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Abstract 1 

Background: High blood pressure is a significant health burden positively associated with the 2 

risk of cardiovascular disease and other chronic diseases. Flaxseed is a rich dietary source of 3 

α-linolenic acid, lignans, and fiber, with a number of positive health benefits on blood 4 

pressure.  5 

Objective: The purpose of this systematic review was to clarify the effect of flaxseed 6 

consumption on blood pressure, using meta-analysis of controlled trials. Further the influence 7 

of different baseline blood pressure, type of supplementation, or duration of intervention on 8 

the effect on flaxseed on blood pressure is explored. 9 

Method: PubMed (MEDLINE), Cumulative Index to Nursing and Allied Health Literature, 10 

and Cochrane Library (Central) were searched through July 2014 for papers where humans 11 

supplemented their habitual diet with flaxseed or its extracts (i.e. oil and lignans, fiber) for 2 12 

or more weeks.   13 

Results: A total of 11 studies (14 trials) were included in analysis. Random effects meta-14 

analyses were conducted for the mean difference in blood pressure. Results indicated that 15 

flaxseed supplementation significantly reduced systolic blood pressure (-1.77 mmHg, 95 % 16 

confidence interval (CI): -3.45 to -0.09; p = 0.04) and diastolic blood pressure (-1.58 mmHg, 17 

95 % CI: -2.64 to -0.52; p = 0.003). These results did not significantly influenced by baseline 18 

higher blood pressure of participants (≥ 130 mm Hg). A significant reduction in diastolic 19 

blood pressure was observed in subgroup analysis of consuming whole flaxseed, and duration 20 

of consumption ≥ 12 weeks. The present meta-analysis suggests a modest reduction in blood 21 

pressure of consuming flaxseed. The blood pressure improving potential of flaxseed may be 22 

greater when it is consumed as a whole seed and for duration of more than 12 weeks. 23 

Conclusion: The present meta-analysis suggests that flaxseed may be used as a potential 24 

dietary constituent or supplement to improve blood pressure. 25 
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Introduction 27 

High blood pressure (BP) has been strongly and positively associated with increased risk of 28 

developing chronic diseases including ischemic heart disease, heart failure, stroke and kidney 29 

disease (1, 2). High BP or hypertension, as it is commonly known, is defined as systolic 30 

blood pressure (SBP) ≥140 mmHg and/or diastolic blood pressure (DBP) ≥90 mm Hg (3). 31 

Hypertension is a chronic non-communicable disease, responsible for 13% of all global 32 

mortality (4).  Given the increased risk of chronic disease associated with hypertension, it is a 33 

major cause of morbidity and has a significant economic burden on society (5). BP can be 34 

controlled through diet and lifestyle modification to prevent hypertension or related 35 

complications (3). Evidence suggests that low fat diets rich in fruits and vegetables can 36 

improve BP (6-8). Previous studies have also found that dietary constituents and supplements 37 

such as omega-3 (ω-3) fatty acids (9), garlic (10), and green tea (11) can improve BP. 38 

Flaxseed or linseed is the seed of Linum usitatissimum L., with yellow or redish brown seeds 39 

and nutty flavor (12). Flaxseed is one of the richest sources of the dietary ω-3 fatty acid α-40 

linolenic acid (ALA), which has anti-inflammatory characteristics (13, 14), potent antioxidant 41 

phytoestrogen lignans (15, 16), and dietary fiber (17, 18). The cardiovascular protective 42 

effect of flaxseed consumption, via an improvement of lipid profile and reduction in 43 

inflammatory markers, has been studied extensively in both animals and humans (19-23). 44 

Some studies have also addressed the potential blood pressure lowering characteristics of 45 

flaxseed consumption (12, 24) while others have not reported any improvement (20, 25). Due 46 

to these inconclusive results, a systematic review and meta-analysis of controlled trials has 47 

been conducted. The findings from this meta-analysis may provide further information on 48 

effective interventions involving dietary flaxseed consumption, including appropriate 49 

duration and flaxseed consumption type to provide BP and health benefits.         50 
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Methods 51 

Literature search  52 

The online databases PubMed (MEDLINE), Cumulative Index to Nursing and Allied Health 53 

Literature (CINAHL), and Cochrane Library (Central) were searched until July 2014 for 54 

relevant studies. Combinations of the following terms (including MeSH terms) were used to 55 

search for relevant publications: flaxseed, linseed, blood pressure, and hypertension.  56 

Studies were included if they met the following inclusion criteria: (1) were randomized 57 

controlled trials or quasi-experimental (non-randomized controlled trial), (2) included adults 58 

older than 18 years of age, (3) used whole flaxseed or flaxseed extracts (oil, lignin, fiber), and 59 

(4) had accessible full-text articles in English. Studies were excluded if flaxseed (or its 60 

extracts) was combined in a mixture with other substances (if there was not a control arm to 61 

compare flaxseed intervention with); flaxseed consumption duration was less than 2 weeks; 62 

or the daily dose of flaxseed (or supplement) consumption was not reported. Publications 63 

were discarded if they were duplicated or did not meet the review’s initial objective. 64 

Two researchers (SK, CI) conducted the literature search and screening process 65 

independently. The screening process involved review of the title, abstract and full text of 66 

literature based on the eligibility criteria. The decision regarding inclusion or exclusion of 67 

articles was made through agreement between the two researchers. In the case of any 68 

dissension, a third author (MS) was involved. The ‘Preferred Reporting Items for Systematic 69 

Reviews and Meta-Analysis (PRISMA)  guidelines were followed during the preparation of 70 

this review and presentation of the results (26). The methodology of this systematic review is 71 

registered at the International Prospective Register for Systematic Reviews (PROSPERO) 72 

(CRD42014010248). A summary of the review study procedures is presented in the PRISMA 73 

flow chart (Figure 1).  74 
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Data extraction and quality assessment 75 

The Rosendal scale (27), which is a combination of the PEDro scale (28), Jadad scoring 76 

system (29) and Delphi List (30) was used to assess the study quality and associated bias. A 77 

cut-off of 60% in regard to overall Rosendal score is classified as an excellent methodology 78 

quality study (29). Studies were included if they had a Rosendal score of 50% or higher. 79 

Included articles were reviewed to extract relevant data, following the ‘checklist of items to 80 

consider in data collection’ from the Cochrane Handbook for Systematic Review of 81 

Interventions (31).  82 

 83 

Data synthesis and analysis 84 

RevMan software (Cochrane Review Manager, version 5.2) was used to perform meta-85 

analysis of data. Mean difference of BP changes between the intervention groups and control 86 

groups were defined as the effect of nutrition intervention. The Cochrane Handbook for 87 

Systematic Review of Interventions (31) was used as the guideline to perform statistical 88 

analysis. Two studies reported the standard deviation (SD) of change (12, 41). The missing 89 

SD of change for the rest of studies was imputed, using the method described in the 90 

Cochrane Handbook for Systematic Review of Interventions (31). The correlation coefficient 91 

(r) of 0.5 was calculated based on the two studies with reported SD of change. The SD of net 92 

change for cross-over trials was iputed using r = 0.5 following the guideline of the Cochrane 93 

Handbook for Systematic Review of Interventions (31). Meta-analysis was conducted using 94 

the DerSimonian and Laird random effect model (32). Heterogeneity was assessed using the 95 

I2 index. Values of 25%, 50%, and 75% were used for the I2 analysis, and correspond to low, 96 

moderate, and high heterogeneity, respectively (31). A p-value of less than 0.05 was 97 

considered a statistically significant effect, differing from zero using a Z-test analysis.  98 
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 99 

Sensitivity and subgroup analysis 100 

Sensitivity analysis was performed by excluding individual studies and assessing the effect of 101 

those studies on overall results of meta-analysis. Sensitivity analysis of different correlation 102 

coefficient (r = 0.2 and 0.8) was also performed to assess the robustness of using the imputed 103 

correlation coefficient (r = 0.05). Subgroup analysis of parallel trials was compared with 104 

cross-over trials to analyze the influence of the design on meta-analysis results. Subgroup 105 

analysis was limited to trials with participants’ mean baseline blood pressure of <130/85 mm 106 

Hg compared with those with mean baseline blood pressure of ≥130/85 mm Hg. Subgroup 107 

analysis of different sources of flax (whole, oil, lignan), and different duration of 108 

supplementation were also performed. Subgroup of studies with participants’ mean baseline 109 

body mass index (BMI) ≥30 kg/m2 was also performed to assess the influence of obesity on 110 

the meta-analysis results. 111 

 112 

Results 113 

Overview of studies and study quality 114 

Twelve studies were included in the systematic review for the effect of flaxseed consumption 115 

on BP. Of these, eleven studies (14 trials), with a total of 1004 participants, were included in 116 

the final meta-analysis. The included studies were all randomized controlled trials, with five 117 

using cross-over design (33-37), and six using parallel design (12, 20, 24, 38-40). Seven 118 

studies reported using a double-blind design (12, 24, 33, 34, 37, 39, 41). Two studies 119 

mentioned flaxseed bread and muffins could be differentiated by their appearances (35, 40). 120 

All included studies had a Rosendal score of more than 50% (Table 1). The highest Rosendal 121 
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score of 93% was for study by Pan et al. (41), followed by the study by Dodin et al. (24). The 122 

study by Singer et al. (42) was excluded from the meta-analysis based on a Rosendal score of 123 

33% (Table 1).  124 

 125 

Participant and study characteristics 126 

The characteristics of the included studies are presented in Table 2. All studies reported 127 

changes in SBP and DBP. Of the eleven studies, two included participants with metabolic 128 

syndrome (20, 40), two had participants with Type-2 diabetes (33, 41), one included 129 

participants with hyperlipidemia (35), one included participants with peripheral artery disease  130 

(12), and three included menopausal and postmenopausal women (24, 34, 35, 39). One study 131 

reported a significant reduction of body weight in both treatment and control group (40) and 132 

another reported a significant increase in body weight in the flaxseed group (41). Significant 133 

changes in body weight were not reported in the remainder of the studies.  134 

All trials, except one (12), reported a method of dietary intake measurement (diet records or 135 

food frequency questionnaires) at baseline and the end of the study, to determine if dietary 136 

changes occurred. Schwab et al. (37) reported higher energy intake during flaxseed 137 

intervention, and Wu et al. (40) reported a reduction of energy intake in both the flaxseed and 138 

control group. The remaining studies did not report significant changes in dietary intake of 139 

participants from the baseline. Five studies reported that participants received instructions 140 

and guidelines to maintain their usual diet (20, 33, 35, 40, 41).  141 

 142 

Information on supplement protocol 143 
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Four studies used whole or ground flaxseed for the intervention (12, 24, 35, 40), three studies 144 

used flaxseed oil (20, 37, 38), and three studies used flaxseed lignan (34, 39, 41). All flaxseed 145 

oil and lignan interventions used capsules and supplements as the vehicle for flaxseed 146 

supplementation, except for the study by Schwab et al. (37), which used a mixture of flaxseed 147 

oil in a variety of foods. Whole or ground flaxseed was used as an additive to breads, muffins 148 

and other foods (12, 24, 34, 35, 40). The daily dose of flaxseed consumption varied widely 149 

among different sources. Whole flaxseed doses varied from 30 grams (12, 40) to 50 grams 150 

(35) flaxseed per day.  Flaxseed oil consumption varied from as low as 1.2 grams (38) to as 151 

high as 28 grams (37) oil per day. The daily dose of flaxseed lignan also varied from 360 mg 152 

(41) to 600 mg (33) lignan. The duration of the studies varied from three (35) to forty-eight 153 

weeks (24). Studies reported good compliance with no major side effects of consuming 154 

flaxseed. Two studies reported mild cases of constipation and other gastrointestinal problems 155 

(39, 41). 156 

 157 

Meta-analysis results 158 

The meta-analysis for the mean difference in SBP indicated that flaxseed significantly 159 

reduced SBP by -1.77 mm Hg (95 % confidence interval (CI): -3.34 to -0.09; p = 0.04). No 160 

significant heterogeneity was observed (I2 = 0 %; p = 0.74) (Figure 2). The meta-analysis for 161 

the mean difference in DBP also indicated that flaxseed supplementation significantly 162 

reduced DBP by -1.16 mm Hg (95 % CI: -2.64 to -0.52; p < 0.003). Low and non-significant 163 

levels of heterogeneity were detected for the DBP analysis (I2 = 0 %; p = 0.56) (Figure 3). 164 

 165 

Sensitivity and subgroup analysis 166 
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Sensitivity analysis was performed by excluding individual studies and assessing the effect 167 

on overall results of the meta-analysis. Excluding four studies (12, 20, 24, 40) slightly 168 

reduced the significance of the meta-analysis for the effect of flaxseed on SBP (with the ρ 169 

value changes between 0.05-0.09). Excluding four studies (12, 24, 38, 39) also reduced the 170 

significance of the meta-analysis for the effect of flaxseed on DBP (with the ρ value changes 171 

between 0.07-0.11). Excluding one study (20) increased the significance of the meta-analysis 172 

for the effect of flaxseed on DBP (with the ρ value changes to 0.002).  173 

Sensitivity analysis using different levels of correlation coefficient (r = 0.2 and 0.8) was 174 

conducted (Table 3). Overall results of meta-analysis showed significant reduction for both 175 

SBP and DBP, except the meta-analysis of SBP with r = 0.2. The sensitivity analysis of 176 

alternative correlation coefficients showed the overall meta-analysis result is robust to use the 177 

imputed r = 0.5.    178 

Subgroup analyses revealed a number of study characteristics that moderated the results of 179 

the meta-analyses. The test for subgroup analysis of the difference between parallel design 180 

trials versus cross-over trials showed a significant reduction of both SBP and DBP when the 181 

trials had parallel design. However, no significant reduction of blood pressure was observed 182 

in subgroup of studies with cross-over design. Subgroup analysis of the effect of flaxseed on 183 

DBP was significant in studies where supplement duration was longer than 12 weeks (n = 9; 184 

Table 4), compared to studies with duration of intervention shorter than 12 weeks. The effect 185 

of flaxseed on SBP was slightly greater (but not significant) in subgroup with duration of 186 

intervention ≥ 12 weeks compared with those with shorter duration (Table 4). Subgroup 187 

analysis of whole flaxseed also reported a slightly more pronounced effect in reducing SBP (-188 

3.39 mm Hg, 95% CI: -6.86 to 0.07, n =4) compared to other types, although this effect was 189 

not significant (p = 0.05). The analysis of whole flaxseed group showed a significant effect 190 

on DBP (-1.93 mm Hg 95% CI: -3.65, -0.21; p < 0.05). The test for subgroup difference did 191 
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not result in and significant difference between different sources of flaxseed consumption 192 

(Table 4). Baseline SBP of participants appears to not have any significant effect on the 193 

results of subgroup analysis, however; reduction in DBP was significant in subgroup analysis 194 

of participants with baseline BP <130 mm Hg. Baseline BMI ≥30 kg/m2 of study participants 195 

did not significantly influenced the effectiveness of flaxseed on BP (n=4). The subgroup 196 

analysis of the effect of flaxseed on DBP reported a significant effect in subgroup of 197 

participants with BMI <30 kg/m2 (n =10; Table 4). The test for subgroup difference was also 198 

significant for the effect on DPB at this group.    199 

 200 

Discussion 201 

This systematic review and meta-analysis presents evidence that dietary supplementation 202 

with whole flaxseed can be an effective nutritional intervention for reducing both SBP and 203 

DBP. Overall, this study showed that consuming flaxseed could significantly reduce SBP by 204 

1.77 mm Hg and DBP by 1.16 mm Hg. The magnitude of reduction in BP reported by this 205 

meta-analysis is modest; however, important public health and cardiovascular benefits can be 206 

expected from small reductions in BP (43). Even a 2 mm Hg reduction in SBP may lower 207 

stroke mortality by 10% and lower the mortality from ischemic heart disease by 7% (44). The 208 

magnitude of BP reduction reported in this meta-analysis is in consensus with the results of a 209 

meta-analysis on daily black tea consumption reported by Greyling et al. (45). The findings 210 

are also slightly greater than the results of a meta-analysis based on a per kilogram of body 211 

weight loss on blood pressure (46). Although greater reduction of blood pressure may be 212 

expected from continuous weight loss, a greater reduction of blood pressure may also be 213 

expected from prolonged consumption of flaxseed. The results of subgroup analysis of this 214 

study also suggest more pronounced reduction of DBP can be anticipated by longer (>12 215 
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weeks) consumption of flaxseed. The results of the present study suggest that Flaxseed can be 216 

an effective dietary constituent to be considered for blood pressure control and prevention. 217 

Subgroup analysis of studies showed that flaxseed source was an important factor influencing 218 

reductions in BP. Consumption as a whole or ground seed as opposed to oil or lignin 219 

provided more pronounced reductions in SBP compared to other sources, and significant 220 

reduction in DBP. The seeds of flax are the richest source of ALA (18:3, n-3), and one of the 221 

best sources of phytoestrogens (lignans) and dietary fiber (17, 18). Whilst these findings 222 

might be influenced by the low number of trials in each subgroup; it appears that flaxseed 223 

consumption as whole or ground seed has the potential to produce greater benefit in reducing 224 

BP. 225 

ALA in the human body can be converted to eicosapentaenoic acid (EPA, 20:5, 𝜔𝜔-3) and 226 

docosahexaenoic acid (DHA, 22:6, 𝜔𝜔-3) by enzymatic mechanisms (47). Although this 227 

conversion rate is typically less than 0.5% (47), consumption of ALA can increase the blood 228 

level of EPA and DHA (48, 49). ALA, along with EPA and DHA are reported to have anti-229 

inflammatory and cardiovascular protective properties(50-52), and may improve BP (53). As 230 

a possible anti-inflammatory mechanism of ALA, reduction of oxylipins (oxygenated 231 

derivate of polyunsaturated fatty acids) associated with inflammation and vasoconstriction 232 

(series 2 eicosanoids) is proposed (53). The results of this action may be an increase in 233 

systemic vasodilation and reduction in BP (53, 54).  234 

Lignans are diphenolic compounds, and one of the major phytoestrogens which have 235 

antioxidant and anti-inflammatory properties (55). Secoisolariciresinol diglucoside and 236 

secoisolariciresinol are the main lignans found in flaxseed (56). These plant lignans can be 237 

converted to mammalian lignans entreodiol and entrolactone by the action of gut microbiota 238 

(56, 57). Mammalian lignans have higher antioxidant and anti-inflammatory activities (16). 239 
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Moreover, around 30% of flaxseed is dietary fiber, one third of which is soluble 240 

polysaccharides (58). Dietary fiber, especially soluble fiber, can reduce blood cholesterol (59, 241 

60) and BP (59, 61). The BP improving effect of dietary fiber is proposed through different 242 

mechanisms such as improving lipid profile (60), reducing insulin resistance (62), improving 243 

the gut flora of intestine (63), and having antioxidant characteristics (64). A meta-analysis of 244 

25 randomized controlled trials showed a significant reduction in BP from consuming dietary 245 

fiber (6). Another mechanism of the effect of dietary fiber on BP can be due to improving 246 

body weight (65); however, with the exception of one study (40), trials included in the 247 

present meta-analysis did not report significant reductions in body weight with flaxseed 248 

consumption. Moreover, subgroup analysis of trials with base line BMI of participant ≥30 249 

kg/m2 did not result in significant effect on SBP or DBP. 250 

Another subgroup analysis of the current study showed the reduction in DBP was significant 251 

in subgroup analysis with mean baseline BP of <130 mm Hg. Although the magnitude of BP 252 

reduction is slightly higher among participants with mean baseline SBP ≥130 mm Hg 253 

compared with those with mean SBP <130 mm Hg, the reduction did not reach statistical 254 

significance. The non-significant result may be due to the low number of included trials (n=4) 255 

involving the subgroup of participants with mean baseline SBP ≥130 mm Hg. However, three 256 

out of four of these studies reported a significant reduction of 7-9 mm Hg for SBP after 257 

flaxseed intervention (12, 33, 40). Subgroup analysis based on the baseline BMI of 258 

participants may present a more pronounced reduction in DBP of not obese participants. 259 

However, low number of trials in the obese subgroup compared with the non-obese subgroup 260 

makes it difficult to draw a conclusion in regards with BMI. Further interventions with obese 261 

participants need to be done to confirm the effect of flaxseed on blood pressure of obese 262 

individuals.     263 
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Another important finding of the current meta-analysis was the influence of intervention 264 

duration on the magnitude of BP reduction. The magnitude of reduction in SBP was also 265 

greater in subgroup of studies with duration of flaxseed consumption ≥12 weeks, but the 266 

reduction did not reach statistical significance. The subgroup analysis indicated that longer 267 

consumption of flaxseed (intervention duration ≥12 weeks) can significantly reduce DBP to a 268 

greater extent than interventions with durations of <12 weeks. These findings may be 269 

explained by the subsequent increase in ALA, EPA, DHA, and antioxidant pool of blood (56, 270 

57), or gradual increase in intestinal gut flora, which may improve lignan absorption (57), 271 

and consequently reduce BP. A recent meta-analysis of nine randomized trials reported that 272 

consumption of beneficial gut bacteria (probiotics) can significantly reduce both SBP and 273 

DBP (66).         274 

The current systematic review of the literature is the only study to have pooled the results of 275 

several controlled trials investigating the effect of flaxseed on BP. However, as with all 276 

systematic reviews and meta-analyses, the present study had some limitations. For example, 277 

only studies published in English language were included in the systematic review. In 278 

addition, the design of studies and the bias of included studies may have influenced the 279 

overall result of the meta-analysis. For instance, subgroup analysis of trials with parallel 280 

designs showed significant reduction of both SBP and DBP, whereas reduction of BP 281 

observed in subgroup of cross-over trials did not reach statistical significance. Furthermore, 282 

two of the included studies (38, 40) did not report blinding of included subjects, and only two 283 

studies reported the method and an evaluation of the successfulness of blinding (12, 41). Four 284 

studies did not report attempts to control or monitor pre-trial conditions (diet and exercise) 285 

(12, 33, 38, 39). Sample size calculation and justification were not reported in five studies 286 

(12, 35, 37, 38, 40). 287 
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The use of subgroup analyses also had some limitations. The dose dependency analysis of the 288 

effect of flaxseed on BP was not applicable due to the variation in the flaxseed sources used. 289 

Several studies used concentrated flaxseed extract (oil or lignans supplements), which made 290 

it inappropriate to convert their daily dose to whole flaxseed dose. Moreover, the low number 291 

of trials in the subgroups employing different dietary sources of flaxseed may have affected 292 

the result of subgroup analysis. 293 

Overall this meta-analysis suggests that consumption of flaxseed for duration of three to 294 

forty-eight weeks may reduce BP. The magnitude of improvement is greater if flaxseed is 295 

consumed as a whole seed for 12 weeks or more. Whilst there are some studies that have 296 

investigated the influence of flaxseed consumption on BP, there is a need for more research 297 

in this area. Future interventions that employ different sources and doses of flaxseed, and 298 

different durations of consumption, as well as participants with different BMI are required to 299 

confirm the positive benefits of flaxseed consumption on BP. Additional studies should also 300 

be conducted to explore the mechanisms of how flaxseed influences changes in BP. 301 
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 Table 1. Methodology assessment summary and Rosendal score of studies included in systematic review for the effect of flaxseed on blood pressure    

 
*Not included in the meta-analysis (Rosendal score < 50%)
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Coblijn et al. 
(38 ) 

1 1 1 0 0 1 0 0 0 1 1 1 1 0 0 53 

Barre et al.  
(30) 

1 1 0 1 0 1 1 1 0 1 1 1 1 0 0 67 

Cornish et al. 
(39) 

1 1 1 1 0 1 1 1 0 1 1 1 1 0 0 73 

Dewell et al. 
(20) 

1 1 0 1 1 1 1 0 0 1 1 1 1 0 0 67 

Dodin et al. 
(24) 

1 1 1 1 1 1 1 1 0 1 1 1 1 0 0 80 

Hallund et al. 
(34) 

0 1 0 1 1 1 1 1 0 1 1 1 0 0 0 60 

Jenkins et al. 
(35) 

0 1 0 0 1 1 1 0 0 1 1 1 1 0 0 53 

Pan et al. (41) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 93 
Rodriguez-
Leyva et al. 
(12) 

1 1 0 0 0 1 1 0 1 1 1 1 1 0 0 60 

Schwab et al. 
(37) 

1 1 0 0 1 0 1 1 0 1 1 1 0 0 0 53 

Singer et al. 
(42)* 

0 1 0 0 0 1 1 0 0 0 1 1 0 0 0 33 

Wu et al. (40) 1 1 1 0 1 1 0 1 0 1 1 1 1 0 0 67 



47 
 

 
 

Table.2 Characteristics of studies evaluating the effect of flaxseed consumption on blood pressure 

Study 
(year) 

Design, 
Locatio
n  

Interven
tion/ 
Control  
 

Durat
ion, 
weeks 

Source 
of flax 

Dose 
(per 
day) 

Participa
nts,  

Age, 
y 

Interven
tion, n 
(M/F) 

Baseline  SBP,  
mm Hg 

Changes 
from 
baseline, 
mm Hg 

Baseline DBP, 
mm Hg 

Changes 
from 
baseline, 
mm Hg 

Barcelo-

Coblijn et 

al.  (38, a) 

R, PC, 

P, 

Canada 

Flax oil/ 

sunflowe

r oil  

12 Capsule 1.2 g 

flax 

oil 

Firefighter

s 

27-54 12 (12/0) Int: 123.0 ± 8.3 

Con: 118.0 ± 9.2 

1 ± 8.8  

0.0 ± 8.3 

Int: 80.0 ± 7.6 

Con: 75.6 ± 5.4 

-1.5 ± 8.0 

1.4 ± 7.2 

Barcelo-

Coblijn et 

al. (38, b) 

R, PC, 

P, 

Canada 

Flax oil/ 

sunflowe

r oil  

12 Capsule 2.4 g 

flax 

oil 

Firefighter

s 

27-54 10 (9/1) Int: 127.8 ± 10.5 

Con: 118.0 ± 9.2 

-2.7 ± 11.6 

0.0 ± 8.3 

Int: 85.4 ± 8.6 

Con: 75.6 ± 5.4 

-1.3 ± 7.5 

1.4 ± 7.2 

Barcelo-

Coblijn et 

al. (38, c)  

R, PC, 

P, 

Canada 

Flax oil/ 

sunflowe

r oil  

12 Capsule 3.6 g 

flax 

oil 

Firefighter

s 

27-54, 10 (10/0) Int: 127.0 ± 13.5 

Con: 118.0 ± 9.2 

1 ± 15.3 

0 ± 8.3 

Int: 81.3 ± 13.3 

Con: 75.6 ± 5.4 

-0.5 ± 11.6 

1.4 ± 7.2 

Barre et DB, Flax 6 Capsule 600 Type 2 ≥55 16 (0/16) Int: 133.6 ± 19.2 -9.2±17.1 Int: 82.1 ± 7.6 -7.2±11.3 
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al. (33)  PC, R, 

CO; 

Canada 

Lignan/ 

placebo  

mg 

SDG  

DM, PM 

Female  

Con: 135.8 ± 17.2 -12±17.1 Con: 84.5 ± 8.8 -6.2±11.3 

Cornish 

et al. (39)  

 

DB, 

PC, R, 

P; 

Canada  

Flax 

lignan/ 

maltodex

trin  

24 Tablet  543 

mg 

Ligna

n   

Healthy ≥50 48 

(20/28) 

Int: 128.9± 14.8 

Con: 125.5± 14.3 

0.0 ±14.7 

-1.4±14.4 

 

Int: 88.7±14.0 

Con: 82.7±14.0 

-6.7±14.0 

1.1±14.0 

Dewell et 

al. (20, a) 

 

R, PC, 

P,USA 

Flax oil/ 

Soybean 

oil  

8 Capsule  2.2 g 

ALA 

MetS 40-60 20 (13/7) Int: 128.0 ±  10.0 

Con: 124.0 ± 10.0 

-2.0 ± 10.0 

2.0 ± 8.8 

Int: 76.0 ± 6.6 

Con: 76.0 ± 10.0 

2.0 ± 6.6 

1.0 ± 8.8 

Dewell et 

al. (20, b)  

R, PC, 

P, USA 

Flax oil/ 

Soybean 

oil  

8 Capsule  6.6 g 

ALA 

MetS  40-60 20 (12/8) Int: 124.0 ± 10.0 

Con: 124.0 ± 10.0 

2 ± 10.0 

2 ± 8.8 

Int: 73.0 ± 6.6 

Con: 76.0 ± 10.0 

2 ± 5.7 

1 ± 8.8 

Dodin et 

al. (24)  

DB, R, 

PC, P; 

Flax 

ground/ 

48 Bread + 

ground 

40 g  Menopaus

al Female  

50-79 85 (0/85) Int: 125.4±14.5 

Con: 122.4±15.5 

-5±14.8 

-1.5±14.7 

Int: 79.7±9.4 

Con: 77.7±9.4 

-4.1±9.8 

-1.5±10.5 
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Canada  Wheat 

germ  

flax 

Hallund 

et al. (34) 

DB, 

PC, 

CO; 

Denmar

k 

Flax 

lignan 

muffin/ 

control 

muffin  

12 Muffin 500 

mg/d 

lignan 

PM 

Female  

54-68 22 (0/22) Int: 124.0±13.0 

Con: 124.0±13.0 

-2.0±13.8 

-1.0±13.8 

Int: 75.0±8.0 

Cont: 75.0±8.0 

-2.0±9.2 

-1.0±9.2 

Jenkins 

et al. (35) 

 

R, PC, 

CO; 

Canada 

Defatted 

Flax/ 

Wheat 

barn   

3 Muffin  50 g  HL 41-73 28 (22/6) Int: 128.0 ±21.2 

Con: 129.0 ±15.9 

-4.0±14.0 

-4.0±14.0 

Int: 81.0 ±5.3 

Con: 81.0 ±10.6 

-2.0±5.3 

-1.0±5.3 

Pan et al. 

(41)  

DB, 

PC, 

CO; 

China 

Flax 

lignan/ 

rice flour   

12 Supple

ment 

360 

mg 

lignan 

Type 2 

DM 

50-79 68 

(25/43) 

Int: 139.3±21.4 

Con: 138.0±18.6 

-0.4±15.1 

0.7±11.6 

Int: 79.2±10.7 

Con: 79.36±10.3 

-1.5±6.7 

-0.3±6.9 
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*Percentage or number of male or female is not mentioned in the article.  

Values are presented as Mean (SD) or Mean of Change (SD of change). 

CO: Crossover; Con: Control; DB: Double Blind; DBP: Diastolic Blood pressure; DM: Diabetes Mellitus; HC: Hypercholesterolemia; 

HL: Hyperlipidemia; HTN: Hypertension; Int: Intervention; MetS: Metabolic Syndrome; OB: Obesity; OW: Over Weight; P: Parallel; 

PAD: Peripheral Artery Disease; PC: Placebo Control; PM: Postmenopausal; R: Randomized; SB: Single Blind; SBP: Systolic Blood 

Pressure;  

Rodrigue

z-Leyva 

et al. (12)  

DB, 

PC, R, 

P; Cuba 

Mild 

flax/ 

Wheat  

24 Variety 

of 

foods  

30 g   PAD 18-74 58* Int: 143.3±22.2 

Con: 142.4±17.5 

-7.3±22.0 

3.6±21.0 

Int: 77.0±9.5 

Con: 79.0±15.6 

-5.0±11.0 

0.0±10.0 

Schwab 

et al. (37)  

DB, R, 

CO; 

Finland 

Flax oil/ 

Hempsee

d oil  

4  30 ml  Healthy 25-60 14 (8/6) Int: 114.0 ± 12.0 

Con: 114.0 ± 12.0 

-2.0±13.1 

1.0±13.1 

Int: 74.0 ± 8.0 

On: 74.0 ± 8.0 

1.0±9.1 

1.0±9.1 

Wu et al. 

(40)  

RC, P, 

China 

Flax+ 

lifestyle/ 

lifestyle  

12 Bread 30 g  MetS 25-65 94 

(53/41) 

Int: 133.0±17.1 

Con: 133.7±14.6 

-8.8 ±15.0 

-7.0±13.6 

Int: 85.6±11.6 

Con: 85.4±9.0 

-5.0±10.1 

-4.4±8.1 
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Table.3 Results of sensitivity analysis using alternative levels of correlation coefficient (r) associated with flaxseed meta- analysis 

Sensitivity 

analysis 

r  Mean difference (95% CI), 

mm Hg 

p value I2 I2 of main 

analysis (with 

r=0.05) 

Using alternative 

correlation 

coefficient   

0.2 SBP -1.94 (-3.95, 0.07) 0.06 0% 0% 

 DBP -1.61 (-2.83, -0.40) <0.05 0% 0% 

0.8 SBP -1.52 (-2.82, -0.22) <0.05 15% 0% 

 DBP -1.85 (-2.99, -0.71) <0.05 37% 0% 

Changes in systolic and diastolic blood pressure are presented as mean difference and 95% CI. Heterogeneity (I2) is presented by %.  A p-

value <0.05 is considered significant.  
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Table.4 Results of subgroup analysis of included randomized controlled trials in meta-analysis of flaxseed and BP.  

Subgroups 

Trials Mean difference of SBP, mm 

Hg 

Mean difference of DBP, mm 

Hg 

Intervention duration ≥ 12 weeks n=9 -1.92 (-3.88, 0.04; ρ=0.06) -2.15 (-3.41, -0.88; ρ<0.05) 

Intervention duration < 12 weeks n=5 -1.36 (-4.60, 1.88; ρ=0.41) -0.22 (-2.18, 1.75; ρ=0.83) 

Test for subgroup difference  I2=0%, ρ=0.77 I2=62%, ρ=0.11 

Source of flax: whole   n=4 -3.39 (-6.86, 0.07; ρ=0.05) -1.93 (-3.65, -0.21; ρ<0.05) 

Source of flax: oil  n=6 -1.44 (-4.47, 1.60; ρ=0.33) -0.38 (-2.79, 2.03; ρ=0.76) 

Source of flax: lignan n=3 -0.09 (-3.27, 3.08; ρ=0.95) -2.39 (-5.32, 0.54; ρ=0.11) 

Test for subgroup difference  I2=0%, ρ=0.39 I2=35%, ρ=0.11 

Baseline mean BP of participants: ≥130 mm Hg n=4 -2.75 (-6.89, 1.38; ρ=0.19),  -1.66 (-3.43, 0.17 ρ=0.07) 

Baseline mean BP of participants: <130 mm Hg n=10 -1.42 (-3.54, 0.69; ρ=0.19) -1.59 (-3.03, -0.14; ρ<0.05) 

Test for subgroup difference  I2=0%, ρ=0.57 I2=0%, ρ=0.95 
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Baseline BMI ≥ 30 kg/m2 n=4 -1.67 (-5.25, 1.90; ρ= 0.36) 0.10 (-2.68, 2.87; ρ=0.95) 

Baseline BMI < 30 kg/m2 n=10 -1.80 (-3.70, 0.10; ρ= 0.06) -1.86 (-3.00, -0.72; ρ<0.05) 

Test for subgroup difference  I2=0%, ρ=0.95 I2=39%, ρ=0.20 

Design (Parallel) n=9 -2.15 (-4.17, -0.12; ρ<0.05) -2.12 (-3.85, -0.39; ρ<0.05) 

Design (Cross-over) n=10 -0.80 (-3.96, 2.35; ρ= 0.62) -1.04 (-2.64, 0.55; ρ=0.20) 

Test for subgroup difference  I2=0%, ρ=0.48 I2=0%, ρ=0.37 

All trials (meta-analysis result) n=14 -1.77 (-3.45, -0.09; ρ<0.05) -1.58 (-2.64, -0.52; ρ<0.05) 

BMI: Body mass index; DBP: Diastolic blood pressure; SBP: Systolic blood pressure 

Changes in systolic and diastolic blood pressure are presented as mean difference and 95% confidence interval. Heterogeneity (I2) is 

presented by %.  A p-value <0.05 is considered significant.  
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Figure Legend 

Figure.1 Study flow diagram of systematic search of literature for the effect of flaxseed consumption on blood pressure 

Figure.2 Forest plot of the effect of flaxseed consumption on systolic blood pressure. A random effect model is used to analysis the 

effectiveness of flaxseed consumption. Effect of each trial is presented as weight (%), and mean difference and 95% CI.    

Figure.3 Forest plot of the effect of flaxseed consumption on diastolic blood pressure. A random effect model is used to analysis the 

effectiveness of flaxseed consumption. Effect of each trial is presented as weight (%), and mean difference and 95% CI. 
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