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The effect of psyllium on fasting blood
sugar, HbA1c, HOMA IR, and insulin control:
a GRADE-assessed systematic review

and meta-analysis of randomized controlled
trials
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Abstract

There is equivocal evidence that psyllium can prevent or attenuate increases in fasting blood sugar. Therefore, this
systematic review and meta-analysis sought to investigate the influence of psyllium on hemoglobin A1C (HbA1c),
fasting blood sugar (FBS), insulin, and Homeostatic Model Assessment of Insulin Resistance (HOMA IR). We searched
PubMed, ISI Web of Science (WOS), and Scopus for eligible publications, up to 15 July 2022, including randomized
controlled trials (RCT) assessing the effect of psyllium on HbAlc, FBS, insulin, and HOMA IR levels in adults. Using a
random effects model, we report the weighted mean differences (WMD) with 95% confidence intervals (Cl). In this
article, 19 RCT studies, consisting of 962 participants, were included. Psyllium significantly decreased FBS, HbA1c,
and HOMA IR levels, but not insulin levels, as compared to placebo (FBS: WMD): -6.89; 95% Cl: -10.62, -3.16; p <.001),
HbAT1c: (WMD: -0.75; 95% Cl: -1.21, -0.29; p<.001), HOMA IR: (WMD: -1.17; 95% Cl: -2.11, -0.23; p<.05), and insulin:
(WMD: -2.08; 95% Cl: -4.21, -0.035; p>.05)). Subgroup analyses illustrated differences in the effects of psyllium

on FBS: dosages less than and more than 10 g/d showed significant differences (p value <0.05). However, it was
not significant in intervention durations less than 50 days (p value >0.05). For HbA1c: psyllium consumption less
than 10 g/d (p value >0.05) was non-significant. For HOMA IR and insulin: no significant changes were noted with
psyllium consumption less than vs. more than 10 g/d. In conclusion, we found that psyllium could significantly
decrease FBS, HbA1c, and HOMA IR levels, but not insulin levels, as compared to placebo.
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Introduction

The global prevalence of diabetes, and in particular type
2 diabetes, is increasing. Ageing and urbanization are
factors that are largely attributable for diabetes preva-
lence in developing countries, however, the resources
for treatment are scarce [1] .The word “hyperglycemia”
comes from the Greek words hyper (high) and glykys
(sweet/sugar), as well as the word haima (blood). Hyper-
glycemia is defined as blood sugar levels that are higher
than 125 mg/dL while fasting and 180 mg/dL two hours
after a meal. A patient has pre-diabetes or impaired glu-
cose tolerance if their fasting plasma glucose is between
100 and 125 mg/dL [2].

Empirical evidence suggests that adequate glycemic
control is associated with a reduced risk of microvascular
(retinopathy, neuropathy and nephropathy) and cardio-
vascular toll [3, 4].

Dietary fiber has been reported to significantly lower
blood sugar levels and increase insulin in people with
diabetes [5]. However, it has been asserted that the com-
bination of types of fiber, i.e., dietary fiber (lignin and
nondigestible carbohydrates) and functional fiber (nondi-
gestible carbohydrates and isolated) is an important con-
sideration [6].

Psyllium is one of the most beneficial dietary sources of
fiber currently available [7], and is a gel-forming mucilage
derived from the Plantago ovata seed husk [8—10]. The
ground skin of psyllium seeds (plantago ovata or psyllium
plantago) comprises an admixture of polysaccharides,
which includes hexoses, pentoses, and uronic acids, and
has been used as a viscose, solvable, gel-forming non-
fermented fiber supplement [11]. Psyllium is typically
native to India, Iran, and other Middle Eastern coun-
tries [12, 13], and the consumption of psyllium seeds has
nutritional benefits including, therapeutic treatment of
constipation, diarrhea, irritable bowel syndrome, inflam-
matory bowel disease, ulcerative colitis, colon cancer,
diabetes, and hypercholesterolemia. Moreover, psyllium
has been posited as a potential therapeutic option for
control of diabetes [6—8, 11]. For instance, in one study,
psyllium yielded a significant decrease in hemoglobin
A1C (HbAlc), as compared to the placebo group, while
insulin levels remained unchanged [14]. . Indeed, supple-
menting a moderate carbohydrate diet with psyllium,
even for a short duration, appears to be capable of sig-
nificantly reducing fasting plasma insulin in those living
with diabetes [15]. . By delaying absorption, psyllium has
a comparable effect to intestinal a-glucosidase inhibitors
in decreasing carbohydrates digestion and absorption,
which leads to increased levels of the glucoregulatory
factor glucagon-like peptide 1 (GLP-1). In turn, this
ensures that vital nutrients arrive to distal regions of the
small bowel [6]. A lack of dietary soluble fibers in the diet
has been linked to an inexorable rise of coronary heart
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disease, diabetes mellitus, and colon-related cancer,
among other non-communicable diseases [13].

Considering the contradictory findings of studies in
the field, we sought to undertake a systematic review
and meta-analysis study in order to obtain a more com-
prehensive result. This study will investigate the effect of
psyllium consumption on FBS, HbAlc, HOMA IR, and
insulin in adult populations.

Method

Search strategy and study selection

The research adhered to the rules and regulations estab-
lished by the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guideline
[16]. search strategy was done up to 25 march 2022 for
PubMed, Scopus and Web of Science (WOS). We found
998 articles in PubMed, 2320 in Scopus, and 1048 in
WOS. To assess the effect of psyllium on blood sugar
changes HbAlc, Homeostatic Model Assessment of
Insulin Resistance (HOMA IR) and insulin, we searched
for relevant studies from database inception up to 15 July
2022. across four English language databases (PubMed,
Scopus, WOS). The data were carefully retrieved using
the following keywords: (“Psyllium” OR “Plant Muci-
lage” OR “mucilage” OR “lunelax” OR “Metamucil” OR
“ispaghul” OR “plantago” OR “isogel” OR “ispaghula” OR
“psyllium-husk” OR “Plantago ovata” OR “Psyllium fiber”
OR “Plantago psyllium” OR “mucilage polysaccharides”)
AND (“Randomized Controlled Trial” OR “Clinical Trial”
OR “cluster randomized controlled trials” OR “RCTs” OR
“cRCTs” OR “Controlled Clinical Trial” OR “RCT” OR
“double-blind randomized controlled trial” OR “Clinical
Trials as Topic” OR “clinical trial*” OR “controlled trial*”
OR “intervention*” OR “Randomized” OR “Randomized”
OR “randomly” OR “single-blind” OR “double-blind” OR
“placebo” OR “Pilot study” OR “single-blind random-
ized controlled trial” OR “Controlled Clinical Trials as
Topic” OR “Meta-Analysis” OR “Review” OR “Random
Allocation” OR “Single-Blind Method” OR “Double-
Blind Method” OR “Cross-Over Studies” OR “Compara-
tive Study” OR “Follow-Up Studies” OR “cross-over” OR
“paralle]” OR “assignment” OR “trial”) alone or com-
bined together with ‘OR’ and/or ‘AND' Reference lists
of retrieved articles were interrogated for supplemen-
tary studies. To ensure accuracy, we carefully restricted
our search to only include human subjects. To avoid
any potential duplication with endnote software, two
independent researchers screened both primary titles
and abstracts (Z.Gh. and Z.P) In addition, we manually
searched for additional articles in gray literature from
reports, theses, newsletters, site of congress and RCT,
and irct.ir. as well as activating the alert system of Sco-
pus and PubMed databases and alert system for the Web
of Science database didn’t work but we checked up to 28
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September 2023. For articles that we did not have access  Eligibility criteria
to, we emailed the corresponding author(s). The Population, Intervention, Comparison, Outcomes,
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Fig. 1 Flow diagram of study selection
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and Study (PICOS) criteria were used for this meta-
analysis study. Accordingly, population (adults who were
over 18 years old), intervention (psyllium), compari-
son (a control or placebo group), outcome (alteration in
FBS, HbAlc, HOMA IR and insulin levels), study design
(randomized controlled trials [RCTs]) were included.
The following inclusion criteria were assessed: (a) RCTs
with either parallel or crossover design (study design); (b)
Adults who were 218 years (Population); (c) evaluated the
effect of psyllium on FBS, HbAlc, HOMA IR and insulin
changes with a control or placebo group (Intervention,
Comparison, and Outcomes). Exclusion criteria were:
(a) persons who were less than 18 years old (Population);
(b) in vitro, animal, or cell culture studies (Population);
(c) articles that were not RCT (study design) (d) studies
that were reviews, letters, conferences, and abstracts with
defective data, and seminars (study design); (e) defec-
tive data (study design); (f) articles without expression
standard deviation (SD); (g) articles without a control
or placebo group (Comparison); (h) articles whose study
duration is less than 2 weeks (intervention duration). (i)
Articles that were not in English and (j) Articles that had
no baseline mean and SD; (k) studies were conducted in
children and adolescents or lactating or pregnant women
(Population).

Dose/
day
(9/
day)
10

ground flaxseeds

Type of Pl.

psyllium
psyllium
psyllium

Type of
ground

tion

(day)
6

112

Du-

Mean ra-
Age

585

47

30

In_N PLLN In
9

17 8
M/F 60 30

Sex N
M/F

Data extraction

The endnote software was utilized to record all studies.
The data extraction form was completed in both a word
processor and spreadsheet by two experienced investi-
gators, (Z.Gh. and Z.P). All selected papers were thor-
oughly reviewed by the two researchers, (Z.Gh. and Z.P.).
In order to obtain the full-text of the articles that we were
not able to access, an email was sent to the correspond-
ing author(s). Following successful full-text review, we
extracted the following information: author’s name, the
publication year, study location, design of the study (par-
allel or cross-over), the population of study, mean age
of the participants, gender, health status of participants,
sample size, psyllium dosage, duration of intervention
and the mean+SD of the FBS, HbAlc, HOMA IR, and
insulin levels before and after the intervention. Stud-
ies with an additional arm will be reported as separate
studies. (Table 1)1% 15 17-32) \When average and stan-
dard deviation were not available in numerical form, the
Graph digitizer get data software was utilized to obtain
the data from published figures.

school teachers with cen-

tral obesity

Population
N: number; In-N: intervention number; PI-N; placebo number; IN: intervention; Pl: placebo; M: male; F: female

Nutrition and Metabolic Insights

Obesity Medicine

journal

Country
2017 USA
2022 Pakistan

year

Quality assessment

Two investigators (Z.Gh. and Z.P.) used the Cochrane
collaboration’s risk of a bias assessment tool to assess the
risk of bias [17]. We assessed seven criteria including for
each study including (a) random sequence generation, (b)
allocation concealment, (c) blinding of participants and

Table 1 (continued)

Author
Amjad Ali Bacha [37]

Ricklefs Ka [36]



Gholami et al. BMC Endocrine Disorders (2024) 24:82

FBS

Study name Statistics for each study
Difference  Standard Lower Upper
inmeans  error  Variance limit limit
Ong Pui Wen et al 2022 2.520 3460 11971 4261 9.301
Noureddin Soltanian et al 2018 -17.800 8027 64439 -33533 -2.067
Ayman S. Abutair et al 2016 -38.000 5583 31167 -48.942 -27.058
James W. Anderson et al 1988 3.300 4439 19705 -5400 12.000
ARRIGO F.G. CICERO et al 2007 -12.000 4041 16333 19921 -4.079
Arrigo F.G. Cicero et al 2010 -11.350 4037 16296 -19.262 -3438
Fatemeh Pourbehi et al 2020 3.600 2.324 5400 -0.955 8155
G Sartore et al 2009 13.570 7495 56172 1120 28.260
Mark N. Feinglos etal 2013 a 30640 13487  181.887 -57.073 -4.207
Mark N. Feinglos et al 2013 b 40720  14.205 201.782 -68.561 -12.879
Mahdieh Kamalpour et al 2017 -4.530 4035 16284 12439 3.379
Johnson W. McRorie Jr et al 2017 -6.200 3262 10575 -12574 0.174
Noureddin Soltaniana et al 2018 -19.300 11250 126554 -41.349 2749
Seyedeh Ferdows Jazayeri et al 2021 1.740 6.99% 48937 -11.971 15451
MSAEL URIBE et al 1985 53000  47.932 2297.500 -146.945 40.945
Seyed Ali Ziai et al 2005 89700  22.934  525.980 -134.650 -44.750
Ricklefs Ka et al 2017 -17.000  27.729 768898 -71.348 37.348
Amijad Ali Bacha et al 2022 -4.770 0493 0.243 -5737 -3.803
rosa solaa et al 2010 1470 1.001 1.002 -3132 0792
-6.897 1.902 3616 -10.624 -3.169
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Difference in means and 95%Cl
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Fig. 2 Forest plot illustrating weighted mean difference and 95% confidence intervals for the impact of psyllium consumption on fasting blood glucose

personal, (d) blinding of outcomes assessment, (e) incom-
plete outcome data reporting, (f) selective outcome
reporting, (g) Other potential threats to validity and (h)
general risk bias. So, studies were ascribed as low qual-
ity (low risk of bias for less than two domains), moderate
quality (unclear risk of bias for one or two domains), and
high quality (low risk of bias for all seven domains) [17]
(Table 2)1% 15 17-32) The strength of the evidence pre-
sented in the studies was assessed using guidelines estab-
lished by the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) Working Group
Using appropriate assessment criteria, we divided the
quality of evidence into four levels: very low, low, moder-
ate and high [18].

Data synthesis and statistical analysis

We sought to assess changes in FBS, HbAlc, HOMA IR,
and insulin levels, as calculated from the mean changes
and Standard Deviations (SD) using a random-effects
model [19]. To accurately measure pooled prevalence
estimates with 95% confidence intervals, we utilized a
random effects model and Comprehensive Meta-Analy-
sis (CMA) software to assess the degree of heterogeneity

between studies. An I? value of more than 50% was used
to infer a high level of heterogeneity and may be used as
an indication that the random effects model should be
applied. To address the sources of heterogeneity, we sepa-
rately performed meta-regression and subgroup analy-
ses. Meta-regression was used for the dosage of psyllium
and duration of studies. In all statistical analyses, the sig-
nificance level was considered as P-value<0.05, and the
meta-analysis was conducted using CMA version 3. If the
SD of the mean difference was not available in the pub-
lished studies, we used this formula: SD change=square
root ([SD baseline]? + [SD final]? — [2Rx SD baseline x SD
final]) [20]. For calculating SD from SE, we used the fol-
lowing formula: SD=SE *+/n. When there was no infor-
mation in the form of average and standard deviation,
but it was reported in the form of a graph, the get data
Graph digitizer software was used to extract the infor-
mation. For considering heterogeneity, we used the I
square (I?) index. Accordingly, (I?<25%), (I*=25-50%),
(I=50-75%), and (I>>75%) were considered low, moder-
ate, severe, and highly heterogeneous, respectively [21].
We performed pre-defined subgroup analyses based on
the baseline FBS, HbAlc, HOMA IR, and insulin levels,
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HBA1C

Study name Statistics for each study
Difference  Standard Lower Upper
inmeans  error  Variance limit  limit

Noureddin Soltanian et al 2018 -1.800 0620 0384 -3.014 -058

Ayman S. Abutair et al 2016 -1.000 0204 0041 -1.399 -0.601

Arrigo F.G. Cicero et al 2010 0.000 0133 0018 -0261 0261

Mark N. Feinglos et al 2013 a -0.530 0200 0040 -0922 -0.138

Mark N. Feinglos et al 2013 b -0.650 0208 0043 -1.058 -0.242

Noureddin Soltaniana etal 2018~ -1.100 0577 0333 -2231 0031

G Sartore et al 2009 0.090 1932 3734 -3697 3877

Seyed Ali Ziai et al 2005 -3.000 0875 0766 -4716 -1.284

Ricklefs Ka et al 2017 0600 0917 0841 1197 2397

-0.757 023 0055 -1216 -0.297
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Fig. 3 Forest plot illustrating weighted mean difference and 95% confidence intervals for the impact of psyllium consumption on HbA1c

psyllium dosage (mg/d), study duration (weeks), persons’
mean age, sample size, health status, sensitivity analysis,
and publication bias.

Results

Search results

This study is registered in PROSPERO, under code
CRD42023385375. The flowchart of the procedure of
screening and study selection is displayed in Fig. 1. We
removed 2334 duplicate articles (2070) and subsequently
reviewed the titles and abstracts (2160). Next, 160 full-
text articles were screened. We excluded 141 studies,
where 42 studies were not related, 5 studies did not have
a control group, 2 studies worked on animals, 2 studies
had no baseline mean and SD, 5 studies did not work on
adults, 6 studies were not written in English, 2 studies
were not RCT’s, and 4 studies had no SD. Therefore, 19
RCTs were entered in the final meta-analysis. (Fig. 1)

Study characteristics

The 19 eligible studies were published from 1985 to 2022
and were 14—182 days in duration. The total number of
participants was 962 (481 cases and 467 controls) 962 for
FBS, 523 for HbAlc, 575 for insulin, and 591 for HOMA
IR. General characteristics of these studies are shown in
Table 11415 17-32) These studies were conducted in dif-
ferent countries (Malaysia, Iran, Palestine, USA, Italy,

USA, Spain, Mexico, Pakistan). The mean age of partici-
pants ranged between 24 and 77.2 years, with most stud-
ies conducted in both genders. The dosages of psyllium
utilized in the included studies ranged from 0.002 to
25 g/day.

Meta-analysis results

A total of 19 studies, including 962 individuals (481 cases
and 467 controls), examined the effects of psyllium sup-
plementation on changes in FBS, HbAlc, HOMA IR and
insulin levels. We used a random-effects model, which
indicated a significant decrease in FBS, HbAlc, and
HOMA IR levels, and a non-significant decrease in insu-
lin levels, compared to the placebo FBS: (WMD): -6.89;
95% CI: -10.62, -3.16; p<.001) (Fig. 2), HbAlc: (WMD:
-0.75; 95% CI: -1.21, -0.29; p<.001) (Fig. 3 ), HOMA IR:
(WMD: -1.17; 95% CI: -2.11, -0.23; p<.05) (Fig. 4) and
insulin: (WMD: -2.08; 95% CI: -4.21, -0.035; p>.05) (
Fig. 5). Just one study investigated QUIKI and because
of this we didn’t check it. However, significant heteroge-
neity was noted for FBS: (I>=82.04%, p<.001); HbAlc:
(I°=73.10%, p<.001), HOMA IR: (I’=87.27%, p<.001),
and insulin: (I*=83.75%, p<.001). Sensitivity analyzes
were performed using a one-study method (i.e., repeat-
ing the analysis excluding one study each time) to assess
the influence of studies on the overall size effect [38, 39].
In the sensitivity analysis excluding a single study leads
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Study name Statistics for each study Difference in means and 95%Cl

Difference  Standard Lower Upper

inmeans  error  Variance limit  limt ZValue p-Value
Ayman S. Abutair et al 2016 6300 074 054 -7758 4842 -8468 0.000 3
ARRIGOF.G.CICERO etal 2007 -1700 0489 0240 -2659 -0.741 -3473  0.001 [ |
Arrigo F.G. Cicero et al 2010 A700 0489 0240 -2659 -0.741 3473 0.001 [ |
Fatemeh Pourbehi et al 2020 0870 0637 0405 0378 2118 1366 0172
Mahdieh Kamalpour et al 2017 050 0275 0075 -0038 1038 1820  0.069
Ricklefs Ka et al 2017 0500 2284 5217 4977 39T 0219 082
Amjad Ali Bacha et al 2022 0810 0352 0124 -1500 -0120 -2300 002
rosa solaa et al 2010 0220 0077 0006 -0371 -0.069 -2864 0004

AA7d 0481 0232 217 0230 2438 0015
-20.00 -10.00 0.00 10.00 20.00
Favours psyllium Favours control

Fig. 4 Forest plot illustrating weighted mean difference and 95% confidence intervals for the impact of psyllium consumption on HOMA IR

to changing the results. We perform sensitivity test on a
study, we will exclude a study from the analysis, if p-value
doesn’t change from significant (p-value<0.05) to non-
significant (p-value>0.05) and vice versa, it means that
the removal of that study does not affect the result of
the study, and the result of the study is the same as the
previous one, and if it changes, it means that remove
Study will affect the result and the result depends on that
study. The sensitivity analysis was robust for FBS: (WMD
altered between —4.49 and —8.72), and HbAlc: (WMD
altered between —0.62 and —0.89) because the results of
the study did not change after removing each of the study.
However, the result changes and becomes significant for
the HOMA IR (WMD altered between —1.49 and —0.48)
and insulin (WMD altered between —2.75 and —0.77),
after removing two and three of the studies, respectively,
in the event that the result was not significant before the
removal of those studies (Supplementary Fig. 1).

Risk of bias assessment, and GRADE assessment

Table 20 15 17-32) {djsplays the outcomes of the quality
assessment of the trials. According to Cochrane Col-
laboration’s Upon scrutinizing the quality of all trials
that were incorporated, 14 were appraised as having high
quality, while the remaining four studies were evaluated

as possessing medium quality, and one were appraised as
having low quality. Table 3 contains the GRADE profile
for the degree of certainty of the evidence. Due to seri-
ous limitations in imprecision and publication bias, FBS,
HOMA IR, and HA1C were considered to be of mod-
erate quality. Due to serious limitations in imprecision
and publication bias, insulin was considered to be of low
quality.

Subgroup analysis

We stratified studies based on baseline FBS, HbAlc,
HOMA IR, and insulin levels (mean+SD), psyllium dos-
age (g/d), study duration (days), and participants’ BMIL
These analyses did not show any source of heterogeneity.
Subgroup analyses illustrated diversities in the effects of
psyllium on FBS: dosage subgroup with psyllium con-
sumption less than vs. more than 10 g/d it showed sig-
nificant difference for FBS (p value<0.05). However, it
was not significant when intervention duration was less
than 50 days duration (p value>0.05), HbAlc was not
significant at dosages less than 10 g/d (p value>0.05).
HOMA 1R and insulin were not significant at dosages
less than and more than 10 g/d (p value>0.05), respec-
tively (Supplementary Figs. 2 and 3) .Because there was
no differences in study duration about insulin, HbAlc,
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Insulin

Study name Statistics for each study Difference in means and 95%Cl

Difference  Standard Lower Upper

inmeans  error  Variance limit limit Z-Value p-Value
Ayman S. Abutair et al 2016 11300 1587 2518 14410 8190 7122 0.000 —II—
ARRIGOF.G.CICERO etal 2007 -2400 1033 1068 4425 -0375 -2323 0020 e 2
Arigo F.G. Cicero et al 2010 2400 1033 1068 -4425 0375 -2323  0.020 = =
Fatemeh Pourbehi et al 2020 4000 2999 8991 1877 9877 134 0182 i
Mahdieh Kamalpour et al 2017 1730 0697 0486 0364 30% 2483 0.013 3
MSAEL URIBE et al 1985 -1500 3606  13.000 -14567 0433 -2080 0.038 &
Seyed Ali Ziai et al 2005 0900 1468 215 -3778 1978 0613 0540
Ricklefs Ka et al 2017 0700 4573 20911 -8263 9663 0153 0878
rosa solaa et al 2010 0680 0293 0086 -1.253 -0107 -2324 0020

2089 1084 1475 4213 0035 1928 0054

-20.00 -10.00 0.00 10.00 20.00

Favours psyllium Favours control

Fig. 5 Forest plot illustrating weighted mean difference and 95% confidence intervals for the impact of psyllium consumption on insulin

Table 2 Quality assessment According to Cochrane Collaboration’s Upon scrutinizing the quality of all trials

Article Random Allocation Blinding Blinding of Incomplete Selective Other Gen-
sequence concealment  partici- outcome outcome outcome potential eral
generation pant and assessment data reporting  threats to risk

personal validity bias

H H

Ong PuiWen et al.
Noureddin Soltanian,
Ayman S. Abutair
James W Anderson,
ARRIGO F.G. CICERO
Arrigo F.G. Cicero
Fatemeh Pourbehil
Mark N. Feinglos
Mark N. Feinglos
Mahdieh Kamalpour
Johnson W. McRorie Jr
Noureddin Soltaniana
Rosa Solaa

Seyedeh Ferdows Jazayeri
Amane Sheikh1
MISAEL URIBE

Seyed Ali Ziai

Ricklefs Ka

Amjad Ali Bacha

L: low

H: high

M: medium
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Table 3 GRADE approach summary of findings and quality of evidence assessment
Outcome Noofstudies Design Riskof bias Inconsistency Indirectness Imprecision Publication bias  Quality of evidence

FBS 19 RCTs no serious * serious ° Serious © no Serious ¢ no serious © Moderate
insulin 9 RCTs no serious serious Serious serious no Serious Low

HOMA-IR 8 RCTs no serious serious Serious no Serious no Serious Moderate
HbAlc 9 RCTs no serious Serious Serious no Serious no serious Moderate

Using the GRADE system, the quality of the evidence is broken down into 4 categories (high, moderate, low, and very low). ? the majority of the included studies
were rated as having low risk of bias. ? If the level of significant unexplained heterogeneity (1>50%, P<.10, respectively) was present, the grade was downgraded. € If
there were factors present that limited the generalizability of the results due to the participants, interventions, or outcomes, the grade would be downgraded. 9 the
lower and upper bounds of the 95% confidence interval were <0.95 and the optimal information size was not met, respectively. € If a funnel plot revealed evidence
of publication bias, it was downgraded

and HOMA IR, so dividing into subgroups was useless.  publication bias analysis, as well as the overall effect, are
The results of the subgroup analyses are summarized in  shown in (Table 5).
(Table 4).
Discussion
Publication bias This systematic review and meta-analysis highlighted
The assessment of publication bias is illustrated in plot that a significant decrease in FBS, HbAlc, and HOMA
(Supplementary Fig. 4). The Egger’s test indicated no evi- IR levels was evident following psyllium consump-
dence of publication bias in studies examining the effect  tion, vs. placebo. However, despite these findings, a sig-
of psyllium on FBS (p=.19). HbAlc (p=.19), HOMA IR nificant amount of heterogeneity was indicated for FBS,
(p=.24), and insulin (p=.40). The results of the publica- HbAlc, HOMA IR, and insulin. The sensitivity analysis
tion bias analysis are shown in Table 5. was robust for FBS and HbAlc because the results of the
Begg’s test disclosed no evidence of publication bias  study did not change after removing each of the study.
in studies examining the effect of psyllium consumption =~ However, the result changes and becomes significant for
on FBS (p=.10). HbAlc (p=.60), HOMA IR (p=.21),and the HOMA IR and insulin after removing two and three
insulin (p=.53) (Supplementary Fig. 4). Therefore, trim  of the studies, respectively.
and fill analysis was performed, the FBS, HbAlc, HOMA We categorized studies based on baseline FBS, HbAlc,
IR, and insulin (no imputed study) were decreased HOMA IR, and insulin levels (mean*SD), psyllium dos-
after considering publication bias. The results of the age (g/d), study duration (days), and participants’ BMIL.
Further subgroup analyses illustrated diversities in the

Table 4 Results of subgroup analyses for the effects of psyllium on FBS, HbA1c, HOMA IR, and insulin according to intervention

Variable Number of comparisons WMD (95% Cl) P-value | squared p-heterogeneity
FBS
dose <10g/day 7 -8.96(-13.67,-4.24) <0.001 69.93 <0.001
>10 g/day 12 -3 97( 4.80,-3.15) <0.001 87.02 <0.001
duration <50day 3 03(-8.26,6.19) 0.77 3235 0.22
>50 day 16 —801( 12.16,-3.87) <0.001 85.59 <0.001
Insulin
dose <10g/day 4 -0.81(-3.57,1.94) 0.56 82.11 <0.001
>10 g/day 5 -3.26(-7.85,1.33) 0.16 91.89 <0.001
duration <50day
>50day
HbA1c
dose <10g/day 4 -0.32(-0.73, 0.09) 012 70.09 0.01
>10 g/day 5 -1.37(-2.03,-0.71) <0.001 3874 0.16
duration <50day
>50day
HOMA IR
dose <10g/day 4 -0.88(-2.41,0.63) 0.25 87.89 <0.001
>10 g/day 4 -1.50(-3.25,0.24) 0.09 95.80 <0.001
duration <50day
>50 day

FBS: fasting blood glucose; HbA1c: hemoglobin A1C; HOMA IR: Homeostatic Model Assessment of Insulin Resistance; WMD: weighted mean difference
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Table 5 Results of publication bias for the effects of psyllium on FBS, HbATc, HOMA IR, and insulin according to intervention

Fail safe n test

Egger

Begg

Corrected effect size
Study trimmed

variable

n

P-value
0.19
0.

Df

T value
133
0.

Cl95%

intercept
-0.89
-1.27
-1.61
-2.15

P-value 2 tailed

Z value
1.60
0.62
0.52
1.23

FBS: fasting blood glucose; HbA1c: hemoglobin A1C; HOMA IR: Homeostatic Model Assessment of Insulin Resistance; Cl: confidence interval; WMD: weighted mean difference

KENDALL TAU

-0.26
-0.17

Cl95%

WMD
-6.89
-2.08
-0.75
-1.17

320.00
34.00
78.00
73.00

17.00
7.00
7.00
6.00

FBS

-2.30,0.51

-10.62,-3.16
-4.21,0.03
-1.21,-0.29
-2.11,-0.23

40

88
44
27

-4.67,2.12

0.53
0.60
0.21

0
0
0

Insulin
HbA1c

0.19
0.24

1.

-0.13
-0.37

-4.25,1.02

1.

HOMA IR

-6.28,1.96

(2024) 24:82
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effects of psyllium on FBS, HbAlc, HOMA IR, and insu-
lin levels. For instance, in dosages less and more than
10 g/d, and intervention durations less than 50 days,
were influential. For HbAlc, it was not significant in dos-
ages less than 10 g/d. For HOMA IR and insulin, results
were not significant in dosages less and more than 10 g/d,
respectively. Psyllium dosage and duration of consump-
tion had a remarkable linear effect on HbAlc was signifi-
cant. Additionally, there was no publication bias evident
in studies examining the effect of psyllium on FBS levels,
HbAlc, HOMA IR, and insulin.

Previously, Xiao et al. reported that a significant reduc-
tion in FBS and HbA1lc, which are indicators of glucose
control, could be seen after supplementation with psyl-
lium. Indeed, in the aforementioned study, the authors
noted six studies, with 124 and 112 participants in the
psyllium and control group, respectively, with overall
results yielding a significant reduction in FBS levels and
HbAlc [40] This study has been done on weight, body
mass index, lipid profile, and glucose metabolism and it
is a systematic review and meta-analysis of randomized
controlled trials has like our study that been done only on
diabetic people and it has examined just FBS and HbA1lc.
but our study has been done on glycemic indices and a
systematic review and it has examined FBS, HbAlc,
HOMA IR, and insulin. Indeed, similar findings were
reported in Gibb et al. (2015), where the authors reported
that postprandial blood glucose levels were significantly
reduced [6]. Nevertheless, discrepant results have been
reported across the literature; for instance, a randomized
controlled trial on the impact of psyllium supplementa-
tion resulted in no significant effect on FBS vs. a carbo-
hydrate reduction regimen [15]. However, with regards
to Kamalpour et al., the lack of change reported may be
attributable to the relatively short intervention period,
i.e., two weeks [15]. Nevertheless, the authors did note a
significant reduction in TNF-a and fasting plasma insu-
lin, which have both been posited as mediators in numer-
ous diabetes-associated complications [41, 42].

It has previously been suggested that consumption of
psyllium before meals can significantly reduce fasting
blood glucose levels and HbA1lc levels [6]. Indeed, psyl-
lium may be able to improve or manage glycemic con-
trol [40]. The mechanism of action for the reduction in
blood sugar in patients with diabetes for psyllium is
comparable to other soluble fibers. For instance, soluble
fiber can result in a reduction in sugar absorption, which
can, consequently, attenuate metabolic syndrome sever-
ity in diabetic patients. Psyllium may slow intestinal
transit time and lead to an increased feeling of satiety, in
addition to decreasing blood sugar and insulin require-
ments. The viscosity of soluble fiber is responsible for
the slower absorption of macronutrients, and protec-
tion against digestive enzymes. Additionally, soluble fiber
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coats the intestinal surface, which prevents the passage
of nutrients [24, 43-45]. Furthermore, consumption of
foods with adequate fiber content elicits a lower insulin
response and lower blood glucose levels. Indeed, psyl-
lium can provoke changes in intestinal hormones and a
subsequent reduction of glucose after meals [44].

Strengths and limitations

This study has several strengths that should be acknowl-
edged: (a) this was, to our knowledge, the first meta-
analysis evaluating the effect of psyllium on fasting blood
glucose, HbAlc, HOMA IR, and insulin; (b) we per-
formed predefined subgroup analyses to identify sources
of between-study heterogeneity; (c) we also performed
a detailed sensitivity analysis; (d) To assess the degree
of outcome evidence’s certainty, we used the GRADE
method. However, against to the noted strengths, there
are limitations that should be considered in the inter-
pretation of our findings. For instance: (a) we obligatory
limited the number of the included studies; (b) some of
the included studies did not account the dietary intake,
which is known to potentially affect blood glucose,
HbA1lc, HOMA IR, and insulin; (c) we had unidentified
heterogeneity in several of the results; (d) the age range
of included participants was wide. (e) The majority of the
included studies were very small and used various psyl-
lium types and doses during various intervention times;
(f) different health status existed among the included
subjects, and some significant confounders were left
uncontrolled; (g) only 962 individuals—a relatively small
number—are present in the literature used in this meta-
analysis; (h) the most of the included studies had low
quality.

Conclusion

This systematic review and meta-analysis sought to inves-
tigate the influence of psyllium on HbAlc, fasting blood
sugar (FBS), insulin, and Homeostatic Model Assessment
of Insulin Resistance (HOMA IR), owing to the equivocal
results in the extant literature. It seems that psyllium may
improve glucose intolerance via reducing FBS, HbAlc,
and HOMA IR levels. Therefore, we advise that psyllium
be considered as a potential treatment option, if clinically
appropriate.
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