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[bookmark: _Toc486348337][bookmark: _Toc486406735]Executive Summary
This report covers three separate but related relationships for foods or properties of foods which might affect blood cholesterol: -glucan from oats or barley (as pre-approved in Standard 1.2.7 – Nutrition, Health and Related Claims), oats, and barley.

	Does intake of -glucan from oats or barley affect blood cholesterol concentration?

	Food-health relationship
	Dietary intake of -glucan from oats or barley reduces blood cholesterol concentration

	Degree of certainty (GRADE rating)
	Non-assessable

	Component
	Notes 

	Body of evidence
	57 strata (trial arms) from 54 randomised controlled trials (RCTs), comprised of 46 oat strata and 11 barley strata, were included in the systematic review. No RCT measured the effect of pure β-glucan. All studies, including those which investigated extracted/concentrated oats or barley, included other fibres and food components in addition to -glucan. Therefore, the relationship could not be assessed.

	
Consistency
	
Consistency could not be assessed because there were no trials which would allow the effect of β-glucan to be separated from the effects of other components in the food products.


	Causality
	RCTs are a strong study design for causality. However, because no available RCT used 100% pure β-glucan, no conclusion can be drawn regarding the consumption of β-glucan from oats or barley and reduced blood cholesterol concentration.


	Plausibility
	It is plausible for β-glucan to lower blood cholesterol by increasing viscosity in the gastrointestinal tract, thereby reducing or affecting cholesterol uptake and bile-acid re-uptake, as well as through other effects on cholesterol homeostasis. It is plausible that other fibres or other components in oats or barley also have this effect.

	
Generalisability
	The systematic review included RCTs from Australia and New Zealand, the US, Canada, Europe and Asia published between 1988 and 2013.



The relationship between -glucan from oats or barley and blood cholesterol is in Schedule 2 of Standard 1.2.7 – Nutrition, Health and Related Claims (Australia New Zealand Food Standards Code, 18 January 2013). Schedule 2 lists food-health relationships that can be used to underpin high level health claims. The purpose of this systematic review was to determine the currency of this food-health relationship. In doing this review, FSANZ has followed the requirements of the Food Standards Australia New Zealand Application Handbook and of Schedule 6 of Standard 1.2.7 for the required elements of a systematic review.

No RCT identified in the literature search has assessed the effects of intake of 100% pure -glucan on blood cholesterol concentration. Fifty-four RCTs, containing 57 strata (trial arms), were included in the review. However, as none of the studies tested pure -glucan, they did not directly test the effects of -glucan on blood cholesterol. Therefore, FSANZ considers that the results described in the literature cannot be unequivocally attributed to β-glucan, but can only be attributed to the tested product. In conclusion, the currency of a food-health relationship between -glucan from either oats or barley and blood cholesterol concentration cannot be assessed.

A condition in Standard 1.2.7 for making a claim about -glucan from oats or barley and blood cholesterol specifies that the food must contain wholegrain oats, oat bran or wholegrain barley. FSANZ extended the analysis to separately assess food-health relationships between: 1) oats and blood cholesterol concentration; and 2) barley and blood cholesterol concentration. 
i

	Does intake of oats affect blood cholesterol concentration?

	Food-health relationship
	Dietary intake of wholegrain oats or oat bran reduces blood total and LDL cholesterol concentrations

	Degree of certainty (GRADE rating)
	Total and LDL cholesterol:  High 


	Component
	Notes 

	Body of evidence
	32 randomised controlled trials (RCTs) with 33 strata for oats were included in this systematic review and the oats meta-analysis. 

	Consistency
	The majority of RCTs showed decreased total and LDL cholesterol concentrations after consumption of oats.

	Causality
	RCTs with low risk of bias testing a substantial number of participants is a strong study design for causality. Therefore the meta-analysis results support a causal link between consumption of oats and reduced blood total and LDL cholesterol concentrations.

	Plausibility
	It is plausible that soluble fibre (and/or other factors) in oats reduces blood cholesterol by increasing viscosity in the gastrointestinal tract, thereby reducing or affecting cholesterol uptake and bile-acid re-uptake, as well as through other effects on cholesterol homeostasis.

	
Generalisability
	
The systematic review included RCTs conducted on 2006 participants from Australia, New Zealand, USA, Canada, Europe, Asia and the Middle East published between 1988 and 2014. The effect was demonstrated in both sexes in Australian and New Zealand populations. The effect was evident in normo- and hyper-cholesterolaemic participants.



Oats in this review is limited to oat bran and wholegrain oats that have been processed by basic physical operations such as cleaning, grading, dehulling, drying, cutting, flaking, rolling and grinding (Decker et al. 2014). Thirty-two RCTs for wholegrain oats or oat bran were included in the review, with 33 strata included in the meta-analysis. Other strata were excluded because they used barley, or poorly defined concentrated and heavily processed oat or barley fibre. The meta-analysis showed that consumption of oats significantly changed total and low density lipoprotein (LDL) cholesterol concentrations by -0.22 and -0.21 mmol/L, respectively. However, there was no change (0 mmol/L) in HDL cholesterol concentration.

The relationship between oats and blood total and LDL cholesterol concentrations was shown to be both consistent and causal, with plausible mechanisms to explain the observed effect. Sub-group analysis showed that the effect was similar in men and women. The magnitude of the effect was slightly greater in trials of participants with normal blood cholesterol status (< 5.5 mmol/L blood total cholesterol) compared with trials of participants with high blood total cholesterol (≥ 5.5 mmol/L), though this difference was not statistically significant. The effect was present in high quality studies. There was no effect of source funding on the effects described.  

The body of evidence demonstrates that the relationship between oats and reduction of blood total and LDL cholesterol concentrations is substantiated with a ‘High’ degree of certainty.
	Does intake of barley affect blood cholesterol concentration?

	Food-health relationship
	Dietary intake of wholegrain barley reduces blood total and LDL cholesterol concentrations

	Degree of certainty (GRADE rating)
	Total and LDL cholesterol:  Moderate

	Component
	Notes 

	Body of evidence
	7 randomised controlled trials (RCTs) with 7 strata for barley were included in this systematic review and the barley meta-analysis. 

	Consistency
	All studies showed a decrease in total cholesterol and the majority showed a decrease in LDL cholesterol concentration after consumption of barley, although not all results were statistically significant.

	Causality
	A RCT is a strong study design for causality. However, fewer than 200 participants were tested across 7 trials. Therefore, although the meta-analysis results support a link between consumption of barley and reduced blood total and LDL cholesterol concentrations, the relationship did not achieve a high degree of certainty. 

	Plausibility
	It is plausible that soluble fibre (and/or other factors) in barley lowers blood cholesterol by increasing viscosity in the gastrointestinal tract thereby inhibiting cholesterol uptake and bile-acid re-uptake, as well as through other effects on cholesterol homeostasis.

	Generalisability
	The systematic review included RCTs conducted on 185 participants from Australia, the US, Europe and Asia published between 1989 and 2014. The effect was seen in normo- and hyper-cholesterolaemic participants; however only 24 people with normal cholesterol concentrations were tested.



Barley in this review is limited to wholegrain barley and barley products that have been processed using basic physical operations such as cleaning, grading, dehulling, drying, cutting, flaking, pearling, rolling and grinding (Newman and Newman 2008). Seven RCTs were included in the review, with 7 strata included in the meta-analysis. Other strata from the review were excluded because they used oats or poorly defined concentrated and heavily processed barley or oats fibre. The meta-analysis demonstrated that consumption of barley significantly changed total and LDL cholesterol concentrations by -0.32 and -0.25 mmol/L, respectively. In contrast, there was no significant effect on HDL cholesterol concentration (-0.03 mmol/L).

[bookmark: _GoBack]The relationship between barley and blood total and LDL cholesterol concentrations was shown to be consistent, with plausible mechanisms to explain the observed effect. The magnitude of the noted reduction was significant regardless of the participant’s blood cholesterol status, that is, whether they had a normal concentration (< 5.5 mmol/L blood total cholesterol concentration) or were hypercholesterolaemic (≥ 5.5 mmol/L). However, the GRADE was down-rated for serious imprecision due to the low number of participants. Therefore, FSANZ considers that the body of evidence demonstrates that the relationship between barley and reduction of blood total and LDL cholesterol concentration has a “Moderate” degree of certainty. 
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1. [bookmark: _Toc416952217][bookmark: _Toc486348338][bookmark: _Toc486406736]Introduction
The currency of pre-approved food-health relationships underpinning high level health claims is being considered during the transition period for Standard 1.2.7 – Nutrition, Health and Related Claims. The relationship between -glucan from oats or barley with blood cholesterol levels was included as a pre-approved high level health claim in Schedule 2 of Standard 1.2.7 (see Table 1) based on health claims approved overseas (January 2013). The purpose of this report is to assess the currency of this relationship.
Table 1:  Pre-approved high level health claim for -glucan from oats or barley included in Schedule 2 of Standard 1.2.7
	Food or property of food
	Specific health
effect
	Relevant population
	Context claim statements
	Conditions 

	Beta-glucan 
	Reduces blood cholesterol 
	 
	Diet low in saturated fatty acids  
Diet containing 3 g of beta-glucan per day 
	The food must contain – 

(a) one or more of the following oat or barley foods – 
(i)  oat bran;
(ii) wholegrain oats; or
(iii) wholegrain barley; and

(b) at least 1 g per serving of beta-glucan from the foods listed in (a).



Between 2009 and 2011, the European Food Safety Authority (EFSA) published four scientific opinions relating to the effects of -glucan from oats or barley on blood cholesterol concentration (EFSA 2009; EFSA 2010; EFSA 2011a; EFSA 2011b). However, the reporting of these evidence assessments provided insufficient detail for FSANZ to formally update them and meet the substantiation requirements of Standard 1.2.7. Similarly, the summary of the evidence assessment of similar claims published by Health Canada does not provide sufficient evidence for a formal update (Health Canada 2010; Health Canada 2012). Therefore, while the evidence in these reports was considered in this review, further work was necessary to meet the requirements of Standard 1.2.7. 

Three existing systematic reviews were identified as potential starting points for this evidence assessment (Talati et al. 2009; Abumweis et al. 2010; Tiwari and Cummins 2011). However, further consideration of these reports found they were not suitable for updating due to ambiguity regarding the search strategy, quality assessment of included studies or overly restrictive inclusion and exclusion criteria. Therefore, a new systematic review of the literature relating to the effects of -glucan from oats and barley on blood cholesterol concentration was prepared.
1.1 [bookmark: _Toc416952218][bookmark: _Toc486348339][bookmark: _Toc486406737]Food or property of food 
-glucans are non-starch polysaccharides made of glucose molecules linked by -glycosidic bonds and located in the endosperm cell walls (Wood 2002; Vasanthan and Temelli 2008). The content and molecular weight of -glucan varies between and within cereals, with higher molecular weight forms having greater viscosity and lower water-solubility (Kim and White 2013). High levels of -glucan are found in the bran of oats (Avena sativa) and barley (Hordeum vulgare) with an average content around 5% w/w, with much lower levels in other grains such as wheat and rye (Wood 2002; Shewry et al. 2013). Available technologies for extracting -glucan from oats and barley can increase -glucan by up to 30% by dry separation processes and up to 65% by wet separation processes (Vasanthan and Temelli 2008; Limberger-Bayer et al. 2014). Specialised plant breeding programs can also produce cultivars with naturally higher levels of -glucan, e.g. BarleyMaxTM, produced by the CSIRO, contains 10% w/w -glucan (Topping et al. 2003). Other sources of -glucan include baker’s yeast and fungi, although it is important to note that -glucan from these sources is not chemically identical to that from oats and barley, and levels are much lower (fungi: 0.2–0.5% -glucan) (Manzi and Pizzoferrato 2000). For the purpose of the food-health relationships, only -glucan derived from oats and barley was considered.

Unlike products obtained by enzymatic and solvent extraction of barley or oat fibres (e.g. -glucan enriched extracts: Vasanthan and Temelli 2008; Limberger-Bayer et al. 2014), oat or barley bran and other products like steel-cut oats or barley, rolled oats or barley, oat or barley flakes, pearled barley, groats, flour, meal, bran and hulls are not remarkably different in their nutritional composition from wholegrain oats or barley (Guillon and Champ 2000; Decker et al. 2014). In this review, the term ‘oats’ is used to mean wholegrain oats and oat bran, unless otherwise specified. 

For the analyses of the relationships involving oats and barley, the terms ‘oats’ and ‘barley’ refer to the forms stated in Standard 1.2.7 (i.e. wholegrain oats, oat bran and wholegrain barley). Chemically concentrated or extracted forms of oats and barley were excluded from the meta-analyses.
1.2 [bookmark: _Toc416952219][bookmark: _Toc486348340][bookmark: _Toc486406738]Health effect
In Schedule 2 of Standard 1.2.7 the health effect relating to -glucan from oats or barley is ‘reduces blood cholesterol’. Reductions in total and LDL cholesterol are considered to be beneficial health effects due to elevated concentrations of these blood lipids being risk factors for coronary heart disease (CHD). In contrast, high density lipoprotein (HDL) cholesterol concentrations are inversely related to CHD, but their predictive power for CHD incidence is less certain.

Hypercholesterolaemia is described in Australia as being total serum cholesterol concentrations ≥5.5 mmol/L (AIHW 2012). Total cholesterol can be measured in serum or plasma by various gravimetric, enzymatic or colourimetric methods as well as spectrophotometry. For LDL and HDL cholesterol, several methods can be used including chemical precipitation, spectrophotometric quantification or the Friedewald calculation[footnoteRef:2] (Miller et al. 2010). [2:  Friedewald equation calculates LDL cholesterol using the following formula:
LDL = total cholesterol – HDL cholesterol – (triglyceride / 2.2) where all concentrations are in mmol/L] 

1.3 [bookmark: _Toc416952220][bookmark: _Toc486348341][bookmark: _Toc486406739]Proposed relationships
The proposed food-health relationships are:

· dietary intake of -glucan from oats or barley reduces blood cholesterol concentration
· dietary intake of wholegrain oats or oat bran reduces blood total and LDL cholesterol concentrations
· dietary intake of wholegrain barley reduces blood total and LDL cholesterol concentrations.

Specifically, it is the reduction of total and/or LDL cholesterol concentration that represents a beneficial health effect, whereas reduction in HDL cholesterol concentration is considered an adverse health effect. 
1 [bookmark: _Toc416952221][bookmark: _Toc404596677][bookmark: _Toc486348342][bookmark: _Toc486406740]Evaluation of evidence
A systematic review of the literature was performed to test the hypothesis that consumption of oats or barley, as sources of β-glucan, decreases blood total and LDL cholesterol. The effect of oats and barley on decreasing HDL cholesterol was also assessed, as decreases in HDL cholesterol concentrations are considered an adverse effect.
[bookmark: _Toc416952222][bookmark: _Toc486348343][bookmark: _Toc486406741]Methods
[bookmark: _Toc416952223][bookmark: _Toc486348344][bookmark: _Toc486406742]Search strategy
A search was conducted in EMBASE, PubMed and Cochrane CENTRAL in November 2013. The PubMed search was restricted to the six months prior to the EMBASE search date in order to capture articles in the Medline database that may not yet have been incorporated into the EMBASE database. There were no date restrictions for the EMBASE or Cochrane CENTRAL search. A second search was conducted on 12th December 2014, using the same search strategy used in November 2013 and covering the intervening time period. Detailed search strategies are presented in Appendix 1. 

Hand-searching was performed on the reference lists of articles screened on full-text. In addition, studies included in other systematic reviews of the effects of -glucans were screened (Wood 2002; Talati et al. 2009; Abumweis et al. 2010; Tiwari and Cummins 2011; Whitehead et al. 2014), as were the EFSA scientific opinions on related health (EFSA 2009; EFSA 2010; EFSA 2011a; EFSA 2011b). Six papers were identified using this method.  
[bookmark: _Toc416952224][bookmark: _Toc486348345][bookmark: _Toc486406743]Inclusion and exclusion criteria
The eligibility criteria are summarised in Table 2. To be included in the systematic review, the trial must have been randomised and included an appropriate control group. Study populations could include adults or children (>2 years of age), and individuals with chronic non-communicable diseases such as diabetes, hyperlipidaemia or hypertension. 

The -glucan intervention could be provided as whole oats or barley or their products (for example, wholegrain flour), bran from oats or barley, concentrated forms of oats or barley or purified -glucan extracted from oats or barley. The comparator was either an alternative grain/cereal intervention, with minimal or no -glucan (such as wheat or rice), or a usual diet without addition of oats or barley. Although Standard 1.2.7 only allows a -glucan claim to be made in relation to wholegrain oats, oat bran or wholegrain barley, these other forms were included in the search because a study of pure -glucan would provide evidence that would allow attribution of the effect found in studies of oats or barley to -glucan. This is an important component in substantiating a relationship for -glucan.  

Outcome measures of total cholesterol alone or with LDL and/or HDL cholesterol were required. The minimum duration of trials was 2 weeks which is considered sufficient for changes in blood lipid outcomes to stabilise (Brussaard et al. 1982; Mensink and Katan 1987). Parallel, cross-over and Latin square designs were acceptable; sequential designs were excluded.

An additional inclusion criterion was the reporting of background dietary intakes, so that equality of fibre and other nutrient intakes could be assessed. If no dietary intake data were present, the authors were contacted. If the authors did not reply, studies were still included as long as the studies were cross-over in design, blinded at least to the participants, and included an identical control (e.g. the identical food with or without oats/barley/-glucan).  

In studies which reported cholesterol concentrations for multiple amounts of -glucan, the results for the amount closest to 3 g/day -glucan was chosen for inclusion as the intervention stratum in the review.

Table 2:  PICOTS criteria for study selection

	Population
	Non-acutely ill adults or children (2 years and older)

	Intervention
	Consumption of oats or barley or pure β-glucan extracted from either oats or barley

	Comparator
	Alternative grain/cereal or usual diet, or lower amounts of oats or barley, or pure β-glucan extracted from either oats or barley

	Outcome 
	Total and/or LDL and/or HDL cholesterol concentration 

	Time
	At least 2 weeks duration of the intervention and comparison intakes

	Study design
	Randomised controlled trial 



Trials involving acutely ill populations were excluded, as were trials with a concomitant intervention, unless the intervention did not differ between control and test groups.  Studies in subjects using lipid-lowering medication were not excluded, unless medication regimes were different between groups. 
[bookmark: _Toc416952225][bookmark: _Toc486348346][bookmark: _Toc486406744]Study selection, data extraction and quality assessment
Records identified during the search process were imported into EPPI-Reviewer 4 (http://eppi.ioe.ac.uk/cms/er4). Following removal of duplicates, records were screened on title and abstract. Candidate full-text articles were retrieved and assessed against the inclusion/exclusion criteria. Screening was conducted by one researcher. 

Total, LDL and HDL cholesterol data were extracted by one investigator and cross-checked by a second researcher, as was background dietary fibre intake. Trials were assessed for risk of bias according to the Cochrane Handbook (The Cochrane Collaboration 2009), and were collated using Review Manager version 5.3, i.e. the systematic review software developed by The Cochrane Collaboration (The Nordic Cochrane Centre 2014). Twenty percent of the studies were assessed by a second investigator, with risk of bias assessments found to be concordant between investigators.

Cholesterol data reported as mg/dL were converted to mmol/L by dividing by 38.7.
[bookmark: _Toc416952226][bookmark: _Toc486348347][bookmark: _Toc486406745]Statistical analyses
Following data extraction, the mean difference between the groups was calculated if necessary. For cross-over studies the difference in mean cholesterol, LDL or HDL between the phases was calculated as:

	Difference = cholesterol(end of in intervention) – cholesterol(end of control)

and the standard error of this mean (SEM) was calculated as:
	
SEM = √[(SEM(end of in intervention)2 + SEM(end of  control)2) – 2r(SEM(end of  intervention) × SEM(end of  control))]

When end of phase results were not presented in the paper, reported changes from baseline in each group were extracted and used in the above formulas instead of the end of phase results. 

For parallel studies, the reported mean difference and its SEM between the intervention and control strata were extracted when this was given. If necessary the SEM was calculated from the 95% CI or a properly reported detailed p-value using RevMan v5.3 (The Nordic Cochrane Centre 2014). When this information was not presented, the mean difference was preferentially calculated from reported change values for each stratum as:

Difference = (cholesterol(change in intervention gp) – cholesterol(change in control gp)

and its standard error as:

SEM = √[(SEM(change in intervention gp)2 + SEM(change in control gp)2)]

For parallel studies, which did not report change values and their standard error, the difference in blood cholesterol between groups was calculated as:

	Difference = (Cholesterol(end, intervention) – Cholesterol(baseline, intervention)) – (Cholesterol(end, control) – Cholesterol(baseline, control))

and its standard error as:

	SEM = √(SEM12 + SEM22), where
	SEM1 = √[(SEM(end, intervention)2 + SEM(baseline, intervention)2) – 2r((SEM(end, intervention)) (SEM(baseline, intervention))]
SEM2 = √[(SEM(end, control)2 + SEM(baseline, control)2) – 2r((SEM(end, control))(SEM(baseline, control)))]

A correlation coefficient (r) of 0.8 was used as the correlation between repeated measures of cholesterol (Demonty et al. 2009; FSANZ 2010).

Heterogeneity levels where assessed by quantifying inconsistency (I2) and its thresholds depending on its magnitude, direction of the effects and the strength of evidence for heterogeneity (Higgins and Green 2011).

Results reported as least square differences (Behall et al. 2004a; Behall et al. 2004b; Zhang et al. 2012) from univariate models were used because these are equivalent to paired or unpaired t-tests in cross-over and parallel trials respectively.

Meta-analyses were performed using a random effects model and the generic inverse variance method to allow combination of the varied data reporting methods, and to ensure cross-over studies were not given less weight compared to parallel studies. Meta-analyses were performed using RevMan v5.3. 
[bookmark: _Toc416952227][bookmark: _Toc486348348][bookmark: _Toc486406746]Subgroup analyses
The following subgroup analyses were specified a priori to explore differences in effect sizes:

· populations with hypercholesterolaemia (group mean total cholesterol) compared to normal blood cholesterol (group mean total cholesterol)
· sex
· funding source
· similarity in background diet (trials where diets were provided vs. well-matched dietary intakes vs. studies that were not well-matched between groups)
· high quality studies compared to low quality studies. 

The following post-hoc analysis was performed but was not a priori:

· funding source and hypercholesterolaemia (≥ 5.5.mmol/L) compared to normal blood cholesterol (< 5.5 mmol/L).

The following subgroup analyses were identified a priori to explore differences in effect sizes, but were not carried out as a number of included studies were too small:

· diabetes status
· adults compared to children
· use or not of concomitant lipid-lowering medication among trials of participants with hypercholesterolaemia.  
[bookmark: _Toc416952228][bookmark: _Toc486348349][bookmark: _Toc486406747]Results
[bookmark: _Toc416952229][bookmark: _Toc486348350][bookmark: _Toc486406748]Search results
The screening of articles retrieved from the search strategies is detailed in Figure 1. Studies excluded after full text examination are listed in Appendix 2.

Two publications were excluded as they were written in a foreign language. However, the direction of effect presented in the abstracts was considered in relation to the meta-analyses.

414 articles identified through database searches
295 articles screened on title/abstract
125 duplicates removed
104 articles screened on full text
191 excluded on title/abstract
54 RCTs having 57 strata (trial arms) included in the systematic review
 
 
50 articles excluded (see Appendix 2 for details): 
16, inadequate or no measures of dietary fibre and SFA intake
7, conference abstracts with subsequent publication
7, no or inadequate control group
6, conference abstract without subsequent publication
4, not a RCT
3, full text not available
2, foreign language
2, no cholesterol outcomes
2, not randomised
1, trial <2 weeks
6 articles identified through other sources
39 RCTs having 40 strata 
(meta-analyses: 33 oats, 7 barley)
15 RCTs having 17 strata of concentrated fibre
 
 




Figure 1. PRISMA diagram of the studies identification process


[bookmark: _Toc416952230][bookmark: _Toc486348351][bookmark: _Toc486406749]Included studies
Fifty-four RCTs were included in the systematic review. These 54 RCTs described 57 strata (trial arms). Data were considered from 39 RCTs with 40 strata in the meta-analyses. 

Trial characteristics are summarised in Appendix 3. Included in the systematic review and meta analyses were:

· Fourteen strata reported in 14 articles that measured -glucan content in oats and blood cholesterol concentration (Davidson et al. 1991; Leadbetter et al. 1991; Uusitupa et al. 1992; Abrahamsson et al. 1994; Davy et al. 2002; Kerckhoffs et al. 2003; Maki et al. 2003; Robitaille et al. 2005; Theuwissen and Mensink 2007; Maki et al. 2010; Wolever et al. 2010; Ma et al. 2013; Thongoun et al. 2013; Momenizadeh et al. 2014)
· Eighteen strata reported in 17 articles that assessed the effects of oats on blood cholesterol concentration (Van Horn et al. 1988; Demark-Wahnefried et al. 1990; Kestin et al. 1990; Swain et al. 1990; Anderson et al. 1991; Bremer et al. 1991; Van Horn et al. 1991; Lepre and Crane 1992; Whyte et al. 1992; Kashtan et al. 1992; Poulter et al. 1994; Noakes et al. 1996; Gerhardt and Gallo 1998; Johnston et al. 1998; Saltzman et al. 2001; Karmally et al. 2005; McGeoch et al. 2013). Data were reported separately for men and women in one article and considered separately for these groups as two strata (Noakes et al. 1996)
· One stratum from 1 article investigating the effect of oats on blood cholesterol (Zhang et al. 2012) where the results are reported as unadjusted least square means in a parallel study design tested by ANCOVA.
· Two strata from 2 articles that investigated the effects of barley on blood cholesterol concentration (Lupton et al. 1994; Li et al. 2003)
· Three strata from 3 articles that measured -glucan content in barley and blood cholesterol concentration (Newman et al. 1989; McIntosh et al. 1991; Sundberg 2008)
· Two strata from 2 articles that investigated the effect of barley on blood cholesterol (Behall et al. 2004a; Behall et al. 2004b) where the results are reported as least square means in a crossover design and the data been statistically analysed by analysis of variance.

The following studies used concentrated forms of oats or barley and were included in the systematic review but not in the meta-analyses:

· 14 strata in 12 articles measured -glucan content in concentrated fibre from oats and/or barley (Vorster et al. 1986; Torronen et al. 1992; Pick et al. 1996; Onning et al. 1999; Amundsen et al. 2003; Biorklund et al. 2005; Chen et al. 2006; Biorklund et al. 2008; Beck et al. 2010; Cugnet-Anceau et al. 2010; Rondanelli et al. 2011; Ibrugger et al. 2013)
· Two strata from 2 articles used concentrated (but not pure) oat -glucan (Braaten et al. 1994; Behall et al. 1997) and one strata from 1 article investigating the effect of concentrated (but not pure) barley -glucan (Keogh et al. 2003) were included in the review.

Studies included were conducted in:

· Australia and New Zealand: 10 RCTs; (Kestin et al. 1990; Bremer et al. 1991; Leadbetter et al. 1991; McIntosh et al. 1991; Lepre and Crane 1992; Whyte et al. 1992; Noakes et al. 1996; Keogh et al. 2003; Beck et al. 2010; Wolever et al. 2010)
· Europe: 15 RCTs; (Torronen et al. 1992; Uusitupa et al. 1992; Abrahamsson et al. 1994; Poulter et al. 1994; Onning et al. 1999; Amundsen et al. 2003; Kerckhoffs et al. 2003; Biorklund et al. 2005; Theuwissen and Mensink 2007; Sundberg 2008; Biorklund et al. 2008; Cugnet-Anceau et al. 2010; Rondanelli et al. 2011; Ibrugger et al. 2013; McGeoch et al. 2013)
· North America: 23 RCTs; (Van Horn et al. 1988; Newman et al. 1989; Demark-Wahnefried et al. 1990; Swain et al. 1990; Anderson et al. 1991; Davidson et al. 1991; Van Horn et al. 1991; Kashtan et al. 1992; Lupton et al. 1994; Braaten et al. 1994; Pick et al. 1996; Behall et al. 1997; Gerhardt and Gallo 1998; Johnston et al. 1998; Saltzman et al. 2001; Davy et al. 2002; Maki et al. 2003; Behall et al. 2004a; Behall et al. 2004b; Karmally et al. 2005; Robitaille et al. 2005; Chen et al. 2006; Maki et al. 2010) 
· Asia: 4 RCTs; (Li et al. 2003; Zhang et al. 2012; Ma et al. 2013; Thongoun et al. 2013),
· Africa: 1 RCT; (Vorster et al. 1986)
· Middle East: 1 RCT; (Momenizadeh et al. 2014). 
[bookmark: _Toc416952231][bookmark: _Toc486348352][bookmark: _Toc486406750]Extracted data
Data were extracted and cross-checked by two researchers. For one study the final participant numbers in each group were unclear as the distribution of participant withdrawals was not described (Karmally et al. 2005). For calculations of standard error it was assumed the withdrawals (6 of 152 participants) were evenly distributed between the control and intervention groups.

Five trials included in the meta-analyses included multiple strata. To prevent double counting of the control group two approaches were used according to The Cochrane Collaboration (2009). Where the interventions involved different quantities or molecular weights of -glucan assayed in the food, the quantity closest to 3 g, or with highest molecular weight, was selected for inclusion in the review (Leadbetter et al. 1991; Wolever et al. 2010). The value of 3 g was selected as that is the daily intake required to be stated in claims by Standard 1.2.7, and this value is consistent with comparable international health claims. For trials that had separate intervention strata assessing oats and barley, data were taken without changing the control group size because meta-analyses were conducted separately for oats and barley.
[bookmark: _Toc416952232][bookmark: _Toc486348353][bookmark: _Toc486406751]Quality assessment of individual studies
The studies which were included all had a stated purpose of testing oats or barley products. The main outcome of interest, cholesterol concentrations, has well defined analytical methods and has been studied in relation to foods for many years. Few of the studies articulate what magnitude of difference in the outcome between groups was expected and therefore what sample size would have sufficient power to detect that difference, or a larger difference, as statistically significant. 

To be included, studies had to be RCTs. Randomisation controls for confounding and various other biases if the trials are well conducted. In addition, a number of trials had a cross-over design which removed participant differences from the intervention-control comparison. The minimum study duration set for inclusion was based on other information about how long was required for cholesterol concentrations to re-stabilise after a change was introduced. Many of the trials delivered the test food as a component of other foods such as muffins which would have helped to reduce bias. As shown below, the effects were present regardless of the information provided about background diet. Other sub-analyses were conducted to assess whether possible biases relating to individual studies, such as source of funding, had an influence on the overall results.

We used the risk of bias analysis to assess the quality of the evidence and found there was a high degree of variability in the quality of included trials (Figure 2 and Appendices 4 and 5). Selection bias assessed random sequence generation and allocation concealment; performance bias evaluated the blinding of participants and personnel involved in the trial; detection bias considered blinding of the outcome assessment; attrition bias assessed incomplete outcome data and loss of participants; while reporting bias classified the risk of selective reporting. While only trials which lasted for at least two weeks and stated they were randomised were included in the review, only seven studies detailed the method of randomisation in addition to three studies that described using allocation concealment. Overall, there was considerable uncertainty regarding randomisation methods and allocation concealment, but this uncertainty applies to virtually all of the included studies. These criteria do not provide a means of discriminating among the studies.

Approximately half the trials described blinding participants and/or study personnel. Approximately 10% of trials reported blinding outcome assessors to the intervention (laboratory staff or statisticians; detection bias). The uncertainty over lack of blinding of the cholesterol measurements did not introduce excess risk of bias as cholesterol was measured using objective biochemical techniques. The risk of performance bias is high in the body of evidence. Attrition rates were low (<20%) in the majority of studies. The risk of attrition, reporting and other bias was considered to be low in the body of evidence. Therefore, for the sensitivity analysis that compares the effect in high and low quality studies, high quality studies were those that had blinding of participants and personnel involved in the study.
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Figure 2. Risk of bias summary for included trials in the oats (top) and barley (below) meta-analyses
[bookmark: _Toc416952233][bookmark: _Toc486348354][bookmark: _Toc486406752]Evidence for -glucan and blood cholesterol concentration
The literature search did not identify any study that reported the use of pure -glucan from oats or barley. Similarly, no studies were identified that used otherwise identical foods that differed only in their -glucan content. Just over half of the identified trials actually measured the -glucan content of the test foods. Though oats and barley are natural sources of -glucan, the levels of -glucan varies depending on the plant variety and geographical origin of the grain, and can be altered during processing (Wood 2002). Some studies tested extracts which had been concentrated by chemical and physical techniques and so do not meet the specification in Standard 1.2.7 of ‘wholegrain’ oats or barley. Authors typically referred to these substances as -glucan whereas in fact the maximum proportion of -glucan in any of these tested foods was 36% (Biorklund et al. 2005), i.e. -glucan was not the only available bioactive component. 

It is perhaps not surprising that purified -glucan studies were not available, given the difficultly of obtaining pure -glucan from grains. Therefore, no studies that directly assessed the effects of -glucan consumption without other types of dietary fibre on blood cholesterol concentration were available. Even by using trials with strata that differed in -glucan content, it was not possible to determine if -glucan is the only compound causing cholesterol lowering due to other confounders i.e. other types of dietary fibres. To show an exclusive causal link between -glucan and a reduction in blood cholesterol, it would be necessary to include studies which used identical treatments, with or without pure -glucan rather than the mixtures of fibres that have been tested to date.

A meta-analysis of 25 RCTs published between 1966 and 1996 showed that dietary soluble fibre, in general, from oat products, psyllium, pectin, and guar gum reduced total and LDL cholesterol by -0.045 and -0.057 mmol/L per gram of daily soluble fibre intake, respectively (Brown et al. 1999). However, the studies included by the authors were often foods that did not have adequate controls for drawing the conclusion that the soluble fibre was the only active component. A systematic review including 10 RCTs published between 1988 and 2005 suggested that wholegrain oats can reduce blood total and LDL cholesterol (Kelly et al. 2007). Although previous systematic reviews have linked the reduction in blood lipids with consuming oats, and other grains in some cases, this effect was ascribed exclusively to β-glucan in a systematic review by Whitehead et al. (2014). However, the foods included in the 28 RCTs in the review by Whitehead et al. (2014) were described by the authors as oatmeal, oat bran, oat flour, oat fibre or oat gum but not as pure β-glucan. The systematic review did not include wholegrain or rolled oats.
[bookmark: _Toc416952234][bookmark: _Toc486348355][bookmark: _Toc486406753]Evidence for the effect of dietary intake of oats on blood cholesterol concentration
Given the foregoing discussion, FSANZ considered the conditions for the relationship about β-glucan and blood cholesterol in Schedule 2 of Standard 1.2.7. Column 5 states: ‘the food must contain (a) one or more of the following oat or barley foods – (i) oat bran; (ii) wholegrain oats or (iii) wholegrain barley.’ Based on these conditions, FSANZ considered whether it would be possible to establish separate claims with oats or barley as the food or property of food, rather than -glucan. Thus, separate meta-analyses across a subset of the studies identified by our original search strategy were conducted. Standard 1.2.7 permits the β-glucan claim on foods containing oats or barley as whole foods and does not permit claims on chemically concentrated or extracted forms of oats and barley. Therefore, we restricted our further analyses to include only studies that used oats and barley in the forms of these foods mentioned in Standard 1.2.7 and Section 1.1 of this report. This resulted in the exclusion of any studies that used chemically or enzymatically concentrated or extracted oat fibres (Vorster et al. 1986; Pick et al. 1996; Behall et al. 1997; Amundsen et al. 2003; Biorklund et al. 2005; Chen et al. 2006; Biorklund et al. 2008; Beck et al. 2010; Cugnet-Anceau et al. 2010; Ibrugger et al. 2013).

Scatterplots of the changes in the concentration of total and LDL cholesterol by the amount and type of oats consumed are provided in Figure 3. Figure 3 shows that the quantity of wholegrain oat products (other than bran) consumed ranged between 45 g and 109 g per day, whereas the quantity of oat bran consumed ranged between 20 g and 150 g per day. There is no apparent dose-response effect across these intake ranges. Figures 4 and 5 show forest plots obtained from the meta-analyses of oat consumption and total and LDL cholesterol, respectively.
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Figure 3. Differences (mean ± 95% CI) between intervention and control groups in blood total cholesterol (top) and LDL cholesterol (bottom) affected by the type and amount of consumed oat bran or other oat products
[bookmark: _Toc416952235][bookmark: _Toc486348356][bookmark: _Toc486406754]Total cholesterol
Overall, there was a change of -0.22 mmol/L in total cholesterol concentrations (95% CI: 
-0.27, -0.17, P<0.00001, Figure 4) following consumption of wholegrain oats or oat bran. Heterogeneity, as indicated by I2, was moderate (52%).
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Figure 4. Forest plot for effects of consuming oats on total cholesterol concentration


[bookmark: _Toc416952236][bookmark: _Toc486348357][bookmark: _Toc486406755]LDL cholesterol
As with total cholesterol, consumption of oats reduced LDL cholesterol concentration, with an overall change of -0.21 mmol/L (95% CI: -0.24, -0.17, P<0.00001). Overall, heterogeneity was lower for changes in LDL concentration compared to total cholesterol concentration (I2 = 16%). 
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Figure 5. Forest plot for effects of consuming oats on LDL cholesterol concentration
[bookmark: _Toc416952237]

[bookmark: _Toc486348358][bookmark: _Toc486406756]HDL cholesterol
Consumption of oats did not result in a significant reduction in HDL cholesterol concentration (Figure 6). In fact, there was no effect (0 mmol/L, (95% CI: -0.01, 0.00, P = 0.32)) and the confidence interval excluded important effects. Heterogeneity for this analysis was low (I2 = 36%).

   [image: ]


Figure 6. Forest plot for effects of consuming oats on HDL cholesterol concentration
[bookmark: _Toc416952238][bookmark: _Toc486348359][bookmark: _Toc486406757]Sub-group analyses
1.1.1.1 Baseline total cholesterol
The majority of trials were conducted in populations with hypercholesterolaemia (defined as ≥ 5.5 mmol/L baseline total cholesterol). However, there was no difference in the size of the effect of oats in reducing either total or LDL cholesterol concentrations according to baseline cholesterol status (p for sub-group difference >0.65, Table 3).  Similarly, there was no sub-group difference for HDL by baseline cholesterol status.

1.1.1.2 Sex
Five of the included trials were conducted in males (Kestin et al. 1990; Anderson et al. 1991; Whyte et al. 1992; Noakes et al. 1996; Davy et al. 2002), and three were conducted in females (Abrahamsson et al. 1994; Noakes et al. 1996; Robitaille et al. 2005). The remainder of studies had participants from both sexes and did not report the data by sex. Despite showing significant reduction in total cholesterol and LDL cholesterol in the male’s sub-group, there were no significant differences between the sub-groups (Table 3).
1.1.1.3 Background diet
Background diets within trials were classed as either provided, well- or poorly-matched. The provided diets were matched for macro- and micronutrient content, and only differed by oat content. Some diets matched soluble and insoluble fibre intake, using other sources of dietary fibre, but others did not. Well-matched diets had less than 10% difference in saturated fat and dietary fibre intakes between the intervention and control groups, while poorly-matched studies had greater than 10% difference in the intake of these nutrients. Two studies were excluded from this sub-analysis as the background dietary intakes were not provided. Most strata showed significant decreases in total cholesterol and LDL cholesterol levels (Table 3). There was no significant sub-group effect for total, LDL or HDL cholesterol.
1.1.1.4 Funding source
The funding source of papers was classified as industry, government/university, or mixed funding, based on the acknowledgement of trial funding provided in the publications. In eight trials, the funding source was unclear. These trials were classified into the three defined strata according to author affiliations. There were significant decreases in total and LDL cholesterol concentration in trials funded by all three funding classifications. Importantly, there was no significant difference between the funding sub-groups on total, LDL or HDL cholesterol concentrations (Table 3).
1.1.1.5 Funding source by baseline total cholesterol levels
Sub-group analysis based on the baseline cholesterol concentration of participants (< 5.5 mmol/L are normal, ≥ 5.5 mmol/L are hypercholesterolaemic) according to the funding source (industry, government/university, or mixed funding) was conducted. Significant reductions in total and LDL cholesterol concentrations were observed in all trials, regardless of their sub-group, except for studies conducted by government/universities on people with normal blood cholesterol levels (Table 3). While HDL cholesterol concentrations significantly increased only in studies on normocholesterolaemic people funded by mixed sources, no other changes were detected in other sub-groups. There were no significant differences found between the sub-groups for their total or LDL cholesterol (Table 3). 

Differences among the sub-groups for HDL cholesterol concentrations were significant (Table 3). Most strata had a mean result similar to the overall effect of 0 mmol/L (95% CI: -0.01, 0.00, P = 0.32) (i.e. no effect on HDL-cholesterol concentration) whereas one stratum had a statistically significant increase in HDL-cholesterol concentration (0.13 mmol/L in studies with mixed funding in normo-cholesterolaemic people; P = 0.001). This stratum also showed the largest reductions in total and LDL-cholesterol concentrations. Therefore this analysis does not indicate a bias in the results that would obscure an adverse effect. 

1.1.1.6 Study quality 
As described above (Section 2.2.4), a sub-group analysis based on study quality classifying papers as high or low quality depending on their risk of performance bias (blinding of participants and trial personnel) was conducted. More than half of the oats studies included in the meta-analysis were at high risk of performance bias. Performance bias assesses whether appropriate care has been taken to blind/mask the study participants and personnel working on the project to reduce the risk that external factors, such as knowledge of the intervention, will influence the outcome measures rather than the intervention itself.

Significant reductions in total and LDL cholesterol concentrations were observed in trials regardless of their quality and the magnitude of effect was slightly larger in the high quality studies compared with the low quality studies (Table 3). However, there were no significant sub-group effects on either total, LDL or HDL cholesterol concentrations (Table 3).
1.1.1.7 [bookmark: _Toc416952239][bookmark: _Toc414272768]Publication bias
Visual inspection of funnel plots which identified studies by funding source indicated a low risk of publication bias (Figure 7), though there was some suggested publication bias within the government-funded and university-authored trials tending to report total cholesterol outcomes which favoured the oat group (Figure 7, top panel). However, the funnel plots for LDL and HDL cholesterol indicated publication bias was not present for these outcomes (Figure 7, middle and bottom panels).
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Figure 7. Funnel plots for total (top), LDL (middle) and HDL (bottom) cholesterol. Oats studies were identified by funding source/author affiliations (industry, government/university or mixed). Funnel plots were generated from fixed effects model as this plotted the 95% CI lines. MD; mean difference in cholesterol concentration in mmol/L.
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Table 3: Results of sub-group analyses for total, LDL and HDL cholesterol concentration changes using random effects model from studies assessing the relationship between the consumption of oats and blood cholesterol concentration
	

Sub-group
	

No. strata
	
Total cholesterol
Mean difference [95% CI]
	P
	
Total cholesterol
P-value Sub-group difference
	
LDL cholesterol
Mean difference (95% CI)
	P
	
LDL cholesterol
P-value Sub-group difference
	
HDL cholesterol
Mean difference (95% CI)
	P
	
HDL cholesterol
P-value Sub-group difference

	
Overall
	
33/31/301
	
-0.22 
[-0.27, -0.17]
I2 = 52%
	
<0.00001
	
n/a
	
-0.20 
[-0.24, -0.17]
I2 = 16%
	
<0.00001
	
n/a
	
0.00 
[-0.01, 0.00]
I2 = 36%
	
0.32
	
n/a

	
Baseline total cholesterol
	<5.5
	10/9/ 9
	-0.21 
[-0.31, -0.11]
I2 = 57%
	<0.0001
	


0.74
	-0.22 
[-0.28, -0.15]
I2 = 6%
	<0.00001
	


0.68
	0.02 
[-0.01, 0.06]
I2 =69%
	
0.22
	


0.11

	
	≥5.5
	23/22/21
	-0.22 
[-0.27, -0.17]
I2 = 50%
	<0.00001
	
	-0.20 
[-0.25, -0.16]
I2 = 22%
	<0.00001
	
	-0.01 
[-0.02, 0.00]
I2 = 0%
	
0.17
	

	


Sex
	Male
	5/5/5
	-0.29 
[-0.40, -0.18]
I2 = 0%
	<0.00001
	


0.18
	-0.21 
[-0.36, -0.06]
I2 = 50%
	0.005
	


0.43
	-0.01 
[-0.04, 0.02]
I2 = 0%
	0.55
	


0.35

	
	Female
	3/3/3
	-0.10 
[-0.35, 0.16]
I2 = 63%
	0.45
	
	-0.12 
[-0.28, 0.04]
I2 = 0%
	0.14
	
	0.04 
[-0.06, 0.13]
I2 = 72%
	0.43
	

	


Back-ground diet
	Provided
	4/4/4
	-0.38 
[-0.52, -0.24]
I2 = 13%
	<0.00001
	



0.06
	-0.29 
[-0.41, -0.18]
I2 = 0%
	<0.00001
	



0.46
	0.02
 [-0.06, 0.10]
I2 = 72%
	0.62
	



0.83

	
	Well matched
	20/ 19/18
	-0.20 
[-0.25, -0.15]
I2 = 34%
	<0.00001
	
	-0.21 
[-0.26, -0.17]
I2 = 0%
	<0.00001
	
	-0.01
 [-0.03, 0.01]
I2 = 45%
	0.57
	

	
	Poorly matched
	9/8/8
	-0.23 
[-0.37, -0.09]
I2 = 71%
	0.001
	
	-0.22 
[-0.34, -0.10]
I2 = 67%
	0.0002
	
	-0.01
 [-0.03, 0.02]
I2 = 0%
	0.81
	



	


Funding source
	Industry
	14/13/12
	-0.21 
[-0.25, -0.16]
I2 = 0%
	<0.00001
	



0.17
	-0.21 
[-0.25, -0.17]
I2 = 0%
	<0.00001
	



0.09
	-0.01
 [-0.02, 0.01]
I2 = 0%
	0.28
	



0.86

	
	Govt/ university
	11/11/11
	-0.17 
[-0.24, -0.10]
I2 = 64%
	0.006
	
	-0.14 
[-0.21, -0.07]
I2 = 20%
	0.0006
	
	-0.01
 [-0.02, 0.01]
I2 = 51%
	0.42
	

	
	Mixed
	8/7/7
	-0.27 
[-0.36, -0.19]
I2 = 69%
	0.002
	
	-0.25 
[-0.33, -0.18]
I2 = 62%
	<0.00001
	
	0.00
 [-0.03, 0.04]
I2 = 11%
	0.84
	

	Funding source per baseline total cholesterol
	Industry <5.5
	6/5/5
	-0.24 
[-0.34, -0.13]
I2 = 42%
	<0.0001
	0.09
	-0.25 
[-0.33, -0.17]
I2 = 0%
	<0.00001
	0.15
	-0.01
 [-0.02, 0.01]
I2 = 0%
	0.32
	0.02

	
	Industry ≥5.5
	8/8/7
	-0.21 
[-0.27, -0.15]
I2 = 0%
	<0.00001
	
	-0.20 
[-0.25, -0.15]
I2 = 0%
	<0.00001
	
	-0.01 
[-0.03, 0.02]
I2 = 0%
	0.65
	

	
	Govt/ university <5.5
	3/3/3
	-0.05 
[-0.21, 0.10]
I2 = 30%
	0.53
	
	-0.05
 [-0.21, 0.10]
I2 = 30%
	0.53
	
	0.03 
[-0.02, 0.07]
I2 = 82%
	0.24
	

	
	Govt/ university ≥5.5
	8/8/8
	-0.21
 [-0.36, -0.07]
I2 = 65%
	0.004
	
	-0.21
 [-0.36, -0.07]
I2 = 65%
	0.004
	
	-0.01
 [-0.03, 0.01]
I2 = 0%
	0.19
	

	
	Mixed <5.5
	1/1/1
	-0.53 
[-0.82, -0.24]
I2 = n/a
	0.0004
	
	-0.40
 [-0.65, -0.15]
I2 = n/a
	0.002
	
	0.13 
[0.05, 0.21]
I2 = n/a
	0.001
	

	
	Mixed ≥5.5
	7/6/6
	-0.27
 [-0.44, -0.10]
I2 = 69%
	0.002
	
	-0.26
 [-0.39, -0.12]
I2 = 58%
	<0.00001
	
	0.00
 [-0.03, 0.02]
I2 = 31%
	0.32
	

	

Study quality
	High
	14/14/13
	-0.27 
[-0.34, -0.20]
I2 = 35%
	<0.00001
	

0.12
	-0.24
 [-0.29, -0.19]
I2 = 16%
	<0.00001
	

0.07
	-0.01 
[-0.02, 0.01]
I2 = 5%
	0.31
	


0.62

	
	Low
	19/17/17
	-0.19 
[-0.26, -0.11]
I2 = 57%
	<0.00001
	
	-0.18
 [-0.22, -0.13]
I2 = 4%
	<0.00001
	
	-0.02 
[-0.04, 0.01]
I2 = 0%
	0.19
	


133 strata reported total cholesterol, of which 31 reported LDL cholesterol concentration and 30 reported HDL cholesterol concentration
[bookmark: _Toc416952240][bookmark: _Toc486348360][bookmark: _Toc486406758]Evidence for the effect of dietary intake of barley on blood cholesterol concentration
A scatterplot of the changes in the concentration of total and LDL cholesterol by the amount of consumed barley is provided in Figure 8 followed by detailed effect estimate meta-analyses (Figures 9 and 10). Figure 8 shows that the quantity of barley consumed ranged between 30 g and 175 g per day. 
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Figure 8. Differences (mean ± 95% CI) between intervention and control groups in blood total cholesterol (top) and LDL cholesterol (bottom) affected by the amount of consumed barley.
[bookmark: _Toc416952241]

[bookmark: _Toc486348361][bookmark: _Toc486406759]Total cholesterol
Consumption of barley resulted in a significant change in total cholesterol (-0.32 mmol/L, 95% CI: -0.42, -0.21, P<0.00001, Figure 9). Heterogeneity, as indicated by I2, was low at 40%.
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Figure 9. Forest plot for effects of consuming barley on total cholesterol concentration.
[bookmark: _Toc416952242][bookmark: _Toc486348362][bookmark: _Toc486406760]LDL cholesterol
Intake of barley reduced LDL cholesterol significantly (-0.25 mmol/L; 95% CI: -0.32, -0.18, P<0.00001, Figure 10). There was no important heterogeneity (I2 = 12%) which means that variation among study results can be attributed to chance.
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Figure 10. Forest plot for effects of consuming barley on LDL cholesterol concentration.
[bookmark: _Toc416952243][bookmark: _Toc486348363][bookmark: _Toc486406761]HDL cholesterol
In contrast with total and LDL cholesterol, consumption of barley had no significant effect (P = 0.08) on HDL cholesterol concentration (Figure 11).
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Figure 11. Forest plot for effects of consuming barley on HDL cholesterol concentration
[bookmark: _Toc416952244][bookmark: _Toc486348364][bookmark: _Toc486406762]Sub-group analyses and publication bias
Five of the seven strata were conducted in people with hypercholesterolaemic concentrations (mean group baseline total cholesterol 5.5 mmol/L). The magnitude of effect on total cholesterol concentration was twice as large in those with normal cholesterol concentrations and this sub-group difference was statistically significant (Table 4). However, these results should be interpreted with caution, given the low number of studies in each sub-group. In particular only 24 people with normal cholesterol concentrations were tested, and because there were no sub-group differences for LDL and HDL concentrations (Table 4) by baseline cholesterol concentration.

A sub-group analysis of study quality was conducted, classifying studies as high or low quality based on their risk of performance bias (blinding of participants and trial personnel). Results from high quality studies had no significant changes in total or HDL cholesterol concentration but changes in LDL cholesterol were significant (Table 4). Five out of the seven studies included in the meta-analysis were at high risk of performance bias. The five low quality studies showed significant reductions in total and LDL cholesterol (Table 4). Similar magnitudes of reduction were observed in both high and low quality groups. However, there was no significant difference between the subgroups for total, LDL or HDL cholesterol concentrations (Table 4). 

Due to the low number of studies included in the barley meta-analysis, we did not use funnel plots to assess publication bias but used visual inspection of forest plots. There did not appear to be any apparent publication bias. 


Table 4: Results of sub-group analyses for total, LDL and HDL cholesterol concentration changes using random effects model from studies assessing the relationship between consumption of barley and blood cholesterol concentration
	

Sub-group
	

No. strata
	
Total cholesterol
Mean difference (95% CI)
	

P
	
Total cholesterol
P-value Sub-group difference
	
LDL cholesterol
Mean difference (95% CI)
	

P
	
LDL cholesterol
P-value Sub-group difference
	
HDL cholesterol
Mean difference (95% CI)
	


P
	
HDL cholesterol
P-value Sub-group difference

	Overall
	7
	-0.32 
[-0.42, -0.21]
I2 = 40%
	<0.00001
	
n/a
	-0.25 
[-0.32, -0.18]
I2 = 12%
	<0.00001
	
n/a
	-0.03
 [-0.06, 0.00]
I2 = 0%
	0.49
	
n/a

	Baseline total cholesterol
	<5.5
	2
	-0.54 
[-0.76, -0.33]
I2 = 0%
	<0.00001
	


0.02
	-0.30
 [-0.39, -0.20]
I2 = 0%
	<0.00001
	


0.28
	-0.08 
[-0.18, 0.02]
I2 =0%
	
0.12
	


0.27

	
	≥5.5
	5
	-0.27
 [-0.36, -0.18]
I2 = 12%
	<0.00001
	
	-0.22
 [-0.32, -0.13]
I2 = 19%
	<0.00001
	
	-0.02 
[-0.05, 0.01]
I2 = 2%
	
0.49
	

	Study quality
	High
	2
	-0.38 
[-0.78, 0.02]
I2 = 52%
	0.06
	0.78
	-0.26
 [-0.50, -0.01]
I2 = 22%
	0.04
	0.99
	-0.05 
[-0.11, 0.00]
I2 = 0%
	0.06
	0.24

	
	Low
	5
	-0.32
 [-0.45, -0.19]
I2 = 48%
	<0.00001
	
	-0.25
 [-0.34, -0.17]
I2 = 25%
	<0.00001
	
	-0.02 
[-0.05, 0.02]
I2 = 0%
	0.49
	



n/a not applicable
2 [bookmark: _Toc416952245][bookmark: _Toc486348365][bookmark: _Toc486406763]Weight of evidence 
Fifty-seven strata were included in the systematic review. All 57 strata used oats, barley or fibre/-glucan extracted/concentrated from oats or barley and measured blood cholesterol concentration. Not all of the included studies measured the quantity of -glucan that participants consumed. No studies were identified that administered pure -glucan extracted from oats or barley, or examined naturally occurring differences in -glucan between oat or barley cultivars. This resulted in a lack of evidence to support exclusively attributing the relationship between oats or barley and blood cholesterol concentration to -glucan. Whilst Standard 1.2.7 contains a pre-approved high level health claim for the relationship between -glucan from oats or barley and reductions in blood cholesterol, our systematic review suggests that the currency of this relationship cannot be determined from the current scientific literature.

[bookmark: _Toc486348366]As Standard 1.2.7 refers to wholegrain oats, oatbran and wholegrain barley, we conducted two separate meta-analyses to assess the relationship between oats and blood cholesterol and barley and blood cholesterol. We only included studies which used non-concentrated forms of oats or barley, as this is what is referenced in Standard 1.2.7 and defined in Section 1.1 (Food or property of food). These results cannot necessarily be extrapolated to other forms, i.e. concentrates, because the physiochemical properties of oat and barley soluble fibre are altered when extracted. These two meta-analyses showed that dietary consumption of oats or barley significantly decreased total and LDL cholesterol concentration regardless of the baseline total cholesterol.  
[bookmark: _Toc416952246][bookmark: _Toc486348367][bookmark: _Toc486406764]Assessment of body of evidence
[bookmark: _Toc416952247][bookmark: _Toc486348368][bookmark: _Toc486406765]Consistency of relationship
The consistency of the effects of pure -glucan from oats or barley on total, LDL or HDL cholesterol concentrations in blood could not be assessed because there were no reported trials which would allow the effect of β-glucan to be separated from the effects of other components in the food products.

FSANZ considered there was no important inconsistency in the evidence base for the effects of oats on total and LDL cholesterol concentrations and barley on total and LDL cholesterol concentrations, as the 95% confidence intervals for the overall effect estimates did not reach zero, and overlapped with almost all studies. The majority of RCTs showed decreased total and LDL cholesterol concentration after consumption of oats. Heterogeneity was unimportant for LDL cholesterol following oats consumption which suggests that the variation in results among trials can be attributed to chance rather than to some unexplored factor. This was regarded as a more important result than the moderate heterogeneity for total cholesterol. In addition, most studies had an effect and so inconsistency related more to the magnitude of effect than presence of effect. Similarly, all strata showed decreased total cholesterol and most strata showed decreased LDL cholesterol concentration after consumption of barley and the 95% confidence intervals for the overall effect estimates did not reach zero, and overlapped with all studies.  
[bookmark: _Toc416952248][bookmark: _Toc414272780][bookmark: _Toc486348369][bookmark: _Toc486406766]Causality
RCTs are a strong study design for detecting causal relationships. The literature search did not identify any RCTs that assessed the effects of consumption of pure -glucan or naturally occurring differences in -glucan content in oats or barley (e.g. genetic variants) on blood cholesterol concentration. Therefore any effects in these studies cannot be exclusively attributed to -glucan and a causal relationship cannot be demonstrated. FSANZ concluded that the relationship between -glucan and blood cholesterol concentration is non-assessable (Appendix 6). 

The meta-analysis of 33 oat intervention strata showed a consistent reduction in total and LDL cholesterol concentrations across the studies. The meta-analysis of seven studies of barley showed a consistent reduction in total and LDL across studies, albeit, with serious imprecision due to the low number of participants. The overall body of evidence was considered to be at low risk of bias for both meta-analyses. The outcome was measured directly and the confidence intervals are tight and, for total and LDL cholesterol concentrations, exclude the null effect. There was no sub-group difference by baseline cholesterol status or by study quality. Therefore, it can be concluded the relationship between the consumption of oats and the reduction in total and LDL cholesterol concentration is present in high quality studies and has a ‘High’ degree of certainty (Appendix 7). The relationship between the consumption of barley and the reduction in LDL cholesterol concentration is present in high quality studies. However, due to the serious imprecision in the body of evidence caused by the low number of participants, the relationship was rated as ‘Moderate’ degree of certainty (Appendix 8).  

There was no effect of oats or barley on HDL concentrations or important variation among the sub-groups that would suggest that an effect on HDL-concentration existed. Therefore, it was concluded that there was a ‘High’ degree of certainty that oats have no effect on HDL cholesterol concentration.  Because of serious imprecision in the body of evidence caused by the low number of participants, there was a ‘Moderate’ degree of certainty that barley has no effect on HDL cholesterol concentration.
[bookmark: _Toc486348370][bookmark: _Toc486406767]Plausibility
Current hypotheses suggest three different mechanisms by which oats and barley may alter blood cholesterol concentration. When consumed, soluble fibres (including -glucan) increase viscosity within the gastrointestinal tract and can coat the mucosal layer, thereby slowing absorption of nutrients from the gut (reviewed in Othman et al. 2011). This may reduce cholesterol absorption and bile acid re-uptake. Reduced bile acid re-uptake leads to enhanced bile acid synthesis in the liver. As cholesterol is a precursor of bile acids, this may reduce hepatic cholesterol stores, and, ultimately, concentration of cholesterol within the blood. The solubility and molecular weight of -glucan are important factors in determining its viscosity. In addition to effects on viscosity, -glucan and other soluble fibres undergo anaerobic fermentation in the colon, generating short chain fatty acids (Kumar et al. 2012). These short chain fatty acids may inhibit cholesterol synthesis, which could lead to decreases in blood cholesterol concentration.

Although oats and barley have relatively similar macro- and micronutrient profiles in general, oats contain less fibre, more protein and more fat than barley. Oats also contain higher levels of unsaturated fatty acids compared to barley. Consumption of unsaturated fatty acids may contribute to the observed cholesterol-lowering effect of oats. In a study of various cereals, the -glucan content of oats and barley was approximately 5% w/w, while the content in wheat was less than 1% w/w (Shewry et al. 2013). However, it is important to note that the -glucan content of oats and barley is highly dependent on grain cultivar and geographical region (Wood 2002). 

It is likely that additional factors within oats and barley may also have cholesterol-lowering properties, or that it is necessary for the -glucan to be in its natural state for it to contribute to a reduction in blood cholesterol. For example, arabinoxylan, another non-starch polysaccharide, is found at similar levels to -glucan in the grain endosperm of oats and barley (Izydorczyk and Dexter 2008). However, in many papers it is unclear whether arabinoxylan is a component of the fibre extract and whether it has been controlled for in the extract/study design. Therefore there are a variety of possible components in oats and barley, including -glucan, which make the observed results plausible. FSANZ cannot assign the cholesterol lowering effects of oats and barley to -glucan unequivocally.
[bookmark: _Toc416952249][bookmark: _Toc486348371][bookmark: _Toc486406768]Applicability to Australia and New Zealand
[bookmark: _Toc416952250][bookmark: _Toc486348372][bookmark: _Toc486406769]Intake required for effect 
The included trials used a daily quantity from 20 g to 150 g of oats (20 g and 150 g of oat bran or 45 g to 109 g (dry weight) of other oat products), or 30 g and 175 g of barley to modify blood cholesterol concentrations. There was an effect across the range of tested intakes (Figures 3 and 8) although not proportional to the consumed amount. The median serving size of hot porridge type cereals among consumers was 218 g (as prepared) in adults in Australia (Australia Bureau of Statistics 2014) which equates to approximately 40 g (dry weight). 
[bookmark: _Toc416952251][bookmark: _Toc486348373][bookmark: _Toc486406770]Target population
Nine oat trials and one barley trial were conducted in Australia and New Zealand. Other trials were conducted in North America, Europe, Asia and Africa. These studies indicated the applicability of the results to Australian and New Zealand populations.

Only one trial testing oats was identified in children; they were 6-14 year olds with hypercholesterolaemia (Maki et al. 2003). The results of this trial were similar to those of the combined set of studies (Figures 4-6).  No studies tested barley in children. 
[bookmark: _Toc416952252][bookmark: _Toc486348374][bookmark: _Toc486406771]Adverse effects
Lowering total and LDL cholesterol concentration following the consumption of oats or barley did not lead to a reduction in HDL cholesterol concentration, meaning that no significant adverse effect on blood lipids has been identified from consuming these foods.

More general adverse effects were gastrointestinal symptoms such as bloating, nausea, flatulence and a feeling of ‘fullness’. These effects are consistent with increased fibre intake, and were commonly reported in control groups as well.
3 [bookmark: _Toc416952253][bookmark: _Toc486348375][bookmark: _Toc486406772]Conclusion
Despite the inclusion of 54 RCTs (57 strata) in the review it was not possible to assess the relationship between -glucan and blood cholesterol. However, separate meta-analyses were conducted for oats that included 33 strata and for barley that included 7 strata. In conclusion, the body of evidence gives a ‘High’ degree of certainty for the relationship between the consumption of oats and decreased total and LDL cholesterol concentration. The body of evidence gives a ‘Moderate’ degree of certainty for the relationship between the consumption of barley and decreased total and LDL cholesterol concentration.
4 [bookmark: _Toc416952254][bookmark: _Toc486348376][bookmark: _Toc486406773]Acknowledgment
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EMBASE – OVID platform
Searched 27 November 2013
Searched 12 December 2014

1. Beta glucan/
1. (beta-glucan$ or beta glucan$ or oat$ or barley).mp. 
1. 1 or 2
1. cholesterol/ or cholesterol.mp. or lipoproteins, low density/ or low density lipoprotein$.mp. or LDL.mp. or hypercholesteremia/ or hypercholesterol?emia.mp.
1. randomized controlled trial/ or controlled clinical trial/
1. (randomi?ed or placebo or randomly or trial or groups).ti,ab.
1. 5 or 6
1. exp animal/ not human/
1. 3 and 4 and 7
1.  9 not 8

Code: exp = subject heading expanded to include narrower term;  mp = keyword;  ? = wildcard; $ = truncated with variable endings


Cochrane CENTRAL
Searched 20 November 2013	
Searched 12 December 2014

#1	MeSH descriptor: [beta-Glucans] explode all trees
#2	beta-glucan* or beta glucan* or oat* or barley 
#3	#1 or #2 
#4	MeSH descriptor: [Cholesterol, LDL] explode all trees
#5	MeSH descriptor: [Cholesterol] explode all trees
#6	cholesterol or LDL or hypercholesterolaemia or hypercholesterolemia 
#7	MeSH descriptor: [Hypercholesterolemia] explode all trees
#8	#4 or #5 or #6 or #7 
#9	#3 and #8 


Medline – PubMed portal
Searched 27 November 2013, date range 1/5/2012–27/11/2013
Searched 12 December 2014, date range 28/11/2013–12/12/14

(((((((((("randomized controlled trial"[Publication Type]) OR "controlled clinical trial"[Publication Type]) OR randomized[Title/Abstract]) OR placebo[Title/Abstract]) OR randomly[Title/Abstract]) OR trial[Title/Abstract]) OR groups[Title/Abstract])) AND ((((((cholesterol[MeSH Terms]) OR cholesterol) OR lipoproteins, low density[MeSH Terms]) OR (low density lipoprotein or LDL)) OR hypercholesterolemia[MeSH Terms]) OR (hypercholesterolemia or hypercholesterolaemia))) AND ((((beta glucans[MeSH Terms]) OR (beta-glucan* or beta glucan*)) OR oat*) OR barley)) NOT ((animals[MeSH Terms]) NOT "humans"[MeSH Terms])


[bookmark: _Toc416952257][bookmark: _Toc486348379][bookmark: _Toc486406776]Appendix 2 – Studies excluded at full text review
	Study ID
	Reason for Exclusion

	Abumweis 2010
	Not an RCT (systematic review – references screened)

	Anderson 1984
	No appropriate control group

	Beer 2000
	Conference abstract with no subsequent publication

	Berg 2003
	No dietary intake information

	Birkeland 1991
	Relevant, but foreign language

	Bridges 1992
	Subjects not randomised

	Carreira 2013
	Conference abstract with no subsequent publication

	Charlton 2012
	Insufficient dietary intake information

	Frank 2004
	No appropriate control group (high vs low molecular weight -glucan)

	Gold 1986
	Insufficient information to identify publication, likely captured in subsequent publication

	Gold 1988
	No dietary intake information

	Haggard  2013
	No adequate control group

	Hallfrisch 1995
	No cholesterol outcomes

	Ikegami 1996
	No adequate control group

	Kahn 1990
	No dietary intake information

	Keenan 1991
	Not RCT

	Keenan 2002
	Conference abstract with no subsequent publication

	Keenan 2007
	Insufficient dietary intake information

	Keenan 2010
	Conference abstract with no subsequent publication

	Kelley 1994
	No appropriate control group

	Kelly 2007
	Not an RCT

	Kirby 1981
	<2 week intervention (10 days)

	Liatis 2009
	No dietary intake information

	Liu 2001
	Insufficient dietary intake information

	Lovegrove 2000
	No dietary intake information

	Mackay 1992
	Inadequate control group

	Maki 2009
	Conference abstract captured in subsequent publication (Maki 2010)

	McGeoch 2012a
	Conference abstract captured in subsequent publication (McGeoch 2013)

	McGeoch 2012b
	Conference abstract captured in subsequent publication (McGeoch 2013)

	Narain 1992
	Inadequate control group

	Naumann 2006
	Insufficient dietary intake information

	O’Brien 1985
	No dietary intake information

	O’Kell 1988
	No abstract available

	Pins 2002
	Insufficient dietary intake information

	Pomeroy 2001
	Not randomised

	Poulsen 2011
	Conference abstract captured in subsequent publication (Ibrugger 2013)

	Queenan 2007
	Insufficient dietary intake information

	Rispin 1992
	Not an RCT (systematic review – references screened)

	Romero 1998
	Insufficient dietary intake information

	Roth 1985
	Relevant, but foreign language

	Shimizu 2008
	Insufficient dietary intake information

	Sirtori 2012
	Insufficient dietary intake information

	Stewart 1992
	Insufficient dietary intake information 

	Turnbull 1987
	Full text could not be found

	Uusitupa 1997
	No cholesterol outcomes

	Van Horn 1986
	Insufficient dietary intake information

	Wang 2013
	Conference abstract with no subsequent publication

	Wolever 2010
	Conference abstract captured in subsequent publication (Wolever 2010)

	Zhang 2010
	Conference abstract captured in subsequent publication (Zhang 2012)



[bookmark: _Toc416952260][bookmark: _Toc486348380][bookmark: _Toc486406777]Appendix 3 – Characteristics of included studies
	Reference
	Study design
	Objectives
	Participants & sample size
	Interventions
	Methods
	Confounders
	Results
	Notes

	Abrahamsson 1994
	Cross-over
	Comparison of effect between oat and wheat fibre on cholesterol metabolism in healthy women
	31 healthy females aged 20-46 y, majority with normal cholesterol.
27 included in final analysis.
	Bread made with oat or wheat bran. 
7d food records for compliance and food intake.
Average -glucan intake 7.5g per day in oat group, 1.1g per day in wheat group.
1wk run-in period then 2x 5wk periods.
	Compliance and dietary intake by 7d weighed food records. Lipids measured by enzymatic assay. LDL-C measured directly.
ANOVA analysis
	Controlled by cross-over design and measured by food intake.
	Non-significant decrease in total, LDL-C, and HDL-C. Dietary intakes well-matched between strata. 



	

	Amundsen 2003
	Cross-over
	Assess effects of addition of oat bran concentrate to a low saturated fat and cholesterol diet. 
	20 subjects (56% men) with hypercholesterolaemia.
16 completed study.
	Whole diet provided, prepared with oat bran concentrate or placebo diet. 
Test diet provided 5 g (2.7 g soluble) -glucan per day.
2x 3wk periods with 2.5wk washout.
	7d food record for baseline dietary intakes, food diary for consumption of test and non-test foods.
LDL-C calculated.
t-test analysis
	Minimised by cross-over design and provision of all foods.
	Significant decrease in total and LDL-C, non-significant decrease in HDL-C.
	Power calculation performed for total cholesterol.

	Anderson 1991
	Parallel
	To compare effects of soluble (oat) and insoluble fibre (wheat) on blood lipids and lipoproteins 
	21 males with hypercholesterolaemia. 20 completed study, 10 per group.
	Conducted in a metabolic ward with food prepared with either oat or wheat bran. Food weighed before and after meals.
Test diet provided 13.4 g soluble fibre per day, amount of -glucan not specified.
1wk run-in then 3wk intervention.
	Intake monitored in metabolic ward. Blood lipids measured daily. LDL-C calculated daily and measured directly on first and last day of intervention.
Total and HDL-C reported as a mean of last 3 days.
Statistical analysis by t-test
	Groups matched for BMI. Baseline cholesterol ~10% higher and average participant age 8 year younger in oat group. Analysis of covariance indicated no effect of these differences.
	Significant decrease in total and LDL-C, non-significant decrease in HDL-C
	

	Beck 2010
	Parallel
	To test the effects of incorporating -glucan from oat bran into an energy restricted diet for weight loss. 
	67 overweight females. 57 completed, 56 included in final analysis. 
16 in control group, 21 in moderate and 19 (of 20 completions) in the high -glucan group.
	3 strata. All received dietary advice for weight loss with either no, moderate or high intake of -glucan from oat bran. 
12wk intervention.
	Blood lipid measured at accredited pathology laboratory.
RMANOVA analysis.
	Groups generally well matched, except baseline fasting blood glucose was higher in the high -glucan group.
	Non-significant decrease in total cholesterol, LDL-C, and HDL-C.

	Power calculation performed for weight loss.

	Behall 1997
	Cross-over
	To test the effects of incorporating an oat fibre extract into the diet on blood lipids. 
	23 mildly hypercholesterolaemic subjects (30% male). 
	Diets provided with added oat fibre extract containing either low (1.6-2g) or high (5.9-8.4g) soluble beta-glucan.
1wk control period followed by 2 x 5wk periods. 
	Blood lipids measured by automated methods, LDL-C calculated. Statistical analysis of covariance. 
	Minimised by cross-over design.
	Significant decrease in total and LDL-C, non-significant decrease in HDL-C. 
	Data as least square means. 

Compared to 7d maintenance diet, test diets were 5% less energy from fat. 

	Behall 2004a
	Cross-over 
	To assess effects of -glucan from barley on CVD risk factors, including lipoprotein particle size.  
	27 mildly hypercholesterolaemic subjects (28% male), 25 included in final analysis. 
	Whole diet provided (AHA step 1) prepared with low, medium or high (0, 3 or 6g) -glucan levels from barley. 2wk run-in followed by 3 x 5wk periods. 
	Blood lipids measured by automated methods, LDL-C calculated. ANOVA analysis. 
Subgroup analyses preformed on men, post-menopausal and pre-menopausal women.
	Minimised by cross-over design.
	Significant decrease in total and LDL-C. No difference in HDL-C. 
No difference between gender subgroups.
	Data as least square means.
Mild GI side effects in all groups, more frequent in high fibre group.

	Behall 2004b
	Cross-over 

	To assess effects of barley fibre intake at various levels on cardiovascular risk factors. 
	21 mildly hypercholesterolaemic men aged 28-62 y. 18 completed study. 
	Whole diet provided (AHA step 1) prepared with low, med or high (<0.4, 3 or 6g) -glucan levels from barley. 2wk run-in followed by 3 x 5wk periods.
	Blood lipids measured by automated methods, LDL-C calculated. ANOVA analysis
	Minimised by cross-over design.
	Significant decrease in total cholesterol, LDL-C and total: HDL-C.  
	Data as least square means.
Power calculation for change in LDL-C performed. 
Mild GI side effects in high fibre group.

	Biorklund 2005 (2 strata)
	Parallel 
	To compare the effect of -glucan from oats and barley on serum lipids and lipoproteins, and postprandial glucose and insulin response. 
	100 free-living hypercholesterolaemic participants (49% male). 5 groups; control, 5 or 10g of -glucan from oats or barley. 89 completed study. 
	Concentrated -glucan from oat, barley or control consumed in a dairy drink daily. 8 week trial period. 
	Compliance by daily intake diary and returned beverages. Dietary intake by 3d food record of FFQ. 
Blood lipids by standard techniques, LDL-C calculated. ANOVA analysis and statistical analysis by t-test.
	Groups well matched at baseline. During intervention, 5g barley group decreased protein intake and 10g barley group decreased fat and energy intake.
	Significant decrease in total cholesterol and LDL-C in group consuming 5 g of -glucan from oats. Non-significant decreases in other -glucan groups.
	Power calculation for change in LDL-C performed. 
Mild GI side effects, more common in 10g oat group, but frequency lessened during intervention.

	Biorklund 2008
	Parallel
	To assess the effects of consuming -glucan in a ready to eat meal on blood lipid and postprandial glucose and insulin response.
	43 healthy participants with mild hypercholesterolaemia (44% male). 
	4g -glucan as a soluble oat fibre concentrate consumed daily as a soup. 3wk run in, 5wk test period.  
	Compliance by daily recording of soup intake. Dietary intake by 3d. Blood lipids by standard techniques, LDL-C calculated. ANOVA analysis Statistical analysis by t-test. 
	Groups well matched at baseline.
	Non-significant decrease in total cholesterol, LDL-C and HDL-C. 
	Power calculation for change in LDL performed.


	Braaten 1994
	Cross – over 
	To determine whether -glucan is responsible for the cholesterol-lowering effect of oat bran.
	20 free-living hypercholesterolaemic participants (47% male). 19 completed study. 

	-glucan as oat-gum, or maltodextrin placebo, was consumed twice daily in a drink. Subgroup analyses performed on “responders” vs. “non-responders”. 1-3wk run-in, 2x 4wk intervention with 3-4wk washout.  
	Compliance by returned packets. Dietary intake by 3d food record in first 2wk of each intervention period. 
Blood lipids measured by automated method, LDL-C calculated. ANOVA and t-test analysis. 
	Controlled by cross-over design.
Some differences in total fat and cholesterol intake between oat and placebo phase.
	Significant decrease in total cholesterol and LDL-C
	Baseline lipids calculated from pooled values of pre-test, placebo and placebo wash-out phase. Data for placebo groups presented in graph only.

	Bremer 1991
	Cross-over
	To compare lipid-lowering effects of oat compared to wheat bran.
	12 participants aged 38-66 (42% male) with hyperlipidaemia and stable consumption of a lipid-lowering diet
	Participants consumed bread with oat or wheat bran, average oat bran intake 45/day. 
2wk run in with 2x 4wk interventions separated by a 2wk washout.
	Dietary intake, including bread, recorded daily.
Blood lipids measured by standardised techniques with LDL-C calculated.
Paired t-test analysis.
	Controlled by cross-over design and daily measurement of food intake.
	Non-significant decreases in total cholesterol and LD-C. HDL-C increased in both groups, but was relatively decreased in oat group.
	

	Chen 2006
	Parallel
	To test the effects of soluble fibre from oat-bran on blood lipids in people with normal blood cholesterol concentration.
	110 healthy adults (40% male, aged 60-65) were randomised, 56 to control group and 54 to intervention. 102 completed the study (52 in control, 50 in intervention)
	Intervention group consumed oat bran concentrate in muffins and oatmeal cereal to give 7.3g -glucan per day. Control group consumed low fibre wheat muffin and corn flakes.
2wk run in then 12wk intervention.
	Compliance by daily records and returning unused packets. Dietary intake by 24hr recall.
Blood lipids by standard techniques, LDL-C calculated.
ITT performed, comparisons by ANOVA and paired t-test.
	Randomisation stratified by gender and ethnicity, but oat group was older (3.6 year, p=0.03) and had 26% higher baseline dietary fibre intake.
	Non-significant decreases in total, LDL-C and HDL-C cholesterol.
	Similar GI symptoms reports in both groups.

	Cugnet-Anceau 2010
	Parallel
	To test the effect of enriching a normal diet with -glucan on glucose control and blood lipids in diabetics.
	67 diabetic subjects randomised (60% male, aged 30-75, 50% on lipid-lowering medication). 
53 completed the trial, 24 in control, 29 in intervention.
	Soluble oat concentrate or placebo consumed in a soup once a day.
3wk run-in then 8wk intervention.
	Compliance by returning unused packets, dietary intake by 5d food intake questionnaire.
Blood lipids by standard techniques, LDL calculated.
Unpaired t-test or Mann Whitney U test used.
	Dietary intakes not well matched. 21% participants withdrew, but distribution of withdrawals was not reported.
	Non-significant changes in total, LDL and HDL cholesterol.
	Power calculation performed for glucose marker.
Thorough assessment, including blood analyses, found no serious adverse effects. 

	Davidson 1991
	Parallel
	To test the effects of increasing amounts of oatmeal and oat bran consumed in combination with a NCEP Step 1 diet.
	211 participants with borderline or high LDL-C enrolled in diet stabilisation phase. 156 “diet stable” subjects randomised. 148 completed study, 140 included in per protocol analysis. 6 oat groups with 20-23 subjects, control group 15 subjects.
	Intervention groups consumed 28g, 56g or 84g of oatmeal or oat bran per day to give 1.2. 2.4, 3.6, 2.0, 4.0, 6.0g -glucan, respectively. Control consumed 28g farina (low fibre cereal).
8wk run-in, 6wk intervention followed by 6wk washout.
	Compliance by daily recording and return of unused packets. Dietary intake by 4d food records.
RMANOVA
Blood lipids by standard techniques, LDL-C calculated.
Per protocol analysis reported, ITT gave similar results.
	Baseline dietary fibre appeared systematically different, with higher baseline levels in participants assigned to higher -glucan consumption.
	Significant decreases in total and LDL-C in groups consuming 56g and 84g oat bran, and 84g oatmeal. Non-significant increase in HDL-C.
	No clear dose-response for -glucan and cholesterol.

Power calculation performed for total cholesterol.

	Davy 2002
	Parallel
	To compare the effects of 2 large serves per day of oat or wheat-based cereals on blood lipids and lipoproteins.
	39 overweight men (age 50-75, BMI 25-35) participated, 36 completed the study but lipid data reported for 35 (17 oat, 18 wheat).
	Oat group consumed 60g oatmeal and 76g oat bran cereal per day to give 5.5g -glucan. Wheat group consumed 60g whole wheat hot cereal and 81g frosted wheat cereal per day. 
12wk trial.
	Compliance by returning uneaten cereal, dietary intake by 4d food records.
Lipids measured by nuclear magnetic resonance.
	Groups poorly matched for baseline saturated fat and fibre intake. Large differences in reductions in dietary cholesterol intake between groups.
	Non-significant decrease in total cholesterol and increase in HDL-C. Significant decrease in LDL-C.

	Total and LDL-C increased in wheat group.

	Demark-Wahnefried 1990
	Parallel
	To compare the effects of addition of oat bran to a low fat low cholesterol (NCEP) diet.
	Adults (aged 20-65, %men unclear) with hypercholesterolaemia.
81 subjects assigned to 4 groups, 68 completed study. In analysis, 18 in oat bran group and 15 in control group.

	All subjects followed and NCEP step 1 diet. Oat group consumed 50g unprocessed oats.
2wk run-in, then 12wk trial with follow-up every 4wks.
	Compliance by returning unused packets and daily food records. Dietary assessment of 3d food records at baseline and 3 times during intervention.
Lipid analysis by standard methods (note no LDL-C data)
RMANOVA analysis.
	Large differences in baseline saturated fat and fibre intakes at baseline.
	Non-significant increase in total cholesterol.
No LDL-C data and HDL decreased in both groups (only reported graphically)
	4 study strata, regular diet with oat bran, regular diet with processed oat bran, low fat low cholesterol diet or low fat low cholesterol diet with oat bran. Addition of oat bran to a regular diet was not included as no adequate control groups for these strata.

	Gerhardt 1998
	Parallel
	To compare the effects of oat bran and rice bran for the treatment of hyperlipidaemia. 
	In oat bran and rice starch placebo groups: 33 moderately hypercholesterolaemic adults (52% male).Final analysis of 30 adults, 13 in oat bran and 17 in rice starch placebo. 
	Subjects consumed 84g/d of oat bran (3.3g soluble fibre) or placebo (84g/d of rice starch) in addition to usual low-fat diet. 6wk trial. 
	Compliance by returning unused packets, dietary intake by weekly food records. 
Blood lipids measured in pathology laboratory, LDL-C calculated. ANOVA with post-hoc analysis. 
	Differences in baseline SFA and fibre intake. 
	Significant decrease in total cholesterol and LDL-C. No difference in HDL-C. 
	Rice bran trial not considered in analysis.
GI symptoms in oat bran group reported.

	Ibrugger 2013 (2 strata)
	Cross-over
	To compare the effects of different -glucans from oat and barley on lipid and other outcomes.
	16 young healthy subjects (mean age 23, 43% male) with normal lipid levels were randomised, 13 completed the trial, with 1 subject completing only the control and barley periods.
	Subjects consumed 3.3g -glucan extract from oat, barley or mutant barley per day in yoghurt and beverages, or control yoghurt and beverages. 
4x 3wk periods separated by at least 2wk washout.
	Compliance method unclear, but reported as high. Dietary intakes by 4d weighed food records.
Lipids by standard methods, LDL-C measured directly.
ANCOVA analysis, with pair-wise comparisons if significant.
	Dietary intakes well matched for fat and fibre.
	Significant decreases reported for total cholesterol, LDL-C and HDL-C in oat group, with non-significant decreases for barley group.

	Power calculation performed.
Barley mutant group not included in analysis.


	Johnston 1998
	Parallel
	To test the cholesterol-lowering efficacy of a whole grain oat, ready-to-eat cereal as part of the NCEP step 1 diet.
	135 adults (aged 40-70, 60% male) with mild to moderate hypercholesterolaemia were randomised. 124 completed the study, 62 subjects per group (for LDL n=61 in control).
	All subjects consumed an NCEP step 1 diet. Oat group ate 90g ready to eat whole grain oat cereal each day. Control group consumed 90g cornflakes. 
6wk dietary run-in, then 6wk intervention.
	Compliance by daily logs and return of unused packets. Dietary intake by 3d food records.
Blood lipid measures in certified pathology laboratory.
ANOVA with subsequent t-test analysis.
	Dietary intakes well matched.
	Significant decrease in total cholesterol and LDL-C in oat group compared to baseline. 
94% compliance.
	Mild GI symptoms in control and intervention group, no serious adverse effects.

	Karmally 2005
	Parallel
	Assess the cholesterol-lowering effect of oats in Hispanic Americans.
	152 adult Hispanic Americans, mainly Dominicans and Mexicans (aged 30-70, 30% male). Mix of normal and high blood cholesterol concentration.
146 completed the study in 2 centres, but final distribution of subjects in oat and corn group not described.
	All subjects consumed an NCEP step 1 diet. Oat group ate 90g ready to eat whole grain oat cereal each day. Control group consumed 90g corn cereal.
5wk dietary run-in, then 6wk intervention.
	Compliance by return of unused packets. Dietary intakes by 3d food record and unannounced 24hr recall (telephone).
Blood lipid measures in certified pathology laboratory.
ANOVA and t-test analysis.
	Dietary intakes well matched.
	Significant decrease in total cholesterol and LDL-C in oat group compared to baseline.
	For meta-analysis, it was assumed that the withdrawals were evenly distributed between groups.

	Kashtan 1992
	Parallel
	To compare oat bran effect on blood lipid in adults with previous polypectomy and those without such history
	84 adults aged 61.3years, 31 men and 14 women, with normal blood lipid levels
	Oat bran (88g/day) or wheat bran supplement (73g/day), twice per day. Taken with hot or cold cereal, at both breakfast and dinner. Wheat bran diet was supplemented with cream of wheat and cheddar cheese, in order to match nutrient profile.
	Compliance by comparing
consumed foods composition according to the subjects’
records with prescribed diets provided. t-test analysis and ANCOVA adjusting baseline values and gender.
	On average, the 84 participants consumed 91% of dietary calorie.
43 participants consumed 90% of their designated supplement and diet and results include only those.
	Significant decrease in total and LDL cholesterol in oat consuming treatment compared with wheat. No change in HDL. 
	

	Keogh 2003
	Cross-over
	To test the effects of a highly -glucan enriched barley on markers of CVD risk. 
	18 mildly hypercholesterolaemic and overweight men (aged 18-65y). 
	Whole diet provided containing highly enriched b-glucan from barley in a variety of foods. Treatment stratum consumed 8.1-11.9g -glucan/d. Control consumed isoenergetic amount of 6.5-9.2 g glucose/d. 2x 4wk periods, minimum 4wk washout.  
	Compliance by urinary nitrogen measures. Unclear method of blood lipid measurement.
ANOVA and t-test analysis.
	Minimised by cross over design and provision of total diet.
	Total cholesterol and LDL-C fluctuated throughout intervention period, no significant difference observed.
	Data presented as least square means.

	Kerckhoffs 2003
	Parallel 
	To test the effect of -glucan from oat bran in baked goods on serum lipids and lipoproteins. 
	51 mildly hypercholesterolaemic adults (44% male, 18-65y). 48 completed study. 
	Oat bran and oat bran concentrate administered in bread and cookies to give daily intake 5.9g -glucan. 
Subgroup analysis performed for gender. 3wk run-in, 4wk intervention. 
	Compliance by recording daily intake of test foods. Dietary intakes by FFQ. Blood lipids measured enzymatically, LDL-C calculated. ANOVA and t-test analysis, gender subgroup analysis.
	Groups well-matched at baseline.
	No significant changes in lipid profile. No effect of gender. 
	Power calculation performed for LDL-C.

	Kestin 1990
	Cross-over
	To test the effect of different cereal brans on blood lipids and lipoproteins as well as measures of glucose and insulin and stool frequency.
	28 mildly hypercholesterolaemic men (aged 29-61). 24 completed study. 
	Low fibre diet supplemented with bread and muffins made with oat, wheat or rice bran. Wheat bran selected as control group. Oat group consumed 95g containing 5.8g of water soluble fibre. 3wk low fibre run-in then 3x 4wk intervention periods. 
	Compliance by food intake diary and weighed food records. Dietary intake by 4d weighed food records in each period. 
Blood lipids measured using automated methods, LDL-C calculated. ANOVA and t-test analysis. 
	Minimised by cross-over design
	Significant decrease in total and LDL-C. Non-significant difference in HDL-C and TG. 
	

	Leadbetter 1991
	Cross-over
	To test the effect of consuming different quantities of oat bran on blood lipids. 
	40 mildly hypercholesterolaemic subjects (50% male, 25-64y). 2 subjects withdrew but were replaced.
	Addition of 0, 30, 60 or 90g per day oat bran to regular diet. 
4 x 1mo periods in Latin square design. 
	Compliance by returning unused sachets. Dietary intake by 5d food record before study and 1d food records during each intervention period. Blood lipids measured enzymatically, LDL-C calculated. RMANOVA analysis. 
	Minimised by cross-over design
	No significant difference on total cholesterol, LDL-C or HDL-C. 
Significant, negative correlation between oat bran amount and HDL-C.
	

	Lepre 1992
	Cross-over 
	To determine if adding oat bran to a low saturated fat, low cholesterol diet had additional cholesterol-lowering effects. 
	37 mildly hypercholesterolaemic subjects (43% male, 28-69y). 30 completed study. 
	Subjects consumed a low saturated fat, low cholesterol diet, with 2 muffins per day containing either 60g oat bran (3.2g soluble fibre) or 60g wheat bran. 
3x 8wk periods (diet only, oat muffin or wheat muffin)
	Compliance by diet review and 4 x 1 day food records in last 4 weeks of study. Dietary intake by 4 x 1 day weighed food records (1 day/week for last four weeks of each period). Blood lipids measured, LDL-C calculated. Statistical analysis by variance and t-test. 
	Minimised by cross-over design. Small but statistically significant differences in some nutrient intakes between intervention periods.
	Significant decrease in LDL-C non-significant decrease in total cholesterol. 
	Minor GI symptoms in some subjects (unclear in which intervention)

	Li 2003
	Cross-over
	To test the effect of barley intake on blood lipids and glucose in healthy young Japanese women. 
	10 healthy young females (mean age 20.4). Cholesterol status unspecified but baseline value indicates normal cholesterol concentration.
	Whole diet provided, in test phase 30% of carbohydrates replaced with barley as wholegrain (45% barley bran). 
2x 4wk intervention with 4wk washout. 
	Compliance not reported but all meals were provided. Blood lipids measured using commercial kits, LDL-C calculated. RMANOVA and t-test analysis. 
	Minimised by cross-over design. Saturated fat intake not reported, but total fat intake similar.
	Significant decrease in total cholesterol and LDL-C. No change in HDL-C.
	No side effects of intervention.

	Lupton 1994
	Parallel
	To test whether adding barley bran flour or barley oil to a NCEP diet enhances cholesterol-lowering. 
	79 hypercholesterolaemic subjects (45% male). 53 subjects in 2 relevant strata of trial. 
	All subjects consumed NCEP step 1 diet. One group consumed 30g of barley bran flour (70% fibre) provided as a supplement. Control group consumed 20g of cellulose. 30d intervention. 
	Compliance unclear. Dietary intake by 3d dietary records. Blood lipids measured enzymatically, LDL-C calculated. ANOVA and t-test analysis. 
	Barley bran group had significant decreases in energy, cholesterol and fat intake, whereas control group only reduced total fat intake.
Blood cholesterol concentration tended to be higher in barley compared to control group.
	Significant decrease in total cholesterol, LDL-C, HDL-C, apoA and apoB. Non-significant difference in TG.  
	Barley oil stratum of trial not considered further.

	Ma 2013
	Parallel
	To investigate the effects of naked oats on people with Type 2 diabetes using a randomised controlled trial.
	119 volunteers (mean age 59 yrs) with metabolic syndrome and Type 2 diabetes but normal cholesterol concentration (43% male). 
	The control group received structured dietary intervention including intensive nutrition education and systematic meal plans. The experimental group received the same diet advice and meal plans with the addition of 50 g/day of naked oats (2.5 beta glucan/day) replacing other staple products such as rice, wheat flour, corn and millet. 1wk run in, 30 day experiment.
	Food intake and compliance recorded. Venous fasting blood samples were taken. Total and HDL-C were analysed using the enzymatic method, and LDL-C was calculated. X2 tests and ANOVAs were used for between group comparisons.
	Relatively low attrition rate, statistical analysis showed no effect of experimental treatment on dropouts.
	Significant decrease in total and LDL-C following naked oat intervention. No significant change in in HDL-C.
	

	Maki 2003
	Cross-over
	To assess the clinical efficacy of consuming -glucan in ready-to-eat cereals in lowering blood cholesterol concentration in children. 
	29 hypercholesterolaemic children (6-14y, 72% male). 18 completed study per protocol. 
	Weight loss diet (NCEP Step 1 dietary guidelines) with 2 portions of b-glucan containing cereal (3g of soluble fibre) or low fibre cereal per day.
4wk run-in, 1wk baseline, then 2x 4wk test periods. 
	Compliance by return of unused packets. Dietary intake by 3d diet record at baseline and in each test period. Blood lipids measured in certified pathology laboratory, LDL-C calculated. 
Subgroup analysis by BMI. RMANOVA analysis. 
	High attrition. Significantly lower energy intake in -glucan treatment period.
	Significant decrease in LDL-C in per-protocol analysis, but not ITT. Non-significant decrease in total cholesterol and HDL-C.
Change in LDL-C significant in subjects below, but not above, median BMI.
	

	Maki 2010
	Parallel
	To evaluate ready-to-eat whole-grain oat cereal for weight loss, LDL cholesterol lowering, and improves other CVD risk markers.
	144 (per protocol), 173 (modified ITT) healthy overweight with hypocholesterolaemia (mean age 48.8y, 22% males) completed the study.
	Weight loss diet with 2 portions of β-glucan containing wholegrain oat ready-to-eat cereal or low fibre cereal/snacks
	Compliance by food diaries: 3-d diet records at baseline, week 4 and week 12. Blood lipids measured in certified pathology laboratory. Power calculation (64 per stratum)
	Attrition bias as per protocol analysis used (ITT results reported in text as similar). Diet not well matched between groups.
	Significant reduction in total and LDL, no changes in HDL cholesterol by ready-to-eat wholegrain oat cereals.
	

	McGeoch 2013
	Cross-over 
	To test the effect of an oat-enriched diet on markers on glycaemic control, blood lipids, oxidative stress and inflammation in Type 2 diabetics.
	27 diabetic men and post-menopausal women (67% male, 40-75y). 27 completed the study, but only 24 were included for dietary information. 
	Standard dietary advice for diabetes, with or without inclusion of oat products. Oat group consumed a mean intake of 109g oats per day. 
2x 8wk intervention period. 
	Compliance by food diaries. Dietary intake by weighed food records. Unclear methods for blood lipids. Random effects model using restricted maximum likelihood estimation. Post-hoc t-tests used.. 
	Minimised by cross-over design.
	No significant changes blood lipids. LDL-C reported as significantly different by post-hoc analysis, but overall p-value was 0.1, so post-hoc analysis inappropriate. 
	Power calculation for insulin and glucose area under the curve, and IL-6. 


	McIntosh 1991
	Cross-over
	To compare the effect of dietary fibre from barley and wheat on blood lipids. 
	21 hypocholesterolaemic males (33-59y). 
	Provision of bread, pasta, muesli and biscuits made with barley flour or barley bran (8g -glucan). Control group received equivalent foods made from wheat (1.5g -glucan). 
3wk run-in, then 2x 4wk periods. 
	Compliance and dietary intake by weighed food intake every 3rd day. Blood lipids measured enzymatically, LDL-C calculated. Paired t-test analysis. 
	Minimised by cross-over design.
	Significant decrease in total cholesterol and LDL-C. No change in HDL-C. 
	

	Momenizadeh 2014
	Parallel
	Assess the effects of bread containing oat bran on serum lipid levels in patients with hypercholesterolaemia
	60 participants  (mean age 51 yrs) receiving statins for hypercholesterolaemia (35% male)
	All participants received hypocaloric diet. Controls received min 5 servings/day wheat bread (150g/day) whilst experimental group received 150g/day oat bran bread (6g/serving beta glucan, 30g beta glucan/day). 2wk run in, 4wk intervention
	Fasting blood samples were used to determine total, LDL-C and HDL-C, which were measured with an Autoanalyser. Between group differences calculated using Student’s t test, paired t tests for before and after comparison.
	
	Numerical reductions in total and LDL-C following oat bran bread, but not significantly different to reductions in wheat bread group.
	Unclear reporting of statistical calculations and effects.

	Newman 1989
	Parallel 
	To compare the effects of consuming foods made from barley flour compared to isofibrous wheat foods on blood cholesterol concentration. 
	14 male volunteers aged >35y. Serum cholesterol status prior to study was not a consideration.  
	Participants from the barley group consumed 42g of fibre from cereal and baked goods made with barley flour (12g 8g -glucan). Control foods were made with wheat flour and bran to match fibre content.
4wk intervention. 
	Compliance and dietary intake by 3d dietary recall at baseline and end of intervention. Blood lipids measured enzymatically, LDL calculated. Statistical analysis by linear regression. 
	Groups poorly matched for baseline fibre and fat intake, but intakes similar during intervention.
	No significant changes in lipid profile. Cholesterol appeared to increase in wheat group.
	Both groups reported mild GI side effects.

	Noakes 1996 (2 strata)
	Cross-over 
	To compare the effects of a high-carbohydrate diet enriched in low or high amylose starch, or oat bran, on blood glucose, insulin, lipids and bowel function.  
	23 overweight hyperlipidaemic subject. 10 females (45-61y) and 13 males (44-64y). 
Study considered as 2 trials; 1 in men and 1 in women
	Participants consumed bread, cereal, pasta, muffins made with oat bran or high amylose starch on a low fat low fibre background diet. Females consumed 87g oat bran and males consumed 121g oat bran.  
3x 4wk intervention.
	Compliance by daily food records. Dietary intake by 3d weighed food records during each period. Blood lipids measured enzymatically, LDL-C calculated. RMANOVA and t-test analysis. 
	Minimised by cross-over design. 
	No significant change in blood cholesterol concentration.  
	High amylose stratum selected as control as it provided a better match of fibre intakes. The low amylose stratum was not considered further. 

	Onning 1999
	Cross-over
	To study the cholesterol-reducing properties of an oat milk deprived of insoluble fibre in hypercholesterolaemic men
	66 men with moderate hypercholesterolaemia (mean age, 62.6y). 52 men completed the study.
	Participants consumed 0.75L oat milk/day with a daily -glucan intake of 3.825g. Controls drank equivalent volume rice milk. 2 x 5wk intervention with 5wk washout period.
	Blood lipids measured using automated analyser, LDL-C calculated. Analysed using paired t tests and Wilcoxon nonparametric tests (lipid values were not normally distributed)
	Minimised by cross-over design. Compliance and dietary intake information not recorded. High attrition due to unwillingness to continue.
	Significant decreases in total cholesterol and LDL-C. No change in HDL-C.
	Taste and sensation of milks were tested; participants could not tell them apart.

	Pick 1996
	Cross-over 
	To test the long term effects of oat bran concentrate bread product on diabetes control. 
	8 diabetic men (39-57y). 
	Participants consumed oat bran concentrate in bread and bread products with a mean intake of 9g soluble fibre. Control products were white bread.
2x 12wk periods. 
	Compliance by 3 weekly appointments including 48hr recalls. Dietary intake by 4x 48hr recalls in each intake period. Blood lipids measured enzymatically, LDL-C calculated. RMANOVA analysis. 
	Minimised by cross-over design. 
Difference in test products (white bread vs. variety of bread products) may introduce confounding.
	Significant decreases in total cholesterol and LDL-C. No change in HDL-C.
	Intervention was well tolerated.

	Poulter 1994
	Cross-over
	To test the effect of oat-based cereal on blood cholesterol in a group representative of the general population. 
	64 participants (29% male) mean age 56y. Majority of participants were recruited from a hypertension clinic and not selected on blood lipid status. 
	Participants in the oat group consumed a mean intake of 56g of commercially available oat based cereal per day (2.24g soluble fibre).
2x 4wk period. 
	Compliance by returned cereal boxes and weighing of unused cereal. Dietary intake by 2d food diary at baseline and end of intervention. Blood lipids measured enzymatically, LDL-C calculated. Statistical analysis by t-test and a method for cross-over trials. 
	Dietary fat intake and polyunsaturated: saturated fat ratio fluctuated throughout trials
	Significant decrease in total cholesterol and LDL-C. No change in HDL-C.
	Amount of soluble fibre consumed by oat group unclear (reported as 2.24g, but when calculated from information in paper amount is 3g per day). 

	Robitaille 2005
	Parallel 
	To test the plasma lipoprotein/ lipid response to an oat bran-rich supplement in overweight pre-menopausal women. 
	34 overweight premenopausal women (18-53y). Cholesterol status was not specified. 
	All subjects consumed an NCEP step 1 diet. The treatment group consumed 2 muffins enriched in oat-bran per day (28g/day of oat bran; 2.31 g -glucan). 
2wk run-in then 4wk test period. 
	Compliance by returned uneaten muffins. Dietary intake by 3d food records. Blood lipids measured enzymatically, LDL-C calculated. ANOVA and t-test analysis.
	Participants were well-matched at baseline. Oat, but not control, group prepared muffins.
	Significant increase in HDL-C, significant decrease in total cholesterol/HDL-C ratio. Non-significant changes in total cholesterol, LDL-C and TG.
	Increased water intake in oat group. No adverse effects.

	Rondanelli 2011
	Cross-over
	To compare the effects of -glucan (from barley bran) with the effect of rice bran on lipid concentration in mildly hypercholesterolaemic men. 
	24 mildly hypercholesterolaemic men (18-60y). 
	Diet provided as 7d rotating menu.  During barley period subjects consumed 5.99g extracted -glucan in bread, pasta, rice cakes, soup and sauce. In rice period subjects ate rice bran enriched foods. 
3wk run-in, 2x 4wk intervention with 3wk washout. 
	Compliance assessed at weekly visits, unclear method. Dietary intake by 3d food record prior to study and calculated from provided foods during study. Blood lipids measured enzymatically, LDL-C measured directly. Statistical analysis by t-test and multilevel mixed-effects linear regression. 
	Minimised by cross-over design and provision of whole diet.
	Significant decrease in total cholesterol and LDL-C. Non-significant increase in HDL-C. 
	Intervention was well tolerated.

	Saltzman 2001
	Parallel 
	To determine whether w weight loss diet with oats would have addition benefits on blood pressure and lipid concentration compared to weight loss alone. 
	43 adults (47% male, 19-30y in younger group and 64-78 in older group). BMI 20-35. Not selected for lipid status (mean values normal). 
	Whole diet provided, weight loss diet +/- 45g oats per day. Quaker quick oats incorporated into wide range of foods and were consumed at every meal. 2 week weight stabilisation followed by 6 week weight loss phase with or without oats. 
	Compliance and dietary intake by provided diet. Weight loss in accordance with predictions also indicated compliance. Blood lipids measured enzymatically, LDL-C calculated. ANCOVA and t-test analysis. 
	Groups generally well matched. Similar weight loss between groups.
	Significant decrease in total cholesterol and LDL-C. Non-significant increase in HDL-C. 
	Designed to allow comparison between older and younger ages, and body weight classifications, but data not reported

	Sundberg 2008
	Cross-over
	To determine the effects of soluble fibre in a commercial barley product  on risk markers for CHD, namely LDL-C, HDL-C and total cholesterol
	44 adults (30% male) with elevated LDL-C (>3.2 mmol/L) between the ages of 20 and 75 years (mean 63.4 years)
	Intervention consisted of 60g/day barley fibre flakes (3.06g/day -glucan). Placebo group received 60g/day of wheat flakes with cellulose. No run-in, 2x 4 wk intervention with 4 wk washout.
	Compliance by daily recording of test food intake and returned packages (>97%). Dietary intake with 3 d food records. Blood analysed according to standard procedures at Centre for Laboratory Medicine, Uppsala., Sweden. Differences analysed with paired t-tests.
	Groups well matched for diet during the interventions, but no data regarding usual diet prior to intervention. Higher concentration of insoluble dietary fibre recorded during the placebo treatment.
	Significant decreases in total cholesterol and LDL-C.
	Equal numbers of adverse events (gastric problems) recorded for each intervention.

	Swain 1990
	Cross-over
	To compare the effect of high-fibre oat bran and low fibre refined-wheat product on blood cholesterol concentration. 
	24 dietitians and hospital employees (20% male, 23-49y). Normal cholesterol concentration. 20 completed study. 
	High-fibre oat bran group consumed muffins and entrees containing oat bran to give 100g oat bran per day (86% compliance). Control group received placebo foods made with refined low-fibre wheat. 
1wk run-in, 2x 6wk intervention with 2wk washout. 
	Compliance by daily recording of test food intake. Dietary intake by 4d food records in week 5 of intervention. Blood lipids measured enzymatically, LDL-C measured directly. 
RMANOVA with Student-Neman-Keuls test. 
	Total and saturated fat intake higher during test phase.
	No significant difference in blood cholesterol concentration. 
	GI symptoms enables subjects to correctly identify intervention phase.

	Theuwissen 2007
	Cross-over 
	To compare the effects of -glucan intake alone or in combination with and plant stanol esters on blood lipid concentration and lipid metabolism. 
	43 mildly hypercholesterolaemic participants (48% male, 18-65y). 42 completed study, but 2 excluded from analyses. 
	Muesli with wheat fibre (control) or -glucan from oat fibre was consumed 2x daily at least 5 hours apart. Mean -glucan intake was 4.8g per day in the oat group.
3x 4wk intervention with 2wk washout. 
	Compliance by returned packages and record of any protocol deviations. Dietary intake by FFQ at end of intervention phases. Blood lipids measured enzymatically, LDL-C calculated. ANOVA with Tukey post-hoc analysis. 
	Minimised by cross-over design
	Significant decrease in total cholesterol and LDL-C. No change in HDL-C. 
	Power calculation for LDL-C. 
2 subjects were excluded due to elevated liver enzymes throughout study (including control period).
Intervention of combined of -glucan and plant sterols was not considered. 

	Thongoun 2013
	Cross-over
	Assess the impact of consuming oatmeal on lipid profiles in hypercholesterolaemic adults in Thailand
	 24 hypercholesterolaemic participants (8% male, mean age 51 yrs).
	Test participants consumed 70g/day instant oatmeal (3g beta glucan/day). Controls ate 70g/day rice porridge. 1wk run-in, 4wk intervention (possible 1 wk washout, wording unclear) 
	Total cholesterol, LDL-C and HDL-C were measured in fasting blood samples before and after each intervention. Compliance was assessed using 2 x 3d dietary records. Three-way ANOVA used to analyse data.
	During the control intervention, intake of CHO increased whilst fat decreased.
	Significant decreases in total cholesterol and LDL-C following oat intervention.
	

	Torronen 1992
	Parallel 
	To assess the effect of consuming bread made with oat bran concentrate on blood lipid concentration.
	30 adult males (25-52y). 28 completed study, 13 in oat group and 15 in control group. 
	Test group consumed oat bran concentrate bread to give 5.6g -glucan for first 2wk increasing to 11.2g -glucan for next 6wk. Control group consumed bread giving 0.3g -glucan per day. 2wk run-in, 8wk intervention with increase in -glucan over time, 2wk follow-up. 
	Compliance by daily intake records. Dietary intake by 3x 3d food records (baseline, during and after intervention). Blood lipids measured enzymatically, LDL-C measured directly. MANOVA and t-test analysis.  
	Large decrease in saturated fat intake during oat intervention leading to lower saturated fat intake during intervention.
	Non-significant decreases in total cholesterol, LDL-C or HDL-C. 
	Significant increase in TG and VLDL-C observed in oat group.  

	Uusitupa 1992
	Parallel 
	To test the cholesterol-lowering effects of -glucan-rich oat bran in hypercholesterolaemic adults consuming a low-fat, low-cholesterol diet.
	41 adults (56% male, average age 45y in control group and 50y in oat group). Subjects had hypercholesterolaemia and were recruited from a previous trial. 36 completed the study (20 in oat group, 16 in control). 
	All subjects consumed AHA Step 1 diet. Oat bran (10.3g -glucan) or wheat bran given as supplement, usually consumed with juice, porridge, yoghurt and dessert. Actual -glucan intake approx. 7g in 60% of subjects.
Subgroup analyses based on ApoE phenotype. 
4wk run-in, 8wk intervention period.  
	Compliance and dietary intake by 4d food records during run-in and at 4 and 8wks. Blood lipids measured enzymatically, LDL calculated. Statistical analysis by variance. 
	Baseline characteristics and dietary intake during intervention were well matched.
	Non-significant decreases in total cholesterol, LDL-C and HDL-C.
	Mild GI side effects in both groups, more frequently in the oat group. 

	Van Horn 1988
	Parallel 
	To test the effect of adding oatmeal to a fat-modified diet on serum cholesterol concentration. 
	256 healthy participants with normal blood lipids (64% male, 30-65y). 236 completed study. 
	All subjects on phase 2 of AHA diet, with oat group adding 56g of oatmeal per day to diet. Subgroup analyses baseline cholesterol concentration and gender. 
4wk run-in (on AHA diet) then 4wk test period. 
	Dietary intake by 3 day food record every 4 weeks. Unclear method of lipid measurement, LDL-C calculated. Statistical analysis by t-test. 
	Groups appear well matched at baseline. Dietary intake well matched during intervention.
	Non-significant decrease in total cholesterol. 
	LDL-C effects were similar to total cholesterol, but unable to be included in meta-analysis due to ambiguity in reporting. HDL-C appeared to increase in both groups, but was also unsuitable for inclusion.

	Van Horn 1991
	Parallel 
	To test the effect of consuming moderate amounts of instant oats on lipid concentration as well as to assess dietary adaptations to the daily inclusion of oats. 
	111 hypocholesterolaemic adults (50% male, 22-76y). 80 completed study.  
	56g instant oats isocalorically substituted into regular diet (recorded consumption 54g). Subgroup analyses by baseline cholesterol, gender and BMI. 
8wk trial period. 
	Compliance by food records. Dietary intake by 3d food record at baseline, 4 and 8wks. Blood lipids measured enzymatically, LDL-C calculated. Statistical analysis by t-test. 
	High attrition.
Baseline characteristics of groups well matched at baseline. 
Saturated fat intake changes significantly between groups, with decreased intake in intervention but increased intake in control group.
	Non-significant decrease in total cholesterol and LDL-C. 
.
	No side effects reported from oat intake. 

	Vortser 1986
	Cross-over
	To compare the acceptability and some biochemical effects of a new oats fibre tablet to a similar amount of wheat bran.
	18 healthy undergraduate volunteers. 6 men and 12 women (mean age 20y). Normal cholesterol values.
	15g oat fibre tablets (15 x 1g tablets). Wheat bran tablets as control. 2 x 3wk intervention, with 4wk washout period.
	Habitual food intake recorded at baseline. Blood lipids measured enzymatically, LDL-C measured directly. Blood glucose tested, as well as ease of intake of supplements. RMANOVA, ANCOVA and t-test analysis.
	Minimised by cross-over design and provision of tablets. Compliance and dietary intake through intervention not recorded.
	No change in blood glucose. Oat and wheat supplements lowered total cholesterol and LDL-C in the first intervention period; only oat supplements lowered them in the second. 
	Study reported each period of cross-over as separate experiment. When combined, there were no significant effects of oats on total cholesterol or LDL-C. Oat supplements were easier to take than wheat, with fewer side effects. 

	Whyte 1992
	Cross-over
	To test the effects of high oat bran intake on blood cholesterol concentration. 
	24 hypercholesterolaemic males (26-60y). 23 completed study. 
	Pre-packaged breakfast cereal with 123g oat bran or 54g of wheat bran. Wheat bran cereal consumed during run-in. 
3wk run-in, then 2x 4wk intervention. 
	Compliance and dietary intake by 1d weighed food records every 3 days. Blood lipids measured enzymatically, LDL-C method unclear. 
t-test analysis. 
	Minimised by cross-over design. Dietary intakes well matched during each period.
	Significant decrease in total cholesterol and LDL-C. No significant difference in HDL-C. 
	

	Wolever  2010 
	Parallel 
	To assess the cholesterol-lowering effects of 3g/day oat -glucan intake, and investigate the effect of different molecular weight (MW) -glucan on cholesterol-lowering.
	367 males and non-pregnant women (44% male, 35-70y 22 subjects withdrew, but ITT analysis performed. 
	Ready to eat cereals prepared with extruded  -glucan consumed 2x day. Wheat as control. Oat cereal made to give 3g high MW, 3 or 4g medium MW or 4g low MW -glucan.
4wk trial.
	Compliance by returning unused cereal packets. Dietary intake by 3d diet record in last week of intervention. Blood lipids measured by standard techniques, LDL-C calculated. ANCOVA analysis with post-hocs.
	Groups generally well matched at baseline, but %male varied from 35-50% between groups.
Dietary intakes well matched at baseline and end of intervention. 
	Total cholesterol and LDL-C significantly decreased in all oat groups except low MW. No significant change in HDL-C.
	Multi-centre study (2 contract research organisations, 3 universities).
Data presented as least square means, authors provided arithmetic means for use in meta-analysis.
No sig difference in GI side effects. 

	Zhang 2012
	Parallel 
	To assess the effects of oat intake on CVD risk factors in an Asian population 
	182 Chinese men and women with mild to moderate hypercholesterolaemia (40% male, 35-70y). 166 completed study. 
	Oat group consumed 100g instant oat cereal per day (3.6g soluble fibre). Control group consumed 100g of wheat noodles per day. 
6wk intervention. 
	Compliance by daily intake records. Dietary intake by 3 days of 24 hour recalls using a validated questionnaire. Blood lipids measured using automated techniques. ANCOVA analysis. 
	Groups well matched at baseline. Dietary intakes well matched during intervention.
	Total cholesterol and LDL-C decreased in both groups, with a significantly larger decrease in the oat group. 
HDL-C decreased in both groups, but significantly more in control group.
	Data presented as least square means and therefore nor included in meta-analysis.


Abbreviations: AHA, American Heart Association; ANCOVA, analysis of covariance; ANOVA, analysis of variance; CVD, cardiovascular disease; FFQ, food frequency questionnaire; GI, gastrointestinal; HDL-C, high density lipoprotein cholesterol; ITT, intention to treat; LDL-C, low-density lipoprotein cholesterol; NCEP, National Cholesterol Education Programme; RMANOVA, repeated measures ANOVA; TG, triglycerides; VLDL-C, very low-density lipoprotein cholesterol.
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	Reference
	Random sequence generation (selection bias)
	Allocation concealment (selection bias)
	Blinding of participants and personnel (performance bias)
	Blinding of outcome assessors (detection bias)
	Incomplete outcome data (attrition bias)
	Selective reporting (reporting bias)
	Other

	Abrahamsson 1994
	?1
	Method not stated
	?
	Not described
	low
	Double blind
	?
	Not stated
	low
	13% attrition
	low
	Expected outcomes reported
	low
	

	Amundsen 2003
	?
	Method not stated
	?
	Not described
	low
	Participants blinded, not personnel 
	low
	Blinded until study completion
	high
	20% attrition
	low
	Expected outcomes reported
	low
	

	Anderson 1991
	?
	Method not stated
	?
	Not described
	high
	Unclear, but obvious differences in foods
	?
	Not stated
	low
	5% attrition
	low
	Expected outcomes reported
	low
	

	Beck 2010
	low
	Computer generated sequence
	?
	Not described
	low
	Participants blinded, not personnel 
	?
	Not stated
	high
	15% attrition, 30% in control group
	low
	Expected outcomes reported
	low
	

	Behall 1997
	high
	Not described as randomised. However, gave the diets in different orders to different subjects 
	?
	Not described
	?
	Not described
	?
	Not stated
	low
	No attrition
	Low
	Expected outcomes reported
	low
	Cross-over design with meals provided

	Behall 2004a
	?
	Latin square 
	?
	Not described
	high
	Unclear, but obvious differences in foods
	?
	Not stated
	low
	7% attrition
	low
	Expected outcomes reported
	low
	

	Behall 2004b
	?
	Latin square
	?
	Not described
	high
	Unclear, but obvious differences in foods
	?
	Not stated
	low
	14% attrition
	low
	Expected outcomes reported
	low
	

	Biorklund 2005 (2 strata)
	?
	Method not stated
	?
	Not described
	low
	Participants blinded, not personnel 
	?
	Not stated
	low
	11% attrition
	low
	Expected outcomes reported
	low
	

	Biorklund 2008
	?
	Method not stated
	?
	Not described
	low
	Participants blinded, not personnel 
	?
	Not stated
	low
	no attrition
	low
	Expected outcomes reported
	low
	

	Braaten 1994
	?
	Method not stated
	?
	Not described
	high
	Participants blinded, but correctly identified phase
	?
	Not stated
	low
	5% attrition
	low
	Expected outcomes reported
	low
	

	Bremer 1991
	?
	Method not stated
	?
	Not described
	low
	Participants blinded, not personnel 
	?
	Not stated
	low
	no attrition
	low
	Expected outcomes reported
	low
	

	Chen 2006
	?
	Stratified by race and gender, method unclear
	low
	Opaque envelopes
	low
	Double blind
	low
	blinded
	low
	7% attrition
	low
	Expected outcomes reported
	low
	

	Cugnet-Anceau 2010
	?
	Method not stated
	?
	Not described
	low
	Double blind
	?
	Not stated
	high
	21% attrition
	low
	Expected outcomes reported
	low
	

	Davidson 1991
	?
	Stratified by LDL chol., method unclear
	?
	Not described
	?
	Personnel blinded, but groups received different number of packets
	?
	Not stated
	low
	5% attrition, intention-to-treat analysis performed
	low
	Expected outcomes reported
	high
	Pattern of baseline dietary fibre varies with intervention

	Davy 2002
	?
	Method not stated
	?
	Not described
	high
	Unclear, but obvious differences in foods
	?
	Not stated
	low
	11% attrition
	low
	Expected outcomes reported
	low
	

	Demark-Wahnefried 1990
	High
	Sequential randomisation
	high
	Not detailed, unlikely with randomisation method
	high
	Not blinded
	?
	Not stated
	?
	16% attrition, but unclear distribution
	low
	Expected outcomes reported
	low
	

	Gerhardt 1998
	?
	Method not stated
	?
	Not described
	low
	Double blind
	?
	Not stated
	low
	10% attrition
	low
	Expected outcomes reported
	low
	

	Ibrugger 2013 (2 strata)
	low
	Computer generated sequence
	?
	Not described
	low
	Double blind
	Low
	blinded
	low
	19% attrition
	low
	Expected outcomes reported
	low
	

	Johnston 1998
	?
	Stratified by gender and LDL-C. Method not stated
	?
	Not described
	high
	Unclear, but obvious differences in foods
	?
	Not stated
	low
	8% attrition
	low
	Expected outcomes reported
	low
	

	Karmally 2005
	?
	Block randomisation, method unclear
	?
	Not described
	high
	Unclear, but obvious differences in foods
	?
	Not stated
	low
	4% attrition
	low
	Expected outcomes reported
	low
	

	Kashtan 1992
	?
	Method not stated
	?
	Not described
	low
	Double blind
	?
	Not stated
	low
	11% attrition
	low
	Expected outcomes reported
	low
	

	Keogh 2003
	?
	Method not stated
	?
	Not described
	low
	Participants blinded
	?
	Not stated
	low
	no attrition
	low
	Expected outcomes reported
	low
	

	Kerckhoffs 2003
	?
	Stratified by gender and age, method unclear
	?
	Not described
	high
	Not blinded
	high
	Not blinded
	low
	6% attrition
	low
	Expected outcomes reported
	low
	

	Kestin 1990
	?
	Method not stated although design grid given
	?
	Not described
	low
	Double blind
	?
	Not stated
	low
	14% attrition
	low
	Expected outcomes reported
	low
	

	Leadbetter 1991
	?
	Latin square
	?
	Not described
	high
	Not blinded
	?
	Not stated
	low
	5% withdrew, but were replaced
	low
	Expected outcomes reported
	low
	

	Lepre 1992
	?
	Method not stated
	?
	Not described
	low
	Double blind
	?
	Not stated
	low
	19% attrition
	low
	Expected outcomes reported
	low
	

	Li 2003
	?
	Method not stated
	?
	Not described
	high
	Not blinded
	?
	Not stated
	low
	No attrition
	low
	Expected outcomes reported
	low
	

	Lupton 1994
	?
	Method not stated
	?
	Not described
	high
	Not stated, but one stratum involved capsule so unlikely
	?
	Not stated
	low
	No attrition
	low
	Expected outcomes reported
	low
	

	Ma 2013
	low
	Used a random number generator
	low
	Technicians and statisticians were blind 
	unclear
	Not described but due to nature of intervention, unlikely
	low
	Technicians and statisticians were blind 
	low
	Low attrition (5%)
	low
	Expected outcomes reported
	low
	

	Maki 2003
	?
	Method not stated
	?
	Not described
	low
	Double blind
	?
	Not stated
	high
	38% attrition, per protocol analysis 
	low
	Expected outcomes reported
	low
	

	Maki 2010
	?
	Method not stated
	?
	Not described
	high
	Not blinded
	?
	Not stated
	high
	29% attrition per protocol analysis
	low
	Expected outcomes reported
	low
	

	McGeoch 2013
	low
	Performed by independent statistician
	?
	Not described
	high
	Not blinded
	?
	Not stated
	low
	No attrition
	low
	Expected outcomes reported
	low
	

	McIntosh 1991
	?
	Method not stated
	?
	Not described
	high
	Unclear, likely detectable differences in food
	?
	Not described
	low
	No attrition
	low
	Expected outcomes reported
	low
	

	Momenizadeh 2014
	low
	Used a random number generator
	?
	Not described
	?
	Not described
	?
	Not described
	low
	Low attrition (6%)
	low
	Expected outcomes reported
	low
	

	Newman 1989
	?
	Method not stated
	?
	Not described
	low
	Participants blinded
	?
	Not stated
	low
	No attrition
	low
	Expected outcomes reported
	low
	

	Noakes 1996 (2 strata)
	?
	Method not stated
	?
	Not described
	high
	Unclear, but obvious differences in foods
	?
	Not stated
	low
	No attrition
	low
	Expected outcomes reported
	low
	

	
Onning 1999

	?
	Method not stated
	?
	Not described
	low
	Participants blinded
	?
	Not stated
	high
	22% attrition
	low
	Expected outcomes reported
	low
	

	Pick 1996
	?
	Method not stated
	?
	Not described
	high
	Not blinded
	?
	Not stated
	low
	No attrition
	low
	Expected outcomes reported
	low
	

	Poulter 1994
	?
	Method not stated
	high
	Participants randomised to day of attendance
	high
	Not blinded
	?
	Not stated
	low
	8% attrition
	low
	Expected outcomes reported
	high
	Systematic differences between control and intervention periods

	Robitaille 2005
	?
	Method not stated
	?
	Not described
	high
	Not blinded
	?
	Not stated
	low
	No attrition
	low
	Expected outcomes reported
	?
	Intervention but not control group prepared muffins.

	Rondanelli 2011
	low
	Randomly permutated block randomisation list
	low
	Identical packaging
	low
	Double blind
	?
	Not stated
	low
	No attrition
	low
	Expected outcomes reported
	low
	

	Saltzman 2001
	?
	Stratified by gender and age (and BMI in younger subjects), method unclear
	?
	Not described
	high
	Unclear, but obvious differences in foods
	?
	Not stated
	low
	No attrition
	low
	Expected outcomes reported, but not results of sub-group analysis 
	low
	

	Swain 1990
	?
	Method not stated
	?
	Not described
	high
	Participants blinded, but 90% correctly guessed intervention
	?
	Not stated
	low
	17% attrition
	low
	Expected outcomes reported
	low
	

	Sundberg 2008
	?
	Method not stated
	low
	Random allocation
	low
	Double blind
	low
	Blinded
	low
	8% attrition
	low
	Expected outcomes reported
	low
	

	Theuwissen 2007
	?
	Method not stated
	?
	Not described
	low
	Double blind
	?
	Not stated
	low
	2% attrition
	low
	Expected outcomes reported
	low
	

	Thongoun 2013
	?
	Method not stated
	?
	Not described
	?
	Not stated
	?
	Not stated
	low
	0% attrition
	low
	Expected outcomes reported
	low
	

	Torronen 1992
	?
	Method not stated
	?
	Not described
	low
	Double blind
	?
	Not stated
	low
	7% attrition
	low
	Expected outcomes reported
	low
	

	Uusitupa 1992
	?
	Method not stated
	?
	Not described
	low
	Double blind
	?
	Not stated
	low
	12% attrition
	low
	Expected outcomes reported
	high
	Uneven withdrawals created gender imbalance between groups

	Van Horn 1988
	?
	Stratified by gender and total chol., method unclear
	?
	Not described
	high
	Not blinded
	?
	Not stated
	low
	8% attrition
	low
	Expected outcomes reported
	low
	

	Van Horn 1991
	?
	Stratified by gender and total chol., method unclear
	?
	Not described
	high
	Not blinded
	?
	Not stated
	high
	28% attrition
	low
	Expected outcomes reported
	low
	

	
Vorster 1986

	?
	Method not stated
	?
	Not described
	low
	Participants blinded
	?
	Not stated
	low
	No attrition
	low
	Expected outcomes reported
	low
	

	Whyte 1992
	?
	Method not stated
	?
	Not described
	?
	Not stated
	?
	Not stated
	low
	4% attrition
	low
	Expected outcomes reported
	low
	

	Wolever  2010
	low
	Computer generated
	low
	Sequentially numbered opaque envelopes
	low
	Double blind
	low
	Blinded
	low
	6% attrition, intention-to-treat analysis performed
	low
	Expected outcomes reported
	low
	

	Zhang 2012
	?
	Method not stated
	?
	Not described
	high
	Not blinded
	low
	Statistician blinded
	low
	9% attrition
	low
	Expected outcomes reported
	low
	


?, indicates unclear risk of bias

[bookmark: _Toc416952261][bookmark: _Toc486348383][bookmark: _Toc486406780][bookmark: _Toc400696393]Appendix 6 – GRADE summary of findings table for β-glucan
Question: What is the food-health relationship between pure β-glucan and blood cholesterol concentration?

	Quality assessment of body of evidence
	Participants
	Effect estimate
	Quality
(degree of certainty in relationship)

	Number of studies
	Design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Considerations
	Cross-over
	P-INT.
	P-CTL
	Mean difference 
 (95% CI)
	

	Change in total cholesterol 

	0
	
	Non-assessable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	0
	0
	0
	Non-assessable
	Non-assessable

	Change in LDL cholesterol 

	0
	
	Non-assessable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	0
	0
	0
	Non-assessable
	Non-assessable

	Change in HDL cholesterol 

	0
	
	Non-assessable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	0
	0
	0
	Non-assessable
	Non-assessable



[bookmark: _Toc416952262][bookmark: _Toc486348384][bookmark: _Toc486406781]Appendix 7 – GRADE summary of findings table for oats*
Question: What is the food-health relationship between oats and blood cholesterol concentration?

	Quality assessment of body of evidence
	Participants
	Effect estimate
	Quality
(degree of certainty in relationship)

	Number of studies
	Design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Considerations
	Cross-over
	P-INT.
	P-CTL
	Mean difference 
 (95% CI)
	

	Change in total cholesterol 

	33
	RCTs
	Low1
	None 
	None
	None 
	None 
	366
	830
	810
	-0.22 
[-0.27, -0.17]
	
High

	Change in total cholesterol – baseline total cholesterol <5.5 mmol/L

	10
	RCTs
	Low1
	None 
	None
	None 
	None 
	92
	302
	311
	-0.21
 [-0.31, -0.11]
	
High

	Change in total cholesterol –  baseline total cholesterol ≥5.5 mmol/L

	23
	RCTs
	Low1
	None 
	None
	None 
	None 
	274
	528
	499
	-0.22
 [-0.27, -0.17]
	
High

	Change in LDL cholesterol

	31
	RCTs
	Low1
	None 
	None
	None 
	None
	366
	699
	672
	-0.21 
[-0.24, -0.17]
	
High

	Change in LDL  cholesterol – baseline total cholesterol <5.5 mmol/L

	9
	RCTs
	Low1
	None 
	None
	None 
	None 
	92
	189
	188
	-0.22
 [-0.28, -0.15]
	
High

	Change in  LDL  cholesterol –  baseline total cholesterol ≥5.5 mmol/L

	22
	RCTs
	Low1
	None 
	None
	None 
	None 
	274
	510
	484
	-0.20 
[-0.25, -0.16]
	
High

	No change in HDL cholesterol

	30
	RCTs
	Low1
	None 
	None
	None 
	None 
	326
	699
	672
	0.00 
[-0.01, 0.00]
	
High



* Wholegrain oats and oat bran. P-INT: participants in intervention strata of parallel trials; P-CTL: participants in control stratum of parallel trials. 1While less than half the studies were blinded, sensitivity analysis demonstrated similar effects between blinded and non-blinded trials.

[bookmark: _Toc416952263][bookmark: _Toc486348385][bookmark: _Toc486406782]Appendix 8 – GRADE summary of findings table for barley*
Question: What is the food-health relationship between barley and blood cholesterol concentration?

	Quality assessment of body of evidence
	Participants
	Effect estimate
	Quality
(degree of certainty in relationship)

	Number of studies
	Design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Considerations
	Cross-over
	P-INT.
	P-CTL
	Mean difference 
 (95% CI)
	

	Change in total cholesterol 

	7
	RCTs
	Low1
	None 
	None
	Serious#
	None 
	118
	33
	34
	-0.32 
[-0.42, -0.21]
	
Moderate


	Change in total cholesterol – baseline total cholesterol <5.5 mmol/L 

	2
	RCTs
	Low1
	None 
	None
	Serious#
	None
	10
	7
	7
	-0.54 
[-0.76, -0.33]
	
Moderate

	Change in total cholesterol –  baseline total cholesterol ≥5.5 mmol/L 

	5
	RCTs
	Low1
	None 
	None
	Serious#
	None
	108
	26
	27
	-0.27 
[-0.36, -0.18]
	
Moderate

	Change in LDL cholesterol 

	7
	RCTs
	Low1
	None 
	None
	Serious#
	None 
	118
	33
	34
	-0.25 
[-0.32, -0.18]
	
Moderate

	Change in LDL cholesterol – baseline total cholesterol <5.5 mmol/L

	2
	RCTs
	Low1
	None 
	None
	Serious#
	None
	10
	7
	7
	-0.30 
[-0.39, -0.20]
	
Moderate

	Change in  LDL cholesterol –  baseline total cholesterol ≥5.5 mmol/L 

	5
	RCTs
	Low1
	None 
	None
	Serious#
	None
	108
	26
	27
	-0.22 
[-0.32, -0.13]
	
Moderate

	No change in HDL cholesterol 

	7
	RCTs
	Low1
	None 
	None
	Serious
	None 
	118
	33
	34
	-0.03 
[-0.06, 0.00]
	
Moderate



* Wholegrain barley and non-concentrated barley products. P-INT: participants in intervention strata of parallel trials; P-CTL: participants in control stratum of parallel trials. 1While only half the studies were blinded, sensitivity analysis demonstrated similar effects between blinded and non-blinded trials.
#Although the confidence intervals do not include the null value and exclude small effects, the number of participants was small and so the relationships were down-rated for serious imprecision.
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