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1. Introduction

Effect of flaxseed supplementation on blood
pressure: a systematic review, and dose—response
meta-analysis of randomized clinical trials¥

Lingou Li, © 2 Hanzhang Li,£° Yuzhen Gao, Somayeh vafaei,® Xingyu Zhang® and
Mei Yang (2 *@

Many clinical trials have revealed that flaxseed supplementation might exert a potent antihypertensive
influence, but the findings are inconsistent. In this regard, a meta-analysis was carried out to provide a
more accurate estimate of the impact of flaxseed supplementation on blood pressure. We searched inter-
national databases including PubMed, Cochrane Library, Web of Science, Scopus, Embase, and Google
Scholar till July 2022. A random-effects model was used to calculate weighted mean differences (WMDs).
Non-linear dose-response analysis and meta-regression were performed. Meta-analysis of 33 trials
(comprising 43 treatment arms) with 2427 participants revealed significant reductions in both systolic
(WMD: —-3.19 mmHg; 95% Cl: —4.15 to —2.24, p < 0.001; > = 92.5%, p < 0.001) and diastolic blood
pressure (WMD = —2.61 mmHg; 95% Cl: —3.27, —1.94, p < 0.001; I? = 94.1%, p < 0.001) following flaxseed
supplementation. Greater effects on SBP and DBP were found in trials with an intervention duration of
>20 weeks, >30 g day™? of flaxseed, subjects with BMI 25-30 kg m™2, and in patients with hypertension.
Supplementation with various flaxseed products significantly reduced SBP and DBP levels, confirming the
hypothesis that flaxseed could be used as an effective supplement for blood pressure management,
alongside routine medications.

as a desirable add-on therapy to regulate BP and mitigate the
burden of HTN.?

High blood pressure (BP) is substantially related to an elevated
risk of chronic disorders, such as heart failure, ischemic heart
disease, stroke, and kidney disease.’ Often known as hyper-
tension (HTN), * high BP is a considerable factor of morbidity
which imposes a significant economic burden on society, due
to its association with an increased risk of chronic disease.’
BP management, through altering one’s diet and lifestyle, is
an effective approach to prevent or alleviate HTN and its
health consequences.® There is evidence that some special
dietary patterns, such as the Mediterranean diet and the DASH
diet, can improve BP.” Dietary treatments have been proposed

“Department of Endocrinology, The First People’s Hospital of Chong Qing Liang
Jiang New Area, Chongqing, China. E-mail: 3148882@qq.com

bHubei University of Chinese Medicine, Hubei, China

‘Department of Clinical Laboratory, Sir Run Run Shaw Hospital of Zhejiang
University School of Medicine, Hangzhou, Zhejiang, China

4Department of Obstetrics and Gynecology, University of Chicago, Chicago, IL 60637,
USA

T Electronic supplementary information (ESI) available. See DOI: https://doi.org/
10.1039/d2f002566¢

{These authors equally contributed the study.

This journal is © The Royal Society of Chemistry 2023

Flaxseed (Linum usitatissimum) is one of the most
important and frequently used herbs in the treatment of BP
that has recently gained attention.”'® This is due to the
presence of high-quality protein and soluble fibers,"" which
can alter serum lipid concentrations.'® Flaxseed is also a
good dietary source of phytoestrogen, a-linolenic acid,
lignans, and phenolic compounds.”” Numerous randomized
controlled trials (RCTs) and a rencent review have shown
that flaxseed and its constituent parts can lower BP.*™"7
Despite growing body of evidence, there is inconsistency
amongst trials examining the effects of flaxseed on BP. Two
meta-analyses published in 2015 evaluated the anti-hyperten-
sive benefits of flaxseed and flaxseed-derived products on
BP."®' However, this association was explored in detail in
several articles published since then. Due to the conflicting
findings of these studies and the absence of a comprehen-
sive update meta-analysis, we further have investigated the
effects of flaxseed and its derivatives on adults’ BP. Hence,
we conducted the current dose-response systematic review
and meta-analysis of RCTs to determine the effects of flax-
seed and flaxseed-derived products on BP in normotensive
and hypertensive subjects.
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2. Methods

Based on the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) procedure for conducting and
disseminating systematic reviews and meta-analyses, the
current investigation was carried out.>® Also, we registered our
study protocol in PROSPERO (CRD42022352556).

2.1. Search strategy

We conducted a thorough literature search in online databases
including PubMed, Cochrane Library, Scopus, Web of Science,
Embase, and Google Scholar up to July 2022 to discover
related papers on the impact of flaxseed supplementation on
BP in adults. In the search strategy, the following Medical
Subject Headings (MeSH) and subject terms or keywords were
used: (flax* OR flaxseed OR lignan* OR ground flaxseed OR
whole flaxseed OR flaxseed oil OR Linum usitatissimum OR
linseed*) AND (blood pressure OR hypotension OR anti-hyper-
tensive OR hypertension OR hypotensive) AND (Randomized
controlled trial OR Intervention studies OR controlled trial OR
intervention OR controlled clinical trial OR randomized OR
random OR placebo OR randomized clinical trial OR randomly
OR RCT OR assignment OR double blinded). References from
all relating peer-reviewed research were consulted and cross-
referenced against databases to ensure that no related articles
were missed. Duplicates were excluded from consideration and
following citations were included in the Endnote screening
software.

2.2. Inclusion and exclusion criteria

The inclusion criteria for this study included parallel or cross-
over clinical trials that investigated the impact of flaxseed prep-
arations on BP, provided baseline and end-of-trial BP values in
both intervention and control groups, and had a supplemen-
tation period with flaxseed of at least two weeks. Case reports,
experimental studies, observational studies, animal experi-
ments, in vitro studies, and studies with inadequate data on
BP values in the flaxseed and control groups were excluded
from the meta-analysis.

2.3. Quality assessment, and certainty assessment

In order to assess the study quality, two independent reviewers
used the Cochrane Collaboration modified risk of bias tool.
This tool measures bias in seven different areas, such as
random sequence generation, performance bias, reporting
bias, allocation concealment, detection bias, attrition bias,
and other possible sources of bias.>! As a result, each category
of study bias was classified with terms as “low”, “high”, and
“unclear”. A corresponding author evaluated and resolved
differences in study bias between independent reviewers in
each domain. According to the GRADE standards working
group, we evaluated the overall certainty of the evidence across
studies (gradeworkinggroup.org). According to evaluation stan-
dards, there were four categories of evidence quality: high,
moderate, low, and very low.>?
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2.4. Study selection and data extraction

Two independent investigators screened every eligible study
and extracted data from each of them. Extracted data con-
tained the first author’s name, year of publication, study
location, sample group size (placebo/control and intervention),
participant demographics [(mean + standard deviation [SD],
gender, mean age, and the baseline of body mass index
(BMI)], study design, dosage of flaxseed, intervention’s dur-
ation, mean + SD of BP (SBP and DBP) changes for both inter-
vention and control groups, and the type of flaxseed sup-
plement and control. To conduct data analysis, values from
the dataset were, if possible, converted to the most usual units
of an expression.

2.5. Quantitative data synthesis

Mean differences and SD for the intervention and control
groups were extracted to calculate the effect size for BP
markers. To estimate weighted mean differences (WMDs) with
95% confidence intervals, a random-effects model was utilized
(C1s).”® In studies reporting standard errors (SEs), 95% confi-
dence intervals (CIs), and interquartile ranges (IQRs), means *
SD was converted.”® All BP units were collated in mmHg.
Using Cochran’s Q test, the I-square (I°) statistic was used to
examine the degree of between-study heterogeneity. I* values
greater than 50% or p < 0.1 was considered to indicate high
heterogeneity between studies. To identify potential sources of
heterogeneity, we performed a subgroup analysis in conformity
with the baseline BMI, study duration, intervention dosage,
health condition, mean age, type of flaxseed product, study
quality, control intervention type, gender, and sample size. In
order to estimate the effect of the single studies on the overall
effect size, a sensitivity analysis was conducted. To investigate
the effects of small studies, Begg’s adjusted rank correlation
and Egger’s regression asymmetry test were also applied.”>?®
An assessment of publication bias was carried out using
funnel plots. As a result of publication bias, we used the “trim
and fill” method in order to impute potentially missing
studies in cases of publication bias detection. Non-linear
dose-response and meta-regression was performed to investi-
gate the association between overall effect size and sample
size, flaxseed dosage (g day '), and the intervention’s
duration (week). It was statistically analyzed using STATA
software, version 16 (Stata Corp, College Station, TX). A
P-values of <0.05 were regarded as statistically meaningful for
each analysis.

3. Results

3.1. Study selection

Initially searched, 1912 studies were found; however, 625 of
them were eliminated due to duplication. Additional 1247
studies were discarded since of irrelevant titles and abstracts
(n = 934), animal studies (n = 185), and review studies (n =
128). In the end, 40 relevant studies were left to be reviewed in
full-text. Seven studies were omitted due to a lack of BP marker
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reporting or a inappropriate design. Finally, 33 trials were
included in this meta-analysis (Fig. 1).

3.2. Characteristics of the studies

A summary of the characteristics of the included studies is pro-
vided in Table 1. Totally, 2427 subjects were included (case =
1220; control = 1207), and the dates of publications were
between 1999 and 2021. Among the 33 studies, 28 were parallel
studies,'®**71%277%9 and five were crossover’’* studies. The
intervention duration ranged from 3 to 48 weeks and the
sample size varied from 14 to 189 individuals. BMI at baseline
ranged from 23 to 32 kg m™>. Studies were conducted in the
following countries: Canada,?®*%*%*7:49:30:32 pap 1415,28,29,32-38
China,'3%*%%3 India,"®>*>*® Brazil,?”' Australia,** Finland,**
Denmark,”" USA,*! Netherlands,*® and Cuba.'®

Whole flaxseed, ground flaxseed, roasted flaxseed, defatted
Flaxseed (doses from 10 to 100 g),'>'¢27733:36738:42,43,45,46,52

flaxseed oil (doses from 1 to 30 g),'13:14:32:34,35,39,41,44,48,54 5 q

Review

3.3. Risk of bias, and grade assessment

The results of the Cochrane criteria to assess the risk of bias of
the included studies were depicted in Table 2. Using the
GRADE approach, both outcomes were rated moderate for evi-
dence quality. The level of evidence was downgraded because
of serious limitations for imprecision (Table 3).

3.4. Effect of flaxseed supplementation on SBP

The overall estimate from the random-effect model carried out
on 33 studies with 43 arms, including 1220 cases and 1207
controls, revealed that flaxseed had a significant effect on SBP
(WMD: —3.19 mmHg; 95% CI: —4.15 to —2.24, p < 0.001)
(Fig. 2). Between-study heterogeneity was found to be quite
high (I* = 92.5%, p < 0.001). Therefore, sub-group analysis was
conducted based on different variables and it was revealed
that the potential sources of between-study heterogeneity were
sample size, health condition, duration, age, dose, study
quality, control intervention type, and baseline BMI (Table 4).

flaxseed lignan supplements (doses from 0.36 to Performing subgroup analysis showed that the effect of flax-
0.6 g)*%*7 4975153 were used in studies. seed supplementation on SBP in studies with a treatment
Total records identified through
database searching
(n=1912)
Duplicates excluded
(n=625)

Records screened by
title/abstract
(n=1287)

Full-text articles evaluated for

Records excluded (n=1247)
-Unrelated title and abstract (n=934)
-Animal studies (n=185)
-Review studies (n= 128)

Fig. 1 Flow diagram of study selection.
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eligibility
(n=40)
Records excluded (n=7)
-Did not provide information's (n=3)
- Non appropriate design (n=4)
Included studies
(n=33)
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Table 2 Results of risk of bias assessment for randomized clinical trials included in the current meta-analysis on the effects of flaxseed supplemen-

tation on blood pressure?

Allocation
concealment

Random Sequence

Author, year, country Generation bias

Reporting

Attrition
bias

Detection
bias

Performance
bias

Other sources
of bias

Jenkins, 1999,
Canada®?

Dodin, 2005, Canada*>
Hallund, 2006,
Denmark®’

Schwab, 2006,
Finland**

Pan, 2007, China®
Barcelo, 2008,
Canada®®

Cornish, 2009,
Canada®®

Barden, 2009,
Australia®*

Wu, 2010, China*?
Dewell, 2011, USA**
Barre, 2012, Canada®
Rodriguez-Leyva, 2013,
Cuba®’

Katare, 2013, India*®
Saxena, 2014, India*®
Cassani, 2015, Brazil*’
Machado, 2015,
Brazil®**

Javidi, 2016, Iran*®
Yari, 2016, Iran®’
Di, 2017, Canada*’
Alcorn, 2017, Canada®*®
Akrami, 2017, Iran
Haghighatsiar, 2019,
Iran*®

Hasaniani, 2019,
Iran>
Morshedzadeh, 2019,
Iran®?

Saleh-Ghadimi, 2019,
Iran®®

Pieters, 2019,
Netherlands*®

Yang, 2019, China
Kuang, 2020, China**
Rezaei, 2020, Iran®*
Yari, 2020, Iran
Morshedzadeh, 2021,
Iran®?

Toulabi, 2021, Iran
Bhardwaj, 2021, India
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“Each study was assessed for risk of bias using the Cochrane Risk of Bias Assessment tool (ref. 21). Domains of assessment were included
random sequence generation, allocation concealment, reporting bias, performance bias, detection bias, attrition bias and other sources of bias.
Each domain was scored as “high risk” if it contained methodological flaws that may have affected the results, “low risk” if the flaw was deemed
inconsequential, and “unclear risk” if information was insufficient to determine. If a study got “low risk” for all domains, it considered as a high

quality study with totally low risk of bias.

dosage of >30 g day ", intervention duration of >20 weeks, and
subjects with HTN and non-alcoholic fatty liver disease
(NAFLD) were more robust than the entire sample (Table 4).
According to sensitivity analysis, the pooled estimate of the
effect of flaxseed supplementation on SBP was unaffected by
the removal of any particular study. Egger’s but not Begg’s
tests revealed a significant small-study effect (p = 0.015 and
0.391, respectively). A trim and fill analysis was carried out
using seven imputed studies after a visual assessment of the

680 | Food Funct,, 2023, 14, 675-690

funnel plot (Fig. S17) revealed an unequal distribution of trials
(WMD: —3.81 mmHg; 95% CI: —4.75 to —2.87, p < 0.05)

(Fig. S27).

3.5. Effect of flaxseed supplementation on DBP

The results of our analysis of 32 RCTs with 41 arms including
1201 cases and 1193 controls indicated that flaxseed sup-
plementation  substantially reduced DBP (WMD
—-2.61 mmHg; 95% CI: —3.27, —1.94, p < 0.001; I* = 94.1%,

This journal is © The Royal Society of Chemistry 2023
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Table 3 GRADE approach summary of findings and quality of evidence assessment
Summary of findings Quality of evidence assessment (GRADE)

Outcome No of patients WMD Publication  Quality of
measure (trials) (95% CI) Risk of bias® Inconsistency’ Indirectness® Imprecision” bias® evidence’
Blood pressure

SBP (mmHg) 2427 (43) —3.19 (—4.15, —2.24) Not serious  Not serious Not serious Serious Not serious Moderate
DBP (mmHg) 2394 (41) —2.61 (—3.27, —1.94) Not serious  Not serious Not serious Serious Not serious Moderate

SBP = systolic blood pressure; DBP = diastolic blood pressure. “ Risk of bias based on the Cochrane risk of bias tool. This tool assesses selection
bias, performance bias, detection bias, attrition bias, and reporting bias. Only one study had clear selection bias, performance bias, and detec-
tion bias. Four of 14 studies had attrition bias. ? Downgraded if there was a substantial unexplained heterogeneity (I* > 50%, P < 0.10) that was
unexplained by meta-regression or subgroup analyses.  Downgraded if there were factors present relating to the participants, interventions, or
outcomes that limited the generalizability of the results. ¢ optimal information size was not met, or the 95% CI include the null value lower and
upper bounds of the 95% CI were <0.95 and >1.05, respectively. * Downgraded if there was an evidence of publication bias using funnel plot.
fSince all included studies were randomized clinical trials, the certainty of the evidence was graded as high for all outcomes by default and then
downgraded based on prespecified criteria. Quality was graded as high, moderate, low, very low.

p < 0.001) (Fig. 3). A high amount of heterogeneity was
detected (I* = 94.1%, p < 0.001) that was lowered by subgroup-
ing based on sample size, health condition, study quality,
control intervention type, type of flaxseed product, and mean
age (Table 4). Subgroup analysis indicated that flaxseed sup-
plementation with a dosage of >30 g day ' on overweight or
obese patients with HTN contributes to a greater effect in low-
ering DBP (Table 4). As a result of the sensitivity analysis, it
was found that removing a single study had no effect on the
effect size. Egger’s unlike Begg’s test found a substantial
small-study effect (p = 0.003 and p = 0.999). Moreover, publi-
cation bias was evident from visual inspection of the funnel
plot (Fig. S3t). Consequently, we conducted trim and fill ana-
lysis with three imputed studies that led to no alterations in
the significance of the results (WMD = —2.73 mmHg; 95% CI:
-3.39, —2.07, p < 0.05) (Fig. S47).

3.6. Meta-regression

Meta-regression was conducted to investigate the potential
association between a reduction in SBP, and DBP, dosage
(g day'), sample size, and duration (weeks) of flaxseed sup-
plementation. Meta-regression analysis revealed no linear
association between dosage, sample size, duration, and SBP
and DBP changes (Fig. S5 and S67).

3.7. Non-linear dose-responses between dosage of flaxseed
supplementation and BP

Dose-response analysis indicated a trend to a significant
impact of flaxseed dosage on SBP (Pponinear = 0.04). Also, the
most substantial reduction was at dosage >30 g day " (Fig. 4).
Furthermore, flaxseed supplementation did not significantly
alter DBP level based on dose (P,oninear = 0-15) (Fig. 5).

4. Discussion

The current updated meta-analysis on 33 article showed that
flaxseed supplementation has decreasing effects on SBP and
DBP. Subgroup analysis revealed that >50-year subjects in both

This journal is © The Royal Society of Chemistry 2023

genders with HTN, NAFLD, and overweight BMI (25-30 kg m™?)
more benefited from flaxseed supplementation.
Moreover, duration more than 20-week of flaxseed supplemen-
tation in the higher dosages (>30 g day ') led to more ben-
eficial effects on SBP and DBP. Also, more significant
reduction of SBP and DBP was observed with lignan extract
and whole flaxseed, respectively. Dose-response analysis
revealed that the effects of flaxseed on SBP was in a non-linear
dose-dependent manner.

A systematic review and meta-analysis by Ursoniu et al.'® in
2015 reported that flaxseed supplementation resulted in a sig-
nificant decrease in BP. Similar results were driven from a
meta-analysis by Khalesi et al.,"® which included 14 trials, and
the results of their subgroup analysis were consistent with
ours. However, their investigations did not include dose-
response analysis. In addition, their results were not reported
based on the mean age, BMI, health condition, and control
intervention type. Most importantly, they did not evaluate the
evidence according to the GRADE approach. Hence, the quality
of their results cannot be trusted. Moreover, their protocol was
not registered in databases for systematic reviews such as
PROSPERO or Cochrane database.

Aging is considered as a risk factor of BP. HTN in people
over 50 years of age is related to various types of cardiovascular
diseases, stroke, heart attack, kidney and liver failure.>>>® Our
results demonstrated that supplementing with flaxseed had a
substantially greater impact in people over 50 than those
under 50 years, due to increased oxidative stress and vascular
damage in elders.”” Therefore, supplements that have anti-
oxidant properties may show better effects old.>®*>° Sub group
analysis for sex revealed flaxseed supplementation had no
more desirable effects in woman than men. Even so, some evi-
dence showed the antagonistic effect of flaxseed phytoestrogen
on estrogen receptors, and estrogen can increase BP by
increasing the secretion of angiotensinogen.®®®’ However,
there were discordances between the effects that estradiol had
on angiotensin II and BP.°> Thus, it seems hormonal fluctu-
ations in women, especially during menarche, and the phy-
toestrogenic properties of flaxseed lignans have not been

were
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Study %
ID WMD (95% CI) Weight
Jenkins et al (1999) : 0.00 (-7.33, 7.33) 1.20
Dodin et al (2005) ——t= -3.50 (-7.83, 0.83) 223
Hallund et al (2006) S -1.00 (-12.53, 10.53) 0.59
Schwab et al (2006) ‘]; -3.00 (-16.72, 10.72) 0.43
Pan et al (2007) —_—— -1.10 (-7.50, 5.30) 1.45
Barcelo” -Coblijn (a) et al (2008) t L g 1.00 (-6.36, 8.36) 1.19
Barcelo” -Coblijn (b) et al (2008) ¢ -2.70 (-11.71, 6.31) 0.88
Barcelo” -Coblijn (c) et al (2008) : ¢ 1.00 (-9.92, 11.92) 0.64
Cornish et al (2009) —_—— 1.40 (-4.55, 7.35) 1.59
Barden et al (2009) e -2.00 (-3.75, -0.25) 3.62
Wu etal (2010) ———— -1.80 (-5.88, 2.28) 2.35
Dewell (a) etal (2011) :: -4.00 (-9.84, 1.84) 1.62
Dewell (b) etal (2011) To— 0.00 (-5.84, 5.84) 1.62
Barre et al (2012) | —— 2.80 (0.02, 5.58) 3.05
Rodriguez-Leyva et al (2013) 4 -10.90 (-19.99, -1.81) 0.87
Katare et al (2013) I —o- -0.72 (-2.44, 1.00) 3.63
Saxena et al (2014) : —- -0.72 (-2.44, 1.00) 3.63
Cassani et al (2015) » -3.00 (-11.70, 5.70) 0.93
Machado (a) et al (2015) 1 -0.47 (-2.42, 1.48) 3.51
Machado (b) et al (2015) | -0.48 (-2.41, 1.45) 3.53
Javidi (a) etal (2016) —0:— -4.15 (-6.37, -1.93) 3.37
Javidi (b) et al (2016) —_—— | -13.79 (-17.43,-10.15)  2.58
Yari et al (2016) —_— -3.49 (-8.13, 1.15) 2.09
Akrami etal (2017) € * I -14.92 (-24.16, -5.68) 0.85
Alcorn et al (2017) : * 2.00 (-5.82, 9.82) 1.10
Di (a) et al (2017) —— | -12.00 (-15.15, -8.85) 2.85
Di (b) et al (2017) | ——— 5.00 (-1.62, 11.62) 1.38
Haghighatsiar et al (2019) —— -2.62 (-4.97, -0.27) 3.30
Hasaniani et al (2019) : * -0.36 (-0.94, 0.22) 4.06
Morshedzadeh (a) et al (2019) | ® -0.66 (-0.96, -0.36) 4.10
Morshedzadeh (b) et al (2019) R 2 -0.89 (-1.24, -0.54) 4.10
Saleh-Ghadimi et al (2019) 1—— -0.82 (-2.92, 1.28) 3.43
Yang etal (2019) —l— 233 (-6.85, 2.19) 2.14
Pieters et al (2019) : - -1.10 (-2.60, 0.40) 3.74
Kuang et al (2020) —— -6.50 (-9.31, -3.69) 3.04
Rezaei et al (2020) —— -4.80 (-7.78, -1.82) 2.94
Yari (a) etal (2020) — -1.64 (-10.18, 6.90) 0.96
Yari (b) et al (2020) —dl—— -3.56 (-10.52, 3.40) 1.29
Morshedzadeh et al (2021) , o -0.39 (-0.88, 0.10) 4.08
Toulabi (a) etal (2021) —-— I -11.58 (-13.18, -9.98) 3.69
Toulabi (b) et al (2021) —— I -15.10 (-16.97,-1323)  3.56
Bhardwaj (a) etal (2021) —0+— 542 (-12.16, 1.32) 1.35
Bhardwaj (b) et al (2021) —_—— -7.64 (-14.09, -1.19) 1.43
Overall (I-squared = 92.5%, p = 0.000) é -3.19 (-4.15, -2.24) 100.00
NOTE: Weights are from random effects analysis :

| |

-24.2 0

24.2

Fig. 2 Forest plot detailing mean difference and 95% confidence intervals (Cls) the effects of flaxseed supplementation on SBP levels.

affected.®® The effects of flaxseed on different genders need to
be further demonstrated.

Sources of high heterogeneity were determined by perform-
ing subgroup analysis, with sample size, duration, age, dose,
health condition, study quality, and control intervention type
being possible sources. Therefore, the detected heterogeneity
was related to clinical and methodological issues, not statisti-
cal problems resulting in high reliability of the results. This
means that these subgroups had a different true effect.
Subgroup analysis also revealed that in the interventions
period of >20 weeks, the-lowering effect of flaxseed was the
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most significant. In long-term interventions, the anti-inflam-
matory and antioxidant effects of flaxseed supplementation
are more visible,”* the subgroup analysis of dosage showed
that high doses (more than 30 g day ') had more favorable
effect than low doses. Flaxseed (oil or lignan or whole seed) in
the long term and in high doses leads to better reconstruction
of the vessel endothelium, water and electrolyte
regulation.®®®” Besides, flaxseed indirectly reduces BP via
modulating hyperlipidemia, hyperglycemia, weight loss, intes-
tinal microbiota and etc.°®”7° Subgroup analysis about inter-
vention type revealed that lignan extract was more effective on

This journal is © The Royal Society of Chemistry 2023
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Table 4 Subgroup analyses for the effects of flaxseed supplementation on blood pressure

Review

NO WMD* (95% CI) P-Within” (%) P-Heterogeneity”
Flaxseed supplementation on SBP
Overall 43 —3.19 (—4.15, —2.24) <0.001 92.5 <0.001
Age (year)
<50 20 —-0.77 (-0.97, —0.57) <0.001 54.9 0.002
>50 20 -1.16 (-1.61, —0.72) <0.001 85.5 <0.001
NR 3 —8.95 (—9.94, —7.95) <0.001 98.6 <0.001
Gender
Women 2 —3.19 (-7.24, 0.86) 0.123 0 0.691
Men 2 —2.04 (-3.76, —0.32) 0.020 0 0.825
Both 39 —1.09 (—1.28, —0.91) <0.001 93.2 <0.001
Intervention duration (week)
<10 12 —0.90 (—1.40, —0.40) <0.001 66.2 <0.001
10-20 23 —1.09 (-1.29, —0.90) <0.001 95.3 <0.001
>20 8 —5.88 (-7.77, —=3.99) <0.001 81.2 <0.001
Dosage of flaxseed (g day ™)
<10 16 —1.00 (—1.32, —0.67) <0.001 75.8 <0.001
10-30 23 —1.06 (—1.28, —0.84) <0.001 94.9 <0.001
>30 6 —5.48 (—6.94, —4.02) <0.001 83.1 <0.001
Intervention type
Lignans 7 —2.12 (-3.86, —0.37) 0.017 89.4 <0.001
Whole flaxseed 21 —1.12 (-1.34, —0.90) <0.001 95.8 <0.001
Flaxseed oil 15 —1.04 (-1.37, —0.72) <0.001 42.5 0.041
Study design
RCT 38 —1.13 (-1.31, —0.94) <0.001 93.3 <0.001
Cross over 5 1.68 (—0.64, 4.01) 0.156 0 0.698
Study population
Diabetic 5 -0.76 (-1.30, —0.23) 0.005 94 <0.001
Metabolic syndrome 8 —3.11 (—5.22, —1.00) 0.004 12.6 0.332
Menopausal 2 —3.19 (-7.24, 0.86) 0.123 0 0.691
Overweight and obese 4 —1.42 (-2.37, —0.47) 0.004 79.4 0.002
Healthy 9 —3.15 (-4.52, —1.79) <0.001 81.6 <0.001
Heart diseases 3 -1.79 (-3.71, 0.12) 0.011 60.7 0.079
Hyperlipidemia 4 -1.10 (-2.17, —0.03) 0.044 0 0.558
Hypertension 4 -12.32 (—13.48, —11.15) <0.001 89.3 <0.001
Ulcerative colitis 3 —0.69 (—0.90, —0.48) <0.001 25.9 0.259
NAFLD 1 —4.80 (-7.78, —1.82) 0.002 — —
Control intervention type
Placebo 7 —-0.76 (—1.19, —0.33) <0.001 91.3 <0.001
whey protein 3 —7.60 (—10.27, —4.93) <0.001 92.6 <0.001
Wheat (barn, and germ) 7 —7.28 (—8.16, —6.40) <0.001 96.9 <0.001
Rice 2 -1.77 (-6.92, 3.39) 0.502 0 0.730
Sunflower oil 8 —2.32 (-3.55, —1.08) <0.001 58.6 0.018
Lifestyle Modification 3 —2.44 (-5.32, 0.45) 0.098 0 0.850
Medical advice 2 —0.76 (—0.99, —0.53) <0.001 0 0.333
Corn oil 1 —2.33 (—6.85, 2.19) 0.312 — —
Soybean oil 2 —2.00 (—6.13, 2.13) 0.342 0 0.342
hempseed oil 1 —3.00 (-16.72, 10.72) 0.668 — —
Olive oil 1 —2.00 (—3.75, —0.25) 0.025 — —
Others 6 —-0.62 (—-1.16, —0.08) 0.024 73.3 0.002
Sample size
<50 23 —0.81 (-1.02, —0.59) <0.001 66.5 <0.001
>50 20 —1.80 (—2.13, —1.47) <0.001 96.0 <0.001
BMI
<25 10 —0.70 (—0.90, —0.49) <0.001 2.8 0.413
25-30 22 —2.66 (—3.07, —2.26) <0.001 95.4 <0.001
>30 5 —1.07 (—2.45, 0.31) 0.128 72.8 0.005
NR 6 —3.84 (-7.34, —0.34) <0.001 56.0 0.045
Study quality
Low 21 —0.94 (-1.33, —0.54) <0.001 74.1 <0.001
High 22 —1.16 (-1.36, —0.95) <0.001 95.7 <0.001
Flaxseed supplementation on DBP
Overall 41 —2.61 (—3.27, —1.94) <0.001 94.1 <0.001
Age (year)
<50 20 —0.52 (—0.64, —0.40) <0.001 86.6 <0.001
>50 18 —1.23 (-1.53, —0.93) <0.001 89.4 <0.001
NR 3 —4.70 (—5.29, —4.11) <0.001 98.9 <0.001
Gender
Women 2 —2.39 (-5.17, 0.38) 0.091 0 0.704

This journal is © The Royal Society of Chemistry 2023
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NO WMD* (95% CI) P-Within® P (%) P-Heterogeneity”
Men 2 —1.93 (-3.11, —0.76) <0.001 0 0.463
Both 37 —0.75 (—0.86, —0.64) <0.001 94.7 <0.001
Intervention duration (week)
<10 12 —1.20 (-1.56, —0.84) <0.001 86.9 <0.001
10-20 23 —0.71 (—0.82, —0.59) <0.001 95.7 <0.001
>20 6 —1.82 (—2.87, —0.76) <0.001 93.2 <0.001
Dosage of flaxseed (g day ")
<10 16 —0.74 (—0.90, —0.58) <0.001 96 <0.001
10-30 19 —0.60 (—0.76, —0.45) <0.001 88.6 <0.001
>30 6 —4.71 (—5.43, —3.98) <0.001 83.7 <0.001
Intervention type
Lignans 5 0.11 (-0.98, 1.19) 0.845 61.5 0.034
Whole flaxseed 21 —0.97 (—1.13, —0.82) <0.001 96.4 <0.001
Flaxseed oil 15 —-0.54 (-0.71, —0.38) <0.001 85.2 <0.001
Study design
RCT 36 —0.76 (—0.87, —0.65) <0.001 94.9 <0.001
Cross over 5 —1.02 (—2.65, 0.61) 0.220 0 1.000
Study population
Diabetic 5 —0.98 (—1.37, —0.58) <0.001 94.9 <0.001
Metabolic syndrome 8 —1.40 (—2.49, —0.30) 0.013 8.4 0.365
Menopausal 2 —2.39 (-5.17, 0.38) 0.091 0 0.704
Overweight and obese 4 —3.95 (—4.64, —3.26) <0.001 89.9 <0.001
Healthy 4 0.88 (-1.72, —0.03) 0.043 66.1 0.007
Hyperlipidemia 4 —0.86 (—1.41, —0.32) 0.002 0 0.991
Ulcerative colitis 3 —0.41 (—0.53, —0.28) <0.001 38.5 0.196
Hypertension 4 —8.49 (-9.31, —7.68) <0.001 80.8 <0.001
Heart diseases 3 —4.08 (—5.31, —2.84) <0.001 94.6 <0.001
NAFLD 1 —2.10 (-3.73, —0.47) 0.012 — —
Control intervention type
Placebo 7 —-0.79 (-1.10, —0.47) <0.001 92.9 <0.001
Wheat (barn, and germ) 7 —7.45 (-8.15, —6.75) <0.001 87.7 <0.001
Rice 2 —0.89 (—3.88, 2.11) 0.562 0 0.614
Lifestyle modification 3 —1.50 (—2.83, —0.17) 0.027 0 0.728
Sunflower oil 8 —2.83 (—3.65, —2.01) <0.001 85.1 <0.001
Olive oil 1 —2.00 (—3.19, —0.81) <0.001 — —
Medical advice 2 —0.44 (-0.57, —0.31) <0.001 0 0.411
Soybean oil 2 1.00 (-2.33, 4.33) 0.556 0 1.000
Corn oil 1 —2.40 (—5.94, 1.14) 0.184 — —
Hempseed oil 1 0.00 (-9.53, 9.53) 1.000 — —
Whey powder 1 1.00 (=0.31, 2.31) 0.134 — —
Others 6 —1.15 (-1.55, —0.76) <0.001 93.8 <0.001
Sample size
<50 21 —0.52 (—0.64, —0.39) <0.001 71.5 <0.001
>50 20 —1.78 (-2.03, —1.53) <0.001 96.4 <0.001
BMI
<25 11 —0.46 (—0.58, —0.34) <0.001 91 <0.001
25-30 19 —2.02 (—2.28, —1.75) <0.001 95.9 <0.001
>30 5 -1.97 (-2.82, —1.12) <0.001 0 0.861
NR 6 —2.95 (—4.76, —1.15) <0.001 0 0.480
Study quality
Low 21 -1.08 (—1.37, —0.79) <0.001 85.1 <0.001
High 20 —0.71 (—0.83, —0.59) <0.001 96.5 <0.001

“ Obtained from the Random-effects model. ® Refers to the mean (95% CI). “ Inconsistency, percentage of variation across studies due to hetero-
geneity. 4 Obtained from the Q-test. Abbreviation: WMD; weighted mean differences, CI: confidence interval, NR: not reported, NAFLD; non-alco-

holic fatty liver disease.

SBP, when compared to whole seed or flaxseed oil. This result
was contrary to the results of the two previously-mentioned
meta-analyses, which showed that the effects of whole flaxseed
are stronger than other types of intervention. This could be
due to the number of studies included in the analysis or the
fact that lignan was more effective as one of the most active
compounds in flaxseed. Studies have shown that lignan is an
anti-hypertensive phytoestrogen that acts as an angiotensin-
converting enzyme (ACE) inhibitor.”"”>

684 | Food Funct, 2023, 14, 675-690

Subgroup analysis based on the study population suggested
that the greatest effect of flaxseed on SBP was observed in
people with HTN, NAFLD and healthy people. Regarding DBP,
greatest effects were observed in subjects with HTN, heart
disease, overweight and obesity, respectively. Subgroup ana-
lysis also revealed that flaxseed supplement had the greatest
effect in reducing BP (SBP and DBP) in BMI 25-30 kg m™~>.

Subgroup of control intervention type showed whey protein,
wheat bran or germ and sunflower oil had significant effect on

This journal is © The Royal Society of Chemistry 2023
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Study %
ID WMD (95% CI) Weight
Jenkins et al (1999) —— -1.00 (-3.78, 1.78) 237
Dodin et al (2005) —_—— 2.60 (-5.57, 0.37) 2.23
Hallund et al (2006) — -1.00 (-8.69, 6.69) 0.63
Schwab et al (2006) L 0.00 (-9.53, 9.53) 0.43
Pan et al (2007) —:0—— -1.20 (-4.43, 2.03) 2.07
Barcelo” -Coblijn (a) et al (2008) o -2.90 (-9.43, 3.63) 0.82
Barcelo” -Coblijn (b) et al (2008) * 270 (-9.31, 3.91) 0.81
Barcelo’ -Coblijn © et al (2008) :: -1.90 (-10.49, 6.69) 0.52
Cornish et al (2009) *> r -7.80 (-13.53, -2.07) 1.01
Barden et al (2009) - -2.00 (-3.19, -0.81) 3.58
Wu et al (2010) e — -0.60 (-3.21,2.01) 2.49
Dewell (a) et al (2011) —_—— 1.00 (-3.82, 5.82) 1.29
Dewell (b) et al (2011) ———————e 1.00 (-3.60, 5.60) 1.38
Barre et al (2012) —— -1.00 (-3.86, 1.86) 231
Rodriguez-Leyva et al (2013) —0—1— -5.00 (-9.44, -0.56) 1.44
Katare et al (2013) | -0.88 (-1.69, -0.07) 3.82
Saxena et al (2014) | o= -0.88 (-1.69, -0.07) 3.82
Cassani et al (2015) . *> 1.00 (-6.92, 8.92) 0.60
Machado (a) et al (2015) —_—— : -5.52 (-7.63, -3.41) 2.87
Machado (b) et al (2015) —_—— -6.55 (-9.06, -4.04) 2.57
Javidi (a) et al (2016) —o— -1.20 (-2.54, 0.14) 3.48
Javidi (b) et al (2016) e -6.35 (-7.62, -5.08) 3.53
Yari et al (2016) —:0— -1.76 (-3.51, -0.01) 3.16
Akrami et al (2017) —_—— -5.56 (-9.46, -1.66) 1.69
Alcorn et al (2017) I 1.00 (-0.31, 2.31) 3.50
Haghighatsiar et al (2019) L—o— -0.50 (-2.86, 1.86) 2.68
Hasaniani et al (2019) : ﬂ -0.28 (-0.73, 0.17) 3.98
Morshedzadeh (a) et al (2019) I -0.50 (-0.70, -0.30) 4.03
Morshedzadeh (b) et al (2019) I -0.39 (-0.56, -0.22) 4.04
Saleh-Ghadimi et al (2019) + -2.31(-3.67,-0.95) 3.46
Yang et al (2019) ——— 240 (-5.94, 1.14) 1.88
Pieters et al (2019) o -1.70 (-2.77, -0.63) 3.66
Kuang et al (2020) - ! -5.34 (-6.42, -4.26) 3.66
Rezaei et al (2020) —:0— -2.10 (-3.73, -0.47) 3.25
Yari (a) et al (2020) —_—T -2.01 (-5.26, 1.24) 2.05
Yari (b) et al (2020) e e -0.52 (-3.86, 2.82) 2.00
Morshedzadeh et al (2021) : 4 -0.07 (-0.50, 0.36) 3.98
Toulabi (a) et al (2021) --- X -9.09 (-9.99, -8.19) 3.77
Toulabi (b) et al (2021) —_—— -7.96 (-10.71, -5.21) 2.39
Bhardwaj (a) et al (2021) * 1 -11.90 (-19.29, -4.51)  0.67
Bhardwaj (b) et al (2021) —— ! -12.43 (-15.64,-9.22)  2.08
Overall (I-squared = 94.1%, p = 0.000) é 2.61 (-3.27,-1.94) 100.00
NOTE: Weights are from random effects analysis :

| |
-19.3 0 19.3

Fig. 3 Forest plot detailing mean difference and 95% confidence intervals (Cls) the effects of flaxseed supplementation on DBP levels.

BP. This can be attributed to active peptides in whey protein
which results in BP improvement via enhancing vascular endo-
thelial function.”*’* Wheat bran, as a source of fiber,
especially hemicellulose and some minerals such as mag-
nesium and chromium, is effective in controlling BP.”>

The exact mechanism of action of flaxseed on BP is yet not
known. Flaxseed can affect BP via several ways: lignan com-
pounds that inhibit ACE.”"”® Alpha-Linolenic acid (ALA) is
another important component of flaxseed that can affect BP.
ALA is a PUFA from which some BP-reducing compounds such
as lipoxins, prostaglandins and prostacyclins are derived.””””®

This journal is © The Royal Society of Chemistry 2023

Also, ALA react with nitric oxide (NO) to yield their respective
nitro alkene derivatives that induce vascular relaxation.”**°
Besides, ALA reduces the inflammation of blood vessels by
inhibiting the activity of soluble epoxide hydrolase, thus
improves the elasticity of arterials.®' Another compound found
in flaxseed that leads to BP reduction is a protein hydrolysate
and a rich in arginine fraction isolated by potassium chloride
(KCI-F1) rich.®? In general, the synergistic effect of strong anti-
oxidants such as lignans or different bioactive substances such
as secoisolariciresinol glucoside (SDG), ALA or KCI-F1 in flax-
seed can moderate BP.

Food Funct, 2023,14, 675-690 | 685



Review

10
L

40 60 80 100
Dosage (g/day)

95% CI
L mean_change_SBP_int

predicted mean_change_SBP_int

Fig. 4 Non-linear dose-response relations between dose of flaxseed
supplementation (g day™) and absolute mean differences in SBP.
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Fig. 5 Non-linear dose-response relations between dose of flaxseed
supplementation (g day™?) and absolute mean differences in DBP.

Most of the included studies had small numbers of partici-
pants and were heterogeneous concerning patient character-
istics and study design, which may have impacted the find-
ings. Further, different varieties of flaxseed were used in the
included studies, and it was not possible to separate
the effects from them were current study limitations. The
strengths of the study include subgroup analysis for age, sex,
disease, etc. Also, we registered our study protocol in
PROSPERO. Considering the subgroup analysis for the dose
and duration of the intervention, therapists can safely deter-
mine the safe dose and duration of administration.

5. Conclusion

Our findings with appropriate quality of evidence showed that
flaxseed supplementation in a dose-dependent manner have
improving effects on BP. Overweight or obese individuals in
both genders receiving the higher dosages (>30 g day™ ') with
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moderate durations >20 weeks are benefited more from flax-
seed supplementation. Therefore, flaxseed supplementation
may be administered as an anti-hypertensive component
alongside routine treatment, especially in >50-year patients
with HTN and NAFLD.
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