AL OF NUTRITION

e

N THE JOURN

i

¥

g

The Journal of Nutrition

]Ej Inulin and Oligofructose: Health Benefits and Claims-A Critical Review

Dietary Fructans and Serum Triacylglycerols:
A Meta-Analysis of Randomized

Controlled Trials™™®

Furio Brighenti®

Department of Public Health, University of Parma, 43100 Parma, Italy

Abstract

Convincing evidence indicates that the intake of inulin-type fructans, inulin and oligofructose, has beneficial effects on

blood lipid changes in animals, although data in humans have been considered contradictory. We conducted a meta-

analysis of available literature to quantify the effects in humans of dietary inulin-type fructans on serum triacylglycerols.

Fifteen eligible randomized, controlled trials published from 1995 to 2005, for a total of 16 comparisons, were identified
from the PubMed (National Library of Medicine, Bethesda, MD) and SCOPUS (Elsevier B.V., Amsterdam, NL) databases.
Standardized mean effect sizes were calculated for net changes in serum triacylglycerol concentrations using random-

effect model. The intake of inulin-type fructans was associated with significant decreases in serum triacylglycerols by 0.17
mmol/L (96%Cl —0.33, —0.01; Z=2.12, P = 0.04) or 7.5%. Given the limited number of studies, no specific effects for
gender, amount fed, duration of the study, background diet, overweight, hyperlipidemia, or diabetes were further formally
investigated, but, from the test for heterogeneity [y? = 13.34, df = 15, (P = 0.55), % = 0%], it appears that the effect of

inulin-type fructans on circulating triacylglycerols is consistent across conditions. In conclusion, dietary inulin-type fructans

significantly reduced serum triacylglycerols. The mechanisms, possibly related to colonic fermentation and/or incretin re-

lease from the distal gut, warrant further studies.

J. Nutr. 137: 25528-25568, 2007.

Introduction

Hypertriglyceridemia, especially when linked to other metabolic
abnormalities, is an emerging target for coronary heart disease
(CHD) prevention. The lipid triad, a highly atherogenic combined
dyslipidemia characterized by low levels of HDL, elevated tri-
acylglycerols and elevated small, dense LDL particles, represents
the most important modifiable risk factor for CHD (1). Some
triacylglycerol-rich lipoproteins, such as chylomicrons and large
VLDL, are probably not able to cross the endothelial barrier and

' Published in a supplement to The Journal of Nutrition. Presented at the
cenference “5th ORAFTI Ressarch Conference: Inulin and Oligofructose: Proven
Health Benefits and Claims” held at Harvard Medical School, Boston, MA,
September 28-29, 2006. This conference was organized and sponsored by
ORAFTI, Belgium. Guest Editors for the supolement publication were Marcel
Roberfroid, Catholique University of Louvain, Brussels, Belgium and Randal
Buddington, Mississippi State University, USA. Guest Editor disclosure: M.
Reberfroid and R. Buddington, support for travel to conference provided by
ORAFTL.

2 Author disclosure: F. Brighenti is member of the Beneo Scientific Committes.
ORAFTI covered author's travel expenses to attend the 2006 ORAFT! Boston
conference.

9 Inthese proceedings, the term inulin-type fructan shall be used as a generic term to
cover all -2« 1) linear fructans. In any other circumstances that justify the
identification of the oligomers vs. the polymers, the terms oligofructose and/or inulinor
eventually long-chain or high-molecular-weight inulin will be used, respectively. Even
though the oligomers obtained by partial hydrolysis of inulin or by enzymatic synthesis
have a slightly different DP,, (4 and 3.6, respectively), the term oligofructose shall be
used to identify both. Synergy will be used to identify the 30/70 mixture {wtwt) of
oligofructose and inulin HP otherwise named oligofructose-enriched inulin.
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enter the arterial intima, whereas small VLDL and intermediate-
density lipoproteins are much more atherogenic (2).

Therefore, strategies aimed to reduce the levels of triacylglyc-
erols are highly recommended, especially in overweight insulin-
resistant individuals where hypertriglyceridemia is linked to
raised small VLDL and IDL and low HDL and represents a dis-
tinctive component of the metabolic syndrome.

Diet is considered the cornerstone in the treatment of ele-
vated triacylglycerol levels; moderation in alcohol consumption
and reduction of carbohydrate in general, and sucrose in partic-
ular, are the first recommendations traditionally given to prevent
and treat hypertriglyceridemia (3). As an adjuvant to a healthy diet,
back in 1993 (4) the inulin-type fructans i.e., inulin and oligo-
fructose, have been proposed as functional food ingredients able
to reduce plasma triacylglycerols, and indeed, a consistent stream
of animal studies has confirmed this hypothesis (5). However,
the results of studies in humans have been considered less clear-
cut, with studies on this argument unable either to confirm or rule
out the effect of inulin-type fructans in lowering triacylglycerols
to a significant extent (6-9). The aim of this work is to conduct a
meta-analysis of available literature to quantify the effects in hu-
mans of dietary inulin and oligofructose on serum triacylglycerols.

Methods

ldentification and selection of studies. Randomized controlled trials
of the effects of dietary inulin-type fructans i.e., inulin and oligofructose,
on serum lipid concentrations in humans published in the last 10 y {from
January 1996 to June 2006) were searched in the scientific literature by
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consulting the PubMed (National Library of Medicine, Bethesda, MD)
and SCOPUS (Elsevier B.V., Amsterdam, NL) databases. The words
fructan, inulin, oligofructose, frucro(~)oligosaccharide, lipid, triglycer-
ide, and triacylglycerol in either title, abstract, or keywords of clinical
trials published in English, Italian, Spanish, or French languages were
used as search terms. Four reviews (6,7,9,10) on the specific topic were
also examined for cited references. From the 40 resulting references,
articles were identified that met the following criteria: 1) they referred to
human studies; 2) they specified the type and the amount of dietary
inulin-type fructans employed; 3) they were placebo controlled with
either a randomized crossover, parallel, or sequential design; and 4) they
provided measures of serum triacylglycerol concentrations that included
either standard deviation, standard error of the mean, confidence inter-
vals, or exact P-values for ¢ test or F-values for ANOVA, so that changes
and standard deviation estimates could be calculated. Studies were ex-
cluded if the amount of inulin-type fructans and the lipid values at out-
come were not provided or if there was no control group. After exclusion
of articles that did not meet the inclusion criteria, a meta-analysis of 15
cligible articles (11~25) was performed. One study (18) reported results
of a trial in which multiple comparisons were made on the effects of 3
different prebiotics (oligofructose, inulin, and GOS) with crossover assign-
ment of diets according to a Latin square design. In this case, the effects
observed for oligofructose and inulin were considered separately as 2
independent studies (van Dokkum 1 and van Dokkum 2).

Meta-analysis. The characteristics of each trial and selected summary
results of the study were extracted for analysis and tabulated using
REVMAN software version 4.1 (Cochrane Collaboration, Oxford, UK).
The same software was used for all other calculations. Data provided in
non-SI format (i.e., mg/100 mL) were transformed to mmol/L by mul-
tiplying by 0.0113, according to laboratory standard conversion factor.
The estimare of the principal effect was defined as the mean difference
(net change in mmol/L) between the change in triacylglycerol concen-
trations among the subjects consuming the test diet {containing either
inulin or oligofructose) calculated as the final value minus initial value,
and that among the subjects consuming the control diet,

For the computation of pooled effect size, standardized mean dif-
ference was used. Because no study reported raw data, the variance for
each study was calculated based on the reported SDs for each measure
for the change during the test diet and the change during the control diet.

In 3 cases (18,21,23) where initial triacylglycerols values were not
provided, data after the control condition were used as basal values. In

the case of studies reporting data for multiple time points, only endpoints
for the longest duration were used.

Estimates of the average effect of inulin-type fructans on lipid val-
ues and 95% Cls were initially calculated using both fixed-effect and
random-effect models. Even though the test for heterogeneity was not
significant (P = 0.55), only the results of the more conservative random ef-
fect model are presented because the assumption of heterogeneity implied
by the use of random-effects models is plausible in light of differences in
amounts of active substance, study durations, initial lipid concentra-
tions, and the presence of other covariates (26). Finally, a funnel plot of
the SEs of the studies against their corresponding effect size was drawn to
identify potential publication bias.

Results and Discussion

Characteristics of the studies. Selected characteristics of the
15 studies that met the selection criteria, for a total of 16 com-
patisons, are shown in Table 1. Overall, 290 subjects for each
condition were included in the meta-analysis. Nine studies fo-
cused on men, 1 on women, and the remaining studies included
both sexes. Subjects were either hypercholesterolemic or hyper-
triglyceridemic at baseline in 4 studies (14,19,21,22,24), type II
diabetics in 2 studies (17,20), nonalcohalic fatty liver disease
(NAFLD) patients in 1 study (25), and apparently healthy in-
dividuals in the remaining 9 studies. Eleven of 16 studies used a
crossover design; 2 (19,22) used a parallel, and 3 (15,16,24) a se-
quential design. The test substance was oligofructose in 6 studies
(11,13,17,20,24,25) and inulin of different chain lengths in 8
studies (12,14~16,19,21-23); 1 study (18) used both oligofruc-
tose and inulin in 2 separate study arms. The average amount of
active substance fed was 14 g/d for oligofructose (range 8-20) and
14.2 g/d for inulin (range 4-32). In 1 study inulin-type fructans
were fed together with probiotic microorganisms (13). The test
substance was administered either as sweetener or powder con-
sumed alone or added to drinks, or as an ingredient of spreads
(12,14), biscuits (11), breakfast cereals (16), orange juice (18),
or fermented milk (13,15) products. The trials varied in length
from 21 to 64 d, with a median duration of 28 d, a rime considered
sufficient to observe dietary-induced effects on blood lipids (27).

TABLE 1 Characteristics of the 15 studies, including 16 comparisons

Subjects, n Study
Study Year  (paralle!l arms) Gender Design Treatment Amount Vehicle length Status
Luo 1996 12 Males cT Oligofructose 20 Biscuit 28 Norm.
Pedersen 1997 66 Females CT Inulin 14 Spread 28 Norm.
Davidson 1998 21 Males/Females cT Inulin 18 Chocolate, spreads, sweeteners 42 Med. hyperchol
Schaafsma 1998 30 Males cT Oligofructose 84 Fermented milk 21 Norm.
Alles 1999 20 Males/Females CT Qligofructose 15 Sweetener 21 NIDDM
Brighenti 1999 12 Males SEQ Inulin ] Breakfast cereals 28 Norm,
Jackson 1999 54 (27/27) Males PA Inulin 10 Sweetener 56 Mod. hyper-TG
Kruse 1999 8 Males/Females SEQ Inulin 22-34 Added to yogurt 64 Norm.
van Dokkum 1 1999 12 Males LS Oligofructose 15 Sweetener (orange juice) 21 Norm.
van Dokkum 2 1999 12 Males LS Inulin 15 Sweetener {orange juice) 21 Norm.
Causey 2000 12 Males cT Inulin 20 lce cream 21 Mod. hyper-TG
Luo 2 2000 10 Males/Females ) Oligofructose 20 Sweetengr 28 NIDDM
Balcazar-Muncz 2003 12 (8/6) Males PA Inulin 4 Sweetener 28 Mod. hyper-TG
Letexier 2003 8 Males/Females CT Inulin 10 Sweatener 21 Norm.
Giacco 2004 27 Meales/Females SEQ Oligofructose 10,6 Sweetener 60 Med. hyperchol
Daubioul 2005 7 Males CT Oligofructose 8 Sweetener 56 NAFLD/NASH

Design: CT = crossover; SEQ = sequential; PA = parallel; LS = crossover with more than 2 treatments, Latin square assignment. Status: Norm: normals; Mod. hyperchol =
moderately hypercholesterolemic; Mod. hyper-TG = moderately hypertriglyceridemic; NIDDM = noninsufin dependent diabstes mellitus; NAFLD/NASH = nonalcoholic fatty fiver

disease, nonalcoholic steatohepatitis.
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FIGURE 1 Net change (and 95% CI) in triacylglycerols associated
with consumption of inulin-type fructens. SMD, standardized mean
difference; random, random-effect modsl. The horizontal lines denote
the 85% Cls. The diamond represents the overall summary estimate.

Changes in serum lipid concentrations. For the 16 compari-
sons, including only the longest intervention period, triacylglycerols
decreased in the group containing inulin-type fructans compared
with the corresponding control group in 13 (81%) of the com-
parisons (Fig. 1). Study data are summarized in Table 2. Overall,
the intervention with inulin-type fructans significantly decreased
serum triacylglycerols by ~0.17 mmol/L (95% CI: —0.33, —0.01;
Z = 2.02, P < 0.04), or 7.5%. The funnel plot of the effects on
total cholesterol by SE in 16 comparisons of inulin-type fructans
indicated o significant publication bias (data not shown).

Discussion

This is the first quantitative review of randomized clinical trials
ylelding information on the effect of fructans on serum triacyl-
glycerols. The meta-analysis showed that the intake of inulin-
type fructans, iLe., inulin and oligofructose, was associated with
a significant decrease (—0.17 mmol/L) in serum triacylglycerol con-
centrations. These findings are based on data of 15 individual
published reports, in which 81% of trials showed an association
between intake of inulin-type fructans and decrease in lipid con-
centrations, although significantly in only § studies (16,19,21-23).
The substantial homogeneity among studies suggests that changes
associated with ingestion of inulin-type fructans do not depend
on the condition of the subject (i.e., the initial lipid status) or on
the type of inulin-type fructan fed, and an effect could potentially
be seen across conditions in the majority of the subjects consum-
ing fructans in their diet. Regarding the clinical significance of
this finding, the extent of reduction in triacylglycerols (~7.5%)
is relatively small when compared with the effect ( ~—27%) of
both sustained weight loss (28) and fish oil consumption (29),
not to mention comparisons with drug treatments specifically
aimed at lowering lipids or treating insulin resistance. However,
the reduction in serum triacylglycerols is well comparable with
other dietary and behavioral strategies, such as the result (—8.3%)
of the treatment with moderate-carbohydrate, high-fiber vs.
moderate-carbohydrate, low-fiber diets in diabetic patients (30),
the result (~7.3%) of the use of soy protein containing isofla-
vones (31}, or the effect (—5% and ~9%) observed after sustained
aerobic exercise in women (32) and men (33), respectively.

The biological mechanisms by which inulin-type fructans are
able to reduce serum triacylglycerols in humans remain obscure,
even though studies in different animal models have clearly shown
that 2 down-regulation of hepatic lipogenesis could play a role
(5,6). Because inulin-type fructans are not absorbed, and, at least
in humans, they have no effect on postprandial blood glucose
(16,21,24) but can inconsistently either raise (21) or lower {24)
insulin response, it is likely that their effects are mediated by
events related to colonic fermentation.

TABLE 2 Changes in triacylglycerols compared with initial values, standardized weights and effect size (95% Cl)

associated with consumption of fructans

A Treatment A Control

Study Year n Mean sD n Mean SD Variance Weight Effect size 95% Cl start 95% €l end SE

Luo 1998 12 0.10 0.42 12 (.08 0.22 0.1734 405 0.5184 ~0.2977 1.3345 0.4164
Pedersen 1997 86 002 035 86 0.03 037 0.0303 23.16 ~0.0276 ~(.3688 0.3136 0.1741
Davidson 1598 21 —005 051 21 005 070 0.0956 7.34 ~0.1602 ~0.7661 0.4457 0.3092
Schaafsma 1998 30 008 075 30 013 072 0.0667 10.52 -0.0671 -0.5733 0.4391 0.2583
Alles 1993 20 —-025 136 20 -0.37 1.20 0.1001 7.01 0.0917 ~0.5284 0.7118 0.3164
Brighenti 1989 12 -0.23 0.24 12 0.00 0.27 0.1885 378 ~(.8634 —~1.7135 -0.0252 0.4307
Jackson 1999 27 ~0.17 0.37 27 0.18 0.49 0.0807 8.89 —0.8172 —1.3741 ~0.2602 0.2842
Kruse 1999 8 020 028 8 020 024 0.2500 2.81 0.0000 ~(.9800 0.9800 0.5000
van Dokkum 1 1998 12 —0.11 0.58 12 0.00 0.85 0.1874 419 —0.1724 -(0.9743 0.6295 0.4082
van Dokkum 2 1999 12 -0.08 061 12 0.00 0.85 0.1671 420 ~-0.1379 ~0.9391 0.6634 0.4088
Causey 2000 12 —0.45 1.93 12 0.00 2.10 0.1678 4.18 —0.2154 ~1.0184 0.5875 0.4097
luo 2 2000 10 0.16 0.47 10 0.29 0.35 0.2028 3.46 ~0.3005 —1.1831 0.5822 0.4503
Balcazar-Munoz 2003 8 —0.73 0.68 6 ~0.40 0.69 0.1721 2.03 ~{.4447 ~1.5369 0.7075 05878
Letexier 2003 8 -0.15 0.24 8 0.00 0.26 0.2633 2.87 ~(.5668 -1.5728 0.4389 0.5131
Giacco 2004 27 1.83 0.71 27 1.56 0.53 0.0741 9.47 —0.0472 ~{.5807 0.4863 0.2722
Daubiout 2005 7 ~{.35 0.56 7 —0.18 0.52 0.2893 2.43 —0.2694 ~1.3236 0.7848 0.5379
Combined — 290 — — R — e —_ 100 -0.1693 -0.3335 -0.0051 0.0838
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Vogt et al. (34) reported that 25 g/d of the fermentable sugars
lactulose and L-thamnose reduce serum triacylglycerols and
their rates of synthesis. Similarly, Letexier et al. (23) reported a
reduction in hepatic lipogenesis together with a reduction in se-
rum triacylglycerols in healthy subjects fed 10 g/d of inulin. A
SCFA of colonic origin, and specifically of propionic acid, in the
inhibition or down-regulation of liver lipogenic pathways has
been suggested (35) but is still speculative. A second mechanism
could be related to altered secretion of gastrointestinal hormones
induced by the presence and/or fermentation of nutrients and
fibers in the distal gut. Of some interest may be the finding that
surgically induced malabsorption has a major impact on altered
lipid metabolism that is not completely explained by a normal-
ization in body weight. As an example, Roux-en-Y gastric bypass
for the treatment of morbid obesity is effective in reversing
NAFLD and in normalizing VLDL-TG secretion rates in obese
patients despite a final BMI still in the range of morbid obesity
(41 % 5) (36). Moreover, biliopancreatic diversion, a procedure
that induces severe malabsorption, is able to reverse insulin
resistance and normalize altered blood lipids much faster than
gastric bypass and long before normalization of body weight
(37). Bariatric surgery is also able to normalize the low levels of
glucagon-like peptide 1 (GLP-1) that can be seen in obese pa-
tients compared with normal-weight controls (38). In addition
to the effect of weight loss, this might suggest a role of more dis-
tal absorption and/or of increased malabsorption of nutrients to
the colon in regulating GLP-1 and other gastrointestinal peptides.

Recently, it has been shown that infusion of GLP-1 during the
meal completely abolishes the rise in postprandial triglyceride-
mia in healthy volunteers (39).

Inulin and oligofructose increase colonic and portal GLP-1
levels in rats (40) and mice (41), and the addition of sodium
propionate and fat to a pasta meal increases postprandial GLP-1
levels in normal volunteers (42). However, the addition of the
less fermentable psyllium (42) and cereal (43,44) fibers to a meal
does not modify postprandial GLP-1 levels, thus suggesting that
the rate of fermentability of undigested carbohydrate and/or
their SCFA profile could play a major role.

Literature Cited

1. Ballantyne CM, Olsson AG, Cook TJ, Mercuri ME Pedersen TR,
Kjekshus J. Influence of low high-density lipoprotein cholesterol and
elevated triglyceride on coronary heart disease events and response to
simvastatin therapy in 4S. Circulation. 2001;104:3046-51.

2. Fruchart JC, Duriez P. HDL and triglyceride as therapeutic targets. Curr
Opin Lipidol. 2002;13:605-16.

3. Lichtenstein AH, Appel L], Brands M, Carnethon M, Daniels S, Franch
HA, Franklin B, Kris-Etherton P, Harris WS, et al. Diet and lifestyle
recommendations revision 2006: A scientific statement from the Amer-
ican heart association nutrition committee. Circulation. 2006;114:82-96.

4. Roberfroid M. Dietary fiber, inulin, and oligofructose: a review com-
paring their physiological effects. Crit Rev Food Sci Nutr. 1993;33:103-48.

5. Delzenne NM, Daubioul C, Neyrinck A, Lasa M, Taper HS. Inulin and
oligofructose modulate lipid metabolism in animals: review of biochem-
ical events and future prospects. Br J Nutr. 2002;87: Suppl 2:5255-9,

6. Beylot M. Effects of inulin-type fructans on lipid metabolism in man
and in animal models. Br | Nutr. 2005;93: Suppl 1:5163-68.

7. Pereira DIA, Gibson GR. Effects of consumption of probiotics and
prebiotics on serum lipid levels in humans. Crit Rev Biochem Mol Biol.
2002;37:259-~81.

8. Williams CM. Effects of inulin on lipid parameters in humans. J Nutr,
1999;129: Suppl 7:14718-738,

9. Williams CM, Jackson KG. Inulin and oligofructose: Effects on lipid
metabolism from human studies. Br ] Nutr. 2002;87: Suppl 2:5261-64.

10. Davidson MH, Maki KC. Effects of dietary inulin on serum lipids. ] Nutr.
1999;129: Suppl 7:14745-775.

11

12.

13.

14.

15.

16.

17.

18.

19,

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Luo [, Rizkalla SW, Alamowitch C, Boussairi A, Blayo A, Barry JL,
Laffitte A, Guyon E Bornet FR, Slama G. Chronic consumption of
short-chain fructooligosaccharides by healthy subjects decreased basal
hepatic glucose production but had no effect on insulin-stimulated
glucose metabolism. Am J Clin Nutr. 1996;63:939-45.

Pedersen A, Sandstrom B, Van Amelsvoort JM. The effect of ingestion
of inulin on blood lipids and gastrointestinal symptoms in healthy
females. Br J Nutr. 1997:78:215-22.

Schaafsma G, Meuling WJ, van Dokkum W, Bouley C. Effects of 2 milk
product, fermented by Lactobacillus acidophilus and with fructo-
oligosaccharides added, on blood lipids in male volunteers. Fur J Clin
Nutr, 1998;52:436-40.

Davidson MH, Maki KC, Synecki C, Torri SA, Drennan KB, Effects of
dietary inulin on serum lipids in men and women with hypercholester-
olemia. Nutr Res. 1998;18:503~17.

Kruse HP, Kleessen B, Blaut M. Effects of inulin on faecal bifidobacteria
in human subjects. Br | Nutr. 1999;82:375--82.

Brighenti F, Casiraghi MC, Canzi E, Ferrari A. Effect of consumption of
a ready-to-cat breakfast cereal containing inulin on the intestinal milieu
and blood lipids in healthy male volunteers. Eur J Clin Nutr. 1999;53:
726~33.

Alles MS, de Roos NM, Bakx JC, van de Lisdonk E, Zock PL, Hautvast
GA. Consumption of fructooligosaccharides does not favorably affect
blood glucose and serum lipid concentrations in patients with type 2
diabetes. Am J Clin Nutr. 1999;69:64--9.

van Dokkum W, Wezendonk B, Srikumar TS, van den Heuvel EG. Effect
of nondigestible oligosaccharides on large-bowel functions, blood lipid
concentrations and glucose absorption in young healthy male subjects.
Eur J Clin Nutr. 1999;53:1-7.

Jackson KG, Taylor GR}, Clohessy AM, Williams CM. The effect of the
daily intake of inulin on fasting lipid, insulin and glucose concentrations
in middle-aged men and women. Br J Nutr, 1999:82:23-30.

Luo J, Van Yperselle M, Rizkalla SW, Rossi F, Bornet ¥R, Slama G.
Chronic consumption of short-chain fructooligosaccharides does not
affect basal hepatic glucose production or insulin resistance in type 2
diabetics. J Nutr. 2000;130:1572~7.

Causey JL, Feirtag JM, Gallaher DD, Tungland BC, Slavin JL. Effects of
dietary inulin on serum lipids, blood glucose and the gastrointestinal
environment in hypercholesterolemic men. Nutr Res, 2000;20:191-201.
Balcazar-Munoz BR, Martinez-Abundis E, Gonzalez-Ortiz M. [Effect of
oral inulin administration on lipid profile and insulin sensitivity in sub-
jects with obesity and dyslipidemia]. Rev Med Chil. 2003;131:597-604.
Letexier D, Diraison F, Beylot M. Addition of inulin to a moderately
high-carbohydrate diet reduces hepatic lipogenesis and plasma triacyl-
glycerol concentrations in humans. Am ] Clin Nutr. 2003;77:559-64.
Giacco R, Clemente G, Luongo D, Lasorella G, Fiume I, Brouns F
Bornet F, Patti L, Cipriano P, et al. Effects of short-chain fructo-
oligosaccharides on glucose and lipid metabolism in mild hyper-
cholesterolaemic individuals. Clin Nutr (Edinb). 2004:23:331-40.
Daubioul CA, Horsmans Y, Lambert P, Danse E, Delzenne NM. Effects
of oligofructose on glucose and lipid metabolism in patients with non-
alcoholic steatohepatitis: results of a pilot study. Eur ] Clin Nutr. 2005,
59:723-6.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin
Trials, 1986;7:177-88.

Mensink RP, Aro A, Den Hond E, German JB, Griffin BA, ten Meer HU,
Mutanen M, Pannemans D, Stahl W, PASSCLAIM - Diet-related car-
diovascular disease. EBur J Nutr. 2003;42: Suppl 1:16-27.

Anderson JW, Kendall CWC, Jenkins DJA. Importance of weight
management in Type 2 diabetes: Review with meta-analysis of clinical
studies. | Am Coll Nur. 2003;22:331~9.

Balk EM, Lichtenstein AH, Chung M, Kupelnick B, Chew P, Lau J.
Effects of omega-3 fatty acids on serum markers of cardiovascular dis-
ease risk: a systematic review. Atherosclerosis. 2006;189:19-30.
Anderson JW, Randles KM, Kendall CWC, Jenkins DJA. Carbohydrate
and fiber recommendations for individuals with diabetes: a quantitative
assessment and meta-analysis of the evidence. ] Am Coll Nutr, 2004;23:
§~17.

Zhan §, Ho SC. Meta-analysis of the effects of soy protein containing
isoflavones on the lipid profile. Am ] Clin Nutr. 2005;81:397-408.
Kelley GA, Kelley KS, Tran ZV. Aerobic exercise and lipids and
lipoproteins in women: A meta-analysis of randomized controlled trials.
J Womens Health (Larchmt). 2004;13:1148-64.

Fructans and serum triacylglycerols  2555S

Supplied by The British Library - "The world's knowledge"

pepEoUMO(]

nu-uf woy

+:

2002 'y Jequisaon uo (X-0SQ) Aeigl usiug 1e Bio uol



.

/N THE JOURNAL OF NUTRITION

i

33.

34,

35.

36.

37.

38.

Kelley GA, Kelley KS. Aerobic exercise and lipids and lipoproteins in
men; A meta-analysis of randomized controlled trials. Journal of Men’s
Health and Gender. 2006;3:61-70.

Vogt JA, Ishii-Schrade KB, Pencharz PB, Jones PJH, Wolever TMS.
L-Rhamnose and lactulose decrease serum triacylglycerols and their
rates of synthesis, but do not affect serum cholesterol concentrations in
men. | Nutr. 2006;136:2160~6.

Wolever TMS, Spadafora PJ, Cunnane SC, Pencharz PB. Propionate
inhibits incorporation of colonic [1,2-'*Clacetate into plasma lipids in
humans. Am | Clin Nutr, 1995;61:1241-~7.

Klein S, Mittendorfer B, Eagon JC, Patterson B, Grant L, Feirt N, Seki
E, Brenner D, Korenblat K, McCrea J., Gastric bypass surgery improves
metabolic and hepatic abnormalities associated with nonalcoholic fatty
liver disease. Gastroenterology. 2006;130:1564~72.

Muscelli E, Mingrone G, Camastra S, Manco M, Pereira JA, Pareja JC,
Ferrannini E, Differential effect of weight loss on insulin resistance in
surgically treated obese patients. Am ] Med. 2005;118:51-7.

Fetner R, McGinty J, Russell C, Pi-Sunyer FX, Laferrere B. Incretins,
diabetes, and bariatric surgery: a review. Surg Obes Relat Dis. 2005;1:
589-97.

25665  Supplement

40.

41.

42.

43.

44,

. Meier J], Gethmann A, Gotze O, Gallwitz B, Holst JJ, Schmidt WE,

Nauck MA. Glucagon-like peptide 1 abolishes the postprandial rise in
triglyceride concentrations and lowers levels of non-esterified fatty acids
in humans, Diabetologia. 2006:49:452-8.

Delzenne NM, Cani PD, Daubioul C, Neyrinck AM. Impact of inulin
and ocligofructose on gastrointestinal peptides. Br | Nutr. 2005;93:
Suppl 1:5157-61.

Delmée E, Cani PD, Gual G, Knauf C, Burcelin R, Maton N, Delzenne
NM. Relation between colonic proglucagon expression and metabolic
response to oligofructose in high fat diet-fed mice. Life Sci. 2006;79:
1007-13.

Frost GS, Brynes AE, Dhillo WS, Bloom SR, McBurney M1, The effects
of fiber enrichment of pasta and fat content on gastric emptying, GLP-1,
glucose, and insulin responses to a meal. Eur J Clin Nutr. 2003;57:293--8.
Juntunen KS, Niskanen LK, Liukkonen KH, Poutanen KS, Holst JJ,
Mykkanen HM. Postprandial glucose, insulin, and incretin responses to
grain products in healthy subjects. Am J Clin Nutr, 2002;75:254-62,
Weickert MO, Mohlig M, Koebnick C, Holst JJ, Namsolleck P, Ristow
M, Osterhoff M, Rochlitz H, Rudovich N, et al. Impact of cereal fibre
on glucose-regulating factors. Diabetologia. 2005;48:2343-53.

Supplied by The British Library - "The world's knowledge"

2002 *vi J9quisAoN uo (6X-0SQ) Aeiqr ushug 18 610 uonunuul Woll pepesiuMog





