMI) of
study participants; 10) systolic and diastolic blood
pressures; and 11) data regarding baseline and
follow-up concentrations of CRP. Data extraction
was performed independently by two reviewers;
disagreements were resolved by a third reviewer.

Quality assessment

Assessment of risk of bias in the studies in-
cluded in the analysis was performed systemati-
cally using the Cochrane quality assessment tool
for RCTs [16]. The Cochrane tool has seven cri-
teria for quality assessment: random sequence
generation (selection bias), allocation sequence
concealment (selection bias), blinding of partici-
pants and personnel (performance bias), blinding
of outcome assessment (detection bias), incom-
plete outcome data (attrition bias), selective out-
come reporting (reporting bias), and other poten-
tial sources of bias. The risk of bias in each study
was judged to be low, high, or unclear. Risk-of-bi-
as assessment was performed independently by
two reviewers; disagreements were resolved by
a third reviewer.
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Quantitative data synthesis

Meta-analysis was conducted using Com-
prehensive Meta-Analysis (CMA) V2 software
(Biostat, NJ) [17]. Net changes in measurements
(change scores) were calculated as follows: mea-
sure at end of follow-up - measure at baseline.
For single-arm, cross-over trials, the net change
in plasma concentrations of CRP were calculated
by subtracting the value after control intervention
from that reported after treatment. All values were
collated as mg/I. Standard deviations (SDs) of the
mean difference were calculated using the fol-
lowing formula: SD = square root [(SD
(SDpost—treatment)2 - (2 R X SDpre—treatment x post-treatment” 4?
assuming a correlation coefficient (R) equal to 0.5.
If the outcome measures were reported in median
and range (or 95% confidence interval (Cl)), mean
and standard SD values were estimated using the
method described by Wan et al. [18] Where stan-
dard error of the mean (SEM) only was reported,
the standard deviation (SD) was estimated using
the following formula: SD = SEM x sqrt (n), where
nis the number of subjects.

Net changes in measurements (change scores)
were calculated for parallel and cross-over trials,
as follows: (measure at the end of follow-up in
the treatment group — measure at baseline in the
treatment group) — (measure at the end of fol-
low-up in the control group — measure at baseline
in the control group). A random-effects model (us-
ing DerSimonian-Laird method) and the generic in-
verse variance method were used to compensate
for the heterogeneity of studies in terms of study
design, treatment duration, and the characteris-
tics of populations being studied [19]. Inter-study
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Figure 1. Flow chart of the number of studies iden-
tified and included into the meta-analysis

heterogeneity was assessed using Cochran Q test
and /? index. In order to evaluate the influence of
each study on the overall effect size, sensitivity
analysis was conducted using the leave-one-out
method, i.e. iteratively removing one study each
time and repeating the analysis.

Meta-regression

A weighted random-effects meta-regression
using an unrestricted maximum likelihood model
was performed to assess the association between
the overall estimate of effect size with potential
moderator variables, including dose and duration
of supplementation with flaxseed.

Publication bias

Potential publication bias was explored using
visual inspection of Begg’s funnel plot asymmetry,
and Begg’s rank correlation and Egger’s weighted
regression tests. The Duval and Tweedie “trim and
fill” method was used to adjust the analysis for
the effects of publication bias [20].

Results
Search results and trial flow

The initial screening comprised 587 full text ar-
ticles, and we removed the articles with titles that
were obviously irrelevant. Selected articles were
hand searched to identify further relevant studies.
Among 19 full text articles assessed for eligibility,
two studies were excluded, being not controlled
for flaxseed supplementation (Figure 1). After
final assessment, 17 eligible trials achieved the
inclusion criteria and were preferred for the final
meta-analysis [7, 21-36].

Characteristics of included studies

In total, 1256 individuals were included to the
meta-analysis, 639 participants were allocated to
the flaxseed supplementation group and 617 to
the control group. The number of participants in
the analysed studies ranged from nine to 85 in the
flaxseed group and from eight to 94 in the control
group. The included studies were published be-
tween 2007 and 2015, and were conducted in the
USA (n = 5), Brazil (n = 4), Canada (n = 3), China
(n = 2), Greece, Denmark, and Iran. The following
flaxseed supplementation was administered in the
included trials: ground powder 13 g to 60 g/day
(2.9 g to 10 g ALA/day), oil containing 1.022 g to
8 g ALA/day, and derived lignan complex 360 mg
to 600 mg total SDG/day. Duration of flaxseed
supplementation ranged between 2 weeks and
12 months. Ten trials were designed as a parallel
group and seven as crossover studies. Table | shows
the demographic characteristics and baseline pa-
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rameters of the included studies. No adverse events
related to the supplementation were reported.

Risk of bias assessment

An unclear risk of bias with respect to sequence
generation and allocation concealment was ob-
served. Some trials were not blinded, but studies
were low risk in terms of other sources of bias.
The systematic assessment of bias in the included
studies is shown in Table II.

Effect of flaxseed supplementation on
plasma CRP concentrations

Meta-analysis of data from 17 trials did not
suggest a significant change in plasma CRP con-

centrations following supplementation with flax-
seed-containing products (WMD: -0.25 mg/|,
95% Cl: =0.53, 0.02, p = 0.074; Q = 46.33, =
61.15%) (Figure 2 A). The effect size was robust in
the leave-one-out sensitivity analysis (Figure 2 B).
Subgroup analysis did not suggest any sig-
nificant difference in terms of changing plas-
ma CRP concentrations among different types
of flaxseed supplements used in the included
studies, i.e. flaxseed oil (WMD: -0.67 mg/l, 95%
Cl: =2.00, 0.65, p = 0.32; Q = 28.63, I?= 82.54%)
(Figure 3 A), lignan extract (WMD: —-0.32 mg/|,
95% Cl: -0.71, 0.06, p = 0.103; Q = 0.02, ? =
0%) (Figure 3 B), and ground powder (WMD:
-0.18 mg/l, 95% Cl: -0.42, 0.06, p = 0.142;
Q = 13.44, I>= 33.06%) (Figure 3 C).

Table Il. Assessment of risk of bias in the included studies using Cochrane criteria

Study Sequence  Allocation Blinding Blinding  Incomplete  Selective Other
generation  conceal- of partici- of outcome  outcome outcome potential
ment pants and assessment data reporting  threats to
personnel validity
Kontogianni et al. u u H L L L L
2013 [21]
Hutchins et al. U u H L L L L
2013 [22]
Zong et al. u u H L L L L
2013 [23]
Barre et al. u u L L L L L
2012 [24]
Lemos et al. u U L L L L L
2012 [25]
Rhee et al. v U H L L L L
2011 [26]
Faintuch et al. U U L L L L L
2011 [27]
Pan et al. L L L L L L L
2009 [28]
Dodin et al. L L L L L L L
2008 [29]
Bloedon et al. u U L L L L L
2008 [30]
Hallund et al. u v L L L L L
2008 [31]
Kaul et al. L L L L L L L
2008 [32]
Nelson et al. U u H H L L L
2007 [33]
Faintuch et al. u u L L L L L
2007 [34]
Cassani et al. u U U U L L L
2015 [35]
Demark- L L H L L L L
Wahnefried et al.
2008 [36]
Khalatbari Soltani u U H u L L L
etal 2013 [6]

L — low risk of bias, H — high risk of bias, U — unclear risk of bias.
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A
Study name Statistcs for each study Difference in means and 95% Cl
Difference Standard Variance Lower Upper Z-value P-value
in means  error limit  limit

Kontogianni et al., 2013 0.450 0.198 0.039 0063 0837 2278 0,023
Hutchins et al,, 2013a -0.700 1.113 1.238  -2.881 1481 -0.629  0.529
Hutchins et at. 2013b -1.500 1.078 1162 -3.613 0613 -1.391  0.164
Zong et at., 2013 0.000 0.032 0.001 -0.062 0062  0.000  1.000
Barre et al., 2012 -0.500 1.503 2260 -3.446 2446 -0333 0739
Lemos et at., 2012 -5.930 1.264 1598 -8.408 -3452 -4691 0000 |[¢—l—
Rhee et at., 2011 -2.300 1.895 3.590 -6.014 1414 -1214  0.225 —
Faintuch et al., 2011 -10.400 15.285  233.632 -40.358 19.558 -0.680  0.496 |« >
Pan et al., 2009 -0.310 0.308 0.095 -0913 0293 -1.008 0314 g
Dodin et at., 2008 -0.090 0.265 0070 -0.609 0.429 -0340 0.734
Bloedeon et at., 2008 -0.440 0.297 0.088 -1.022 0.142 -1.482 0.138
Hallund et at., 2008 -0.330 0.265 0070 -0.850 0.190 -1.245  0.213
Kaul et at., 2008 1.190 1.561 2436 -1.869 4.249 0762  0.446 r
Nelson et al., 2007 0.230 0.642 0412 -1.029 1489 0358  0.720
Faintuch et al.,, 2007 -2.700 2.307 5323 -7.222 1822 -1170  0.242 L
Cassani et at., 2015 -0.240 0.568 0322 -1353 0873 -0423 0.673 ?
Demark-Wahnefried et al., 2008a  0.000 0.231 0.054 -0.453 0453  0.000  1.000
Demark-Wahnefried et al., 2008b -0.530 0.286 0.082 -1.090 0030 -1.855  0.064
Khelatbari Soltani et at., 2013 -3.400 1.612 2599 6560 -0.240 -2.109  0.035 ——

-0.251 0.140 0.020 -0.526 0024 -1786 0074

-8 -4 0 4
Favours flaxseed Favours control

B
Study name Statistics with study removed Difference in means (95% Cl)

Point  Standard Variance Lower Upper Z-value P-value with study removed

error limit  limit

Kontogianni et al,, 2013 -0.349 0.152 0.023 -0.647 -0.051 -2.294  0.022 ——
Hutchins et al,, 2013a -0.247 0.143 0.020 -0.527 0033 -1729  0.084
Hutchins et al,, 2013b -0.229 0.140 0.020 -0.505 0.046 -1.634  0.102
Zongetal., 2013 -0.374 0.191 0.037 -0.749 0.001 -1.953  0.051
Barre et al., 2012 -0.252 0.143 0.020 -0.531 0028 -1767 0.077
Lemos et al., 2012 -0.119 0.097 0.009 -0310 0071 -1.229 0219
Rhee et al,, 2011 -0.239 0.140 0.020 -0.513 0036 -1703  0.089
Faintuch et al., 2011 -0.252 0.141 0.020 -0.529 0025 -1781  0.075
Pan et al., 2009 -0.255 0.152 0.023 -0.552 0042 -1.680  0.093
Dodin et al., 2008 -0.285 0.156 0.024 -0.590 0020 -1.831  0.067
Bloedeon et al., 2008 -0.238 0.150 0023 -0.532 0056 -1.585 0.113
Hallund et al., 2008 -0.253 0.153 0023 -0.554 0047 -1.655  0.098
Kaul et al., 2008 -0.264 0.142 0020 -0.542 0014 -1.860  0.063
Nelson et al., 2007 -0.274 0.145 0021 -0.559 0011 -1.885  0.059
Faintuch et al,, 2007 -0.241 0.140 0020 -0.516 0034 -1719  0.086
Cassani et al., 2015 -0.257 0.146 0021 -0.543 0030 -1755  0.079
Demark-Wahnefried et al., 2008a  -0.302 0.158 0.025 -0.613 0009 -1.906  0.057
Demark-Wahnefried et al., 2008b -0.224 0.149 0022 -0515 0067 -1.509  0.131
Khalatbari Soltani et al., 2013 -0.218 0.136 0.018 -0.484 0047 -1610 0.107

-0.251 0.140 0.020 -0.526 0024 -1786 0074 1

-2 -1 0 1 2

Favours flaxseed Favours control

Figure 2. Forest plot displaying weighted mean difference and 95% confidence intervals for the impact of flaxseed
supplementation on plasma C-reactive protein concentrations. Lower plot shows leave-one-out sensitivity analysis

Meta-regression

Meta-regression analysis was conducted to
evaluate the association between changes in
plasma CRP concentrations and potential con-
founders, including duration of supplementation
with flaxseed and changes in plasma LDL-C con-
centrations. No significant association was found
between changes in plasma CRP levels with either
supplementation duration (slope: =0.001; 95% Cl:
—-0.02 to 0.02; p = 0.928) or plasma LDL-C chang-
es (slope: 0.05; 95% Cl: =0.01 to 0.12; p = 0.095)
(Figure 4).

Publication bias

Visual inspection of funnel plots suggested an
asymmetry in the meta-analyses of flaxseed’s ef-
fects on plasma CRP concentrations. Using a “trim
and fill” method six potentially missing studies
were imputed on the right side of the funnel plot
(Figure 5). However, the corrected effect size re-
mained non-significant after imputation (WMD:
—-0.10 mg/l, 95% Cl: —0.42, 0.22). The results of

Egger’s linear regression (intercept = —0.86, stan-
dard error = 0.35; 95% Cl: =1.59, =0.12, t = 2.44,
df = 18, two-tailed p = 0.025) but not Begg’s rank
correlation (Kendall’s T with continuity correction
=-0.19, z = 1.20, two-tailed p = 0.223) suggested
publication bias in the meta-analysis.

Discussion

This meta-analysis did not suggest a significant
change in plasma CRP concentrations following
supplementation with flaxseed-containing prod-
ucts. Subgroup analysis also did not suggest any
significant difference in terms of changing plasma
CRP concentrations among different types of flax-
seed supplements used in the included studies,
i.e. flaxseed oil, lignan extract, and ground powder.

Areason for these effects could be that flaxseed
oil does not contain eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) fatty acids, while
the presence of a-linolenic acid may not be suf-
ficient for such beneficial effects [8]. Despite the
fact that a-linolenic acid undergoes conversions
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Study name Statistcs for each study Difference in means and 95% Cl
Difference Standard Variance Lower Upper Z-value P-value
in means  error limit  limit
Kontogianni et al., 2013 0.450 0.198 0.039 0063 0837 2278  0.023
Hutchins et al,, 2013a -0.700 1.113 1.238  -2.881 1481 -0.629  0.529
Hutchins et al., 2013b -1.500 1.078 1162  -3.613 0613 -1.391  0.164
Lemos et al., 2012 -5.930 1.264 1.598  -8.408 -3.452 -4.691  0.000
Vargas et al., 2011 0.700 1.155 1335 -1.564 2964 0606  0.545
Kaul et al., 2008 1.190 1.561 2436 -1.869 4249 0762 0446
Nelson et al., 2007 0.230 0.642 0412 -1.029 1489 0358  0.720
-0.673 0.677 0.458 -1.999 0.653 -0.994  0.320 !
-8 —4 0 4 8
Favours flaxseed Favours control
Study name Statistcs for each study Difference in means and 95% Cl
Difference Standard Variance Lower Upper Z-value P-value
in means  error limit  limit
Barre et al., 2012 -0.500 1.503 2260 -3.446 2446 -0333 0739
Pan et al., 2009 -0.310 0.308 0.095 -0.913 0.293 -1.008 0.314
Hallund et al., 2008 -0.330 0.265 0.070 -0.850 0.190 -1.245  0.213
-0.325 0.199 0.040 -0.715 0.065 -1.631 0.103
-8 -4 0 4 8
Favours flaxseed Favours control
Study name Statistcs for each study Difference in means and 95% Cl
Difference Standard Variance Lower Upper Z-value P-value
in means  error limit  limit
Zong et al,, 2013 0.000 0.032 0.001 -0.062 0062 0.000  1.000
Rhee et al, 2011 -2.300 1.895 3.590 -6.014 1414 -1214  0.225 —_—
Faintuch et al., 2011 -10.400 15.285  233.632 -40.358 19.558 -0.680  0.496 |« >
Dodin et al., 2008 -0.090 0.265 0.070 -0.609 0.429 -0.340 0.734
Bloedeon et al., 2008 -0.440 0.297 0.088 -1.022 0.142 -1.482 0.138
Faintuch et al., 2007 -2.700 2.307 5323 -7.222 1.822 -1170  0.242 L
Cassani et al,, 2015 -0.240 0.568 0322 -1353 0873 -0423 0673
Demark-Wahnefried et al., 2008a  0.000 0.231 0.054 -0.453 0.453 0.000 1.000
Demark-Wahnefried et al,, 2008b -0.530 0.286 0.082 -1.090 0030 -1.855  0.064
Khalatban Soltani et al., 2013 -3.400 1.612 2599 6560 -0.240 -2.109  0.035 ——
-0.181 0.123 0.015 -0.423 0061 -1.467 0.142 .
-8 —4 0 4 8

Favours flaxseed Favours control

Figure 3. Forest plot displaying weighted mean difference and 95% confidence intervals for the impact of flaxseed
oil (A), lignan extract (B), and ground powder (C) on plasma C-reactive protein concentrations

to longer-chain n-3 polyunsaturated fatty acids or
essential fatty acids such as EPA, docosapentae-
noic acid (DPA), and DHA, the exact percentage of
these conversions in the cells, plasma, and tissues
are still not known [37]. The a-linolenic acid con-
tained in flaxseed products was shown to inhibit
the metabolisation of arachidonic acid to more in-
flammatory cytokines [38]. Furthermore, different
factors such as smoking, gender, and high intake
of long-chain n-3 polyunsaturated fatty acids were

lenic acid conversions [39, 40]. It has been shown
that younger women have a greater capacity of
conversion of a-linolenic acid to essential fatty
acids than older women and men, due to having
a hormonal profile more sensitive to diet [41].This
capacity of conversion of a-linolenic acid to essen-
tial fatty acids is even greater during the period of
pregnancy and lactation.

Another fact that may account for these results
s that less than 10% of dietary a-linolenic acid

shown to affect the metabolic capacity of a-lino- is incorporated in the plasma phospholipid pool
2.00 2.00
2 0761 | 2 o076
T 0481 /| § 048
g -1.721 g -1.721
£ -2.961 £ -2.961
@ -4.20 1 g —4.20 A
£ 5441 o £ -544 O
L 6681 S 6681
£ -7.921 £ -7.92
o -9.161 o -9.16
-10.40 T T T T -10.40
-2.60 8.44 19.48 30.52 41.56 52.60 —42.51 -29.28 -16.04 -2.81 10.43 23.66
2.92 13.96 25.00 36.04 47.08 -35.90 -22.66 -9.43 3.81 17.05
Treatment duration [weeks] LDL-C change [mg/dl]
Figure 4. Meta-regression plots of the association between mean changes in plasma C-reactive protein concentra-
tions with duration of supplementation and changes in plasma LDL-C concentrations
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Figure 5. Funnel plot displaying publication bias in
the studies reporting the impact of flaxseed sup-
plementation on plasma C-reactive protein concen-
trations

[42]. Moreover, the beneficial effects of a-linolenic
acid derived from plant sources, which is less ef-
fective than omega-3 obtained from animal sourc-
es, might also influence the results on flaxseed
supplements and products on plasma CRP levels.

Lignans, the precursors of enterodiol and en-
terolactone, are also important compounds found
in flaxseed products converted by the microbial
flora in the colon [8, 43]. The administration of
the principal lignan of flaxseed, secoisolaricire-
sinol diglucoside and its primary metabolites:
secoisolariciresinol (SECO), enterodiol (ED), and
enterolactone (EL), on male Wistar rats, showed
short half-lives, a large volume of distribution, and
a high systemic clearance [44]. These pharmaco-
kinetics properties of lignans might also explain
the lack of effects of flaxseed products on plasma
CRP levels. Another potential reason may lie in the
fact that the effects of fatty acids on inflammatory
cells are modulated by changes in fatty acid com-
position of cell membranes, causing lipid raft pro-
duction, changes of membrane fluidity, and mod-
ifications of gene expression and of the pattern
of peptide and lipid mediator production [45-50].

The present meta-analysis has some limita-
tions. There were only a few eligible RCTs, and
most of them had a small number of participants
with suitable short time of supplementation, and
they were heterogeneous regarding the char-
acteristics of patients and study design. Many
characteristics that vary within studies, such as
the type of flaxseed products, the background of
the patients included, the control groups, or the
quality of the studies, could have been factors of
between-study heterogeneity. Our results showed
that the significance of estimated pooled effect
size was not biased by any single study.

In conclusion, this meta-analysis of available
randomised controlled trials does not suggest any
significant benefit of flaxseed product supplemen-
tation in decreasing plasma CRP concentrations.
Larger, well-designed studies with higher doses
and longer follow-up should be performed to vali-
date the current results.

protein concentrations
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