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1. Introduction
A healthy dietary pattern is characterized by a high consumption of non-refined grains,
legumes, nuts, fruits and vegetables; relatively high intake of total fat, mainly derived from
olive oil; moderate to high intake of fish and poultry; dairy products (usually as yogurt or
cheese) in small amounts; low consumption of red meat and meat products; and moderate
alcohol intake, usually in the form of red wine with meals (Willett et al., 1995). Therefore, a
high consumption of fiber-rich foods is one of the characteristic features of a healthy diet.
Dietary fiber (DF) has received much attention in nutritional epidemiology. Observational
studies have consistently shown that DF intake is associated with reduced cardiovascular
risk, including ischemic heart disease (Rimm et al., 1996a; Todd et al., 1999; Liu et al., 2002;
Mozaffarian et al., 2003a) and stroke (Ascherio et al., 1998; Oh et al., 2005; Salmeron et al.,
1997)), and a lower risk of diabetes (Meyer et al., 2000; Liu, 2003b). Clinical trials have also
suggested that DF supplementation has beneficial effects on risk factors, such as blood
pressure, serum lipids, insulin sensitivity and diabetic metabolic control (Streppel et al.,
2005b; Brown et al., 1999; Anderson et al., 2000; Chandalia et al., 2000a; Ludwig et al., 1999).
1.1 Dietary fiber: Definition and classification
The role of DF in nutrition and health is well established (Anderson et al., 1990; Englyst,
Wiggins, & Cummings, 1982). Knowledge of the beneficial effects of high DF diets toward
the prevention of cardiovascular diseases and several types of cancer, as well as the
inclusion of DF supplements in slimming diets, has led to the development of a large and
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yielding market for DF-rich products. Commonly consumed products include traditional
foods (meat, dairy products, breakfast cereals, biscuits, breads, etc.) enriched with different
amounts of fiber from various sources, as well as dietary supplements including tablets,
capsules, etc.
Traditionally, DF referred to plant cell wall components that are not digestible by human or
other mammalian gastrointestinal tract enzymes, but that may be degraded by anaerobic
bacteria in the colon (Trowell, 1972). The recognition that polysaccharides added to foods,
notably hydrocolloids, could have similar effects to those originating from plant cell walls
led to a redefinition of dietary fiber to include “polysaccharides and lignin that are not
digested in the human small intestine” (Trowell et al., 1976).
Non-starch polysaccharides (NSP) are the main constituents of DF and include a host of
different polymers, highly variable in terms of molecular size and structure, as well as in
monomeric composition. The main classes of non-starch polysaccharides are cellulose,
hemicelluloses, pectins, and other hydrocolloids. However, some authors (Saura-Calixto F,
1988) have reported that a significant part of the starch content in foods, namely, resistant
starch (RS) escapes digestion and absorption in the human small intestine, along with other
dietary substances not included in the DF definition such as protein, oligosaccharides and
certain polyphenolic compounds (Cummings & Macfarlane, 1991; Bravo, 1998; SauraCalixto F, 1988; Asp et al., 1996; Prosky, 1999).
In general, the definition and delimitation of DF has been much debated and related both to
physiological considerations and to methods that can be used for DF analysis in foods (Asp,
van Amelsvoort, & Hautvast, 1996; Englyst, H.N. and Hudson, G.J., 1996; Englyst & Englyst,
2005; Englyst, Liu, & Englyst, 2007; IoM (Institute of Medicine), 2005; FAO/WHO (Food and
Agriculture Organization/World Health Organization), 1998; EFSA (European Food Safety
Authority), 2007).
Therefore, DF constitutes a heterogeneous group of compounds. The components included
in DF can be classified according to their chemical properties, such as their ability to
dissolve in water (soluble vs. insoluble fibers), their ability to be fermented by the colonic
microflora (fermentable vs. non-fermentable fibers), or their viscosity (viscous vs. nonviscous fibers) (Slavin et al., 2009) (see Figure 1).
Thus, cellulose is insoluble in water, whereas pectins and hydrocolloids, such as guar gum
and mucilages, may form highly viscous water solutions. RS is insoluble and indigestible
due to its physical form or enclosure in cellular structures, whereas resistant
oligosaccharides are readily soluble in water but do not form viscous solutions. The terms
“soluble” and “insoluble” DF have been used in the literature to differentiate between viscous,
soluble types of fiber (e.g. pectins) and insoluble components such as cellulose. The distinction
was mainly based on their different physiological effects. However, this differentiation is
method-dependent, and solubility does not always predict physiological effects.
According to this controversy, the U.S. Food and Nutrition Board (FNB) defines “total DF” as
the sum of “DF”, consisting of non-digestible carbohydrates and lignin that are intrinsic and
intact in plants, and “functional fiber”, consisting of isolated, non-digestible carbohydrate
components with demonstrated beneficial physiological effects in humans (IoM (Institute of
Medicine), 2005). The rationale behind this differentiation is that there is epidemiological
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evidence for the beneficial effects of foods naturally high in DF, such as whole-grain cereals,
some fruits and vegetables, and that DF can be regarded as a marker of such foods. The
argument that the term “dietary fiber” should be restricted to non-starch polysaccharides of
cell wall origin (Englyst, K.N. & Englyst, H.N., 2005; Englyst, K.N. Liu, & Englyst, H.N., 2007)
has a similar rationale. Consequently, according to the FNB, documentation of the beneficial
effects of added, functional fiber is required for inclusion in “total dietary fiber”.

Fig. 1. Classification of dietary fiber according to chemical properties.
Based on this opinion, DF is defined as non-digestible carbohydrates plus lignin and it can
be divided into different types:
-

Non-starch polysaccharides (NSP) - cellulose, hemicelluloses, pectins, hydrocolloids
(i.e. gums, mucilages, -glucans).
Resistant oligosaccharides - fructo-oligosaccharides (FOS), galacto-oligosaccharides
(GOS), other resistant oligosaccharides.
Resistant starch - consisting of physically enclosed starch, some types of raw starch
granules, retrograded amylose, chemically and/or physically modified starches.
Lignin associated with the dietary fiber polysaccharides.

1.2 Methods for analysis of dietary fiber
Enzymatic-gravimetric or enzymatic-chemical methods for DF cover NSP, analytically
resistant starch and lignin. However, as DF is a mixture of chemically heterogeneous
carbohydrate components, several analytical methods are currently required to measure all
fractions. Methods measuring only NSP (Englyst, H.N. & Hudson, G.J., 1996) give lower
estimates than methods for total dietary fiber in foods containing resistant starch, and/or
lignin. On the other hand, methods determining DF, including resistant starch, measure
mainly retrograded amylose, resistant to the enzymes used in the assay. Finally, resistant
oligosaccharides and inulin are not included in any of the current methods for total DF, and
therefore need to be measured separately and subsequently added to the total fiber estimate
(Cho et al., 1997; Champ et al., 2001, 2003)
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Fig. 2. The components that are part of the primary structure of the plant cell wall.
Total DF (TDF) can also be analysed by a combined enzymatic and gravimetric method, as
the sum of insoluble DF (IDF) and soluble DF (SDF) which has been described in section
32.1.17 of the AOAC International Official Methods of Analysis (see Figure 3) based on
previous work by Prosky et al. (Prosky et al., 1988). Another enzymatic-chemical method
accepted for official action by the AOAC for the determination of TDF is one based on
assays for components of TDF - neutral sugars, uronic acid residues and Klason lignin
(section 45.4.11 AOAC). Starch is removed enzymatically and soluble polymers are
precipitated with ethanol. Precipitated and insoluble polysaccharides are hydrolyzed using
sulfuric acid and the released neutral sugars are quantitated as alditol acetates using gasliquid chromatography. Uronic acids in the acid hydrolysate are determined by colorimetry.
Klason lignin is determined gravimetrically.
However, other authors (Mañas & Saura-Calixto, 1995) have reported some methodological
errors associated with precipitation and the enzymatic steps of the AOAC method.
Subsequently, Saura-Calixto et al. (2000) proposed an alternative methodology to the AOAC
definition of DF that measure the “indigestible fraction” (IF) of foods. The proposed method
is an attempt to quantify, in a single analysis, the major non-digestible components in plant
foods. This method is based on a concept of the IF that includes the main food constituents
with nutritional relevance not available in the small intestine. In this method, samples are
analyzed as eaten (fresh, boiled, or fried) and analytical conditions (pH, temperatures,
incubation times) are close to physiological ones.
1.3 Dietary fiber content in foods
As we have mentioned before, DF occurring in foods and food products can be considered
to consist mainly of cellulose, hemicelluloses, pectic substances, hydrocolloids (gums and
mucilages), resistant starches, and resistant oligosaccharides.
SDF includes pectin, beta-glucans, inulin, fructans, oligosaccharides, some hemicelluloses,
guar and gums. Food sources rich in SDF include legumes, vegetables, fruits, oat bran and
pysllium seeds. IDF includes hemicellulose, cellulose, resistant starch and lignin. The main
source of this kind of DF is whole grain. Vegetables and fruits contain both soluble and
insoluble fiber, but depending on the vegetable and fruit type or maturity, the soluble to
insoluble fiber ratio may vary.
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Fig. 3. Scheme of analysis of TDF by the AOAC method (section 32.1.17of AOAC, 1995).
Table 1 includes data of soluble and IDF content in some DF rich foods analyzed according
to AOAC methodology. The most complete database on DF content is the USDA National
Nutrient Database for Standard Reference, Release 23 (USDA). Other institutions such as
FAO have also published a database on food composition, INFOODS Food Composition
Database for Biodiversity (FAO).
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Fiber Food Source

Insoluble DF * Soluble DF * Total DF

Vegetables, raw
Broccoli, raw

0.44

3.06

3.50

Cabbage, green, raw

0.46

1.79

2.24

Carrots, raw

0.49

2.39

2.88

Cauliflower, raw

0.47

2.15

2.62

Cucumber, raw, with peel

0.20

0.94

1.14

Lettuce, iceberg, raw

0.10

0.88

0.98

Onion, mature, raw

0.71

1.22

1.93

Pepper, sweet, green, raw

0.53

0.99

1.52

Tomatoes, red, ripe, raw

0.15

1.19

1.34

Spinach, raw

0.77

2.43

3.20

Beans, green, fresh, microwaved

1.38

2.93

4.31

Carrots, fresh, microwaved

1.58

2.29

3.87

Peas, green, froz., microwaved

0.94

2.61

3.54

Potato, white, boiled, w/o skin

0.99

1.06

2.05

Apple (Red delicious), raw, ripe w/skin

0.67

1.54

2.21

Avocado (Calfornia, Haas), raw, ripe

2.03

3.51

5.53

Bananas, raw, ripe

0.58

1.21

1.79

Grapefruit, raw, white, ripe

0.58

0.32

0.89

Grapes, raw, ripe

0.24

0.36

0.6

Mango, raw, ripe

0.69

1.08

1.76

Nectarine, raw, ripe, w/skin

0.98

1.06

2.04

Oranges (Navel), raw, ripe

1.37

0.99

2.35

Orange juice, retail, from concentrate

0.28

0.03

0.31

Peaches, raw, ripe, w/skin

1.31

1.54

2.85

Pears, raw, ripe, w/skin

0.92

2.25

3.16

Pineapple, raw, ripe

0.04

1.42

1.46

Plum, raw, ripe, w/skin

1.12

1.76

2.87

Prunes, pitted

4.50

3.63

8.13

Watermelon, raw, ripe

0.13

0.27

0.40

1.26

2.13

3.38

Fruits

Baked products
Bread, wheat
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Fiber Food Source

Insoluble DF * Soluble DF * Total DF

Bread, whole-wheat

1.26

4.76

6.01

Bread, rye

1.62

2.84

4.46

Bread, reduced-calorie, white

1.01

8.46

9.47

White rice, long grain, cooked

0.00

0.34

0.34

Spaghetti, cooked

0.54

1.33

2.06

Cornflakes

4.28

0.5

3.78

Brown rice, long grain, cooked

0.44

2.89

3.33

Corn, sweet, white, cooked, boiled, drained, without salt

0.62

3.32

3.94

Oat bran, cooked

0.42

1.23

1.65

Chick peas, canned, drained

0.41

5.79

6.19

Cowpeas, canned, drained

0.43

4.11

4.53

Lentils, dry, cooked, drained

0.44

5.42

5.86

Pinto beans, canned, drained

0.99

5.66

6.65

Red kidney beans, can, drained

1.36

5.77

7.13

Split peas, dry, cooked, drained

0.09

10.56

10.65

Cereal grains and pasta

Legumes

Table 1. List of food with their insoluble, soluble, and total fiber content (g/100 g edible food
portion as eaten). * Data from Li et al., (Liu et al., 2002) and Marlett et al. (Marlett et al.,
1992). Soluble and insoluble DF fractions were analyzed according to the AOAC Method
991.43.
1.4 Dietary fiber intake
Typical intakes of carbohydrates and DF are presented for children and adolescents in 19
countries and for adults in 22 countries in Europe included in the EFSA Panel on Dietetic
Products, Nutrition, and Allergies (EFSA Journal 2010). The data refer to individual based
food consumption surveys conducted from 1994 onwards. Most studies comprise national
representative population samples. The data were derived from national reports and from a
published overview (Elmadfa, 2009).
The National Academies Press also published in their web (www.nap.edu) the book titled
“Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol,
Protein, and Amino Acids (Macronutrients)” in which Chapter 7 entitled “Dietary,
Functional, and Total Fiber” summarizes the DF intake in the American population shown
in the USDA database.
Table 2 shows the DF intake in the United States and European population adapted from the
two most referenced databases (USDA and EFSA).
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Life stage
group

Total dietary fiber intake (USDA)
g/day a

Total dietary fiber intake (EFSA)
g/day b

0−6 month

ND

ND

7−12 month

ND

ND

1−3 year

19

12−15

4−8 year

25

11−20

9−13 year

31

13−27

14−18 year

38

15−33

19−34 year

38

16−26

35-64 year

30

17−27

9−13 year

26

13−25

14−18 year

26

14−27

19−34 year

25

15−24

35-64 year

21

15−26

Infants

Children

Males

Females

Dietary reference intake values reported by the USDA (see www.nap.edu)
Dietary Reference intake values reported by the EFSA (EFSA Panel on Dietetic Products, Nutrition,
and Allergies (NDA), 2010).
ND = Not determinable due to lack of data of adverse effects in this age group and concern with regard
to the lack of ability to handle excess amounts.

a

b

Table 2. Dietary reference intakes of dietary fiber in United States and European population.

2. Main effects of dietary fiber
The physiological effects of DF result from its chemical and physical properties.
Degradability, molecular weight, viscosity, particle size, cation exchange properties, organic
acid absorption, and water-holding capacity are examples of such properties. Degradability
enables the utilization of fiber in intestinal fermentation by colonic bacteria. Fermentation
decreases the fecal pH and increases the bacterial biomass leading to an increase in faecal
output and the production of gases and short-chain fatty acids (SCFAs). Viscous or soluble
fibers form a gel by binding water and thereby decrease the gastric emptying rate and rate
of absorption of glucose, triglycerides, and cholesterol. Large particle size and water holding
capacity decrease transit time by increasing faecal bulk, which prevents constipation and
dilutes carcinogenic compounds in the alimentary tract. Physicochemical properties are
specific to different fibers and can change during cooking or digestion.
It is well known that DF plays important roles in the health of humans and in meeting the
nutritional needs of animals. Much of the recent literature is focused on the ability of certain
DF types to affect different physiological systems. Part of that research aims to understand
how DF influences the characteristics and fermentation patterns of the intestinal microbiome
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in humans (Meyer & Stasse-Wolthuis, 2009; Roberfroid et al., 2010). Consequently, it is
possible to understand the prebiotic function of fibers using new DNA sequencing
procedures that permit complete characterization of the bacterial populations (microbiome).
One of the products of fermentation, butyrate, is able to regulate gene transcription which
affects cell proliferation, differentiation, and apoptosis of colon cells (Wilson et al., 2010;
Crim et al., 2008). The overall goals of these studies are to determine why some individuals
are more at risk to develop diseases and some animals are more efficiently using their food
for production purposes, as well as to identify dietary modifications that improve animal
production efficiency and human health.

3. Mechanisms of the beneficial effects of dietary fiber
Clinical recommendations for DF are routinely provided to improve gastrointestinal
function, increasing laxation and reducing diverticular disease (Hall et al., 2010). In
addition, an increase in the consumption of foods containing fiber is recommended to
reduce obesity, type 2 diabetes mellitus (T2DM), cardiovascular disease and some cancers.
In this section we describe the mechanisms by which DF achieves its health effects focused
on cardiovascular risk factors.
3.1 Body weight
DF can modulate body weight by various mechanisms, including promoting satiation,
decreasing absorption of macronutrients, and altering the secretion of gut hormones.
Fiber rich foods usually have lower energy content, which contributes to a decrease into the
energy density of the diet. Foods rich in fiber need to be chewed longer, leading to an
increase in the time needed to eat the food and in the feeling of satiety. A number of studies
(Slavin, 2005; Howarth et al., 2001a; Pereira & Ludwig, 2001) have shown that different DF
affect subjective appetite, acute energy intake, long-term energy intake and body weight
differently. The physicochemical properties of fibers may contribute to this variation. Fibers
which make up viscous solutions and are more soluble and fermentable also delay the
passage of food from the stomach to the duodenum and contribute to an increase in satiety
and a decrease in energy intake. In the intestine, incorporation of fiber may complicate the
interactions between digestive enzymes and their substrates, thereby slowing down the
absorption of nutrients. It is also important to note that the effects of DF consumption on
body weight may be related to different gut hormones which regulate satiety, energy intake
and/or pancreatic functions (Aleixandre & Miguel, 2008).
3.2 Hypocholesterolemic action
The hypocholesterolemic action of fiber is partly mediated by a lower absorption of
intestinal bile acid because of interruption of the enterohepatic bile acid circulation, thus
increasing fecal bile acid loss, and its synthesis in liver (Morgan et al., 1993; Anderson et al.,
1984). The physicochemical properties of soluble fiber result in important modifications in
volume, bulk and viscosity in the intestinal lumen, which alter the metabolic pathways of
hepatic cholesterol and lipoprotein metabolism, also resulting in the lowering of plasma LDL
cholesterol. Other studies suggest that DF increases the enzymatic activity of cholesterol-7- -
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hydroxylase, the major regulatory enzyme in the hepatic conversion of cholesterol to bile acids
(Roy et al., 2002) contributing to a higher depletion of hepatic cholesterol. Jones and coworkers (Jones et al., 1993) described a reduction in hepatic lipogenesis stimulated by insulin.
It has also been suggested that the fermentation of DF by the intestinal microflora could
modify the short chain fatty acid production thereby reducing acetate and increasing
propionate synthesis. This, in turn, reduces the endogenous synthesis of cholesterol, fatty acids
and very low density lipoproteins (Wolever et al., 1995; Wong et al., 2006).
Traditional dietary patterns, characterized by high fiber content, have been associated with
lower rates of coronary disease. However, it should be taken into account that foods rich in
fiber are also usually rich in a wide range of other bioactive substances which have a clear
role in the prevention of cardiovascular disease (Craig, 1997; Hu & Willett, 2002; Buttriss &
Benelam, 2010). Likewise, the beneficial effect of diets enriched in fiber on the lipid profile
could also be explained by the fact that these diets are traditionally low in fat (especially
saturated fat) and promote satiety and, therefore, help to protect against overweight and
obesity (Mann, 2007).
3.3 Glucose tolerance and insulin sensitivity
Some studies have shown that soluble fiber plays an important role in controlling
postprandial glycemic and insulin responses because of its effect on gastric emptying and
macronutrient absorption from the gut (Slavin et al., 1999). Surprisingly, prospective studies
have found that insoluble fiber, but not soluble fiber, is inversely related to the incidence of
T2DM. In contrast, in postprandial studies, meals containing sufficient quantities of glucan, psyllium, or guar gum have decreased insulin and glucose responses in both healthy
individuals and patients with T2DM. Diets enriched sufficiently in soluble fiber may also
improve overall glycemic control in T2DM.
The association between the consumption of low dietary glycemic index (GI) foods and a
lower risk of T2DM has been reported in several prospective studies (Salmeron et al., 1997),
generally suggesting a preventive role of low GI diets. One of the largest was the 16-year
follow-up of the Nurses’ Health Study from 1980 including 3300 incident cases of type 2
diabetes, where the association between high glycemic load and the risk of developing
T2DM was confirmed (Hu et al., 2001). A more recent meta-analysis of 37 prospective
observational studies reported that diets with a high GI independently increased the risk of
T2DM, providing protection similar to or higher than whole grains or fiber (Barclay et al.,
2008). Similarly, a recent Cochrane database review concluded that low-GI diets can
improve glycemic control in diabetic patients (Thomas & Elliott, 2009). However, not all
investigators have reported similar findings: A well designed, controlled trial in wellcontrolled T2DM without oral antidiabetic therapy or insulin showed no effect on glycated
hemoglobin, although a reduction in C-reactive protein and postprandial glucose was
observed (Wolever et al., 2008).
To date, the physiopathologic mechanisms that explain the beneficial effects of fiber on
glycemic control have still not been clearly delimited.
3.4 Blood pressure
Observational and experimental studies have reported that increased DF was associated with
a lower risk of hypertension or lower self-reported blood pressure (BP), in both normotensive
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and hypertensive subjects (Ascherio et al., 1992; Beilin, 1994; He & Whelton, 1999). Subjects
consuming a vegetarian diet are generally at lower risk of developing hypertension. However,
it is unknown whether this can be ascribed to the high fiber content of the diet because
vegetarians—apart from differences in lifestyle— also have higher intakes of potassium,
magnesium, and polyunsaturated fatty acids and a lower intake of saturated fat.
The differences observed in BP response might be explained by fiber dose, type of fiber
consumed, or better compliance with dietary supplements than with high-fiber diets (He &
Whelton, 1999).
3.5 C-reactive protein
C-reactive protein (CRP) is a marker of acute inflammation recently recognized as an
independent predictor of future cardiovascular disease and diabetes.
Several studies have reported that DF intake is inversely associated with serum
concentrations of CRP (Butcher & Beckstrand, 2010; Oliveira et al., 2009). The mechanisms of
change in CRP levels as a result of DF intake are still largely unknown; possibilities include
DF slowing the absorption of glucose, fiber-rich meal modulation of cytokine responses
blunting oxidative stress and inflammation, and the production of anti-inflammatory
cytokines by gut flora exposed to fiber.

4. Epidemiological studies
Several limitations are common to all prospective studies examining the relationship
between foods and nutrients and disease risk. The lack of consistency in the methods used
for the measurement of different classes and subgroups of dietary fiber, especially the NSP,
complicates comparisons between the results of studies and their extrapolation into
nutritional recommendations. However, prospective epidemiological studies provide strong
evidence for a protective role of wholegrain cereals, fruits and vegetables and dietary
patterns characterized by relatively high intakes of such foods.
While a high consumption of DF derived from cereals is also associated with a reduced risk
of cardiovascular disease, it is not clear whether this cardioprotection can entirely be
attributed to the polysaccharides per se. Even the best prospective studies cannot
conclusively eliminate the possibility of residual confounding, thus recommendations
regarding the intake of carbohydrates in relation to cardiovascular disease also depend on
the intervention studies described below.
4.1 Body weight
Large prospective studies have reported that consumption of DF is inversely associated with
weight and weight gain. A high intake of DF may assist weight loss because of the incomplete
digestion and absorption of energy from this type of carbohydrates and the bulky nature of
high-fiber foods, with increased demands on chewing and subsequent distension and delayed
emptying of the stomach, promoting satiety and thereby curtailing energy intake.
Reviews of randomized trials in adults have shown weight loss in a majority of studies with
no differences between fiber types or between fiber occurring in foods or in supplements
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(Pereira & Ludwig, 2001; Howarth et al., 2001a). Results from seven prospective cohort
studies show an inverse relationship between weight gain and baseline intake or change in
fiber intake among adults during follow-up periods of up to 12 years (Lairon, 2007; KohBanerjee et al., 2004).
The CARDIA (The Coronary Artery Risk Development in Young Adults) study, a
multicenter population-based cohort study carried out over 10 years, examined 2909 young
individuals to determine the relationship between total dietary fiber intake and plasma
insulin concentrations, weight and other cardiovascular disease risk factors. After adjusting
for BMI and multiple dietary and potential non-dietary confounders, the study reported an
inverse association between total fiber intake, plasma insulin concentrations and body
weight gain (Ludwig et al., 1999) suggesting that fiber may play an important role in the
prevention of insulin resistance and obesity. Individuals consuming higher amounts of fiber
had a lower weight gain compared to those consuming lower amounts, independently of
the level of total fat consumed. Similarly, in the Nurses’ Health Study cohort Liu (2003)
showed that women in the highest quintile of DF intake had a 49% lower risk of major
weight gain than women in the lowest quintile.
Kromhout et al. (2001) investigated the association between DF and indicators of body fat in
a cross-cultural study of 16 cohorts of 12 763 middle-aged men in seven countries, between
1958 and 1964. The average DF intake was inversely related to population average
subscapular skinfold thickness and body mass index.
Alfieri et al. (1995) assessed the total fiber intake by means of 3-day food records in 3
population groups (one normal, one moderately and one severely obese group). These
authors showed that fiber intake was significantly higher in the normal weight group and
was inversely associated with BMI after adjusting for several potential confounders.
Recently, new research conducted as part of the PREDIMED study has also shown a
significant inverse relationship between TDF consumption and body mass index or
abdominal circumference (Estruch et al., 2009).
In an observational study looking at the effect of overall diet on body composition in
obese and lean subjects it was demonstrated that lean men and women had significantly
higher fiber intake versus obese males and females (27.0 g/d and 22.7 g/d vs. 22.0 g/d
and 15.0 g/d respectively) (Miller et al., 1994). These results were supported in another
study with a cohort of over 5000 subjects, which showed that higher fiber intake is
associated with a lower body mass index (BMI) in both men and women (Appleby et al.,
1998).
In a prospective cohort with 252 premenopausal, non-smoker women free from serious
disease, Tucker & Thomas (2009) conducted a study to determine whether changes in fiber
intake (total, soluble, and insoluble) influence the risk of gaining weight and body fat over
time (20 months). Increasing DF significantly reduces the risk of women gaining weight and
fat. For each 1 g increase in total fiber consumed, weight decreased by 0.25 kg (P = 0.0061)
and fat decreased by 0.25 percentage point (P = 0.0052). Controlling for potential
confounders did not affect the relationships, except for changes in energy intake, which
weakened the associations by 24-32%. Soluble and insoluble fibers were borderline
predictors of changes in weight and fat.
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Studies on children eating mixed diets do not indicate adverse effects on growth due to high
fiber intake. On the other hand, there are studies indicating that DF intake can contribute to
lowering the risk of obesity in this population group (Edwards & Parrett, 2003).
In conclusion, increased intake of DF, both from naturally fiber-rich foods and added fiber
or fiber supplements, has been shown to be related to improved weight maintenance in
adults and sustained weight reduction in overweight subjects. Estimated intakes associated
with this effect in adults are in the order of >25 g DF per day (from wholegrain cereals, fruit
and vegetables).
4.2 Hypocholesterolemic action
DF has a potentially important effect on lipids and lipoproteins when consumed in plant
foods or as supplements. Viscous subgroups of DF, including pectins, b-glucans,
glucomannans, guar and psyllium, which are generally water soluble, all lower total and
LDL cholesterol between 5 and 10 g/day, lowering LDL by about 5% (Truswell, 2002).
A cross-sectional epidemiological data, based on the EURODIAB Complications Study,
which included over 2000 patients in 31 European centers, showed an inverse association
between DF intake and HbA1c and LDL cholesterol (in men only) and a positive association
with HDL cholesterol in men and women (Toeller et al., 1999).
In an analysis of dietary factors and cardiovascular risk performed in a sample of 3,452
Swiss adults, it was observed that a healthy diet characterized by high consumption of DF
was associated with lower rates of serum triglycerides and higher HDL-c (Berg et al., 2008).
A 10-year study of a cohort of 2,909 healthy adults aged between 18 and 30 showed a strong
negative association between fiber intake and blood pressure and levels of triglyceride, HDL
cholesterol, LDL cholesterol, and fibrinogen even after adjusting for confounding factors
(Ludwig et al., 1999). In a cohort of 316 Japanese-Brazilian subjects, a decrease of 12.5 mg/dl
was observed in the serum total cholesterol levels (P < 0.05) for each increase of 10 g in the
consumption of DF intake in a 7- year follow up (de Castro et al., 2006). Wu et al. ( 2003)
studied a cohort of 573 adults aged between 40 and 60 and found and inverse relationship
between the ratio of TC/HDL-c and the total intake of DF (P = 0.01); the ratio of TC/HDL-c
has been proposed as a good indicator of cardiovascular risk.
Van Dam RM, et al. (2003) performed a cross-sectional study of 19,750 randomly selected
men and women aged 20-65 y from 3 Dutch municipalities. Three dietary factors were
identified: Cosmopolitan pattern (rich in fried vegetables, salad); traditional pattern (rich
red meat) and refined pattern (rich sugar-beverages and white bread). A higher adherence
to the Cosmopolitan pattern was significantly associated with lower blood pressure and
higher HDL-c concentrations; the traditional dietary pattern was associated with higher
blood pressure and higher concentrations of HDL cholesterol, total cholesterol, and glucose;
and the refined dietary pattern was associated with higher total cholesterol concentrations.
Whole grain was also inversely associated with total cholesterol (P for trend = 0.02), LDL
cholesterol (P for trend = 0.04), and 2-h glucose (P for trend = 0.0006) in a cross-sectional
analysis of 1516 community-dwelling participants in the Baltimore Longitudinal Study of
Aging. Associations between cereal fiber and anthropometrics and plasma lipids were
similar (Newby et al., 2007).
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In conclusion, viscous types of DF mainly from fruits, vegetables and whole grains may
contribute to reducing total and LDL-cholesterol concentrations. The effects are limited to
amounts usually consumed from foods.
4.3 Glycemic index and Type 2 diabetes mellitus
Glycemic control is of crucial importance in the management of T2DM. Few intervention
studies have investigated the effects of fiber intake on measures of glucose tolerance or
insulin sensitivity, but recent observations have shown the favourable effects of a diet with
abundant fiber-rich foods, particularly whole grain, bran and germ intake, on the risk of
T2DM (Murakami et al., 2005; Krishnan et al., 2007; Schulze et al., 2007; de Munter et al.,
2007).
In the Nurses’ Health Study, wholegrain consumption appeared to be protective for T2DM.
When comparing the highest and lowest quintiles of intake, the age and energy adjusted
relative risk was 0.62 (95% CI: 0.53, 0.71). Further adjustment for other risk factors did not
appreciably alter this risk estimate (Liu et al., 2000; Salmeron, et al., 1997) virtually identical
risk reduction was observed among men participating in the Health Professionals Study
(Fung et al., 2002). A relative risk of 0.63 was reported in association with three or more
servings/day of wholegrain. In the Iowa Women’s Health Study, postmenopausal women
in the upper quintile of wholegrain consumption (more than 33 servings per week) were
20% less likely to develop T2DM than those in the lowest quintile (fewer than 13 servings
per week) (Meyer et al., 2000). Cereal fiber appears to be associated with a protective dose–
response effect that is present after controlling for a range of potentially confounding
factors. The role of whole grains and DF in diabetes has been reviewed in detail by Venn
and Mann (Venn & Mann, 2004).
Two large cross-sectional studies, using validated food frequency questionnaires to assess
nutrient intake and either the frequently sampled intravenous glucose tolerance test or
homoeostasis model assessment for insulin resistance, found that intake of DF was inversely
associated with the probability of having insulin resistance (Lau et al., 2005; Liese et al.,
2005) and it was possible to demonstrate that fiber was associated with increased insulin
sensitivity even after adjustment for body mass index.
During 8 years of follow-up (1995-2003) 1964 incident cases of T2DM were reported in a
prospective cohort study including 41,186 participants of the Black Women's Health Study
without a history of diabetes or CVD. Daily consumption of whole grain was associated
with a lower risk of T2DM compared with consumption less than once a week. After mutual
adjustment, the hazard ratio was 0.73 (0.63-0.85; P for trend = 0.0001) for whole grains (van
Dam et al., 2006).
Krishnan S et al. (2007) examined the association of glycemic load, GI, and cereal fiber with
risk of T2DM in 59000 black women with T2DM, CVD or cancer from the Black Women's
Health Study. During 8 years of follow-up, there were 1,938 incident cases of diabetes. GI
was positively associated with the risk of diabetes: the incidence rate ratios (IRR) for the
highest quintile relative to the lowest was 1.23 (95% CI, 1.05-1.44). Cereal fiber intake was
inversely associated with the risk of T2DM with an IRR of 0.82 (95% CI, 0.70-0.96) for the
highest vs. the lowest quintiles of intake. Stronger associations were seen among women
with a body mass index lower than 25: IRRs for the highest vs. the lowest quintile were 1.91
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(95% CI, 1.16-3.16) for GI (P =0.12) and 0.41 (95% CI, 0.24-0.72) for cereal fiber intake (P=
0.05).
In conclusion, increasing intakes of foods rich in DF are associated with a reduced risk of
developing T2DM. DF intakes associated with favorable effects are about 25 to 30 g per day,
although the contribution of DF per se to this effect remains to be established.
4.4 Blood pressure
Increased DF has been associated with a lower risk of hypertension, and a meta-analysis of
clinical studies of fiber supplementation also supports an inverse association between fiber
and blood pressure.
In a cross-sectional study, Lairon D et al. (2007) determined the quintiles of fiber intake from
dietary record, separately for 2532 men and 3429 women. The highest total DF and insoluble
DF intakes were associated with a significantly (P < 0.05) lower risk of overweight and
elevated waist-to-hip ratio, BP, plasma apolipoprotein (apo) B, apo B:apo A-I, cholesterol,
triacylglycerols, and homocysteine. Fiber from cereals was associated with a lower body
mass index, BP, and homocysteine concentration; fiber from vegetables with a lower BP and
homocysteine concentration; and fiber from fruit with a lower waist-to-hip ratio and BP.
Fiber from dried fruit or nuts and seeds was associated with a lower body mass index,
waist-to-hip ratio, and fasting apo B and glucose concentrations.
Estruch et al. (2009) analyzed 772 cardiovascular high-risk subjects (age 69±5 years). On
randomization they were assigned to a low-fat diet or two recommendations for increasing
vegetable, fruit and legume intake. Body weight, waist circumference and mean systolic and
diastolic BP significantly decreased across the quintiles of fiber intake (P<0.005).
In a meta-analysis of randomized placebo-controlled trials to estimate the effect of fiber
supplementation on BP overall and in population subgroups, fiber supplementation
(average dose, 11.5 g/d) changed systolic BP by –1.13 mm Hg (95% CI: –2.49 to 0.23) and
diastolic BP by –1.26 mm Hg (–2.04 to –0.48). Reductions in BP tended to be greater in older
(>40 years) and in hypertensive populations than in younger and in normotensive subjects
(Streppel et al., 2005).
4.5 Cardiovascular disease
Many epidemiological studies have evaluated the effects of DF on the risk of coronary heart
disease (CHD) (Rimm et al., 1996; Todd et al., 1999; Liu et al., 2002; Mozaffarian et al., 2003).
Most likely, as assessed in prospective studies, DF intake with the usual diet is a marker of
healthy food choices with an overall cardiovascular benefit, while changing the diet to
increase DF at late stages, when clinical consequences of atherosclerosis have developed,
may not be protective.
A meta-analysis, involving four of the largest studies published, suggested a 28% reduction
in the risk of CHD on comparing individuals in the highest and lowest quintiles of intake of
whole grains (relative risk 0.72, 95% confidence intervals: 0.48, 0.94) (Anderson, 2003).
After adjustment for cardiovascular risk factors, in the Iowa Women’s Health Study the
relative risks for cardiovascular disease were 1.0, 0.96, 0.71, 0.64 and 0.70 in ascending
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quintiles of whole grain intake, P <0.02 (Jacobs et al., 1998). The Nurses’ Health Study (Liu et
al., 2000) observed risk reductions of magnitude similar to those observed for CHD (relative
risk 0.69, 95% CI: 0.50, 0.98 when comparing the highest relative to the lowest quintile of
intake of whole grains).
The suggestion that reduced cardiovascular risk principally results from consumption of
wholegrain rather than DF was supported by findings from the Iowa Women’s Health
Study. CHD rates were compared in women consuming similar amounts of cereal fiber from
either predominantly refined grain sources or predominantly wholegrains. After
adjustments, all-cause mortality was significantly lower, and CHD appreciably (though not
statistically significantly) reduced among the latter group (Jacobs et al., 2000).
In the Nurses’ Health Study and the Health Professionals’ Study (Hu et al., 2000; Fung et al.,
2001), factor analysis was used to examine the association between CHD and the two major
dietary patterns identified: “western” characterized by higher intakes of red and processed
meats, sweets and desserts, French fries and refined grains and ‘prudent’ characterized by
higher intakes of fruit, vegetables, legumes, fish, poultry and wholegrains. After adjustment
for cardiovascular risk factors, the prudent diet score was associated with relative risks of
1.0, 0.87, 0.79, 0.75 and 0.70 from the lowest to the highest quintiles. Conversely, the relative
risks across increasing quintiles of the western pattern score were 1.0, 1.21, 1.35, 1.40 and
1.64. The patterns were also related to biochemical markers of CHD.
The effect of DF may be largely explained by fiber derived from wholewheat, rye or
pumpernickel breads, in a multicenter study among 3588 men and women aged 65 years or
older and free of known CVD at baseline (Mozaffarian et al., 2003). During a mean followup of 8.6 years, there were 811 incident CVD events. After adjustment for different
confounder factors, cereal fiber consumption was inversely associated with incident CVD (P
for trend=0.02), with 21% lower risk (HR: 0.79; 95% CI: 0.62-0.99) in the highest quintile of
intake, compared with the lowest quintile. In similar analyses, neither fruit fiber intake (P for
trend=0.98) nor vegetable fiber intake (P for trend=0.95) were associated with incident CVD.
Furthermore, in a combined analysis of 10 prospective cohort studies conducted in the USA
and Europe Pereira et al. (2004) showed a 25% decrease in the risk of CHD for each 10 g
increase in fiber intake, after adjusting for several dietary and cardiovascular confounding
factors. A relative risk of 0.90 (95% CI: 0.77, 1.07 that is not statistically significant) was
reported for total CHD events for each 10 g/day increase in cereal fiber. When considering
CHD deaths, the relative risk, 0.75 (95% CI: 0.63, 0.91) was statistically significant, the
association being independent of a number of dietary factors and other cardiovascular risk
factors.
Recently, Streppel et al. (2008) also observed that CHD mortality and all-cause mortality
were reduced by 17% and 9%, respectively for every additional 10 g of DF per day, with no
clear associations for different types of DF.
4.6 Inflammatory markers
CRP is an inflammatory marker useful in the prediction of coronary events. Results from
recent epidemiologic studies have consistently shown an inverse association between DF
intake and plasma CRP levels. In a recent study, both increasing fiber intake by about 30
g/day from a diet rich in fiber or from a supplement reduced the levels of CRP.
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Jenkins et al. (2003) reported reduced CRP levels in hyperlipidaemic patients consuming a
high carbohydrate diet rich in viscous fiber-containing foods. However, the diets were also
high in nuts (almonds), plant sterols and soy proteins, and it is therefore impossible to
disentangle separate effects. A recent study (Kasim-Karakas et al., 2006) found that when
carbohydrate replaced a substantial proportion of dietary fat under eucaloric conditions, the
levels of several inflammatory markers increased along with an increase in triglycerides.
Data from the Massachusetts Hispanic Elders Study (Gao et al., 2004) obtained from 445
Hispanic and 154 non-Hispanic white elders showed that greater frequency of fruit and
vegetable intake, which are reach in fiber, was associated with lower CRP and homocysteine
concentrations. With each additional serving of fruit and vegetable intake, the risk of having
high CRP (>10 mg/l) and homocysteine concentrations decreased by 21% and 17%,
respectively.
The relation between DF and CRP was examined from 1999 to 2000 in 3,920 participants in
the National Health and Nutrition Examination Survey (Ajani, Ford, & Mokdad, 2004). DF
intake was inversely associated with serum CRP concentrations: The adjusted odds ratio for
increased CRP levels (>3 mg/l) was 0.59 (P = 0.006) for the highest quintile of fiber intake
compared with the lowest. The results were not affected after exclusion of persons with
diabetes, cancer, CVD, or CRP levels >10 mg/l. The results of Ajani et al. confirmed the
previous findings (King et al., 2003).

5. Clinical trials
Most of the data available on disease prevalence and events are from epidemiological
studies. However, it is necessary to also resort to clinical trials to test effects of different
types and sources of DF on cardiovascular risk factors taking into account a specific
population.
5.1 Body weight
Although epidemiological data and mechanistic studies support the contention that fiber
has beneficial effects on body weight regulation; there has been inconsistent data from
randomized controlled clinical trials that have evaluated how body weight is affected by
supplementing fiber in the diet (Rodriguez-Moran et al., 1998; Birketvedt et al., 2000; Pittler
& Ernst, 2001).
In a systematic review, Howarth et al. (2001) analyzed several clinical trials conducted in
small and heterogeneous population samples over relatively short periods of time (from 1 to
12 months). The findings were that the intake of 12 g fiber/day resulted in a decrease of 10%
in energy intake and a body weight loss of 1.9 kg over 3.8 months, with this effect on body
weight loss being greater in obese subjects.
Esposito et al. (2004) explored the possible mechanisms underlying a dietary intervention
and randomized 180 patients (99 men, 81 women) with the metabolic syndrome to a
Mediterranean-style diet (instructions about increasing daily consumption of whole grains,
vegetables, fruits, nuts, and olive oil) versus a cardiac prudent diet with fat intake less than
30%. After 2 years, body weight decreased more in the intervention group than in the
control group, even after controlling for weight loss, inflammatory markers, such as IL-6, IL7, IL-18, and CRP.
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In randomized placebo-controlled studies, 176 overweight or obese men and women were
included to receive either active fiber substance or placebo during a five-week observation
period. The fiber supplements consisted of the viscous fibers glucomannan (Chrombalance),
glucomannan and guar gum (Appe-Trim) and glucomannan, guar gum and alginat
(Glucosahl). All fiber supplements plus a balanced 1200 kcal diet induced a significant
weight reduction more than placebo and diet alone, during the observation period
(Birketvedt et al., 2005).
Salas-Salvador et al. (2008) evaluated the effect of a mixed fiber supplement on body-weight
loss, in 200 overweight or obese patients in a parallel, double-blind, placebo-controlled
clinical trial. Weight loss tended to be higher after both doses of fiber (-4.52 ± 0.56 and -4.60
± 0.55 kg) than placebo (-0.79 ± 0.58 kg); the differences in changes between groups were not
statistically significant. Postprandial satiety increased in both fiber groups compared to the
placebo. Estruch et al. (2009) analyzed 772 cardiovascular high-risk subjects that were
assigned to a low-fat diet or two recommendations for increasing the intake of vegetables,
fruit and legumes. Body weight, waist circumference and BP significantly decreased across
the quintiles of fiber intake (P=0.04).
In a dietary intervention involving 107 overweight and obese children it was shown that low
GI diets are more effective in reducing weight than low-fat diets (Spieth et al., 2000). The
BMI of subjects assigned to the low GI diet reduced significantly in comparison to those on
the low-fat diet across all three tertiles (<28.3 kg/m2, 28.3–34.9 kg/m2 and >34.9 kg/m2). The
mean overall reduction was 1.53 kg/m2 vs. 0.06 kg/m2 (P < 0.001). Another study showed
that low GI diets result in the greatest reduction in fat mass, especially in women (McMillanPrice et al., 2006).
5.2 Serum lipids
Several studies have shown that a high consumption of DF, particularly soluble fiber
(pectin, guar gumm, β-glucans, glucomannan, and psyllium), significantly decreases serum
levels of total and LDL cholesterol (Anderson, 2000; Brighenti, 2007). Other clinical trials
support the hypocholesterolemic effects of soluble fiber derived both from supplements or
fiber derived from foods in patients at high risk of cardiovascular disease.
In a double-blind placebo-controlled study, Rodríguez-Morán M et al., (1998) determined
the plasma-lowering effects of Plantago psyllium, as an adjunct to dietary therapy, on lipid
and glucose levels, in patients with T2DM. The study included 125 subjects undergoing a 6week period of diet counseling followed by a 6-week treatment period in which Plantago
psyllium or placebo was given in combination with a low fat diet. No significant changes
were observed in the patient's in either group. Fasting plasma glucose, total cholesterol,
LDL-c, and triglyceride levels, showed a significant reduction (P < 0.05), whereas HDL-c
increased significantly (P < 0.01) following Psyllium treatment.
A meta-analysis carried out by Brown et al. (1999) indicates that the effects of different types
of viscous fibers on TC concentrations are modest. These results were obtained from 67
experimental metabolic studies carried out on 2,990 subjects showing that for each gram of
soluble fiber added to the diet, the TC and the LDL-c concentration decreased by 1.7 mg/dL
and 2.2 mg/dL, respectively.
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In a meta-analysis of 8 controlled trials, it was observed that the hypolipidemic effects of
physillium in hypocholesterolemic individuals already consuming a low-fat diet achieved
reductions with diet only. Results confirm that Psyllium significantly lowers an additional
4% of serum total and cholesterol and an additional 7% relative of LDL-c concentrations in
comparison to a placebo group consuming a low fat diet (Anderson, 2000).
In a randomized, crossover study Maki KC et al. (2007) compared the effects of consuming
high-fiber oat and wheat cereals on postprandial metabolic profiles in healthy men. Twentyseven subjects received oat (providing 5.7 g/day beta-glucan) or wheat (control) cereal
products, in random order, incorporated into their usual diets for two weeks. Peak
triglyceride concentration was lower after oat vs. wheat cereal consumption. Mean area
under the triglyceride curve also tended to be lower.
In a recent parallel, double-blind, placebo-controlled clinical trial, 200 overweight or obese
patients were randomized to receive a mixed dose of soluble fiber (3 g Plantago ovata husk
and 1 g glucomannan) or a placebo twice or three times daily in the context of an energyrestricted diet for a period of 16 weeks. Differences in plasma LDL-c changes between the
groups were significant, with greater reductions in the two fiber supplemented groups in
comparison to the placebo (Salas-Salvado et al., 2008).
Insoluble fiber, such as that from wheat or cellulose, has not been reported to have any
significant effect on blood cholesterol (Jenkins et al., 2000; Sola et al., 2007), possibly because
of the presence, along with DF, of several bioactive and antioxidant phytochemical
substances in foodstuffs (Salas-Salvado et al., 2006) or because of the effect that fiber has on
blood pressure, body weight and postprandial glycemia or insulin levels.
5.3 Glycemic index and type 2 diabetes mellitus
On glycemic control, several randomized controlled trials have been performed to
determine the effect of DF on insulin sensitivity, blood glucose control and hypoglycemic
episodes. However, all were short-term studies. A whole grain diet led to a postprandial
improvement in insulin sensitivity when compared to a refined grain diet. Plasma glucose
concentrations were significantly lower for the high fiber diet than for the low-fiber diet. In
clinical studies using fiber supplements, it appears that only soluble fiber plays a significant
role in reducing postprandial glycemia. However, prospective epidemiological studies have
shown that insoluble fiber, but not soluble fiber, from natural food sources was inversely
related to the risk of diabetes.
Giacco and co-workers (Giacco et al., 2000) carried out a 6-month randomized parallel study
comparing a diet containing 50 g/d of soluble fiber with a diet containing only 15 g/d of
fiber. Thirty-two patients (intervention group) and 31 patients (control group) were
randomized to follow a high-fiber or low-fiber diet for a 24-week period. This study
confirmed the potential for around 40 g/d DF (half of the soluble type from legumes, fruits
and vegetables) to improve glycemic control. They found an improvement in the daily
blood glucose profile and the HbA1c levels, as well as a marked reduction in the number of
hypoglycemic events.
Chandalia et al. (2000) also demonstrated that high-fiber diets contributed to better
metabolic control in 13 T2DM diabetic patients. In a cross-over study, patients were
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randomized to a diet containing a moderate amount of fiber (8 g of soluble fiber and 16 g
insoluble fiber) or to a diet containing a high amount of fiber (25 g of soluble fiber and 25 g
insoluble fiber). Plasma glucose concentrations were significantly lower for the high fiber
than for the low-fiber diet.
In a controlled 6-week study, overweight hyperinsulinaemic adults consumed diets
providing 55% energy from carbohydrate and 30% from fat, Pereira et al. (Pereira et al.,
2002) observed that insulin sensitivity measured by a euglycemic hyperinsulinaemic clamp
was appreciably improved in the wholegrain compared with the refined grain diet. Fasting
insulins and area under the 2-h insulin curve were lower, despite body weight not being
significantly different in the two diets. In this intervention, carbohydrates were derived
from predominantly wholegrain or refined grain cereals, with DF content of the wholegrain
diet 28 g compared with 17 g on the refined grain diet. DF was predominantly from cereal
sources. Total carbohydrate and fat and fat sources were virtually identical in the two diets.
Rye bread has also been shown to improve insulin sensitivity in overweight and obese
women too (Juntunen et al., 2003).
Likewise, Weicker and co-workers (Weickert et al., 2006) used the same method to measure
insulin sensitivity in overweight and obese women and found that this increased after 3
days of a diet containing bread enriched with insoluble fiber compared to another diet
containing white bread
In a recent 6-month parallel, randomized clinical trial composed of 210 patients with T2DM
the patients were randomized to either a high cereal fiber diet (GI = 80.8) or a low GI diet
(GI = 69.6). The low GI diet resulted in statistically significant reductions in fasting plasma
glucose and HbA1c (Jenkins et al., 2008). The results of this study confirm the notion that
high fiber diets in a low GI setting are more effective in managing and preventing T2DM in
comparison with high fiber diets that have medium or high GI.
A recent meta-analysis of randomized controlled trials looking at the effect of legumes on
glycemic markers concluded that legumes as part of a high fiber diet significantly reduce
fasting blood glucose and glycated proteins (Sievenpiper et al., 2009).
5.4 Inflammatory markers
In hyperlipidemic patients a reduction was founded in CRP levels (28% vs. baseline)
following a whole diet approach, which was low in saturated fat and included viscous
fibers, almonds, soy protein, and plant sterols being comparable to statin therapy (33%
reduction of CRP levels) and independent of changes in body weight. The diet also induced
a reduction in lipids that was comparable to lovastatin therapy (Jenkins et al., 2003). They
reported reduced CRP levels in hyperlipidemic patients consuming a high carbohydrate diet
rich in viscous fiber-containing foods. However, the diets were also high in nuts (almonds),
plant sterols and soy proteins, and it was therefore impossible to disentangle separate effects.
Kasim-Karakas et al. (2006) found that when carbohydrates replaced a substantial
proportion of dietary fat under eucaloric conditions in post-menopausal women, the levels
of several inflammatory markers increased along with an increase in triglycerides. However,
when the participants consumed the 15% fat diet ad libitum under free living conditions,
they lost weight and triglyceride and the levels of inflammatory markers decreased. In
another study, Estruch et al. (2009) analyzed 772 cardiovascular high-risk subjects
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concluding that plasma concentrations of CRP decreased in parallel with increasing DF
(P=0.04).
A review of seven clinical trials of at least 2 weeks in duration, with an increased and
measurable consumption of DF, reported significantly lower CRP concentrations of 25-54%
with increased DF consumption with dosages ranging between 3.3-7.8 g/MJ. The seventh
trial with Psyllium fiber supplementation failed to lower CRP levels significantly in
overweight/obese individuals. Weight loss and altered fatty acid intakes were present in
most of the studies (North et al., 2009). The mechanisms are inconclusive but may involve
the effect of DF on weight loss, and/or changes in the secretion, turnover or metabolism of
insulin, glucose, adiponectin, interleukin-6, free fatty acids and triglycerides.

6. Conclusions
Based on epidemiological and clinical studies that have attributed important health effects
to fiber, several organizations such as the American Dietetic Association and the Institute of
Medicine recommend an intake of 14 g of DF per 1,000 kcal, or 25 g/day for adult women
and 38 g/day for adult men, to protect against the risk of CHD and T2DM and improved
weight maintenance. However, in most Western countries, the current intakes of DF are
below those recommended with, for instance, an average consumption of 19 and 16 g per
day for men and women, respectively. In order to improve the DF intake of the population,
national dietary guidelines usually recommend the consumption of high-fiber foods.
Since no biomarker of DF intake is available, food frequency questionnaire (FFQ) data is
the only source of information on food consumption, including DF. FFQs are known to
contain measurement errors, a reason why energy intake should be included as a
covariate in the models to achieve the equivalent of an isoenergetic diet and thereby
overcome this problem.
The evidence available shows that the intake of foods that are high in fiber has clear benefits
regarding lipid profile and other cardiovascular risk factors. Although some studies of fiber
supplements have shown positive effects on the lipid profile, the number of adults who
adhere to the use of fiber supplements tends to be low. Likewise, these effects are modest
when compared with a whole foods approach that encourages the consumption of fiber-rich
foods.
Epidemiologic studies show that intact fruit, vegetables, whole grains, nuts and legumes, all
of which are rich in potentially cardioprotective components, protect the body from
cardiovascular diseases and mortality. There is debate in relation to cereals that are
especially rich in insoluble fiber, but some studies have shown an inverse association
between their intake and blood pressure. However, in clinical studies, only soluble viscous
fiber has been demonstrated to have metabolic advantages. This paradox can be explained
by the fact that food rich in fiber contains other phytochemical compounds that have been
demonstrated to modulate inflammation, oxidation, insulin resistance and cholesterol
metabolism.
Consequently, a Mediterranean-style diet rich in fiber-rich foods should be recommended to
reduce the risk of cardiovascular disease.

www.intechopen.com

480

Recent Advances in Cardiovascular Risk Factors

7. Acknowledgments
The authors are grateful for the support granted by the Spanish Minister of Health (RETIC
G03/140 and RD06/0045), the Spanish Minister of Science and Innovation (AGL2010-22319C03-02), the FIS 070473, Centro Nacional de Investigaciones Cardiovasculares (CNIC06) and
CIBEROBN that is an initiative of Instituto de Salud Carlos III, Spain. Sara Arranz received
support from the Sara Borrell postdoctoral program with reference CD10/00151 supported
by the Instituto de Salud Carlos III, Spain.

8. References
Ajani, U. A., Ford, E. S., & Mokdad, A. H. (2004). Dietary fiber and C-reactive protein:
findings from national health and nutrition examination survey data. The Journal of
nutrition, 134(5), 1181-1185.
Aleixandre, A., & Miguel, M. (2008). Dietary fiber in the prevention and treatment of
metabolic syndrome: a review. Critical reviews in food science and nutrition, 48(10),
905-912.
Alfieri, M. A., Pomerleau, J., Grace, D. M., & Anderson, L. (1995). Fiber intake of normal
weight, moderately obese and severely obese subjects. Obesity research, 3(6), 541547.
Anderson, J. W. (2003). Whole grains protect against atherosclerotic cardiovascular disease.
The Proceedings of the Nutrition Society, 62(1), 135-142.
Anderson, J. W. (2000). Dietary fiber prevents carbohydrate-induced hypertriglyceridemia.
Current atherosclerosis reports, 2(6), 536-541.
Anderson, J. W. et al. (2000). Cholesterol-lowering effects of psyllium intake adjunctive to
diet therapy in men and women with hypercholesterolemia: meta-analysis of 8
controlled trials. The American Journal of Clinical Nutrition, 71(2), 472-479.
Anderson, J. W., Deakins, D. A., Floore, T. L., Smith, B. M., & Whitis, S. E. (1990). Dietary
fiber and coronary heart disease. Critical reviews in food science and nutrition, 29(2),
95-147.
Anderson, J. W., Story, L., Sieling, B., Chen, W. J., Petro, M. S., & Story, J. (1984).
Hypocholesterolemic effects of oat-bran or bean intake for hypercholesterolemic
men. The American Journal of Clinical Nutrition, 40(6), 1146-1155.
Appleby, P. N., Thorogood, M., Mann, J. I., & Key, T. J. (1998). Low body mass index in nonmeat eaters: the possible roles of animal fat, dietary fibre and alcohol. International
journal of obesity and related metabolic disorders : journal of the International Association
for the Study of Obesity, 22(5), 454-460.
Ascherio, A. et al. (1992). A prospective study of nutritional factors and hypertension among
US men. Circulation, 86(5), 1475-1484.
Ascherio, A. et al. (1998). Intake of potassium, magnesium, calcium, and fiber and risk of
stroke among US men. Circulation, 98(12), 1198-1204.
Asp, N. G., van Amelsvoort, J. M., & Hautvast, J. G. (1996). Nutritional implications of
resistant starch. Nutrition research reviews, 9(1), 1-31.
Barclay, A. W. et al. (2008). Glycemic index, glycemic load, and chronic disease risk--a metaanalysis of observational studies. The American Journal of Clinical Nutrition, 87(3),
627-637.

www.intechopen.com

Effects of Dietary Fiber Intake on Cardiovascular Risk Factors

481

Beilin, L. J. (1994). Vegetarian and other complex diets, fats, fiber, and hypertension. The
American Journal of Clinical Nutrition, 59(5 Suppl), 1130S-1135S.
Berg, C. M. et al. (2008). Food patterns and cardiovascular disease risk factors: the Swedish
INTERGENE research program. The American Journal of Clinical Nutrition, 88(2),
289-297.
Birketvedt, G. S., Aaseth, J., Florholmen, J. R., & Ryttig, K. (2000). Long-term effect of fibre
supplement and reduced energy intake on body weight and blood lipids in
overweight subjects. Acta Medica (Hradec Kralove) / Universitas Carolina, Facultas
Medica Hradec Kralove, 43(4), 129-132.
Birketvedt, G. S., Shimshi, M., Erling, T., & Florholmen, J. (2005). Experiences with three
different fiber supplements in weight reduction. Medical science monitor :
international medical journal of experimental and clinical research, 11(1), PI5-8.
Bravo, L. (1998). Polyphenols: chemistry, dietary sources, metabolism, and nutritional
significance. Nutrition reviews, 56(11), 317-333.
Brighenti, F. (2007). Dietary fructans and serum triacylglycerols: a meta-analysis of
randomized controlled trials. The Journal of nutrition, 137(11 Suppl), 2552S-2556S.
Brown, L., Rosner, B., Willett, W. W., & Sacks, F. M. (1999). Cholesterol-lowering effects of
dietary fiber: a meta-analysis. The American Journal of Clinical Nutrition, 69(1), 30-42.
Butcher, J. L., & Beckstrand, R. L. (2010). Fiber's impact on high-sensitivity C-reactive
protein levels in cardiovascular disease. Journal of the American Academy of Nurse
Practitioners, 22(11), 566-572.
Buttriss, J. L., & Benelam, B. (2010). Nutrition and health claims: the role of food composition
data. European journal of clinical nutrition, 64 Suppl 3, S8-13.
Champ,M., Kozlowski,F. and Lecannu,G. (2001). In-vivo and in-vitro methods for resistant
starch measurement. In McCleary,B., Prosky,L., Advanced dietary fibre
technology.(pp. 106-119)Blackwell Science, Oxford.
Champ,M., Langkilde,A.M., Brouns,F., Kettlitz,B. and Le Bail Collet,Y. (2003). Advances in
dietary fiber characterization. 1. Definition of dietary fiber, physiological relevance,
health benefits and analytical aspects. Nutrition Research Reviews, 16, 71-82.
Chandalia, M., Garg, A., Lutjohann, D., von Bergmann, K., Grundy, S. M., & Brinkley, L. J.
(2000). Beneficial effects of high dietary fiber intake in patients with type 2 diabetes
mellitus. The New England journal of medicine, 342(19), 1392-1398.
Cho, S., DeVries, J. and Prosky, L. (1997). Dietary fiber analysis and applications. AOAC
International, Gaithersburg, Maryland.
Craig, W. J. (1997). Phytochemicals: guardians of our health. Journal of the American Dietetic
Association, 97(10 Suppl 2), S199-204.
Crim, K. C. et al. (2008). Upregulation of p21Waf1/Cip1 expression in vivo by butyrate
administration can be chemoprotective or chemopromotive depending on the lipid
component of the diet. Carcinogenesis, 29(7), 1415-1420.
Cummings, J. H., & Macfarlane, G. T. (1991). The control and consequences of bacterial
fermentation in the human colon. The Journal of applied bacteriology, 70(6), 443-459.
de Castro, T. G., Gimeno, S. G., Ferreira, S. R., Cardoso, M. A., & Japanese-Brazilian Diabetes
Study Group. (2006). Association of dietary fiber with temporal changes in serum
cholesterol in Japanese-Brazilians. Journal of nutritional science and vitaminology,
52(3), 205-210.

www.intechopen.com

482

Recent Advances in Cardiovascular Risk Factors

de Munter, J. S., Hu, F. B., Spiegelman, D., Franz, M., & van Dam, R. M. (2007). Whole grain,
bran, and germ intake and risk of type 2 diabetes: a prospective cohort study and
systematic review. PLoS medicine, 4(8), e261.
Edwards, C. A., & Parrett, A. M. (2003). Dietary fibre in infancy and childhood. The
Proceedings of the Nutrition Society, 62(1), 17-23.
EFSA (European Food Safety Authority). (2007). Statement of the Scientific Panel on Dietetic
Products, Nutrition and Allergies related to dietary fibre.
EFSA Panel on Dietetic Products, Nutrition, and Allergies (NDA). (2010). Scientific Opinion
on Dietary Reference Values for carbohydrates and dietary fibre. 8(3), 1462.
Elmadfa, I. (2009). European Nutrition and Health Report 2009. Preface. Forum of nutrition,
62, vii-viii.
Englyst, H. N., Wiggins, H. S., & Cummings, J. H. (1982). Determination of the nonstarch
polysaccharides in plant foods by gas- liquid chromatography of constituents
sugars as alditol acetates. 107, 307-318.
Englyst, H.N. and Hudson, G.J. (1996). The classification and measurement of dietary
carbohydrates. 57, 15-21.
Englyst, K. N., & Englyst, H. N. (2005). Carbohydrate bioavailability. The British journal of
nutrition, 94(1), 1-11.
Englyst, K. N., Liu, S., & Englyst, H. N. (2007). Nutritional characterization and
measurement of dietary carbohydrates. European journal of clinical nutrition, 61 Suppl
1, S19-39.
Esposito, K. et al. (2004). Effect of a mediterranean-style diet on endothelial dysfunction and
markers of vascular inflammation in the metabolic syndrome: a randomized trial.
JAMA : the journal of the American Medical Association, 292(12), 1440-1446.
Estruch, R. et al. (2009). Effects of dietary fibre intake on risk factors for cardiovascular
disease in subjects at high risk. Journal of epidemiology and community health, 63(7),
582-588.
FAO. INFOODS Food Composition Database for Biodiversity, Available from:
<http://www.fao.org>
FAO/WHO (Food and Agriculture Organization/World Health Organization). (1998).
Carbohydrates in human nutrition. Report of a Joint FAO/WHO expert
consultation.
Fung, T. T. et al. (2002). Whole-grain intake and the risk of type 2 diabetes: a prospective
study in men. The American Journal of Clinical Nutrition, 76(3), 535-540.
Fung, T. T., Willett, W. C., Stampfer, M. J., Manson, J. E., & Hu, F. B. (2001). Dietary patterns
and the risk of coronary heart disease in women. Archives of Internal Medicine,
161(15), 1857-1862.
Gao, X., Bermudez, O. I., & Tucker, K. L. (2004). Plasma C-reactive protein and
homocysteine concentrations are related to frequent fruit and vegetable intake in
Hispanic and non-Hispanic white elders. The Journal of nutrition, 134(4), 913-918.
Giacco, R. et al. (2000). Long-term dietary treatment with increased amounts of fiber-rich
low-glycemic index natural foods improves blood glucose control and reduces the
number of hypoglycemic events in type 1 diabetic patients. Diabetes care, 23(10),
1461-1466.
Hall, J., Hammerich, K., & Roberts, P. (2010). New paradigms in the management of
diverticular disease. Current problems in surgery, 47(9), 680-735.

www.intechopen.com

Effects of Dietary Fiber Intake on Cardiovascular Risk Factors

483

He, J., & Whelton, P. K. (1999). Effect of dietary fiber and protein intake on blood pressure: a
review of epidemiologic evidence. Clinical and experimental hypertension (New York,
N.Y.: 1993), 21(5-6), 785-796.
Howarth, N. C., Saltzman, E., & Roberts, S. B. (2001). Dietary fiber and weight regulation.
Nutrition reviews, 59(5), 129-139.
Hu, F. B. et al. (2001). Diet, lifestyle, and the risk of type 2 diabetes mellitus in women. The
New England journal of medicine, 345(11), 790-797.
Hu, F. B., Rimm, E. B., Stampfer, M. J., Ascherio, A., Spiegelman, D., & Willett, W. C. (2000).
Prospective study of major dietary patterns and risk of coronary heart disease in
men. The American Journal of Clinical Nutrition, 72(4), 912-921.
Hu, F. B., & Willett, W. C. (2002). Optimal diets for prevention of coronary heart disease.
JAMA : the journal of the American Medical Association, 288(20), 2569-2578.
IoM (Institute of Medicine). (2005). Dietary reference intakes for energy, carbohydrate, fiber,
fat, fatty acids, cholesterol, protein, and amino acids.
Jacobs, D. R.,Jr, Meyer, K. A., Kushi, L. H., & Folsom, A. R. (1998). Whole-grain intake may
reduce the risk of ischemic heart disease death in postmenopausal women: the
Iowa Women's Health Study. The American Journal of Clinical Nutrition, 68(2), 248257.
Jacobs, D. R., Pereira, M. A., Meyer, K. A., & Kushi, L. H. (2000). Fiber from whole grains,
but not refined grains, is inversely associated with all-cause mortality in older
women: the Iowa women's health study. Journal of the American College of Nutrition,
19(3 Suppl), 326S-330S.
Jenkins, D. J., Kendall, C. W., Axelsen, M., Augustin, L. S., & Vuksan, V. (2000). Viscous and
nonviscous fibres, nonabsorbable and low glycaemic index carbohydrates, blood
lipids and coronary heart disease. Current opinion in lipidology, 11(1), 49-56.
Jenkins, D. J. et al. (2003). Effects of a dietary portfolio of cholesterol-lowering foods vs
lovastatin on serum lipids and C-reactive protein. JAMA : the journal of the American
Medical Association, 290(4), 502-510.
Jenkins, D. J. et al. (2008). Effect of a low-glycemic index or a high-cereal fiber diet on type 2
diabetes: a randomized trial. JAMA : the journal of the American Medical Association,
300(23), 2742-2753.
Jones, P. J., Leitch, C. A., & Pederson, R. A. (1993). Meal-frequency effects on plasma
hormone concentrations and cholesterol synthesis in humans. The American Journal
of Clinical Nutrition, 57(6), 868-874.
Juntunen, K. S., Laaksonen, D. E., Poutanen, K. S., Niskanen, L. K., & Mykkanen, H. M.
(2003). High-fiber rye bread and insulin secretion and sensitivity in healthy
postmenopausal women. The American Journal of Clinical Nutrition, 77(2), 385-391.
Kasim-Karakas, S. E., Tsodikov, A., Singh, U., & Jialal, I. (2006). Responses of inflammatory
markers to a low-fat, high-carbohydrate diet: effects of energy intake. The American
Journal of Clinical Nutrition, 83(4), 774-779.
King, D. E., Egan, B. M., & Geesey, M. E. (2003). Relation of dietary fat and fiber to elevation
of C-reactive protein. The American Journal of Cardiology, 92(11), 1335-1339.
Koh-Banerjee, P. et al. (2004). Changes in whole-grain, bran, and cereal fiber consumption in
relation to 8-y weight gain among men. The American Journal of Clinical Nutrition,
80(5), 1237-1245.

www.intechopen.com

484

Recent Advances in Cardiovascular Risk Factors

Krishnan, S. et al. (2007). Glycemic index, glycemic load, and cereal fiber intake and risk of
type 2 diabetes in US black women. Archives of Internal Medicine, 167(21), 2304-2309.
Kromhout, D., Bloemberg, B., Seidell, J. C., Nissinen, A., & Menotti, A. (2001). Physical
activity and dietary fiber determine population body fat levels: the Seven Countries
Study. International journal of obesity and related metabolic disorders : journal of the
International Association for the Study of Obesity, 25(3), 301-306.
Lairon, D. (2007). Dietary fiber and control of body weight. Nutrition, metabolism, and
cardiovascular diseases : NMCD, 17(1), 1-5.
Lau, C. et al. (2005). Dietary glycemic index, glycemic load, fiber, simple sugars, and insulin
resistance: the Inter99 study. Diabetes care, 28(6), 1397-1403.
Liese, A. D. et al. (2005). Dietary glycemic index and glycemic load, carbohydrate and fiber
intake, and measures of insulin sensitivity, secretion, and adiposity in the Insulin
Resistance Atherosclerosis Study. Diabetes care, 28(12), 2832-2838.
Liu, S. (2003). Whole-grain foods, dietary fiber, and type 2 diabetes: searching for a kernel of
truth. The American Journal of Clinical Nutrition, 77(3), 527-529.
Liu, S., Buring, J. E., Sesso, H. D., Rimm, E. B., Willett, W. C., & Manson, J. E. (2002). A
prospective study of dietary fiber intake and risk of cardiovascular disease among
women. Journal of the American College of Cardiology, 39(1), 49-56.
Liu, S., Manson, J.E., Stampfer, M.J., Rexrode, K.M., Hu, F.B., Rimm, E.B. & Willett, W.C.
(2000). Whole grain consumption and risk of ischemic stroke in women: A
prospective study. JAMA : the journal of the American Medical Association, 284(12),
1534-1540.
Ludwig, D. S. et al. (1999). Dietary fiber, weight gain, and cardiovascular disease risk factors
in young adults. JAMA : the journal of the American Medical Association, 282(16), 15391546.
Maki, K. C., Davidson, M. H., Witchger, M. S., Dicklin, M. R., & Subbaiah, P. V. (2007).
Effects of high-fiber oat and wheat cereals on postprandial glucose and lipid
responses in healthy men. International journal for vitamin and nutrition
research.Internationale Zeitschrift fur Vitamin- und Ernahrungsforschung.Journal
international de vitaminologie et de nutrition, 77(5), 347-356.
Manas, E., & Saura-Calixto, F. (1995). Dietary fibre analysis: methodological error sources.
European journal of clinical nutrition, 49 Suppl 3, S158-62.
Mann, J. (2007). Dietary carbohydrate: relationship to cardiovascular disease and disorders
of carbohydrate metabolism. European journal of clinical nutrition, 61 Suppl 1, S10011.
Marlett, J. A. (1992). Content and composition of dietary fiber in 117 frequently consumed
foods. Journal of the American Dietetic Association, 92(2), 175-186.
McMillan-Price, J. et al. (2006). Comparison of 4 diets of varying glycemic load on weight
loss and cardiovascular risk reduction in overweight and obese young adults: a
randomized controlled trial. Archives of Internal Medicine, 166(14), 1466-1475.
Meyer, D., & Stasse-Wolthuis, M. (2009). The bifidogenic effect of inulin and oligofructose
and its consequences for gut health. European journal of clinical nutrition, 63(11),
1277-1289.
Meyer, K. A., Kushi, L. H., Jacobs, D. R.,Jr, Slavin, J., Sellers, T. A., & Folsom, A. R. (2000).
Carbohydrates, dietary fiber, and incident type 2 diabetes in older women. The
American Journal of Clinical Nutrition, 71(4), 921-930.

www.intechopen.com

Effects of Dietary Fiber Intake on Cardiovascular Risk Factors

485

Miller, W. C., Niederpruem, M. G., Wallace, J. P., & Lindeman, A. K. (1994). Dietary fat,
sugar, and fiber predict body fat content. Journal of the American Dietetic Association,
94(6), 612-615.
Morgan, L. M., Tredger, J. A., Shavila, Y., Travis, J. S., & Wright, J. (1993). The effect of nonstarch polysaccharide supplementation on circulating bile acids, hormone and
metabolite levels following a fat meal in human subjects. The British journal of
nutrition, 70(2), 491-501.
Mozaffarian, D., Kumanyika, S. K., Lemaitre, R. N., Olson, J. L., Burke, G. L., & Siscovick, D.
S. (2003). Cereal, fruit, and vegetable fiber intake and the risk of cardiovascular
disease in elderly individuals. JAMA : the journal of the American Medical Association,
289(13), 1659-1666.
Murakami, K., Okubo, H., & Sasaki, S. (2005). Effect of dietary factors on incidence of type 2
diabetes: a systematic review of cohort studies. Journal of nutritional science and
vitaminology, 51(4), 292-310.
National Academies Press, Available from: <www.nap.edu>
Newby, P. K., Maras, J., Bakun, P., Muller, D., Ferrucci, L., & Tucker, K. L. (2007). Intake of
whole grains, refined grains, and cereal fiber measured with 7-d diet records and
associations with risk factors for chronic disease. The American Journal of Clinical
Nutrition, 86(6), 1745-1753.
North, C. J., Venter, C. S., & Jerling, J. C. (2009). The effects of dietary fibre on C-reactive
protein, an inflammation marker predicting cardiovascular disease. European
journal of clinical nutrition, 63(8), 921-933.
Oh, K. et al. (2005). Carbohydrate intake, glycemic index, glycemic load, and dietary fiber in
relation to risk of stroke in women. American Journal of Epidemiology, 161(2), 161-169.
Oliveira, A., Rodriguez-Artalejo, F., & Lopes, C. (2009). The association of fruits, vegetables,
antioxidant vitamins and fibre intake with high-sensitivity C-reactive protein: sex
and body mass index interactions. European journal of clinical nutrition, 63(11), 13451352.
Pereira, M. A. et al. (2002). Effect of whole grains on insulin sensitivity in overweight
hyperinsulinemic adults. The American Journal of Clinical Nutrition, 75(5), 848-855.
Pereira, M. A., & Ludwig, D. S. (2001). Dietary fiber and body-weight regulation.
Observations and mechanisms. Pediatric clinics of North America, 48(4), 969-980.
Pereira, M. A. et al. (2004). Dietary fiber and risk of coronary heart disease: a pooled analysis
of cohort studies. Archives of Internal Medicine, 164(4), 370-376.
Pittler, M. H., & Ernst, E. (2001). Guar gum for body weight reduction: meta-analysis of
randomized trials. The American Journal of Medicine, 110(9), 724-730.
Prosky, L. (1999). Inulin and oligofructose are part of the dietary fiber complex. Journal of
AOAC International, 82(2), 223-226.
Prosky, L., Asp, N. G., Schweizer, T. F., DeVries, J. W., & Furda, I. (1988). Determination of
insoluble, soluble, and total dietary fiber in foods and food products:
interlaboratory study. Journal - Association of Official Analytical Chemists, 71(5), 10171023.
Rimm, E. B., Ascherio, A., Giovannucci, E., Spiegelman, D., Stampfer, M. J., & Willett, W. C.
(1996). Vegetable, fruit, and cereal fiber intake and risk of coronary heart disease
among men. JAMA : the journal of the American Medical Association, 275(6), 447-451.

www.intechopen.com

486

Recent Advances in Cardiovascular Risk Factors

Roberfroid, M. et al. (2010). Prebiotic effects: metabolic and health benefits. The British
journal of nutrition, 104 Suppl 2, S1-63.
Rodriguez-Moran, M., Guerrero-Romero, F., & Lazcano-Burciaga, G. (1998). Lipid- and
glucose-lowering efficacy of Plantago Psyllium in type II diabetes. Journal of diabetes
and its complications, 12(5), 273-278.
Roy, S., Freake, H. C., & Fernandez, M. L. (2002). Gender and hormonal status affect the
regulation of hepatic cholesterol 7alpha-hydroxylase activity and mRNA
abundance by dietary soluble fiber in the guinea pig. Atherosclerosis, 163(1), 29-37.
Salas-Salvado, J., Bullo, M., Perez-Heras, A., & Ros, E. (2006). Dietary fibre, nuts and
cardiovascular diseases. The British journal of nutrition, 96 Suppl 2, S46-51.
Salas-Salvado, J. et al. (2008). Effect of two doses of a mixture of soluble fibres on body
weight and metabolic variables in overweight or obese patients: a randomised trial.
The British journal of nutrition, 99(6), 1380-1387.
Salmeron, J., Manson, J. E., Stampfer, M. J., Colditz, G. A., Wing, A. L., & Willett, W. C.
(1997). Dietary fiber, glycemic load, and risk of non-insulin-dependent diabetes
mellitus in women. JAMA : the journal of the American Medical Association, 277(6),
472-477.
Saura-Calixto F. (1988). Effect of condensed tannins in the analysis of dietary fiber in carob
pods. 53, 1769-1771.
Saura-Calixto, F., Garcia-Alonso, A., Goni, I., & Bravo, L. (2000). In vitro determination of
the indigestible fraction in foods: an alternative to dietary fiber analysis. Journal of
Agricultural and Food Chemistry, 48(8), 3342-3347.
Schulze, M. B., Schulz, M., Heidemann, C., Schienkiewitz, A., Hoffmann, K., & Boeing, H.
(2007). Fiber and magnesium intake and incidence of type 2 diabetes: a prospective
study and meta-analysis. Archives of Internal Medicine, 167(9), 956-965.
Sievenpiper, J. L. et al. (2009). Effect of non-oil-seed pulses on glycaemic control: a
systematic review and meta-analysis of randomised controlled experimental trials
in people with and without diabetes. Diabetologia, 52(8), 1479-1495.
Slavin, J. L. (2005). Dietary fiber and body weight. Nutrition (Burbank, Los Angeles County,
Calif.), 21(3), 411-418.
Slavin, J. L., Martini, M. C., Jacobs, D. R.,Jr, & Marquart, L. (1999). Plausible mechanisms for
the protectiveness of whole grains. The American Journal of Clinical Nutrition, 70(3
Suppl), 459S-463S.
Slavin, J. L., Savarino, V., Paredes-Diaz, A., & Fotopoulos, G. (2009). A review of the role of
soluble fiber in health with specific reference to wheat dextrin. The Journal of
international medical research, 37(1), 1-17.
Sola, R. et al. (2007). Effects of soluble fiber (Plantago ovata husk) on plasma lipids,
lipoproteins, and apolipoproteins in men with ischemic heart disease. The American
Journal of Clinical Nutrition, 85(4), 1157-1163.
Spieth, L. E. et al. (2000). A low-glycemic index diet in the treatment of pediatric obesity.
Archives of Pediatrics & Adolescent Medicine, 154(9), 947-951.
Streppel, M. T., Arends, L. R., van 't Veer, P., Grobbee, D. E., & Geleijnse, J. M. (2005).
Dietary fiber and blood pressure: a meta-analysis of randomized placebocontrolled trials. Archives of Internal Medicine, 165(2), 150-156.

www.intechopen.com

Effects of Dietary Fiber Intake on Cardiovascular Risk Factors

487

Streppel, M. T., Ocke, M. C., Boshuizen, H. C., Kok, F. J., & Kromhout, D. (2008). Dietary
fiber intake in relation to coronary heart disease and all-cause mortality over 40 y:
the Zutphen Study. The American Journal of Clinical Nutrition, 88(4), 1119-1125.
Thomas, D., & Elliott, E. J. (2009). Low glycaemic index, or low glycaemic load, diets for
diabetes mellitus. Cochrane database of systematic reviews (Online), (1)(1), CD006296.
Todd, S., Woodward, M., Tunstall-Pedoe, H., & Bolton-Smith, C. (1999). Dietary antioxidant
vitamins and fiber in the etiology of cardiovascular disease and all-causes
mortality: results from the Scottish Heart Health Study. American Journal of
Epidemiology, 150(10), 1073-1080.
Toeller, M., Buyken, A. E., Heitkamp, G., de Pergola, G., Giorgino, F., & Fuller, J. H. (1999).
Fiber intake, serum cholesterol levels, and cardiovascular disease in European
individuals with type 1 diabetes. EURODIAB IDDM Complications Study Group.
Diabetes care, 22 Suppl 2, B21-8.
Trowell, H. (1972). Ischemic heart disease and dietary fiber. The American Journal of Clinical
Nutrition, 25(9), 926-932.
Trowell, H., Southgate, D. A., Wolever, T. M., Leeds, A. R., Gassull, M. A., & Jenkins, D. J.
(1976). Letter: Dietary fibre redefined. Lancet, 1(7966), 967.
Truswell, A. S. (2002). Cereal grains and coronary heart disease. European journal of clinical
nutrition, 56(1), 1-14.
Tucker, L. A., & Thomas, K. S. (2009). Increasing total fiber intake reduces risk of weight and
fat gains in women. The Journal of nutrition, 139(3), 576-581.
USDA. National Nutrient Database for Standard Reference, Release 23, Available from:
<http://www.ars.usda.gov>
van Dam, R. M., Grievink, L., Ocke, M. C., & Feskens, E. J. (2003). Patterns of food
consumption and risk factors for cardiovascular disease in the general Dutch
population. The American Journal of Clinical Nutrition, 77(5), 1156-1163.
van Dam, R. M., Hu, F. B., Rosenberg, L., Krishnan, S., & Palmer, J. R. (2006). Dietary
calcium and magnesium, major food sources, and risk of type 2 diabetes in U.S.
black women. Diabetes care, 29(10), 2238-2243.
Venn, B. J., & Mann, J. I. (2004). Cereal grains, legumes and diabetes. European journal of
clinical nutrition, 58(11), 1443-1461.
Weickert, M. O. et al. (2006). Cereal fiber improves whole-body insulin sensitivity in
overweight and obese women. Diabetes care, 29(4), 775-780.
Willett, W. C. et al. (1995). Mediterranean diet pyramid: a cultural model for healthy eating.
The American Journal of Clinical Nutrition, 61(6 Suppl), 1402S-1406S.
Wilson, A. J. et al. (2010). Apoptotic sensitivity of colon cancer cells to histone deacetylase
inhibitors is mediated by an Sp1/Sp3-activated transcriptional program involving
immediate-early gene induction. Cancer research, 70(2), 609-620.
Wolever, T. M. et al. (2008). Low glycaemic index diet and disposition index in type 2
diabetes (the Canadian trial of carbohydrates in diabetes): a randomised controlled
trial. Diabetologia, 51(9), 1607-1615.
Wolever, T. M., Spadafora, P. J., Cunnane, S. C., & Pencharz, P. B. (1995). Propionate inhibits
incorporation of colonic [1,2-13C]acetate into plasma lipids in humans. The
American Journal of Clinical Nutrition, 61(6), 1241-1247.

www.intechopen.com

488

Recent Advances in Cardiovascular Risk Factors

Wong, J. M., de Souza, R., Kendall, C. W., Emam, A., & Jenkins, D. J. (2006). Colonic health:
fermentation and short chain fatty acids. Journal of clinical gastroenterology, 40(3),
235-243.
Wu, H., Dwyer, K. M., Fan, Z., Shircore, A., Fan, J., & Dwyer, J. H. (2003). Dietary fiber and
progression of atherosclerosis: the Los Angeles Atherosclerosis Study. The American
Journal of Clinical Nutrition, 78(6), 1085-1091.

www.intechopen.com

Recent Advances in Cardiovascular Risk Factors
Edited by Prof. Mehnaz Atiq

ISBN 978-953-51-0321-9
Hard cover, 522 pages
Publisher InTech

Published online 21, March, 2012

Published in print edition March, 2012
Among the non-communicable diseases, cardiovascular disorders are the leading cause of morbidity and
mortality in both the developed and the developing countries. The spectrum of risk factors is wide and their
understanding is imperative to prevent the first and recurrent episodes of myocardial infarction, stroke or
peripheral vascular disease which may prove fatal or disabling. This book has tried to present an update on
risk factors incorporating new research which has thrown more light on the existing knowledge. It has also tried
to highlight regional diversity addressing such issues. It will hopefully be resourceful to the cardiologists,
general practitioners, family physicians, researchers, graduate students committed to cardiovascular risk
prevention.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:
Sara Arranz, Alex Medina-Remón, Rosa M. Lamuela-Raventós and Ramón Estruch (2012). Effects of Dietary
Fiber Intake on Cardiovascular Risk Factors, Recent Advances in Cardiovascular Risk Factors, Prof. Mehnaz
Atiq (Ed.), ISBN: 978-953-51-0321-9, InTech, Available from: http://www.intechopen.com/books/recentadvances-in-cardiovascular-risk-factors/effects-of-dietary-fiber-intake-on-cardiovascular-risk-factors

InTech Europe

University Campus STeP Ri
Slavka Krautzeka 83/A
51000 Rijeka, Croatia
Phone: +385 (51) 770 447
Fax: +385 (51) 686 166
www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai
No.65, Yan An Road (West), Shanghai, 200040, China
Phone: +86-21-62489820
Fax: +86-21-62489821

© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

