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ARTICLE INFO ABSTRACT

Keywords: Background & objective(s): Obesity is a worldwide epidemic and a common medical condition associated with a
Beta-glucan variety of chronic diseases. Cereal beta-glucans are soluble fibers with potential health benefits. A number of
Weight randomized controlled trials (RCTs) have investigated the effect of cereal beta-glucan consumption on weight,
BMI

but these results have not been summarized in a meta-analysis. The purpose of this study was to investigate the
effect of cereal beta-glucan consumption on body weight, body mass index, waist circumference and a total
energy intake.

Methods: Studies were identified using MEDLINE/PubMed, Scopus and Cochrane databases. Screening of re-
levant articles and references was carried out until December 2018. There were no language restrictions. This
systematic review and meta-analysis was performed using the Preferred Items for Reporting of Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.

Results: Twenty eligible studies were identified and analyzed. Our study found a significant reduction in body
weight and body mass index (BMI) following beta-glucan consumption (weighted mean difference [WMD]:
—0.77 kg, 95% CL: —1.49, —0.04) and (WMD: —0.62 kg/cmz, 95% CI: —1.04, —0.21), respectively. There was
no significant effect on waist circumference and energy intake. A subgroup analysis showed that a beta-glucan
dose of = 4 g/day lead to an increase in energy intake.

Conclusion: The findings of this study indicates that cereal beta-glucan consumption seems to decrease body
weight and BMI, but has no effect on waist circumference and energy intake.

Waist circumference
Energy intake

1. Introduction and poses some serious challenges to healthcare systems > The pre-
valence of obesity is on the rise, contributing to the progression of many
Obesity affects roughly 11% of men and 15% of women worldwide chronic diseases like hypertension, diabetes, cardiovascular diseases
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and cancer.®* Environmental, behavioral, biological, nutritional and
genetic factors are major drivers of obesity.”'° The effects of dietary
fiber on weight loss have been long established.'" Soluble fibers tend to
increase the upper gastrointestinal transit time and stimulate chole-
cystokinin (CCK) secretion.'® Because of their lower energy density,
dietary fibers also promote short-term satiety up to 39 percent '*>~'> As
soluble fibers, cereal beta-glucans with 3-(1,4) and B-(1,3) glucosidic
linkages can potentially improve health outcomes.'®'” Barley and oats
contains higher amounts of beta-glucans (41.6 g/kg and 34.9 g/kg, re-
spectively) compared to wheat (4.8 g/kg).'® The effect of cereal beta-
glucan on low-density lipoprotein—cholesterol (LDL) and apoB lipo-
protein has been previously reported.'® It is also associated with re-
duced fasting insulin, glucose levels and Hemoglobin Alc (HbAlc)
concentrations.>’ However, studies evaluating the effects of beta-glu-
cans on body weight, Body mass index (BMI), waist circumference and
total energy intake are inconclusive and somewhat controversial.

Evidence from clinical trials suggest that beta-glucan intake can
reduce body weight, BMI, waist circumference (WC) and total energy
intake 2'~>> While others provide evidence of the contrary ***° A ran-
domized controlled trial (RCT) conducted by Tessari et al, evaluated the
effects of beta-glucan on diabetic patients. The authors showed an in-
crease in weight from 72.9kg to 73.9 kg among participants who re-
ceived beta-glucan bread.>* On the contrary, Villasmil et al. reported a
7.5 percent reduction in weight among participants who received beta-
glucan supplementation *° Due to the questionable nature of the results
and their ambiguity, we conducted a meta-analysis of RCTs to sum-
marize the effect of cereal beta-glucan’ consumption on body weight,
BMI, waist circumference and a total energy intake.

2. Methods
2.1. Literature search

This meta-analysis was carried out following recommendations of
the Preferred Reporting Items for Systematic review and Meta-Analyses
(PRISMA) guidelines  Two independent reviewers (JR) and (HKV)
searched MEDLINE/PubMed, Scopus and Cochrane databases from in-
ception up to December 2018, using a combination of MeSH terms and
keywords. In addition, a manual hand searching was performed by
screening references cited in the articles retrieved, related review ar-
ticles and meta-analyses. An email alert service was also activated to
avoid missing any new articles that may be published after our search
was run. No date or language restrictions were applied. Any disagree-
ments were resolved either by a discussion or with a senior author
(AHD). The search strategy has been provided as a supplement material
(Supplementary Table 1).

2.2. Selection criteria

To be eligible for inclusion, studies were randomized controlled
trials (RCTs) with either parallel or cross-over designs that evaluated
the effects of cereal beta-glucan on energy intake, body weight, BMI or
waist circumference for greater than a week, among adults (age = 18
years). Animal or in-vitro studies, and non-original papers were not
eligible and therefore excluded. We also excluded multiple-component
interventions (i.e. interventions that incorporated factors other than
beta-glucan), unless separate groups of study participants receiving
beta-glucan were distinguished from other factors that were evaluated
(Fig.1). Authors were contacted for missing information and when ad-
ditional details of selected articles were required.

2.3. Statistical analyses
All statistical analyses were performed using STATA software ver-

sion 12 (STATA Corp, Collegel119 station, Texas). We evaluated the
extent to which beta glucan changed the following outcomes: body
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weight, BMI, waist circumference and a total energy intake. If studies
did not report SD of the mean difference, it was calculated as follows:
Schhange = SD?baseline + SD*final — (2 X Corr X SDbaseline X
SDfinal); a correlation coefficient of 0.5 was designated as a con-
servative estimate between 0 and 1 *®

Heterogeneity of studies was assessed using the I-squared (%) sta-
tistics. A random-effects model was used if heterogeneity was more
than 50%, to calculate the pooled weighted mean difference (WMD).
Publication bias was visually assessed using funnel plots and statisti-
cally with Egger’s regression test 2° If evidence of publication bias was
detected, we used the trim and fill approach *° to generate a pooled
estimate that accounted for unpublished negative findings. For sensi-
tivity analysis, leave-one-out method was used to determine the impact
of each study on inferences. To identify the source(s) of heterogeneity,
pre-defined subgroup analyses were performed. Age, dose of beta-
glucan, type of beta-glucan in test foods (1- test foods containing [3-
glucan cereals 2- test foods containing the isolated B-glucan), and BMI
were considered as pre-defined sources of heterogeneity. Dose-response
analysis was performed to investigate the effect of beta-glucan dose on
anthropometric changes. The quality of included studies were assessed
for risk of bias using the Cochrane collaboration’s tool for quality as-
sessment of randomized control trials.>'

3. Results
3.1. Study selection

The flow diagram of the study is outlined in Fig. 1. A total of 1746
reports were initially identified after removing duplicate studies. After
title and abstract screening, we excluded 1634 from the 1746 articles
that did not meet our inclusion criteria. One hundred and twelve full-
text articles were retrieved for detailed full-text evaluation. Of these, 92
studies were excluded based on the eligibility criteria, providing a total
of 20 studies for inclusion in this meta-analysis 2*>%2%26:32-47

3.2. Study characteristics

The mean age of participants from studies included in this review
was 45.52 + 14.02 years for the intervention group and
45.36 = 14.03 years in the placebo group. For the intervention group,
mean body weight, BMI and waist circumference was 77.51 + 4.51kg,
27.08 *+ 2.03kg/m? and 91.45 + 7.30 cm, respectively. For the pla-
cebo group, mean body weight, BMI and waist circumference in the
intervention group were 77.35 = 4.61kg, 27.86 + 1.87kg/m? and
91.87 * 5.29 cm, respectively **%%%5:26-32-47 Eour studies were con-
ducted in Asia ?>>**>*% pine in Europe,>*-*%3%36-38:41:4%45 four in the
America *>?%1%%¢ and three in Australia.’>**>*” Eight studies used
cross-over designs,?>?32526-38:45.47 The mean intervention duration of
the selected studies was 7.40 *= 7.25 weeks and the dose of beta-
glucan varied between 0.88 and 9.9 mg/d. Four studies evaluated the
effect of beta-glucan among overweight and obese people 2-*%3%42
Four studies evaluated the effect of beta-glucan among patients with
T2D or metabolic syndrome. **2>%*! Eight studies evaluated the effect
of the beta-glucan among Hyperlipidemic patients.?®?>3%41:43-96 giy
studies evaluated the effect of beta-glucan among otherwise healthy
participants, >%2%25:37:38:40 gee Tablel for details on the characteristics
of the included studies.

3.3. Meta-analysis

We did not identify any significant statistical heterogeneity among
studies that explored the effect of beta-glucan on weight (I> = 40.0%)
and BMI (12 = 00.0%). Forest plots of the effect of beta-glucan on
weight and BMI are illustrated in Fig. 2 and 3Figures 2 and 3 , re-
spectively. Overall, there was a significant reduction in weight (WMD:
—0.77 kg, 95% CI: —1.49, —0.02) and BMI (WMD: -0.62 kg/cm?, 95%
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Fig. 1. PRISMA flow diagram.

CI —1.04, —0.21) in all studies after intervention 21:26:33-3538,39,41-48 o

significant reduction in weight (WMD: —1.34kg, 95% CI: —2.27,
-0.41) was identified from studies comparing the effect of the inter-
vention among overweight and obese participants.

Five studies reported waist circumference as an outcome measure
32,34,35,42,43 pogled results showed no significant effect of beta-glucan in
the reduction of waist circumference (WMD: —0.20cm, 95% CI:
—0.59, 0.18). There was no significant heterogeneity across interven-
tions (I? = 0.00) (Fig. 4).

Energy intake was reported as an outcome measure in nine studies
22,23,25,36,37,39,40,42:41 pooled results using a random-effects model
showed that consumption of beta-glucan was not significantly asso-
ciated with reduction in energy intake (WMD 8.18 Kcal, 95% CI: -36.95,
53.30), with significant heterogeneity between studies (I> = 74.8%)
(Fig. 5).

3.4. Subgroup analyses

Subgroup analyses for weight, BMI, and energy intake based on type
of beta-glucan in test foods did not show any significant difference
among studies that used test foods containing B-glucan cereals and test
foods containing the isolated -glucan (Fig. S1).
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Table 2 outlines the effect of beta-glucan on energy intake, based on
age, BMI and dose of beta-glucan. There was no significant hetero-
geneity for the impact of beta-glucan on energy intake when sub-
grouped by BMI, dose, and age. This subgroup analysis showed that
beta-glucan dose, greater than 4 g, (WMD: 67.55, 95% CI: 8.12, 126.97)
increased energy intake more than lower doses (WMD: —23.88 (95%
Cl: —82.58, 34.81). Furthermore, beta-glucan consumption among
overweight and obese participants is related with increased energy in-
take (WMD: 49.72 (95% CI = 19.08, 80.37).

3.5. Sensitivity analysis

The effect sizes for the influence of beta-glucan on body weight, WC
and energy intake were robust in the sensitivity analysis, suggesting
that omission of each trial didn’t have a significant effect on the results
(Fig. S2).

3.6. Dose response analysis

Dose response analysis revealed an association between the dose
and the effect of beta-glucan on weight (slope: —0.44; p = 0.01), BMI
(slope: —0.21; p = 0.40) and energy intake (slope: 141.53; p = 0.37).
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Study %

D WMD (95% Cl) Weight
i

Tessari, P. (2017) —i——o— 170 (-1.10,450) 552

Aoe, S. (2017) — ! 1.00(2.25,025) 1620

Tabesh, F. (2014) i -0.60 (-7.28, 6.08) 1.14

Ibrugger, S. (2013) #:o— -0.20(-2.78,2.38) 633

Charlton, K. E. (2012) Er 070 (-7.01,5.61) 127

Beck, E. J. (2010) : -0.30 (-4.86, 4.26) 2.34

Theuwissen, E. (2007) i 0.05(-328,3.38) 4.1

Reyna-Villasmil, N. (2007) —O—E- -2.00 (-3.51,-0.49)  13.21

Queenan, K. M. (2007) _°_§ 210(-3.28,-092) 17.12

Keogh, G. F. (2003) —E—o— 0.20(-3.08,348) 423

Velikonja, A. (2019) i—’- -0.18 (-0.57,0.21)  28.55

Overall (I-squared =40.0%, p = 0.082) Q -0.77 (-1.49, -0.04) 100.00
|

NOTE: Weights are from random effects analysis i

T T

-728

=3

728

Fig. 2. Meta-analysis of effect of beta glucan on body weight.

Weight loss with beta-glucan consumption can be achieved within safe
thresholds of up to 6 g per day (Fig.6).

3.7. Publication bias and Risk of bias assessment

Funnel plots of body weight, BMI, WC and energy intake are dis-
played in Figure S3. The shape of funnel plot did not reveal an asym-
metric distribution of studies around the pooled effect size of body
weight, BMI and WC. Publication bias was not significant among stu-
dies evaluating body weight, (The Begg’s: p = 0.93) and Egger’s:
p = 0.57). Publication bias was identified among studies evaluating
BMI, (The Begg’s: p = 0.56 and Egger’s: p = 0.01) and was not iden-
tified among studies evaluating WC (The Begg’s: p = 0.62 and Egger’s:
p = 0.22). The shape of the funnel plot did not reveal an asymmetric
distribution of the studies around the pooled effect size for energy in-
take (The Begg’s: p = 0.53 and Egger’s: p = 0.79). However, fill and
trim analysis showed no significant change in the results (WMD:
-0.75kg/cm?, 95% CL: -1.17, -0.34, n = 8) for BML

Risk of bias assessment plot is displayed in Fig. 7.

4. Discussion

This meta-analysis investigated the effect of beta-glucan

Study

D

Tabesh, F. (2014)

consumption on body weight, BMI, waist circumference and total en-
ergy intake. Our findings mainly suggest that ingestion of beta-glucan
containing products improves weight loss and reduces BMI in the in-
tervention group compared to controls. However, no significant effect
on waist circumference and total energy intake was observed. A sub-
group analysis revealed that total energy intake was increased when the
dose of beta-glucan exceeded 4 g/day. Beta-glucan consumption among
overweight and obese individuals was associated with an increased
energy intake.

Cereal B-glucan is a linear polymer of p-glucose bonded by $-(1,4)
and B-(1,3) glucosidic linkages '” It has been established that beta-
glucan has anti-inflammatory properties. >' Pro-inflammatory agents,
especially TNF-a, contribute to insulin resistance, *° that mostly affects
the brain. Brain insulin resistance is prevalent in regions which control
the appetite. These changes in the brain may contribute to the devel-
opment of obesity. *°

Furthermore, beta-glucan is associated with faster food transit in
upper digestive tract, thus a reduction of insulin response and post-
prandial glucose levels are expected °' Beta-glucan reduces weight,
altering the secretion of gut hormones in favor of weight loss by de-
creasing the absorption of fat and glucose, increasing fermentation
(Figure S4) 52-54 gtudies have shown that beta-glucan improves the
hepatic glycogen level and insulin sensitivity >® Furthermore, it inhibits

%

Cugnet-Anceau, C. (2010)

Shimizu, C. (2008)

WMD (95% Cl) Weight
-0.20 (-2.35, 1.95) 372
-0.18 (-2.12, 1.76) 4.60
-0.30 (-1.96, 1.36) 6.28

Birklund, M. (2008)

i

i

i

1

i

i

|

|

i

i

i

i

i

I

i

T

i

|
Reyna-Villasmil, N. (2007) —_—

0.00 (-1.83, 1.83)
-0.80 (-1.31, -0.29) 66.77

13.50

1
1
1
!
T
1

<>

T
1
1
1
|
1
1

Aoe, S. (2017)

Overall (I-squared = 0.0%, p = 0.907)

NOTE: Weights are from random effects analysis

-0.40 (-1.53, 0.73)

-0.62 (-1.04, -0.21) 100.00

T
-2.35

0

T
235

Fig. 3. Meta-analysis of effect of beta glucan on BMI.
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Study %

D WMD (95% CI) Weight
T
I

Tabesh, F. (2014) : -0.00 (-5.45, 5.45) 0.50
i
1
|

Beck, E. J. (2010) - -0.30 (-4.11, 3.51) 1.02
i
1

Shimizu, C. (2008) : -1.80 (-6.40, 2.80) 0.70
1
i
|

Aoe, S. (2017) " -0.80 (-3.90, 2.30) 155
i
I

Velikonja, A. (2019) - -0.18(-0.57,0.21) 96.23
|

Overall (I-squared = 0.0%, p = 0.960) Q -0.20 (-0.59, 0.18) 100.00
Yy
I
|
1

NOTE: Weights are from random effects analysis |
I

T . T
-6.4 0 6.4

Fig. 4. Meta-analysis of effect of beta glucan on Waist circumstance.

bile acid re-absorption reducing circulating LDL cholesterol.”®

Beta-glucan can reduce energy density, rate of gastric emptying and
increase fermentation of short chain fatty acid. These mechanistic
processes increase satiety leading to a decrease in fat deposits and an
increase in fat oxidation, reducing body weight and BMI '*°7~>° In-
crease in the fermentation of short chain fatty acid and reduction in
gastric emptying can increase insulin sensitivity, reduce insulin secre-
tion stimulating fat oxidation and reduce fat storage '*°°°> Beta--
glucan also induces satiety and stimulates cholecystokinin release to
reduce appetite °*

In this meta-analysis of 20 RCTs, beta-glucan consumption seems to
have a significant effect on the reduction of body weight and BMI, with
minimal heterogeneity between studies. A meta-analysis by JW
Anderson et al. assessed the effect of recommended carbohydrate and
fiber in patients with diabetes. They concluded that in order to control
body weight, 25-50 g/day of dietary fiber is needed °* supporting the
argument that soluble fibers like beta-glucan, reduce weight and BMI.®°
Another study investigated the consumption of beta-glucan in over-
weight individuals.?® The authors reported improvements in lipid pro-
files that lead to weight loss and lower BMI that could reduce the risk
for cardiovascular diseases.?® Moreover, beta-glucan decreases fat ab-
sorption in the intestine by regulating the activities of 7-alpha-hydro-
xylase, which contributes to the bile acid secretion.®®” In this study,
beta-glucan’s showed no effect on energy intake, but it demonstrated a

decrease in BMI due to reduction in fat absorption in the intestine.®®

Studies investigating the role of other fibers have also shown similar
results in terms of weight loss, serum cholesterol and blood glucose
levels °*7° In a meta-analysis of 21 randomized controlled trials,
dietary fibers were more are likely to lead to reduction in body weight
and BMI 7!

In this meta-analysis, we compared results from 5 RCTs evaluating
the effect of beta-glucan on waist circumference. There was no sig-
nificant reduction in waist circumference and no significant hetero-
geneity was identified between studies. However, insufficient data in
humans makes it difficult to draw conclusions and generalize findings
on the effects of beta-glucan on waist circumference.

When comparing results from 9 RCTs, beta-glucan consumption did
not reduce total energy intake. However, this might have been due to
the significant heterogeneity among studies that provided data on total
energy intake as an outcome measure. A subgroup analysis by dosage
showed that a high dose of beta-glucan (> 4 g) significantly increased
total energy intake. On the contrary, some studies have reported that
beta-glucan consumption has no effect on energy intake *>** and the
rationale behind this is that, the energy content in beta-glucan itself
adds up to the baseline energy intake. Thus, with higher doses of beta-
glucan, it is reasonable to expect increased amount of total energy in-
take. Hartvigsen and colleagues argued that beta-glucan enriched bread
does not affect the secretion of ghrelin and GLP-1, as each gram of beta-

Study %
ID WMD (95% Cl) Weight
Hartvigsen, M. L. (2014) (agl 53.77 (17.68, 89.86) 22.50
Clegg, M. E. (2014) — -51.60 (-279.42, 176.22) 3.41
Aoe, S. (2014) —_— -98.71 (-264.35, 66.93) 579
Akyol, A. (2014) > 14.46 (-9.82, 38.74) 24.42
Charlton K. E. (2012) 587.48 (-211.11, 1386.07) 0.32
Wolever T. M. S. (2010) i 41.00 (18.38, 63.62) 24.65
Beck, E. J. (2010) T 224.19 (-17.18, 465.56) 3.08
Vitaglione, P. (2009) — -172.00 (-260.63, -83.37) 13.06
Biurklund, M. (2008) —_— 129.00 (-126.75, 384.75) 278
Overall (I-squared = 74.8%, p = 0.000) > 8.18 (-36.95, 53.30) 100.00
NOTE: Weights are from random effects analysis
T T
-1386 0 1386

Fig. 5. Meta-analysis of effect of beta glucan on energy intake.
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Results of subgroup analysis of randomized controlled trials included in meta-analysis of beta glucan and energy intake.

Variables Age

Energy intake =40 > 40

No. of comparison 4 5

WMD 95% CI —19.14 43.33
—156.27,117.98 12.39,74.26

p value 0.78 0.01

* (%) 84.4 25.9

BMI Dose

<25 =25 <4 =4

5 4 6 3

—50.11 49.72 —23.88 67.55
—60.62,60.39 19.08,80.37 —82.58,34.81 8.12,126.97
0.37 0.01 0.42 0.02
78.2 29.0 80.2 7.7

WMD, weight mean difference; BMI — body mass index.

A P=0.01 Coef=-0.94
o~ 4
°
o H L]
° I
° "
A °
RE '
T T T T
2 4 6 8 10
Dose_mg
95% Cl predicted _ES
° WMD

Fig. 6. Dose-response analysis of effect of beta glucan on body weight.

glucan contains two keal of energy >%72

There are several strengths and a number of limitations in this meta-
analysis. The main strength of the study was conducting a systematic
review using randomized controlled trials to limit bias and demonstrate
causality. This allowed for subgroup-analysis based on various doses of
beta-glucan and different age groups. Also, a comprehensive search was
conducted to avoid publication bias. A possible limitation however, was
not extending this our search to include unpublished studies and re-
porting quantitative assessment of levels agreement between assessors.
However, no indication of publication bias was identified among studies.
The main limitation we encountered was a small number of studies that
examined the effect of beta glucan on waist circumference. Most studies
did not provided in on blood factors associated with obesity and meta-
bolic syndrome such as total cholesterol, LDL and HDL that are very
important. The association between beta-glucan and lipid profiles was not
explored in this study and need to be evaluated in the future studies.

5. Conclusions

This systematic review and meta-analysis pooled results from 20
RCTs that evaluated the effect of beta glucan consumption on body
weight, BMI, waist circumference and total energy intake. The results of
this study showed that beta-glucan consumption can reduce body
weight and BMI In contrast, a dose of beta-glucan of > 4 g/day in-
creases the amount of a total energy intake. An adequately powered
randomized controlled trial with a long-term follow up is needed to
confirm these results.
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