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Abstract 

 

In the past years, new strategies to control blood pressure levels are 

emerging by developing new bioactive components of foods. Fiber has been 

linked to the prevention of a number of cardiovascular diseases and disorders. 

β-glucan, the main soluble fiber component in oat grains, was initially linked to a 

reduction in plasma cholesterol. Several studies have shown afterward that 

dietary fiber may also improve glycaemia, insulin resistance and weight loss. 

The effect of dietary fiber on arterial blood pressure has been the subject of far 

fewer studies than its effect on the above-mentioned variables, but research 

has already shown that fiber intake can decrease arterial blood pressure in 

hypertensive rats. Moreover, certain fibers can improve arterial blood pressure 

when administered to hypertensive and pre-hypertensive subjects. The present 

review summarizes all those studies which attempt to establish the 

antihypertensive effects of dietary fiber, as well as its effect on other 

cardiovascular risk factors.  
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Introduction 

Blood pressure is the force of blood pushing against the walls of the 

arteries as the heart pumps blood. Thus, blood pressure is determined both by 

the amount of blood the heart pumps and by the amount of resistance to blood 

flow in the arteries. Therefore, blood pressure is expressed by two 

measurements, the systolic (SBP) and diastolic (DBP) pressures, which are the 

maximum and minimum pressures, respectively, in the arterial system. The 

SBP occurs when the left ventricle is most contracted, and the DBP occurs 

when the left ventricle is most relaxed prior to the next contraction. Normal 

blood pressure at rest is within the range of 100–140 millimeters mercury (mm 

Hg) SBP and 60–90 mm Hg DBP. In any case, the more blood the heart pumps 

and the narrower the arteries, the higher the blood pressure, and when the 

long-term force of the blood against the artery walls is high enough that it may 

eventually cause health problems, we can consider that a condition of high 

blood pressure or hypertension exists. Hypertension is actually present if the 

resting blood pressure is persistently at or above 140/90 mm Hg for most 

adults; different numbers apply to children. See Table 1. 

It is possible to have hypertension for years without any symptoms but, 

even without symptoms, damage to blood vessels and heart continues. 

Uncontrolled high blood pressure increases in fact the risk of serious health 

problems such as coronary artery disease, stroke, aortic aneurysm, peripheral 

artery disease, and chronic kidney disease. On the other hand, modern lifestyle 

factors such as physical inactivity, salt-rich diets with processed and fatty foods, 

and alcohol and tobacco use, are responsible for a growing burden of 

hypertension, and this pathology affects millions of people around the world.  
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Nevertheless, this pathology is the most common modifiable risk factor for 

cardiovascular disease and death, and fortunately it can be easily detected and 

effectively treated nowadays. Thus, lowering blood pressure with 

antihypertensive drugs may reduce target organ damage and prevents 

cardiovascular disease outcomes. However, many people unknown their 

hypertensive condition or shows high arterial blood pressure values because of 

an inadequate or discontinued medical treatment. Moreover, despite of 

available treatment options, there are still patients whose hypertension is very 

difficult to control with current drugs, thus motivating further research in this 

field.1  

Functional foods are natural or processed foods that contain known 

biologically-active compounds which provide a clinically proven and 

documented health benefit, and thus, an important source in the prevention, 

management and treatment of chronic diseases. Functional foods deliver 

therefore additional or enhanced benefits over and above their basic nutritional 

value. In the past two decades, new strategies for controlling blood pressure are 

emerging by developing new bioactive components of foods. The corresponding 

functional foods may provide new therapeutic applications for hypertension 

prevention and treatment, and contribute to a healthy cardiovascular 

population.2 In this context, we can mention that numerous studies have 

revealed the cardiovascular benefits of consuming dietary fiber. 3,4 
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Fiber is the name given to a group of compounds, found in foods of plant 

origin (cereals, fruit, vegetables and pulses), which are resistant to degradation 

by human digestive enzymes.5,6 As regards to water solubility, dietary fiber may 

be subdivided into non-soluble and soluble fiber. As its name suggests, non-

soluble fiber is made up of water insoluble substances (cellulose, hemicellulose, 

lignin and resistant starch). These components resist the action of intestinal 

microorganisms; so we can consider this type of fiber to be non-fermentable. 

On the contrary, soluble fiber is made up of components which are both water 

soluble and gel-forming (inulin, pectin, gums and fructooligosaccharides) and 

which give volume to faeces. These substances, found mainly in pulses, cereals 

(oat and barley) and certain fruits, are used by intestinal microorganisms, 

particularly colon flora. This kind of fiber is therefore known as fermentable 

fiber. The greatest degree of fermentation takes place in the caecum and in the 

ascendant colon. Figure 1 shows the capacity of some components of dietary 

fiber to ferment in the colon. 

 

Health properties of dietary fiber 

In 1974, Barkitt et al established a link between fiber consumption and 

the prevention of various diseases and disorders.7 In fact, the beneficial effect 

of dietary fiber on the cardiovascular system has been known for some time, 

and it has been suggested that dietary fiber supplementation could be used to 

improve the metabolic syndrome and related risk factors, such as 

hypercholesterolemia, hypertriglyceridemia, hyperglycemia, body weight and 

appetite. In the present section we shall analyse the effect of fiber on these 
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disorders since dietary fiber may benefit hypertension through the control of all 

them8.  

For a considerable number of years, oat has been one of the most 

closely studied fiber-rich foods. In 1963, De Groot et al. were the first to publish a 

paper on the beneficial cardiovascular effect of including oat in the diet. De 

Groot’s team proposed that when oat was added to the diet, blood cholesterol 

levels were reduced. They replaced the bread fed by 21 men by oat-enriched 

bread. After 3 weeks, it was observed that plasma cholesterol levels of those 

participating in the study had dropped by 11%.9 Later on, Wood concluded that β-

glucan was the main soluble fiber component present in oat grains. In fact, this 

researcher indicated that β-glucan was responsible for the beneficial effects on 

health of this fiber.10 Since the publication of De Groot’s study in 1963, many 

other pieces of research have linked administration of oat β-glucan to a decrease 

in cholesterol. In 1992, Ripsin et al. 11, and afterward, in 1999, Brown et al.12 

reviewed the existing scientific information regarding the link between oat 

consumption and cholesterol. These researchers concluded that a daily intake of 

3 g of soluble fiber reduced blood cholesterol by 5.9 mg/dl in people who did not 

have high cholesterol levels. This intake in turn caused a decrease of 18.6 mg/dl 

in people with initially high cholesterol levels. 

 

In 1997, the American Food and Drug Administration (FDA) approved the 

registration of oat bran as a primary food in cholesterol reduction. Moreover, this 

organization established a set of guidelines to regulate the use of claims about 

unrefined oat and their derivatives in labelling. The guidelines also regulated the 

use of claims about the soluble fiber contained in this food. On January 21st 
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1997, the “health claim” consisting in “a diet high in soluble fiber and low in 

saturated fats and cholesterol may reduce the risk of heart disease” was 

accepted. After reviewing 37 studies, it was concluded that, in order to 

significantly reduce cholesterol levels, it should be consumed at least 3 g of oat 

β-glucan daily 13. Moreover, from this time many intervention studies have 

highlighted the cholesterol lowering properties that we have mentioned for this 

dietary fiber.14-18 The hypocholesterolemic effects of fibers other than oat, such as 

Psyllium (fiber from the Plantago ovata plant, specifically from the husks of the 

plant's seed) 19-21, guar gum (type of fiber also called guaran, that is a 

galactomannan. It is primarily the ground endosperm of guar beans. The guar 

seeds are dehusked, milled and screened to obtain the guar gum)21 and pectin 

(heteropolysaccharide contained in the primary cell walls of plants)22,23, and 

several pulses23,24, have also been demonstrated.  

 

Fermentation of soluble fiber in the colon results in the final production of 

gases (methane, carbon dioxide, and hydrogen) and short-chain fatty acids 

(acetate, propionate, butyrate, and valerate) that produce local and systemic 

effects.  These fatty acids are organic acids with 2–5 carbons. Acetate is the 

acid produced in the greatest quantity, followed by propionate. Both short chain 

fatty acids, acetate and propionate, pass to the liver via the portal vein, and we 

would like to emphasize that both have an effect on the hepatic regulation of the 

metabolism of lipids, including cholesterol.  

 

In addition, fiber intake may also improve weight loss24-26, glycaemia and 

insulin resistance27-30.  Obesity is a highly significant cardiovascular risk factor, 
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and fiber-rich foods usually have a low energy content. Thus fiber consumption 

constitutes a calorie-dilution mechanism. Foods rich in fiber need in addition to 

be chewed longer and, as a result, more saliva is produced, leading to an 

increase in the time taken to eat the food and in the feeling of satiety. It is 

important to note that the effects of dietary fiber may be related to different gut 

hormones, which regulate satiety, energy intake, and/or pancreatic functions31.  

 

Moreover, in the intestine, the incorporation of fiber may complicate the 

union between digestive enzymes and their substrate, thus slowing down the 

absorption of nutrients. Soluble fiber attenuates, in particular, the speed of 

carbohydrate absorption, lowering the postprandial glycemic and insulinemic 

responses. During digestion, wave-like currents caused by contractions of the 

intestinal muscles bring nutrients to the surface of the intestinal wall for 

absorption. After soluble fiber dissolves in water, however, it traps nutrients 

inside its gummy gel and slows down considerably whilemoving through the 

digestive tract. Inside the gel, nutrients are shielded from digestive enzymes 

and less likely to reach the wall of the intestines. In fact, dietary fiber may retard 

enzyme access to starch and may impede bulk diffusion of the products of 

luminal digestion to the mucosal surface. It is also true that in order for nutrients 

to be absorbed into the intestines, they must first cross an unstirred water layer 

covering the surface of the intestines, and soluble fiber thickens this layer, 

making it more resistant to the movement of nutrients diffusing into the body. 

This explains why blood glucose levels rise more slowly when consumed with 

soluble fiber. In conclusion, dietary fiber converts the small intestine into a 

storage organ for the slow release of glucose to the portal circulation and, 
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consequently, sugar is absorbed into the blood stream more slowly, blunting the 

sharp spike in blood glucose typically experienced by diabetic patients after a 

meal. Fewer spikes in blood glucose, in turn, lead to greater sensitivity to the 

action of insulin31. 

 

Despite the undeniable beneficial effects of dietary fiber on the related 

cardiovascular risk factors, with special importance for this review is that the 

studies described below also demonstrate the beneficial effects of some kinds of 

fibers on arterial blood pressure. 

 

Dietary fiber and arterial blood pressure 

 

Far fewer studies have been made on the possible effects of fiber on 

arterial blood pressure, than have been carried out until now on its effects on 

other cardiovascular risk factors. However, the study Dietary Approaches to 

Stop Hypertension (DASH) already indicated that diets high in fiber and low in 

salt and fat decreased arterial blood pressure32. Later on, several experimental 

studies in adequate animal models, and some other studies in hypertensive and 

prehypertensive patients, have also shown the beneficial effects of different kind 

of fiber on the control of arterial blood pressure. All this will be discussed below. 

 

Animal studies 

The effect of dietary fiber on arterial blood pressure of laboratory animals 

began only to be studied following the discovery of its beneficial effect on other 

variables, but some recent studies, that show the beneficial effects of certain 
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fibers on the arterial blood pressure of rats, are particularly worthy of mention. 

In 1998 Obata and colleagues found that the husk of Psyllium seeds, a fiber 

which improves glycaemia and lipid profile, also reduced arterial blood pressure 

in stroke-prone spontaneously hypertensive rats (SP-SHR) fed an increased 

salt diet. These researchers carried out a study using 4 groups of 6 week-old 

SP-SHR rats, each group receiving one of the following diets: standard, 

enriched with 3% Psyllium, enriched with 10% Psyllium and enriched with 10% 

cellulose. All the groups ingested 0.05% salt in their drinking water for a month. 

At the end of this period, the animals fed the Psyllium enriched diet showed a 

significant decrease in arterial blood pressure when compared with those fed 

the standard or the cellulose enriched diet. The Psyllium enriched diet also 

caused a decrease in the left ventricle weight of the SP-SHR rats and lowered 

in addition the sodium-potassium relationship in these animals’ faeces. 33 Some 

years later, Li and colleagues carried out a study on Goto-Kakizaki rats, an 

animal model of type 2 mellitus diabetes. These researchers divided the Goto-

Kakizaki rats into 3 groups, which were fed for 16 weeks three different diets, 

containing rye, white rice and corn starch, respectively. The rats’ arterial blood 

pressure was measured every 4 weeks. The rye diet significantly decreased, 

from the 12 week of treatment, SBP. This diet lowered also plasma total 

cholesterol, plasma triglycerides and cholesterol associated with low-density 

lipoproteins (LDL cholesterol), in the animals. These researchers concluded that 

fiber intake could have beneficial effects on arterial blood pressure and blood 

lipids. They suggested diets containing fiber for patients with diabetes mellitus 

in order to prevent complications associated with this disease.34 The following 

year, Galisteo and his team also carried out a study with obese Zucker rats fed 
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for 25 weeks a fiber enriched diet containing 3.5% Plantago ovata. These 

researchers determined different variables in the animals, and also performed 

experiments with acetylcholine in the aorta rings of the rats which had ingested 

Plantago ovata, in order to evaluate possible changes in endothelial function 

caused by this fiber. They showed that consumption of Plantago ovata 

prevented endothelial dysfunction, hypertension and the development of obesity 

in the Zucker rats. The study also revealed that this fiber improved 

dyslipidaemia, as well as abnormal concentrations of adiponectin and tumour 

necrosis factor-α (TNF-α).35 Our research group also demonstrated the 

beneficial effects of dietary fiber on arterial blood pressure of Zucker fatty rats36 

and spontaneously hypertensive rats (SHR). More precisely, we demonstrated 

that the addition of 0.75 g a day of a soluble cocoa fiber product, to the drinking 

water, made it possible to attenuate the onset of hypertension in the SHR. 

When the administration of this product was stopped and the rats started to 

drink plain water, they regained arterial blood pressure levels similar to those of 

the control group, which had drunk only water during the whole period37. More 

recently, we could confirm again that the short-term administration of a soluble 

cocoa fiber product decreased SBP in the SHR (unpublished results). 

The underlying antihypertensive mechanisms of dietary fiber have not 

been elucidated. Insulin resistance is implicated in the development of 

hypertension38 and it has been reported that soluble fibers may affect blood 

pressure by modulating insulin metabolism.39 Reductions in plasma cholesterol 

levels are also associated with improvements in endothelium-mediated 

vasodilation and blood pressure reduction.40-42 The weight loss that dietary fiber 

causes has also been suggested as a potential mechanism to decrease high 
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blood pressure levels.43-45 More recently, the effects of oat wholemeal or β-

glucan on insulin sensitivity and energy metabolism of rats has been 

investigated. The referred study demonstrated that oat β-glucan increases 

ATPase activity and energy charge in the small intestine of rats, improving 

insulin sensitivity and benefiting intestinal health46. However, more studies are 

needed in order to fully elucidate the mechanisms involved in the beneficial 

effects of dietary fibers against high blood pressure and related disorders.  

 

Human studies 

Some years after the hypocholesterolemic effect of oat in humans was 

established, studies began to determine the effect of this kind of fiber on arterial 

blood pressure. In 2001 Saltzman et al. studied the effect of a hypocaloric diet 

containing oat fiber on hypertension, dyslipidaemia and excess weight. They 

could observe that an oat rich diet did not significantly reduce body weight in the 

men and women included in the study, but this diet did cause a decrease in 

SBP, without altering DBP. Moreover, this diet also lowered total cholesterol as 

well as LDL cholesterol. Moreover the benefits obtained with the oat rich 

hypocaloric diet on SBP and the lipid profile, were greater than those produced 

by the consumption of a hypocaloric diet containing no oat25. Subsequently, in 

2002, Keenan et al. observed that the arterial blood pressure of a group of 18 

untreated hypertensive patients, men and women, presenting slight 

hypertension values or considered prehypertensive (SBP = 130-160 mm Hg, 

DBP = 80-100 mm Hg, and at least one measurement greater than 140-90 mm 

Hg), decreased upon a 6-week-administration period of an oat β-glucan 

enriched diet. A standardized daily intake of 5.5 g β-glucan was maintained for 

Page 12 of 29Food & Function

Fo
od

&
Fu

nc
tio

n
A

cc
ep

te
d

M
an

us
cr

ip
t



13 

 

this period. SBP and DBP decreased by 7.5 mm Hg and by 5.5 mm Hg, 

respectively, in these subjects, but in the control group, which consumed less 

than 1 g a day of fiber, there were no changes in either SBP or DBP. The 

patients consuming the oat β-glucan enriched diet also showed a tendency 

towards insulin sensitivity improvement, and, as would be expected, a 

significant reduction in total cholesterol (9%) and LDL cholesterol (14%).47 The 

same year, it was discovered that the daily consumption of unrefined oat cereal 

supplements, could reduce the need for antihypertensive medication and 

improves arterial blood pressure figures in treated hypertensive patients 

presenting basal arterial blood pressure measurements of less than 160-100 

mm Hg.48 The study carried out by Davy and colleagues in 2002 was not 

however able to show that oat consumption lowered arterial blood pressure in 

hypertensive subjects.49 Nevertheless, in 2004, He et al. once again 

demonstrated the beneficial effects of soluble oat fiber on a group of 

hypertensive patients with grade 1 hypertension. These patients were given 

soluble oat fiber for 12 weeks, and this fiber caused a significant decrease in 

SBP and DBP (3.4 mm Hg and 3.2 mm Hg, respectively) 50. A meta-analysis 

published a year later concluded that an increase in dietary fiber was able to 

reduce arterial blood pressure in hypertensive patients.51 

Fibers other than oat β-glucan have also shown to affect arterial blood 

pressure. In 2001, Burke and his team proposed that high levels of arterial 

blood pressure might be linked in general to low protein intake, and probably 

also to a low fiber intake. These researchers showed that a diet high in soya 

protein and Psyllium, caused a decrease in arterial blood pressure in a group of 

hypertensive patients receiving antihypertensive treatment. The effects of 
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protein and fiber demonstrated to be cumulative, and decreases in SBP of 5 

mm Hg were obtained when both were administered together.52 Moreover, in 

2002, Jenkins et al. established that the intake of certain fibers, like β-glucan or 

Psyllium, could produce small decreases in arterial blood pressure in 

hyperlipidaemic patients with normal arterial blood pressure values.53 Mention 

should also be made of the study carried out by Pérez-Jiménez and colleagues 

in 2008 on 34 non-smoking adults who were given 7.5 g a day of a grape 

antioxidant fiber product for 16 weeks. This product contained 5.3 g of grape 

fiber and 1400 mg of polyphenols. The control group was composed of 9 non-

smoking subjects who ingested a standard diet for the same period of time. The 

grape antioxidant fiber caused a significant decrease in total cholesterol (9%) 

and LDL cholesterol (9%), and also lowered SBP and DBP (6% and 5% 

respectively). An even greater reduction in total cholesterol (14.2%) and LDL 

cholesterol (11.6%) was obtained in hypercholesterolemic patients fed with this 

fiber. These researchers concluded that the effects of the studied product were 

greater than those of other fibers, like oat or Psyllium, because the grape 

antioxidant fiber also contained several polyphenol-type antioxidant 

components.54 Solà et al., in 2010, demonstrated the antihypertensive effects of 

Plantago ovata husks in mild moderate hypercholesterolemic individuals23 but 

Pal et al., in 2012, described only transient effects on blood pressure caused by 

Psyllium fibre supplementation on obese individuals.55 Recently, it has been 

also demonstrated that the consumption of a cocoa product derived from cocoa 

husk, also containing fiber and polyphenols, produced hypotensive, 

hypoglycaemic and antioxidant effects in moderately hypercholesterolemic 

humans.56  

Page 14 of 29Food & Function

Fo
od

&
Fu

nc
tio

n
A

cc
ep

te
d

M
an

us
cr

ip
t



15 

 

Lee et al. (2009) carried out a study with a lupin flour enriched bread, a novel 

food with an ingredient naturally high in protein and fiber, and they observed 

that the ingestion of this diet reduced SBP by 3 mm Hg in overweight men and 

women who had SBP and DBP values lower than 150 mm Hg and 95 mm Hg, 

respectively.57 Moreover, it has been also suggested that the replacement of 

dietary carbohydrates by protein- and fiber-enriched foods might reduce arterial 

blood pressure.58 Very recently, a systematic review and meta-analysis of the 

effect of dietary fiber type on blood pressure has been published. This review 

concluded that diets rich in β-glucans reduce SBP by 2.9  mm Hg, and DBP by 

1.5  mm Hg. In addition, heterogeneity for individual fiber types was generally 

low. 59 

Table 2 summarizes the results obtained from 1998 until now, in different 

studies that have evaluated the effect of dietary fiber consumption on arterial 

blood pressure. 

 

Conclusions 

Dietary fiber has been linked to different cardiovascular benefits. β-

Glucan and other soluble fiber components have been proposed to have in 

particular hypocholesterolemic effect, but fiber can also improve glycaemia, 

insulin resistance, triglyceride levels and weight loss. The effect of dietary fiber 

on arterial blood pressure has been also investigated. It is true that several 

studies indicate a relationship between dietary fiber and decreased arterial 

blood pressure values, but the controversy about the possible antihypertensive 

effect of dietary fiber remains debatable and the underlying mechanism remains 

to be clarified. This effect could probably be a consequence of the improved 
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cardiovascular condition that follows long-term fiber consumption. Moreover, the 

particular components of some fibers could explain their antihypertensive 

effects. In any case, a direct effect of fiber on arterial blood pressure cannot be 

discarded, but seems quite difficult to prove, since only some fiber products 

have demonstrated short-term antihypertensive effects.  
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Table 1. Classification of hypertension according the seventh report of the Joint 

National Committee on the prevention, detection, evaluation, and treatment of 

high blood pressure 

Classification 
Systolic blood pressure 

(mm Hg) 

Diastolic blood pressure 

(mm Hg) 

Normal <120 <80 

Pre-hypertension 120-139 80-89 

Stage 1 Hypertension 140-159 90-99 

Stage 2 Hypertension ≥160 ≥100 
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Table 2. Results obtained from 1998 in different studies which evaluate the effect of dietary fiber intake on blood pressure.  

 

Type of fiber Animals Humans Effect  References 

Psyllium seed husk 
Stroke-Prone spontaneously 

hypertensive rats 
 ↓MAP 33 

Oat  Normotensive ↓SBP (6 mm Hg) 25 

Psyllium and soy protein  Hypertensive ↓SBP (5 mm Hg) 52 

Oat  Hypertensive No changes on BP 49 

β-glucan and Psyllium  Normotensive  ↓MAP  53 

β-glucan from oat  Pre-hypertensive ↓SBP (7.5 mm Hg), ↓DBP (5.5 mm Hg) 47 

Unrefined oat cereals  Hypertensive ↓MAP  48 

Arabinogalactan  Healthy No changes on BP 60 

Oat  Normotensive ↓SBP (3.4 mm Hg), ↓DBP (3.2 mm Hg) 50 

Barley Goto-Kakizaki rats  ↓SBP 34 

Psyllium Zucker fatty rats  ↓MAP 35 

Various types of fiber  Normotensive ↓MAP 51 

β-glucan from oat  Hypertensive  ↓SBP (8.3 mm Hg), ↓DBP (3.9 mm Hg) 61 

Soluble fiber  Overweight and obese ↓SBP 62 

β-glucan from barley  Hypercholesterolemic No changes on BP 63 

Grape antioxidant fiber  Normotensive ↓SBP (6%), ↓DBP (5%) 54 

Lupin kernel  Pre-hypertensive ↓SBP (3 mm Hg)  57 

Soluble cocoa fiber Spontaneously hypertensive rats  ↓SBP, ↓DBP 37 

Soluble cocoa fiber Zucker fatty rats  ↓SBP, ↓DBP 36 

Psyllium  Normotensive   ↓ night-time SBP (3.1 mm Hg) 64 

Fructans  Healthy No changes on BP 65 

Soluble cocoa fiber  Hypercholesterolemic ↓SBP, ↓DBP 56 

Opuntia ficus-indica  Overweight and obese No changes on BP 66 

Glucomanan  Abdominal obese No changes on BP 67 

 

BP = blood pressure; SBP = systolic blood pressure; DBP = diastolic blood pressure; MAP = mean arterial pressure 
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Figure 1. Water solubility and capacity to ferment in the colon of some components of dietary fiber  
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