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ABSTRACT hyperinsulinemia in ZDF rats (12). Numerous studies in mice,
Background: Short-term trials showed that conjugated linoleic acid rats, hamsters, rabbits, and pigs showed that CLA supplementa-
(CLA) may reduce body fat mass (BFM) and increase lean bodyion causes changes in body composition, such as a reduction in
mass (LBM), but the long-term effect of CLA was not examined. body fat mass (BFM) and an increase in lean body mass (LBM;
Objective: The objective of the study was to ascertain the 1-y effect13_23)_

of CLA on body composition and safety in healthy overweight |n humans, only short-term clinical studies with small num-
adults consuming an ad libitum diet. bers of subjects have been conducted with CLA (24). Some CLA
Design: Male and female volunteers (= 180) with body mass  studies performed with a mixture of the bioactive isonuiss®,
indexes (in kg/) of 25-30 were included in a double-blind, trans-11 andrans-10, cis-12, showed reductions in BEM and in
placebo-controlled study. Subjects were randomly assigned to 3ome cases increases in LBM (25-27). Other short-term studies
groups: CLA-free fatty acid (FFA), CLA-triacylglycerol, orplacebo performed with the use of different methods and technology,
(olive oil). Change in BFM, as measured by dual-energy X-raysych as body-composition measurements, daily dosage, CLA
absorptiometry, was the primary outcome. Secondary outcomes irtomposition, and study design, did not show any effects on body
cluqled the effects of CLA on LBM, adverse events, and Safetycomposition (28-32), which raises questions about the consis-
variables. _ _ tency of the effects of CLA on BFM and LBM in humans. After
Results: Mean (£ SD) BFM in the CLA-triacylglycerol and CLA-  ¢qrrection for differences in metabolic rate, similar effects
FFA groups was 8.7 9.1% and 6.9t 9.1%, respectively, lower 56 ghserved in humans and in mice, which suggests that the
than thatin the placebo group  0.001). Subjects receiving CLA- 1o chanisms for reducing BFM in animals and humans may be
FFA had 1.8+ 4.3% greater LBM than did subjects receiving pla- gjmijar (33).

cebo P = 0.002). These changes were not associated with diet or pye,i5 short-term studies concluded that CLA supplemen-
exercise. LI.DL Increased in the CLA-FFA group € 0.008), HD'_‘ tation was safe. The only adverse events (AEs) reported in these
decreased in the CLA-triacylglycerol group & 0.003), and li- = o, jias ere gastrointestinal complaints (25, 27). Two published

pqprotein(a) increa_sed in both CLA groufss O'O_Ol) compgred clinical studies showed that CLA may induce lipid peroxidation
with month 0. Fasting blood glucose concentrations remained Unegy 35). Riserus etal (32, 36) showed that a preparation with high
changedinall 3groups. Glycated hemoglobinrosein all groups fro ' '

month O concentrations, but there was no significant difference be_oncentrations of therans-10, cis-12 CLA isomer causes in-

’ . 0 significa creases in frisoprostane excretion and in insulin resistance in
tween groups. Adverse events did not differ significantly between : . . .
groups men with the metabolic syndrome. Men with the metabolic syn-

Conclusion: Long-term supplementation with CLA-FFA or CLA- drome receiving a mixture of the 2 isomeci3, trans-11 and

triacylglycerol reduces BFM in healthy overweight adults. Am trans-1.0, ¢is-12) had greaterflsoprostang excretion than did

JClin Nutr 200479111825, _thos&_a in th_e placebo group, but the CLA mixture had no effect on
' insulin resistance (32, 36).

KEY WORDS Conjugated linoleic acid, body fat mass, lean The present study was designed primarily Fo investigate the

body mass, weight, body mass index, dual-energy X-ray absorptil-ong'term effgcts O_f CLA (as a 50:50 m|xture<_mf;-9, trans—l_l

ometry, overweight, humans andtrans-10,cis-12 isomers) on BFM and LBM inarandomized,

double-blind, placebo-controlled study. Because CLA is mar-
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CLA REDUCES BODY FAT MASS IN OVERWEIGHT HUMANS

TABLE 1
Capsule composition of the free fatty acid (FFA) and triacylglycerol forms
of conjugated linoleic acid (CLA)*

Ingredient CLA-FFA CLA-triacylglycerol
Fatty acid composition (g/100 g
fatty acid)
16:0 13 27
18:0 23 2.6
181 9.4 10.6
18:2 0.7 0.9
Others 23 33
CLA isomers
Total CLA 84 80
cis-9, trans-11 39 38
trans-10, cis-12 41 38

1 Materials and analyses (gas chromatography columns) provided by
Natural Lipids, Hovdebygda, Norway.

keted either astriacylglycerol or freefatty acids (FFA), we also
wanted to ascertain whether either of the 2 formsof CLA ismore
efficacious and to evaluate the safety of both CLA formsin a
study of longer duration.

SUBJECTS AND METHODS

Subjects

Healthy volunteer men and women (n = 180) aged 18—65y
and with a body mass index (BMI; in kg/m?) of 25-30 were
recruited by 2 research centers (Betanien Medical Center, Odlo,
n = 100; Helsetorget Medical Center, Elverum, Norway, n =
80). All subjects gave written informed consent beforeinclusion
in the study. Subjects could not be included in the study if they
were receiving drug therapy, consuming aspecial diet, or taking
dietary substitutes for weight loss; in addition, the female sub-
jectswere excluded if they were pregnant or lactating. Subjects
with type 1 or type 2 diabetes according to American Diabetes
Association criteria (37) were aso excluded from the study.
Subjectswithrenal, liver, pancreatic, or chronicinflammatory or
infectious diseases; hypertension; cardiac failure; or malignant
tumors were excluded. Subjects who had active thyroid disease
or who were receiving thyroid hormone substitution, subjects
taking adrenergic agonists, subjects with known or suspected
drug or acohol abuse or with any clinical condition rendering
them unfit to participate, and as subjects who did not sign the
informed-consent document were a so excluded from participa-
tion. The study was approved by the Region | (East Norway)
Ethics Committee and conducted in agreement with the Decla-
ration of Helsinki of 1975 asrevised in 1983 and in accordance
with the International Conference on Harmonization guidelines.

Study design

This was a randomized, double-blind, placebo-controlled
study stratified only by center. The subjects were randomly as-
signed to receive either 4.5 g olive ail (placebo, n = 59), 459
80% CLA-FFA (3.6 gactive CLA isomers,n = 61), or 4.5976%
CLA-triacylglycerol (3.4 g active isomers, n = 60). The fatty
acid composition of CLA-FFA and CLA-triacylglycerol is
shown in Table 1. Each supplement was prepared from asingle
batch. Daily doses were taken as 6 opaque, soft gel capsules, all
identical in taste and in appearance (Natural Lipids, Hovde-
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bygda, Norway). The eligible subjects were randomly assigned
to treatment with the use of a simple block randomization (12
subjects per block). Both centers followed the study’ s random-
ization procedure and did not break the code at any time of the
study. The randomization list was kept confidential and was
opened only after the closure of the database. Because the pur-
pose of the study was to follow the effects of CLA on body
composition in healthy overweight subjects consuming an ad
libitum diet, no restrictionsin lifestyle or in caloric intake were
implemented. However, at the start of the study, the study nurse
gavethe subjects dietary advice of agenera nature and exercise
recommendations on request.

Clinical assessments

Characteristics (including smoking and drinking habits) and
demographic datawere recorded when subjectsentered the study
(at month 0). Weight, BMI, vita signs, and AEs were recorded
every 3mo, and serious A Eswere monitored continuoudly through-
out thestudy. Body compositionwasanayzed a monthsO0, 6, 9, and
12. Blood samples were obtained from fasting subjects between
0800 and 0900 and were analyzed in accredited |aboratories (Furst
Laboratory and Aker University Hospital, Odo) &t 0, 3, and 12 mo.
Anayses were performed in serum samples for the following
variables; danine aminotransferase, aspartate aminotransferase,
hemoglobin, bilirubin, chloride, creatinephosphokinase, creatinine,
erythrocytes, y-glutamyltransferase, leukocytes, potassum, so-
dium, thyroid-stimulating hormone, thrombocytes, thyroxin, gly-
cated hemoglobin (Hb A,J), glucose, HDL and LDL cholesteral,
tota cholesterol, insulin-like growth factor 1, insulin, insulin
C-peptide, leptin, lipoprotein(a) [Lp(a)], and triacylglycerols. The
LDL concentration was cal culated (38). Compliance was measured
every 3mo by acomparison of the number of unused capsuleswith
the number of capsules that should have been used. A subject was
considered compliant when he or shetook =75% of the supplement
provided.

Diet and exercise

Diet and exercise were assessed at 0, 6, and 12 mo. Each
participant was given detailed instruction on how to complete a
questionnaire (a total of 418 questions). All returned question-
naires were reviewed by the medical staff and a clinical nutri-
tionist. Each subject completed diet records for 14 consecutive
days before the visit at the medical center, according to a previ-
ously evaluated and validated method (39). This method pro-
vides information on the quantity and types of food consumed.
Completed questionnaires were returned by 81.7% of the sub-
jects. Nonresponders were defined as subjects who failed to
completeor did not return 1 of the 3 questionnaireson at | east one
occasion. The nonresponders were evenly distributed among all
groups (placebo group: n = 13; CLA-FFA group: n = 11; and
CLA-triacylglycerol group: n = 9). A specialy designed soft-
wareprogram, BEREGN (Oslo University, Norway), wasusedto
convert the food intake to caloric intake. Exercise was assessed as
the product of the number of 20-min training sessions per week and
their intensity (high or low), according to a validated method (40).

Measurement of body composition and body weight

Dual-energy X-ray absorptiometry (DXA; Lunar Radiation
Corp, Madison, WI) was used to determine body composition
withLUNAR PRODIGY software(version5.6; Lunar Radiation
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Corp). At month 0, the Oslo center used the Lunar |Q absorpti-
ometer, but, before the 6-mo visit, a change was made to the
Lunar Prodigy model because of mechanical problems with the
Lunar 1Q model. Data from the Oslo center at month O were
therefore adjusted by a factor of 4.5% by using a sample of
placebo-treated subjects(5F, 4M; age <50y) who had noweight
change between 0 and 6 mo and by assuming no BFM change, as
was observed in amatching group of placebo-treated subjects at
the Elverum center.

Repeated measurements (n > 20) performed with the use of a
Hologic whole-body phantom (WB-1406; Hologic Inc,
Waltham, MA) at each medical center showed no significant
difference between the centers. The subjects were weighed on
digital scales (TBF-305; Tanita, Yiewsley, United Kingdom) in
their underwear. No subtractions for clothes were performed.

Statistical analysis

Results are shown asmeans + SDsin the tablesand as means
and 95% Clsinthefigure. Theprimary outcomevariablewasthe
changein BFM, asascertained withtheuseof DXA. A test power
of 80% was planned, onthe basis of arelativedifferencein BFM
reduction between each CLA group and placebo of =1 x SD.
Testing between the 3 treatment groups to investigate compara-
bility at 0 mo was done by using analysis of variance (treatment
and center as factors). Comparisons between treatment groups
with regard to changes between month 0 and month 12 for DXA
variables and weight were performed by using analysis of co-
variance (treatment, center, and sex as factors; month 0 value,
total energy intake, exercise, and drug X energy intake and
drug X training scoreinteractionsas covariates). Themodel was
chosen to avoid potentia regression-to-the-mean effects, and
hence a nonsignificant higher BFM in the CLA-triacylglycerol
group at 0 mo was adjusted for by using potential covariates. The
variables were normally distributed, and no transformations
were performed before analysis. Tukey’s test was applied for
pairwise comparisons of changesin all 3 groups between month
0 and month 12 (41). Because treatment groups interacted with
effect over time, differences from month O to month 12 within
treatment groupswere tested by using apairedt test. Categorical
variables were analyzed by using Fisher’s exact test (42). Ac-
cording to Fisher’ slinear discriminant function (43), the median
BFM decreased by =4.5% from month 0 to month 12. A subject
was thus categorized as a treatment responder on the basis of a
BFM reduction =4.5% and as a nonresponder on the basis of a
BFM reduction of <4.5%. The intention-to-treat criterion was
applied by extrapolating resultsfrom month 0 (n = 180), 3 (n =
167), 6 (n = 159), or 9 (n = 158) to month 12 (n = 157) for the
efficacy variables (DXA measurements and weight) relating to
the 180 subjects who were randomly assigned. DXA measure-
mentswere performed at months0, 6,9, and 12, and thelast value
carried forward wastherefore applied to missing DX A datafrom
months 6—-12. A significance level of 5% was used in tests, and
all tests were two-tailed.

RESULTS

Study subjects

Of theoriginal 180 subjects, 157 (87.2%) compl eted thestudy.
Ten subjects withdrew from the study because of AEsand 1 did
so because of pregnancy, and the remaining subjects withdrew
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TABLE 2
Characteristics of the study population at month 0*

Placebo  CLA-FFA  CLA-triacylglycerol P

Sex 0.72

Male (n) 12 10 9

Female (n) 47 51 51
Age(y) 45+ 95% 445+ 107 48.0 = 10.7 0.35
Alcohol use (%)* 71 69 61 0.69
Tobacco use (%)3 20 32 17 0.23
Exercise (%)* 52 51 50 0.77

1 CLA, conjugated linoleic acid; FFA, free fatty acid.

2% =+ SD (all such values); recorded within 2 wk of subject’sinclusion
in the study.

3 The percentage of subjects who answered these questions positively.

4 The percentage of subjects training =1 time/wk with sweating.

for reasons other than AEs. Compliance was 88.3% in the pla-
cebo group, 88.1% in the CLA-FFA group, and 90.8% in the
CLA-triacylglycerol group. Withdrawal rates were also similar
in al groups (placebo, n = 9; CLA-FFA, n = 9; CLA-
triacylglycerol, n = 5). Therewereno differencesin age, alcohol
use, tobacco use, or exercise between the groups a month 0
(Table 2), nor were there differences between the groups in
medical history.

Effects of CLA on weight and BMI

There were no differences between the groups for either
weight or BMI at month O (T able 3). Compared with month O,
body weight and BMI decreased significantly in both CLA
groups during 12 mo of supplementation (CLA-FFA: P = 0.02;
CLA-triacylglycerol: P < 0.001), whereas there was no change
in the placebo group (P = 0.59). The reductions in weight and
BMI inthe CLA-triacylglycerol group were significantly differ-
ent from those in the placebo group (P < 0.05), but weight and
BMI reductions in the CLA-FFA group did not differ signifi-
cantly from thosein the placebo group (P = 0.05). The effects of
CLA-triacylglycerol on weight and BMI did not differ signifi-
cantly from the effects of CLA-FFA (P = 0.05; datanot shown).

Effects of CLA on body composition

BFM and LBM did not differ between the groups at month 0
(Table3). After 12 mo, BFM wassignificantly (P < 0.05) lower
in both groups of CLA-supplemented subjects than in placebo-
supplemented subjects (Table 3). In fact, this significant reduc-
tion in BFM was observed after 6 mo of supplementation with
CLA-FFA and CLA-triacylglycerol. Thisdifferencebetweenthe
CLA groups and the placebo group was progressively higher
through the last 6 mo of the study (P < 0.05; Figure 1). Com-
pared with month O values, BFM was significantly different in
the CLA-FFA and CLA-triacylglycerol groups at months 6, 9,
and 12 (P < 0.001), whereasthat in the placebo group remained
unchanged (P = 0.56). CLA-triacylglyerol was not significantly
moreefficient in reducing BFM than was CLA-FFA (P = 0.05).
A discriminant analysis showed that the best respondersto CLA
(=4.5% BFM reduction) werewomen and subjectswith ahigher
BMI at month 0. After 12 mo of supplementation, the CLA-FFA
group had significantly higher LBM than did the placebo group
(P < 0.05), whereasLBM in the CLA-triacylglycerol group did
not differ significantly from that in the placebo group (P = 0.05;
Table 3). Within-group analyses showed significant increases
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TABLE 3
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Body weight, body composition, daily caloric intake, and exercise measurements in subjects taking either placebo (olive ail), CLA-FFA, or CLA-

triacylglycerol at month 0 and month 12*

Placebo group (n = 59)

CLA-FFA group (n = 61)

CLA-triacylglycerol group (n = 60)

Month 0 Month 12 A12-0 Month 0 Month 12 A12-0 Month 0 Month 12 A12-0
Body weight (kg) 80.1+9.4 804 =+ 105 02+£30 81.0%£93 799+95 —-11+37% 807+95 789+099 —1.8+34%3
BMI (kg/m?) 21717 27.7+18 00+10 281+x15 27.7+17 -04+12° 283+16 276+16 —0.6 + 1.22°
BFM (kg) 302+57 304*56 02+33 316*+52 299+56 -17+30*° 316+56 292+55 —24+30%°
LBM (kg) 471+£96 471+96 00+15 465+85 472+78 07+20%° 464+84 470+80 06+ 1.8
BMM (kg) 282+ 048 283+051 001+012 288+ 043 284+044 —004+011> 272+042 271+047 —001+0.12

Diet (kcal/d)* 1926 + 441 1758 + 446
Capsules (kcal/d) 0.0 35.8
Exercise® 46+33 50+34

35.8 0.0
04+27 40+33

—168.1 + 3847 2045+ 578 1761 + 462 —283.8 + 4457

2018 + 592 1745 + 436 —273.8 + 5257
35.7 0.0 36.8 36.8
05+ 3.0 39+25 38%x21 00+31

35.7
45+ 32

1 All valuesarex = SD. CLA, conjugated linoleic acid; FFA, freefatty acid; BFM, body fat mass; LBM, lean body mass; BMM, bone mineral mass; A,
change. There was no significant difference between the groups at month 0 (except for BMM in the CLA-triacylglycerol group as compared with the placebo

and CLA-FFA groups).

2 Change from month 0 to month 12 within the groups was significant, P < 0.05 (paired t test).

3 Change within the CLA group was significantly different from that within the placebo group, P < 0.05 (Tukey’st test).

4 Daily caloric intake from capsules was calculated as (4.5 g oil X 9 keal/g = 40.5 kcal/d) X (compliance/group).

5 Assessed as the product of the number of 20-min training sessions and their intensity (high or low) and expressed in arbitrary units.

from month 0 in LBM in subjects given CLA-FFA (P = 0.009)
or CLA-triacylglycerol (P = 0.008), but therewas no significant
changeinthe placebo group (P = 0.81). Changesin LBM did not
differ significantly betweenthe2 CLA groups(P = 0.05; datanot
shown). Whereas the bone mineral mass (BMM) of the CLA-
triacylglycerol group was lower than that of the placebo and
CLA-FFA groupsat month O (P < 0.05), therewasno significant
differencein BMM between any of the groupsat month 12 (P =
0.62; Table 3). The CLA-FFA group had a small reduction in
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FIGURE 1. Mean (95% Cl) percentage change in body fat mass (BFM)
in subjects taking placebo (O), CLA-free fatty acids (FFA; OJ), or CLA-
triacylglyceral (A) for 12 mo. All values were measured at the same points
(ie, 0, 6,9, and 12mo) inal 3groups. Intervalsnot including O are significant
within the group. Between-group comparisons of changes from month O in
DXA and weight variables were performed by using ANCOVA (treatment,
center, and sex as factors; month O value, total energy intake, exercise, and
drug X energy intake and drug X training score interactions as covariates).
A significant time X treatment interaction was found (P = 0.001). Differ-
ences between both CLA groups and the placebo group weresignificant at 6,
9, and 12mo (P < 0.05). Therewasno difference between the CLA-FFA and
CLA-triacylglycerol groups (P = 0.05).

BMM from month 0 to month 12 (P = 0.01), but BMM did not
change significantly in the placebo group (P = 0.55) or CLA-
triacylglycerol group (P = 0.47) from month 0 to month 12.

Diet and exercise

Therewere no differences between the 3 groups at month 0 or
month 12, but cal oricintake decreased significantly in all groups
compared with month O (Table 3). Exercise estimates remained
unchanged between month 0 and month 12 and were unchanged
within each group and between the groups (P = 0.23; Table 3).

Safety

There were no significant between- or within-group differ-
encesat month 12 for the following clinical chemistry variables:
bilirubin, chloride, creatine phosphokinase, creatinin, erythro-
cytes, y-glutamyltransferase, thyroid-stimulating hormone, thy-
roxin, insulin-like growth hormone 1, insulin, and insulin
C-peptide (data not shown). Hemoglobin, potassium, sodium,
and leptin concentrations also did not differ significantly be-
tween the groups at month 12, but there were significant within-
group changes from the values at month 0: CLA-triacylglycerol
lowered both hemoglobin and leptin (P < 0.05), the sodium
concentrations were higher in the placebo and CLA-
triacylglycerol groups (P < 0.05), and the potassium concentra-
tions were higher in al 3 groups (P < 0.05) (data not shown).

There were no significant differences in Hb A, concentra-
tions between the groups, but all 3 groups had significantly
higher Hb A, concentrations than at month O (Table 4). All
subjects had normal values for fasting blood glucose at month O
and month 12, and fasting blood glucose concentrations did not
differ significantly between the groups at month 12 (Table 4).

Triacylglycerol and total cholesterol concentrations did not
differ significantly between the groups at month 12 (Table 4).
HDL-cholesterol concentrations also did not differ significantly
between the groups at month 12, but, in the CLA-triacylglycerol
group, HDL cholesterol decreased from the month O values.
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TABLE 4
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Laboratory blood analyses for subjects taking either placebo (olive oil), CLA-FFA, or CLA-triacylglycerol at month 0 and month 12*

Placebo group (n = 59)

CLA-FFA group (n = 61)

CLA-triacylglycerol group (n = 60)

Month 0 Month 12 A12-0 Month 0 Month 12 A12-0 Month 0 Month 12 A12-0
Hb A, (%) 5.4+ 031 56+ 021 0.16 + 0.282 55+ 0.26 57+03 0.21 + 0.23? 55+ 0.25 56+ 026 0.14+ 0222
Glucose (mmol/L) 51+ 042 51+043 -010+044 51+ 053 52+075 0.08 % 0.60 51+ 049 51+058 —0.05* 044
Triacylglycerol 1.29 + 0.58 124+06 —-0.02+047 139+ 081 146+ 113 0.01+0.77 1.29 + 0.58 138+ 0.72 0.08+0.61
(mmol/L)
Total cholesterol 59+ 127 57+109 -—0.03+0.82 54+ 094 55+1.00 0.15+064 57+ 094 57+094 —0.04*0.68
(mmol/L)
HDL cholesterol 15+ 0.38 15+ 045 0.00 £ 0.27 14+0.32 14+038 —-0.03+024 15+0.34 14+ 033 —0.09 + 0.23?
(mmol/L)
LDL cholesterol 33+0.80 36+097 -0.03+0.75 36+ 097 35+084 022+ 058 37+115 36+085 0.02+0.63
(mmol/L)
Lp(a) (mg/L) 275.5 + 256 261 + 235 6.6 + 46.6 321+ 390  346.8 + 448 395+ 716%° 2441+ 267 2848+292 331+ 66.6%
Leukocytes (10%L) 58+ 161 59+ 177 0.02 +1.26 5.6+ 1.63 65+ 171 047+15% 53+ 162 60+ 169 051+ 1122
Thrombocytes 2582+ 562 2501+547 —-024+253 2657+ 614 2801+ 655 151+ 24.4>° 2639+629 2725+683 7.36+3L4
(10°L)
ALT (U/L) 26.2 + 131 264+ 123 0.30 + 11.06 243 + 143 266+ 147 171+118 239+97 249+ 122 0.73+1041
AST (U/L) 23.6 £ 8.0 232+52 —-032%506 224+ 55 248+ 8.2 2.35 + 7.00%3 231+53 234+ 59 0.25+5.33

1 All valuesarex + SD. CLA, conjugated linoleic acid; FFA, freefatty acid; A, change; Hb A, glycated hemoglobin; Lp(a), lipoprotein(a); AL T, alanine
aminotransferase; AST, aspartate aminotransferase. There were no significant differences between the groups at month 0.

2 Change from month 0 to month 12 within the group was significant, P < 0.05 (paired t test).

3 Change within the CLA group was significantly different from that within the placebo group, P < 0.05 (Tukey’st test).

Therewas no significant differencein HDL-chol esterol concen-
trations in the CLA-FFA group from the month O values or the
concentrations in the placebo group (Table 4).

L p(a) concentrationswere higher inthe CLA-FFA group than
in the placebo group after 12 mo and were higher in both CLA
groupsthan at month 0 (Table4). Leukocytecountsdid not differ
significantly between the CLA groups and the placebo group at
month 12, but both CLA groups had higher leukocyte counts at
month 12 than at month O (Table 4). Thrombocytes were signif-
icantly higher in the CLA-FFA group at month 12 than at month
0 and than in the placebo group, whereas CLA-triacylglycerol
had no effect onthrombocytesat month 12 or in comparison with
placebo (Table 4). Alanine aminotransferase concentrations did
not differ significantly between thegroupsat month 12 (Table4).
Aspartate aminotransferase concentrations in the CLA-FFA
group were significantly higher at month 12 than at month 0 and
in comparison with the placebo group, whereas CLA-
triacylglycerol had no effect on aspartate aminotransferase at
month O or in comparison with placebo (Table 4).

Systolic and diastolic blood pressures decreased in al groups
between month 0 and month 12, but these changes did not differ
significantly between the groups (datanot shown). Heart ratedid
not differ significantly between the groups, but heart rate in the
CLA-triacylglycerol group at month 12 was significantly lower
than that at month O (P = 0.02). Heart rate was unchanged in the
CLA-FFA and placebo groups (data not shown).

Adverse events

AEswere reported by 68% of all randomly assigned subjects
and with similar frequency in al 3 study groups (P = 0.68). Of
264 single events, the investigators considered 30 to be drug
related. Thedrug-related AEswereevenly distributed among the
3study arms. All AEswererated aseither “mild” or “moderate,”
and the symptomsweretransient. Ten subjects(5.5% of thetotal)
left the study because of musculoskeletal ailments or gastroin-

testinal symptoms such as abdominal discomfort, diarrhea, or
nausea. The gastrointestinal events were judged by the study
investigators as probably related to the tested drug. Abdominal
discomfort or pain, loose stools, and dyspepsia were the most
frequently reported drug-related AEs. Three subjects experi-
enced serious AEs not related to the use of study drugs: 2 had
accidents requiring hospitalization, and 1 underwent surgical
correction of agenital prolapse.

DISCUSSION

Thisisthefirst clinical study documenting the long-term (12
mo) safety and efficacy of CLA supplementationinhealthy over-
weight subjects consuming an ad libitum diet and without spe-
cificlifestylerestrictions. In the present study, DXA technology
wasused to assesschangesin body composition. Thismethod has
been thoroughly evaluated, even in subjects with small changes
in body weight (44).

Supplementation with CLA, either as FFA or triacylglycerol,
for 12 mo significantly lowered BFM in comparison with BFM
in the placebo group and tended to induce higher LBM. The
results of this study corroborate and expand on the findings of
previous short-term studies that suggested that CLA reduces
BFM and increases or maintains LBM (24-27). The 2 CLA
forms, CLA-FFA and CLA-triacylglycerol, were equally effica
ciousin BFM reduction. Best-responder analysisin subjectswith
aBMI from 25 to 30 suggests that the effect is greatest in those
with the highest BMI and in women, who have a relatively
greater contribution of fat massto body weight than domen. This
may explain why obese subjectsin ashort-term study had larger
BFM reduction than did our study subjects (25).

The mechanism or mechanisms by which CLA decreases
BFM andincreasesLBM arenot completely understood. CLA is
known to accumulate in tissues of animals and humans, whereit
isreadily metabolized. Invitro andin vivo studies suggested that
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theability of CLA to reduce adiposetissue could be explained by
one or more of the following mechanisms: the induction of adi-
pocyte apoptosis (45), reduced accumulation of fatty acids in
adipocytesdueto aninhibition of lipoprotein lipase and increase
in carnitine palmityltransferase (46), the binding to peroxisome
proliferator-activated receptor -y present in fat tissue and modi-
fication of the signaling cascade to down-regul atethe expression
of leptin (47) and the prevention of the triacylglycerol accumu-
lation in adipocytes (48), or the modification of the energy ex-
penditure, the metabolic rate, or both (22, 33).

A small decreasein BMM observedinthe DXA analysisof the
CLA-FFA—supplemented subjects is not readily explained by
site differences and group differences in BMM. This decrease
bordersonthesmallest possibledifference observablewithDXA
technology.

Daily caloric intake did not differ significantly between
groupsat either month 0 or month 12, and, in accordancewiththe
intention of the study, a small reduction in caloric intake was
observed during the study in all 3 groups. Thisstrongly suggests
that the observed effects of CLA on body composition (ie, BFM
and LBM) were independent of diet. In addition, the observed
decreasein daily energy intake from diet may resultin part from
a compensation for the energy intake from capsules, from a
reduced appetite, or both. It isalso likely from the narrowing of
variance and closeness of mean caloric intake after 12 mo that a
learning effect may be present in therecording of thefood intake,
aswas observed in other studies (39). Exercise, another possible
confounder, did not differ significantly between the groups, and
therefore it most likely did not play a role in the body-
composition changes observed in the CLA groups.

The current study monitored the long-term safety of CLA
supplementation in healthy, overweight subjects over a 12-mo
period. High compliance and a low dropout rate indicate good
tolerance of CLA supplementation. Only 11.4% of the reported
AEswererelated to the supplementation. These AEsweremostly
gastrointestinal, as were most of the AESs reported in previous
short-term studies (25, 27, 49, 50), and likely resulted from the
daily ingestion of oil or of the gelatin capsulesaone. Thelack of
differencein AE reports between the CLA groups and the placebo
group indicates that CLA wastolerated aswell aswas olive ail.

Previous short-term clinical studies showed that the effect of
CLA onblood lipidswas diverse, including areduction of HDL
(25, 32), areduction of VLDL without effect on HDL or LDL
(51), and no effect on cholesterol lipids(27). Inthe current study,
we observed no effect on total cholesterol or triacylglycerol
concentrations, but the CLA-triacylglycerol group had lower
HDL concentrations and the CLA-FFA group had higher LDL
than at the start of the study. The changes in these measures,
however, were small, within the normal range, and not signifi-
cantly different from the valuesin the placebo group. Theintro-
duction of the mean values of LDL, HDL, age, sex, blood pres-
sure, diabetes, and smoking after 12-mo CLA supplementation,
astaken from atable of valuesfrom the Framingham Study (52),
showed that the cardiovascular disease (CVD) risk prediction
scoresin 10y in the CLA-FFA group (+3.6%) and in the CLA-
triacylglycerol group (+3.3%) arelower thanthoseinan average
population (4+5%) matched for age and sex. Furthermore, when
LDL and HDL are examined independently in the Framingham
Study table, thereisno increasein CVD risk.

Atmonth 12, both CLA formshad higher L p(a) concentrations
than did placebo and than at month 0. Elevated L p(a) concentra-
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tionisthought to bearisk factor for CVD, but the use of Lp(a) as
aroutinetest has been questioned (53). In addition, at month 12,
the CLA-FFA group had higher leukocytes and thrombocytes
than did the placebo and than at month 0, whereas the CLA-
triacylglycerol group had higher leukocytesthan at month 0. As
observed with the lipid profiles, the mean values for these
changes were not outside of the normal range. Higher Lp(a)
concentrations and numbers of leukocyte and thrombocyte sug-
gest that CLA may increase CVD risk and may promote an
inflammatory response. Previousstudieson theeffect of CLA on
CVD risk have been divergent. A proatherogenic effect of CLA
mixture has been shown in mice (54), and LDL and apolipopro-
tein B concentrationshigher than thosein the placebo group have
been reported in persons supplemented with CLA (26). Other
studies showed a reduction in atherosclerosisin rabbits (55), an
anti-inflammatory role for CLA in animals (56-58), and an en-
hancement in immune response in animals and humans with
CLA (10, 11, 59-61).

Epidemiologic studies showed that higher weight (62), greater
BMI (63), and greater fat mass (64) are al related to increased
CVD and all-cause mortality. In contrast, intentional weight loss
isassociated with reduced mortality (65). Inthe present study, no
reductionin CV D risk factorsother thanthechangesinvital signs
were observed, despite a significant reduction in body fat mass.
Further studieswith appropriate endpointsand design (eg, larger
population and longer time) are required to investigate the effect
of CLA on CVD risk factors other than BFM, weight, and BMI.

Previousstudies by Riseruset al (32) showed that supplemen-
tationwith 2.6 g puretrans-10, cis-12isomer for 12wk increased
insulinresistancein amale popul ation with metabolic syndrome,
whereasthe men who were supplemented with amixture of CLA
isomers (1.20 g cis-9, trans-11 and 1.22 g trans-10, cis-12 iso-
mers), which is similar to the supplement used in the present
study (1.31gcis-9, trans-11 and 1.39 g trans-10, cis-12), had no
significant increase in insulin resistance. In the current study,
fasting serum glucose concentrations were not affected by CLA
supplementation, but there was a slight increasein Hb A, con-
centrationsinall 3groups. Thefact that theplacebogroupHb A ;.
valuesdid not differ fromthoseof theother 2 groupssuggeststhat
the higher Hb A, concentrationswere not mediated by CLA. All
study subjects had fasting serum glucose concentrations within
the normal range throughout the study, according to the Ameri-
can Diabetes Association criteria, whichindicatesthat CLA sup-
plementation was not diabetogenic in this population of healthy
subjects.

In asimilar study, Basu et a (35) showed that men with the
metabolic syndrome had an increasein F,-isoprostane excretion
after supplementation with 4.2 g mixed CLA isomers that re-
turned to baseline 2 wk after the CLA supplementation stopped,
without effect on serum a- and y-tocopherol concentrationsor on
urinary 2,3-dinor-thromboxane B, excretion. These findings
suggest that CLA may induce lipid peroxidation, but the long-
term effects of lipid peroxidation are not known. The current
study was not designed to measurelipid peroxidation, and there-
foreitisnot possible at thistimeto ascertain therole of CLA in
oxidative stress in healthy overweight people.

Inconclusion, aCLA mixturecontaining 80%trans-10, cis-12
and cis-9, trans-11 isomers, administered either in the triacyl-
glycerol or FFA formto healthy overweight adultsfor 1y, results
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in a significant decrease in BFM. Future studies are needed to
addresstherole of CLA in CVD, diabetes, and oxidative stress.
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