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ABSTRACT After 12 mo in a randomized, double-blind, placebo-controlled trial of conjugated linoleic acid (CLA)
supplementation (2 groups received CLA as part of a triglyceride or as the free fatty acid, and 1 group received olive
oil as placebo), 134 of the 157 participants who concluded the study were included in an open study for another
12 mo. The goals of the extension study were to evaluate the safety [with clinical chemistry analyses and reported
adverse events (AEs)] and assess the effects of CLA on body composition [body fat mass (BFM), lean body mass
(LBM), bone mineral mass (BMM)], body weight, and BMI. All subjects were supplemented with 3.4g CLA/d in the
triglyceride form. Circulating lipoprotein(a) and thrombocytes increased in all groups. There was no change in
fasting blood glucose. Aspartate amino transferase, but not alanine amino transferase, increased significantly.
Plasma total cholesterol and LDL cholesterol were reduced, whereas HDL cholesterol and triglycerides were
unchanged. The AE rate decreased compared with the first 12 mo of the study. Body weight and BFM were
reduced in the subjects administered the placebo during the initial 12 mo study (—1.6 = 3.2 and —1.7 = 2.8 kg,
respectively). No fat or body weight changes occurred in the 2 groups given CLA during the initial 12 mo. LBM and
BMM were not affected in any of the groups. Changes in body composition were not related to diet and/or training.
In conclusion, this study shows that CLA supplementation for 24 mo in healthy, overweight adults was well
tolerated. It confirms also that CLA decreases BFM in overweight humans, and may help maintain initial reductions

in BFM and weight in the long term.
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Conjugated linoleic acid (CLA)® refers to a mixture of
linoleic acid isomers with conjugated double bonds. CLA in
extracts from fried ground beef was found to be anticarcino-
genic (1). Further research revealed beneficial roles for CLA in
immune function, atherosclerosis, and blood glucose mainte-
nance (2-6). The effect of CLA on body composition has
been studied extensively, specifically the loss of body fat mass
(BFM) and a possible increase in lean body mass (LBM).
These effects of CLA were demonstrated in animal studies
(7-16) and in a few short-term studies in humans (17-19).
Although these studies reported no adverse events (AEs)
related to CLA supplementation, determination of the long-
term safety of CLA is extremely important because CLA is
currently sold as a dietary supplement for weight management,
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and the longest study completed to date had a duration of 12
mo (20).

Previously, we demonstrated that daily supplementation
with a 1:1 mixture of the CLA isomers cis-9, trans-11 and
trans-10, cis-12, in either the FFA (CLA-FFA) and/or the
triglyceride (CLA-TG) form for 12 mo reduced BEM, body
weight, and BMI without affecting lean mass in overweight
subjects consuming food ad libitum (20). No safety issue was
encountered during this 12-mo randomized, double-blind, pla-
cebo-controlled trial; however, we did observe slight increases
in lipoprotein (a) [Lp(a)], and LDL cholesterol, as well as, a
minor decrease in HDL cholesterol with CLA supplementa-
tion. Glycosylated hemoglobin (HbAlc) was also slightly el-
evated in all groups, including the placebo group, whereas
fasting blood glucose and insulin levels did not change in any
of the groups. All changes were small and were not considered
clinically relevant.

This is in contrast to other short-term studies in which the
safety of CLA was questioned. Riserus et al. (21) demonstrated
that the purified trans-10, cis-12 CLA isomer increased insulin
resistance in subjects with the metabolic syndrome, whereas
there was no effect of the CLA isomer mixture on insulin
resistance compared with the placebo group. Another study
from the same group reported an increase in urinary excretion
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of F,-isoprostanes, a possible indicator of lipid peroxidation.
That finding was consistent whether supplementation was
with the purified trans-10, cis-12 isomer or a mixture of the
CLA isomers (22).

To further investigate the long-term safety of the 1:1 CLA
isomer mixture (cis-9, trans-11 and trans-10, cis-12), we con-
ducted a 12-mo open-study extension of the original 12-mo
randomized, double-blind, placebo-controlled study, i.e.,
~70% of the initial subjects were exposed to CLA for 24 mo.
In the present study, all participants were administered the

CLA isomers in the triglyceride form (CLA-TG).

SUBJECTS AND METHODS

Subjects. Of the 157 subjects completing the 12-mo placebo-
controlled study, 134 (24 men and 110 women) signed new informed
consent forms before being enrolled in the 12-mo study extension
(Fig. 1). The present study was approved by the regional Ethics
Committee and conducted in agreement with the Declaration of
Helsinki of 1975 as revised in 1983, and performed in accordance
with the International Conference on Harmonization (ICH) guide-
lines.

Study design. The subjects remained in the original 3 groups of
the earlier study; all were administered daily 6 opaque soft gel capsules
of CLA-TG 4.5 g (3.4 g CLA isomers; Natural Lipids) for the 12-mo
open extension. The composition of CLA-TG was similar to the
CLA-TG used during the first 12 mo (20). CLA-TG was chosen as
the supplement during the extension period because TGs are the
natural form of lipids.

Depending on their supplementation during the first 12 mo, group
CLAFFA consisted of 46 subjects previously supplemented with
CLA-FFA; group CLATG included 47 subjects from the initial
CLA-TG group, and group PLAC had 41 subjects from the placebo
(olive oil) group (Fig. 1). As in the original study, the subjects
consumed their food ad libitum without energy restrictions or
changes in lifestyle, including exercise habits. There was no gap in
treatment between the original study and the present open extension.
Thus, to record changes within each group during the 12-24 mo
extension period, results were compared with mo O as baseline for
groups CLAFFA and CLATG and with mo 12 as baseline for group
PLAC.

Clinical assessments. Demographic characteristics (including
smoking and drinking habits) were recorded upon entry into the
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FIGURE 1 In the first 12-mo study, 180 subjects were randomly

assigned to one of 3 groups in a double-blind parallel study. The
subjects were either supplemented with CLA as a triglyceride (CLA-TG),
CLA as a free fatty acid (CLA-FFA) or placebo (olive oil). Of the 157
subjects who finished this study, 134 entered the extension open study
in which all subjects were administered CLA-TG for an additional 12
mo, and 125 completed the entire 24-mo study.

12-mo open study extension. At mo 0, the subjects had a BMI of
25-30 kg/m? and were 18—65 y of age. Weight, BMI, vital signs, and
AEs were recorded every 3 mo, whereas serious adverse events (SAEs)
were monitored continuously throughout the study. Body composi-
tion was analyzed at mo 12, 18, and 24. Blood samples were analyzed
in accredited laboratories: alanine amino transferase (ALAT), aspar-
tate amino transferase (ASAT), hemoglobin, bilirubin, chloride, cre-
atinine phosphokinase (CPK), creatinine, erythrocytes, y-glutamyl
transferase (y-GT), leukocytes, potassium, sodium, thyroid-stimulat-
ing hormone (TSH), thrombocytes, thyroxin, HbAlc, glucose, HDL
and LDL cholesterol, total cholesterol, and triglycerides at the Fiirst
Laboratory (Oslo, Norway), and insulin-like growth factor-1 (IGF-1),
insulin, insulin c-peptide, leptin, and Lp(a) at the Aker University
Hospital (Oslo, Norway). Compliance was measured every 3 mo by
comparing the number of returned capsules with the number of
capsules delivered. A subject was considered compliant when taking
=75% of the CLA capsules dispensed.

Diet and exercise. Diet and exercise were assessed at mo 12, 18,
and 24. Each participant completed diet and exercise records for 14
consecutive days before their visit to the medical center, following a
previously evaluated method (23), which was also used during the
first 12 mo of the study (20).

Measurement of body composition and body weight. Dual-en-
ergy X-ray absorptiometry (DXA) was used to determine body com-
position (Lunar Prodigy, software version 5.6) as described in the
study publication from the first 12 mo (20). Repeated measures (n
> 20) with a Hologic whole-body phantom (WB-1406) at each
medical center showed no difference between the centers. The sub-
jects were weighed on digital scales (TBF-305, Tanita) in their
underwear.

Statistical analysis. The efficacy of an outcome variable was the
change in DXA BFM from mo O to 24. A test power of 80% was
planned, based on a relative mean difference in BFM reduction
between each CLA group and the placebo group of at least 1 X SD.
Testing among the 3 treatment groups for comparability at mo 0 was
done by ANOVA (treatment and center as factors). Comparisons
among treatment groups for change from mo 0 in DXA and weight
were performed using analysis of covariance (with treatment, center
and gender as factors; and with mo O value, total energy intake,
exercise, drug X energy intake, and drug X training score as covari-
ates). The model included the BFM at mo O to avoid potential
regression-to-the-mean effects. Tukey’s studentized t test was applied
for pairwise comparisons of all 3 groups (24). Because treatment
groups interacted with effect over time, additional testing within
groups regarding changes from mo 12 to mo 24 was justified. Cate-
gorical variables were analyzed using Fisher’s exact test (25). A
treatment responder was defined as a subject who in the previous 1-y
study had a =4.5% median BFM reduction from mo 0 to 12 (20);
responders were classified using Fisher’s linear discriminant function
(26). All tests were two-tailed and differences were considered sig-
nificant at P < 0.05.

RESULTS

Study subjects. Of the 134 subjects that began the 12-mo
extension study, 125 (93%) completed it (Fig. 1). Withdrawal
rates were similar in the 3 groups (Group CLAFFA, n = 2;
Group CLATG, n = 3; Group PLAC, n = 4). Three subjects
discontinued the study due to AEs, whereas 6 subjects subse-
quently withdrew from the study (lost to follow-up, n = 3; too
low compliance, n = 1; without justification, n = 2). Com-
pliance was 95% in group CLAFFA, and 94% in groups
CLATG and PLAC. There were no differences in the char-
acteristics of the groups at mo 0 (20) or 12 (Table 1).

Adverse events. AEs were reported by 50% of all random-
ized subjects with similar frequencies in the 3 study groups (P
= 0.26). Of 124 single events, we considered 7 AEs to be drug
related (Group CLAFFA, n = 5; Group CLATG, n = 1;
Group PLAC, n = 1), and all were rated as “mild.” Three of
these subjects (2.2% of the total number of subjects) left the
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TABLE 1

Characteristics of the healthy, overweight study population
entering the 12-mo extension with CLA supplementationi

Group CLAFFA2 Group CLATG2 Group PLAC2

Gender, n
Men 10 6 8
Women 36 41 33
Age3y 451 += 10.5 48.6 = 10.6 451 + 8.8
Alcohol use,4 % 67 67 71
Tobacco use,4 % 34 15 19
Exercise,5 % 45 52 53

1 Values are for subjects when started the 12-mo study.

2 Group CLAFFA: subjects randomly assigned to the CLA-FFA
group during the first 12 mo and administered CLA-TG in mo 12-24;
Group CLATG: subjects randomly assigned to the CLA-TG group dur-
ing the first 12 mo who continued taking CLA-TG in mo 12-24; Group
PLAC: subjects randomly assigned to the placebo group during the first
12 mo and administered CLA-TG in mo 12-24.

3 Values are means = SD.

4 Alcohol and tobacco uses are expressed as the percentage of
subjects who answered positively to these questions (%Yes).

5 Exercise is expressed as the percentage of subjects training at
least once a week with sweating (% with sweating).

trial due to AE. The most frequently reported drug-related AEs
were various gastrointestinal complaints.

Eight subjects had serious adverse events (SAE) during the
extension period, all of them were judged to be unrelated to
the use of CLA. These included: 1) a 50-y-old woman suffering
acute abdominal pain/possible gallstone, with a prolonged
course presenting elevated serum-amylase. However, CLA was
not withdrawn and the subject recovered after some time; 2) a
56-y-old woman was hospitalized due to acute colitis, CLA was
not suspended, and the subject recovered quickly; 3) a 57-y-
old woman presented a diagnosis of gallstones in biliary tract/
bladder, which was treated surgically. In this case the CLA was
permanently withdrawn. The other 5 SAEs included myoma
uteri, acute subendocardial infarction, protracted pneumonia,
and 2 cases of skin infection after preplanned surgery. Except
for the subject suffering from protracted pneumonia and who
withdrew from the study, CLA was not suspended for the other
subjects.

Safety. Groups CLAFFA and CLATG did not change
from mo O or group PLAC from mo 12 for the following
clinical chemistry variables: hemoglobin, bilirubin, chloride,
CPK, creatinine, erythrocytes, y-GT, potassium, sodium,
TSH, thyroxin, and IGF-1 (data not shown).

Serum total cholesterol was lower at mo 24 compared with
mo O in group CLAFFA (P = 0.04) but not in group CLATG.
Serum total cholesterol tended to be lower (P = 0.053) in
group PLAC at mo 24 than at mo 12 (Table 2). The HDL
cholesterol level did not change between mo 0 and 24 in group
CLAFFA; however, it decreased in group CLATG (P
= 0.026). Four subjects had decreases in HDL cholesterol to a
level below normal at mo 24 compared with mo O in group
CLAFFA (n = 1) and group CLATG (n = 3), respectively,
whereas all other subjects from both groups had normal levels
of HDL cholesterol at mo 24. Serum HDL cholesterol did not
change in group PLAC from mo 12 to 24. In group PLAC, 2
subjects had decreases in HDL cholesterol to a level below
normal at mo 24 compared with mo 12, and 1 subject had an
increase in HDL cholesterol to a level above normal at mo 24.
Serum LDL cholesterol and triglyceride concentrations did not

change in groups CLAFFA and CLATG compared with mo 0,

or in group PLAC compared with mo 12 (Table 2). However,
3 subjects in the CLAFFA group with abnormal levels at mo
0 had decreases in LDL cholesterol to within normal levels at
mo 24 and 1 subject in the CLATG group had a decrease in
LDL cholesterol to a level below normal at mo 24 compared
with mo 0. In group PLAC, 1 subject with abnormal levels at
mo 12 had a decrease in LDL cholesterol to a normal level at
mo 24.

Lp(a) levels were increased at mo 24 in groups CLAFFA
and CLATG compared with mo 0 and were also increased in
group PLAC compared with mo 12 (P = 0.005, P = 0.008,
and P = 0.010, respectively) (Table 2). In groups CLAFFA
and CLATG, 2 subjects in each group had increases in Lp(a)
to above normal levels at mo 24 compared with mo 0; 16
subjects had Lp(a) levels above normal from mo O to 24 in
group CLAFFA (n = 7) and group CLATG (n = 9), respec-
tively, whereas 1 subject in group CLAFFA with abnormal
levels at mo O had a decrease in LDL cholesterol to normal
levels at mo 24. In group PLAC, 2 subjects had increases in
Lp(a) levels above normal at mo 24 compared with mo 12 and
4 subjects had Lp(a) levels above normal from mo 12 to 24.

Blood glucose levels did not differ in groups CLAFFA and
CLATG at mo 24 compared with mo O or in group PLAC
compared with mo 12 (Table 2). HbAlc levels, which had
increased significantly from 0 to 12 mo in all groups, returned
to mo O levels by mo 24. HbAlc levels did not differ in groups
CLAFFA and CLATG at mo 24 compared with mo O, whereas
they were lower in group PLAC compared with mo 12 (P
< 0.001) (Table 2). Four subjects had decreases in HbAlc
level to below normal at mo 24 compared with mo O in group
CLAFFA (n = 3) and group CLATG (n = 1), respectively,
whereas 1 subject with abnormal levels at mo 0 had a decrease
in HbAlc level to within normal at mo 24 in group CLAFFA.
In group PLAC, 1 subject had a decrease in HbAlc level to
below normal at mo 24 compared with mo 12.

Insulin levels at mo 24 were not different in group
CLAFFA compared with mo 0, but insulin levels were slightly
increased in group CLATG (P = 0.01). Two subjects in group
CLATG had increases in insulin at mo 24 compared with mo
0. Insulin levels did not differ at mo 24 compared with mo 12
in group PLAC (Table 2). In group CLAFFA, insulin c-
peptide at mo 24 was reduced compared with mo O (P
= 0.015), whereas there was no change in group CLATG.
Group PLAC insulin c-peptide levels at mo 24 were not
different from mo 12.

Leptin levels were reduced in groups CLAFFA and
CLATG compared with mo 0 (P < 0.001), and in group
PLAC compared with mo 12 (P < 0.001) (Table 2).

At mo 24, ALAT levels in groups CLAFFA and CLATG
did not differ from mo O, or in group PLAC from mo 12.
ASAT levels were increased at mo 24 in groups CLAFFA and
CLATG compared with mo 0 (P = 0.002 and P = 0.009,
respectively), whereas there no change occurred in group
PLAC compared with mo 12 (Table 2). One subject in each of
groups CLAFFA and CLATG had an increase in ASAT to
above the normal level at mo 24 compared with mo O, whereas
3 subjects in group PLAC had an increase in ASAT to above
the normal level at mo 24 compared with mo 12. Among
these, 2 subjects (1 from group CLATG and 1 from group
PLAC) with normal levels at mo 12 had increases in ASAT
and ALAT to above the normal level at mo 24 (2-3 times
above the upper limit).

Leukocytes were increased in groups CLAFFA and CLATG
at mo 24 compared with mo 0 (P = 0.028 and P < 0.001,
respectively). Five subjects in group CLAFFA (n = 3) and
group CLATG (n = 2) with abnormal low levels at mo 0 had
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TABLE 2
Laboratory blood analyses of the healthy, overweight study population after 24 mo of CLA supplementation?
Group?2 mo 0 mo 12 mo 24 A 24-12 A 24-0
Serum total cholesterol, mmol/L CLAFFA 5.39 = 0.89 5.50 = 0.97 5.16 = 0.84 —0.34 = 0.82# —0.23 = 0.73#
CLATG 571 =1.10 5.70 = 0.86 5.54 £ 0.87 —0.16 = 0.55 —0.17 £ 0.95
PLAC 5.82 = 1.36 5.80 = 1.14 5.53 = 0.95 -0.27 = 0.83 NA
Serum HDL cholesterol, mmol/L CLAFFA 1.44 = 0.31 1.37 = 0.33 1.38 = 0.33 +0.01 = 0.27 —0.06 = 0.22
CLATG 1.51 £ 0.31 1.43 £ 0.33 1.42 £ 0.29 —-0.01 = 0.19 —0.09 *+ 0.26#
PLAC 1.55 = 0.40 1.57 = 0.50 1.51 = 0.49 —0.06 = 0.25 NA
Serum LDL cholesterol, mmol/L CLAFFA 3.27 = 0.77 3.44 = 0.80 3.14 = 0.66 —0.30 = 0.72# -0.12 = 0.63
CLATG 3.56 = 0.98 3.65 = 0.79 3.49 + 0.81 —0.16 = 0.55 —0.08 = 0.89
PLAC 3.66 = 1.29 3.62 = 1.01 3.42 = 0.89 —-0.20 = 0.78 NA
Serum triglycerides, mmol/L CLAFFA 1.42 = 0.84 1.47 =1.19 1.34 = 0.99 -0.13 = 0.92 —0.08 = 0.62
CLATG 1.30 £ 0.57 1.29 = 0.51 1.28 £ 0.47 —0.01 =043 —0.01 £0.48
PLAC 1.24 = 0.63 1.26 = 0.63 1.28 = 0.79 +0.02 = 0.53 NA
Serum Lp(a), mg CLAFFA 318 = 427 359 *+ 468 372 = 480 +13 = 94 +54 + 122#
CLATG 246 *+ 282 283 =+ 301 304 * 369 +21 =115 +58 + 138#
PLAC 220 = 219 223 = 220 270 = 305 +47 = 106# NA
Serum glucose, mmol/L CLAFFA 5.14 + 0.47 5.16 = 0.64 5.30 + 0.63 +0.14 = 0.49 +0.16 = 0.54
CLATG 5.14 = 0.46 5.06 = 0.58 5.25 = 0.54 +0.19 + 0.52# +0.12 £ 0.47
PLAC 5.18 £ 0.43 5.06 = 0.43 5.16 + 0.51 +0.10 = 0.52 NA
Whole blood HbAlc, % CLAFFA 5.48 = 0.28 5.69 = 0.29 5.51 = 0.28 —0.18 = 0.25# +0.03 = 0.29
CLATG 5.49 + 0.26 5.70 = 0.27 5.51 £ 0.28 —0.19 = 0.21# +0.02 = 0.23
PLAC 5.42 = 0.33 5.60 = 0.20 5.42 = 0.23 —0.18 + 0.23# NA
Serum insulin, pmol/L CLAFFA 722 +26.7 70.8 = 28.5 77.7 £32.8 +6.81 = 22.8 +4.95 + 275
CLATG 75.0 £ 33.7 819+ 71.7 90.6 = 55.1 +8.71 =414 +14.9 + 39.2#
PLAC 64.5 + 23.2 77.7 =781 74.9 £29.0 —2.82 =733 NA
Serum insulin c-peptide, pmol/L CLAFFA 859 + 222 805 *= 309 772 = 238 —33 = 237 —86 = 227#
CLATG 813 = 216 811 =299 816 *= 293 +5 =+ 216 +3 + 282
PLAC 773 = 239 734 = 337 690 = 234 —44 = 311 NA
Serum leptin, pmol/L CLAFFA 1118 *= 553 1051 = 798 887 *= 478 —164 + 644 —221 * 431#
CLATG 1169 + 499 993 * 459 822 = 364 —171 = 410# —347 + 448#
PLAC 1068 *= 575 1149 = 712 766 = 411 —383 = 460# NA
Serum ALAT, U/L CLAFFA 24.3 =149 26.4 = 151 26.2 = 17.3 —-0.22 = 13.7 +1.93 £ 12.8
CLATG 24.3 =10.3 248 = 11.7 26.0 = 11.9 +1.20 = 9.7 +1.66 = 10.1
PLAC 248 = 12.6 26.5 + 13.6 31.7 = 35.6 +5.26 = 35.1 NA
Serum ASAT, U/L CLAFFA 219 57 24.0 = 8.3 25074 +0.96 = 7.15 +3.07 = 6.28#
CLATG 231 *+54 23.5*+56 25.3 +5.8 +1.82 + 4.85¢# +2.25 + 5.44#
PLAC 225*59 22.6 52 28.1 =20.0 +5.45 +=19.4 NA
Whole blood leucocytes, 709/L CLAFFA 6.03 = 1.58 6.50 = 1.78 6.63 = 1.88 +0.13 = 1.70 +0.60 = 1.76%#
CLATG 5.30 + 1.57 5.96 + 1.68 6.19 = 1.65 +0.283 = 1.75 +0.92 + 1.21#
PLAC 592 £1.77 5.94 = 1.82 6.29 = 1.56 +0.35 = 1.40 NA
Whole blood thrombocytes, 7109/L CLAFFA 265 = 61.6 281 * 69.1 297 = 65.9 +15.7 = 34.7# +31.8 + 37.1#
CLATG 264 *+ 60.6 273 + 67.6 299 + 76.9 +26.3 + 49.2# +35.8 + 48.3#
PLAC 257 = 53.1 259 + 54.8 283 = 57.0 +24.1 + 30.8# NA

1 Values are means + SD, n = 46 (CLAFFA); n = 47 (CLATG); n = 37 (PLAC).
2 See Table 1 for group descriptions.
# Change from mo 0 to 24 (groups CLAFFA and CLATG) or from mo 12 to 24 (group PLAC); paired t test, P < 0.05. NA, not applicable.

an increase in leukocytes to within normal levels at mo 24,
whereas 2 subjects had an increase in leukocytes above the
normal level at mo 24 compared with mo 0 in group CLATG.
Leukocytes in group PLAC did not differ compared with mo
12. Thrombocytes levels at mo 24 had increased in groups
CLAFFA and CLATG compared with mo O and in group
PLAC compared with mo 12 (P < 0.001) (Table 2). Six
subjects in group CLAFFA (n = 1) and group CLATG (n
= 5) had an increase in thrombocyte to above normal levels
at mo 24 compared with mo 0. All subjects in group PLAC
had changes in thrombocyte levels within the normal range
from mo 12 to mo 24.

Vital signs. Systolic and diastolic blood pressures and
heart rates were all within normal ranges and did not differ
between or within the groups throughout the 24-mo study
(data not shown).

Weight and BMI. Body weight and BMI decreased in
groups CLAFFA and CLATG at mo 24 compared with mo 0
(P = 0.013 and P < 0.001, respectively) (Table 3). Group

PLAC at mo 24 also had a reduction in body weight and
consequently a reduction in BMI compared with mo 12 (P
= 0.003) (Table 3). Reductions in body weight and BMI were
observed during the first 6 mo of supplementation with CLA
(mo 0-6 for groups CLAFFA and CLATG, and mo 12-18 for
group PLAC) (20). During mo 12-24, there was no further
reduction in weight and BMI in groups CLAFFA and CLATG
(data not shown).

Body composition. BFM in groups CLAFFA and CLATG
was reduced at mo 24 compared with mo 0 (P < 0.001);
however, the greatest loss of body fat was observed during the
first 6 mo of CLA supplementation (mo 0—6) (Fig. 2). During
mo 12-24, there was no further reduction in BEM in groups
CLAFFA and CLATG. BFM was reduced in group PLAC at
mo 24 compared with mo 12 (P < 0.001). As observed in
groups CLAFFA and CLATG, the greatest amount of fat loss
occurred during the first 6 mo (mo 12-24) of CLA supple-
mentation (Fig. 2). LBM did not change in groups CLAFFA
and CLATG at mo 24 compared with mo 0, and in group
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TABLE 3

Body weight, body composition, daily energy intake, and exercise measurements of the healthy, overweight study population
during 24 mo of CLA supplementation?

Group?2 mo 0 mo 12 mo 24 A 24-12 A 24-0
Body weight, kg CLAFFA 81.9 9.8 80.9 = 9.9 80.4 = 9.3 -0.5 3.7 —1.5 + 4.1#
CLATG 80.9 = 8.3 78.9 = 9.2 78.5 + 8.9 -04 27 —2.4 = 3.4#
PLAC 79.6 = 9.2 79.9 = 10.0 78.3 =104 —1.6 + 3.2# NA
BMI, kg/m2 CLAFFA 28114 27.7 = 1.7 27.5*+1.6 -02=*+13 —0.6 = 1.4#
CLATG 283+ 1.5 27.6 = 1.6 27.4 1.7 -0.2 £ 0.9 —0.9 + 1.2#
PLAC 27.4 =17 274 +1.8 26.8 = 2.0 —0.6 = 1.1# NA
BFM, kg CLAFFA 31.3 53 295 +58 294 £ 55 -0.1 £ 3.2 —1.8 + 3.7#
CLATG 31.6 = 5.6 289 =55 289 =53 00=*+24 —2.7 = 3.4#
PLAC 29.4 +6.0 29.7 = 6.1 28.0 £ 5.7 —1.7 + 2.8# NA
LBM, kg CLAFFA 47.7 = 9.3 48.5 = 8.2 48.0 = 5.5 -05=*+19 +0.3 =21
CLATG 46.6 = 7.9 473 7.5 46.9 = 7.6 -04 =17 +0.3 20
PLAC 474 =94 47.4 = 9.3 475 *+94 +0.1 =15 NA
BMM, kg CLAFFA 2.93 = 0.43 2.88 = 0.46 2.93 = 0.45 +0.05 + 0.09# 0.00 = 0.09
CLATG 2.71 =042 2.68 = 0.47 2.70 = 0.45 +0.02 = 0.11 —-0.01 = 0.10
PLAC 2.84 = 0.48 2.83 = 0.52 2.84 = 0.54 +0.01 = 0.09 NA
Energy intake, kJ/d CLAFFA 8326 * 2251 7000 = 1674 7456 = 1795 +456 = 1719 —870 = 1510#
CLATG 8268 + 2138 6962 + 1397 6979 + 1761 +17 = 1447 —1289 + 2159#
PLAC 8125 = 1941 7410 = 1999 7351 = 1853 —59 + 1656 NA
Exercise,3 AU CLAFFA 4.0 = 3.1 45 +29 4.2 = 3.3 -03=x25 +0.2 +238
CLATG 40+21 43 +21 52 + 3.7 +1.0 =35 +1.3 = 3.8
PLAC 4.4 = 3.1 5.0+ 3.2 4.8 =28 -03 27 NA

1 Values are means * SD, n = 46 (CLAFFA); n = 47 (CLATG); n = 37 (PLAC).

2 See Table 1 for group descriptions.

3 Exercise was assessed as the product of the number of training sessions (20 min) with intensity (high or low) and expressed with arbitrary units

(AU).

# Change from mo 0 to 24 (groups CLAFFA and CLATG) or from mo 12 to 24 (group PLAC); paired t test, P < 0.05. NA, not applicable.

PLAC compared with mo 12 (Table 3). Bone mineral mass
(BMM) did not differ in groups CLAFFA and CLATG at mo
24 compared with mo 0 or in group PLAC compared with mo
12 (Table 3).

In groups CLAFFA and CLATG, responders to CLA dur-
ing the first 12 mo (n = 64), defined as a >4.5% reduction in
BEM, had stable values for BFM, LBM, and body weight
during the extension study. The nonresponders in groups

Change in
fat mass{%)
5.0

3.0
10 — -
—10

-3.0
—5.0

—7.0
—9.0
—110
-1B.0

0 3 6 9 2 15 18 21 24

Time (month}

FIGURE 2 The percentage change in BFM in subjects adminis-
tered placebo (O), CLA-FFA (), or CLA-TG (A) during the first 12 mo.
From mo 12-24, all subjects were given CLA-TG. Values are means
with 95% CI, n = 134, and were measured at the same periods for all
3 groups (i.e., mo 0, 6, 9, 12, 18 and 24). Intervals not including 0 are
significant within the group.

CLAFFA and CLATG during the first 12-mo study (n = 70)
had a significant loss in body weight and BEM during the
12-mo extension (data not shown). Discrimination analysis of
group PLAC during the 12-mo extension revealed that re-
sponders had higher BEM (P = 0.002) and were older than
nonresponders at mo 12 (data not shown).

Diet and exercise. Groups CLAFFA and CLATGA had a
significant reduction in energy intake at mo 24 compared with
mo 0, whereas group PLAC did not compared with mo 12
(Table 3). Estimates of exercise amounts did not change
throughout the study in all groups (Table 3). There was no
correlation between the changes in body weight and body
composition with changes in diet or exercise.

DISCUSSION

The good compliance and low drop-out rates indicate that
long-term CLA supplementation was well tolerated by the
subjects. The incidence of CLA-related AEs was lower during
the second 12 mo which may be due in part to the loss of
subjects at mo 12 who experienced AEs during the first 12 mo.
As observed in other short-term studies (17,18) and in the first
12 mo (20), most of the AEs that were considered to be drug
related were gastrointestinal events.

Lp(a) levels were consistently increased in all groups sup-
plemented with CLA. Increased Lp(a) levels are thought to be
an independent predictor of cardiovascular disease risk; how-
ever, the clinical relevance of individual changes in Lp(a)
levels is still unclear (27). In addition to Lp(a), we observed
increases in leukocyte and thrombocyte counts. These changes
were within the normal ranges but were consistent over time
and suggest the presence of an inflammatory or immunological
response to CLA supplementation. The clinical relevance of
these changes is unclear. However, the possibility that an
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increase in these markers is related to the loss of BFM remains
to be elucidated.

The role of CLA in cardiovascular risk is equivocal. Al-
though we observed no effect on blood lipid levels (no changes
in triglyceride and very small changes in total, HDL, or LDL
cholesterol in all groups), there was an increase in some
markers associated with inflammation and cardiovascular dis-
ease risk. Studies on the effects of CLA in cardiovascular
disease and inflammation in animals have also demonstrated
mixed results including a proatherogenic effect in mice (28),
an antiatherogenic effect in rabbits (29) an anti-inflammatory
effect in animals (30,31), and stimulation of the immune
system (32,33). Short-term clinical studies on CLA supple-
mentation also yielded inconsistent findings on cardiovascular
disease risk factors. In a study by Smedman et al. (19), an
increase in LDL cholesterol and apolipoprotein B levels was
reported, whereas Noone et al. (34) reported no effect on
total, LDL, or HDL cholesterol levels and a decrease in trig-
lycerides with CLA supplementation. Further studies are war-
ranted to determine whether there is an effect of CLA on
cardiovascular risk and inflammation in humans.

During the first 12 mo of the study, there were no changes
in blood glucose, insulin, or insulin c-peptide levels, although
there was a slight increase in HbAlc levels in all groups
including the placebo group. HbAlc levels at mo 24 had
returned to mo O values. None of the subjects developed
diabetes as defined by the American Diabetic Association
(35). The role of CLA in diabetes has yet to be determined,
and the results from animal and human studies have been
conflicting. In a small study of type 2 diabetics, Belury et al.
(36) demonstrated that CLA supplementation with a com-
mercially available CLA mixture for 8 wk led to a decrease in
fasting blood glucose in 81% of the diabetics, suggesting that
CLA may be beneficial in type 2 diabetics. These findings
differ from the results of a study by Riserus et al. (21) that
demonstrated that men with metabolic syndrome, who were
supplemented with the pure trans-10, cis-12 isomer, had an
increase in insulin resistance compared with the placebo
group. Subjects in that study who were supplemented with a
commercially available mixture of the 2 bioactive CLA iso-
mers (cis-9, trans-11 and trans-10, cis-12) did not have an
increase in insulin resistance. The latter finding is in agree-
ment with our results. Because supplementation did not affect
blood glucose, HBAlc, insulin, and insulin c-peptide, we
contend that long-term CLA supplementation is not diabeto-
genic.

An accumulation of lipids in the liver was observed in
female Sencar mice fed CLA-enriched diets (up to 1.5%) for
6 wk (37), in male AKR/J] mice treated with CLA (up to 1.2%
by weight) for 6 wk (16), and in hamsters fed CLA for 8 wk
(38). To date, liver hypertrophy was reported only in some of
the studies performed in mice and hamsters, and the response
thus seems to be species specific. In the present study, 2 of 134
subjects had increased levels of transaminases (ASAT and
ALAT) at the end of the study. The transaminases levels
returned to normal values 4 wk after ending the CLA treat-
ment, indicating that a relation to CLA treatment cannot be
excluded. However, other explanations cannot be dismissed.
There were no other safety issues raised by the other blood
variables because they remained stable overall during the
24-mo study.

Throughout the 24-mo study period, serum leptin levels
decreased 20—-35% as the subjects lost BEM. Leptin is a protein
that is synthesized and secreted by adipocytes (39). Studies
have demonstrated that leptin acts centrally to regulate appe-
tite and energy expenditure, as well as peripherally to regulate

whole-body energy metabolism. High levels of leptin are as-
sociated with increased adiposity (40—42). During the 24-mo
study, there was a direct correlation (r = 0.43, P < 0.0001)
between BFM reduction and a decrease in leptin levels in the
subjects administered CLA without changes in energy intake.
This relation was confirmed in the 12-mo extension. This
supports the effects of CLA on leptin as seen in other studies
in animals (7,43—47) and humans (36,48). The subjects given
CLA during the first 12 mo also had a significant decrease in
BEM and leptin levels. The findings of the present study
provide further evidence for using leptin as a biochemical
marker of body fat reduction with no effect on energy intake;
it constitutes the only biochemical variable reflecting the loss
of BFM and body weight in the current study.

This 12-mo extension study also provided the opportunity
to further evaluate the efficacy of long-term CLA supplemen-
tation. Supplementation with CLA for 24 mo led to a 6-8%
reduction in BFM compared with baseline. These changes in
body composition were not related to diet and exercise. The
loss in BEM was also confirmed in the group of subjects, who
were previously supplemented with the placebo, because they
lost 6% of their body fat during the 12-mo extension study.
Discriminant analysis of responders revealed that subjects with
higher BFM were more likely to lose fat with CLA supple-
mentation than those with lower BEM. This latter finding
corroborates the results of our responder analysis during the
previous 12-mo placebo-controlled study (20). As in the first
12 mo, most of the effect on BEM was observed during the first
6 mo of CLA supplementation. We do not know whether this
was due to a dose-response pattern (higher dosage causing a
greater initial or more sustained effect), or the result of adap-
tation or the loss of efficacy. It is unlikely that there was a loss
of efficacy given that the subjects maintained a stable BFM
and LBM for 18 mo after the initial loss of BEM, despite no
changes in diet or exercise.

Weight loss studies in overweight and obese subjects have
demonstrated that most subjects will regain the lost weight
within the next 1-2 y (49). In the present study, we demon-
strated long-term maintenance of BFM and LBM, accompa-
nied by a reduction in body weight, suggesting that CLA may
be beneficial in preventing weight regain, which is part of the
yo-yo effect often observed with many diet plans. Loss of LBM
usually accompanies dietary or drug-induced weight loss, re-
sulting in an unchanged or decreased LBM:BFM ratio (50).
Because loss of LBM is associated with a reduction in basal
metabolic rate (51), this may contribute to the resurgence of
body weight with time. In contrast, CLA supplementation
prevented loss of LBM during weight reduction, thus likely
maintaining the basal metabolic rate and subsequently reduc-
ing the risk of weight increase.

In the present study, we demonstrated that supplementa-
tion with a commercially available CLA mixture for 24 mo in
healthy, overweight subjects led to a significant reduction in
BFM and body weight, while maintaining LBM. These
changes in body composition were not related to diet or
exercise. CLA was well tolerated and the observed changes in
the safety variables were all within the normal range, suggest-
ing that CLA supplementation in healthy, overweight subjects
for 24 mo is safe. Based on the findings of these studies, we
suggest that CLA may have merit as a weight loss supplement
when combined with another weight-reducing treatment or
may singularly promote selective loss of BEM and maintenance
of LBM with a subsequent reduced risk of weight regain.
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