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Executive Summary


	Does trans fatty acid intake affect blood cholesterol concentrations?

	Food health relationship
	Increased trans fatty acid consumption increases total and LDL cholesterol concentrations 

	Degree of certainty 
(GRADE rating)
	Total cholesterol:     ‘High’
LDL-cholesterol:      ‘High’

	Component
	Notes 

	Body of evidence







	An existing systematic review and meta-analysis of randomised controlled trials (RCTs) examining LDL-cholesterol (LDL-C) concentrations was updated to include 11 relevant studies up to March 2014. Because the existing systematic review covered a wider field than that needed for the current purpose, only the 29 relevant studies (35 data points) were brought forward into the update. The findings are consistent with the previous evidence. The effect on HDL-cholesterol (HDL-C) was included as it helps to interpret changes in total cholesterol (total-C) concentration.

	Consistency












	The existing review found dose-response relationships for LDL-C and HDL-C concentrations. When the additional studies identified in the update were added, there was a dose-response relationship showing significant increases in total-C and LDL-C and a significant decrease in HDL-C when cis mono unsaturated fat is replaced with trans fatty acid intake on an isoenergetic basis in the diet. The results apply to people with normal or elevated blood cholesterol concentrations. The majority of RCTs showed that increased trans fatty acid consumption increased LDL-C concentrations, although this was more evident at higher intakes. Sensitivity analyses did not change the direction of these effects. Effect on total-C concentration was smaller than on LDL-C concentration.  This is consistent with the effect on HDL-C concentration.


	Causality







	RCTs provide a strong study design for causal evidence. The existing review found dose-response relationships for LDL-C and HDL-C concentrations. Some studies in the review used high intakes not realistically attainable within a normal diet. More recent studies, which were generally of high or adequate quality cluster around low intakes which limited the ability of this review to consider the dose response relationship for potential threshold levels or nonlinearity. 


	Plausibility





	The mechanisms by which trans fatty acids contribute to changes in blood lipid profiles remain uncertain. Several potential mechanisms exist, including increased plasma activity of cholesteryl ester transfer protein enzyme which has been proposed to be the driver of increased LDL-C concentrations. 


	Generalisability





	One study was conducted in Australia and most of the remainder were conducted in Europe or North America. Populations covered by the reviewed studies covered a wide range of ages and included people with both normal and elevated blood cholesterol concentrations. The results apply to healthy adults with normal cholesterol concentrations but cannot be generalised to children.





FSANZ commissioned a report that included a systematic review of the relationship between trans fatty acid (TFA) consumption and blood total-C, LDL-C and HDL-C concentrations (Hafekost et al. 2014). This review updated an existing systematic review by Brouwer et al. (2010) following the requirements of Schedule 6 – Required elements of a systematic review in the Australia New Zealand Food Standards Code. 

The updated review described that replacing cis mono unsaturated fatty acids with TFA increased LDL-C concentrations significantly. HDL-C was examined because this also affects the direction of any change in total-C concentration and so would affect the interpretation of changes in LDL-C concentrations. There was also a non-significant reduction (i.e. an undesirable direction of effect) in HDL-C concentrations (Hafekost et al. 2014). Consequently, changes in total-C might be smaller than changes in LDL-C, but still reflect an overall undesirable change.  

The existing review (Brouwer et al. 2010) examined LDL-C and HDL-C but did not specifically examine total-C or provide much information about whether baseline cholesterol concentration had an important effect on the results. Hafekost et al. (2014) described the results of newly identified studies on total-C concentrations but did not combine this information with that from earlier studies. Therefore additional work, described below, assesses whether the trials included in the existing review also supported a relationship for total-C concentration, and whether relationships varied by baseline cholesterol status of study participants. FSANZ concludes that there is a ‘High’ degree of certainty that increasing intake of trans fatty acids increases total-C and LDL-C.
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Abbreviations


CLA		conjugated linoleic acid
ECU 		Edith Cowan University
HDL-C	high density lipoprotein cholesterol 
LDL-C	low density lipoprotein cholesterol
TFA		trans fatty acid
total-C	total cholesterol
RCT		Randomised controlled trial





1. [bookmark: _Toc401067043][bookmark: _Toc487100071]Introduction
The data which currently underpin the pre-approved health claim relating to TFAs, saturated fatty acids and blood cholesterol listed in Schedule 4 – Nutrition, health and related claims in the Australia New Zealand Food Standards Code (the Code) were considered in this review.  

The currency of pre-approved health claims is being considered during the transition period for Standard 1.2.7. The relationship between TFAs and blood total-C and LDL-C concentrations was considered during the development of the Standard and was included in the then Schedule 2 to Standard 1.2.7 (now Schedule 4) (see Table 1) following advice from the former Scientific Advisory Group (FSANZ 2005[footnoteRef:1]). Table 1 shows that the permitted food or property of food is saturated and trans fatty acids. This review considers only TFAs. The relationship with saturated fatty acids will be covered in a separate review.  [1:  Report is available at http://www.foodstandards.gov.au/consumer/labelling/nutrition/pages/reviewsforhighlevelc3090.aspx  ] 


Table 1:  Pre-approved high level health claim for TFAs in Schedule 4 

	Column 1
	Column 2
	Column 3
	Column 4
	Column 5

	Food or property of food
	Specific health effect
	Relevant population
	Context claim statements
	Conditions

	Saturated and trans fatty acids
	Reduces total blood cholesterol or blood LDL cholesterol
	 
	Diet low in saturated and trans fatty acids
	The food must meet the conditions for making a nutrition content claim about low saturated and trans fatty acids



As part of a separate, but parallel process, FSANZ commissioned a review of the effects of TFAs on various outcomes from the Edith Cowan University (ECU). To examine the effect of TFAs on blood lipids, the ECU review (Hafekost et al. 2014[footnoteRef:2]) updated an existing systematic review by Brouwer et al. (2010) following the requirements of Schedule 6 in the Code. The ECU report was received in July 2014 and placed on the FSANZ website in January 2015 after being submitted to the Australia and New Zealand Ministerial Forum on Food Regulation as part of a report on the monitoring of TFA levels in foods in the two countries.  [2:  Report is available at (http://www.foodstandards.gov.au/science/monitoringnutrients/Pages/Monitoring-of-trans-fatty-acids.aspx] 


The ECU report updates an existing review of the relationship between TFA and blood cholesterol concentrations (Hafekost et al. 2014). This current document provides additional commentary on three aspects of this relationship. 

1. None of the existing reviews (Mensink et al, 2003; Mozaffarian and Clarke, 2009; Brouwer et al, 2010) examining the effect of TFAs on total-C, LDL-C or HDL-C concentrations have specifically considered whether the effect is present in both normo- and hypercholesterolaemic participants. This needs to be specifically considered for the context of examining the relationship for health claims purposes in Australia and New Zealand.

In this review, hypercholesterolaemia is defined as total-C concentrations ≥5.5 mmol/L (Therapeutic Goods Administration Office of Complementary Medicine, 2014). 

2. Schedule 4 lists total-C and LDL-C as health effects of saturated and TFAs. The ECU review updated an existing systematic review that described the effect of TFA on each of LDL-C and HDL-C but did not contain a review of the effect of TFA on total-C. Therefore the GRADE assigned by the ECU authors to the relationship with total-C, of ‘Moderate’, was based on studies published between 2010 and 2014. The current paper considers whether the results of studies published prior to 2010 allow the GRADE for the relationship between TFAs and total-C to be increased to ‘High’. 

3. The ECU review combined the overall meta-analysis result of Brouwer et al. (2010) with the additional studies identified in their update but did not specifically comment on the range of results across the studies included in Brouwer et al. (2010). This is presented below.

Using the ECU review and the supplementary information provided below, an overall conclusion is drawn regarding the relationship of TFAs with total-C, LDL-C and HDL-C concentrations in all the studies and in studies of people with normal cholesterol concentrations. Although HDL-C is not listed in the Schedule as a health effect (Table 1), FSANZ also assesses HDL-C when assessing total-C or LDL-C to check for possible adverse effects. 
[bookmark: _Toc487100072]Overview of existing reviews
Over time, the focus of clinical management of cholesterol concentrations has changed from using total-C as the screening parameter to a greater emphasis on sub-fractions (i.e. ‘bad cholesterol’ versus ‘good cholesterol’) and their ratios. This may explain why earlier reviews included total-C and more recent reviews of the effects of TFAs have focused on sub-fractions and their ratios and have not always included total-C in their analysis. Although there are a number of reviews of the effects of TFAs on blood lipid fractions, a number of these reviews also focus on lipid ratios. FSANZ identified three reviews that report total-C and/or LDL-C and/or HDL-C. The studies included in the three reviews discussed below, are given in Table 2. They are classified as having been done in normocholesterolaemic populations if mean baseline total-C concentration was <5.5 mmol/L.

[bookmark: _Toc487100073]Mensink et al. 2003
This review described the effect of exchanging different classes of fatty acids, and individual fatty acids, for each other or for carbohydrate, on an isoenergetic basis. It was the first review to specifically quantify the effect of TFAs on cholesterol concentrations. The following inclusion/exclusion criteria and search information were described by the authors:
adults (> 17 y) without disturbances of lipid metabolism or diabetes
food intake thoroughly controlled and described, with dietary fatty acids as the sole variable; cholesterol intake had to be constant, by adding dietary cholesterol to some trial arm diets if necessary; excluded studies focused on very-long-chain (n−3) polyunsaturated fatty acids 
feeding periods > 13 days
outcomes: total- C and sub-fractions (LDL-C, HDL-C)
original research studies published in English between January 1970 and December 1998 were selected through a computer-assisted literature search, reference lists scanned and hand-searching of (unspecified) journals
parallel, crossover, or Latin-square design included; before-and-after (sequential) designs that lacked a control group excluded. 

The authors identified 60 trials which yielded 159 data points that met their criteria. Of these, eight trials gave 18 data points for TFAs. Only one of these studies was published prior to 1990. 

[bookmark: _Toc487100074]Mozaffarian and Clarke 2009

This review of the randomised controlled trials reporting a range of serum lipid-related outcomes was conducted as part of a WHO Scientific Update on Trans Fatty Acids (http://www.who.int/nutrition/topics/trans_fatty_acids/en/). The following inclusion/exclusion criteria were described by the authors:
studies excluded if they were of subjects selected for some disorder (such as diabetes or dyslipidaemia), changes in body weight were not part of the exclusion criteria
controlled conditions that ensured compliance (metabolic ward studies, data about dietary fatty acids or dietary cholesterol reported); interventions with liquid formula diets excluded from the main analysis
each dietary period lasted at least 2 weeks
outcomes: total-C and fractions, apolipoproteins measured at the end of each intervention
Medline searches, scanning relevant reference lists, and hand searching nutrition journals through January 2008
crossover or parallel design randomized trials.
[bookmark: _Toc487100075]Brouwer et al. 2010
By the time this review was done, the body of research had expanded to include studies of the effect of TFAs found in ruminant foods and also synthetic preparations of various isomers of conjugated linoleic acid (CLA), a fatty acid with one cis bond and one trans bond. One CLA isomer – cis-9, trans-11 – is found in ruminant and dairy fat. The following inclusion/exclusion criteria were described by the authors:
human studies; trials in which subjects lost or gained significant amounts of weight were excluded
dietary trials using industrial TFAs, CLA or other ruminant TFAs, including CLA supplements
outcomes: studies had to report both LDL-C and HDL-C
[bookmark: article1.body1.sec2.sec1.p2]treatment periods had to last at least 13 days 
[bookmark: article1.body1.sec2.sec1.p3]parallel, crossover, or Latin-square design studies included, sequential designs excluded
Medline searched for all relevant original-research papers published in English between January 1990 and January 2010; search terms: “(trans fat OR trans fatty acids, OR CLA) AND LDL”; reference lists scanned.

The focus of the analysis was on the ratio of LDL-C and HDL-C and whether this was different for the three classes of TFAs. A larger number of studies were included compared to the two earlier reviews because some inclusion criteria were less stringent. Hence, compared to the two earlier reviews, this review contains some studies that might be regarded as lower quality owing to a lack of full details about the dietary intake of participants during the trial. 
[bookmark: _Toc487100076]2014 Update by ECU (Hafekost et al. 2014)
The 2014 update used the selection criteria of Brouwer et al. (2010) to identify studies, with one exception. Brouwer et al. (2010) included mixtures of synthetic isomers of conjugated linoleic acid (CLA) (which are made from safflower oil) are currently not permitted to be added to food in Australia and New Zealand. The cis-9, trans-11 CLA isomer is found in food from ruminants. Therefore studies of CLA which used only the cis-9, trans-11 CLA isomer were included in the update whereas studies that used other CLA isomers, with or without the cis-9, trans-11 isomer, were excluded.

Three data points were brought forward from Brouwer et al. (2010) into the 2014 update: i) the overall effect for industrial TFAs (23 studies); ii) the overall effect observed in studies which had enriched the ruminant TFA content of dairy fat by biofortification (feeding CLA acid to cows, 5 studies); and iii) data from one study which had used only synthetic cis-9, trans-11 CLA (which is identical with the primary CLA in ruminant fat). Studies included in the review by Hafekost et al. 2014 are shown in Table 2.
[bookmark: _Toc487100077]Commentary
Among the three reviews the detail of the search strategy and other criteria vary and some factors are left for the reader to infer. For example, only Mensink et al. (2003) specifically mention excluding trials using omega-3 fats even though margarines in some countries may contain oils from marine sources. Mensink et al. (2003) state that they only included studies in adults whereas this is not specifically stated in the other two reviews. Other criteria varied among the reviews. Mensink et al. (2003) restricted their selection to adults without dyslipaemia or diabetes who were given highly controlled diets. Mozaffarian and Clarke (2009) were slightly less restrictive in that their definition of dyslipaemia appears to have excluded lower degrees of hyperlipidaemia. Brouwer et al. (2010) were less restrictive again in this regard. The first two reviews included only studies carried out in a controlled/metabolic ward type of situation whereas Brouwer et al. (2010) did not have this restriction but did state that they excluded studies where significant bodyweight changes were reported during the trial. 

FSANZ considers that the conclusions of the reviews by Mensink et al. (2003) and Mozaffarian and Clarke (2009) are drawn from high quality studies owing to the restrictions on dietary control as part of their inclusion criteria. The looser dietary control criteria for the analysis of Brouwer et al. (2010) would allow some lower quality studies in addition to the high quality studies to be included. The ECU update review noted that some of the new studies they identified were of a lower quality than older studies (Hafekost et al. 2014). 
[bookmark: _Toc487100078]Summary of studies included in the reviews
Table 3 shows the overall effect from the four reviews. The results are calculated as an isoenergetic exchange of 1% of energy of the comparator macronutrient for TFAs. Mensink et al. (2003) chose carbohydrate as their comparator whereas the other reviews used cis mono unsaturated fatty acid (cis-MUFA). However, it is accepted that carbohydrate and cis-MUFA have essentially the same effect on cholesterol concentrations as each other and so the results shown in the table are essentially comparable. 
[bookmark: _Toc487100079]Additional considerations
[bookmark: _Toc487100080]Cholesterol status of participants
The TFA studies available to Mensink et al. (2003) were all conducted in normocholesterolaemic subjects (Table 2), although this was not a specific inclusion criterion for the review. Among the eight trials in their analysis, they found that substituting 1% energy from carbohydrate with (industrial) TFAs increased LDL-C and total-C concentrations. The increase in total-C was smaller than the increase in LDL-C (Table 3).   

Mozaffarian and Clarke (2008) used similarly strict criteria for trial description, but lifted the criterion regarding cholesterol status of participants. However only one of the 13 trials included in their review had hypercholesterolaemic participants (Table 2). They found a significant adverse effect on HDL-C, in addition to the previously reported effects on LDL-C and total-C (Table 3). 

Unlike the two earlier reviews, Brouwer et al. (2010) did not require the included studies to have had tightly control of food provided to participants (e.g. by providing all food consumed) and consequently included a greater number of studies for the period up to 2008 (covered by the other two reviews). Their analysis of industrial TFAs included additional studies conducted in both normocholesterolaemic and hypercholesterolaemic subjects (Table 2). In relation to industrial TFAs Brouwer et al. (2010) reported identical or larger changes in LDL-C and HDL-C compared with the previous reviews (Table 3). The five studies of ruminant TFA were all conducted in participants with normal cholesterol concentrations and effects on LDL-C and HDL-C were very similar to the effect seen in the industrial TFA trials. None of the studies using industrial TFA showed a favourable change in LDL-C whereas 2 of the 5 ruminant studies had a favourable change.

More than half of the studies published after the review of Brouwer et al. (2010) and added to the 2014 update (Hafekost et al. 2014) were conducted in normocholesterolaemic participants (Table 2). When the studies involving normocholesterolaemic participants are combined with the data brought forward from Brouwer et al. (2010), the results for LDL-C and HDL-C do not change previous results importantly (Table 3). (When considered alone, the effect for the studies contained in the update was a smaller effect on LDL-C and total-C than the previous estimates. About half the new studies use ruminant TFAs, and studies using this substance tend to give smaller amounts in the test diet to study participants than studies testing industrial TFAs, hence a smaller effect would be expected.) 

Therefore FSANZ concludes that the relationship applies to people with normal cholesterol concentrations. 



Table 2: Studies included in the four systematic reviews (shaded studies were conducted in subjects with baseline mean total-C concentration >5.5mmol/L)

	Study
	Study included in review shown belowa

	Author, year of publication
	Total-C (mmol/L)b
	type of TFAc
	Mensink et al. 2003
	Mozaffarian & Clarke, 2009
	Brouwer et al. 2010,  industrial or ruminant TFA sub-groups
	Hafekost et al.  2014

	Laine et al. 1982
	<5.5b
	i
	y
	y
	-
	 -

	Mensink and Katan, 1990
	4.75
	i
	y
	y
	y
	y

	Zock and Katanl. 1992
	4.84
	i
	y
	y
	y
	y

	Nestel et al. 1992
	5.90
	i
	-
	-
	y
	y

	Lichtenstein et al. 1993
	6.16
	i
	-
	-
	y
	y

	Judd et al. 1994
	5.30
	i
	y
	y
	y
	y

	Almendingen et al. 1995
	5.35
	i
	y
	y
	y
	y

	Aro et al. 1997
	4.75
	i
	y
	y
	y
	y

	Sundram et al. 1997
	5.02
	i
	-
	-
	y
	y

	Judd et al. 1998
	5.12
	i
	y
	y
	y
	y

	Muller et al. 1998
	5.30
	i
	y
	y
	y
	y

	Lichtenstein et al. 1999
	6.30
	i
	-
	y
	y
	y

	de Roos et al. 2001
	5.00
	i
	-
	y
	y
	y

	Judd et al. 2002
	4.77
	i
	-
	y
	y
	y

	French et al. 2002
	5.37
	i
	-
	-
	y
	y

	Han et al. 2002
	6.55
	i
	-
	-
	y
	y

	Lovejoy et al. 2002
	<4.0b,d
	i
	-
	y
	y
	y

	Dyerberg et al. 2004
	5.06
	i
	-
	-
	y
	y

	Desroches et al. 2005
	4.90
	r
	-
	-
	y
	y

	Lichtenstein et al. 2006
	5.75
	i
	-
	-
	y
	y

	Vega-Lopez et al. 2006
	6.55
	i
	-
	-
	y
	y

	Tricon et al. 2006
	5.40
	r
	-
	-
	y
	y

	Tholstrup et al. 2006
	4.05
	r
	-
	-
	y
	y

	Sundram et al. 2007
	5.03
	i
	-
	y
	y
	y

	Chardigny et al. 2008
	4.74
	i,r
	-
	-
	y
	y

	Motard-Belanger et al. 2008
	4.32
	i,r
	-
	-
	y
	y

	Wanders et al. 2010
	4.54
	i
	-
	-
	y
	y

	Teng et al. 2010
	4.6
	i
	 -
	 -
	- 
	y

	Gagliardi et al. 2010
	5.3d
	r 
	 -
	 -
	 -
	y

	Takeuch et al. 2011
	3.96
	i
	 -
	 -
	 -
	y

	Bendsen et al. 2011
	5.54
	i
	 -
	 -
	-
	y

	Labonte et al. 2011
	4.32
	i,r
	 -
	 -
	 -
	y

	Lacroix et al. 2012
	5.11
	r 
	 -
	 -
	 -
	y

	Pintus et al. 2013
	6.26
	r 
	 -
	 -
	 -
	y

	Takeuchi et al. 2013
	4.66
	i
	 -
	 -
	 -
	y

	Venkatramanan et al. 2010
	5.00
	r 
	 -
	 -
	 -
	y

	Naumann et al. 2006
	6.08
	o
	-
	-
	y
	y

	Joseph et al. 2011
	6.31
	o
	 -
	- 
	 -
	y



a (y) study included in the review; (-) study not included in the review
b baseline total-C concentrations given for separate groups
c (i) industrial TFA tested; (r) ruminant TFA tested via biofortification of dairy fat; (o) synthetic cis-9, trans-11 conjugated linoleic acid used
d total-C concentration during/at end of the study period

Table 3: Effect of increasing TFA intake by 1% energy in exchange for the stated comparator macronutrient

	Author, year
	Description of Intervention
	Literature search
	Comparator
	Mean (mmol/L) (95% CI)

	
	
	
	
	LDL–C 
	HDL-C 
	Total-C 

	Mensink et al. 2003
	Highly controlled food intake studies, no lipid or glucose metabolism disturbances
	1970-December 1998
	Carbohydrate
	+0.04
(+0.02 to +0.06)

	0.00
(−0.01 to +0.01)

	+0.03 
(+0.02 to +0.04)


	Mozaffarian & Clarke, 2009
	Controlled food intake studies
	To January 2008
	cis-MUFA
	+0.04 
(+0.02 to +0.05)
	-0.01
 (-0.02 to -0.00)
	+0.03 
(+0.02 to +0.05)

	Brouwer & al. 2010
	Subset of industrial TFA studies
	To January 2010
	cis-MUFA 
	+0.05 
(+0.04 to +0.06)
	−0.01 (−0.01 to −0.01)
	Not reported

	
	Subset of ruminant TFA studies
	
	
	+0.05 (−0.00 to +0.09
	−0.01 (−0.03 to +0.01)
	Not reported

	Hafekost et al. 2014
	Food intake (industrial or ruminant TFA)  or supplement studies including ruminant CLA studies
	2010-March 2014
	cis-MUFA
	+0.01 
(-0.04 to +0.07)

New studies only a
	-0.02 
(-0.05 to +0.01)

New studies only a
	+0.02 
(-0.03 to +0.07)

New studies 
only a

	
	
	
	
	
+0.04 
(+0.03 to +0.06)

Including relevant b studies from Brouwer et al.
	
-0.01 
(-0.03 to +0.01)

Including relevant b studies from Brouwer et al.
	



Not applicable


a Wanders et al. was published early in 2010 and was included in Brouwer et al.(2010); hence it was excluded in the new studies grouping for LDL-C and HDL-C, but was included in the summary of total-C which had not been analysed by Brouwer et al. Hence the analysis for total C includes one study more than the analyses for LDL-C and HDL-C. Note also that the study using CLA by Naumann et al.(2006) was included in the Brouwer et al.(2010) review but is shown as a separate line of data in the ECU updated analysis because, as described by Hafekost et al.(2014) this was the only CLA study that met the inclusion criteria for  the current review
b studies relevant to the current purpose, studies included in Brouwer et al.(2010) that used mixed CLA isomers were excluded

[bookmark: _Toc487100081]Relationship with total-C 
Table 3 shows that the two earlier reviews described the effect of isoenergic exchange of TFA on total-C concentrations, but Brouwer et al. (2010) did not because their focus was on the ratio of LDL-C and HDL-C. None of the reviews provide individual data points for the studies included in their analyses.

All reviews agree that the effect of TFAs on LDL-C when all studies are combined is approximately +0.04 mmol/L per 1% increase in energy from TFAs in exchange for carbohydrate/cis-MUFA. Reviews that have examined total-C show the change in total-C mirrors the change in LDL-C in direction but not necessarily in magnitude. The two earlier reviews show that the magnitude of effect on HDL-C is about one quarter of the magnitude of effect on LDL-C. Most of total-C is LDL-C and HDL-C and the reminder (e.g. very low density lipoprotein cholesterol) is small. Table 2 shows that the effect on mean total-C is very similar to that which might be calculated by subtracting the mean effect on HDL-C from the mean effect on LDL-C in the reviews that have done all three analyses. 

FSANZ considers that the GRADE rating of the TFA-total-C relationship of ‘Moderate‘ suggested by the ECU review authors (which is based solely on studies published from 2010 onwards) can be increased to ‘High’  (Appendix 1) for the following reasons:
· the degree of certainty that increasing TFA intake (by isoenergetic exchange with carbohydrate or cis-MUFA) increases LDL-C and decreases HDL-C is rated HIGH
· the increase in LDL-C is approximately 4-fold larger than the decrease in HDL and so simple subtraction indicates that total-C would therefore increase with iso-energetic increase in TFA intake
· analyses of various subsets of data confirm that total-C increases with isoenergetic increase of TFA intake.

FSANZ considers that there is a ‘High’ degree of certainty that increasing TFA intake (by isoenergetic exchange with carbohydrate or cis-monounsaturated fats) increases LDL-C (Appendix 1). 

FSANZ notes that the analysis of HDL-C by ECU is not statistically significant (p = 0.2) but that one study which has a high weight in Figure 4a is marked ‘non estimable’ (Figure 4b, Hafekost et al, 2014). When FSANZ recalculated the data in Figure 4b to include this study, the confidence intervals become narrower and exclude the null effect (p = 0.03). 
[bookmark: _Toc487100082]Consistency across studies
I2 was 31% for LDL-C and 61% for HDL-C for the overall meta-analysis (Hafekost et al, 2014). The presence of a dose-response effect would be one cause of a high heterogeneity among studies (i.e. inconsistent results). Figures 1 and 2 show the individual data points of the studies included in the existing review, Brouwer et al. (2010) and the new studies identified in the update by Hafekost et al. (2014). 

Comparison of these graphs shows that the new studies are consistent with the pattern of the earlier studies. There is a dose-response relationship. It is also evident that the more recent studies have tested lower intakes than the body of earlier studies. Consequently there is a spread of results on both sides of no effect at low intakes. At higher intakes, the effect is more consistently either an increase for LDL-C or a decrease for HDL-C. 
[bookmark: _Toc487100083]Conclusion
FSANZ considers that the updated systematic review of the relationship between TFAs and three blood lipid concentrations does not alter previous conclusions and shows that, when exchanged on an isoenergetic basis for cis-monounsaturated fats,  there is a ‘High’ degree of certainty that increasing TFA intake increases total-C and LDL-C and a ‘High’ degree of certainty that TFA lowers HDL-C. Most of the studies in the reviews were conducted in adults with normal cholesterol concentrations and some studies in adults with elevated cholesterol concentrations.  

[image: C:\Users\macked\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.IE5\LXHXWPNU\journal.pone.0009434.g004.TIF]



[image: ]

Figure 1:  Studies of the effects of TFAs on LDL-C included in the existing review (upper graph, Brouwer et al. 2010 doi:10.1371/journal.pone.0009434.g004) and identified in the update (lower graph Hafekost et al. 2014). Note that only one of the studies using CLA (the black dots in the upper graph) was brought forward into the current review because the update considered only the cis-9,trans-11 isomer of CLA when used alone.  Hence this study (Naumann et al. 2006) does not appear in the lower graph. 
[image: Figure 5.  Results of randomized studies of the effects of diets high in industrial trans fatty acids (---○○○○○ ---) or ruminant trans fatty acids (····▴····) or CLA (▪▪▪•▪▪▪) compared with cis-unsaturated fatty acids on HDL cholesterol.]

[image: ]
Figure 2:   Studies of the effect of TFAs on HDL-C included in the existing review (upper graph, Brouwer et al. 2010 doi:10.1371/journal.pone.0009434.g005) and identified in the update (lower graph Hafekost et al. 2014). Note that only one of the studies using CLA (the black dots in the upper graph) was brought forward into the current review because the update considered only the cis-9,trans-11 isomer of CLA when used alone.  Hence this study (Naumann et al. 2006) does not appear in the lower graph.
	


[bookmark: _Toc487100084]References
Almendingen K, Jordal O, Kierulf P, Sandstad B, Pedersen JI (1995) Effects of partially hydrogenated fish oil, partially hydrogenated soybean oil, and butter on serum lipoproteins and Lp[a] in men. J Lipid Res 36:1370–1384

Aro A, Jauhiainen M, Partanen R, Salminen I, Mutanen M (1997) Stearic acid, trans fatty acids, and dairy fat: Effects on serum and lipoprotein lipids, apolipoproteins, lipoprotein(a), and lipid transfer proteins in healthy subjects. Am J Clin Nutr 65:1419–1426

Bendsen NT, Chabanova E, Thomsen HS, Larsen TM, Newman JW, Stender S, Astrup A (2011) Effect of trans fatty acid intake on abdominal and liver fat deposition and blood lipids: A randomized trial in overweight postmenopausal women. Nutrition and Diabetes 1(1) doi: http://dx.doi.org/10.1038/nutd.2010.4 

Brouwer IA, Wanders AJ, Katan MB (2010) Effect of animal and industrial trans eatty acids on HDL and LDL cholesterol levels in humans – a quantitative review. PLoS ONE 5(3): e9434. doi:10.1371/journal.pone.0009434.  Corrected in Brouwer IA, Wanders AJ, Katan MB (2010) Correction: effect of animal and industrial trans fatty acids on HDL and LDL cholesterol levels in humans – a quantitative review. PLoS ONE 5(10): 10.1371/annotation/c4cf3127-89b2-4d58-abf3-ab0746342a90. doi:10.1371/annotation/c4cf3127-89b2-4d58-abf3-ab0746342a90

Chardigny JM, Destaillats F, Malpuech-Brugere C, Moulin J, Bauman DE, Lock AL, Barbano DM, Mensink RP, Bezelgues JB, Chaumont P, Combe N, Cristiani I, Joffre F, German JB, Dionisi F, Boirie Y, Sébédio JL (2008) Do trans fatty acids from industrially produced sources and from natural sources have the same effect on cardiovascular disease risk factors in healthy subjects? Results of the trans Fatty Acids Collaboration (TRANSFACT) study.  Am J Clin Nutr 87:558–566

de Roos N, Schouten E, Katan M (2001) Consumption of a solid fat rich in lauric acid results in a more favorable serum lipid profile in healthy men and women than consumption of a solid fat rich in trans-fatty acids. J Nutr 131:242–245

Desroches S, Chouinard PY, Galibois I, Corneau L, Delisle J, Lamarche B, Couture P, Bergeron Nl (2005) Lack of effect of dietary conjugated linoleic acids naturally incorporated into butter on the lipid profile and body composition of overweight and obese men. Am J Clin Nutr 82:309–319

Dyerberg J, Eskesen DC, Andersen PW, Astrup A, Buemann B, Christensen JH, Clausen P, Rasmussen BF, Schmidt EB, Tholstrup T, Toft E, Toubro S, Stender S (2004) Effects of trans- and n-3 unsaturated fatty acids on cardiovascular risk markers in healthy males. An 8 weeks dietary intervention study. Eur J Clin Nutr 58:1062–1070

[bookmark: pone.0009434-French1]French MA, Sundram K, Clandinin MT (2002) Cholesterolaemic effect of palmitic acid in relation to other dietary fatty acids. Asia Pac J Clin Nutr 11 Suppl 7:S401-407

FSANZ (2005) Proposal P293.  Draft Assessment Report.  Nutrition, Health and Related Claims.  Available at http://www.foodstandards.gov.au/code/proposals/pages/proposalp293nutritionhealthandrelatedclaims/p293draftassessmentr3501.aspx (Accessed 30 March 2015



Gagliardi AC, Maranhao RC, de Sousa HP, Schaefer EJ, Santos RD (2010) Effects of margarines and butter consumption on lipid profiles, inflammation markers and lipid transfer to HDL particles in free-living subjects with the metabolic syndrome. Eur J Clin Nutr 64(10):1141-1149

Hafekost K, O’Sullivan TA, Lawrence D, Mitrou F(Edith Cowan University)  Systematic Review of the evidence for a relationship between trans-fatty acids and blood cholesterol.  Report to Food Standards Australia New Zealand, July 2014.  Available at http://www.foodstandards.gov.au/science/monitoringnutrients/Pages/Monitoring-of-trans-fatty-acids.aspx (Accessed 25 February 2015)

Han SN, Leka LS, Lichtenstein AH, Ausman LM, Schaefer EJ, Meydani SN (2002) Effect of hydrogenated and saturated, relative to polyunsaturated, fat on immune and inflammatory responses of adults with moderate hypercholesterolemia. J Lipid Res 43:445–452

Joseph SV, Jacques H, Plourde M, Mitchell PL, McLeod RS, Jones PJ (2011) Conjugated linoleic acid supplementation for 8 weeks does not affect body composition, lipid profile, or safety biomarkers in overweight, hyperlipidemic men. J Nutr 141(7):1286-1291  doi: 10.3945/jn.110.135087

Judd JT, Baer DJ, Clevidence BA, Kris-Etherton P, Muesing RA, Iwane M (2002) Dietary cis and trans monounsaturated and saturated FA and plasma lipids and lipoproteins in men. Lipids 37:123–131

Judd JT, Clevidence BA, Muesing RA, Wittes J, Sunkin ME, Podczasy JJ (1994) Dietary trans fatty acids: Effects on plasma lipids and lipoproteins of healthy men and women. Am J Clin Nutr 59:861–868

Judd JT, Baer DJ, Clevidence BA, Muesing RA, Chen SC, Weststrate JA, Meijer GW, Wittes J, Lichtenstein AH, Vilella-Bach M, Schaefer EJ (1998) Effects of margarine compared with those of butter on blood lipid profiles related to cardiovascular disease risk factors in normolipidemic adults fed controlled diets. Am J Clin Nutr 68:768–77

Labonte, ME, Couture, P, Paquin P, Chouinard Y, Lemieux S, Lamarche B (2011) Comparison of the impact of trans fatty acids from ruminant and industrial sources on surrogate markers of cholesterol homeostasis in healthy men. Mol Nutr Food Res 55 Suppl 2, S241-247

Lacroix E, Charest A, Cyr A, Baril-Gravel L, Lebeuf Y, Paquin P, Lamarche B (2012). Randomized controlled study of the effect of a butter naturally enriched in trans fatty acids on blood lipids. Am J Clin Nutr 95:318-25

Laine DC, Snodgrass CM, Dawson EA, Ener MA, Kuba K, Frantz ID (1982) Lightly hydrogenated soy oil versus other vegetable oils as a lipidlowering dietary constituent. Am J Clin Nutr 35:683–90

Lichtenstein AH, Ausman LM, Carrasco W, Jenner JL, Ordovas JM, Schaefer EJ (1993) Hydrogenation impairs the hypolipidemic effect of corn oil in humans: hydrogenation, trans fatty acids, and plasma lipids. Arteriosc Thromb 13:154–161

Lichtenstein AH, Ausman LM, Jalbert SM, Schaefer EJ (1999) Effects of different forms of dietary hydrogenated fats on serum lipoprotein cholesterol levels. N Engl J Med 340:1933–1940

Lichtenstein AH, Matthan NR, Jalbert SM, Resteghini NA, Schaefer EJ, Ausman LM (2006) Novel soybean oils with different fatty acid profiles alter cardiovascular disease risk factors in moderately hyperlipidemic subjects. Am J Clin Nutr 84:497–504

Lovejoy JC, Smith SR, Champagne CM, Most MM, Lefevre M, DeLany JP, Denkins YM, Rood JC, Veldhuis J, Bray GA. (2002) Effects of diets enriched in saturated (palmitic), monounsaturated (oleic), or trans (elaidic) fatty acids on insulin sensitivity and substrate oxidation in healthy adults. Diabetes Care 25(8):1283–1288

Mensink RP, Katan MB (1990) Effect of dietary trans fatty acids on high-density and low-density lipoprotein cholesterol levels in healthy subjects. N Engl J Med 323:439–445

Mensink RP, Zock PL, Kester AD, Katan MB (2003) Effects of dietary fatty acids and carbohydrates on the ratio of serum total to HDL cholesterol and on serum lipids and apolipoproteins: a meta-analysis of 60 controlled trials. Am J Clin Nutr 771146–1155

Motard-Belanger A, Charest A, Grenier G, Paquin P, Chouinard Y, Lemieux S, Couture P, Lamarche B (2008) Study of the effect of trans fatty acids from ruminants on blood lipids and other risk factors for cardiovascular disease. Am J Clin Nutr 87:593–599

Mozaffarian D, Clarke R (2009) Quantitative effects on cardiovascular risk factors and coronary heart disease risk of replacing partially hydrogenated vegetable oils with other fats and oils. Eur J Clin Nutr 63 Suppl 2:S22-33 

Müller H, Jordal O, Kierulf P, Kirkhus B, Pederson JI (1998) Replacement of partially hydrogenated soybean oil by palm oil in margarine without unfavorable effects on serum lipoproteins. Lipids 33:879–87 

Naumann E, Carpentier YA, Saebo A, Lassel TS, Chardigny JM, Mensink RP; FunCLA Study Group (2006) Cis-9, trans- 11 and trans-10, cis-12 conjugated linoleic acid (CLA) do not affect the plasma lipoprotein profile in moderately overweight subjects with LDL phenotype B. Atherosclerosis 188:167–174

Nestel P, Noakes M, Belling B, McArthur R, Clifton P, et al. (1992) Plasma lipoprotein lipid and Lp[a] changes with substitution of elaidic acid for oleic acid in the diet. J Lipid Res 33:1029–1036

Pintus S, Murru E, Carta G, Cordeddu L, Batetta B, Accossu S, Pistis D, Uda S, Elena Ghiani M, Mele M, Secchiari P, Almerighi G, Pintus P, Banni S (2013) Sheep cheese naturally enriched in alpha-linolenic, conjugated linoleic and vaccenic acids improves the lipid profile and reduces anandamide in the plasma of hypercholesterolaemic subjects. Br J Nutr 109(8):1453-1462

Sundram K, Ismail A, Hayes K C, Jeyamalar R  Pathmanathan R (1997) Trans (Elaidic) fatty acids adversely effect the lipoprotein profile relative to specific saturated fatty acids in humans. J Nutr 127:514S-520S

Sundram K, Karupaiah T, Hayes KC (2007) Stearic acid-rich interesterified fatand trans-rich fat raise the LDL/HDL ratio and plasma glucose relative to palm olein in humans. Nutr Metab (Lond) 4:3 doi:10.1186/1743-7075-4-3 

Takeuchi H, Kutsuwada T, Shirokawa Y, Harada S, Sugano M (2013) Supplementation with 1% energy trans fatty acids had little effect on serum cholesterol levels in healthy young Japanese women. Biosci Biotechnol Biochem 77(6):1219-1222 

Takeuchi H, Yamaki M, Hirose K, Hienae C, Tabuchi E, Sugano M (2011) Effect of a 0.6% energy trans fatty acid intake on serum cholesterol concentrations in healthy young Japanese subjects. Biosci Biotechnol Biochem 75(11):2243-2245 

Teng KT, Voon PT, Cheng HM, Nesaretnam K (2010) Effects of partially hydrogenated, semi-saturated, and high oleate vegetable oils on inflammatory markers and lipids.  Lipids 45(5):385-92

Therapeutic Goods Administration Office of Complementary Medicine (2014) Guidelines on the evidence required to support indications for listed complementary medicines. Version 2.1. Available at https://www.tga.gov.au/publication/evidence-guidelines (Accessed 30 March, 2015)

Tholstrup T, Raff M, Basu S, Nonboe P, Sejrsen K, Tholstrup T, Raff M, Basu S, Nonboe P, Sejrsen K (2006) Effects of butter high in ruminant trans and monounsaturated fatty acids on lipoproteins, incorporation of fatty acids into lipid classes, plasma C-reactive protein, oxidative stress, hemostatic variables, and insulin in healthy young men. Am J Clin Nutr 83:237–243

Tricon S, Burdge GC, Jones EL, Russell JJ, El-Khazen S, Moretti E, Hall WL, Gerry AB, Leake DS, Grimble RF, Williams CM, Calder PC, Yaqoob P (2006) Effects of dairy products naturally enriched with cis-9,trans-11 conjugated linoleic acid on the blood lipid profile in healthy middle-aged men. Am J Clin Nutr 83: 744–753

Vega-Lopez S, Ausman LM, Jalbert SM, Erkkila AT, Lichtenstein AH (2006) Palm and partially hydrogenated soybean oils adversely alter lipoprotein profiles compared with soybean and canola oils in moderately hyperlipidemic subjects. Am J Clin Nutr 84:54–62

Venkatramanan S, Joseph SV, Chouinard PY, Jacques H, Farnworth ER, Jones PJ (2010) Milk enriched with conjugated linoleic acid fails to alter blood lipids or body composition in moderately overweight, borderline hyperlipidemic individuals. J Am Coll Nutr 29(2):152-159 

Wanders AJ, Brouwer IA, Siebelink E, Katan MB (2010) Effect of a high intake of conjugated linoleic acid on lipoprotein levels in healthy human subjects. PLoS One 5(2): e9000 doi: 10.1371/journal.pone.0009000  

Zock PL, Katan MB (1992) Hydrogenation alternatives: effects of trans fatty acids and stearic acid versus linoleic acid on serum lipids and lipoproteins in humans. J Lipid Res 33:399–410

16


[bookmark: _Toc487100085]Appendix 1: GRADE summary of findings table
Question: Does increasing TFA intake affect blood cholesterol concentrations?   (Quantitative results expressed per 1% increase in energy intake from TFA in exchange for cis-monounsaturated fatty acids)

	Quality assessment of body of evidence
	
	Mean effect estimate 
(mmol/L)
 (95% CI)
	Quality1
(degree of certainty in relationship)

	Number of studies
	Design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Considerations
	Participants
	
	

	Increase in LDL-cholesterol2

	9 studies added to 1 existing meta-analysis
	RCTs
	low
	some#
	none
	none
	Dose-response relationship
	2218
	+0.04
(+0.03, +0.06)
	
High

	Reduction in HDL-cholesterol3

	9 studies added to 1 existing meta-analysis 
	RCTs
	low
	some#
	none
	none
	Dose-response relationship, but overall effect not significant
	2218
	-0.01 
(-0.02, -0.001)
	
High

	Increase in total cholesterol (studies published from 2010 onwards)2

	10
	RCTs
	low
	some
	none
	some4
	Dose-response relationship plausible
	411
	+0.02
(-0.03, + 0.07)
	
Moderate

	Increase in total cholesterol (based on results from all studies and results for LDL cholesterol and HDL cholesterol )

	9 studies considered together with  the results of existing meta-analyses
	RCTs
	low
	N/A
	some
	N/A
	Conclusions drawn on direct analysis of total cholesterol and indirectly by considering the effects on LDL and HDL cholesterol
	N/A
	Not calculated directly, +0.03 by difference from previous reviews of LDL and HDL cholesterol, supports previous significant results of this magnitude
	
High



1 these relationships were not downrated despite having some inconsistency owing to the presence of a dose-response gradient
2 data taken from Hafekost et al. (2014) 
3 data taken from Hafekost et al. (2014), revised analysis
4 total cholesterol (analysis of studies published from 2010 onwards) were not statistically significant 
N/A	not applicable
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