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ABSTRACT Conjugated linoleic acid (CLA) has been shown to reduce body fat mass (BFM) in animals. To
investigate the dose-response relationships of conjugated linoleic acid with regard to BFM in humans, a random-
ized, double-blind study including 60 overweight or obese volunteers (body mass index 25-35 kg/m?) was
performed. The subjects were divided into five groups receiving placebo (9 g olive oil), 1.7, 3.4, 5.1 or 6.8 g
conjugated linoleic acid per day for 12 wk, respectively. Dual-energy X-ray absorptiometry was used to measure
body composition [measurements at wk 0 (baseline), 6 and 12]. Of the 60 subjects, 47 completed the study. Eight
subjects withdrew from the study due to adverse events; however, no differences among treatment groups were
found regarding adverse events. Repeated-measures analysis showed that a significantly higher reduction in BFM
was found in the conjugated linoleic acid groups compared with the placebo group (P = 0.03). The reduction of
body fat within the groups was significant for the 3.4 and 6.8 g CLA groups (P = 0.05 and P = 0.02, respectively).
No significant differences among the groups were observed in lean body mass, body mass index, blood safety
variables or blood lipids. The data suggest that conjugated linoleic acid may reduce BFM in humans and that no

additional effect on BFM is achieved with doses > 3.4 g CLA/d. J. Nutr. 130: 2943-2948, 2000.
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Conjugated linoleic acid (CLA)? is a term used to describe
positional or geometrical derivatives of linoleic acid contain-
ing conjugated double bonds. The natural source of this poly-
unsaturated conjugated fatty acid is microbial isomerization of
dietary linoleic acid (Chin et al. 1994). CLA (mainly cis-9,
trans-11 but also trans-10, cis-12 and other isomers) is readily
formed in the first biohydrogenation step of linoleic acid by
the action of linoleic acid isomerase of the bacterium Butyri-
vibrio fibrisolvens (Kepler et al. 1970 and 1971).

Consistent and convincing effects of CLA on body com-
position have been documented in several animal models, i.e.,
CLA has been shown to reduce body fat and to increase lean
body mass (LBM) in pigs (Dugan et al. 1997), mice (Pariza et
al. 1996, Park et al. 1997), rats and chicks (Pariza et al. 1996).
The CLA-induced changes have been linked to increased
lipolysis in adipocytes and enhanced fatty acid oxidation in
both adipocytes and skeletal muscle cells (Pariza et al. 1997,
Park et al. 1999b). Park et al. (1999a) showed that in mice,
dietary CLA significantly increased total carnitine palmitoyl-
transferase activity in both fat pad and skeletal muscle, but not
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in the liver. In addition, hormone sensitive hpase activity wasg
increased in adipocytes from CLA-fed mice (Pariza et alm
1997). In 3T3-L1 adipocytes, CLA reduced heparin- releasableo
lipoprotein lipase activity and intracellular concentration o§
triacylglycerol and glycerol (Park et al. 1997). &
The consistent and well-documented data from both ani+
mal and in vitro studies have led to an increased interest mN
whether CLA exhibits the same fat-to-lean body mass repar<2
titioning property in humans. The scope of this study was to”
investigate the putative beneficial effects of CLA on over-

weight or obese humans in relation to body fat mass (BEM),
LBM, weight reductions and blood lipids.

SUBJECTS AND METHODS

Subjects. Subjects participating in the study were healthy men
and women recruited after an announcement in the local newspaper
at the study site. The subjects were referred to the research center
(CECOR AS, Haugesund, Norway).

Inclusion criteria. All subjects were >18 y old and had a body
mass index (BMI) > 25 kg/m* and < 35 kg/m*. The range for BMI
was chosen in accordance with the World Health Organization
definition for grading overweight and obesity (WHO 1997).

Exclusion criteria. Subjects who had used drug therapy for
weight loss the previous week, subjects using adrenergic stimulating
medication or undergoing insulin treatment, or subjects with any
unstable medical or psychiatric illness or with any clinical condition
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that rendered the subject unfit to participate were excluded from the
study. In addition, pregnant lactating women were excluded.

Ethics. Approval from the Regional Ethics Committee was
given before the onset of the study. Written informed consent was
obtained from all participating volunteers. The study was conducted
in agreement with the current version of the declaration of Helsinki.

Study design. The trial was performed as a single-center, ran-
domized, double-blind, placebo-controlled study with five parallel
groups. Precise sample size estimation was problematic due to the
limited data available. Sixty subjects were allocated to two strata,
men or women in the ratios of 1/3 (n = 20) and 2/3 (n = 40),
respectively, and within strata randomized to placebo (9 g olive oil)
or 1.7, 34, 5.1 or 6.8 g CLA/d. The daily dosage was divided into
three doses taken at breakfast, lunch and dinner. The treatment
lasted for 12 wk. To ensure the double-blinding, a double-dummy
technique was used. Each subject received four boxes (marked A, B,
C and D) containing either placebo or CLA capsules. The subjects
took one capsule from each of the four boxes at each intake. Thus, in
the highest dosage group, all boxes contained CLA capsules and in
the placebo group, all boxes contained placebo capsules. The total
intake was 12 capsules per day for each subject. The active capsules
contained 750 mg oil of which 75% was CLA (Tonalin, Natural
Lipids, Norway). The CLA preparation consisted of equal parts of the
cis-9, trans-11 isomer and the trans-10, cis-12 isomer. As placebo,
olive oil capsules were chosen because this oil is regarded as relatively
inactive in this context. All capsules were opaque soft gel capsules of
identical appearance. Both active capsules and placebo capsules were
supplied by Natural Lipids, Hovdebygda, Norway.

Clinical assessment. The study required three visits to the clinic.
Measurements of BFM, LBM (total mass minus both fat mass and
bone mineral content), weight, blood pressure, heart rate and record-
ing of possible confounding factors such as physical exercise were
made at each visit. Blood samples for safety assessment and physical
examinations were scheduled for the first and third visit. In addition,
baseline characteristics and demographic data such as gender, height,
smoking and alcohol consumption were recorded on the first visit.
Adverse events were monitored throughout the study. For every
adverse event, a rating of severity, frequency, drug relation, action
taken and subject outcome was recorded. Compliance during the trial
was expressed as the discrepancy between the expected number of
capsules taken and the actual number of capsules used, divided by the
expected number of capsules taken. Blood samples were analyzed by
validated methods at a commercial clinical laboratory accredited for
all tests performed (Fiirst Medical Laboratory, Oslo, Norway). The
following blood variables were analyzed: hemoglobin, erythrocytes,
white blood cells, platelets, serum creatinine, calcium, sodium, chlo-
ride, potassium, serum creatine phosphokinase, lactate dehydroge-
nase, alanine transaminase, aspartate transaminase, serum ferritine,
y-glutamyl transferase, bilirubin, glucosylated hemoglobin A, serum
lipase (activity), triglycerides, total cholesterol, LDL cholesterol,
HDL cholesterol and lipoprotein (a).

Measurement of body composition. Dual-energy X-ray absorpti-
ometry (DXA) was used to measure body composition. The DXA
measurement was performed with a Hologic QDR-2000, (Hologic,
Waltham, MA).

Self-evaluation of quality of life. Possible treatment effects on
working capacity, general vitality and some other aspects of quality of
life were assessed by a quality of life questionnaire using visual analog
scales (VAS) of 100 mm. The VAS registration was comprised of
seven questions related to sleep, gain from training, appetite, mood,
stress, working capacity and leisure activity during the last 14 d. The
subjects assessed these questions twice during the study (at baseline
and at 12 wk).The subjects were asked to score the different catego-
ries by putting a mark between the end points [not at all satisfied (0
mm) or completely satisfied (100 mm)]. Scores at baseline were then
compared with scores after 12 wk by taking the difference between
the wk O (baseline) and the wk 12 values for each category. This
difference was used for the statistical analysis.

Physical training. The subjects received an offer by a local
training center in Haugesund to follow a standard training program.
The training was registered as light (without sweat) or intensive
(with sweat).

Statistical analysis. Means were used for estimation of the
expected value for continuously distributed variables, and are given
with sD and number of subjects. Most variables, including main
variables, were considered normally distributed; thus parametric
methods were used for estimation and statistical significance testing.
Frequency rates were used for estimation of categorical variables.
Changes from wk O to 6 and from wk O to 12 within treatment groups
were tested with a paired t test; however, in some cases in which a
large proportion of subjects showed no change, the Sign test or
Wilcoxon Rank-Sum test was used. Differences among the five treat-
ment groups were analyzed with ANOVA test (demographic and
clinical variables at inclusion), repeated-measures ANOVA (clinical
variable differences between wk 0 and 6 or 12) and analysis of
covariance (laboratory variables measured at wk 0 and 6 with wk 0
value as cofactor). The null hypothesis stated equal changes between
treatment groups vs. at least one of the active groups different from
placebo. Dunnett’s test was used for testing each of the four active
groups pair wise against placebo, controlling for type-I error. Cate-
gorical variables were analyzed using Fisher’s exact test. A P-value
= 0.05 was regarded as significant, and all tests were performed
two-sided. The statistical analyses were performed using the Statisti-
cal Analysis Systems version 6.12 (SAS Institute, Cary, NC).

Subjects with two visits or more (at least wk 0 and 6) were
included in the main analysis, whereas subjects with only the wk O
visit were not included. A few subjects missed some of the wk 69
values. For these subjects, values were interpolated by taking thes
mean of the wk 0 and 12 values. Last-value-carried-forward was nots
applied here because the number of subject visits was limited.
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RESULTS

Background. The number of subjects included in theé,
study was 60 (5 X 12 subjects). The data analyzed in the mainZ
analysis were from 52 subjects because 8 subjects withdrews
during the first 6 wk of the study. There were no differences ing
baseline registrations of height, weight and BMI or in demo&
graphic variables such as gender, age, smoking and alcohofg
habits when subjects included in the main analyses wereh
examined (Table 1). Moreover, demographic data and base8
line characteristics of the eight subjects that withdrew were=
not different from the data obtained from the main analyses<
Five subjects withdrew from the study between wk 6 and 12
these subjects were not included in the analyses performed for
the final visit. Thus, 47 of 60 subjects completed the study
The reasons for subject withdrawals from the study were ad-
verse events for eight subjects and five subjects did not return
even after reminders (Fig. 1). The rates of adverse events did
not differ significantly among treatment groups.

Compliance for subjects in the main analysis (52 subjects),
when still present in the study, were 87, 82, 84, 85 and 88% in
the 0, 1.7, 3.4, 5.1 and the 6.8 g CLA groups, respectively. The
total compliance rates for the 47 subjects that concluded the
study were 88, 77, 89, 85 and 81 for the 0, 1.7, 3.4, 5.1 and the
6.8 g CLA groups, respectively. No significant differences
among groups regarding withdrawal or total compliance rates
were observed.

Effects of CLA on weight and body composition. None of
the groups had a significant reduction in weight or BMI after
12 wk of treatment (Table 2). No differences were observed
among the different treatment groups for these variables. How-
ever, when BFM over the course of the study was analyzed
(Table 3), differences among treatment groups were found.
When active groups were tested pairwise against placebo,
significant differences in favor of the 1.7, 3.4 and 6.8 g CLA
groups were found. Within the different groups, a significant
reduction in BFM was found in the 3.4 and 6.8 ¢ CLA groups
(Table 3) after 12 wk of treatment.

No difference was found among the five treatment groups in


http://jn.nutrition.org/

JN THE JOURNAL OF NUTRITION

EFFECTS OF CONJUGATED LINOLEIC ACID IN HUMANS 2945
TABLE 1
Demographic data and baseline characteristics?
Gender
F M Age Height Weight BMI
K n y cm kg kg/m2

Placebo 10 8 2 44.4 +13.2 169 = 9 79.8 = 6.0 28.0+x24
CLA1.7 g 12 8 4 472 =135 173 + 10 88.6 = 10.4 297+ 25
CLA34g 8 5 3 42.8 = 10.4 174 = 7 83.6 + 8.2 27.7 £ 2.1
CLA5.1g 11 7 4 47.7 =113 171 = 11 86.2 = 14.6 29.4+ 26
CLA6.8g 11 7 4 443 = 12.7 172 = 8 90.1 = 13.5 30.3 29

1 Demographic data and baseline characteristics were recorded at the first visit (wk 0). The values for age, height, weight and body mass index
(BMI) are given as means * sb. None of these characteristics were different among the groups at study start (ANOVA F-test).

=60
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n=8 n=>52

Subjects wm,] %555 Subjects with two or more visits
than two visits

Adverse event (7)
Did not show up (1)
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FIGURE 1 Disposition of subjects (n = 60) during the study. Eight
subjects withdrew during the first 6 wk and 5 subjects withdrew be-
tween wk 6 and 12. Forty-seven subjects completed the study. Only
subjects with two visits or more [at least wk O (baseline) and 6] were
included in the main analysis.

Withdrew
participation (1)

Did not show up (1)

LBM, although the increased LBM seen within all CLA groups
was not seen in the placebo group (Table 3). However, only
the 6.8 ¢ CLA group showed a significant increase in LBM
from wk O (baseline) to wk 12 (Table 3)(Fig. 2).

The 6.8 g CLA group was the only group with signiﬁcantg
increases in the number of hours of intensive training durings.
the study, whereas the 5.1 g CLA group showed a signiﬁcanté
decrease in light training during the study (Table 4). No®

significant differences were found among the groups regardingg
either intensive or light training. 3

Clinical laboratory analyses and vital sign observations.>
Blood samples were analyzed to monitor safety and effects ofE:
the CLA treatment. Some changes were observed within each§'
group. In the placebo group, a significant increase in glucosea
after 12 wk was found (P = 0.02). In all CLA-treated groupsig.
significant reductions in blood lipids (total cholesterol, HDIS
cholesterol or LDL cholesterol) were found (Table 5). Addi«é
tionally, a significant increase in potassium (P = 0.02), and a5
decrease in serum creatinine (P = 0.004) and platelets (P2
= 0.02) were found in the 3.4 g CLA group. In the 5.1 g CLAR
group, significant reductions in serum creatinine (P = 0.05)=
and bilirubin (P = 0.05) were found. A significant reductionm
in creatine-phosphokinase (P = 0.03) was found in the 6.8 g;o
CLA group. None of these changes, however, were considered
clinically important.

TABLE 2

Body weight and body mass index (BMl) of obese and overweight men and women given placebo or varying amounts of CLA1.2

Week
Treatment group n 0 6 12 A, wk 0-12
Weight, kg
Placebo 8 80.8 + 6.4 813+ 7.0 822+ 73 1419
CLA1.7 g 11 87.8 = 10.4 87.7 = 10.0 87.4+ 9.0 -04*26
CLA34g 7 826 + 8.3 829+ 8.6 822+ 95 -04 17
CLAS51g 11 86.2 = 14.6 86.8 = 14.8 86.1 = 15.0 -0.1x0.9
CLA 6.8 g 10 89.4 +14.0 89.1 £ 14.6 88.6 £ 13.7 -08 20
BMI, kg/m2
Placebo 8 281+ 24 283+ 25 286+ 2.6 05+0.7
CLA1.7 g 11 299+ 25 299+ 25 298+ 23 -0.1x0.9
CLA34g 7 272+ 16 273+ 15 271+ 1.9 -0.2 £0.5
CLAS51g 11 294+ 26 296 = 2.7 294+ 27 -0.0x+03
CLAG.8 g 10 304+ 3.0 30.3*+ 3.0 302+ 238 -03 0.7

1 Each value is the mean + sp. None of the changes within the groups or the differences among the groups were significant.
2 Measurements of weight and body mass index (BMI) were made at each visit (wk 0, 6 and 12).
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TABLE 3

Body fat mass (BFM) and lean body mass (LBM) of obese and overweight men
and women given placebo or varying amounts of CLA?

Week
Treatment group n 0 6 12 A, wk 0-12
BFM, kg
Placebo 8 30.8 = 6.0 31.0*+ 59 323+ 7.4 1.47 +2.43
CLA1.7 g 11 344+ 6.9 343+ 73 33.3*+ 6.1 —-1.15 = 2.69+
CLA34g 7 30.1 = 4.8 294+ 50 283+ 5.1 —1.73 = 1.90+*
CLAS51g 11 336+ 7.2 337+ 7.2 332+ 72 -0.43 = 1.74
CLAG6.8 g 10 34.7 = 9.7 344+ 97 334+ 89 —1.30 = 1.46+*
LBM, kg
Placebo 8 457 = 8.9 459+ 9.0 456 = 9.8 —0.05 = 2.43
CLA1.7 g 11 48.7 = 10.3 48.8 = 10.5 495+ 97 0.87 = 1.57
CLA34g 7 47.8 = 9.3 483+ 9.6 491 = 9.8 1.26 + 2.17
CLAS51g 11 48.0 = 12.4 48.5 = 12.7 48.6 = 12.9 0.54 = 1.44
CLAG6.8 g 10 50.1 = 11.1 50.1 = 11.6 51.0 + 10.6 0.88 + 1.06*

1 Each value is the mean = sp. Significant changes within each group are marked with *(P =< 0.05) and difference between a CLA group and
placebo is marked with +(P = 0.05). Taken together, the data show a significant reduction in BFM in the CLA-treated groups compared with the

placebo group (P = 0.03).

No clinically important changes were found in heart rate or
blood pressure over the course of the study. Among the dose
groups, there were no differences in safety variables.

Adverse events. The frequency of adverse events in the
original 60 subjects was 60% (36/60), and no significant dif-
ferences among the different treatment groups were observed.
In eight subjects, adverse events resulted in subject withdraw-
als, but the treatment groups did not differ significantly re-
garding rate of withdrawal related to adverse event. One of
these adverse events was serious because the subject was hos-
pitalized due to a relapse of asthma, but this adverse event was
not judged to be drug related (the subject was in the 3.4 g CLA
group). Of all adverse events reported, one was considered to
be severe (fatigue); the remainder were of a mild-to-moderate
character. The most frequent adverse events were gastrointes-

ElChange in Lean body mass (kg)
M Change in Body fat mass (kg)

Placebo

1} CLA17g CLABSBg

CLAS.1g
CLA34g

-2

FIGURE 2 Body fat mass and lean body mass in obese and
overweight men and women given placebo or varying amounts of CLA.
Body fat mass and lean body mass were measured by dual-energy
X-ray absorptiometry at wk 0 and 12 and expressed as the difference
between the values at wk 0 and 12. *P = 0.05 for significance of
difference between CLA treatment group and placebo group.

reojumog

tinal symptoms. These events could be drug related. TheZ
numbers of possibly drug related adverse events were 3, 5, 9, 8:"
and 11 in the placebo, 1.7, 3.4, 5.1 and 6.8 g CLA groups3
respectively. Of these 36 adverse events, 20 were gastrointesss:
tinal symptoms. Altogether, 55% of the adverse events Wereg
considered to have a possible connection to the study treat=Z
ment. No difference was found among the groups regarding the:
frequency of possible drug-related events.

As pointed out above, adverse events resulted in elght:r
subject withdrawals; seven of these were in active treatments
groups and one in the placebo treatment group. The othetf:D
subjects had transient adverse events that disappeared durmgo
continuous treatment without any dose adjustments.

Quality of life. The VAS assessed possible treatmen@
effects on some aspects of the quality of life. Positive changess
i.e., a subjective experience of improvement of the condmonsN
momtored by the VAS were observed only in the CLA- treatedH
groups (Table 6).

DISCUSSION

The present data indicate that consumption of CLA re-
duces BFM in overweight and moderately obese healthy vol-
unteers. A significant reduction in BFM was found in the 3.4
and 6.8 g CLA groups. Moreover, when testing the active
groups pairwise against placebo, the 1.7, 3.4 and 6.8 ¢ CLA
groups were different from the placebo group. These results are
in contrast to those of Atkinson (1999), who did not find any
differences between the CLA group (2.7 g CLA) and the
placebo group in a 6-mo placebo-controlled, randomized, dou-
ble-blind study in obese volunteers. However, some studies
have been performed in subjects of normal weight that dem-
onstrate an effect of CLA on body composition. In a placebo-
controlled, double-blind trial by Vessby and Smedman (1999),
the reduction of body fat after 12 wk of treatment with 4.2 g
CLA/d was 1.2% (P < 0.0001). On the other hand, Kreider
[reviewed in Doyle (1998)] did not find that CLA affected
body fat in weight lifters with an initially low body fat per-
centage (14%). However, CLA had a positive effect on muscle
strength and the ability to handle training and immune stress.
This is interesting because the only group in this study that
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TABLE 4
Average training hours of obese and overweight men and women given placebo or varying amounts of CLA
Week
Treatment group n 0 6 12 A, wk 0-12
Intensive training, h
Placebo 8 1.0 £09 4+£23 0.9 +0.8 -0.1+13
CLA1.7 g 11 06 =13 0.7 £0.8 0.2 +04 -04 =11
CLA34g 7 0.3 +0.8 0.3+0.8 1.3+22 1.0+15
CLA51g 11 0.3 £0.6 19+25 1.6 =22 13+x24
CLAG.8 g 10 05+1.3 1117 1.7+1.6 1.2 +1.3*
Light training, h
Placebo 8 1.5+ 1.4 39+6.7 1.4+1.2 -0.1 =11
CLA1.7 g 11 3.1x24 32+43 3.3 4.1 0.2 £3.9
CLA34g 7 23+3.3 6+24 21+26 -0.2+33
CLA51g 11 3.5+£26 3.2 =31 1.8+24 —-1.7 22"
CLAG.8 g 10 1.8+15 26 +2.0 22+26 0.4 +33

1 A specialized training program was designed for the subjects at a local training center. The amount of training of each subject was recorded and
grouped as hours of intensive or light training. Each value is the mean = sp. No differences were observed among the treatment groups for either

intensive or light training hours.

Serum lipase activity and blood lipids of obese and overweight men and women given placebo or varying levels of CLA1

* P = 0.03 for significance of change from wk 0 to 12 within the treatment group.

TABLE 5

Placebo CLA1.7g CLA34g CLA51g CLA6.8g

Registration n=38 n =11 n=17 n =11 n=10
A, wk 0-12

Triglycerides, mmol/L 0.07 = 0.3 0.09 = 04 0 = 05 0.04 = 0.6 0.04 = 0.3
Total cholesterol, mmol/L -0.3 = 09 -04 = 05" -0.4 = 0.3" -02 = 0.6 -02 = 0.6
LDL cholesterol, mmol/L -0.2 = 0.8 -0.3 = 04 -0.3 + 0.3* -0.1 = 07 -0.1 = 05
HDL cholesterol, mmol/L -01 = 0.2 -01 = 041+ -0.1 = 0* -01 = 0.1* -02 = 0.2+
Serum lipase activity, U/L 0 =21 0 +133 -5 +226 —1 +10.8 -4 *+204
Lipoprotein (a), mg/L 2  *£749 -2 *=459 13 =341 2 *491 22 +*411

1 Blood lipid analyses were performed at baseline and wk 12. The difference from wk 0 to 12 is the mean = sb. * P < 0.05 for significance of chang
from wk 0 to 12 within the treatment group; + P < 0.01 for significance of change from wk 0 to 12 within the treatment group.

TABLE 6

910z ‘Tt AeN UO 1s9N6 Aq Bio uonInu-ul woly papeojumod

Subject visual analog scales (VAS) registrations in obese and overweight men and women given placebo or varying levels of CLA1

Mean change from baseline

Registration Placebo CLA1.7 g CLA34g CLA51g CLA 6.8 g
mm

Sleep 4.5+ 22.9(8) -7.6 =111 (11) -8.3+21.0(7) -3.8+ 8.8(11) -36+ 3.6(10)
Gain from training —-3.8 =22.5(8) —6.5 = 10.5 (11) —-10.9 = 14.3 (7)* —-7.0 =159 (11) -1.6 = 14.3 (10)
Appetite —21+ 56(8) -17+ 43(11) -6.7+ 3.1 (Nt —12+ 3.7(11) —2.7+ 36(10)
Mood -35=* 5.6(8) 0.5+11.9(11) -6.6 = 2.4 ()t -1.7 = 3.7(11) —-2.5+ 4.0(10)
Stress 18.8 + 31.9 (8) —14.9 + 25.0 (11)* —46+ 267 —9.7 +20.9 (11)* —9.2+12.0(10)
Working capacity -6.8 = 9.3(6) -3.1 = 3.8(10) —-4.5+ 1.9 (10" -1.8 = 4.6(10) —4.7 = 5.4 (10)*
Leisure activity —~13.0 = 15.1 (6) -31+ 3610 —27+ 7.7(6) —72+ 72(10)¢ —-8.9 +16.1 (10)

1 The individual assessments of questions related to sleep, gain from training, appetite, humor, stress, working capacity and leisure activity during
the last 14 d were recorded at wk 0 (baseline) and wk 12. The subjects were asked to score the different categories by putting a mark between the
endpoints [0 mm (not at all satisfied) and 100 mm (completely satisfied)]. The difference from wk 0 to 12 is given as the mean *+ sp with the number
of subjects in parentheses. * P =< 0.05 for significance of change from wk 0 to 12 within the treatment groups; ** P < 0.01 for significance of change
from wk 0 to 12 within the treatment groups; T P < 0.001 for significance of change from wk 0 to 12 within the treatment groups.
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had a significant increase in LBM was the group that had
intensified their training. Whether the increased LBM is an
effect of the increased training activities or an effect of CLA
intake is difficult to decide. However, a small, albeit not
significant increase was seen in all CLA-treated groups.

The CLA preparation used in this study contained equal
amounts of the cis-9, trans-11 isomer and the trans-10, cis-12
isomer. The effects of CLA presented in this study could
therefore result from either or both of these isomers. The cis-9,
trans-11 isomer has been regarded as the biologically most
active isomer because of its abundance relative to the other
isomers in biological membranes of mice and rats (Ha et al.
1990, Ip et al. 1991). However, the trans-10, cis-12 isomer has
been associated with reduced BFM and enhanced body protein
in mice, whereas no such changes in body composition have
been found due to the cis-9, trans-11 isomer (Park et al.
1999b). Furthermore, the trans-10, cis-12 isomer, but not the
cis-9, trans-11 isomer has been found to reduce lipoprotein
lipase activity, intracellular triacylglycerol and glycerol, and to
enhance glycerol release into the medium in cultured 3T3-L1
adipocytes (Park et al. 1999b). Interestingly, the ratio of cis-9,
trans-12 and trans-10, cis-12 varies dependent on the tissue
(Park et al. 1995). This means that individual CLA isomers
may trigger different responses in different tissues. Thus, the
effect of CLA on LBM may be uncoupled from the effect of
CLA on BFM.

In this study, blood CLA levels were not measured. This
may be of importance because the subjects may vary with
respect to the quantity of CLA-rich food they ingest per day.

An effect of CLA on early arteriosclerosis, concomitant
with a reduction in plasma total and LDL cholesterol levels,
was reported in rabbits (Lee et al. 1994) and hamsters (Nico-
losi et al. 1993). Clinically important reductions in total or
LDL cholesterol were not seen in this study. It may be that the
treatment period was too short for such reductions to appear,
but divergent responses in different species and the initial level
of cholesterol may also play a role.

A reduction in the HDL level was found in all the CLA-
treated groups after 12 wk of treatment. This reduction might
be of importance and should be investigated in future studies.
In addition, the reduced LDL cholesterol level found in the 1.7
and 3.4 g CLA-treated groups after 12 wk might be of some
importance.

Both withdrawal rates and the occurrence of adverse events
were quite high in the study. This may be caused by the
number of capsules that were to be taken each day (12 cap-
sules). As reported by Vessby and Smedman (1999), the dom-
inant nuisances reported were of gastrointestinal origin. These
events could have been caused by the capsules or the oil per se
rather than the high content of CLA.

In general, the subjects in the present trial participated with
the goal of improving some aspect of their quality of life. These
results may be of importance, and future CLA studies should
include validated measurements to investigate further the ef-
fects of CLA on general well-being.

In conclusion, we want to emphasize that the beneficial

effects of CLA with regard to BFM and LBM are promising.

The number of subjects in this study was relatively small and
may thus be a limiting factor in reaching general conclusions.
However, at present, a dose of 3.4 g CLA/d for 12 wk seems to
be sufficient to reduce BFM significantly in overweight and
obese humans. A conclusion regarding the optimal dose of
CLA and duration of treatment cannot be made on the basis
of these limited data, but the current data provide a solid
platform for future studies.

ACKNOWLEDGMENTS

Study nurse Ingebjgrg Fgrland Vestbg is especially acknowledged
for her accurate work and her positive attitude to keep the subjects
motivated throughout this study. Barry Andrews is appreciated for his
linguistic revision of the manuscript.

LITERATURE CITED

Atkinson R. L. (1999) Conjugated linoleic acid for altering body composition
and treating obesity. In: Advances in Conjugated Linoleic Acid Research
(Yurawecz, M. P., Mossoba, M. M., Kramer, J.K.G., Pariza, M. W. & Nelson,
G. J., eds.), vol. 1, pp. 328-353. AOCS Press, Champaign, IL.

Chin, S. F., Storkson ,J. M., Albright, K. J., Cook, M. E. & Pariza, M. W. (1994)
Conjugated linoleic acid is a growth factor for rats as shown by enhanced
weight gain and improved feed efficiency. J. Nutr. 124: 2344-2349.

Doyle, E. (1998) Scientific forum explores CLA knowledge. INFORM 9: 69—728

Dugan, M.E.R., Aalhus, J. L., Schaefer, A. L. & Kramer, J.K.G. (1997) The effects
of con]ugated linoleic aC|d on fat to lean repartitioning and feed conversion |r|2
pigs. Can. J. Anim. Sci. 77: 723-725. 9:

Ha, Y. L., Storkson, J. & Pariza, M. W. (1990) Inhibition of benzo[a]pyrene-m
|nduced mouse forestomach neoplasia by conjugated dienoic derivatives oP‘
linoleic acid. Cancer Res. 50: 1097-1101.

Ip, C., Chin, S. F., Scimeca, J. A. & Pariza, M. W. (1991) Mammary cancea
prevention of conjugated dienoic derivative of linoleic acid. Cancer Res. 515
6118-6124. 2

Kepler, C. R., Tucker, W. P. & Tove, S. B. (1970) Biohydrogenation of unsat-S
urated fatty acids IV. Substrate specificity and inhibition of linoleic delta—12—g'
cis, delta-11-trans-isomerase from Butyrivibrio fibrisolvens. J. Biol. Chem3
245: 3612-3620. =1

Kepler, C. R., Tucker, W. P. & Tove, S. B. (1971) Biohydrogenation of unsat%_
urated fatty acids. V. Stereospecificity of proton addition and mechanism of<
action of linoleic delta-12-cis, delta-11-trans-isomerase from Butyrivibrio fibri2
solvens. J. Biol. Chem. 246: 2765-2771.

Lee, K. N., Kritchevsky, D. & Pariza, M. W. (1994) Conjugated linoleic acid an
atherosclerosis in rabbits. Atherosclerosis 108: 19-25.

Nicolosi, R. J., Courtemanche, K. V., Laitinen, L., Scimeca, J. A. & Huth, P. J<
(1993) Effect of feeding diets enriched in conjugated linoleic acid on Iipopro%
teins and aortic atherogenesis in hamster. Circulation (suppl.) 88: 2458. =

Pariza, M., Park, Y., Cook, M., Albright, K. & Liu, W. (1996) Conjugated linoleid™
acid (CLA) reduces body fat FASEB J. 10: A3227 (abs.). N

Pariza, M., Park, Y., Kim, S., Sugimoto, K., Albright, K., Liu, W., Storkson, J. 8§
Cook, M (1 997) Mechamsm of body fat reduct|on by con]ugated linoleic
acid. FASEB J. 11: A139 (abs.).

Park, Y., Albright, K. J., Liu, W., Cook, M. E. & Pariza, M. W. (1995) Dietary
conjugated linoleic acid (CLA) reduces body fat content and isomers of CLA
are incorporated into phospholipid fraction. IFT Annual Meeting, A64-10
(abs.).

Park, Y., Albright, K. J., Liu, W., Storkson, J. M., Cook, M. E. & Pariza, M. W.
(1997) Effect of conjugated linoleic acid on body composition in mice. Lipids
32: 853-858.

Park, Y., Albright, K. J., Storksen, J. M., Liu, W., Cook, M. E. & Pariza, M. W.
(1999a) Changes in body composition in mice during feeding and with-
drawal of conjugated linoleic acid. Lipids 34: 243-248.

Park, Y., Storkson, J. M., Albreight, K. J., Liu, W. & Pariza, M. W. (1999b)
Evidence that the trans-10, cis-12 isomer of conjugated linoleic acid induces
body composition changes in mice. Lipids 34: 235-241.

Vessby, B. & Smedman, A.  (1999) Conjugated linoleic acid (CLA) reduces the
body fat content in humans. Chem. Phys. Lipids 101: AT2./01 (abs.).

World Health Organization (1997) Obesity: Preventing and Managing the
Global Epidemic. Report of a WHO Consultation on Obesity, 3-5 June,
Geneva, Switzerland.

uosen


http://jn.nutrition.org/

