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Abstract

Purpose of Review This review was conducted to examine the promising health benefits of psyllium, its therapeutic potential
in relation to various chronic diseases, its mechanisms, and its possible side effects or toxicity; to explore its applications in
food systems; to identify the positive and negative effects of its consumption; and to provide perspectives for future research
and development efforts for psyllium.

Recent Findings Psyllium, also known as ispaghula, is a dietary fiber obtained from the shells of Plantago ovata seeds. The
most abundant monosaccharides in its composition are xylose and arabinose. Psyllium is a natural alternative to the use of
food additives such as gum and hydrocolloid to increase the fiber content in fortified foods. Psyllium may have therapeutic
effects on various diseases. In recent years, its potential in the management of conditions such as hypertension, diabetes,
and liver disease has been emphasized and multifaceted therapeutic applications have been introduced. Psyllium may help
to regulate blood glucose, blood pressure and cholesterol levels. It may also increase feelings of fullness and reduce food
intake. Furthermore, psyllium may promote bowel regularity and improve the composition of gut microbiota. Psyllium has
been reported to exhibit antioxidant and antimicrobial properties, as well as reducing inflammatory mediators such as TNF-a
and nitric oxide. Furthermore, psyllium has been associated with lower creatinine and uric acid levels, as well as a reduced
risk of carcinogenesis.

Summary Studies in the literature support the therapeutic effects of psyllium. However, longer-term clinical trials are needed
to determine the effective dose and duration of use. Innovative product development studies should be conducted to enhance
the functional benefits of psyllium in the food industry.
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PPAR-y Peroxisome proliferator-activated receptor
gamma

RELMS Resistin-like beta

SPRR2A Small proline-rich protein 2 A

SREBP-1 Sterol regulatory element-binding protein 1

TNF-a: Tumor necrosis factor alpha

Introduction

The shells or husks of Plantago ovata seeds, also known
as psyllium, ispaghula, or isabgol, are attracting attention
in recent years due to their health benefits [1, 2]. This plant
is native to the Mediterranean region and also frequently
grown in India, Iran, and Pakistan [3]. One of the main
nutritional properties of psyllium husk is its high fiber con-
tent [4, 5].

Psyllium is used as a hydrocolloid in the food industry
thanks to its water absorption capabilities [6]. It is used to
preserve moisture and extend the shelf life of bakery prod-
ucts [7], as a fat substitute in milk and dairy products [8],
as a binder in meat and meat products, to increase the fiber
contents of breakfast cereals, and to provide a feeling of
satiety in meal replacement shakes and nutritional bars [1].

Psyllium may have beneficial impacts on many health
problems. In particular, it may be effective in the manage-
ment of conditions such as hypertension, diabetes, and liver
disease, alongside other potential health benefits, such as
its ability to support gastrointestinal health, cardiovascular
risk reduction, and metabolic control. It has a therapeutic
effect against diabetes by regulating blood glucose, against
obesity by reducing energy intake, against cardiovascular
diseases by reducing blood pressure and cholesterol levels,
and against gastrointestinal system diseases by regulating
defecation [9, 10].

In recent years, there has been an increase in the num-
ber of studies in the literature highlighting the health
effects of psyllium. New publications support the benefi-
cial effects of psyllium on lipid metabolism, blood pres-
sure, and glycemic control. Studies also emphasize its
various metabolic and hepatoprotective effects, including
the modulation of bile acid metabolism and the activa-
tion of pathways associated with the farnesoid X receptor.
Therefore, updated reviews are needed to integrate these
new findings and comprehensively address the health
effects of psyllium.

This review study was conducted to examine the clinical
effects and modes of action of psyllium in its relationships
with many diseases, as well as its positive and negative
effects on health as revealed by in vivo, in vitro, animal,
and human studies. Furthermore, suggestions are made for
future research.
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Methods

This article is a narrative review that examines the effects
of psyllium on health. A comprehensive literature review
was conducted using the PubMed, Web of Science, Scopus,
and Google Scholar databases. Articles published in English
between January 2018 and January 2025 were evaluated. The
main search terms included combinations of the following
keywords: “psyllium,” “psyllium husk,” “Plantago ovata,”
“dietary fiber,” “obesity,” “diabetes,” ‘“cardiovascular dis-
eases,” “diarrhea,” “constipation,” “ulcer,” “non-alcoholic
fatty liver disease,” “gastritis,” “gastroesophageal reflux,”
“irritable bowel syndrome,” “inflammatory bowel diseases,”
“cancer,” “kidney diseases,” and “burn.” English-language
research articles, systematic reviews, meta-analyses, review
articles, clinical human and animal studies, and cell-based
research studies were subsequently analyzed. The obtained
English-language documents were classified as original
research, reviews, meta-analyses, or systematic reviews after
being obtained in full-text format. Studies that did not include
psyllium were excluded. Since this study is not a systematic
review, a formal PRISMA-based screening process was not
conducted. The abstracts and full texts of relevant articles
in the literature were examined. All analyzed studies were
accessed using the databases and keywords specified here. For
the years 2017-2025, a total of 143 sources were examined
and 15 highlighted articles are listed in Table 2. Studies con-
ducted before 2017 were not included in the present review, as
their findings have already been discussed in previously pub-
lished reviews. However, several key references were cited
where necessary to provide historical context.
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Nutrient Composition of Psyllium

Psyllium husk comprises 84.98% carbohydrates, 6.83%
protein, and 4.07% ash [1], while psyllium seed flour con-
tains 78.88% carbohydrates, 13.3% protein, 0.38% fat, and
5.0% ash [11]. Thus, psyllium husk has lower protein and
fat contents than psyllium seeds, while its levels of carbo-
hydrates and dietary fiber are higher [12]. The nutrient com-
position of its seeds consists largely of carbohydrates [9]
and the ratio of insoluble fiber to soluble fiber is 30/70 [13].
The polysaccharide fraction of psyllium husk is an impor-
tant functional component [4, 5]. The polysaccharide that
forms mucilage is a heteroxylan consisting of (1—4)-linked
B-D-xylose with C-2 or C-3 side chains and containing dif-
ferent proportions of xylose and arabinose [4]. In addition,
its potassium, phosphorus, and sodium contents are higher
compared to other minerals [9]. Psyllium seeds and husks
also contain bioactive components such as flavonoids and
polyphenols [13]. Table 1 provides detailed information
about the nutritional composition of psyllium husk [14-16].
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Table 1 Nutritional composition of psyllium husk and psyllium seed
[14-16]

Nutritional components Psyllium husk Psyllium seed
Moisture (%) 4.9 1.91
Ash (%) 4.1 1.0
Crude fat (%) 1.2 3.75
Crude protein (%) 3.9 17.70
Nitrogen free extract (%) 78.2 -
Total dietary fibre (%) 77.24 24.77
Arabinose (%) 46.8 -
Xylose (%) 24.1 -
Glucose (%) 11.2 1.89
Galactose (%) 2.09 -
Mannose (%) 4.24 -
Rhamnose (%) 2.39 -
Calcium (mg/100 g) 104 -
Potassium (mg/100 g) 805 687
Sodium (mg/100 g) 62.3 -
Iron (mg/100 g) 9.3 6.75
Copper (mg/100 g) 0.36 2.39
Manganese (mg/100 g) 1.15 1.06
Zinc (mg/100 g) ND 3.15

ND: not detected

Bioavailability and Mechanisms of Action of
Psyllium

Since psyllium is not fermented in the intestine, its structure
and its functions are not impaired in the gastrointestinal sys-
tem. This increases the bioavailability and effectiveness of
psyllium for various health applications. Psyllium consists
of 65% insoluble and 35% soluble polysaccharides, and the
hemicellulose present in psyllium contributes to its gell-
ing and water retention capacities [17]. When psyllium is
diluted, it forms a viscous gel that slows nutrient absorption,
increases chyme viscosity, and increases the feeling of sati-
ety [18]. Therefore, psyllium may support intestinal health
and may have positive effects on health through various
mechanisms of action, potentially reducing inflammation,
helping to regulate the intestinal microbiota and its motility,
and exerting anti-inflammatory effects in conditions such as
irritable bowel syndrome (IBS) and colitis. Psyllium may
contribute to the growth of beneficial bacteria, which may
positively influence the composition of the intestinal micro-
biota [19]. In an animal study conducted with rats, psyllium
was found to have antioxidant and anti-inflammatory effects
[20]. In another animal study, psyllium was reported to sig-
nificantly reduce colon damage and inflammation in mice
[21]. In a food formulation study, the addition of psyllium
to rye bread was found to increase the antioxidant activity
of the bread by two-fold [5]. Psyllium may support intesti-
nal health and may increase antimicrobial protein expres-
sion by neutralizing pathogenic microorganisms [22]. In an
in vitro study, a nanoemulsion formed by adding Cuminum

cyminum essential oil to Plantago psyllium seed gum inhib-
ited the growth of Staphylococcus aureus [23]. In murine
models, psyllium was found to upregulate antimicrobial pro-
teins such as small proline-rich protein 2 A (SPRR2A) and
resistin-like beta (RELMp) in the small intestines of mice
[22]. In an experimental study using in vitro assays and a rat
wound model, psyllium and Carbopol-based frankincense
essential oil were observed to suppress microbial growth
and increase microbial death [24]. In an in vitro experimen-
tal study, psyllium-based polymeric antimicrobial agents
showed antibacterial activity against gram-positive bacte-
ria such as Staphylococcus aureus and Bacillus anthracis
[25]. Psyllium may help improve constipation and may help
normalize stool consistency via its capabilities for intestinal
regulation [19]. It forms a viscous gel that binds bile acids,
slows the absorption of cholesterol and glucose, creates a
feeling of satiety, and increases the release of glucagon-like
peptide-1(GLP-1). However, to fully utilize these significant
health benefits, personalized approaches are needed while
using psyllium as a dietary supplement due to individual
differences in gut microbiota compositions and diets [22].
When examining the mechanism of action of psyllium, it
is observed that the findings are generally based on preclini-
cal evidence, including animal and in vitro studies. These
studies provide valuable mechanistic hypotheses; however,
the findings need to be confirmed in human clinical trials.

Use of Psyllium in Food Products

Awareness of healthy nutrition is steadily increasing world-
wide and a wide variety of functional foods are being pro-
duced for this purpose. Considering its potential health
effects, psyllium may be used in the food sector in the
production of items such as gluten-free breads, cakes, bis-
cuits, pasta, noodles, pizza, and ice cream [13]. The use
of psyllium in food products serves two main purposes.
First, it may constitute an alternative to the use of gum and
hydrocolloid as food additives, and second, it may enrich
the nutritional content of food products. Psyllium has high
water absorption capacity; in food production, it may con-
tribute to product quality by reducing the water and fat con-
tents of foods [3].

Psyllium may increase dough viscosity and gas retention
during baking; may help prevent the loss of softness, mois-
ture, and elasticity during the storage of baked goods; may
improve volume; and may increase water-binding capabili-
ties. For these reasons, it is commonly used in a wide range
of bakery products. It may improve the texture and structure
of gluten-free bread and may extend its shelf life. In addition,
it may enrich fiber contents and may reduce the glycemic
index [7]. Researchers have found that adding psyllium to
gluten-free bread improves the color and textural properties
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of the bread, increases the gas retention capacity of the psyl-
lium, and exerts a gluten-like effect; thus, this approach can
be used in the production of bread with low glycemic index
values [26]. In another study, it was reported that adding
psyllium to whole wheat bread reduces hardness, increases
flexibility, and increases acceptability and nutritional qual-
ity [27]. Psyllium may also be added to breakfast cereals
due to its fiber contents. It may be used in meal replacement
shakes because of its abilities to increase satiety, decrease
appetite, and regulate body weight control. It may be used in
meat products such as sausages and meatballs to help retain
moisture, prevent cooking loss, maintain the texture of the
product, and increase the binding capabilities [1]. It was
reported that adding water and Plantago ovata to minced
chicken increased production efficiency and reduced the
hardness of the product [28]. In a study in which psyllium
was added to phosphate-free meat at different rates, 1.5%
psyllium husk powder was found to increase product qual-
ity [29]. Psyllium may be used as a thickener in milk to
improve the consistency and texture of dairy products such
as yogurt and ice cream [1]. The addition of Plantago psyl-
lium mucilage to Doogh, a yogurt-based fermented product,
increased viscosity, reduced phase separation, and improved
the stability of the product [30]. Furthermore, adding psyl-
lium as a fat replacer in yogurt production provided appro-
priate viscosity, created less syneresis, and increased the
water retention capacity [8].
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Fig. 1 Use of psyllium in food products [1, 7, 8, 27, 28]
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However, the interactions of psyllium with other mac-
ronutrients and micronutrients in foods are not fully under-
stood. More research is needed to reduce undesirable effects
in foods to which psyllium is added, such as gummy tex-
tures, and to increase psyllium’s positive effects on foods
[3]. The applications of psyllium in food products are shown
in Fig. 1.

Therapeutic Effects of Psyllium

In addition to its use as a laxative to support intestinal
health, psyllium has various other therapeutic applications.
In recent years, it has been used in the treatment of many
diseases. Psyllium may help reduce cholesterol levels and
absorption by binding bile acids in the intestine [31, 32]. It
may have beneficial effects for diabetic patients by provid-
ing glycemic control as a result of its soluble fiber contents.
The antihypertensive properties of psyllium may positively
affect cardiovascular health [13]. Psyllium may help relieve
diarrhea symptoms and may exert therapeutic effects in
cases of gastrointestinal disorders. Furthermore, it may
increase the therapeutic potential of various drugs, including
antibiotics and anticancer drugs, and may be used to form
hydrogels for sustained drug delivery [33, 34]. However,
alongside these positive effects in a variety of therapeutic
areas, it should be taken into account that dietary fibers may
cause different side effects for different individuals.
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Effects of Psyllium on Health

Psyllium has positive effects on a wide variety of health
problems as it creates feelings of satiety, lowers cholesterol
levels, and possesses prebiotic properties. Constipation,
diarrhea, cancer, diabetes, obesity, inflammatory bowel dis-
eases (IBD), and hypercholesterolemia are among the health
problems that psyllium may positively affect [9].

Obesity

It is predicted that approximately 20% of the female popula-
tion and 14% of the male population will be obese world-
wide by 2030 [35]. As a possible solution, dietary fiber is
negatively associated with body weight and body mass
index (BMI). Psyllium may play important roles in body
weight management and the treatment of obesity-related
diseases. Its gel-forming properties may support intestinal
health and metabolic functions, making it a suitable dietary
supplement for overweight and obese individuals [18].
Psyllium may affect body composition through mechanisms
such as intestinal hormones like cholecystokinin, satiety,
and gastric emptying [36]. It has been reported that psyllium
may alleviate obesity-related inflammation through mecha-
nisms independent of fermentation and intestinal microbiota
interactions [37]. However, debates regarding the effect of
psyllium on obesity are still ongoing [36].

A meta-analysis study found that psyllium supplementa-
tion at an average dose of 10.8 g/day before meals led to
reductions in body weight (2.1 kg), BMI (0.8 kg/m?), and
waist circumference (2.2 cm) in overweight and obese
participants [18]. Another meta-analysis study concluded
that there was moderate evidence that psyllium provided a
small improvement in body weight loss [38]. Obese adults
with genetic polymorphisms including at least one minor
allele of the melanocortin 4 receptor (MC4R), fat mass and
obesity-associated gene (F70), leptin receptor (LEPR), and
leptin (LEP) polymorphisms were given fiber supplements
containing psyllium, glucomannan, and inulin for 180
days and the intervention was shown to achieve significant
reductions in body weight, BMI, fat mass, and visceral fat
ratio [39]. In another study, psyllium supplementation of 5
g three times daily (15 g/day) for 52 weeks administered
to obese and overweight adults was found to have reduced
zine, sodium, folate, and magnesium intake after 3 months,
which could be attributed to the satiating effect of dietary
fiber and the reduction of food intake, while there was no
significant difference in serum micronutrient concentrations
[40]. It was also found that psyllium reduced waist circum-
ference and BMI in obese adolescents without any side
effects [41]. In adults with central obesity, the combination
of psyllium husk pulp and lifestyle changes was found to

reduce gastrointestinal system symptoms but did not affect
sleep quality [42]. Furthermore, a supplement containing
psyllium, glucomannan, inulin, and apple pulp reduced
BMI, fat mass, visceral fat, and C-reactive protein levels
together with energy restriction in overweight and obese
individuals [43]. In a study investigating the effectiveness
of an herbal formulation containing a mixture of Plantago
psyllium, Portulaca oleracea, and peanut oil in overweight
and obese adult individuals for 8 weeks, the product was
shown to reduce body weight and suppress appetite [44].
In a single-blind randomized controlled study, patients with
BMI values of 2047 kg/m? were given cookies contain-
ing 10 g of psyllium twice a day for 12 weeks and it was
reported that their body weights decreased [45].

Many meta-analyses and clinical studies have reported
that psyllium supplementation leads to reductions in BMI
and body weight. However, some studies have shown that
these effects were not statistically significant or resulted in
only minimal changes. These inconsistencies among stud-
ies may be attributed to differences in study design, evalu-
ated parameters, individual characteristics of participants,
psyllium dose or form, and intervention duration. However,
while it shows promise in applications for body weight
management, its effects may vary between individuals. It
should be considered as one part of broader lifestyle change
strategies for obesity management.

Diabetes Mellitus

Diabetes affects 537,000,000 individuals worldwide
(10.5%) between the ages of 20 and 79 [46]. Lifestyle
changes, nutrition, and exercise are all crucial in the man-
agement of diabetes. It is known that dietary fiber reduces
the risk of diabetes, and psyllium, a type of dietary fiber,
has beneficial effects in controlling blood sugar levels and
improving insulin sensitivity in diabetes management. The
effects of dietary fiber on glycemic control vary [47].

There are studies in the literature demonstrating that
psyllium has beneficial effects on fasting blood glucose [48,
49]. However, consensus has not been reached regarding the
psyllium dosage to be used for positive effects in cases of
diabetes [47]. Psyllium supplementation may reduce fasting
blood sugar, hemoglobin Alc (HbAlc), and homeostasis
model assessment of insulin resistance (HOMA-IR) levels,
and it does not significantly affect insulin levels [50]. In
C57BL/KsJ db/db diabetic mice, psyllium supplementation
has been reported to decrease fasting glucose level while
increasing insulin levels [51]. It has also been found that
psyllium slows glucose absorption and may be beneficial
when added to low glycemic index foods such as fortified
chapati to reduce postprandial glucose levels [52]. In a meta-
analysis study, it was concluded that psyllium fiber reduces
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HbAlc levels [53]. Another meta-analysis study showed
that psyllium supplementation reduced fasting blood sugar
and HbAlc levels in diabetic individuals but did not have
significant effects on BMI, body weight, or HDL-C lev-
els [47]. In individuals with diabetes, the most effective
interventions for fasting blood glucose and HOMA-IR
were found to involve the administration of B-glucan and
psyllium [49]. It was reported that 16 weeks of psyllium
supplementation and lifestyle changes among obese adults
reduced HOMA-IR and fasting blood glucose levels [48].
Furthermore, the administration of flaxseed and psyllium
(10 g/day) to diabetic individuals for 12 weeks improved
glycemia and lipid profiles [54]. Psyllium at 5.1 g/day or
7.7 g/day was not found to have an effect on postprandial
glycemia in individuals with cystic fibrosis-associated dia-
betes [55]. In another study, however, it was reported that
vildagliptin-loaded psyllium-alginate nanoparticles exhib-
ited antidiabetic properties [56]. It was also reported that
exercise and Plantago psyllium administration improved
glucose tolerance in diabetic rats [57].

Metabolic syndrome is a condition characterized by met-
abolic irregularities such as dyslipidemia, central obesity,
hypertension, and insulin resistance [58]. A meta-analysis
study on the effectiveness of psyllium against metabolic
syndrome reported that it reduced fasting blood glucose
and systolic blood pressure while causing a nonsignificant
decrease in triglyceride levels and nonsignificant increases
in diastolic blood pressure, HDL-C, and waist circumfer-
ence [59]. It was reported that the administration of an
herbal compound (aloe vera leaf gel, 1 g/day psyllium seed,
1.8 g/day black cumin, 300/day mg garlic, 2.5 g/day fenu-
greek seed, and 500 mg/day milk thorn seed) once daily for
12 weeks in patients with type 2 diabetes and dyslipidemia
despite the use of statin-derived drugs reduced triglyceride,
total cholesterol, low-density lipoprotein cholesterol (LDL-
C), and HbA 1c levels but did not affect fasting blood glucose
[60]. Obesity and metabolic syndrome cause inflammation
in many organ tissues, including the intestines. It has been
reported that psyllium reduces intestinal inflammation in
obese mice fed high-fat diets [37].

Many meta-analyses and clinical studies have shown
that psyllium lowers fasting blood glucose, HOMA-IR, and
HbA Ic levels. However, some studies have reported limited
or non-significant effects on insulin level. These differences
among studies may be attributed to variations in psyllium
dose and type, duration of intervention, and individual char-
acteristics of participants.

While psyllium shows promise in managing diabetes
and its complications, it is important to consider individual
dietary needs and possible gastrointestinal effects. Integrat-
ing psyllium into a balanced diet, possibly in conjunction
with other therapeutic strategies, may optimize its benefits
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for patients with diabetes. It is often used in conjunction
with lifestyle and dietary changes to enhance its therapeutic
effects. Further research is needed to examine its long-term
effects and interactions with other dietary components.

Cardiovascular Diseases

Cardiovascular diseases are among the leading causes of
death worldwide [61]. It is estimated that 35.6 million
people will die globally from cardiovascular diseases,
20 million from ischemic heart diseases, and 18.9 mil-
lion from high systolic blood pressure in 2050 [61, 62].
Dietary fiber exerts protective effects against cardiovascu-
lar diseases by lowering total cholesterol and LDL-C [63].
In particular, the seed coats of Plantago ovata may have
antioxidant, anti-inflammatory, and blood lipid-lowering
effects [64]. It is thought that psyllium can significantly
reduce cardiovascular risk factors including blood pres-
sure, cholesterol levels, and blood glucose level [65]. In
one study, supplementation with 3.4 g of psyllium per day
for eight weeks in men was reported to reduce total cho-
lesterol and LDL-C levels [66]. Psyllium intake has been
reported to reduce systolic blood pressure by a mean of
2.24 mmHg with no significant effect on diastolic blood
pressure, making it effective in the management of hyper-
tension [67]. It was also shown to reduce total cholesterol
by 9.05 mg/dL and LDL-C by 8.55 mg/dL [65]. These
changes in lipid profiles suggest that psyllium may serve
as an effective dietary intervention for hyperlipidemia,
which is an important risk factor for cardiovascular dis-
eases [13]. Psyllium was shown to increase the antioxi-
dant capacity of the blood and reduce oxidative stress
markers such as cardiac malondialdehyde [68]. It was also
found to regulate inflammatory pathways that support car-
diovascular health [13].

According to a meta-analysis study, psyllium achieved
a mean reduction of 2.04 mmHg in systolic blood pres-
sure [69], while other meta-analyses found that Plantago
ovata consumption reduced LDL-C and triglyceride levels
[64] and provided a reduction in LDL-C equivalent to that
achieved by doubling the dose of statin while reducing the
side effects caused by high-dose intake of statin group drugs
[70]. Psyllium husk ethanol extract was shown to reduce
total cholesterol, triglyceride, malondialdehyde, and ath-
erogenic index values in hyperlipidemic rats; to increase
superoxide dismutase and catalase levels [71]. In another
study, male rats were fed a high-cholesterol diet for 8 weeks
and 2.5% and 5% psyllium seed powder supplements were
administered, and it was reported that the intervention sig-
nificantly impacted lipid profiles while significantly increas-
ing HDL-C [72]. A review study concluded that psyllium
intake could significantly improve blood pressure levels and
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a dose of 10.5 g/day for 6 months could provide significant
reductions in systolic and diastolic blood pressure [13].

Although numerous meta-analyses and clinical stud-
ies have reported that psyllium lowers LDL-C and systolic
blood pressure levels, some studies have found no signifi-
cant effects on HDL-C and diastolic blood pressure levels.
The inconsistencies observed across studies may be attrib-
uted to differences in participants’ individual characteristics,
variations in psyllium dose and form, and the duration of the
intervention.

Although psyllium appears promising in improving car-
diovascular health, individual differences in response to
dietary interventions need to be considered. This suggests
that psyllium should be considered not as a standalone treat-
ment but as part of a comprehensive lifestyle approach. It
would be helpful to investigate the long-term effects of psyl-
lium on cardiovascular health and optimal dosages in more
detail in future studies.

Gastrointestinal System Diseases

Psyllium is known to have beneficial effects on gastroin-
testinal diseases. It may be used as a laxative to relieve
constipation, as well as to help manage diarrhea and IBS
symptoms, and it may have positive effects on gastrointesti-
nal symptoms due to its high water absorption capacity and
resistance to fermentation [73]. However, individual patient
responses and possible interactions with other dietary fibers
should be taken into account. When psyllium is combined
with inulin, it reduces intestinal gas production but does not
directly reduce fermentation [74].

Nonalcoholic fatty liver disease (NAFLD) increases in
parallel with obesity and causes an increase in the risk of
cirrhosis and liver cancer. Nutrition plays a very impor-
tant role in chronic liver diseases such as NAFLD [75]. It
is assumed that dietary fiber reduces the risk of NAFLD
through its effects on obesity [76]. In a meta-analysis study,
it was stated that 10-16 g/day fiber consumption for 10—12
weeks, particularly including psyllium, inulin, basil (Oci-
mum basilicum), and oligofructose, reduced BMI, alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST) levels, HOMA-IR, and fasting insulin providing
beneficial effects for NAFLD patients [77]. Another study
reported that psyllium reduced hepatic lipogenesis [78].
The effectiveness of psyllium husk and that of weight loss
medication were compared in mice fed a high-fat diet. In
that study, psyllium husk had a better effect on serum and
liver cholesterol and triglyceride levels and provided better
results than weight loss drugs in the treatment of NAFLD.
In contrast, weight loss drugs had a better effect on body
weight loss, and both interventions exerted similar effects
on body fat ratio [79]. Psyllium husk mucilage (100 mg/kg)

was also found to reduce the harmful effects of carbon tet-
rachloride (CCl4) in rat liver and TNF-o expression in rats
[80]. It was determined that in rats given fiber supplementa-
tion (psyllium, cellulose, pectin, and inulin) in addition to a
diet enriched with copper nanoparticles, reductions of fat,
cholesterol, and triglyceride levels in the liver were achieved
together with reduced cyclooxygenase-2 (COX-2), peroxi-
some proliferator-activated receptor gamma (PP4R-y), and
sterol regulatory element-binding protein 1 (SREBP-1) gene
expression and liver inflammation [81]. Psyllium (100 mg/
kg) was also found to reduce hepatic inflammation and alco-
hol absorption in mice given a single high alcohol dose (4
g/kg), and it may have protective properties against liver
damage [82].

Dietary modifications can alleviate the symptoms of
gastroesophageal reflux disease, and increasing the intake
of dietary fiber is among these modifications [83]. A meta-
analysis study reported that psyllium can reduce gastro-
esophageal reflux symptoms [84]. Another study found
that 5 g of psyllium supplementation administered to gas-
troesophageal reflux patients with low fiber intake reduced
heartburn and gastroesophageal reflux disease questionnaire
(GERD-Q) scores and increased resting lower esophageal
sphincter pressure [85]. A similar study concluded that psyl-
lium supplementation reduced esophageal motility from
71.4% to 14.3% [86]. It was also determined that psyl-
lium seed extract (400 mg/kg) reduced ulcer index values
and lipid peroxidation in rats, protected the integrity of
the gastric mucosa, and increased the levels of antioxidant
enzymes such as catalase, glutathione, and superoxide dis-
mutase [87].

Soluble fiber is not recommended for gastroparesis
patients as it can exacerbate symptoms such as nausea,
abdominal pain, bloating, and vomiting. However, low-
viscosity soluble fiber can be tolerated by gastroparesis
patients [88]. It was reported that psyllium husk regulates
blood glucose in gastroparesis patients and does not have a
significant effect on its passage through the gastrointestinal
system [89].

Low fiber consumption may be a risk factor for gall-
stones, and adequate fiber intake may have a protective effect
against them [90]. In a study conducted on obese individu-
als, supplementation with psyllium (15 g/day) alongside a
low-energy diet was found to have a similar effect to urso-
deoxycholic acid in preventing gallstone formation [91]. In
a study conducted on mice, it was reported that psyllium
induced the expression of genes regulating bile acid secre-
tion, activated the farnesoid X receptor that suppresses pro-
inflammatory signals, and exerted a protective effect against
colitis by altering bile acid metabolism [92]. Another study
found that a 1:2 ratio of whey protein/psyllium tripled the
binding ability of bile acid compared to psyllium alone [93].
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Irritable bowel syndrome (IBS) is a chronic condition
accompanied by abdominal pain and disrupted bowel move-
ments [94]. A systematic review reported that psyllium can
reduce IBS symptom [95]. It was also found that psyllium
reduced the severity of IBS in pediatric IBS patients and
may have positive effects on treatment [96]. Psyllium was
shown to reduce pain attacks in children with IBS and func-
tional abdominal pain disorder [97]. Another study demon-
strated that psyllium reduced the colon gas caused by inulin
in individuals with IBS and increased the tolerability of pre-
biotics in that patient population [74]. Low intake levels of
vegetables, fruits, and fiber are among the factors that cause
IBD. Dietary fiber has a positive effect on IBD by reducing
inflammation and protecting the intestinal epithelial barrier
[98]. However, a systematic review reported conflicting
results on the effects of psyllium on IBD symptoms [99].
In one study, it was determined that claudin 2, claudin 3,
claudin 8, and occludin gene expression levels were higher
among mice with dextran sodium sulfate-induced colitis
given psyllium compared to a control group, and the authors
concluded that psyllium may have protective effects against
colitis [100]. In another study investigating the effects of
psyllium, cellulose, and inulin on the microbiota in individ-
uals with IBD, it was reported that there were differences
between participants in the interactions of psyllium and inu-
lin with the microbiota and that the administered treatment
reduced proinflammation [101].

In a meta-analysis study evaluating the effect of adding
different dietary fibers to enteral nutrition on diarrhea, the
effect of psyllium on diarrhea was found to be unclear [102].
Another study evaluated the effectiveness of a low ferment-
able oligosaccharides, disaccharides, monosaccharides, and
polyols (FODMAP) diet or psyllium at 6 g/day for 4 weeks
in adults with episodes of fecal incontinence. Both interven-
tions were found to reduce episodes of fecal incontinence in
individuals with loose stools [103].

Dietary fiber also may play an effective role in the treat-
ment of chronic constipation [104]. Psyllium may have a
positive effect on constipation by increasing bowel move-
ments and stool water, facilitating defecation, and altering
the colonic content [ 105, 106]. In a systematic review, it was
stated that psyllium increased stool water content and stool
softness in individuals with chronic idiopathic constipation
[107]. A meta-analysis study reported that psyllium supple-
mentation at a dose of > 10 g/day for at least 4 weeks was
the most effective method for treating constipation [108].
One study concluded that psyllium increased bowel move-
ments and reduced constipation symptoms in individuals
with chronic constipation [109]. Similarly, in another study,
psyllium was shown to increase stool water in individuals
with constipation [105]. Yang et al. [110] reported that psyl-
lium may reduce constipation symptoms. However, it was
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found that agave fructans and Plantago psyllium did not
have an effect on intestinal transit time in individuals with
functional constipation [111]. Other researchers demon-
strated that psyllium (3.5 g) and lactitol (10 g) supplementa-
tion for 4 weeks increased intestinal motility in individuals
with constipation, but the difference compared to the pla-
cebo group was not significant [112]. In a study conducted
by Xu et al. [113] it was found that the administration of
psyllium and Ligilactobacillus salivarius Li01 to mice
increased the water content of their feces, improved the rate
of gastrointestinal transit, and provided protection against
constipation. Psyllium may help regulate intestinal function
and may be used as a laxative in cases of constipation [32].
Although psyllium has many health benefits, it is necessary
to take into account individual dietary requirements and
possible side effects; in particular, excessive intake can lead
to gastrointestinal symptoms.

Cancer

It is predicted that there will be 35 million new cancer cases
worldwide in 2050 [114]. Psyllium may help protect the
intestinal structure and may inhibit carcinogenesis by reduc-
ing the levels of inflammatory mediators such as TNF-a
and NO. It also may increase stool volume, may acceler-
ate intestinal transit, and may reduce the concentration of
carcinogens. Psyllium may reduce cell proliferation in the
distal colon via butyric acid and may help prevent the trans-
formation of colonic epithelial cells into cancer [115].
Psyllium has been used to develop hydrogels for the sus-
tained delivery of anticancer drugs. Hydrogels offer valuable
properties such as mucoadhesion, non-hemolytic structures,
and antioxidant activity, indicating that they can be used
in the treatment of cancers of the gastrointestinal system
[33]. In an animal study, the combination of psyllium husk,
guar gum, and wheat bran was found to increase hydrated
feces mass and may reduce constipation, indirectly lowering
the risk of colorectal cancer [116]. Psyllium capecitabine-
loaded core-shell nanoparticles have shown high cytotoxic-
ity against the HCT-15 colon cancer cell line and may exert
significant anticancer activities [117]. In a study investigat-
ing the effects of psyllium, pectin, inulin, and cellulose fiber
on high-fructose diet-induced chronic colitis and colitis-
associated colorectal neoplasia in male C57BL/6J mice, it
was determined that these dietary fiber sources significantly
suppressed the increase in colorectal tumor incidence, num-
ber, and size [118]. Furthermore, psyllium, cellulose, and
inulin pulp delayed tumor growth and significantly reduced
tumor size in C57BL/6 mice with bladder cancer [119]. A
bionanogel combined with caffeic acid and IR-820 carrying
a nanocomplex comprising psyllium mucilage polysaccha-
ride and bacterial gellan gum was described as a potential
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new approach for drug delivery in the treatment of epider-
moid tumors [120]. It was found that high-fructose diets
increased tumor formation in cases of colitis in mice but
psyllium supplementation exerted protective effects against
tumor formation [121]. Furthermore, the addition of psyl-
lium supplementation was shown to increase the treatment
efficacy of the MR-HIFU method used for uterine myoma
[122]. Although psyllium thus shows promise in cancer
treatment, it is important to consider the broader context of
its use. The majority of existing studies on the anticancer
effects of psyllium consist of preclinical research conducted
in vitro and in animal models. More research is needed to
fully understand and optimize the contributions of psyllium
in cancer treatment. The efficacy of psyllium in clinical set-
tings needs to be evaluated comprehensively.

Other Diseases

Evidence on the effects of psyllium on kidney disease is
quite limited, and the available data are mostly derived from
animal models. One previous study reported that psyllium
seed husk reduced blood urea nitrogen and serum creatinine
levels in the 5/6 nephrectomy rat model, alleviated renal
tubular interstitial damage, downregulated indoxyl sulfate,
lowered the levels of interleukin-6 (IL-6) and interleukin-1
(IL-1), regulated the intestinal microbiota, and may have
therapeutic effects in the treatment of chronic kidney dis-
ease [123].

( Obesity

Body weight BMI

Burns constitute the fourth most common type of injury
worldwide. Moist wounds cause microorganisms to mul-
tiply, leading to infection [124]. Applied with the aim of
reducing the moisture in burn wounds, Plantago ovata
mucilage was also found to significantly reduce wound size
[125]. The health effects of psyllium are shown in Fig. 2.

Meta-analysis, in vivo, in vitro, animal, and human stud-
ies conducted to evaluate the health effects of psyllium are
summarized in Table 2.

Safe Intake Level and Toxic Effects

The European Food Safety Authority has reported that the
amount of psyllium seed husk providing a feeling of satiety
and helping to control body weight is 1-3 g/day [138]. Other
important aspects of the safety of psyllium supplementation
are the purity and degree of processing of the psyllium. The
US Food and Drug Administration has stated that psyllium
with purity of at least 95% at 10.2 g/day is safe and offers
therapeutic effects. The literature suggests that the appropri-
ate dosage for therapeutic effects is 3.4-5 g three times a
day before main meals, totaling 10—15 g/day. In cases other
than constipation, it is recommended to start at 3.4 g/day
and increase the dose every week to reach 10.2 g/day [115].
Researchers report that psyllium supplementation at 10 g
does not cause any side effects in individuals with type 2
diabetes [54]. It has also been stated that psyllium husk does
not cause side effects in women with chronic constipation

Diabetes mellitus

Fasting blood glucose | Glucose mlcranccA

Visceral fat Body fat mass,
Waist circumferencey  Satiety 4

Fasting plasma insiilin y HbAlc

Cardiovascular diseases

Systolic blood pressure | Triglycerides
1" LDL cholesterol + ApoB

v

( Cancer

Colorectal tumor size

Bladder cancer tumor size

Huh7 and HeLa cell line cancer cell
growth v

Fig. 2 Use of psyllium in food products

Insulin sensitivity* ~ HOMA-IR y &

Digestive system diseases

Bowel movement4 Hepatic lipogenesis,
Bloating score NAFLD risk
Intestinal gas Ulcer index
Abdominal pain v

v

Kidney disease

Blood urea nitrogen| Renal tubular v

Serum creatinine  interstitial damageﬂ ﬁ
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Table 2. Studies on the effects of psyllium on health
Type of  Pharmacological Sample/Intervention Outcomes Reference
study effects/Disease
Meta- Antiobesity 22 RCT Psyllium [36]
analysis supplementation had
no significant effect
on BMI, body
weight, or waist
circumference.
Meta- Antidiabetic B-glucan or psyllium pulp, FBS l [126]
analysis 16 umbrella review HbAlc
Human  Antidiabetic BMI 25-35 kg/m”> T2DM FPG «—> [127]
patients (n=37), 2 weeks Insulin sensitivity T
low-energy moderate Fasting plasma
carbohydrate diet + 7 g insulin l
psyllium powder TNF-a
In vivo Antidiabetic High-fat diet + FBG [128]
animal streptozotocin -induced Insulin levels l
model diabetic mice (C57BL/6J); HOMA-IR
intervention with 2.5% and  Glucose tolerance T
5% psyllium husk powder Insulin sensitivity
Meta- Cardioprotective 28 controlled trials LDL-C [129]
analysis apoB
Meta- Cardioprotective An RCT evaluating five Psyllium fiber [130]
analysis types of viscous fiber supplementation
supplements, including reduced SBP.
psyllium, B-glucan from
oats and barley, guar gum,
konjac, and pectin, for
durations greater than 4
weeks.
Invivo Hepatoprotectiv.  Male albino Wistar rat Toxic effects of [20]
animal e (n=10), 9 weeks, CCl4 CCl4 l
model Lipid peroxidation
Liver glutathione T
and catglase activity
TNF-(I1
Human  Gastroesophage Gastroesophageal reflux Gastroesophageal
al reflux patients (n=132)

Group 1: Psyllium seed
Group 2: Omeprazole

[131]
reflux symptoms and
recurrence rate
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Table 2 (continued)

Type of  Pharmacological Sample/Intervention Outcomes Reference
study effects/Disease
Invivo Gallbladder Twelve-week-old female In the XGB + [132]
animal disease C57BL/6 J mice (n=48), 16  psyllium group,
model weeks, high-fat diet microbiota diversity
Group 1: Control + fasting  increased. In the
Group 2: XGB + fasting XGB group,
Group 3: Control + psyllium Lactococcus and
Group 4: XGB + psyllium Streptococcus levels
were higher, while
Erysipelotrichaceae
abundance was
lower compared to
the control group. In
the psyllium-
supplemented group,
Lactobacillus and
Akkermansia levels
were found to be
lower.
In vivo Inflammatory DSS-induced colitis in Severity of colitis¢ [133]
animal bowel disease C56BL/6J mice (SPF and
model GF)
Human  Diarrhea Psyllium group: Enteral Bowel movements [134]
product + psyllium (n=42)  Diarrhea score >
Control group (n=41)
10 days
Human  Constipation Adults with functional The BSS increased [106]
constipation (n=242) by an average of
Group 1: Polydextrose 0.95-1.05 from
Group 2: Psyllium husk Group 1 to Group 4.
Group 3: Wheat bran + In relation to the
psyllium husk increase in BMF,
Group 4: Bifidobacterium Anaerostipes showed
animalis subsp. lactis an increase in
HNO19 + Lacticaseibacillus ~ Groups 2 and 3.
rhamnosus Dietary fiber and
Group 5: Maltodextrin probiotics have
(placebo) reduced
constipation.
Human Constipation Without constipation (n=9), Fasting colon [135]
maltodextrin, psyllium (3.5  voliime

g), psyllium (7 g), 6 days

Constipated (n=20),
placebo, psyllium (7 g), 6
days

Postprandial small
intestine fluid

@ Springer



15 Page 12 of 19 Current Nutrition Reports (2026) 15:15
Table 2 (continued)
Type of  Pharmacological Sample/Intervention Outcomes Reference
study effects/Disease
In-vitro  Anticancer Polysaccharides were Psyllium inhibited [136]
isolated from psyllium the growth of cancer
leaves. cells in Huh7 (33%)
Huh7 and HeLa cell line, and HeLa (30%) cell
MMT test lines.
In vivo Kidney disease ~ Sprague-Dawley male rat Serum uric acid [137]
animal (n=42) Creatinine
model Plantaginis Semen group Triacylglycerol
(n=7), 28 days TNF-a
URATI and
PI3K/Akt mRNA
expression

Abbreviations ALT: Alanine aminotransferase, apoB: Apolipoprotein B, BMI: Body mass index, BMF: Bowel
movement frequency, BSS: Bristol stool scale score, CCI4: Carbon tetrachloride, FBS: fasting blood sugar, FPG:
Fasting plasma glucose, GF: Germ-free, HbAlc: Hemoglobin Alc, HeLa: Human cervical cancer cell line,
HOMA-IR: Homeostasis model assessment of insulin resistance, Huh7: Human hepatoma cell line, LDL-C:
Low-density lipoprotein cholesterol, MASLD: Obesity metabolic dysfunction-associated steatotic liver disease,
mRNA: Messenger RNA, PI3K/Akt: Phosphatidylinositol 3-kinase/Akt kinase pathway, PPBG: Postprandial
blood glucose, RCT: Randomized controlled trial, SBP: Systolic blood pressure, SPF: Specific pathogen free,
T2DM: Type-2 diabetes mellitus, TNF-a: Tumor necrosis factor alpha, URAT1: Uric acid transporter 1, XGB:

Cholecystectomy

ALT Alanine aminotransferase, apoB Apolipoprotein B, BMI Body mass index, BMF Bowel movement frequency, BSS Bristol stool scale
score,CCI4 Carbon tetrachloride, FBS fasting blood sugar, FPG Fasting plasma glucose, GF Germ-free, HbAIc Hemoglobin Alc, HeLa Human
cervical cancer cell line, HOMA-IR Homeostasis model assessment of insulin resistance, Huh7 Human hepatoma cell line, LDL-C Low-density
lipoprotein cholesterol, MASLD Obesity metabolic dysfunction-associated steatotic liver disease, mRNA Messenger RNA,PI3K/Akt Phospha-
tidylinositol 3-kinase/Akt kinase pathway, PPBG Postprandial blood glucose, RCT Randomized controlled trial, SBP Systolic blood pressure,
SPF Specific pathogen free, T2DM Type-2 diabetes mellitus, TNF-a Tumor necrosis factor alpha, URAT! Uric acid transporter 1, XGB Chole-

cystectomy

[110]. In addition to its beneficial effects on health, some
common and, though rare, serious adverse effects of psyl-
lium have also been observed [11]. In a case report, the use
of psyllium for the treatment of constipation was reported to
cause severe dizziness, wheezing, and loss of consciousness
[139]. High doses of psyllium can also lead to increased
intestinal gas production and abdominal bloating, which
are among the most commonly reported mild side effects
[134]. Serious adverse effects of psyllium are generally
rare; however, in some individuals, it may cause allergic
reactions, gastrointestinal symptoms, anaphylaxis, and
skin reactions. It can act as a strong inhalant allergen and
cause asthma symptoms [11]. In a case report, psyllium was
observed to potentially exacerbate asthma symptoms [140],
while another case report documented allergic rhinitis in
a bakery worker due to exposure to a psyllium-containing
product [141]. If sufficient fluids are not consumed while
taking psyllium powder and the powder is not swallowed
completely, it causes bloating of the throat and obstruction
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of the esophagus. Therefore, it is recommended to drink a
glass of water with each dose of psyllium powder [115].
Several case reports have described intestinal obstruction
associated with insufficient fluid intake during psyllium use
[142, 143]. Thus, although psyllium has beneficial effects
for many individuals, it is necessary to pay attention to its
potential toxic effects, especially in individuals with gastro-
intestinal sensitivity [82]. Adequate fluid intake is essential
when using psyllium, and this should be emphasized as a
critical public health message to prevent gastrointestinal
obstruction.

Limitations and Strengths

A significant limitation of this review is that the types of
psyllium (e.g., powder, shell, or seed) and the doses used
in the studies in the literature differ. This makes it difficult
to draw general conclusions. Furthermore, the fact that
these studies were conducted among different populations
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also limits the generalizability of the results to some extent.
There are differences in the methods and follow-up periods
of the studies in the literature, and that prevents clear results
from being obtained in the long term.

However, psyllium appears to have beneficial effects
for many health problems, including obesity, cardiovascu-
lar diseases, diabetes mellitus, cancer, and gastrointestinal
diseases. These positive effects highlight the multifaceted
benefits that psyllium provides thanks to its soluble fiber
contents and different biological mechanisms of action.
This review of the literature has confirmed that psyllium
is an effective ingredient with wide potential for use in the
field of health as both a complementary and a preventive
compound.

Future studies should compare the effects of different
psyllium types and doses with more homogeneous study
designs, taking into account differences across populations.
With such planning, the effects of psyllium on health can be
revealed more clearly and more effective usage strategies
can be developed in clinical practice.

Conclusion and Future Perspective

Psyllium may have beneficial effects on metabolic, cardio-
vascular, gastrointestinal, renal and inflammatory pathways.
While the current scientific evidence highlights its benefits,
variations in formulation, dosage and study duration limit the
comparability of studies. Future research should prioritise
standardising psyllium forms and dosages, and conducting
long-term randomised controlled trials examining outcomes
such as glycaemic control, lipid metabolism, blood pres-
sure, NAFLD, and gastrointestinal function. Mechanistic
studies focusing on bile acid dynamics, appetite-related hor-
mones and microbiota—host interactions will further clarify
the underlying pathways of psyllium’s effects. Addition-
ally, research related to functional food applications should
address parameters such as texture, sensory acceptability,
stability and real-world effectiveness. Overall, psyllium is a
promising functional ingredient with potential applications
in health and industry, and more comprehensive research
will facilitate its optimal use.

Key References

e Gholami Z, Clark CCT, Paknahad Z. The effect of psyl-
lium on fasting blood sugar, HbAlc, HOMA IR, and
insulin control: A GRADE-assessed systematic review
and meta-analysis of randomized controlled trials. BMC
Endocr Disord. 2024;24(1):82. https://doi.org/10.1186/s
12902-024-01608-2.

o This article is a systematic review and meta-analysis
of randomized controlled trials investigating the ef-
fects of psyllium on fasting blood sugar, HbAlc,
HOMA-IR, and insulin levels. It was shown that
psyllium significantly reduces fasting blood sugar,
HbAlc, and HOMA-IR levels, but has no significant
effect on insulin levels.

e Gholami Z, Paknahad Z. The effect of psyllium con-
sumption on blood pressure: Systematic review and
dose-response meta-analysis of randomized controlled
trials. Food Sci Nutr. 2024;12(10):7075-87. https://doi
.org/10.1002/fsn3.3863.

o This article is a systematic review and meta-analysis
of randomized controlled trials investigating the ef-
fects of psyllium on blood pressure. It was reported
that psyllium significantly reduces systolic blood
pressure, while it has no significant effect on dia-
stolic blood pressure.

e Xu L, Qiu B, Ba F, Zhang S, Han S, Chen H, et al.
Synergistic effects of Ligilactobacillus salivarius
LiOl and psyllium husk prevent mice from develop-
ing loperamide-induced constipation. Food Funct.
2024;15(24):11934-48. https://doi.org/10.1039/d4fo04
444d.

o This article is an animal study investigating the ef-
fects of the combined use of psyllium and Ligilac-
tobacillus salivarius Li01 on constipation. It was
shown that this combination provides protection
against constipation by improving gastrointestinal
transit rate and increasing fecal water content.

SupplementaryInformation The online version contains supplementary
material available at https://doi.org/10.1007/s13668-025-00722-4.

Author Contributions N.S and E.O wrote the main manuscript text
and table. N.S. and E.O prepared the figure. N.S. overviewed the selec-
tion of the literature and reviewed the draft, finalized the final version
of the manuscript.

Funding Open access funding provided by the Scientific and Tech-
nological Research Council of Tiirkiye (TUBITAK). This research
did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Data Availability All data needed to evaluate the conclusions in this
article are included in the article. Additional data related to this article
may be requested from the authors.

Declarations

Competing interests The authors declare no competing interests.

@ Springer


https://doi.org/10.1002/fsn3.3863
https://doi.org/10.1002/fsn3.3863
https://doi.org/10.1039/d4fo04444d
https://doi.org/10.1039/d4fo04444d
https://doi.org/10.1007/s13668-025-00722-4
https://doi.org/10.1186/s12902-024-01608-2
https://doi.org/10.1186/s12902-024-01608-2

15 Page 14 of 19

Current Nutrition Reports (2026) 15:15

Human and Animal Rights and Informed Consent Thisarticledoesnot
contain any studies with human or animal subjects performed by any
of the authors.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

1. Kassa MG, Teferi DA, Asemu AM, Belachew MT, Satheesh N,
Abera BD, et al. Review on psyllium husk: nutritional, func-
tional, health benefits, food industry applications, waste treat-
ment, and potential negative effects. CyTA - Journal of Food.
2024;22(1):2409174. https://doi.org/10.1080/19476337.2024.24
09174.

2. Chan EK, Schroeder DJ. Psyllium in hypercholesterolemia. Ann
Pharmacother. 1995;29(6):625-7. https://doi.org/10.1177/106002
809502900613.

3. Belorio M, Gémez M. Psyllium: a useful functional ingredient in
food systems. Crit Rev Food Sci Nutr. 2022;62(2):527-38. https:
//doi.org/10.1080/10408398.2020.1822276.

4. Kaczmarczyk K, Kruk J, Ptaszek P, Ptaszek A. Plantago ovata
husk: an investigation of raw aqueous extracts. osmotic, hydro-
dynamic and complex rheological characterisation. Molecules.
2023;28(4):1660. https://doi.org/10.3390/molecules28041660.

5. Wojciechowicz-Budzisz A, Pejcz E, Spychaj R, Harasym J.
Mixed psyllium fiber improves the quality, nutritional value,
polyphenols and antioxidant activity of rye bread. Foods.
2023;12(19):3534. https://doi.org/10.3390/foods12193534.

6. Noguerol AT, Igual MM, Pagan MJ. Developing psyllium fibre
gel-based foods: physicochemical, nutritional, optical and
mechanical properties. Food Hydrocoll. 2022;122(2):107108. h
ttps://doi.org/10.1016/j.foodhyd.2021.107108.

7.  Fratelli C, Santos FG, Muniz DG, Habu S, Braga ARC, Capriles
VD. Psyllium improves the quality and shelf life of gluten-free
bread. Foods. 2021;10(5):954. https://doi.org/10.3390/foods1005
0954.

8.  Tosif MM, Bains A, Goksen G, Rehman MZ, Ali N, Karabulut
G, et al. A comparative study on utilization of different plant-
derived nano-mucilage as a fat replacer in yogurt: product opti-
mization, physicochemical attributes, shelf-life evaluation, and
consumer perception with market orientation. Food Chemistry:
X. 2024;24:101920. https://doi.org/10.1016/j.fochx.2024.10192
0.

9. Franco EAN, Sanches-Silva A, Ribeiro-Santos R, de Melo
NR. Psyllium (Plantago ovata Forsk): from evidence of health
benefits to its food application. Trends Food Sci Technol.
2020;96(1):166-75. https://doi.org/10.1016/j.foodhyd.2021.107
108.

10. Xing LC, Santhi D, Shar AG, Saeed M, Arain MA, Shar AH,
et al. Psyllium husk (Plantago ovata) as a potent hypocholes-
terolemic agent in animal, human and poultry. Int J Pharmacol.
2017;13(7):690-7. https://doi.org/10.3923/ijp.2017.690.697.

@ Springer

12.

14.

15.

17.

18.

20.

21.

22.

23.

24.

25.

Shah AR, Gour VS, Kothari SL, Sharma P, Dar KB, Ganie SA.
Antioxidant, nutritional, structural, thermal and physico-chemi-
cal properties of psyllium (Plantago ovata) seeds. Curr Res Nutr
Food Sci J. 2020;8(3):727-43. https://doi.org/10.12944/CRNFSJ
.8.3.06.

Shah AR, Sharma P, Longvah T, Gour VS, Kothari SL, Shah YR,
et al. Nutritional composition and health benefits of psyllium
(Plantago ovata) husk and seed. Nutr Today. 2020;55(6):313-21.
https://doi.org/10.1097/NT.0000000000000450.

Chen C, Shang C, Xin L, Xiang M, Wang Y, Shen Z, et al. Ben-
eficial effects of psyllium on the prevention and treatment of car-
diometabolic diseases. Food Funct. 2022;13(14):7473-86. https:/
/doi.org/10.1039/D2FO00560C.

Chong RWW, Ball M, McRae C, Packer NH. Comparing the
chemical composition of dietary fibres prepared from sugarcane,
psyllium husk and wheat dextrin. Food Chem. 2019;298:125032.
https://doi.org/10.1016/j.foodchem.2019.125032.

Sagar S, Goudar G, Sreedhar M, Panghal A, Sharma P. Character-
ization of nutritional content and in vitro antioxidant properties of
Plantago ovata seeds. Int J Food Nutr. 2020;9:27. https://doi.org/
10.4103/1JFNS.IJENS_27 20.

. Waleed M, Saeed F, Afzaal M, Niaz B, Raza MA, Hussain M, et

al. Structural and nutritional properties of psyllium husk arabi-
noxylans with special reference to their antioxidant potential. Int
J Food Prop. 2022;25(1):2505—13. https://doi.org/10.1080/10942
912.2022.2143522.

Agrawal R. Psyllium: a source of dietary fiber. In: Waisundara
VY, editor. Dietary fibers. London: IntechOpen; 2021.

Gibb RD, Sloan KJ, McRorie JW Jr. Psyllium is a natural nonfer-
mented gel-forming fiber that is effective for weight loss: a com-
prehensive review and meta-analysis. J] Am Assoc Nurse Pract.
2023;35(8):468-76. https://doi.org/10.1097/JXX.000000000000
0882.

Garg P, Garg PK, Bhattacharya K. Psyllium husk positively alters
gut microbiota, decreases inflammation, and has bowel-regula-
tory action, paving the way for physiologic management of irri-
table bowel syndrome. Gastroenterology. 2024;166(3):545-6. htt
ps://doi.org/10.1053/j.gastro.2023.11.019.

Abouzied MM, Mahmoud SM, Wahid A, Ahmed AE, Okasha
AM, Soliman HA, et al. A study of the hepatoprotective effect
of Plantago psyllium L. seed extract against carbon tetrachloride
induced hepatic injury in rats. ] Appl Biomed. 2020;18(2-3):80—
6. https://doi.org/10.32725/jab.2020.006.

Ogata M, Ogita T, Tari H, Arakawa T, Suzuki T. Supplemental
psyllium fibre regulates the intestinal barrier and inflammation in
normal and colitic mice. Br J Nutr. 2017;118(9):661-72. https://d
0i.0rg/10.1017/S0007114517002586.

Ishii Y, Matsunaga T, Yasui T, Rini DM, Inoue R, Yamamoto Y, et
al. Supplemental psyllium fiber increases antimicrobial proteins
via the tuft cell-ILC2 circuit and type Il immune response in the
mouse small intestine. Nutraceuticals. 2024;4(2):307-22. https://
doi.org/10.3390/nutraceuticals4020019.

Mohajeri P, Hematian Sourki A, Mehregan Nikoo A, Ertas YN.
Fabrication, characterisation and antimicrobial activity of elec-
trospun Plantago psyllium L. seed gum/gelatine nanofibres incor-
porated with Cuminum cyminum essential oil nanoemulsion. Int
J Food Sci Technol. 2023;58(4):1832—40. https://doi.org/10.1111
/ijfs.16324.

El-Araby E, Raafat A, Elsonbaty SM. Radiation synthesis of psyl-
lium/frankincense essential oil-based wound dressing hydrogels:
antimicrobial, antioxidant and wound healing performance. Arab
J Nucl Sci Appl. 2021;54(2):19-36. https://doi.org/10.21608/ajns
a.2021.33835.1373.

Pal P, Banerjee A, Soren K, Chakraborty P, Pandey JP, Sen G,
et al. Novel biocide based on cationic derivative of psyllium:
surface modification and antibacterial activity. J Polym Environ.


https://doi.org/10.12944/CRNFSJ.8.3.06
https://doi.org/10.12944/CRNFSJ.8.3.06
https://doi.org/10.1097/NT.0000000000000450
https://doi.org/10.1097/NT.0000000000000450
https://doi.org/10.1039/D2FO00560C
https://doi.org/10.1039/D2FO00560C
https://doi.org/10.1016/j.foodchem.2019.125032
https://doi.org/10.1016/j.foodchem.2019.125032
https://doi.org/10.4103/IJFNS.IJFNS_27_20
https://doi.org/10.4103/IJFNS.IJFNS_27_20
https://doi.org/10.1080/10942912.2022.2143522
https://doi.org/10.1080/10942912.2022.2143522
https://doi.org/10.1097/JXX.0000000000000882
https://doi.org/10.1097/JXX.0000000000000882
https://doi.org/10.1053/j.gastro.2023.11.019
https://doi.org/10.1053/j.gastro.2023.11.019
https://doi.org/10.32725/jab.2020.006
https://doi.org/10.1017/S0007114517002586
https://doi.org/10.1017/S0007114517002586
https://doi.org/10.3390/nutraceuticals4020019
https://doi.org/10.3390/nutraceuticals4020019
https://doi.org/10.1111/ijfs.16324
https://doi.org/10.1111/ijfs.16324
https://doi.org/10.21608/ajnsa.2021.33835.1373
https://doi.org/10.21608/ajnsa.2021.33835.1373
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/19476337.2024.2409174
https://doi.org/10.1080/19476337.2024.2409174
https://doi.org/10.1177/106002809502900613
https://doi.org/10.1177/106002809502900613
https://doi.org/10.1080/10408398.2020.1822276
https://doi.org/10.1080/10408398.2020.1822276
https://doi.org/10.3390/molecules28041660
https://doi.org/10.3390/foods12193534
https://doi.org/10.1016/j.foodhyd.2021.107108
https://doi.org/10.1016/j.foodhyd.2021.107108
https://doi.org/10.3390/foods10050954
https://doi.org/10.3390/foods10050954
https://doi.org/10.1016/j.fochx.2024.101920
https://doi.org/10.1016/j.fochx.2024.101920
https://doi.org/10.1016/j.foodhyd.2021.107108
https://doi.org/10.1016/j.foodhyd.2021.107108
https://doi.org/10.3923/ijp.2017.690.697

Current Nutrition Reports

(2026) 15:15

Page 150f 19 15

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

2019;27(5):1178-90.
9-w.

Gao Z, Wang G, Zhang J, Guo L, Zhao W. Psyllium fibre inclu-
sion in gluten-free buckwheat dough improves dough struc-
ture and lowers glycaemic index of the resulting bread. Foods.
2024;13(5):767. https://doi.org/10.3390/foods13050767.

Franco M, Gémez M. Effect of psyllium on physical properties,
composition and acceptability of whole grain breads. Foods.
2022;11(12):1685. https://doi.org/10.3390/foods11121685.

Zajac MH. The properties of poultry batters depending on the
amount of water and Plantago ovata husk. Acta Sci Pol Technol
Aliment. 2020;19(4):475-82. https://doi.org/10.17306/J.AFS.08
24.

Zhao N, Sun C, Li C, Kong B, Xia X, Sun F, et al. Application of
psyllium husk powder addition on the textural properties, oxida-
tive stability and sensory attributes of non-phosphates luncheon
meat. Meat Sci. 2025;222:109760. https://doi.org/10.1016/j.meat
5¢1.2025.109760.

Arabshahi SS, Sedaghati M. Production of synbiotic Doogh
enriched with Plantago psyllium mucilage. J Food Sci Technol.
2022;59(10):3819-26. https://doi.org/10.1007/s13197-022-0540
1-8.

Alagawany M, Bilal RM, Batool F, Attia YA, Abd El Hack ME,
Abdelnour SA, et al. Use of psyllium husk (Plantago ovata) in
poultry feeding and possible application in organic production.
Antibiotic alternatives in poultry and fish feed. Sharjah: Bentham
Science; 2022. pp. 111-23. Chapter 8.

Pal D. A review of potential health benefits and therapeutic appli-
cations of psyllium (Plantago ovata) husk in disease management.
Int J Pharm Sci Res. 2023;12(5):120-8. https://doi.org/10.21275/
SR23517155336.

Singh B, Kumar S, Rajneesh, Mohan M, Divya. Synthe-
sis and characterization of psyllium polysaccharide—poly(2-
hydroxypropyl methacrylate) —poly(acrylamide) hydrogels for
use in sustained drug delivery applications. Polym Sci Ser B.
2020;62(6):685-96. https://doi.org/10.1134/S156009042033006
4.

Singh B, Sharma V, Kumar R, Mohan M. Development of dietary
fiber psyllium based hydrogel for use in drug delivery applica-
tions. Food Hydrocoll Health. 2022;2(3):100059. https://doi.org
/10.1016/j.thth.2022.100059.

Chandrasekaran P, Weiskirchen R. The role of obesity in type 2
diabetes mellitus — an overview. Int J Mol Sci. 2024;25(3):1882.
https://doi.org/10.3390/ijms25031882.

Darooghegi Mofrad M, Mozaffari H, Mousavi SM, Sheikhi A,
Milajerdi A. The effects of psyllium supplementation on body
weight, body mass index and waist circumference in adults: a sys-
tematic review and dose-response meta-analysis of randomized
controlled trials. Crit Rev Food Sci Nutr. 2020;60(5):859-72. htt
ps://doi.org/10.1080/10408398.2018.1553140.

Bretin A, San Yeoh B, Ngo VL, Reddivari L, Pellizzon M, Vijay-
Kumar M, et al. Psyllium fiber protects mice against Western diet-
induced metabolic syndrome via the gut microbiota-dependent
mechanism. Gut Microbes. 2023;15(1):2221095. https://doi.org
/10.1080/19490976.2023.2221095.

Shahinfar H, Jayedi A, Torabynasab K, Payandeh N, Martami F,
Moosavi H, et al. Comparative effects of nutraceuticals on body
weight in adults with overweight or obesity: a systematic review
and network meta-analysis of 111 randomized clinical trials.
Pharmacol Res. 2023;196:106944. https://doi.org/10.1016/j.phrs
.2023.106944.

Pokushalov E, Ponomarenko A, Garcia C, Pak I, Shrainer E,
Seryakova M, et al. The impact of glucomannan, inulin, and psyl-
lium supplementation (SolowaysTM) on weight loss in adults
with FTO, LEP, LEPR, and MC4R polymorphisms: a randomized,

https://doi.org/10.1007/s10924-019-0141

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

double-blind, placebo-controlled trial. Nutrients. 2024;16(4):557.
https://doi.org/10.3390/nul16040557.

Pal S, McKay J, Ho S, Jane M, Gahler RJ, Wood S. Micronutri-
ent status of individuals with overweight and obesity following
3 months’ supplementation with polyglycoplex (PGX®) or psyl-
lium: a randomized controlled trial. BMC Nutr. 2022;8(1):42. htt
ps://doi.org/10.1186/s40795-022-00534-7.

Gonzalez AP, Flores-Ramirez A, Gutiérrez-Castro KP, Luévano-
Contreras C, Gomez-Ojeda A, Sosa-Bustamante GP, et al. Reduc-
tion of small dense LDL and IL-6 after intervention with Plantago
psyllium in adolescents with obesity: a parallel, double blind, ran-
domized clinical trial. Eur J Pediatr. 2021;180(8):2493-503. http
s://doi.org/10.1007/s00431-021-04064-5.

Bacha AA, Suhail M, Awwad FA, Ismail EAA, Ahmad H. Role
of dietary fiber and lifestyle modification in gut health and sleep
quality. Front Nutr. 2024;11:1324793. https://doi.org/10.3389/fn
ut.2024.1324793.

Jenko Praznikar Z, Mohorko N, Gmajner D, Kenig S, Petelin A.
Effects of four different dietary fibre supplements on weight loss
and lipid and glucose serum profiles during energy restriction in
patients with traits of metabolic syndrome: a comparative, ran-
domized, placebo-controlled study. Foods. 2023;12(11):2122. htt
ps://doi.org/10.3390/foods12112122.

Golzar M, Saghi E, Rakhshandeh H, Dehnavi Z, Jafarzadeh
Esfehani A, Nematy M. Evaluating the effect of an Iranian tra-
ditional medicine-based herbal candy on body composition and
appetite in overweight and obese adults: a preliminary study. Avi-
cenna J Phytomed. 2023;13(2):165-76. https://doi.org/10.22038/
AJP.2022.21314.

Noureddin S, Mohsen J, Payman A. Effects of psyllium vs. pla-
cebo on constipation, weight, glycemia, and lipids: a randomized
trial in patients with type 2 diabetes and chronic constipation.
Complement Ther Med. 2018;40:1-7. https://doi.org/10.1016/j.ct
im.2018.07.004.

Kumar A, Gangwar R, Zargar AA, Kumar R, Sharma A. Preva-
lence of diabetes in India: a review of IDF diabetes atlas 10th
edition. Curr Diabetes Rev. 2024;20(1):105-14. https://doi.org/1
0.2174/1573399819666230413094200.

Xiao Z, Chen H, Zhang Y, Deng H, Wang K, Bhagavathula AS,
et al. The effect of psyllium consumption on weight, body mass
index, lipid profile, and glucose metabolism in diabetic patients:
a systematic review and dose-response meta-analysis of random-
ized controlled trials. Phytother Res. 2020;34(6):1237-47. https:/
/doi.org/10.1002/ptr.6609.

Bacha AA, Din ZU, Khan I. Effect of psyllium husk fiber and life-
style modification on human body insulin resistance. Nutr Metab
Insights. 2022;15:11786388221107797. https://doi.org/10.1177/1
1786388221107797.

Juhész AE, Greft D, Teutsch B, Gede N, Hegyi P, Horvath EM, et
al. Galactomannans are the most effective soluble dietary fibers in
type 2 diabetes: a systematic review and network meta-analysis.
Am J Clin Nutr. 2023;117(2):266—77. https://doi.org/10.1016/].aj
cnut.2022.12.015.

Gholami Z, Clark CCT, Paknahad Z. The effect of psyllium on
fasting blood sugar, HbAlc, HOMA IR, and insulin control: a
GRADE-assessed systematic review and meta-analysis of ran-
domized controlled trials. BMC Endocr Disord. 2024;24(1):82. h
ttps://doi.org/10.1186/512902-024-01608-2.

Watters K, Blaisdell P. Reduction of glycemic and lipid lev-
els in db/db diabetic mice by psyllium plant fiber. Diabetes.
1989;38(12):1528-33. https://doi.org/10.2337/diab.38.12.1528.
Mallikarjunan N, Deshpande R, Maurya DK, Jamdar SN.
Modifying rheological properties of psyllium by gamma irra-
diation enables development of low glycaemic index food with
a predicted gastrointestinal tolerance. Int J Biol Macromol.

@ Springer


https://doi.org/10.3390/nu16040557
https://doi.org/10.3390/nu16040557
https://doi.org/10.1186/s40795-022-00534-7
https://doi.org/10.1186/s40795-022-00534-7
https://doi.org/10.1007/s00431-021-04064-5
https://doi.org/10.1007/s00431-021-04064-5
https://doi.org/10.3389/fnut.2024.1324793
https://doi.org/10.3389/fnut.2024.1324793
https://doi.org/10.3390/foods12112122
https://doi.org/10.3390/foods12112122
https://doi.org/10.22038/AJP.2022.21314
https://doi.org/10.22038/AJP.2022.21314
https://doi.org/10.1016/j.ctim.2018.07.004
https://doi.org/10.1016/j.ctim.2018.07.004
https://doi.org/10.2174/1573399819666230413094200
https://doi.org/10.2174/1573399819666230413094200
https://doi.org/10.1002/ptr.6609
https://doi.org/10.1002/ptr.6609
https://doi.org/10.1177/11786388221107797
https://doi.org/10.1177/11786388221107797
https://doi.org/10.1016/j.ajcnut.2022.12.015
https://doi.org/10.1016/j.ajcnut.2022.12.015
https://doi.org/10.1186/s12902-024-01608-2
https://doi.org/10.1186/s12902-024-01608-2
https://doi.org/10.2337/diab.38.12.1528
https://doi.org/10.1007/s10924-019-01419-w
https://doi.org/10.1007/s10924-019-01419-w
https://doi.org/10.3390/foods13050767
https://doi.org/10.3390/foods11121685
https://doi.org/10.17306/J.AFS.0824
https://doi.org/10.17306/J.AFS.0824
https://doi.org/10.1016/j.meatsci.2025.109760
https://doi.org/10.1016/j.meatsci.2025.109760
https://doi.org/10.1007/s13197-022-05401-8
https://doi.org/10.1007/s13197-022-05401-8
https://doi.org/10.21275/SR23517155336
https://doi.org/10.21275/SR23517155336
https://doi.org/10.1134/S1560090420330064
https://doi.org/10.1134/S1560090420330064
https://doi.org/10.1016/j.fhfh.2022.100059
https://doi.org/10.1016/j.fhfh.2022.100059
https://doi.org/10.3390/ijms25031882
https://doi.org/10.3390/ijms25031882
https://doi.org/10.1080/10408398.2018.1553140
https://doi.org/10.1080/10408398.2018.1553140
https://doi.org/10.1080/19490976.2023.2221095
https://doi.org/10.1080/19490976.2023.2221095
https://doi.org/10.1016/j.phrs.2023.106944
https://doi.org/10.1016/j.phrs.2023.106944

15

Page 16 of 19

Current Nutrition Reports (2026) 15:15

53.

54.

55.

56.

57.

8.

59.

60.

61.

62.

63.

64.

65.

66.

2024;257(2):128625. https://doi.org/10.1016/j.ijbiomac.2023.12
8625.

Willcox ML, Elugbaju C, Al-Anbaki M, Lown M, Graz B.
Effectiveness of medicinal plants for glycaemic control in type
2 diabetes: an overview of meta-analyses of clinical trials. Front
Pharmacol. 2021;12:777561. https://doi.org/10.3389/fphar.2021.
777561.

Soltanian N, Janghorbani M. Effect of flaxseed or psyllium vs.
placebo on management of constipation, weight, glycemia, and
lipids: a randomized trial in constipated patients with type 2 dia-
betes. Clin Nutr ESPEN. 2019;29:41-8. https://doi.org/10.1016/j
.clnesp.2018.11.002.

Lehoux Dubois C, Boudreau V, Potter KJ, Colomba J, Lavoie
A, Mailhot M, et al. Acute soluble fibre supplementation has no
impact on reducing post-prandial glucose excursions in adults
with cystic fibrosis and glucose intolerance. Ann Endocrinol
(Paris). 2023;84(6):767—72. https://doi.org/10.1016/j.ando.2023.
02.001.

Kumar D, Gautam A, Rohatgi S, Kundu PP. Synthesis of vilda-
gliptin loaded acrylamide-g-psyllium/alginate-based core-shell
nanoparticles for diabetes treatment. Int J Biol Macromol.
2022;218:82-93. https://doi.org/10.1016/j.ijbiomac.2022.07.066.
Parsa H, Moradi-Khaligh Z, Rajabi S, Ranjbar K, Komaki A.
Swimming training and Plantago psyllium ameliorate cogni-
tive impairment and glucose tolerance in streptozotocin-nicotin-
amide-induced type 2 diabetic rats. J Physiol Sci. 2021;71(1):37.
https://doi.org/10.1186/s12576-021-00823-z.

Fahed G, Aoun L, Bou Zerdan M, Allam S, Bou Zerdan M, Bou-
ferraa Y, et al. Metabolic syndrome: updates on pathophysiology
and management in 2021. Int J Mol Sci. 2022;23(2):786. https://
doi.org/10.3390/ijms23020786.

Gholami Z, Paknahad Z. Effect of psyllium consumption on met-
abolic syndrome indices: systematic review and dose-response
meta-analysis of randomized controlled trials. J Funct Foods.
2023;107(4):105685. https://doi.org/10.1016/5.j{£.2023.105685.
Ghorbani A, Zarvandi M, Rakhshandeh H. A randomized con-
trolled trial of a herbal compound for improving metabolic
parameters in diabetic patients with uncontrolled dyslipidemia.
Endocr Metab Immune Disord Drug Targets. 2019;19(7):1075—
82. https://doi.org/10.2174/1871530319666190206213420.
Bernatova I, Liskova S, Bartekova M. Hypertension and cardio-
vascular diseases: from etiopathogenesis to potential therapeutic
targets. Int J Mol Sci. 2022;23(14):7742. https://doi.org/10.3390/
ijms23147742.

Chong B, Jayabaskaran J, Jauhari SM, Chan SP, Goh R, Kueh
MTW, et al. Global burden of cardiovascular diseases: projec-
tions from 2025 to 2050. Eur J Prev Cardiol. 2024;zwae281. http
s://doi.org/10.1093/eurjpc/zwae281.

Soliman GA. Dietary fiber, atherosclerosis, and cardiovascular
disease. Nutrients. 2019;11(5):1155. https://doi.org/10.3390/nul
1051155.

Zhu R, Lei Y, Wang S, Zhang J, Lv M, Jiang R, et al. Plantago
consumption significantly reduces total cholesterol and low-
density lipoprotein cholesterol in adults: A systematic review and
meta-analysis. Nutr Res. 2024;126:123-37. https://doi.org/10.10
16/j.nutres.2024.03.013.

Gholami Z, Paknahad Z. The beneficial effects of psyllium on
cardiovascular diseases and their risk factors: systematic review
and dose-response meta-analysis of randomized controlled trials.
J Funct Foods. 2023;111(5):105878. https://doi.org/10.1016/j jff.
2023.105878.

Anderson JW, Zettwoch N, Feldman T, Tietyen-Clark J, Oelt-
gen P, Bishop CW. Cholesterol-lowering effects of psyllium
hydrophilic mucilloid for hypercholesterolemic men. Arch
Intern Med. 1988;148(2):292—-6. https://doi.org/10.1001/archi
nte.148.2.292.

@ Springer

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

Gholami Z, Paknahad Z. The effect of psyllium consump-
tion on blood pressure: systematic review and dose-response
meta-analysis of randomized controlled trials. Food Sci Nutr.
2024;12(10):7075-87. https://doi.org/10.1002/fsn3.3863.
Majewski M, Gromadzinski L, Cholewinska E, Ognik K,
Fotschki B, Juskiewicz J. The interaction of dietary pectin, inu-
lin, and psyllium with copper nanoparticle induced changes to the
cardiovascular system. Nutrients. 2023;15(16):3557. https://doi.o
1rg/10.3390/nu15163557.

Clark CCT, Salek M, Aghabagheri E, Jafarnejad S. The effect of
psyllium supplementation on blood pressure: a systematic review
and meta-analysis of randomized controlled trials. Korean J
Intern Med. 2020;35(6):1385-99. https://doi.org/10.3904/kjim.2
019.049.

Brum J, Ramsey D, McRorie J, Bauer B, Kopecky SL. Meta-
analysis of usefulness of psyllium fiber as adjuvant antilipid
therapy to enhance cholesterol lowering efficacy of statins. Am J
Cardiol. 2018;122(7):1169-74. https://doi.org/10.1016/j.amjcard
.2018.06.040.

Hashem MA, Abd-Allah NA, Mahmoud EA, Amer SA, Alkafafy
M. A preliminary study on the effect of psyllium husk ethanolic
extract on hyperlipidemia, hyperglycemia, and oxidative stress
induced by triton X-100 injection in rats. Biology. 2021;10(4):335.
https://doi.org/10.3390/biology 10040335.

Rabeh NM, Refaat OG, Dhaher AGAE. Effect of psyllium seeds
and its husk on hypercholesterolemic rats. Int J Health Sci.
2022;6(S1):116-24. https://doi.org/10.53730/ijhs.v6nS1.4750.
Wang Z, Lv Q, Liu L, Zhu Z. Psyllium husk powder improves
constipation by remodeling gut microbiota and improving intesti-
nal metabolites. Food Biosci. 2025;64(7):105828. https://doi.org/
10.1016/j.1bi0.2025.105828.

Gunn D, Abbas Z, Harris HC, Major G, Hoad C, Gowland P, et al.
Psyllium reduces inulin-induced colonic gas production in IBS:
MRI and in vitro fermentation studies. Gut. 2022;71(5):919-27.
https://doi.org/10.1136/gutjnl-2021-324784.

Guo W, Ge X, Lu J, Xu X, Gao J, Wang Q, et al. Diet and risk
of non-alcoholic fatty liver disease, cirrhosis, and liver can-
cer: a large prospective cohort study in UK biobank. Nutrients.
2022;14(24):5335. https://doi.org/10.3390/nu14245335.

Zhu 'Y, Yang H, Zhang Y, Rao S, Mo Y, Zhang H, et al. Dietary
fiber intake and non-alcoholic fatty liver disease: the mediating
role of obesity. Front Public Health. 2023;10:1038435. https://do
1.0rg/10.3389/fpubh.2022.1038435.

Stachowska E, Portincasa P, Jamiot-Milc D, Maciejewska-Mar-
kiewicz D, Skonieczna-Zydecka K. The relationship between
prebiotic supplementation and anthropometric and biochemi-
cal parameters in patients with NAFLD: a systematic review
and meta-analysis of randomized controlled trials. Nutrients.
2020;12(11):3460. https://doi.org/10.3390/nul12113460.

Pontifex MG, Mushtaq A, Le Gall G, Rodriguez-Ramiro I, Blok-
ker BA, Hoogteijling MEM, et al. Differential influence of solu-
ble dietary fibres on intestinal and hepatic carbohydrate response.
Nutrients. 2021;13(12):4278. https://doi.org/10.3390/nu1312427
8.

Deng Z, Meng C, Huang H, Song S, Fu L, Fu Z. The different
effects of psyllium husk and Orlistat on weight control, the ame-
lioration of hypercholesterolemia and non-alcohol fatty liver
disease in obese mice induced by a high-fat diet. Food Funct.
2022;13(17):8829-49. https://doi.org/10.1039/d2fo01161a.
Wahid A, Mahmoud SMN, Attia EZ, Yousef AS, Okasha AMM,
Soliman HA. Dietary fiber of psyllium husk (Plantago ovata) as
a potential antioxidant and hepatoprotective agent against CCls-
induced hepatic damage in rats. S Afr J Bot. 2020;130:208-14. h
ttps://doi.org/10.1016/j.sajb.2020.01.007.

Marzec A, Fotschki B, Napiorkowska D, Fotschki J, Cholewinska
E, Listos P, et al. The effect of copper nanoparticles on liver


https://doi.org/10.1002/fsn3.3863
https://doi.org/10.3390/nu15163557
https://doi.org/10.3390/nu15163557
https://doi.org/10.3904/kjim.2019.049
https://doi.org/10.3904/kjim.2019.049
https://doi.org/10.1016/j.amjcard.2018.06.040
https://doi.org/10.1016/j.amjcard.2018.06.040
https://doi.org/10.3390/biology10040335
https://doi.org/10.3390/biology10040335
https://doi.org/10.53730/ijhs.v6nS1.4750
https://doi.org/10.1016/j.fbio.2025.105828
https://doi.org/10.1016/j.fbio.2025.105828
https://doi.org/10.1136/gutjnl-2021-324784
https://doi.org/10.1136/gutjnl-2021-324784
https://doi.org/10.3390/nu14245335
https://doi.org/10.3389/fpubh.2022.1038435
https://doi.org/10.3389/fpubh.2022.1038435
https://doi.org/10.3390/nu12113460
https://doi.org/10.3390/nu13124278
https://doi.org/10.3390/nu13124278
https://doi.org/10.1039/d2fo01161a
https://doi.org/10.1016/j.sajb.2020.01.007
https://doi.org/10.1016/j.sajb.2020.01.007
https://doi.org/10.1016/j.ijbiomac.2023.128625
https://doi.org/10.1016/j.ijbiomac.2023.128625
https://doi.org/10.3389/fphar.2021.777561
https://doi.org/10.3389/fphar.2021.777561
https://doi.org/10.1016/j.clnesp.2018.11.002
https://doi.org/10.1016/j.clnesp.2018.11.002
https://doi.org/10.1016/j.ando.2023.02.001
https://doi.org/10.1016/j.ando.2023.02.001
https://doi.org/10.1016/j.ijbiomac.2022.07.066
https://doi.org/10.1186/s12576-021-00823-z
https://doi.org/10.1186/s12576-021-00823-z
https://doi.org/10.3390/ijms23020786
https://doi.org/10.3390/ijms23020786
https://doi.org/10.1016/j.jff.2023.105685
https://doi.org/10.2174/1871530319666190206213420
https://doi.org/10.3390/ijms23147742
https://doi.org/10.3390/ijms23147742
https://doi.org/10.1093/eurjpc/zwae281
https://doi.org/10.1093/eurjpc/zwae281
https://doi.org/10.3390/nu11051155
https://doi.org/10.3390/nu11051155
https://doi.org/10.1016/j.nutres.2024.03.013
https://doi.org/10.1016/j.nutres.2024.03.013
https://doi.org/10.1016/j.jff.2023.105878
https://doi.org/10.1016/j.jff.2023.105878
https://doi.org/10.1001/archinte.148.2.292
https://doi.org/10.1001/archinte.148.2.292

Current Nutrition Reports

(2026) 15:15

Page 170f 19 15

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

9s.

96.

metabolism depends on the type of dietary fiber. Nutrients.
2024;16(21):3645. https://doi.org/10.3390/nul16213645.

Yang K, Ryu T, Chung BS. Psyllium fiber improves hangovers
and inflammatory liver injury by inhibiting intestinal drinking.
Front Pharmacol. 2024;15:1378653. https://doi.org/10.3389/fpha
1.2024.1378653.

Newberry C, Lynch K. The role of diet in the development and
management of gastroesophageal reflux disease: why we feel the
burn. J Thorac Dis. 2019;11(S12):S1594-601. https://doi.org/10.
21037/jtd.2019.06.42.

Martin Z, Spry G, Hoult J, Maimone IR, Tang X, Crichton M,
et al. What is the efficacy of dietary, nutraceutical, and probiotic
interventions for the management of gastroesophageal reflux dis-
ease symptoms? A systematic literature review and meta-analy-
sis. Clin Nutr ESPEN. 2022;52:340-52. https://doi.org/10.1016/j
.clnesp.2022.09.015.

Morozov S, Isakov V, Konovalova M. Fiber-enriched diet helps
to control symptoms and improves esophageal motility in patients
with non-erosive gastroesophageal reflux disease. World J Gas-
troenterol. 2018;24(21):2291-9. https://doi.org/10.3748/wjg.v24
.121.2291.

Morozov S, Isakov V. The effect of diet composition change
on high-resolution oesophageal manometry metrics in non-ero-
sive gastroesophageal reflux disease patients. Curr Dev Nutr.
2020;4(Suppl 2):54.

Khedher A, Dhibi S, Bouzenna H, Akermi S, El Feki A, Teles
PHYV, et al. Antiulcerogenic and antioxidant activities of Plantago
ovata ethanolic extract in rats. Braz J Biol. 2022;84:¢255120. htt
ps://doi.org/10.1590/1519-6984.255120.

Suresh H, Ho V, Zhou J. Rheological characteristics of soluble
fibres during chemically simulated digestion and their suitability
for gastroparesis patients. Nutrients. 2020;12(8):2479. https://doi
.org/10.3390/nu12082479.

Suresh H, Zhou J, Ho V. The short-term effects and tolerability of
low-viscosity soluble fibre on gastroparesis patients: a pilot clini-
cal intervention study. Nutrients. 2021;13(12):4298. https://doi.or
2/10.3390/nu13124298.

Di Ciaula A, Garruti G, Frithbeck G, De Angelis M, de Bari O,
Wang DQ, et al. The role of diet in the pathogenesis of cholesterol
gallstones. Curr Med Chem. 2019;26(19):3620-38. https://doi.or
2/10.2174/0929867324666170530080636.

Oran S, Uribe M, Prado ME, de la Mora G, Mufioz RM, Pérez
MF, et al. Efecto de La administracion de fibra En La prevencion
de litiasis vesicular En obesos sometidos a Dieta de reduccion.
Rev Gastroenterol Mex. 1997;62(4):266—72.

Bretin A, Zou J, San Yeoh B, Ngo VL, Winer S, Winer DA, et al.
Psyllium fiber protects against colitis via activation of bile acid
sensor farnesoid X receptor. Cell Mol Gastroenterol Hepatol.
2023;15(6):1421-42. https://doi.org/10.1016/j.jcmgh.2023.02.00
7.

Niu Y, Xia Q, Jung W, Yu L. Polysaccharides—protein interac-
tion of psyllium and whey protein with their texture and bile acid
binding activity. Int J Biol Macromol. 2019;126:215-20. https://d
oi.org/10.1016/j.ijbiomac.2018.12.221.

Galica AN, Galica R, Dumitragcu DL. Diet, fibers, and probiotics
for irritable bowel syndrome. J Med Life. 2022;15(2):174-9. http
s://doi.org/10.25122/jml1-2022-0028.

Moayyedi P, Andrews CN, MacQueen G, Korownyk C, Marsi-
glio M, Graff L, et al. Canadian Association of Gastroenterology
clinical practice guideline for the management of irritable bowel
syndrome (IBS). J Can Assoc Gastroenterol. 2019;2(1):6-29. htt
ps://doi.org/10.1093/jcag/gwy071.

Menon J, Thapa BR, Kumari R, Puttaiah Kadyada S, Rana S,
Lal SB. Efficacy of oral psyllium in pediatric irritable bowel
syndrome: a double-blind randomized control trial. J Pediatr

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Gastroenterol Nutr. 2023;76(1):14-9. https://doi.org/10.1097/M
PG.0000000000003622.

So SY, Badu S, Wu Q, Yalcinkaya N, Mirabile Y, Castaneda R, et
al. Sex-dependent efficacy of dietary fiber in pediatric functional
abdominal pain. Gastroenterology. 2024;166(4):645-e5714. http
s://doi.org/10.1053/j.gastr0.2023.12.011.

Christensen C, Knudsen A, Arnesen EK, Hatlebakk JG, Sletten
IS, Fadnes LT. Diet, food, and nutritional exposures and inflam-
matory bowel disease or progression of disease: an umbrella
review. Adv Nutr. 2024;15(5):100219. https://doi.org/10.1016/j.
advnut.2024.100219.

Peters V, Dijkstra G, Campmans-Kuijpers MJE. Are all dietary
fibers equal for patients with inflammatory bowel disease? A
systematic review of randomized controlled trials. Nutr Rev.
2022;80(5):1179-93. https://doi.org/10.1093/nutrit/nuab062.

Lin CY, Lee AH, Chiu KK, Vieson MD, Steelman AJ, Swan-
son KS. Saccharomyces cerevisiae fermentation product did not
attenuate clinical signs, but psyllium husk has protective effects
in a murine dextran sulfate sodium—induced colitis model. Curr
Dev Nutr. 2020;4(11):nzaal59. https://doi.org/10.1093/cdn/nzaa
159.

Bonazzi E, Bretin A, Vigué L, Hao F, Patterson AD, Gewirtz AT,
et al. Individualized microbiotas dictate the impact of dietary
fiber on colitis sensitivity. Microbiome. 2024;12(1):5. https://doi.
org/10.1186/s40168-023-01724-6.

Kaewdech A, Sripongpun P, Wetwittayakhlang P, Churuang-
suk C. The effect of fiber supplementation on the prevention of
diarrhea in hospitalized patients receiving enteral nutrition: a
meta-analysis of randomized controlled trials with the GRADE
assessment. Front Nutr. 2022;9:1008464. https://doi.org/10.3389/
fnut.2022.1008464.

Menees SB, Jackson K, Baker JR, Fenner DE, Eswaran S,
Nojkov B, et al. A randomized pilot study to compare the effec-
tiveness of a low FODMAP diet vs psyllium in patients with
fecal incontinence and loose stools. Clin Transl Gastroenterol.
2022;13(3):e00454. https://doi.org/10.14309/ctg.000000000000
0454.

Bellini M, Tonarelli S, Barracca F, Rettura F, Pancetti A, Cecca-
relli L, et al. Chronic constipation: is a nutritional approach rea-
sonable? Nutrients. 2021;13(10):3386. https://doi.org/10.3390/nu
13103386.

Jalanka J, Major G, Murray K, Singh G, Nowak A, Kurtz C, et
al. The effect of psyllium husk on intestinal microbiota in consti-
pated patients and healthy controls. Int J Mol Sci. 2019;20(2):433.
https://doi.org/10.3390/ijms20020433.

Lai H, Li Y, He Y, Chen F, Mi B, Li J, et al. Effects of dietary
fibers or probiotics on functional constipation symptoms and
roles of gut microbiota: a double-blinded randomized placebo
trial. Gut Microbes. 2023;15(1):2197837. https://doi.org/10.108
0/19490976.2023.2197837.

McRorie JW Jr, Fahey GC Jr, Gibb RD, Chey WD. Laxative
effects of wheat bran and psyllium: resolving enduring miscon-
ceptions about fiber in treatment guidelines for chronic idiopathic
constipation. J Am Assoc Nurse Pract. 2020;32(1):15-23. https://
doi.org/10.1097/7XX.0000000000000346.

van der Schoot A, Drysdale C, Whelan K, Dimidi E. The effect
of fiber supplementation on chronic constipation in adults: an
updated systematic review and meta-analysis of randomized con-
trolled trials. Am J Clin Nutr. 2022;116(4):953-69. https://doi.org
/10.1093/ajen/nqac184.

Chey SW, Chey WD, Jackson K, Eswaran S. Exploratory com-
parative effectiveness trial of green kiwifruit, psyllium, or prunes
in US patients with chronic constipation. Am J Gastroenterol.
2021;116(6):1304—12. https://doi.org/10.14309/ajg.0000000000
001149.

@ Springer


https://doi.org/10.1097/MPG.0000000000003622
https://doi.org/10.1097/MPG.0000000000003622
https://doi.org/10.1053/j.gastro.2023.12.011
https://doi.org/10.1053/j.gastro.2023.12.011
https://doi.org/10.1016/j.advnut.2024.100219
https://doi.org/10.1016/j.advnut.2024.100219
https://doi.org/10.1093/nutrit/nuab062
https://doi.org/10.1093/cdn/nzaa159
https://doi.org/10.1093/cdn/nzaa159
https://doi.org/10.1186/s40168-023-01724-6
https://doi.org/10.1186/s40168-023-01724-6
https://doi.org/10.3389/fnut.2022.1008464
https://doi.org/10.3389/fnut.2022.1008464
https://doi.org/10.14309/ctg.0000000000000454
https://doi.org/10.14309/ctg.0000000000000454
https://doi.org/10.3390/nu13103386
https://doi.org/10.3390/nu13103386
https://doi.org/10.3390/ijms20020433
https://doi.org/10.3390/ijms20020433
https://doi.org/10.1080/19490976.2023.2197837
https://doi.org/10.1080/19490976.2023.2197837
https://doi.org/10.1097/JXX.0000000000000346
https://doi.org/10.1097/JXX.0000000000000346
https://doi.org/10.1093/ajcn/nqac184
https://doi.org/10.1093/ajcn/nqac184
https://doi.org/10.14309/ajg.0000000000001149
https://doi.org/10.14309/ajg.0000000000001149
https://doi.org/10.3390/nu16213645
https://doi.org/10.3389/fphar.2024.1378653
https://doi.org/10.3389/fphar.2024.1378653
https://doi.org/10.21037/jtd.2019.06.42
https://doi.org/10.21037/jtd.2019.06.42
https://doi.org/10.1016/j.clnesp.2022.09.015
https://doi.org/10.1016/j.clnesp.2022.09.015
https://doi.org/10.3748/wjg.v24.i21.2291
https://doi.org/10.3748/wjg.v24.i21.2291
https://doi.org/10.1590/1519-6984.255120
https://doi.org/10.1590/1519-6984.255120
https://doi.org/10.3390/nu12082479
https://doi.org/10.3390/nu12082479
https://doi.org/10.3390/nu13124298
https://doi.org/10.3390/nu13124298
https://doi.org/10.2174/0929867324666170530080636
https://doi.org/10.2174/0929867324666170530080636
https://doi.org/10.1016/j.jcmgh.2023.02.007
https://doi.org/10.1016/j.jcmgh.2023.02.007
https://doi.org/10.1016/j.ijbiomac.2018.12.221
https://doi.org/10.1016/j.ijbiomac.2018.12.221
https://doi.org/10.25122/jml-2022-0028
https://doi.org/10.25122/jml-2022-0028
https://doi.org/10.1093/jcag/gwy071
https://doi.org/10.1093/jcag/gwy071

15

Page 18 of 19

Current Nutrition Reports (2026) 15:15

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Yang C, Liu S, Li H, Bai X, Shan S, Gao P, et al. The effects
of psyllium husk on gut microbiota composition and function in
chronically constipated women of reproductive age using 16S
rRNA gene sequencing analysis. Aging. 2021;13(1):15366-83. h
ttps://doi.org/10.18632/aging.203095.

Coss-Adame E, Arenas-Martinez JS, Garcia-Cedillo MF, Nosthas
LC, Bustillo-Armendriz G. The effect of fiber supplementation
with agave fructans or psyllium Plantago in symptoms of con-
stipation and its relation with whole and regional transit time and
pH. Neurogastroenterol Motil. 2024;36(11):e14908. https://doi.o
rg/10.1111/nmo.14908.

Cheng J, Tennild J, Stenman L, Ibarra A, Kumar M, Gupta KK, et
al. Influence of lactitol and psyllium on bowel function in consti-
pated Indian volunteers: a randomized, controlled trial. Nutrients.
2019;11(5):1130. https://doi.org/10.3390/nul11051130.

Xu L, Qiu B, Ba F, Zhang S, Han S, Chen H, et al. Synergistic
effects of Ligilactobacillus salivarius 1i01 and psyllium husk
prevent mice from developing loperamide-induced constipation.
Food Funct. 2024;15(24):11934-48. https://doi.org/10.1039/d4fo
04444d.

Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomata-
ram I, et al. Global cancer statistics 2022: GLOBOCAN estimates
of incidence and mortality worldwide for 36 cancers in 185 coun-
tries. CA Cancer J Clin. 2024;74(3):229-63. https://doi.org/10.33
22/caac.21834.

Przybyszewska J, Kuzminski A, Przybyszewski M, Poptawski
C. The role and therapeutic effectiveness of Plantago ovata seed
husk (psyllium husk) in the prevention and non-pharmacological
treatment of gastrointestinal diseases. Part 1. Clinical use of psyl-
lium husk in the treatment of irritable bowel syndrome, ulcer-
ative colitis, and colorectal cancer. Gastroenterology Review.
2024;19(2):121-6. https://doi.org/10.5114/pg.2024.139209.
Monro JA. Quantitative management of human faecal bulking
response to combinations of functionally distinct dietary fibers,
using functional equivalents and a validated rat model. Int J Food
Sci Nutr. 2024;75(5):518-26. https://doi.org/10.1080/09637486.
2024.2370348.

Kumar D, Gautam A, Kundu PP. Synthesis of acrylamide-g-mel-
anin/itaconic acid-g-psyllium based nanocarrier for capecitabine
delivery: in vivo and in vitro anticancer activity. Int J Pharm.
2023;635:122735. https://doi.org/10.1016/j.ijpharm.2023.12273
S.

Basu S, Nishiguchi R, Montrose DC, Staab H, Zhou XK, Wang
H, et al. Psyllium protects against high Fructose diet induced
exacerbation of colitis and colitis associated colorectal carcino-
genesis. Cancer Res. 2020;80(16Supplement):3461. https://doi.or
2/10.1158/1538-7445.AM2020-3461.

Then CK, Paillas S, Moomin A, Misheva MD, Moir RA, Hay
SM, et al. Dietary fibre supplementation enhances radiotherapy
tumour control and alleviates intestinal radiation toxicity. Micro-
biome. 2024;12(1):89. https://doi.org/10.1186/s40168-024-0180
4-1.

Razack SA, Lee Y, Bose S, Shin H, Jung WK, Kang HW. Photo-
triggered caffeic acid delivery via psyllium polysaccharide-gellan
gum-based injectable bionanogel for epidermoid carcinoma treat-
ment. Int J Biol Macromol. 2024;267(1):131166. https://doi.org/1
0.1016/j.ijbiomac.2024.131166.

Nishiguchi R, Basu S, Staab HA, Ito N, Zhou XK, Wang H, et
al. Dietary interventions to prevent high-fructose diet-associated
worsening of colitis and colitis-associated tumorigenesis in mice.
Carcinogenesis. 2021;42(6):842—-52. https://doi.org/10.1093/carc
in/bgab007.

Verpalen IM, van ‘t Veer-Ten Kate M, de Boer E, van den Hoed
RD, Schutte JM, Dijkstra JR, et al. Development and clinical
evaluation of a 3-step modified manipulation protocol for MRI-
guided high-intensity focused ultrasound of uterine fibroids. Eur

@ Springer

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

Radiol. 2020;30(7):3869-78. https://doi.org/10.1007/s00330-02
0-06780-2.

Hu D, Liu W, Yu W, Huang L, Ji C, Liu X, et al. Psyllium seed
husk regulates the gut microbiota and improves mucosal barrier
injury in the colon to attenuate renal injury in 5/6 nephrectomy
rats. Ren Fail. 2023;45(1):2197076. https://doi.org/10.1080/0886
022X.2023.2197076.

Markiewicz-Gospodarek A, Koziot M, Tobiasz M, Baj J,
Radzikowska-Biichner E, Przekora A. Burn wound healing: clini-
cal complications, medical care, treatment, and dressing types:
the current state of knowledge for clinical practice. Int J Environ
Res Public Health. 2022;19(3):1338. https://doi.org/10.3390/ijer
ph19031338.

Jalilimanesh M, Azhdari M, Mirjalili A, Mozaffari MA, Hekmati-
moghaddam S. The comparison of clinical and histopathological
effects of topical psyllium (Plantago ovata) powder and silver
sulfadiazine on second-degree burn wound healing in rats. World
J Plast Surg. 2021;10(1):96—103. https://doi.org/10.29252/wjps.1
0.1.96.

McRae MP. Dietary fiber intake and type 2 diabetes mellitus: an
umbrella review of meta-analyses. J Chiropr Med. 2018;17(1):44—
53. https://doi.org/10.1016/j.jem.2017.11.002.

Kamalpour M, Ghalandari H, Nasrollahzadeh J. Short-term supple-
mentation of a moderate carbohydrate diet with psyllium reduces
fasting plasma insulin and tumor necrosis factor-a in patients with
type 2 diabetes mellitus. J Diet Suppl. 2018;15(4):507—15. https://d
0i.org/10.1080/19390211.2017.1358791.

Wang Z, Cai Q, Liu L, Zhu Z. Psyllium husk powder enhances the
management of type 2 diabetes by modulating gut microbiota and
their metabolic products. Food Res Int. 2025;211:116393. https://
doi.org/10.1016/j.foodres.2025.116393.

Jovanovski E, Yashpal S, Komishon A, Zurbau A, Blanco Mejia S,
Ho HVT, et al. Effect of psyllium (Plantago ovata) fiber on LDL
cholesterol and alternative lipid targets, non-HDL cholesterol and
apolipoprotein B: a systematic review and meta-analysis of ran-
domized controlled trials. Am J Clin Nutr. 2018;108(5):922-32. h
ttps://doi.org/10.1093/ajcn/nqy115.

Khan K, Jovanovski E, Ho HVT, Marques ACR, Zurbau A, Mejia
SB, et al. The effect of viscous soluble fiber on blood pressure:
a systematic review and meta-analysis of randomized controlled
trials. Nutr Metab Cardiovasc Dis. 2018;28(1):3—13. https://doi.o
rg/10.1016/j.numecd.2017.09.007.

Hosseini M, Salari R, Akbari Rad M, Salehi M, Birjandi B, Salari
M. Comparing the effect of psyllium seed on gastroesophageal
reflux disease with oral omeprazole in patients with functional con-
stipation. J Evid Based Integr Med. 2018;23:2515690X18763294.
https://doi.org/10.1177/2515690X18763294.

Alexander C, Ridlon J, Swanson K. Cholecystectomy and post-
prandial psyllium husk fiber consumption alter the gastrointesti-
nal microbiota community in a post-menopausal mouse model
(P20-028-19). Curr Dev Nutr. 2019;3:1790. https://doi.org/10.10
93/cdn/nzz040.P20-028-19.

Llewellyn SR, Britton GJ, Contijoch EJ, Vennaro OH, Mortha
A, Colombel JF, et al. Interactions between diet and the intesti-
nal microbiota alter intestinal permeability and colitis severity in
mice. Gastroenterology. 2018;154(4):1037—e462. https://doi.org/
10.1053/j.gastro.2017.11.030.

Lertpipopmetha K, Kongkamol C, Sripongpun P. Effect of psyl-
lium fiber supplementation on diarrhea incidence in enteral tube-
fed patients: a prospective, randomized, and controlled trial.
JPEN J Parenter Enteral Nutr. 2019;43(6):759—67. https://doi.or
2/10.1002/jpen.1489.

Major G, Murray K, Singh G, Nowak A, Hoad CL, Marciani L,
et al. Demonstration of differences in colonic volumes, transit,
chyme consistency, and response to psyllium between healthy
and constipated subjects using magnetic resonance imaging.


https://doi.org/10.1007/s00330-020-06780-2
https://doi.org/10.1007/s00330-020-06780-2
https://doi.org/10.1080/0886022X.2023.2197076
https://doi.org/10.1080/0886022X.2023.2197076
https://doi.org/10.3390/ijerph19031338
https://doi.org/10.3390/ijerph19031338
https://doi.org/10.29252/wjps.10.1.96
https://doi.org/10.29252/wjps.10.1.96
https://doi.org/10.1016/j.jcm.2017.11.002
https://doi.org/10.1080/19390211.2017.1358791
https://doi.org/10.1080/19390211.2017.1358791
https://doi.org/10.1016/j.foodres.2025.116393
https://doi.org/10.1016/j.foodres.2025.116393
https://doi.org/10.1093/ajcn/nqy115
https://doi.org/10.1093/ajcn/nqy115
https://doi.org/10.1016/j.numecd.2017.09.007
https://doi.org/10.1016/j.numecd.2017.09.007
https://doi.org/10.1177/2515690X18763294
https://doi.org/10.1177/2515690X18763294
https://doi.org/10.1093/cdn/nzz040.P20-028-19
https://doi.org/10.1093/cdn/nzz040.P20-028-19
https://doi.org/10.1053/j.gastro.2017.11.030
https://doi.org/10.1053/j.gastro.2017.11.030
https://doi.org/10.1002/jpen.1489
https://doi.org/10.1002/jpen.1489
https://doi.org/10.18632/aging.203095
https://doi.org/10.18632/aging.203095
https://doi.org/10.1111/nmo.14908
https://doi.org/10.1111/nmo.14908
https://doi.org/10.3390/nu11051130
https://doi.org/10.1039/d4fo04444d
https://doi.org/10.1039/d4fo04444d
https://doi.org/10.3322/caac.21834
https://doi.org/10.3322/caac.21834
https://doi.org/10.5114/pg.2024.139209
https://doi.org/10.1080/09637486.2024.2370348
https://doi.org/10.1080/09637486.2024.2370348
https://doi.org/10.1016/j.ijpharm.2023.122735
https://doi.org/10.1016/j.ijpharm.2023.122735
https://doi.org/10.1158/1538-7445.AM2020-3461
https://doi.org/10.1158/1538-7445.AM2020-3461
https://doi.org/10.1186/s40168-024-01804-1
https://doi.org/10.1186/s40168-024-01804-1
https://doi.org/10.1016/j.ijbiomac.2024.131166
https://doi.org/10.1016/j.ijbiomac.2024.131166
https://doi.org/10.1093/carcin/bgab007
https://doi.org/10.1093/carcin/bgab007

Current Nutrition Reports

(2026) 15:15

Page 190f 19 15

136.

137.

138.

139.

Neurogastroenterol Motil. 2018;30(9):e13400. https://doi.org/10
.1111/nmo.13400.

Patel MK, Tanna B, Mishra A, Jha B. Physicochemical charac-
terization, antioxidant and anti-proliferative activities of a poly-
saccharide extracted from psyllium (P. ovata) leaves. Int J Biol
Macromol. 2018;118(Pt A):976-87. https://doi.org/10.1016/j.ijb
iomac.2018.06.139.

Yang F, Shi W, Wang L, Qin N, Wang C, Guo Y, et al. Lipido-
mics study of the therapeutic mechanism of plantaginis semen
in potassium oxonate-induced hyperuricemia rat. BMC Comple-
ment Med Ther. 2021;21(1):175. https://doi.org/10.1186/s12906
-021-03350-x.

EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA).
Scientific opinion on the substantiation of health claims related
to dietary fibre (ID 744, 745, 746, 748, 749, 753, 803, 810, 855,
1415, 1416, 4308, 4330) pursuant to Article 13(1) of Regulation
(EC) No 1924/2006. EFSA J. 2010;8(10):1735. https://doi.org/10
.2903/j.efsa.2010.1735.

Sussman GL, Dorian W. Psyllium anaphylaxis. Allergy Proc.
1990;11(5):241-2. https://doi.org/10.2500/108854190778879828.

140.

141.

142.

143.

Marwaha AS, Cockcroft D, Philipenko B. Psyllium husk
(Metamucil®) induced perennial asthma: a case report. Respir
Med Case Rep. 2024;52:102110. https://doi.org/10.1016/j.rmcr.
2024.102110.

Jungewelter S, Suomela S, Airaksinen L. Occupational IgE-medi-
ated psyllium allergy in contemporary gluten-free and vegan bak-
ing: a case of allergic rhinitis. Am J Ind Med. 2021;64(5):431-4.
https://doi.org/10.1002/ajim.23238.

Hefny AF, Ayad AZ, Matev N, Bashir MO. Intestinal obstruction
caused by a laxative drug (psyllium): a case report and review of
the literature. Int J Surg Case Rep. 2018;52:59-62. https://doi.org
/10.1016/.ijscr.2018.10.001.

Tominaga Y, Hirayama I, Nonaka M, Yano T, Ishii M. Intestinal
obstruction caused by consuming diet food containing psyllium.
Acute Med Surg. 2023;10(1):e846. https://doi.org/10.1002/ams2.
846.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.rmcr.2024.102110
https://doi.org/10.1016/j.rmcr.2024.102110
https://doi.org/10.1002/ajim.23238
https://doi.org/10.1002/ajim.23238
https://doi.org/10.1016/j.ijscr.2018.10.001
https://doi.org/10.1016/j.ijscr.2018.10.001
https://doi.org/10.1002/ams2.846
https://doi.org/10.1002/ams2.846
https://doi.org/10.1111/nmo.13400
https://doi.org/10.1111/nmo.13400
https://doi.org/10.1016/j.ijbiomac.2018.06.139
https://doi.org/10.1016/j.ijbiomac.2018.06.139
https://doi.org/10.1186/s12906-021-03350-x
https://doi.org/10.1186/s12906-021-03350-x
https://doi.org/10.2903/j.efsa.2010.1735
https://doi.org/10.2903/j.efsa.2010.1735
https://doi.org/10.2500/108854190778879828

	﻿From Husks and Seeds to Health: an Inevitable Outcome Rather than a Fluke
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Nutrient Composition of Psyllium
	﻿Bioavailability and Mechanisms of Action of Psyllium
	﻿Use of Psyllium in Food Products
	﻿Therapeutic Effects of Psyllium
	﻿Effects of Psyllium on Health
	﻿Obesity
	﻿Diabetes Mellitus
	﻿Cardiovascular Diseases
	﻿Gastrointestinal System Diseases
	﻿Cancer
	﻿Other Diseases
	﻿Safe Intake Level and Toxic Effects
	﻿Limitations and Strengths
	﻿Conclusion and Future Perspective

	﻿Key References
	﻿References


