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Background: Animal studies have suggested beneficial effects of conjugated linoleic acid 

(CLA) in reducing body fat mass and improvement in the serum lipid profile and glycemia. 

However, these effects are controversial in humans. The purpose of this study was to investigate 

the effects of microencapsulated CLA supplementation on body composition, body mass index, 

waist circumference, and blood pressure in sedentary women with metabolic syndrome.

Methods: This study was a placebo-controlled and randomized clinical trial. Fourteen women 

diagnosed with metabolic syndrome received light strawberry jam enriched or not with microen-

capsulated CLA (3 g/day) as a mixture of 38.57% cis-9, trans-11, and 39.76% trans-10, cis-12 

CLA isomers associated with a hypocaloric diet for 90 days. The subjects were monitored to 

assess variables associated with the metabolic syndrome, in addition to assessing adherence 

with the intervention.

Results: There were no significant effects of microencapsulated CLA on the lipid profile or blood 

pressure. Mean plasma insulin concentrations were significantly lower in women supplemented 

with microencapsulated CLA (∆ T
90

 – T
0
 = −12.87 ± 4.26 μU/mL, P = 0.02). Microencapsulated 

CLA supplementation did not alter the waist circumference, but there was a reduction in body 

fat mass detected after 30 days (∆ = −2.68% ± 0.82%, P = 0.02), which was maintained until 

the 90-day intervention period (∆ = −3.32% ± 1.41%, P = 0.02) in the microencapsulated CLA 

group. The placebo group showed this effect only after 90 days (∆ = −1.97% ± 0.60%, P = 0.02), 

but had a reduced waist circumference (∆ T
90

 – T
0
 = −4.25 ± 1.31 cm, P = 0.03).

Conclusion: Supplementation with mixed-isomer microencapsulated CLA may have a favorable 

effect on glycemic control and body fat mass loss at an earlier time in sedentary women with 

metabolic syndrome, although there were no effects on lipid profile and blood pressure.

Keywords: conjugated linoleic acid, metabolic syndrome, body composition, cardiovascular 

disease

Introduction
Metabolic syndrome is a complex disorder that is showing an increasing prevalence 

in the population worldwide.1 It is represented by a set of cardiovascular risk factors 

commonly associated with central adiposity. In addition to abdominal obesity, the major 

components of metabolic syndrome are hypertension, glucose intolerance, hypertri-

glyceridemia, and reduced serum high-density lipoprotein cholesterol.2 Functional 

foods have occupied a remarkable place in dietary therapies.3 At present, functional 

lipids such as conjugated linoleic acid (CLA) have attracted considerable attention.4
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CLA is a mixture of isomers of linoleic acid formed by 

fermentation in the animal rumen in relatively small quanti-

ties, and is present in meat and dairy products.5 Among the 

isomers, cis-9, trans-11, trans-10, and cis-12 are the most 

studied6 through the use of commercial CLA, and they have a 

different isomer profile to that found in natural foods, which 

have the cis-9, trans-11 isomer in the greatest amount.7

Among the processes developed to increase the stabil-

ity of commercial CLA, microencapsulation provides the 

necessary protection because it coats the lipid with an 

encapsulating matrix, producing smaller particles, which 

have demonstrated greater efficiency in digestive absorption.8 

There are no studies evaluating the effects of CLA provided 

in a microencapsulated formulation in humans.

It has been postulated that CLA has beneficial effects in 

reducing body fat mass and it has been shown to improve the 

lipid profile and glycemia in animal studies.9 Nevertheless, 

results from studies in humans that have evaluated the effects 

of CLA on these parameters are controversial, with some 

showing beneficial effects10,11 and others showing negative 

effects.12,13 Thus, randomized controlled clinical trials are 

needed to evaluate the efficacy and safety of orally ingested 

CLA isomers.

This study aimed to investigate the influence of a hypoca-

loric diet combined with microencapsulated CLA supplemen-

tation on biochemical, clinical, anthropometric, and body 

composition variables in sedentary women with metabolic 

syndrome. We hypothesized that microencapsulated CLA 

supplementation would improve glucose metabolism, the 

serum lipid profile, and body composition, and decrease 

other cardiovascular risk factors associated with the meta-

bolic syndrome.

Materials and methods
Experimental design
The volunteers were informed about the procedures that 

would be performed and signed an informed consent form. 

The study was approved by the ethics committee on research 

at Clementino Fraga Filho University Hospital (068/07), 

and included 17 sedentary adult women aged 30–50 years 

recruited through advertisements in widely circulated 

newspapers and posters in places with a heavy throughput 

of people.

The volunteers were instructed to consume 15 g of 

light strawberry jam daily for 90 days, supplied in 240 g 

pots with a standard-sized spoon, as part of a randomized, 

placebo-controlled clinical trial. The jam was prepared by the 

researchers and was either enriched with microencapsulated 

CLA or not enriched (placebo). The volunteers were randomly 

distributed into two groups, one receiving placebo and the 

other receiving microencapsulated CLA supplementation.

Participants were assessed before and during the 90-day 

intervention period, with consultations every 2 weeks for 

anthropometric, body composition, and clinical evaluation. 

Blood samples were taken monthly for biochemical 

assessment. A supply of light strawberry jam was given to 

the volunteers at each consultation.

Eligibility criteria
The volunteers selected were diagnosed with the metabolic 

syndrome according to International Diabetes Federation 

criteria,14 were obese (body mass index 30.0–34.9 kg/m2), 

sedentary, nonsmoking, nondiabetic, not post-menopausal, 

not having a previous hypocaloric diet, and not taking 

dietary supplements or any medication to reduce body 

weight. Women consuming alcohol above recommended 

levels (15 g/day), those using drugs to control glycemia or 

dyslipidemia, and those who were pregnant or lactating 

were excluded.

Nutritional intervention
The method used to microencapsulate CLA involved com-

plex coacervation to obtain a paste. The sugar content in 

the strawberry jam was reduced by 30%. Subjects received 

3 g/day of microencapsulated (MiKron microcapsules, São 

Paulo, Brazil) CLA (Idealfarma, São Paulo, Brazil) contain-

ing 38.57% of cis-9, trans-11 isomers, and 39.76% of trans-

10, cis-12 isomers, in an equal proportion (50:50). Placebo 

was in the form of light strawberry jam not enriched with 

microencapsulated CLA.

The hypocaloric diet was prescribed in accordance with 

the dietary habits of volunteers and the recommendations for 

individuals with metabolic syndrome,15 aiming at reducing 

body weight by about 2 kg per month. Adherence to the dietary 

plan was checked at fortnightly consultations by analysis of 

food records containing details of dietary intake and number 

of spoonfuls of jam taken daily. As an additional measure 

of adherence, participants were asked to return containers 

with any remaining jam at the end of each supplementation 

period. Food records were evaluated using Food Processor 

software version 12 with adaptation to the reality of the 

Brazilian food database (Esha Research, 1984, Salem, MA).

Physical activity
The subjects did not alter their physical activity during the 

study, which was verified by a questionnaire16 applied before 
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and after the intervention period. Exercise was assessed as 

metabolic equivalents of task (METs).17 Subjects were con-

sidered to be sedentary if they did not do physical exercise or 

exercised with a caloric expenditure below 3 METs at a 

frequency of less than twice a week.

Blood sample collection  
and biochemical evaluation
Blood samples were collected into vacuum tubes without 

anticoagulant after overnight fasting for 12 hours. The 

samples were centrifuged at 4500 rpm for 15 minutes in 

order to obtain the serum, and subsequently were separated 

into aliquots placed in Eppendorf tubes and stored at −20°C 

until biochemical analysis.

Blood glucose was measured using the glucose oxidase/

peroxidase method18 (BioSystems commercial kit, Paraná, 

Brazil) using the A15 auto-analyzer (BioSystems SA). 

Insulinemia was analyzed using a chemiluminescence kit 

(ImmuChem™ coated tube, MP Biomedical, Irvine, CA). 

Insulin resistance was estimated using the homeostasis model 

assessment of insulin resistance index (HOMA-IR).19 The 

HOMA index was calculated using the formula: [fasting 

glucose (mg/dL) × 0.0555 × fasting insulin (μU/mL)]/22.5.

Analysis of serum concentrations of triglycerides, total 

cholesterol, and high-density lipoprotein cholesterol were 

performed using a commercial enzymatic colorimetric 

method (BioSystems) with an A15 auto-analyzer, using the 

glycerol phosphate oxidase/peroxidase method20 to determine 

triglycerides. Cholesterol oxidase/peroxidase method21 was 

used for determining total cholesterol and direct  detergent22 

for determining high-density lipoprotein cholesterol. 

Low-density lipoprotein cholesterol values were obtained 

using the Friedewald, Levy, and Fredrickson formula.23

Clinical assessments of body  
and anthropometric composition
Blood pressure was measured using an aneroid sphygmoma-

nometer (Bournemouth International Centre obese adult cuff 

38 × 16 cm model) and a stethoscope (Littman Cardiology, 

São Paulo, Brazil) by the auscultation method.24 The assess-

ment of body fat mass was performed by tetrapolar electri-

cal bioimpedance (Biodynamics 450 model, Seattle, WA), 

according to the recommendations reported by Heyward 

and Stolarczyk.25 Body weight was measured using an 

electronic scale (maximum capacity of 150 kg, accurate to 

100 g, Filizola, São Paulo, Brazil) and height was assessed 

using a stadiometer (accurate to 1 mm, Standard Sanny®, 

São Paulo, Brazil)26 for calculation of body mass index.27 

Waist circumference was measured using an inextensible 

and inelastic tape measure (accurate to 0.1 cm, Standard 

Sanny®, São Paulo, Brazil) at the midpoint between the rib 

cage and iliac crest.28

Statistical analysis
All statistical analyses were conducted using the Statistical 

Package for Social Sciences version 16 (SPSS Inc, Chicago, IL). 

Results were presented as the mean ± standard error of 

the mean. Normality of the variables was tested by the 

 Shapiro–Wilk test. For nonparametric variables we used the 

Mann–Whitney test to assess differences between groups 

and the Wilcoxon signed ranks test to assess changes in each 

group. For variables with a normal distribution, we used 

the Student’s t-test for independent samples to compare the 

means between groups and the Student’s t-test for paired 

samples to assess changes in each group, and evaluating 

those changes throughout the study. A P value ,0.05 was 

considered to be statistically significant.

Results
One of the volunteers in the microencapsulated CLA group 

withdrew before the end of the study due to epigastric pain 

and a request from her physician that she should discon-

tinue using the experimental jam. This effect was deemed 

to be unrelated to use of microencapsulated CLA, given that 

this patient reported that she had had this disorder prior to 

the study. No other adverse effect was reported by any of 

the participants. Two participants from the placebo group 

were lost to follow-up. The volunteers who left the study 

showed the same characteristics as those who completed 

it. Fourteen women completed the study, including seven 

(50%) from the CLA group and seven (50%) from the 

placebo group.

At the beginning of the study, there was no statistically 

significant difference between dietary, physical activity, 

biochemical, clinical, anthropometric, and body composition 

variables between the groups (Tables 1–3). Characteristics of 

the sedentary women in the study population are shown in 

Table 1. The volunteers maintained their usual caloric expen-

diture, without undertaking physical exercise. Volunteers 

adhered to their prescribed dietary plan, with a significant 

decrease in total caloric intake at day 90 (1976.8 ± 67.31 kcal, 

P = 0.03, in the CLA group; 1745.5 ± 118.20 kcal, P = 0.05, 

in the placebo group). During the 3 months of this study, 

reversal of the metabolic syndrome was observed in four 

women in each study group, according to International Dia-

betes Federation criteria.14
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Results of the biochemical analysis can be found in 

Table 2. There was no significant effect of microencapsulated 

CLA supplementation on glycemia. Insulin values decreased 

significantly in the microencapsulated CLA group at day 90 

(P = 0.02). In the placebo group, there was a trend towards 

decreasing values (P = 0.09). There were no significant differ-

ences in insulin concentrations between the treatment groups. 

HOMA-IR did not change significantly between groups, and 

the effect of this variable before and after treatment in both 

the microencapsulated CLA group and the placebo group 

did not change significantly during the study. There were no 

significant changes observed in the components of the lipid 

profile between the groups before and after treatment.

Clinical, anthropometric, and body composition data are 

presented in Table 3. There were no statistically significant 

differences in systolic or diastolic blood pressure between 

the groups and within each group throughout the study. In 

the microencapsulated CLA group, the percentage of body 

fat mass decreased significantly after day 30 (P = 0.02), 

day 60 (P = 0.02) and day 90 (P = 0.02), whereas in the 

placebo group, a significant decrease was found only at 

day 90 (P = 0.02). There was no significant difference in 

this regard between the groups. The microencapsulated CLA 

group showed an earlier loss of body fat mass in comparison 

with the placebo group (Figure 1). There were no significant 

changes in body weight or body mass index in the placebo 

and CLA groups, although we observed an average reduction 

during the study. There was also no significant difference 

in body weight and body mass index between the treatment 

groups. Waist circumference decreased significantly in the 

placebo group at day 30 (P = 0.03), day 60 (P = 0.03), and 

day 90 (P = 0.02). There was no significant difference in 

waist circumference between the groups.

Discussion
The present study found that microencapsulated CLA 

supplementation significantly reduced plasma insulin con-

centrations. This change was also observed in the placebo 

group, although it was not statistically significant. This 

may be attributable to changes in body composition in both 

groups. Furthermore, microencapsulated CLA supplementa-

tion was associated with decreases in glycemia and insulin 

resistance, but these were not statistically significant. This 

could be due to the fact that subjects participating in the 

study were nondiabetic and the study variables may not 

be as sensitive to changes in extreme ranges.29 Moreover, 

the microencapsulated formulation of CLA enabled oxida-

tive stability that could improve the study variables more 

than studies that have used the purified form of CLA. Other 

studies have shown either no interference30,31 or harmful 

effects on glucose metabolism.32,33 Some studies have found 

higher glycemia and insulin resistance with use of CLA,12,32,34 

and the change is more significant in studies using the 

trans10 cis12 isomer.12,32

The lipid profile did not change significantly with micro-

encapsulated CLA supplementation in this study. These find-

ings are similar to results from other studies.35–37 Moreover, 

Table 2 Biochemical assessment of the volunteers before and 
during the intervention period (mean ± SEM)

T0 T90 Value

Δ (T90 – T0)
Fasting glucose (mg/dL)
ME CLA  92.57 ± 7.92  86.43 ± 5.20   −6.14 ± 3.99
Placebo  84.00 ± 3.15  86.00 ± 2.82    2.00 ± 2.65
Insulin (μU/mL)
ME CLA  46.04 ± 5.65  33.16 ± 4.45* −12.87 ± 4.26*
Placebo  45.99 ± 4.87  35.31 ± 4.29 −10.67 ± 5.44
HOMA-IR‡

ME CLA   8.83 ± 1.19   6.86 ± 0.77   −1.97 ± 1.17
Placebo   9.66 ± 1.26   7.46 ± 0.98   −2.20 ± 1.38
Triglycerides (mg/dL)
ME CLA 157.00 ± 2.74 128.86 ± 1.23 −28.14 ± 21.38
Placebo 136.71 ± 2.09 131.43 ± 4.11   −5.28 ± 31.45
Total cholesterol (mg/dL)
ME CLA 183.43 ± 15.51 165.86 ± 11.41 −17.57 ± 10.40
Placebo 179.14 ± 11.30 185.43 ± 9.01    6.28 ± 12.46
LDL cholesterol (mg/dL)
ME CLA 183.43 ± 15.51  93.57 ± 1.07   −9.85 ± 7.30
Placebo  98.89 ± 9.14 107.29 ± 6.90    8.4 ± 10.29
HDL cholesterol (mg/dL)
ME CLA  48.57 ± 3.50  46.57 ± 2.53   −2.00 ± 2.77
Placebo  52.86 ± 6.58  51.71 ± 5.27   −1.14 ± 6.44

Notes: *Statistical differences in each group compared with baseline (P , 0.05); 
there was no statistical difference between the ME CLA and placebo groups; 
‡Calculated as [(fasting glucose (mg/dL) × 0.0555) × fasting insulin (mU/mL)]/22.5.
Abbreviations: ME CLA, microencapsulated conjugated linoleic acid; HOMA-IR, 
homeostasis model assessment – insulin resistance; LDL, low-density lipoprotein; 
HDL, high-density lipoprotein; SEM, standard error of the mean; T90, day 90; 
T0, baseline.
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Table 1 Baseline characteristics of the sedentary female study 
population (mean ± SEM)

ME CLA (n = 7) Placebo (n = 7)

Age (years)   40.0 ± 5.23   42.0 ± 1.91
Height (m)   1.63 ± 0.02   1.60 ± 0.03
Exercise (kcal/day)‡  22.27 ± 1.59  23.35 ± 1.6
Energy intake (kcal/day) 2120.8 ± 50.11 2042.6 ± 51.96

Notes: ‡Exercise was assessed as metabolic equivalents of task and expressed with 
kcal/day. There was no statistical difference between the ME CLA and placebo 
groups.
Abbreviations: ME CLA, microencapsulated conjugated linoleic acid; SEM, stan-
dard error of the mean.
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Table 3 Clinical, anthropometric, and body composition evaluations in both groups before and during the intervention period 
(mean ± SEM)

T0 T30 T60 T90 Value

Δ (T30 – T0) Δ (T60 – T0) Δ (T90 – T0)

SBP (mmHg)
ME CLA 117.14 ± 3.59 121.43 ± 4.04 118.57 ± 1.43 120.00 ± 3.78  4.28 ± 3.68   1.42 ± 4.04   2.85 ± 5.21
Placebo 118.57 ± 3.40 114.29 ± 4.81 112.14 ± 4.06 115.71 ± 5.28 −4.28 ± 5.71 −6.42 ± 3.22 −2.85 ± 5.65
DBP (mmHg)
ME CLA  77.14 ± 1.84  78.57 ± 4.04  78.57 ± 2.61  79.26 ± 4.14  1.42 ± 3.40   1.42 ± 3.40   2.14 ± 4.61
Placebo  80.71 ± 3.17  80.00 ± 3.09  72.86 ± 3.59  80.00 ± 3.09 −0.71 ± 4.14 −7.85 ± 3.42 −0.71 ± 4.42
BF (%)
ME CLA  35.95 ± 1.27  33.23 ± 2.04*  33.90 ± 1.60*  32.63 ± 1.91* −2.68 ± 0.82* −2.20 ± 0.67* −3.32 ± 1.41*
Placebo  38.06 ± 0.68  37.36 ± 0.90  36.56 ± 1.00  36.09 ± 0.95* −0.70 ± 0.60 −1.50 ± 0.71 −1.97 ± 0.60*
Weight (kg)
ME CLA  86.91 ± 3.67  85.99 ± 3.72  85.49 ± 4.06  84.97 ± 4.11 −0.92 ± 0.65 −1.42 ± 1.06 −1.94 ± 1.09
Placebo  82.90 ± 2.99  81.07 ± 3.17  80.86 ± 3.50  80.41 ± 3.47 −1.82 ± 0.36 −2.01 ± 0.99 −2.48 ± 1.31
BMI (kg/m2)
ME CLA  32.53 ± 0.77  32.18 ± 0.80  31.98 ± 0.98  31.78 ± 1.01 −0.35 ± 0.25 −0.55 ± 0.41 −0.74 ± 0.43
Placebo  32.30 ± 0.80  31.56 ± 0.83  31.51 ± 1.01  31.33 ± 1.06 −0.74 ± 0.17 −0.78 ± 0.41 −0.97 ± 0.55
WC (cm)
ME CLA   99.9 ± 2.98  99.64 ± 2.56  99.11 ± 3.61  97.53 ± 3.63 −0.25 ± 0.88 −0.78 ± 1.57 −2.37 ± 1.34
Placebo  97.64 ± 3.42  95.21 ± 3.68*  94.00 ± 3.12*  93.39 ± 2.70* −2.42 ± 0.82* −3.64 ± 1.28* −4.25 ± 1.31*

Notes: *Statistical differences in each group compared with baseline (P , 0.05). There was no statistical difference between the ME CLA and placebo groups (P , 0.05).
Abbreviations: ME CLA, microencapsulated conjugated linoleic acid; SEM, standard error of the mean; SBP, systolic blood pressure; DBP, diastolic blood pressure; BF, body 
fat; BMI, body mass index; WC, waist circumference; T30, day 30; T60, day 60; T90, day 90; T0, baseline.

the effects of CLA on the lipid profile are controversial due 

to the difference in dosages of CLA used, proportions of CLA 

isomers, and population samples. Some studies showed an 

increase34 and others a reduction in high-density lipoprotein 

cholesterol,12,38,39 and a reduction in total cholesterol, low-

density lipoprotein cholesterol,11 and triglycerides40 with 

CLA supplementation.

There was no significant change in blood pressure with 

microencapsulated CLA supplementation. Raff et al41 and 

Sluijs et al42 evaluated the effects of CLA supplementation 

with an equivalent amount of isomer mixtures in individuals 

with normal weight and in obese subjects, respectively, and 

detected no change in blood pressure levels. On the other 

hand, some studies have found a significant decrease in blood 

pressure in groups on CLA supplementation.37,43

In this study, both treatment groups showed a decrease 

in body fat mass, with no significant differences between 

groups. However, these results were observed at an earlier 

time in the microencapsulated CLA group, with significant 

changes after 30 days in contrast with the placebo group, in 

which the changes occurred only after 90 days. It is important 

to consider that early reduction of body fat provides people 

with encouragement to continue on a hypocaloric diet and 

develop healthy lifestyle habits.

The current study confirmed previous observations indicat-

ing body fat mass reduction with CLA supplementation.44,45 

Gaullier et al11 observed a decrease in body fat mass by 

supplementation with an isomeric mixture of CLA at doses of 

3.4 g/day in subjects without dietary restriction for 24 months, 

with a significant reduction in body fat mass only in the first 

6 months. After this period, the placebo group showed the same 

results, suggesting an adaptation mechanism or a decrease 

in the effectiveness of CLA supplementation. However, 

the positive results seen with the supplemental CLA mixture 

were observed only after 3 months. On the other hand, some 

studies did not show a reduction in body fat mass.29,35,46
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Figure 1 Percentage change in body fat in subjects administered placebo or 
microencapsulated CLA during 90 days.
Notes: Values are means with 95% confidence intervals (n = 14) and were measured 
at the same time points for all two groups (ie, day 0, 30, 60 and 90). Intervals 
not including 0 are significant in the CLA group and only at day 90 in the placebo 
group.
Abbreviation: CLA, conjugated linoleic acid.
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Among the mechanisms by which CLA decreases body 

fat, there is one that may be validated, ie, CLA prevents lipid 

accumulation in human adipocytes by acting as a modulator 

of peroxisome proliferator-activated receptor gamma.47,48

In the present study, waist circumference did not show 

any significant change between groups, but decreased signifi-

cantly in the placebo group from day 30, even though both 

groups achieved a reduction in body fat mass. These findings 

are in accordance with those of other studies reporting that 

CLA supplementation promotes reduction of body fat mass, 

mostly in areas other than the abdomen, despite that fact that 

CLA has a tendency to decrease the amount of abdominal fat 

mass.13,44 In this way, women with a gynoid fat distribution 

will probably benefit from use of CLA. Although microen-

capsulated CLA reduced body fat mass in our study, it did 

not cause a significant reduction in body weight. This result 

is similar to that found in other studies.30,42,46

Subjects from both groups showed remission of com-

ponents of the metabolic syndrome, underscoring the 

importance of a hypocaloric diet in the treatment of this 

condition.49 The effects of CLA supplementation on blood 

pressure and biochemical variables suggest that microen-

capsulated CLA supplementation in women with metabolic 

syndrome for 3 months is safe. Only female subjects were 

chosen for this study due to gender-related differences in 

body composition.25 Because we evaluated body composi-

tion as an outcome variable, we aimed to homogenize the 

study sample. Moreover, Chen et al39 showed a better effect 

of CLA supplementation in lowering body mass index in 

female subjects than in male subjects.

The limitation of this study is that the sample size was small 

due to the strict inclusion and exclusion criteria. On the other 

hand, this is the only study that has evaluated the effects of 

microencapsulated CLA in women with metabolic syndrome.

Conclusion
The findings of the present study suggest that, in sedentary 

women with  metabolic syndrome, supplementation with micro-

encapsulated CLA 3 g/day for 3 months improves glycemic 

control and has a significant effect in decreasing body fat early 

on. Further, in our study, there was no change in serum lipids 

or blood pressure. At the same time, it is important to highlight 

that more studies are needed to demonstrate further the factors 

that may modulate the effects observed in this study.
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