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Abstract
Consumption of trans fats is associated with an increase of cardiovascular disease (CVD) risk. To
comply with regulatory policies and public health authorities recommendations, trans fats should
be replaced in food products. The study by Sundram et al. (Nutrition & Metabolism 2007, 4:3)
reporting the effect on CVD risk factors of interesterified fat (IE) and partially hydrogenated
soybean oil (PHSO) compared to palm olein (POL) has been critically analyzed. The study design
and in particular the composition of the tested fats was not suitable to properly answer the
question raised regarding the effect of alternative ingredients to trans fats on plasma lipids. The
observed effects are divergent with predicted data derived from the literature model consolidated
using the individual results of 60 randomized clinical trials. The results of the study published by
Sundram and co-workers have to be considered with awareness.

Dear Editor,
Diet and health is now recognized to be a critical factor in
causing diseases of metabolic origin. Fats in particular are
documented to influence the risk of various degenerative
diseases. Consumption of monounsaturated trans fatty
acids (TFA) has been shown to be associated with
increased risk of cardiovascular disease (CVD) [1,2]. Most
public health agencies have implemented labeling or
ingredient restrictions on trans fats. Alternative ingredients to trans fats are now available in the food supply
allowing the reformulation of food products that is mandatory to comply with policies and advices from health
authorities. The physical properties and the chemical stability of trans fats were the two major reasons that
explained the popularity of this ingredient. The reformulation of food products is difficult because the intrinsic
characteristics of the products should be maintained.

Ingredients such as palm olein (POL) produced by physical fractionation of palm fat or interesterified (IE) fats produced from fully hydrogenated vegetable oils could be
used as alternative ingredients to trans fats in food products. The major saturated fatty acids present in these fats
are palmitic and stearic acids. These two fats are produced
using industrial processes flexible enough to obtain the
desire physical properties. In a recent paper published in
The Journal [3], Sundram and co-workers reported on the
effect on CVD risk factors of partially hydrogenated soybean oil (PHSO), IE and POL. The main comparison was
IE and PHSO versus POL. The composition and the physical properties of the three fats compared were not the
same. The melting points of the IE and PHSO fats were
about 15 to 20°C higher that POL, leading to different
applications in the food industry. As a matter of fact, the
relative distribution between saturated, monounsaturated
and polyunsaturated fatty acids were different for all the
fats evaluated. In particular, the content of saturated fatty
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Predicted (open bars) and measured (grey bars) changes in HDL-C (A), total cholesterol (B), LDL-C (C), and total cholesterol
to HDL-C ratio (D) when consumption of partially hydrogenated soybean oil (PHSO) or interesterified (IE) fat is compared to
palm olein (POL). Measured data are adapted from the study of Sundram and co-workers (3). Estimation of predicted effects of
the PHSO and IE compared to POL have been calculated using the equations proposed by Mensink and co-workers (2) and the
fatty acid composition of the fats used in the study from Sundram and co-workers (3)
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acid was about 30% higher in the IE fat than in the POL
fats; and the content in monounsaturated fatty acids, 2.3
times lower in IE than in POL.
In the frame of the on-going efforts aiming at replacing
trans fats in food products, a pertinent strategy would have
been to compare, in a double blind fashion, the effects on
CVD risk of food items produced from three fats having
the same physical properties (i.e. identical melting
points). The primary objective (the hypothesis) would
have been to compare the nutritional effects of POL and
IE to PHSO in order to identify the healthy alternative to
trans fat (PHSO) in a controlled design. The experimental
conditions used by the investigators were not suitable to
answer the question. Indeed, changes in CVD risk factors
such as low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C), total cholesterol and diagnostic ratios were expected from literature data.
It is possible to predict the effects, on plasma lipids, of fats
and oils using mathematical models obtained recently, as
a result of a large metaanalysis conducted by Mensink and
co-workers [2]. The predicted and reported effects of the
fats evaluated in the study from Sundram and co-workers
[3] are given in the Figure 1. Confidence intervals (CI)
were constructed using metaanalysis coefficients confidence intervals [2]. They represent an estimation of what
should be CI and they help defining the credibility of
some study results according to metaanalysis results. The
effect on HDL-C of IE and PHSO compared to POL measured in the clinical trial compared with the expected effect
predicted by the literature model (see Figure 1A). However, the effects on total cholesterol (see Figure 1B), on
LDL-C (see Figure 1C) and on the diagnostic ratio total
cholesterol to HDL-C (see Figure 1D) differ from the prediction.
Sundram and co-workers [3] hypothesized that the unexpected effects of IE on the monitored CVD risk factors
could be due to the regiospecific distribution of stearic
acid on the triacylglycerols (TAG) formed by chemicallycatalyzed interesterification. The goal of the interesterification process is to change the physical properties of the
starting material: a blend of fats and oils. The melting
point of the interesterified fat is usually lower. The analytical method used by Sundram and co-workers [3] to analyze the test fats is widely used to determine the TAG
profile of edible fats and oils. However, this method is not
suitable to assess the regiospecific distribution of fatty
acids or the molecular species of TAG. Two TAG regio-isomers have the same fatty acids esterified in the Sn-glycerol
but not at the same position [e.g. 1,2-dipalmitoyl-3-oleoyl-glycerol (PPO), and 1,3-dipalmitoyl-2-oleoyl-glycerol
(POP)]. Reversed-phase high-performance liquid chro-
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matography (RP-HPLC) analysis of TAG cannot discriminate TAG regioisomers. The difference between PPO and
POP is that the oleic acid is esterified in Sn-1(3) or Sn-2
position on the Sn-glycerol, respectively. These structural
data could be assessed by either partial deacylation of TAG
using pancreatic lipase or Grignard reagent [4], by massspectrometry [5] or by NMR [6].
The neutral effect of stearic acid, compared to oleic acid,
on CVD risk factors such as HDL-C, LDL-C and diagnostic
ratio has been recently confirmed by Thijssen and Mensink [7]. These recent data are consistent with studies
showing that stearic acid compared to oleic acid does not
alter plasma lipids [8-10]. The results obtained by Sundram and co-workers [3] are divergent with the predicted
data, derived from the literature model consolidated
using the results of 60 randomized clinical trials. The
design of the study was not suitable to challenge the
hypothesis raised by the investigators. Alternatives to
replace trans fats in food products are available. However,
the study published by Sundram and co-workers does not
allow concluding that palm oil is healthier than interesterified fats.

Abbreviations
Cardiovascular disease (CVD); Confidence intervals (CI);
High-density lipoprotein cholesterol (HDL-C); Interesterified fats (IE); Low-density lipoprotein cholesterol (LDLC); Nuclear magnetic spectroscopy (NMR); Palm olein
(POL); Partially hydrogenated soybean oil (PHSO); Triacylglycerols (TAG)

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
Frédéric Destaillats, Julie Moulin and Jean-Baptiste Bezelgues participated equally to the critical analysis of the
study published by Sundram and co-workers (3).

References
1.
2.

3.

4.
5.

6.

Mozaffarian D, Katan MB, Ascherio A, Stampfer MJ, Willett WC,
Ascherio A: Trans fatty acids and cardiovascular disease. N Engl
J Med 2006, 354:1601-13.
Mensink RP, Zock PL, Kester AD, Katan MB: 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 2003,
77:1146-55.
Sundram K, Karupaiah T, Hayes K: Stearic acid-rich interesterified fat and trans-rich fat raise the LDL/HDL ratio and
plasma glucose relative to palm olein in humans. Nutr Metab
2007, 4:3.
Brockerhoff H: Stereospecific Analysis of Triglycerides. Lipids
1971, 6:942-956.
List GR, Byrdwell WC, Steidley KR, Adlof RO, Neff WE: Triacylglycerol structure and composition of hydrogenated soybean
oil margarine and shortening basestocks. J Agric Food Chem
2005, 53:4692-5.
Simova S, Ivanova G, Spassov SL: Alternative NMR method for
quantitative determination of acyl positional distribution in

Page 3 of 4
(page number not for citation purposes)

Nutrition & Metabolism 2007, 4:10

7.
8.

9.

10.

http://www.nutritionandmetabolism.com/content/4/1/10

triacylglycerols and related compounds. Chem Phys Lipids 2003,
126:167-176.
Thijssen MA, Mensink RP: Small differences in the effects of
stearic acid, oleic acid, and linoleic acid on the serum lipoprotein profile of humans. Am J Clin Nutr 2005, 82:510-6.
Yu S, Derr J, Etherton T, Kris-Etherton PM: Plasma cholesterolpredictive equations demonstrate that stearic acid is neutral
and monounsaturated fatty acids are hypocholesterolemic.
Am J Clin Nutr 1995, 61:1129-39.
Aro A, Jauhiainen M, Partanen R, Salminen I, Mutanen M: 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 1997,
65:1419-26.
Judd JT, Baer DJ, Clevidence BA, Kris-Etherton P, Muesing RA, Iwane
M: Dietary cis and trans monounsaturated and saturated FA
and plasma lipids and lipoproteins in men. Lipids 2002,
37:123-31.

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 4 of 4
(page number not for citation purposes)

