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Background/Aims: Global incidence of hypertension is estimated to be, in excess 
of, one billion people, and given the efficacy of soluble dietary fibers, in particu-
lar, Psyllium, to positively impact blood pressure in patients with hypertension, 
it is of clinical importance that consensus on its supplementation be established. 
Therefore, the aim of the study was systematically review and meta-analyze the 
effect of psyllium supplementation on blood pressure of hypertensive patients in 
randomized controlled trials. 
Methods: We searched six universal databases including; Pubmed/Medline, Ovid, 
Cochrane Library, Google Scholar, Embase, and Scopus until November 2018. 
Both combined and stratified analyzes were conducted. A fixed-effects or ran-
dom-effects model was used to assess the mean effect sizes. 
Results: An eventual 11 trials with 592 participants were considered as eligible for 
inclusion in the present meta-analysis. The meta-analysis revealed a significant 
reduction of 2.04 mmHg in systolic blood pressure (weighted mean difference, 
–2.04; 95% confidence interval, –2.82 to –1.63; p < 0.001). Whilst meta-regression 
highlighted that the hypotensive effect of psyllium was stronger in subjects with 
higher baseline blood pressure. 
Conclusions: Given the overarching benefits and lack of reported side effects, 
particularly for hypertensive patients, health care providers and clinicians should 
consider the use of psyllium supplementation for the treatment or abatement of 
hypertension, or hypertensive symptoms.
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The effect of psyllium supplementation on blood 
pressure: a systematic review and meta-analysis 
of randomized controlled trials
Cain C. T. Clark1, Mina Salek2, Elahe Aghabagheri2, and Sadegh Jafarnejad2 

INTRODUCTION

Observational and experimental studies suggest dietary 
fiber intake may confer a beneficial effect on blood pres-
sure, in both normotensive and hypertensive patients 
[1-3]. Whilst clinical trials of fiber supplementation have 
shown wide variation in blood pressure response [2]; in 
trials with purified fiber supplements, reductions in 
blood pressure are, ostensibly, larger than in trials with 

fiber-rich foods. This difference in blood pressure re-
sponse is putatively explained by fiber dose, type of fiber 
consumed, or better compliance with dietary supple-
ments than with high-fiber diets [2].

It is well known that a dietary approach, adjunct to tra-
ditional pharmacotherapy, is a useful tool for the manage-
ment of the cardiovascular (CV) risk, not only in patients 
affected by relevant metabolic diseases, such as hyper-
cholesterolemia, diabetes, and hypertension, but also at a 

mailto:sjafarnejad@alumnus.tums.ac.ir
mailto:sjafarnejad@alumnus.tums.ac.ir
http://crossmark.crossref.org/dialog/?doi=10.3904/kjim.2019.049&domain=pdf&date_stamp=2020-11-01


1386 www.kjim.org https://doi.org/10.3904/kjim.2019.049

The Korean Journal of Internal Medicine Vol. 35, No. 6, November 2020

broader, population level [4,5]. Moreover, it has been as-
serted that the intake of dietary fibers either contained in 
the food or supplemented [6] may be inversely related to 
blood pressure levels and may conceivably inhibit hyper-
tension development as well [7,8]. Accordingly, an increase 
in dietary fibers has been recommended by the World 
Health Organization as a safe and practical approach to 
CV risk reduction in hypertensive populations [9]. 

Despite empirical evidence affirming the utility of di-
etary fibers, no specific suggestion has been provided 
regarding the most effective fiber to be supplemented. 
In fact, “dietary fiber” is an umbrella term for a variety of 
plant substances that are resistant to digestion by human 
gastrointestinal enzymes [10,11]. Dietary fibers may be 
dichotomized into two major groups, dependent upon 
their solubility in water. In humans, the structural or 
matrix fibers (lignin’s, cellulose, and some hemicellulo-
ses) are insoluble, whereas the natural gel-forming fibers 
(pectin’s, gums, mucilage’s, and the remainder of the 
hemicelluloses) are soluble [10,11]. Soluble dietary fibers 
encompass an extensive array of compounds (primarily 
of plant origin) with known physiological benefits, in-
cluding laxation, and improvements in glucose homeo-
stasis and dyslipidemia [12]. Among the most popular, 
supplmentable, soluble dietary fibers, globally, are the 
seed husks of psyllium (Plantago spp., in particular P. 
ovata), also known as ispaghula, which is often used to 
enrich cereals and other food items. Psyllium husks en-
compass a mixture of neutral and acid polysaccharides, 
containing galacturonic acid, with a 70 to 30 ratio of sol-
uble/insoluble fiber. Psyllium has been administered 
safely in children, adolescents and adults, and has been 
shown to improve hypercholesterolemia [13-15].

Furthermore, soluble fiber supplementation, in the 
form of psyllium, has also been suggested to improve 
the control of body weight, mainly by slowing the gastric 
emptying [16], which may further contribute to CV risk 
reduction, concomitant to a lipid lowering effect. Fur-
thermore, as excess weight, above that of a healthy level, 
is associated with an increased risk of inhibited blood 
pressure control [17,18]; it is therefore plausible that fi-
ber intake can exert a hypotensive effect and is strongly 
manifest in patients with existing hypertension. 

Current incidence of hypertension is estimated to be 
over one billion, globally [19], and given the antecedence 
of soluble dietary fibers, in particular, Psyllium, to posi-

tively effect blood pressure in patients with hypertension, 
it is of clinical importance that consensus on its supple-
mentation be established. Thus, the aim of the study was 
systematically review and meta-analyze the effect of psyl-
lium supplementation on blood pressure of hypertensive 
patients in randomized controlled trials (RCTs).

METHODS 

Literature search
The present systematic review and meta-analysis was 
conducted in adherence with the PRISMA guidelines 
[20] and Cochrane Handbook for Systematic Reviews 
[21]. We searched six universal databases including 
Pubmed/Medline, Ovid, Cochrane  Library, Google 
Scholar, Embase, and Scopus until November 2018. We 
systematically searched for RCTs to investigate the ef-
ficacy of psyllium supplementation on blood pressure. 
Additionally, we manually searched to detect additional 
potentially eligible trials in the reference lists of relevant 
publications. We used both free-text and MeSH terms 
as follow: (“psyllium” OR “mucilage” OR “lunelax” OR 
“Metamucil” OR “ispaghul” OR “plantago” OR “iso-
gel” OR “reguval”) AND (“Blood Pressure” [MeSH] OR 
“Blood Pressure” OR “Hypertension” [MeSH] OR “Pre-
hypertension” [MeSH] OR “SBP” OR “DBP”). 

Study selection
Study selection were undertaken independently by two 
authors (E.A. and M.S.), with discrepancies resolved 
by consensus and discussion  with a third investigator 
(S.J.). E.A. and M.S. independently carried out the initial 
search. Duplicated were removed, and titles/abstracts of 
each study were screened. They independently detected 
each study as excluded or requiring further evaluation. 
If there were lack of necessary data or the full text of 
eligible studies were unavailable, we emailed the corre-
sponding author for the comprehensive details. We in-
cluded the original studies that met the following crite-
ria: (1) RCT study design with psyllium or psyllium rich 
foods, as the intervention, (2) Studies with either Persian 
or English languages, (3) Studies with measured systolic 
blood pressure (SBP) and diastolic blood pressure (DBP) 
at the baseline and end of the trial (mean changes and 
standard deviations or sufficient data for calculating if 
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they were no available in the text). 

Data extraction
We extracted the following items from studies and re-
corded as the Table 1: the first author, year of publica-
tion, location of study, the sample size of intervention 
and control groups, characteristics of participants (sex 
and age), design of RCT, baseline dietary/intervention 
dose of psyllium (gram per day), clinical conditions of 
participants, duration of study, form of psyllium ad-
ministration, significant reporting outcomes of trials, 
baseline SBP and DBP in the intervention and control 
groups. 

Quality assessment 
The quantitative Jadad scale was used to assess the qual-
ity of included trials. The score ranges from 0 to 5, in 
which higher scores  indicating better quality. This in-
cludes three main parameters; randomization, blinding 
and monitoring of subject withdrawals. The Jadad scor-
ing approach is as follows; one point was given for stating 
random allocation and one additional point if the meth-
od was appropriate. One point was given when it was 
mentioned that the trial was blinded and one extra point 
if the method of blinding was suitable. One point was 
withdrawn if the method of randomization or blinding 
was inappropriate. Reporting of dropouts was given one 
point if the fate of all participants is known [22]. 

Statistical analysis
All analyses were conducted using Review Manager 
Software (Review Manager 5.3, Cochrane Collaboration, 
Oxford, England) and Comprehensive Meta-Analysis 
(version 3.2, Biostat). 

Mean difference and standard deviation (SD) of both 
SBP and DBP values in baseline and end of trial in inter-
vention and control groups were extracted or calculated 
to estimate pooled effect size. SD was estimated by (SD 
= SEM × sqrt [n]; n = number of subjects) when standard 
error of mean (SEM) was reported. In the case of missed 
SD values, we converted the reported median values with 
confidence intervals or ranges to mean and SD, based on 
the method of Hozo et al. [23]. Statistical heterogeneity 
was estimated using I2 statistic test and chi-square on 
Cochrane’s Q statistic test. Significant inter-study het-
erogeneity was defined as I2 > 50% or p < 0.05 for hetero-

geneity. Based on the heterogeneity between included 
studies, a random or fixed effects model was used in the 
meta-analysis. However, based on the Cochrane Hand-
book Guideline, the random effects model is preferable. 
Due to detect source of possible heterogeneity, stratified 
analysis was applied. Moreover, we assessed the influ-
ence of individual studies on the overall effect size by 
performing sensitivity analyses according to the Co-
chrane guidelines [24].

We assessed the potential publication bias using 
Egger’s weighted regression test, Begg’s rank correlation 
method and visual inspection of funnel plots, in which 
an asymmetric shape of funnel-plot can bean indicator 
of a publication bias. A p value of less than 0.05 was con-
sidered as statistically significant.

RESULTS

Results of the literature search and study selection
Fig. 1 presents a detailed flow chart of the study selection 

218 Published articles
        identi�ed through
        electronic searches

79 Potential relevant 
      records after

16 Full-text papers
      assessed for eligibility

9 Articles with 11 trials 
     included in the 
     meta-annlysis

Tit
le

 a
nd

 a
bs

tra
ct

 re
vi

ew
Fu

ll-
te

xt
 re

vi
ew

139 Excluded records 
  due to duplicates

63 Excluded records 
52 Experimental and in vitro trials
  4 Non-original research including review, letters, 
      editorials, and case reports articles
  1 Non-English/Persian studies
  6 Research with entirely unrelated to the topic

7 Additional excluded records:
2 Not RCT design
5 Missing data of SBP or DBP for meta-analysis

Figure 1. Flow diagram of literature search and article selec-
tion. RCT, randomized controlled trial; SBP, systolic blood 
pressure; DBP, diastolic blood pressure.
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and trials included in the present meta-analysis. A total 
of 218 articles were identified from the initial database 
search, in which 139 articles were excluded for dupli-
cates. After screening the titles and abstracts of eligible 
studies, 63 articles were excluded because they were ex-
perimental (n = 40) or in vitro (n = 12) studies, non-origi-
nal research including review, letters, editorials and case 
reports articles (n = 4), non-English/Persian papers (n = 1) 
and research with entirely unrelated to the topic (n = 6). 
The remaining 16 full-text papers were assessed for pos-
sible eligibility, in which additional seven studies were 
excluded because they were not RCTs, or they lacked 
the necessary data of SBP or DBP for meta-analysis after 
trying to contact the authors. Several studies including, 
Burke et al. [25] and Jenkins et al. [26] investigated the 
effect of psyllium on different groups separated by par-
ticipants characteristics and according to the Cochrane 
Handbook for Systematic Reviews of Interventions [27], 
each arm was considered independently in the evalua-
tion. Finally, nine studies with 11 trials fulfilled the eligi-
bility criteria and included in meta-analysis [25,26,28-34]. 

Study characteristics 
Details of the trial characteristics are given in Table 1. 
The included 11 trials were published between 1988 and 
2017. Four of the included trials were carried out in USA 
[26,28,30], two in Australia [25], two in Pakistan [29,33], two 
in Italy [31,34], and the other one trial was performed in 
Iran [32]. One trial included only male participants [28], 
one trial included only female participants [32] and the 
remaining nine trials were conducted in both male and 
female participants [25,26,29-31,33,34]. In total, 11 trials 
with 592 participants (intervention, n = 300 and placebo, 
n = 292), were included in the present meta-analysis. 

The sample size of included trials ranged from nine 
to 65 subjects. The age of the participants ranged from 
25 to 70 years. The clinical statuses of participants of in-
cluded trials were as follow: two trials with type 2 diabe-
tes mellitus [32,34], six trials with hypercholesterolemia 
and/or hyperlipidemia [26,28-30,33], three trials with hy-
pertension [25,31]. Amongst included studies, based on 
the American College of Cardiology/American Heart 
Association (ACC/AHA) updated guidelines, three trials 
included normative participants [26,28,30], one trial in-
cluded elevated blood pressure subjects [32] and the oth-
er seven trials were performed in participants with stage 

1 or stage 2 hypertensive disorders [25,26,29,31,33,34]. Du-
ration of intervention ranged from 4 weeks to 6 months, 
and the daily psyllium dosage varied from 3.7 to 15 g. No 
specific reported side effects were mentioned after psyl-
lium supplementation in the included trials. Nine tri-
als used parallel design [25,28-34], while other two trials 
were conducted in the cross-over designation [26]. The 
mean value of baseline SBP and DBP ranged from 117.5 
to 146.5 mmHg and 71 to 93.01 mmHg, respectively. 

Quality assessment and publication bias
Results of the quality assessment of the included trials 
based on the Jadad scale are shown in Table 2. Two out 
of 11 trials clearly described the blinding approach [31,32], 
four of the included trials (four of 11) showed the appro-
priate explanation of randomization method [25,31,32]. 
All trials stated withdrawals and dropouts descriptions 
[25,26,28-34]. Therefore, based on previous studies, which 
indicated the trials with Jadad score of more than three 
as the high quality trials, eight included trials were clas-
sified as high-quality trials [25,28-33] and the other 3 trials 
were categorized as low quality trials [26,34].

From visual inspection of the funnel plots, which is 
presented in Fig. 2, neither changes in SBP nor changes 
in DBP showed potential publication bias of psyllium 
administration on outcomes. Results of the Begg’s rank 
correlation test were not significant (SBP: Kendall’s Tau 
with continuity correction: –0.40; z = 1.71; two-tailed p 
= 0.08; DBP: Kendall’s Tau with continuity correction: 
0.00; z = 0.0; two-tailed p = 1.00). Moreover, Egger’s lin-
ear regression test confirmed that there were no sig-
nificant publication biases for both SBP and DBP: SBP 
(intercept: –0.008; standard error: 0.33; 95% confidence 
interval [CI], –0.76 to 0.75; t = 0.02, df = 9; two-tailed p = 
0.98) and DBP (intercept: 0.29; standard error: 0.62; 95% 
CI, –1.11 to 1.70; t = 0.47, df = 9; two-tailed p = 0.64).

Meta-analysis of psyllium administration on SBP 
and DBP
We performed a meta-analysis to examine reported 
quantitative data of 592 subjects from 11 trials regard-
ing SBP and DBP. The impact of psyllium of SBP and 
DBP was reported in all included trials. Three [29,31] and 
one [29] out of the 11  trials included in the present me-
ta-analysis reported a statistically significant improve-
ments in SBP and DBP after psyllium administration, 
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respectively. As shown in Fig. 3, the pooled effect of psyl-
lium supplementation revealed significant reduction of 
2.22 mmHg in SBP (weighted mean difference [WMD]: 
–2.22 mmHg; 95% CI, –2.82 to –1.63, p < 0.001). The me-
ta-analysis of the effect of psyllium supplementation 
did not show significant improvement on DBP (WMD: 
–0.72 mmHg; 95% CI, –1.98 to –0.53; p = 0.25). The test for 
overall heterogeneity effect revealed no significant het-
erogeneity in the effect of psyllium administration be-
tween the included studies according to both chi-square 
and I2 test, suggesting no possible heterogeneity among 
trials regarding to SBP (heterogeneity: Tau² = 0.00; Chi² 
= 7.55, df = 10 [p = 0.67]; I² = 0%). Additionally, meta-anal-
ysis did not suggest any heterogeneity between studies 
concerning DBP (heterogeneity: Tau² = 1.15; Chi² = 14.72, 
df = 10 [p = 0.26]; I² = 32%). However, we tried to clarify 
the effect of possible moderators by stratified analysis 
based on participants’ characteristics.

Stratified analysis 
Stratified analysis was conducted to evaluate the associ-
ation of effect size on SBP with baseline blood pressure 
(normotensive, elevated BP and hypertensive subjects), 
duration of follow-up (cut-off point = 8 weeks), dosage of 
supplementation (cut-off point = 10.2 g/day) and quality 
of studies (high vs. low quality) (Table 3). With respect to 
baseline blood pressure, a statistically significant reduc-
tion in SBP was detected in the subset of hypertensive 
patients. However, normotensive and elevated blood 
pressure groups did not show any significant beneficial 
effect of psyllium on SBP. The lowering effect of psylli-
um on DBP was not significant in each subgroups in-
cluding normotensive and elevated BP subjects, whereas 
the supplementation reduced DBP in hypertensive sub-
jects. As far as the duration of follow-up is concerned, a 
significant reduction of SBP and DBP was detected in 
subsets of studies divided according to duration of sup-
plementation of ≥ 8 weeks ([SBP WMD = –2.28; 95% CI, 

Table 2. Quality of the included studies based on the Jadad score

Study Blinding Randomization
Withdrawals and  

dropouts descriptions
Score

Anderson et al. (1988) [29] 1 1 1 3

Asghar et al. (2011) [30] 1 1 1 3

Bell et al. (1989) [31] 1 1 1 3

Burke et al. (2001) [25] 1 2 1 4

Cicero et al. (2007) [32] 2 2 1 5

Ghalandari et al. (2017) [34] 2 2 1 5

Jenkins et al. (1997) [26] 0 1 1 2

Murad et al. (2011) [35] 1 1 1 3

Sartore et al. (2009) [37] 0 0 1 1
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Figure 2. Funnel plot of included studies detailing publication bias: (A) systolic blood pressure; (B) diastolic blood pressure. 
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–2.88 to –1.68; p < 0.001], [DBP WMD = –1.41; 95% CI, –2.27 
to –0.55; p = 0.001]). Subgroup analysis based on dose of 
psyllium consumption showed significant improve-
ments in lower dose groups regarding both SBP (WMD 
= –2.14; 95% CI, –2.79 to –1.49; p < 0.001) and DBP (WMD 
= –1.41; 95% CI, –2.48 to –0.33; p = 0.01) with a SBP-low-
ering effect of higher dose of psyllium consumption 
(WMD = –2.68; 95% CI, –4.15 to –1.20; p < 0.001). Notably, 
subgroup analysis based on quality of studies indicated 
that psyllium administration significantly reduced both 
SBP and DBP in subsets of high-quality studies in com-

pared with low quality studies by 2.26 mmHg (95% CI, 
–2.86 to –1.66; p < 0.001) and 1.32 mmHg (95% CI, –2.19 to 
–0.45; p < 0.001), respectively (Table 3). 

Sensitivity analysis
Sensitivity analysis was performed to evaluate the effect 
of single trials with a high risk of bias on overall esti-
mated pooled effect size. After excluding each trial, the 
lowering effects of psyllium on SBP did not significant-
ly change the overall pooled effect size. Therefore, the 
effect of psyllium on SBP remained significant which 

Figure 3. Forest plot representing the pooled effect of psyllium supplementation on (A) systolic blood pressure, and (B) diastolic 
blood pressure by using a random effects model. CI, confidence interval.
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ranged from –2.11 (95% CI, –2.75 to –1.47) to –2.38 (95% 
CI, –3.75 to –1.00) in SBP, suggesting that the risk of bias 
did not considerably influence the final results (Fig. 4). 

Meta-regression analysis
A meta-regression analysis was conducted to evaluate 
the effect of potential moderators on the overall esti-

mated effect size. The dosage and duration of supple-
mentation were not associated with SBP-lowering activ-
ity (dosage [slope: 0.29; 95% CI, −0.63 to 1.23; p = 0.53]; 
duration of supplementation [slope: –0.08; 95% CI, −0.21 
to 0.05; p = 0.24]) (Fig. 5) and DBP-lowering activity (du-
ration of supplementation [slope: –0.06; 95% CI, −0.17 
to 0.05; p = 0.27]) (Fig. 5) of psyllium supplementation. 

Table 3. Stratified analysis

Subgroup No. of trials WMD (95% CI)
Test for overall 
effect, p value

Test for  
heterogeneity

I2, %

Stage

Normal 3

SBP 1.27 (–2.48 to 5.01) 0.51 0.50 0

DBP 2.27 (0.23 to 4.32) 0.03 0.73 0

Elevated 1

SBP –3.00 (–13.89 to 7.89) 0.59 Not applicable -

DBP –0.65 (–7.42 to 6.12) 0.85 Not applicable -

Hypertension 7

SBP –2.31 (–2.92 to –1.71)  < 0.001 0.84 0

DBP –1.68 (–2.57 to –0.79) < 0.001 0.92 0

Duration of study, wk

< 8 2

SBP 0.93 (–3.81 to 5.68) 0.70 0.47 0

DBP 1.00 (–3.80 to 5.80) 0.68 0.10 64

≥ 8 9

SBP –2.28 (–2.88 to –1.68) < 0.001 0.73 0

DBP –1.41 (–2.27 to –0.55)  0.001 0.68 0

Dose, g/dL

≤ 10.2 5

SBP –2.14 (–2.79 to –1.49) < 0.001 0.64 0

DBP –1.41 (–2.48 to –0.33) 0.01 0.65 0

> 10.2 6

SBP –2.68 (–4.15 to –1.20) < 0.001 0.47 0

DBP –0.74 (–3.14 to 1.66) 0.55 0.08 49

Quality of studies

High quality 8

SBP –2.26 (–2.86 to –1.66) < 0.001 0.75 0

DBP –1.32 (–2.19 to –0.45) 0.003 0.74 0

Low quality 3

SBP –1.04 (–6.42 to 4.35) 0.71 0.27 25

DBP –0.75 (–5.59 to 4.08) 0.76 0.02 74

WMD, weighted mean difference; CI, confidence interval; SBP, systolic blood pressure; DBP, diastolic blood pressure.

www.kjim.org


       

1394 www.kjim.org https://doi.org/10.3904/kjim.2019.049

The Korean Journal of Internal Medicine Vol. 35, No. 6, November 2020

However, meta-regression analysis showed a linear rela-
tionship between the baseline blood pressure and effect 
size of psyllium administration on SBP and DBP, indi-
cating that the hypotensive effect of psyllium on blood 
pressure became stronger in subjects with higher base-
line SBP and DBP ([SBP slope: –0.28; 95% CI, –0.55 to 
–0.02; p = 0.03]; [DBP slope: –0.17; 95% CI, –0.28 to –0.06; 
p = 0.002]) (Fig. 5). 

DISCUSSION

The prevention and alleviation of disease is a principal 
aim of healthcare professionals. With an estimated one 
billion worldwide cases, hypertension constitutes the 
number one health risk factor quantified in terms of 
disability adjusted life years, which are the sum of years 
of life lost due to premature mortality and years lived 
with disability [35]. In 2015, 41% of disability adjusted life 
years were attributed to elevated SBP alone [36]. It is one 
of the first causes of premature cardiovascular disease 
and therefore any viable means of combatting such a 
prevalent problem is warranted. Although traditional-
ly treated with pharmacotherapy, there is an increas-
ing interest in using alternative methods of treatment. 
Moreover, it has been asserted that the intake of dietary 
fibers either contained in food or supplemented [6] are 
inversely related to blood pressure levels and can elicit 
hypotensive effects in hypertensive patients [3,15]. There-
fore, given the antecedence of soluble dietary fibers, and 

in particular, psyllium, to elicit hypotensive effects in 
patients with hypertension, it is of clinical importance 
that consensus on its supplementation be established, 
or at least further evidenced. Thus, the aim of the study 
was systematically review and meta-analyze the effect of 
psyllium supplementation on blood pressure of hyper-
tensive patients in RCTs. In accord with the aforemen-
tioned aim, the principal findings of this study were, (1) 
meta-regression of the data showed that higher baseline 
DBP leads to higher reductions of blood pressure af-
ter Psyllium supplementation, (2) longer duration and 
high-quality studies yielded a significant reduction in 
blood pressure, and (3) no heterogeneity was observed in 
the meta-analysis (for both SBP and DBP); therefore, we 
can assert veracity in our findings.

Previous randomized clinical trials and meta-analyses 
have demonstrated the efficacy of soluble fibers, and, 
in particular, psyllium, as anti-hypercholesterolemic 
agents in moderately hypercholesterolemic patients and 
improves glycaemic control in patients with diabetes [37]. 
Grundy et al. [38] previously observed that a long-term 
treatment with high doses of soluble fibers could sig-
nificantly improve parameters related to the insulin-re-
sistance, the pathogenetic basis of metabolic syndrome 
and type 2 diabetes, whilst the present meta-analysis 
supported the use of longer duration supplementation 
for greater improvement in blood pressure. Previously, 
a small antihypertensive effect of fiber supplementation 
was reported in Streppel et al. [6]; however, the minimal 
improvement reported, compared to the present study, 

Figure 4. Sensitivity analysis of 
the effect of psyllium supple-
mentation on blood pressure. 
CI, confidence interval.
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can viably be explained by the fact that the meta-anal-
ysis included numerous studies that have been carried 
out on small patient samples, studies with short treat-
ment duration; and low dosed fiber supplementation. 
Whilst in a meta-analysis carried out by Whelton et al. 
[39], fiber supplementation was associated with a signif-
icant blood pressure decrease in hypertensive subjects, 
comparable to that observed in our study. Moreover, in 
the present study, antihypertensive effects occurred to 
a greater magnitude when supplementation was longer 
than 8 weeks. Such additional findings in the present 

study may be attributable to the fact that we incorporat-
ed a larger number of studies, with greater sample sizes, 
respectively, and focused on psyllium supplementation 
only, thereby reducing potential heterogeneity and abate 
the influence of uncontrolled moderators; enabling us 
to affirm veracity in our findings. 

Dietary fiber or nonstarch polysaccharide is a collec-
tive term for a variety of plant substances that are re-
sistant to digestion by human gastrointestinal enzymes. 
The structural fibers (cellulose, lignin, and hemicellu-
loses) are insoluble whereas the natural gel-forming fi-
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bers (pectins, gums, and mucilages) are soluble [40]. In 
the human diet, insoluble fiber is mainly derived from 
whole-grain products and soluble fiber from fruits, 
vegetables, pulses, and oats [40]. Little is known about 
the potential mechanisms through which dietary fiber 
might lower blood pressure. Dietary fiber reduces the 
glycaemic index of foods, thereby attenuating insulin 
response [41]. Insulin may play a role in blood pres-
sure regulation [42] and dietary fiber has been shown 
to enhance insulin sensitivity and vascular endothelial 
function [41,43]. Furthermore, there is putative evidence 
that fiber, particularly soluble types, improve mineral 
absorption in the gastrointestinal system [44,45], which 
may confer an indirect, but favourable effect on blood 
pressure. Whilst such ostensible benefits of dietary fi-
ber are known, alteration of diets to confer said benefits 
is much more problematic. Therefore, implementing 
supplmentable dietary fiber, such as Psyllium, may be 
beneficial to facilitate adherence to increased dietary fi-
ber intake. 

Several physiological mechanisms have been pro-
posed for the antihypertensive effect of soluble fiber 
such as psyllium. Consumption of viscous fiber increas-
es the viscosity of the digesta, delaying the absorption of 
nutrients within the gastrointestinal system, which has 
been purportedly associated with postprandial glucose 
excursion blunting and improvement of systemic insu-
lin resistance [46]. Insulin resistance, with concurrent, 
compensatory insulinaemia, is a pivotal pathophysio-
logical mechanism in the development of endothelial 
dysfunction and hypertension [47]; indeed, numerous 
accompanying mechanisms are characterized in this re-
spect, including increases in renal sodium reabsorption, 
sympathetic nervous system activation, transmembrane 
ion transport alteration, and hypertrophy of resistance 
vessels, partially mediated by mitogen activated protein 
kinase pathway activation [48-50]. Intake of viscous fi-
bers, such as psyllium, concomitantly produces a mod-
est effect on weight management/reduction via a satiety 
linked mechanism, in addition to reductions in blood 
pressure being linearly correlated with reductions in 
body mass [51,52]. Moreover, Khan et al. [53] suggested 
that blood pressure reductions may be dependent on 
starting body weight, which may conceivably account for 
the larger reductions observed in hypertensive individ-
uals. However, it is probable that numerous pathways 

contribute to the observed reduction in blood pressure, 
and further mechanistic studies are needed to elucidate 
the putative pathways and mechanism of action.

Strengths and limitations
Whilst Kahn et al. [53] was the first study to report that 
supplementation of psyllium fiber can significantly low-
er SBP, the present meta-analysis highlighted a number 
of novel findings; meta-regression of the data showed 
that higher baseline DBP leads to higher reductions of 
blood pressure after psyllium supplementation, which 
agrees with the subgroup analysis in which hyperten-
sive patients showed significant reductions in blood 
pressure in comparison to normotensive/ patients with 
elevated blood pressure, in addition to longer duration 
and high-quality studies showed a significant reduc-
tion of blood pressure. Whilst contrary to Khan et al. 
[53], who included low quality studies in addition to re-
porting substantial heterogeneity in the analysis of SBP 
and DBP, which remained unexplained by sensitivity 
analyses, we found no heterogeneity in the present me-
ta-analysis (for both SBP and DBP); thereby enabling us 
to assert our findings as firm evidence for the SBP-low-
ering effect of psyllium supplementation. A further 
strength of the present meta-analysis is that the findings 
are generalizable, given trials included participants that 
were both healthy and non-healthy (hypertensive). Fur-
ther strengths in our meta-analysis include that whilst 
the number of studies included for analyses in previous 
meta-analyses, specifically regarding Psyllium, has been 
limited; in the present study, we were able to analyse a 
large number of studies. Further, the sample sizes in-
cluded in numerous, previous studies regarding Psylli-
um was small; contrastingly, the respective sample sizes 
in our study was large. Moreover, further compounding 
divergent findings in the literature is the fact that me-
ta-analyses, thus far, have not focused on one, specific 
fiber, whereas we concentrated on a single dietary fiber 
to reduce the chance of any possible heterogeneity and 
decrease the influence of moderators, enabling greater 
veracity in the results we obtained.

Notwithstanding, the current study has some limita-
tions worth considering. A number of included trials 
were small in sample size, and it has been asserted by 
Sterne and Egger [54] that it is probable for studies with 
small sample sizes to report bigger effect sizes in inter-
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vention arms than studies with larger participant pools, 
nevertheless, this was out of the operational control of 
the meta-analysis. A further limitation of the present 
study was the paucity of eligible studies, highlighting 
the need for more, high-quality RCT’s. It is conceivable 
that other unexplored sources of heterogeneity may 
have included differences in supplementation adminis-
tration (capsule vs. food source), differential or habitual 
fiber consumption levels at baseline, severity of patient 
medical conditions and comorbidities, or, indeed, dis-
parity in clinical blood pressure measuring devices such 
as ambulatory monitoring, sphygmomanometers or 
auscultation vs oscillation-based tools.

The results of current meta-analysis study support the 
use of Psyllium supplementation in patients who have 
hypertension. The present study highlighted, through 
meta-regression, that higher baseline DBP leads to 
higher reductions of blood pressure after psyllium 
supplementation. Moreover, this work elucidated that 
studies of higher quality, and longer supplementation 
period yield significant reductions of blood pressure. 
Finally, through robust analyses, we highlighted no het-
erogeneity was manifest, for both SBP and DBP, indi-
cating veracity in the observed results. Given the over-
arching benefits evident, particularly for hypertensive 
patients, and concomitant lack of reported side effects, 
health care providers and clinicians should consider the 
use of psyllium supplementation for the treatment or 
abatement of hypertension, or hypertensive symptoms.
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