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Effect of conjugated linoleic acid on body composition and plasma
lipids in humans: an overview of the literature™?

Antonius HM Terpstra

ABSTRACT

Studiesin mice haveindicated that feeding diets containing 0.5-1%
conjugatedlinoleicacid (CLA) considerably reducesbody fat. These
findings have attracted much interest because of the potential use of
CLA as atool to promote weight loss in humans. Severa CLA
studiesin humans have now been published, and the objective of the
present review was to give an overview of these experiments. Most
of the studieswere donein free-living subjects and were not strictly
controlled for nutrient and energy intakes. None of the studiesfound
asignificant reduction in body weight, and only 2 studies showed a
significant but relatively small body fat—| owering effect. Some stud-
ies suggested that CLA may have atendency to increase lean body
mass. Furthermore, there are indications from animal studies that
CLA may have effectson plasmalipids. However, only one study in
humans showed a significant HDL-cholesterol-lowering effect of
CLA; in al the other studies, there were no significant effects on
plasma total, LDL-, and HDL-cholesterol concentrations or on
plasmactriacylglycerol concentrations. Thus, the results of the stud-
iesin humans indicate that the effect of CLA on body fat is consid-
erably lessthan that anticipated from mice studiesand that CLA has
no major effect on plasma lipids. Am J Clin Nutr 2004;79:
352—61.

KEY WORDS Conjugated linoleic acid, body composition,
plasmalipids, body fat

INTRODUCTION

Conjugated linoleic acids (CLAS) are a group of isomers of
conjugated octadecadienoic acid that occur naturaly in food,
mostly in dairy products. Ritzenthaler et al (1) reported that the
intake of total CLA as measured with the food duplicate method
was 212 mg/d for men and 151 mg/d for women. Furthermore,
60% of the CLA intakewasderived from dairy productsand 37%
from meat products, and the cis-9, trans-11 CLA isomer, aso
called rumenic acid, accounted for >90% of the total CLA
intake. Commercial CLA preparations are produced by isomer-
ization of linoleic acid and contain predominantly cis-9, trans-11
and trans-10, cis-12 octadecaenoic acidsin a 1:1 ratio (2).

CLA hasattracted much interest sincethediscovery that it has
anticarcinogenic (3) and body fat— owering (4) effects. Further-
more, studies in hamsters (5-8), rats (9, 10), and rabbits (11)
suggest that CLA may aso have lipid- and atherosclerosis-
reducing properties. Park et al (4) werethefirst to report that the

incorporation of 0.5% (wt:wt) CLA in the diets of mice reduces
body fat ~60%. These findings were confirmed in several other
studies with mice (12-14), and additional experimentsindicated
that this body fat— owering effect is attributable to the trans-10,
cis-12isomer (6, 15-18). Thebody fat— owering property of CLA
was also reported in other experimental animals, such as pigs
(19), rats (20), hamsters (21), and chickens (22), but the effect in
those animalsis less striking than that in mice.

Thebody fat— owering effect of CLA inexperimenta animals
hasledtotheideathat CL A could beused asatool inbody weight
management in humans. Severa studies in humans have been
published, but the results appear to be less promising than was
expected (23, 24). Inthepresent article, an overview of theresults
of these studies in humans is given. Furthermore, the effects of
CLA on plasmalipidswere measured in several of these studies,
and an overview of these resultsis also presented.

However, CLA, and in particular thetrans-10, cis-12 isomer,
also appears to have some less desirable side effects. Mice that
were fed the trans-10, cis-12 CLA isomer had severe hyperin-
sulinemiaand insulin resistance (16, 25, 26), and asimilar trend
was observed in CLA-fed hamsters (27) and pigs (28). Further-
more, the body fat—| owering effect of thetrans-10, cis-12 isomer
in mice was associated with a significant reduction in plasma
leptin concentrations (16, 26), and asimilar tendency wasseenin
rats (29, 30). Some studiesin mice (25, 31), rats (10), and ham-
sters (27) also showed a significant increase in plasma glucose
concentrationsafter theanimalswerefed CLA, and thetrans-10,
cis-12 isomer appeared to be responsible for this effect (25, 27).
Several studies in humans who consumed CLA have examined
these effects, and the results of those studies are also reviewed.

MATERIALS AND METHODS

Only studiesthat were published asfull articlesareincludedin
the review. Most of the articles were retrieved from the Univer-
sity of Wisconsinwebsite (32) that keepstrack of all theliterature
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published on CLA. One study describing the effects of CLA on
body composition in humans was not included in this review
because of the lack of a control group (33).

Thedatapresentedinthetablesand thefigurewerereproduced
fromthearticlesor, if possible, calculated from thedatagivenin
the original publications. The net effect of CLA on body weight
and body fat wasalso cal culated by correcting the changesin the
CLA groupwiththoseinthecontrol group. Thenet effect of CLA
was calculated as (Vf CLA ™ Vi CLA) - (Vf control — Vi control)l where
V; and V; are the initial and final values, respectively, of the
control and CLA groups.

RESULTS

Conjugated linoleic acid preparations and study design

Thefirst studiesin humanswere donewith CLA preparations
that contained various CLA isomers (2, 34—36) and were pro-
duced by Pharmanutrients Inc (Lake Bluff, IL). Later studies
used more-defined CLA preparations that were comprised pre-
dominantly of thetrans-10, cis-12 and cis-9, trans-11 isomersin
al:1ratio (Tables 1-3) and were manufactured by Natural Ltd
(Hovdebygda, Norway) and Loders Croklaan bv (Wormerveer,
Netherlands). Only Riseruset a (45) usedaCLA preparationthat
contained almost exclusively the trans-10, cis-12 isomer, and
Noone et a (43) administered a CLA preparation that contained
thetrans-10, cis-12 and cis-9, trans-11 isomersin aratio of 2:8.
There is substantial evidence that the trans-10, cis-12 isomer is
responsible for the effects of CLA on body fat and lipid metab-
olism (15, 18), and therefore the dosages of the trans-10, cis-12
isomer are also given in the tables.

The dosage of total CLA used in the various studies ranged
from 1.4 g/d in the study by Mougios et a (40) to 6.8 g/d in the
study by Blankson et a (38) (Tables 1-3). These dosagesusedin
humans appear to be comparable with the dosages used in mice
studies. The metabolizable energy intake of a reference human
weighing 70 kg is =10 MJ/d, and dosages of 1.4 and 6.8 g total
CLA/d trandate into intakes of ~0.14 and 0.68 g total CLA/
MJ of metabolizable energy, respectively. In most of the mice
studies, 0.5-1% total CLA by weight was added to the diets (4,
13, 14). High-fat mice diets have an energy density of ~20 kJ of
metabolizable energy/g (14), and the CLA intake was thus
~0.25-0.5 g total CLA/MJ of metabolizable energy intake.

The CLA preparationsin all the studies were administered in
the form of capsules, and the number of capsules that had to be
taken per day varied from 2 (40) to 12 (38). Compliance with the
intake of the capsulesranged from ~77% to 100% (Tables 1-3).
Inall thestudies, oneor moregroupswere administered capsules
containing a CLA preparation, and a control group was admin-
istered capsul escontai ning aplacebo, suchasoliveoil, sunflower
oil, soybean oil, or linoleic or oleic acid (Tables 1-3). In one
study (34), CLA wasadministeredintheform of triacylglycerols
(TAGs); the other studies did not report whether CLA was ad-
ministered in the form of TAGs or freefatty acids, but CLA was
most likely given as free fatty acids. Most of the experiments
weredonein free-living subjects and were not strictly controlled
for nutrient and energy intake. Only inthe studiesby Benito et al
(34), Medinaet a (46), and Zambell et al (36), didtheresearchers
confine the subjects to a metabolic suite and control for food
intake.

Most of the studies were designed to examine whether CLA

would promote the loss of body weight and fat. The objective of
one study, however, wasto learn how CLA would influence the
regaining of body weight and fat after a weight-loss program
(39). Inthat study, the subjectswerefed avery-low-energy diet (2.1
MJ/d) for 3wk and lost =6 kg body wt. Subsequently, the subjects
were switched back to their habitual diet, and the effectsof CLA on
body weight regain and body composition were studied.

Body weight and composition

All the studiesindicated that theadministration of CLA had no
significant effect on body weight or body weight regain (Table
1). After correction for changes in body weight in the control
groups, therewasanet increasein body weight dueto CLA inthe
body weight regain study by Kamphuis et a (39), and thisin-
crease ranged from 0.6 to 2.0 kg. In the other studies, the cor-
rected net change in body weight ranged from an increase of 0.4
kg to adecrease of 2.2 kg. None of these changes, however, were
significant (Figure 1).

Therewasasignificant effect of CLA onbody fat massinonly
2 studies (38, 42). This effect could not be ascribed to a higher
intake of CLA inthesestudiesthaninthe other studies, and there
appeared to be no relation between the dose of trans-10, cis-12
isomer, theisomer involved in the body fat—| owering effect, and
the body fat— owering effect (Figure 1). Furthermore, in these 2
studies that reported a significant body fat—owering effect of
CLA, thesubjectsalso participated inalight or intensivetraining
program (38) or did 90 min of strenuousexercise 3times/wk (42).
Thus, it is possible that exercise may have enhanced the body
fat—owering effect of CLA.

In the studies by Berven et a (37), Blankson et a (38), and
Thom et al (42), the net decreasein body fat tended to be greater
than the net decrease in body weight, and in the study by Smed-
man and Vessby (41), there was a sight net increase in body
weight but anet decreasein body fat. Thisfinding indicatesthat
inthese studies, achangetook place not only in body fat but also
in lean body mass (LBM). A net decrease in body fat that was
greater than the net decrease in body weight indicates that there
wasanincreasein LBM or that thedecreasein LBM waslessthan
that inthe control group, asseeninthestudy by Bervenetal (37).
Furthermore, in the weight regain study by Kamphuiset a (39),
CLA tended to promote body weight regain after a weight-loss
regimen, and thisnet increasein body weight was predominantly
duetoanincreasein LBM (Figure 1).

Plasma lipids

Thestudiesin Table 2 did not show any significant effect of CLA
on plasma cholesterol concentrations or on LDL-cholesterol con-
centrations. In the study by Smedman and Vessby (41), CLA
significantly increased total and LDL-cholesterol concentra-
tions, but this increase was not significant in comparison with
that seen in the control group. Furthermore, Riserus et a (45)
found that, relative to the changein HDL-cholesterol concentra-
tions in the control group, HDL-cholesterol concentrations de-
creased significantly when the trans-10, cis-12 isomer was ad-
ministered but not when a mixture of the trans-10, cis-12 and
cis-9, trans-11isomerswas administered (44, 45). Mougioset a
(40) also reported asignificant HDL -chol esterol -lowering effect
of CLA, but this change in HDL cholesterol concentration was
not significant when compared with that in the control group.
Smedman and Vessby (41), on the other hand, found that CLA
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TABLE 2
Effect of conjugated linoleic acid (CLA) on plasma lipid concentrations in humans®
Benito et a Berven et a Mougios et a Riseruset al Smedman and
(34) 37) (40) Noone et a (43) (44) Riserus et al (45) Vesshy (41)
Subjects
BMI (kg/m?) 23 30 23 24 24 32 30 31 25
n
Control group 7 22 11 18 — 10 19 — 24
CLA group 10 25 11 16 17 14 19 19 26
Sex F M and F M and F M and F — M M — M and F
Duration of CLA 9 12 8 8 8 4 4 4 12
intake (wk)
Treatment
CLA
Manufacturer Pharmanutrients Natural Natural Loders Croklaan — Natural Natural — Natural
Total CLA 3.90 3.40 0.70/1.407 2.02 174 4.20 3.40 3.40 4.20
t-10, c-12 0.88 1.70 0.35/0.70 0.95 0.33 1.94 162 3.40 2.00
isomer
c9 t-11 0.70 1.70 0.35/0.70 0.93 135 1.94 162 — 2.00
isomer
Placebo Sunflower oil Qliveail Soybean oil Linoleic acid — Oliveoil Not given — Oliveoil
Compliance (%) 100 92 100 96 — 96 90 — >80
Cholesterol
Control group
Initid (mmol/L) 5.00 + 0.98° 6.00 = 1.10 4.38 = 0.61 518 + 1.17 — 6.31+1.01 580+1.20 — 5.90 + 1.10
Fina (mmol/L) 4.55 + 0.86 6.10 = 1.00 458 + 0.74 5.28 + 1.02 — 6.31+ 1.01 5.79 — 6.07
Change (%) -9.0 17 46 1.9 — 0 -0.1 — 2.9
CLA group
Initid (mmol/L) 4.94 + 0.99 6.40 = 1.20 4.49 + 0.98 493+131 501+049 627+125 550+0.80 6.00+ 130 540+ 1.00
Find (mmol/L) 464 +0.71 6.40 = 1.10 4.32 + 0.87 4.84 + 0.95 4.92 + 0.70 6.35 + 1.02 547 5.99 5.69*
Change (%) -6.1 0.0 -38 -1.8 -1.8 13 -05 -0.2 53
LDL cholesterol
Control group
Initial (mmol/L)  2.82 +0.94 410 + 1.10 — 1.77+£1.04 — 393+097 4.00=+0.90 — 4.00 + 1.10
Final (mmol/L) 2.56 + 0.96 3.80+ 1.30 — 1.71+071 — 391+ 091 4.95 — 4.09
Change (%) -91 -73 — -34 — -05 -13 — 23
CLA group
Initial (mmol/L)  2.83+ 1.11 4.40 + 1.10 — 1.65+0.83 169+070 376+096 380+070 400+ 110 3.60+ 1.10
Final (mmol/L) 2.81 +0.62 4.40 + 1.00 — 153 + 0.64 154+059 3.93+0.90 3.72 397 3.80*
Change (%) -0.7 0 — -7.2 -88 45 -21 -0.8 5.6
HDL cholesterol
Control group
Initial (mmol/L)  1.50 + 0.34 120+ 0.20 1.28+0.29 1.27+0.31 — 113+0.18 1.00+0.10 — 1.30 £ 0.30
Final (mmol/L) 144+ 031 120+ 0.20 1.26 +0.30 142 +0.36 — 126 +£0.11 1.07 — 1.46%
Change (%) -41 0 -16 11.8 — 115 6.5 — 12.3
CLA group
Initial (mmol/L)  1.34 + 0.20 1.30 £ 0.30 1.42 +0.29 159 + 0.57 1.44 + 0.44 112 +1.17 1.00+ 020 1.00+0.10 1.20+0.30
Final (mmol/L) 1.34 = 0.15 1.30 £ 0.20 1.25+0.32% 154 + 0.42 147 +£0.37 1.18 £ 0.18 0.98 0.96 1.29%
Change (%) 0 0 -12.0 -31 21 54 —2.0° —4.0° 75
TAG
Control group
Initial (mmol/L)  0.77 £0.21 1.70 £ 0.80 0.97 = 0.54 1.03+0.43 — 281+120 2.00=+1.00 — 1.30 + 0.60
Final (mmol/L)  0.58 +0.13 1.80 £ 0.80 0.90 + 0.36 0.94 + 0.33 — 299 +1.36 1.80 — 1.07%
Change (%) —-255 5.9 —-7.2 -87 — 6.4 —10.0 — —-17.6
CLA group
Initial (mmol/L)  0.85 + 0.25 1.37 £ 0.50 0.95 + 0.40 1.20 £ 0.39 1.08 £ 0.32 278 + 1.49 1.70 £ 050 240+220 1.40=*0.80
Final (mmol/L) 0.59 + 0.20* 1.58 £ 0.70 0.82 = 0.37 0.95+ 0.31* 1.00 + 0.40 3.00 + 1.31 157 242 1.33
Change (%) -30.0 15.3 -13.7 —20.8 -74 7.9 -7.6 0.8 -5.0

1 Pharmanutrients, Pharmanutrients Inc (Lake Bluff, IL); Natural, Natural Ltd (Hovdebygda, Norway); Loders Croklaan, Loders Croklaan bv
(Wormerveer, Netherlands); TAG, triacylglycerols.

2 Amount during the first 4 wk of the study/amount during the last 4 wk of the study.

X+ SD.

4 Significantly different from initial, P < 0.05.

> Significantly different from the control group, P < 0.05.
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TABLE 3
Effect of conjugated linoleic acid (CLA) on plasma glucose, insulin, and leptin concentrations in humans®
Smedman and
Medinaet al (46)? Noone et a (43) Riseruset a (44) Riseruset a (45) Vessby (41)
Subjects
BMI (kg/m?)
n 22 24 — 32 30 31 25
Control group 7 18 — 10 19 — 24
CLA group 10 16 17 14 19 19 26
Sex F M and F — M M — M and F
Duration of CLA intake (wk) 9 8 8 4 12 12 12
Treatment
CLA
Manufacturer Pharmanutrients  Loders Croklaan — Natural Natural — Natural
Total CLA 3.00 2.02 174 4.20 3.40 3.40 4.20
t-10, c-12 isomer 0.68 0.95 0.33 1.94 1.62 3.40 2.00
¢-9, t-11 isomer 0.53 0.93 1.35 194 1.62 — 2.00
Placebo Sunflower ail Linoleic acid — Oliveail Not given — Oliveoil
Compliance (%) 100 98 — 96 90 — >80
Insulin
Control group
Initial (pmol/L) 64.6 + 34.9° 63.6 + 27.3 — 86.7 = 40.5 73.2 £ 30.0 — 59.6 + 104.0
Final (pmol/L) 70.1+ 349 66.5 + 34.6 — 101.0 £ 51.8 78.72 — 431
Change (%) 85 46 — 16.4 75 — —27.8
CLA group
Initial (pmol/L) 549 + 32.9 772+ 364 65.6 + 40.2 76.1 + 40.3 648+ 234 684+264 603+574
Final (pmol/L) 65.3 +£ 19.9 65.2 + 48.9 65.8 + 40.0 81.2 + 36.8 69.6 82.8* 68.6
Change (%) 18.9 -155 0.3 6.7 74 211 137
Glucose
Control group
Initial (mmol/L) 4.11 + 0.45 497 +£0.37 — 528 + 0.73 5.70 + 0.60 — 4.70 = 0.50
Final (mmol/L) 4.08 + 0.58 521+ 0.51 — 5.74 + 0.85 5.56 — 4.64
Change (%) -0.7 48 — 8.7 -25 — -13
CLA group
Initial (mmol/L) 4.04 +0.28 494 +0.31 4.97 + 0.49 5.44 + 0.83 590+ 0.70 560+ 060  4.40+ 0.80
Final (mmol/L) 410+ 0.73 4.85 + 0.40 488 + 041 569 + 0.73* 5.91 5.81* 451
Change (%) 15 -18 -18 46 0.2 38 25
Leptin
Control group
Initial (ng/mL) 16.7 + 11.7 — — — 104 + 4.6 — —
Final (ng/mL) 157+ 122 — — — 10.9 — —
Change (%) —-6.0 — — — 4.8 — —
CLA group
Initial (ng/mL) 16.0+ 7.9 — — — 132+102 11.6+56 —
Final (ng/mL) 151+ 114 — — — 121 11.53 —
Change (%) -5.6 — — — -83 -06 —

1 Pharmanutrients, Pharmanutrients Inc (Lake Bluff, 1L); Loder Croklaan, Loders Croklaan bv (Wormerveer, Netherlands); Natural, Natural Ltd
(Hovdebygda, Norway). There were no significant differencesin changes between the control and CLA groups.
2 Inthis study there was atransient leptin-lowering effect of CLA. Plasmaleptin was significantly lower inthe CLA group than in the control group after

7 wk, but this difference disappeared after 9 wk.
3X+ SD.
4 Significantly different from initial, P < 0.05.

significantly increased HDL -cholesterol concentrations, but this
increase was smaller than that in the control group; as a conse-
guence, the net effect of CLA on HDL was negative. Plasma
TAG concentrations decreased significantly after CLA admin-
istrationin2 studies (34, 43), but thisdecreasewasnot significant
when compared with the change in the control group. Further-
more, this effect on plasma TAG concentrations was seen only
when amixture of the 2 isomerswas fed, but not when the cis-9,
trans-11 isomer was given (43).

Plasma insulin, leptin, and glucose

Studiesin humanswho consumed daily amixtureof the2 CLA
isomers containing 0.7-2.0 g of the trans-10, cis-12 isomer did
not show significant changes in plasmainsulin concentrations,
although adose of 2 g of thetrans-10, cis-12 isomer (41) tended
to increase insulin concentrations, whereas insulin concentra-
tionsin the control group decreased (Table 3). Riseruset al (45),
however, reported that humans who consumed as much as 3.4 g
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4 3 2 L 0 1 2 |Dosage (g/d) Duration {wk) BMI (kg/m?) Refarence
—-— 17 12 30 Berven et al (37)
e 0.85 12 28 Blankson et al (38)
L= - 1.7 12 28 Blankson et al (38)
I 2.55 12 28 Blankson et al (38)
« — 34 12 28 Blankson et al (38)
e 0.9 13 2 Kamphuis et al (39)
: :Z:: ::?igm ‘_‘f_ ! 18 13 26 Kamphuis et al (39)
Lean body mass =] 1.36 4 25 Kreider et al (35)
- 0.35/0.7 8 23 Mougios et al (40)
™ 20 12 25 Smedman and Vessby (41)
3 - —— 09 12 23 Thom et al (42)
'E__ 0.7 ] 23 Zambell et al (36)
-4 -3 -2 -1 0 1 2

Net effect of CLA (kg change corrected for change in control group)

FIGURE 1. Net effect of conjugated linoleic acid (CLA) on body weight, body fat, and |ean body mass as observed in various human studies. The net effect
was cal culated as described in the Materials and Methods section. The BMI valueslisted are those at the beginning of the study. The dosage values are for the
trans-10, cis-12 CLA isomer, which istheisomer activein lipid metabolism. In the study by Mougioset al (40), 0.35 g of thetrans-10, cis-12 CLA isomer was
administered during the first 4 wk of the study, and 0.70 g of the isomer was administered during the last 4 wk of the study. """ Significantly different from the

control group: “P < 0.05, ""P < 0.01.

of the purified trans-10, cis-12 isomer/d had significantly de-
creased insulin sensitivity compared with the changein the con-
trol group; plasma insulin and glucose concentrations aso in-
creasedsignificantly inthe CLA group, but theseeffectswerenot
significant when compared with thechangesin the control group.

L eptinissecreted by adipocytesin proportion to theamount of
lipid stored and may act asasignal of body energy storesto the
brain (47). In humansthe consumption of CLA for 9 (46) and 12
wk (45) did not significantly affect leptin concentrations (Table
3). In the study by Medina et al (46), relative to the change in
leptin concentrations in the control group, leptin concentrations
in the CLA group decreased significantly after 7 wk, but this
effect disappeared after 9 wk.

In the study by Riserus et a (44), plasma glucose concentra-
tions increased significantly in both the control group and the
CLA group, but this effect was more pronounced in the control
group thaninthe CLA group (Table 3). In another study, Riserus
et al (45) reported that plasma glucose concentrations increased
significantly only inthe CLA group; however, thisincrease was
not significant when compared with the change in the control
group. Furthermore, Smedman and Vessby (41) also found
higher plasma glucose concentrationsin the CLA group than in
the control group (P = 0.054).

DISCUSSION

Body composition

The effects of CLA on body weight and body fat in humans
wereconsiderably lessthan those seeninmicealthoughthedoses
of CLA used in the mouse and human studies were comparable.
Dosages of 1.4-6.8 g/d in humans (=0.14—0.68 g/MJ of me-
tabolizable energy intake) lowered body fat by only 2—22% (Ta-
ble1), whereasmicefed 1% CLA intheir diet (=0.5g CLA/MJ)
had a 60% decrease in body fat (14). Mice, however, have a
considerably higher metabolic rate than do humans, and, asdis-
cussed previously (48), this difference in metabolic rate may at
least partly explain the different results in humans and mice.

Theresultsin humansdid not point to any relation betweenthe
dose of CLA and the effect on body weight and fat (Table 1 and
Figure 1). Most of the studies, however, were doneinfree-living

subjects, and variations in nutrient intake and energy intake and
expenditure may have occurred. The effects of CLA on body
composition appear to be rather small, and thus possible varia-
tionsin energy intake and expenditure may easily interfere with
the effects of CLA. Furthermore, compliance with the intake of
the CLA capsulesranged from ~77% to 100%, and differences
in compliance may also have affected the results.

Some of the studies in humans suggested that the body fat—
lowering effect of CLA tended to be associated with an increase
in LBM (Table 1), as seen also in mice (14). Studies in mice
indicated that CLA may enhanceenergy expenditure (12, 14) and
the oxidaton of fatty acids (4), and these processes take place
predominantly in muscle tissues, ie, the LBM. An increase in
LBM may be an adaptive response to increased energy expen-
diture. Kamphuis et a (39) reported that resting metabolic rates
inhumansarerelated to theamount of LBM and that increasesin
resting metabolic rates due to consumption of CLA are associ-
ated with an increase in the amount of LBM.

Plasma lipids

All the studies in humans indicated that, compared with pla-
cebo, CLA had no significant effect on plasma cholesterol con-
centrations. Similarly, most of the numerous studies in experi-
mental animals such as mice, rats, and pigs did not show any
effect on plasmacholesterol concentrations. Thereare, however,
some studies in hamsters (5-8) and rats (9, 10) that reported
a significant cholesterol-lowering effect. Furthermore, this
cholesterol-lowering effect of CLA in hamsters was seen only
when the hamsters were fed the trans-10, cis-12 isomer, but not
when they were fed the cis-9, trans-11 isomer (5, 6). A study in
chickensfed CLA a so showed adecrease in plasma cholesterol
concentrations(49), but 2 other chicken studiesfound anincrease
(22,50). Thus, only some studiesin experimental animalsfound
an effect of CLA on plasma cholesterol concentrations, and the
resultsin humans suggest that CLA does not have amajor effect
on plasma cholesterol concentrations.

Compared with placebo, CLA had no significant effect on
plasma TAG concentrations (Table 2). CLA significantly low-
ered TAG concentrations in the studies by Noone et & (43) and
Benito et a (34), but these decreases were not significant when
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compared with the changesin the control groups. Several studies
indicated that feeding micethetrans-10, cis-12isomer but not the
cis-9, trans-11 isomer decreases the activity of hepatic stearoyl
Co-A desaturase (51, 52), an enzymeinvolvedinthedesaturation
of stearic acid and palmitic acid into oleic acid and palmitoleic
acid, respectively. Plasma TAGs are predominantly transported
in the VLDL and are synthesized in the liver. Oleic acid is the
preferred substrate for the synthesis of TAG (53), and mice with
adisruption of the gene for the stearoyl-CoA desaturase enzyme
havevery low plasmaTAG concentrations (54). Moreover, stud-
iesin hypertriglyceridemic mice and humans suggest that there
is a relation between hepatic stearoyl-CoA desaturase activity
and plasma TAG concentrations (55). Thus, one may anticipate
that a decrease in stearoyl-CoA desaturase activity due to con-
sumption of the trans-10, cis-12 isomer will also result in a
lowering of plasma TAG concentrations. In vitro studies indi-
cated that the trans-10, cis-12 isomer inhibits the secretion of
TAG (56) and apolipoprotein B in HepG2 cells (57). When
compared with placebo, CLA did not have asignificant effect on
plasmaTAG concentrationsinthehuman studies(Table2). Most
of the subjects in these studies, however, had relatively low
plasma TAG concentrations, but an effect could become appar-
ent in severely hypertriglyceridemic patients. The results of an-
imal studies are aso not conclusive. Some studies in hamsters
found asignificant reduction in plasma TAG concentrations (6,
58), whereas other hamster studies showed asignificant increase
(5). Furthermore, theseincreases and decreasesin TAG concen-
trationswere attributableto thetrans-10, cis-12 isomer, whereas
thecis-9, trans-11 isomer did not have any effect (5, 6). In pigs,
there was also a trend for increased TAG concentrations (59—
61), and one study even found a significant increase in plasma
TAG concentrations (62). Similarly, a study in chickens showed a
significantincreasein plasmaTAG concentrations (50), but another
study in chickensdid not (49). Most of the studiesin micedid not
show any significant effect of CLA on plasma TAG concentra-
tions, but in one study, plasma TAG concentrations decreased
significantly in micethat werefed the cis-9, trans-11 isomer but
not in mice that were fed the trans-10, cis-12 isomer (25).

Plasma insulin concentrations and insulin resistance

Studies in experimental animals (63) and humans (64—66)
have shown a relation between the fatty acid composition of
structural lipids (ie, phospholipids) in the cell membranes of
skeletal muscle and measures of insulin action. For example, in
human studies insulin action was positively correlated with the
degree of unsaturation and the proportion of long-chain polyun-
saturated fatty acids, particularly arachidonic acid, in muscle
phospholipids (64, 65). Furthermore, insulin action was also
positively correlated with AS-desaturase activity as reflected in
the proportion of arachidonic acid. The trans-10, cis-12 CLA
isomer is known to inhibit the activity of stearoyl-CoA desatu-
rase or A%-desaturase (51, 52), and there are indications that
this CLA isomer may also decrease the activity of AS- and
A®-desaturases (67). A°-Desaturase plays arolein the desatura-
tion processof fatty acidsderived from palmitic and stearic acids
(n—9 series), and the AS- and A®-desaturases play arole in the
desaturation process of fatty acids derived from linoleic (n—6
series) and linolenic (n—3 series) acids. Studies in pigs (61,
68—71), rats (72, 73), perch (74), and chickens (22, 49) have
indeed shown that theratio of palmitic acid + stearic acid:palmi-
toleic acid + oleic acid, an index of A°-desaturase activity, in-

creases in muscle lipids after animals are fed CLA. Moreover,
these studies showed that the degree of unsaturation of the fatty
acidsinmusclelipidsdecreasesafter CLA consumption and that
the proportion of arachidonic acid also decreases consistently
after CLA consumption, which points to a lowering of
AS-desaturase activity. No studies have examined the effect of
CLA on musclefatty acid composition in mice and humans after
consumption of the trans-10, cis-12 CLA isomer, but similar
changes may occur. Thus, the reduced insulin action and in-
creased plasmainsulin concentrations due to consumption of the
trans-10, cis-12 CLA isomer may at least partly be related to
changes in fatty acid composition, ie, a decreased degree of
unsaturation of the fatty acids in the lipids, particularly in the
phospholipids in muscles.

Insulin resistance has al so been reported to be associated with
elevated concentrations of TAGsin muscletissues (75). Asdis-
cussed by Nadler and Attie (76), obesity and lipodystrophy in
mice are associated with a fatty liver and insulin resistance. In
both situations, there is no functional adipose tissue, the lipo-
genic burden shiftsfrom the adipose tissueto theliver, and lipid
deposition in non—adipose tissue takes place. Feeding CLA to
mice also resultsin lipodystropy together with accumulation of
TAGs in the liver (16, 26). There are no studies in mice and
humans given CLA that have examined the lipid content of
muscle tissues, but studiesin CLA-fed pigs (69, 77), perch (74),
and rats (73) showed atrend toward anincreasein intramuscul ar
fat, and pigs that were fed CLA aso tended to have increased
insulin concentrations (28). Thus, it is possible that impaired
insulin action due to consumption of the trans-10, cis-12 CLA
isomer is also related to an accumulation of TAGs in muscle
tissues, amajor site of insulin action. In obese Zucker rats (78),
however, CLA reduces the amount of intramuscular fat, which
may explain why CLA improves insulin action in obese and
insulin-resistant rats (78—80).

Conclusions

The CLA isomer that is involved in the body fat—lowering
effectandthat isactiveinlipid metabolismisthetrans-10, cis-12
isomer, whereas > 90% of the total CLA intake from food in
humans is accounted for by the cis-9, trans-11 isomer. The re-
sultsof studiesin humansindicate that the effect of thetrans-10,
cis-12 CLA isomer on body fat is considerably less than that
anticipated from mice studies and that CLA has no major effect
on plasma lipids. Furthermore, mice studies showed that the
trans-10, cis-12 CLA isomer may have some undesirable side
effects, such asinsulin resistance, increased plasmainsulin con-
centrations, and decreased plasma leptin concentrations, and
there are indications that some of these effects may become
apparent in humans. Additional studies that are well controlled
for nutrient and energy intakes may be needed, and pure CLA
isomers should be used to clearly definethe short- and long-term
effects and side effects of each individual CLA isomer. B
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