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Treatment With Dietary trans10cis12
Conjugated Linoleic Acid Causes IsomerSpecific Insulin Resistance in Obese Men
With the Metabolic Syndrome
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RESEARCH DESIGN AND METHODS — In a randomized, double-blind controlled
trial, abdominally obese men (n ⫽ 60) were treated with 3.4 g/day CLA (isomer mixture),
purified t10c12 CLA, or placebo. Euglycemic-hyperinsulinemic clamp, serum hormones, lipids,
and anthropometry were assessed before and after 12 weeks of treatment.
RESULTS — Baseline metabolic status was similar between groups. Unexpectedly, t10c12
CLA increased insulin resistance (19%; P ⬍ 0.01) and glycemia (4%; P ⬍ 0.001) and reduced
HDL cholesterol (⫺4%; P ⬍ 0.01) compared with placebo, whereas body fat, sagittal abdominal
diameter, and weight decreased versus baseline, but the difference was not significantly different
from placebo. The CLA mixture did not change glucose metabolism, body composition, or
weight compared with placebo but lowered HDL cholesterol (⫺2%; P ⬍ 0.05).
CONCLUSIONS — These results reveal important isomer-specific metabolic actions of CLA
in abdominally obese humans. A CLA-induced insulin resistance has previously been described
only in lipodystrophic mice. Considering the use of CLA-supplements among obese individuals,
it is important to clarify the clinical consequences of these results, but they also provide physiological insights into the role of specific dietary fatty acids as modulators of insulin resistance in
humans.
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C

onjugated linoleic acid (CLA) is a
group of polyunsaturated fatty acids
that has received considerable attention for its metabolic and antiobesity actions in animals (1). CLA is dienoic
isomers of linoleic acid, naturally found in
dairy and beef fat. In mice, CLA decreases

body fat (2,3), and in male ZDF rats, CLA
improves insulin sensitivity (4,5). In contrast, CLA-fed female mice developed
marked lipodystrophic insulin resistance
(6), indicating important species and sex
differences. The effect of CLA on human
insulin sensitivity is unknown.
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RESEARCH DESIGN AND
METHODS
Subjects
Sixty Caucasian men (35– 65 years old)
with signs of the metabolic syndrome (abdominal obesity, insulin resistance, dys-
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OBJECTIVE — Conjugated linoleic acid (CLA) is a group of dietary fatty acids with antiobesity and antidiabetic effects in some animals. The trans10cis12 (t10c12) CLA isomer seems to
cause these effects, including improved insulin sensitivity. Whether such isomer-specific effects
occur in humans is unknown. The aim of this study was to investigate whether t10c12 CLA or a
commercial CLA mixture could improve insulin sensitivity, lipid metabolism, or body composition in obese men with signs of the metabolic syndrome.

Recently, we reported that CLA treatment decreased abdominal fat in obese
men but without improving metabolism
(7). The latter was surprising, because abdominal fat and insulin sensitivity are
strongly related (8). Similarly, studies on
healthy subjects that used a similar CLA
mixture indicated decreased body fat after
CLA treatment (9,10) without a reduction
in insulin levels (9). However, a strictly
controlled study (11,12) failed to show
any change in body fat or fasting glucose
metabolism in lean, healthy women.
Thus, possible antiobesity actions of CLA
are still unclear. In spite of lacking clinical
and safety human data, dietary CLA supplements are widely used as weight-loss
agents among obese subjects, a high-risk
group for type 2 diabetes. Therefore, clinical studies are critically needed on such
subjects.
Until now, most (7,9,10), but not all
(11,12), human studies have used CLA
mixtures containing mainly two isomers
in approximately equal amounts:
trans10cis12 (t10c12) CLA and c9t11
CLA. Both isomers are present in the diet,
with the c9t11 isomer being the most
prevalent (13). In rodents, different isomers have distinct effects, and it has been
suggested that t10c12 CLA is responsible
for the antiobesity (14) and insulinsensitizing (5) properties of CLA. To address isomer specificity on glucose and
lipid metabolism in humans, we evaluated the effects of purified t10c12 CLA
and a commercial CLA mixture. In a randomized controlled trial, we investigated
insulin action in abdominally obese men,
a potential target group for the putative
antidiabetic and antiobesity effects of CLA
as reported in some animals.
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Table 1—Baseline characteristics
CLA

t10c12 CLA

19
53 ⫾ 10.1
8.8
9.0
97.8 ⫾ 10.0
30.2 ⫾ 1.8
1.01 ⫾ 0.03
112.2 ⫾ 5.0
28.2 ⫾ 1.8
35.3 ⫾ 4.6
61.9 ⫾ 6.9
3.7 ⫾ 1.6*
73.2 ⫾ 30
5.7 ⫾ 0.6
4.4 ⫾ 0.4
5.8 ⫾ 1.2
4.0 ⫾ 0.9
1.0 ⫾ 0.1
1.5 ⫾ 0.9
2.0 ⫾ 1.0
0.56 ⫾ 0.16
0.120 ⫾ 0.02
10.4 ⫾ 4.6

19
51 ⫾ 7.1
10.5
7.2
98.3 ⫾ 10.1
30.1 ⫾ 1.8
1.01 ⫾ 0.02
112.5 ⫾ 7.1
28.2 ⫾ 1.9
36.4 ⫾ 4.4
61.1 ⫾ 6.0
4.5 ⫾ 1.5
64.8 ⫾ 23.4
5.9 ⫾ 0.7
4.4 ⫾ 0.4
5.5 ⫾ 0.8
3.8 ⫾ 0.7
1.0 ⫾ 0.2
1.2 ⫾ 0.4
1.7 ⫾ 0.5
0.55 ⫾ 0.18
0.122 ⫾ 0.02
13.2 ⫾ 10.2

19
55 ⫾ 7.1
7.0
6.1
100.2 ⫾ 12.0
31.2 ⫾ 2.5
1.01 ⫾ 0.03
116.0 ⫾ 9.6
28.9 ⫾ 2.3
36.7 ⫾ 3.0
61.9 ⫾ 7.3
3.9 ⫾ 1.5
68.4 ⫾ 26.4
5.6 ⫾ 0.6
4.4 ⫾ 0.3
6.0 ⫾ 1.3
4.0 ⫾ 1.1
1.0 ⫾ 0.1
1.9 ⫾ 2.1
2.4 ⫾ 2.2
0.61 ⫾ 0.18
0.131 ⫾ 0.03
11.6 ⫾ 5.6

Data are means ⫾ SD unless noted otherwise. There were no significant differences between the groups (ANOVA). *n ⫽ 18 in the placebo group.

lipidemia, and hypertension) (15) were
recruited from the local community
through media advertisements. Because
subjects with combined abdominal obesity and dyslipidemia are nearly always
insulin resistant (8,16), both of these disorders were included in the inclusion criteria: waist girth ⬎102 cm, waist-to-hip
ratio ⬎0.95, BMI 27–39 kg/m2, triglycerides (TG) ⬎1.7 mmol/l, and/or HDL cholesterol ⬍0.9 mmol/l and stable body
weight for the preceding 3 months. No
one had diagnosed heart, liver, or renal
disease or diabetes. Six subjects had fasting plasma glucose ⱖ7.0 but ⱕ7.2
mmol/l, indicating mild diabetes; all men
had HbA1c ⱕ5% (Table 1). All subjects
gave written consent. The protocol was
approved by the Ethics Commitee of the
Medical Faculty, Uppsala University.
Protocol
The study was performed after a 4-week
run-in screening period. Outcome measures included insulin sensitivity; fasting
levels of glucose, lipids, and leptin; and
body composition. Subjects were randomly assigned to 3.4 g/day of CLA (isomer mixture), purified t10c12 CLA, or
placebo. Six capsules were taken daily

with morning and evening meals. The isomer content of the CLA preparation (80%
free fatty acids [FFAs]) was 35.9% t10c12
CLA, 35.4% c9t11 CLA, 13.1% 18:1c9,
7.2% 16:0, 2.4% 18:0, and 1.3% 18:
2c9c12; that of the t10c12 CLA preparation (75% FFAs) was 76.5% t10c12 CLA,
11.4% 18:1c9, 3.4% 16:0, 2.9% c9t11
CLA, 2.0% 18:2c9c12, and 0.8% 18:0. All
capsules (identical in appearance) were
prepared by Natural Lipids (Hovebygda,
Norway), which also assessed isomer separation using gas chromatography (17)
(possible isomerization products from the
t10c12 CLA preparation were very low as
identified on the chromatogram) and generated the randomization numbers for patients and incorporation into doubleblind labeling. The solution code was
broken after the study was completed.
All measurements were obtained in
the morning, after instructions to fast (12
h) and refrain from smoking, taking snuff
(nicotine-containing moist), or engaging
in physical activity in the morning and to
avoid alcohol and exercise the day before
visits. Subjects completed a questionnaire
concerning diabetes heredity (having at
least one first-degree relative with type 2
diabetes) and the use of medication or di-
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etary supplements. All men were encouraged to maintain their usual diet and
exercise habits during the study. To assess
possible changes in dietary intake during
the study, a 3-day weighed-food record
was completed during weeks 1 and 8.
Anthropometrics
The sagittal abdominal diameter (SAD)
was measured at L4 –5 level, and waist
and hip girth were measured as previously described in detail (7). Anthropometrics were measured by a single
investigator. Bioelectrical impedance
analysis (BIA) was done with a multifrequency analyzer (Xitron Technologies,
San Diego, CA). From the estimation of
body water, body fat content was calculated based on the assumption that fatfree mass contains 73.2% water (18).
Lean body mass was calculated with the
formula provided by the manufacturer.
Euglycemic-hyperinsulinemic clamp
A 120-min hyperinsulinemic clamp was
conducted to determine insulin sensitivity, as described by Defronzo et al. (19)
with slight modification previously described in detail (20). Insulin (Actrapid
Human; Novo, Copenhagen, Denmark)
1517
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n
Age (years)
Heredity for diabetes (%)
Antihypertensive therapy (%)
Weight (kg)
BMI (kg/m2)
Waist-to-hip ratio
Waist girth (cm)
SAD (cm)
Body fat (%)
Lean body mass (kg)
Insulin sensitivity (M) (mg 䡠 kg⫺1 䡠 min)
Plasma insulin (pmol/l)
Plasma glucose (mmol/l)
HbAlc (%)
Serum cholesterol (mmol/l)
LDL cholesterol (mmol/l)
HDL cholesterol (mmol/l)
VLDL triglycerides (mmol/l)
Serum TG (mmol/l)
Serum FFAs (mmol/l)
Serum free glycerol (mmol/l)
Serum leptin (ng/ml)

Placebo

CLA and insulin resistance

Table 2—Change in body composition from baseline to 12 weeks

n
Weight (kg)
BMI (kg/m2)
Waist girth (cm)
SAD (cm)
Body fat (%)
Lean body mass (kg)

Placebo

CLA

t10c12 CLA

19
0.14 ⫾ 1.5
⫺0.05 ⫾ 0.5
⫺0.63 ⫾ 1.8
⫺0.43 ⫾ 0.7*
⫺0.08 ⫾ 3.0
⫺0.02 ⫾ 3.1

19
⫺0.46 ⫾ 1.8
⫺0.15 ⫾ 0.6
⫺0.92 ⫾ 2.1
⫺0.89 ⫾ 0.8†
⫺0.94 ⫾ 1.6‡
0.57 ⫾ 2.2

19
⫺0.88 ⫾ 1.2*
⫺0.27 ⫾ 0.4*
⫺1.57 ⫾ 1.6*
⫺0.88 ⫾ 0.5†
⫺1.02 ⫾ 2.0‡
0.46 ⫾ 1.9

Data are means ⫾ SD. There were no differences between the groups. All P values indicate within-group
differences; *P ⬍ 0.05; †P ⬍ 0.01; ‡P ⬍ 0.001.

Laboratory measurements
Venous blood was drawn into vacuum
tubes, coagulated, and centrifuged at
room temperature and then frozen at
–20°C. Lipoproteins were isolated from
fresh serum by a combination of preparative ultracentrifugation (22) and precipitation with a sodium phosphotungstate
and magnesium chloride solution (23).
Serum lipoproteins and TG were assayed
by enzymatic techniques using a Monarch
2000 centrifugal analyzer (Instrumentation Laboratories, Lexington, MA). Serum
samples were stored at –70°C. Serum free
glycerol and FFAs were measured using
an enzymatic colorimetric method
(Boehringer Mannheim and Wako Chemical, respectively) in the Monarch centrifuge. Samples from each subject were
analyzed within the same run. Plasma insulin was measured by an enzyme immunosorbent assay (ELISA) kit (Mercodia
AB, Uppsala, Sweden) in a Bio-Rad Coda
automated EIA analyzer (Bio-Rad Laboratories, Hercules, CA). Serum leptin was
measured using a human leptin radioimmunoassay kit (Linco Research, St.
Charles, MO).
1518

Statistics
Values are expressed as means ⫾ SD.
Variables with skewed distributions were
logarithmically transformed before analysis. A nonparametric test was used if data
were not normally distributed after logarithmic transformation. Paired t test was
used for within-group effects from baseline. Differences between groups from
baseline to 12 weeks were assessed using
overall test (ANOVA or nonparametric
test). In case of a significant overall test
result, ANOVA or Mann Whitney’s nonparametric test was used for differences
between two groups. Pearson’s correlation coefficient was determined. It was estimated that n ⫽ 20/group would be
needed to detect a 20% change in cholesterol levels with a power of 0.80 at a significance level of 0.05. All tests were twotailed. P ⬍ 0.05 was regarded as
significant. JMP software (SAS Institute,
Cary, NC) was used.
RESULTS
Baseline status and compliance
Baseline characteristics and diabetes heredity were similar in all groups (Table 1).
Of 60 men, 58 completed the study. Reasons for withdrawal were gastrointestinal
symptoms (CLA group) and weight gain
(t10c12 CLA group). One patient (placebo) was hypertensive and treated (candesartan) during the trial. This patient
completed the trial, but his data were excluded from statistics; results were not influenced if his data were included. Data
are based on 57 subjects with complete
follow-up data. For M, n ⫽ 56 because in
one subject only insulin values were available. Supplements were generally well
tolerated, with only minor transient gastrointestinal problems reported. No adverse events occurred, and no changes in
liver enzymes occurred (data not shown).

Body composition
There were no significant differences between groups in body weight, BMI, body
fat, lean body mass, or waist girth at 12
weeks (Table 2). CLA preparations did
not decrease weight or change body fat,
BMI, or waist girth compared with placebo, although these variables significantly decreased within the t10c12 CLA
group, whereas SAD and body fat decreased within the CLA group (paired t
test). SAD tended to decrease more with
both CLA treatments than with placebo
(P ⫽ 0.07) (Table 2).
Insulin sensitivity
Insulin sensitivity (M) decreased significantly in the t10c12 CLA group compared
with placebo but not compared with CLA
(Table 3). Also, when correcting M for the
mean plasma insulin level during the
clamp (M/I ⫽ M/pmol/l ⫻ 100) (19), insulin sensitivity decreased (⫺19%; P ⬍
0.01) after t10c12 CLA treatment (data
not shown). Fasting insulin increased in
the t10c12 CLA group (P ⬍ 0.05) but not
differently from placebo (Table 3). The
significant reduction in M after t10c12
CLA treatment was not affected by adjustment for age or changes in glucose levels,
body fat, BMI, or abdominal fat. Baseline
adjustments for HbA1c, diabetes, or diabetes heredity did not affect significance,
nor did exclusion of six subjects with
plasma glucose ⱖ7.0 mmol/l. Of all variables, only adjustment for changes in
VLDL TG abolished the significant
change in M after t10c12 CLA treatment.
Fasting glucose increased after t10c12
CLA compared with placebo (P ⫽
0.0009) (Table 3), and HbA1c decreased
after t10c12 CLA treatment versus baseline (P ⫽ 0.01) but was not significantly
different from placebo.
Lipoproteins and leptin
The changes in serum lipids or leptin did
not differ, except for HDL cholesterol,
which decreased with both CLA and
t10c12 CLA treatment (P ⫽ 0.03 and P ⫽
0.006, respectively) versus placebo (Table 3). VLDL TG tended to increase with
t10c12 CLA versus placebo and CLA (P ⫽
0.06).
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was infused (336 pmol/l 䡠 m⫺2 䡠 min⫺1)
resulting in a mean steady-state insulin
level of 624 pmol/l, a level shown to almost completely suppress hepatic glucose
production in insulin-resistant and type 2
diabetic subjects (21). Venous blood sampling was obtained in the left hand, which
was kept warmed to provide arterialized
blood. Insulin and glucose were infused
in the right antecubital vein. Plasma glucose was assayed in duplicate in a Beckman Glucose Analyzer II (Beckman
Instruments, Fullerton, CA), using an enzymatic method. Glucose disposal (M)
was calculated as the glucose infusion rate
(mg 䡠 kg⫺1 䡠 min⫺1) during the last 60 min
of the clamp.

Compliance (capsule count) did not significantly differ between groups (89.5%,
n ⫽ 57). No significant changes in dietary
intake occurred during the study (Table
4).
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Table 3—Absolute and relative changes in glucose and lipid metabolism from baseline to 12 weeks
CLA

t10c12 CLA

19
0.44 ⫾ 1.02 (12)
5.52 ⫾ 23.3 (8)
⫺0.14 ⫾ 0.24† (⫺2)
0.04 ⫾ 0.11 (1)
⫺0.01 ⫾ 0.09 (0)
⫺0.05 ⫾ 0.4 (⫺1)
⫺0.15 ⫾ 0.4 (⫺10)
0.07 ⫾ 0.1 (7)
⫺0.2 ⫾ 0.6 (⫺10)
0.022 ⫾ 0.18 (4)
⫺0.004 ⫾ 0.02 (⫺3)
0.5 ⫾ 3.6 (5)

19
⫺0.05 ⫾ 0.97 (⫺1)
4.8 ⫾ 19.2 (7)
0.01 ⫾ 0.30 (0)
0.04 ⫾ 0.12 (1)
⫺0.03 ⫾ 0.1 (0)
⫺0.08 ⫾ 0.5 (⫺2)
⫺0.05 ⫾ 0.4 (⫺4)
⫺0.02 ⫾ 0.1 (⫺2)㛳
⫺0.13 ⫾ 0.5 (⫺8)
0.005 ⫾ 0.10 (1)
⫺0.003 ⫾ 0.02 (⫺2)
⫺1.1 ⫾ 4.5 (⫺8)§

19
⫺0.55 ⫾ 0.95 (⫺15)*
14.4 ⫾ 23.7 (21)†
0.21 ⫾ 0.33 (4)†‡
0.10 ⫾ 0.16 (2)†
⫺0.01 ⫾ 0.1 (0)
⫺0.03 ⫾ 0.5 (⫺1)
0.21 ⫾ 0.6 (11)§
⫺0.04 ⫾ 0.08 (⫺4)*
0.02 ⫾ 1.3 (1)
0.040 ⫾ 0.12 (7)
0.006 ⫾ 0.02 (5)
⫺0.7 ⫾ 2.7 (⫺6)

Data are means ⫾ SD (%). Values for M, n ⫽ 18. *P ⬍ 0.01 vs. placebo; †P ⬍ 0.05 within the group; ‡P ⬍ 0.001 vs. placebo; §P ⬍ 0.01 within the group; 㛳P ⬍ 0.05
vs. placebo.

Correlations
The changes in M in the t10c12 CLA
group correlated with the changes of
VLDL TG (r ⫽ ⫺0.74, P ⫽ 0.0003) but
not with other variables. The decrease in
HDL cholesterol in both CLA groups was
correlated only to a change in leptin (r ⫽
31, P ⫽ 0.02), which remained significant
when including all subjects.
CONCLUSIONS — This randomized
placebo-controlled trial has revealed unexpected metabolic actions by conjugated
fatty acids in humans—actions that seem
isomer-specific. The t10c12 CLA isomer,
but not a CLA mixture, significantly increased insulin resistance, fasting glucose,
and dyslipdemia in abdominally obese
men. Such men are prone to develop type
2 diabetes and are considered a possible
target group for the putative beneficial effect of CLA. Commercial CLA had no
metabolic benefit, which is consistent
with previous data (7,9,12). Instead,
t10c12 CLA might be diabetogenic in the
metabolic syndrome.
Previous human studies have used
CLA mixtures, which do not provide separate information regarding t10c12 CLA,
although in a study on healthy women,
insulin levels tended to increase after
treatment with a CLA mixture containing
23% t10c12 CLA (12), indicating impaired insulin action. However, unlike
other studies, diet and physical activity
were controlled using metabolic suites in
that study, and the relative amount of
c11t13 CLA was higher and c9t11 CLA
was lower, which should be taken into

account when comparing that study with
our data.
The current results are dissimilar
from the antidiabetic effects of CLA in
male ZDF rats (4,5) but are in agreement
with the effects in female C57BL/6J mice
that became severely insulin resistant and
lipodystrophic after receiving a CLA mixture containing 36% t10c12 CLA (6).
Similarly, male AKR/J mice showed signs
of insulin resistance after CLA treatment
(24). Whether insulin resistance in CLAfed mice shares a common mechanism
with the t10c12 CLA–induced insulin resistance is unclear. Thus, the mechanism
of current insulin resistance is unknown,
but some animal data are worth considering. An intriguing speculation is that CLA
induces adipocyte apoptosis as shown in
mice (6) and in vitro (6,25,26), and by the
t10c12 isomer in particular (26). t10c12
CLA might also inhibit the formation of
new, small, and insulin-sensitive fat cells
(27), possibly via downregulated peroxisome proliferator–activated receptor
(PPAR)-␥ (6). Other mechanisms for a
t10c12 CLA–induced insulin resistance
might involve impaired cell membrane
function (28), possibly via increasing intramuscular fat content (29). Insulin resistance appeared to occur mainly in the
peripheral tissues rather than in the liver,
as serum IGF binding protein (IGFBP)-1,
a marker of hepatic insulin sensitivity
(30), did not change (unpublished data).
To elucidate the mechanism, it is probably necessary to investigate insulinsensitive tissue directly, which is more
complicated in humans than in mice. Our
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primary goal, however, was to investigate
the clinical effects of CLA in an insulinresistant phenotype.
Neither CLA preparation decreased
weight or changed body composition
compared with placebo. SAD tended to
decrease after CLA treatment, but the difference was not significant versus placebo. The standard deviations for changes
in anthropometrics were large, and the
measurement errors for SAD, BIA, and
waist girth have to be considered when
interpreting the data.
Adjustment for several variables did
not affect the t10c12 CLA–induced insulin resistance, with one exception. Adjusting for VLDL TG abolished statistical
significance, reflecting the well-known
tight relation between these two variables
(31). It is likely that impaired insulin action after t10c12 CLA treatment preceded
dyslipidemia (31), but this remains to be
proven.
HDL cholesterol decreased after treatment with both CLA forms, although the
effect was more pronounced with t10c12
CLA. This was also observed in overweight, normolipidemic subjects using a
CLA mixture (10), but not in normalweight subjects (9,32). Because low HDL
cholesterol is an independent cardiovascular risk factor (33), the current reduction of 0.04 mmol/l (⫺4%) with t10c12
CLA is of clinical concern, as a change of
0.026 mmol/l has been inversely related
to coronary risk (33). Interestingly, the
current changes in HDL cholesterol were
not related to insulin resistance, but were
positively related to leptin levels.
1519
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n
Insulin sensitivity (M) (mg 䡠 kg⫺1 䡠 min⫺1)
Plasma insulin (pmol/l)
Plasma glucose (mmol/l)
HbA1c (%)
Serum cholesterol (mmol/l)
LDL cholesterol (mmol/l)
VLDL TG (mmol/l)
HDL cholesterol (mmo/l)
TG (mmol/l)
FFAs (mmol/l)
Glycerol (mmol/l)
Serum leptin (ng/ml)

Placebo

CLA and insulin resistance

Table 4—Changes in dietary intake during the study period
Dietary intake

CLA

t10c12 CLA

15

15

13

2,386 ⫾ 832
2,405 ⫾ 991
0.92

2,018 ⫾ 538
1,947 ⫾ 296
0.71

2,178 ⫾ 593
1,905 ⫾ 573
0.20

70 ⫾ 29
72 ⫾ 31
0.82

56 ⫾ 17
59 ⫾ 12
0.74

61 ⫾ 16
54 ⫾ 15
0.36

296 ⫾ 127
299 ⫾ 64
0.80

246 ⫾ 67
230 ⫾ 37
0.49

259 ⫾ 64
232 ⫾ 69
0.30

137 ⫾ 49
135 ⫾ 63
0.97

130 ⫾ 12
120 ⫾ 6
0.60

143 ⫾ 56
119 ⫾ 53
0.24

0.36
0.39
0.34

0.42
0.49
0.25

0.44
0.47
0.85

Data are means ⫾ SD. P values represent paired t tests. Data are based on subjects with two completed food
records (n ⫽ 42). There were no differences between groups (all P values for unpaired t tests ⬎0.2; data not
shown. *Amount of total polyunsaturated fats divided by saturated fats.

Further, the t10c12 CLA–induced insulin resistance is impressive. Whereas
the concurrent increase in fasting glucose
was clinically irrelevant, the 19% reduction in insulin sensitivity was large
enough to have clinical relevance (34), especially considering the prediabetic highrisk group studied. Estimated from doseresponse clamp studies in obese and lean
control subjects, the relative decrease in
insulin sensitivity after t10c12 CLA treatment was equivalent to having an excess
body weight of ⬃15 kg at a current mean
weight of ⬃100 kg (35), indicating a
rather powerful effect of this isomer. The
amounts of t10c12 CLA in the diet (where
the major isomer is c9t11 CLA) are very
low, but commercial CLA mixtures do
contain ⬃20 – 45% t10c12 CLA, indicating that a long-term use might be of concern. Considering that nonprescription
“weight loss agents” such as CLA are used
by a significant number of people (36),
the present results should be of interest
for health care professionals treating
obese patients. However, more clinical
trials are needed to make firm conclusions
regarding the clinical safety of CLA isomers and mixtures in obese patients.
In summary, t10c12 CLA increased
insulin resistance and dyslipidemia in
1520

men with the metabolic syndrome, in
agreement with data in CLA-fed mice
(6,24) but unlike data in ZDF rats (4),
suggesting important isomer-specific
metabolic effects of CLA in humans.
Acknowledgments — This study was supported by the Swedish Medical Research
Council (no. 27X-13083, 03X-1034-35C,
04224), Swedish Society for Nutrition Research, Swedish National Fund for Industrial
and Technical Development, Swedish National Association against Heart and Lung Disease, and Swedish Diabetes Foundation. We
thank Natural Lipids Ltd. AS, Norway, for
supplying the CLA preparations.

References
1. Whigham LD, Cook ME, Atkinson RL:
Conjugated linoleic acid: implications for
human health. Pharmacol Res 42:503–
510, 2000
2. Park Y, Albright KJ, Liu W, Storkson JM,
Cook ME, Pariza MW: Effect of conjugated linoleic acid on body composition
in mice. Lipids 32:853– 858, 1997
3. West DB, Delany JP, Camet PM, Blohm F,
Truett AA, Scimeca J: Effects of conjugated linoleic acid on body fat and energy
metabolism in the mouse. Am J Physiol
275:R667–R672, 1998

DIABETES CARE, VOLUME 25, NUMBER 9, SEPTEMBER 2002

Downloaded from http://diabetesjournals.org/care/article-pdf/25/9/1516/589915/dc0902001516.pdf by guest on 18 January 2022

n
Energy (kcal)
Baseline
8 weeks
P
Fat (g)
Baseline
8 weeks
P
Carbohydrates (g)
Baseline
8 weeks
P
Protein (g)
Baseline
8 weeks
P
P/S*
Baseline
8 weeks
P

Placebo

4. Houseknecht KL, Vanden Heuvel JP,
Moya-Camarena SY, Portocarrero CP,
Peck LW, Nickel KP, Belury MA: Dietary
conjugated linoleic acid normalizes impaired glucose tolerance in the Zucker diabetic fatty fa/fa rat. Biochem Biophys Res
Commun 244:678 – 682, 1998
5. Ryder JW, Portocarrero CP, Song XM, Cui
L, Yu M, Combatsiaris T, Galuska D, Bauman DE, Barbano DM, Charron MJ, Zierath JR, Houseknecht KL: Isomer-specific
antidiabetic properties of conjugated linoleic acid: improved glucose tolerance,
skeletal muscle insulin action, and UCP-2
gene expression. Diabetes 50:1149 –1157,
2001
6. Tsuboyama-Kasaoka N, Takahashi M,
Tanemura K, Kim HJ, Tange T, Okuyama
H, Kasai M, Ikemoto S, Ezaki O: Conjugated linoleic acid supplementation reduces adipose tissue by apoptosis and
develops lipodystrophy in mice. Diabetes
49:1534 –1542, 2000
7. Riserus U, Berglund L, Vessby B: Conjugated linoleic acid (CLA) reduced abdominal adipose tissue in obese middle-aged
men with signs of the metabolic syndrome: a randomised controlled trial. Int J
Obes Relat Metab Disord 25:1129 –1135,
2001
8. Kissebah AH, Vydelingum N, Murray R,
Evans DJ, Hartz AJ, Kalkhoff RK, Adams
PW: Relation of body fat distribution to
metabolic complications of obesity. J Clin
Endocrinol Metab 54:254 –260, 1982
9. Smedman A, Vessby B: Conjugated linoleic acid supplementation in humans:
metabolic effects. Lipids 36:773–781,
2001
10. Blankson H, Stakkestad JA, Fagertun H,
Thom E, Wadstein J, Gudmundsen O:
Conjugated linoleic acid reduces body fat
mass in overweight and obese humans. J
Nutr 130:2943–2948, 2000
11. Zambell KL, Keim NL, Van Loan MD,
Gale B, Benito P, Kelley DS, Nelson GJ:
Conjugated linoleic acid supplementation
in humans: effects on body composition
and energy expenditure. Lipids 35:777–
782, 2000
12. Medina EA, Horn WF, Keim NL, Havel PJ,
Benito P, Kelley DS, Nelson GJ, Erickson
KL: Conjugated linoleic acid supplementation in humans: effects on circulating
leptin concentrations and appetite. Lipids
35:783–788, 2000
13. Chin S, Liu W, Storkson J, Ha Y, Pariza M:
Dietary sources of conjugated dienoic isomers of linoleic acid, a newly recognized
class of anticarcinogens. J Food Comp Anal
5:185–197, 1992
14. Park Y, Storkson JM, Albright KJ, Liu W,
Pariza MW: Evidence that the trans10,cis-12 isomer of conjugated linoleic
acid induces body composition changes
in mice. Lipids 34:235–241, 1999

Risérus and Associates

23.

24.

25.

26.

27.

28.
29.

DIABETES CARE, VOLUME 25, NUMBER 9, SEPTEMBER 2002

nation and chemical composition of ultracentrifugally separated lipoproteins in
human serum. J Clin Invest 34:1345–
1353, 1955
Siegler L, Wu W: Separation of serum
high-density lipoprotein for cholesterol
determination: ultracentrifugation vs precipation with sodium phosphotungstate
and magnesium chloride. Clin Chem 27:
838 – 841, 1981
DeLany JP, Blohm F, Truett AA, Scimeca
JA, West DB: Conjugated linoleic acid
rapidly reduces body fat content in mice
without affecting energy intake. Am J
Physiol 276:R1172–R1179, 1999
Miner JL, Cederberg CA, Nielsen MK,
Chen X, Baile CA: Conjugated linoleic
acid (CLA), body fat, and apoptosis. Obes
Res 9:129 –134, 2001
Evans M, Geigerman C, Cook J, Curtis L,
Kuebler B, McIntosh M: Conjugated linoleic acid suppresses triglyceride accumulation and induces apoptosis in 3T3–L1
preadipocytes. Lipids 35:899 –910, 2000
Okuno A, Tamemoto H, Tobe K, Ueki K,
Mori Y, Iwamoto K, Umesono K,
Akanuma Y, Fujiwara T, Horikoshi H,
Yazaki Y, Kadowaki T: Troglitazone increases the number of small adipocytes
without the change of white adipose tissue mass in obese Zucker rats. J Clin Invest
101:1354 –1361, 1998
Vessby B: Dietary fat and insulin action in
humans. Br J Nutr 83 (Suppl. 1):S91–S96,
2000
Joo ST, Lee JI, Ha YL, Park GB: Effects of
dietary conjugated linoleic acid on fatty

30.

31.
32.

33.

34.

35.

36.

acid composition, lipid oxidation, color,
and water-holding capacity of pork loin. J
Anim Sci 80:108 –112, 2002
Lee PDK, Jensen MD, Divertie GD, Heiling VJ, Katz HH, Conover CC: Insulinlike growth factor-binding protein-1
response to insulin during suppression of
endogenous insulin secretion. Metabolism
42:409 – 414, 1993
Reaven GM: Banting Lecture 1988: Role
of insulin resistance in human disease. Diabetes 37:1595–1607, 1988
Benito P, Nelson GJ, Kelley DS, Bartolini
G, Schmidt PC, Simon V: The effect of
conjugated linoleic acid on plasma lipoproteins and tissue fatty acid composition in humans. Lipids 36:229 –236, 2001
Gordon DJ, Rifkind BM: High-density lipoprotein: the clinical implications of recent studies. N Engl J Med 321:1311–
1316, 1989
Lillioja S, Mott DM, Spraul M, Ferraro R,
Foley JE, Ravussin E, Knowler WC, Bennett
PH, Bogardus C: Insulin resistance and insulin secretory dysfunction as precursors of
non-insulin-dependent diabetes mellitus:
prospective studies of Pima Indians. N Engl
J Med 329:1988 –1992, 1993
Bonadonna RC, Groop L, Kraemer N, Ferrannini E, Del Prato S, DeFronzo RA:
Obesity and insulin resistance in humans:
adose-responsestudy.Metabolism39:452–
459, 1990
Blanck HM, Khan LK, Serdula MK: Use of
nonprescription weight loss products: results from a multistate survey. JAMA 286:
930 –935, 2001

1521

Downloaded from http://diabetesjournals.org/care/article-pdf/25/9/1516/589915/dc0902001516.pdf by guest on 18 January 2022

15. DeFronzo RA, Ferrannini E: Insulin resistance: a multifaceted syndrome responsible for NIDDM, obesity, hypertension,
dyslipidemia, and atherosclerotic cardiovascular disease. Diabetes Care 14:173–
194, 1991
16. Bonora E, Kiechl S, Willeit J, Oberhollenzer F, Egger G, Targher G, Alberiche M,
Bonadonna RC, Muggeo M: Prevalence of
insulin resistance in metabolic disorders:
the Bruneck Study. Diabetes 47:1643–
1649, 1998
17. Berdeaux O, Voinot L, Angioni E, Juaneda
P, Sebedio JL: A simple method of preparation of methyl trans-10,cis-12- and
cis-9,trans-11-octadecadienoates from
methyl linoleate. J Am Oil Chem Soc 75:
1749 –1755, 1998
18. Pace N, Rathbun E: Studies on body composition. III. The body water and chemically combined nitrogen content in
relation to fat content. J Biol Chem 158:
685– 691, 1945
19. DeFronzo RA, Tobin JD, Andres R: Glucose clamp technique: a method for quantifying insulin secretion and resistance.
Am J Physiol 237:E214 –E223, 1979
20. Pollare T, Lithell H, Selinus I, Berne C:
Application of prazosin is associated with
an increase of insulin sensitivity in obese
patients with hypertension. Diabetologia
31:415– 420, 1988
21. Pollare T, Vessby B, Lithell H: Lipoprotein
lipase activity in skeletal muscle is related
to insulin sensitivity. Arterioscler Thromb
11:1192–1203, 1991
22. Havel R, Eder H, Bragdon J: The determi-

