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Abstract

Obesity is associated with elevated levels of inflammation and metabolic abnormalities which are linked to CVD. The aim of the present

study was to investigate whether long-chain n-3 PUFA (LCn-3PUFA), combined with a very-low-energy diet (VLED), facilitated weight loss

and weight maintenance, and improvements in blood lipids and inflammatory mediators. This was a double-blind, randomised, controlled

trial with two parallel groups. For 14 weeks, one group consumed 6 £ 1 g capsules/d of monounsaturated oil (placebo group, PB), and the

other group consumed 6 £ 1 g capsules/d of LCn-3PUFA (fish oil group, FO), each comprising 70 mg EPA and 270 mg DHA. Both groups

were on VLED for 4 weeks (n 14 PB, n 18 FO), which was then followed by 10 weeks of weight maintenance (n 12 PB, n 17 FO). Fasting

blood samples, anthropometric measurements and 3 d food diaries were collected at baseline, at 4 and 14 weeks. A greater-than-

2-fold increase occurred in plasma levels of EPA and DHA in the FO group (P,0·001). At 4 weeks, the mean weight loss was 26·54

(SD 2·08) kg (26·9 %) for PB and 26·87 (SD 1·83) kg (27·7 %) for FO. At week 14, after the maintenance phase, there was a further

mean decrease in weight, 21·57 (SD 3·7) kg (1·85 %) for PB and 21·69 (SD 2·32) kg (21·9 %) for FO. Both groups experienced improved

metabolic profiles and there was a significant reduction in fat mass for the FO group at week 14 but not for PB. However, it would appear

that supplementation with LCn-3PUFA had no significant effect on weight loss or weight maintenance over the 14 weeks.
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Obesity is a progressive and relapsing chronic disorder that

is associated with increased risk of morbidity and mortality

including the development of insulin resistance, type 2

diabetes, hypertension, dyslipidaemia(1) and cholesterol

abnormalities(2). It is also associated with low-grade systemic

inflammation through the expression of proinflammatory

mediators such as TNF-a, IL-6(3), C-reactive protein (CRP)(4)

and leptin(5), all of which have been linked to increased risk

of CVD(6). Adipose tissue also secretes the anti-inflammatory

mediator, adiponectin, which has direct positive effects on

vascular function(7).

Intentional weight loss with a reduction of adipose

tissue improves many of these medical complications

with a decrease in circulating levels of proinflammatory bio-

markers(8,9) and a reduction of metabolic abnormalities(10).

Dietary supplementation with long-chain n-3 PUFA

(LCn-3PUFA) is also known to suppress the production of

proinflammatory cytokines(11) and increase the levels of

HDL-cholesterol (HDL-C)(12,13). LCn-3PUFA also lower TAG

levels(13,14) and to a considerably lower level than weight

loss does(15). Animal studies have shown that supplementing

the diet with LCn-3PUFA can reduce body weight and fat

mass (FM) in mice(16,17) and it is possible that, in humans,

LCn-3PUFA might also reduce body fat(18) and could have

a similar effect on body weight.

There is a dose-dependent relationship with weight loss

and improvements to health; and it has been suggested

that a modest weight loss of 5–10 % of initial body weight can

make a difference(19,20). There is a possibility that LCn-3PUFA

could facilitate this by increasing weight loss when taken in

combination with a weight loss programme. The aim of this

study was to investigate the effect of LCn-3PUFA on weight

loss and short-term weight loss maintenance in obese adults

by comparing two groups who followed the same very-low-

energy diet (VLED) using meal replacements (MR), with one

group consuming fish oil capsules. We hypothesised that

(i) LCn-3PUFA of marine origin may facilitate weight loss in

combination with a weight loss programme using a VLED, and

that (ii) continued supplementation with LCn-3PUFA may

inhibit weight regain during a period of weight maintenance.

*Corresponding author: Professor M. L. Garg, fax þ61 2 4921 2028, email manohar.garg@newcastle.edu.au
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Furthermore, the combination of weight loss and LCn-3PUFA

supplementation may have a concomitant positive effect

on cardiovascular health determinants.

Methods

This was a randomised, double-blind, placebo-controlled

intervention with two parallel groups. This study was con-

ducted according to the guidelines laid down in the

Declaration of Helsinki and all procedures were approved

by the Human Research Ethics Committee of the University

of Newcastle, Australia. Written informed consent was

obtained from all participants before commencement of

the study. The trial was registered with the Australian

New Zealand Clinical Trials Registry (ACTRN12609000204246).

Participants

Both male and female participants, aged 18–60 years and with

a BMI of between 30 and 40 kg/m2, were recruited from

the university campus and the general public in Newcastle,

Australia to take part in a weight loss study. People with diag-

nosed diabetes mellitus, a chronic inflammatory condition,

already following an energy-restricted diet, allergic to fish,

taking fish oil capsules or consuming two or more oily fish

meals per week were excluded from the study, as were

women who were pregnant or lactating.

A power calculation estimated that sixteen participants per

group would allow a detection of approximately 2 % differ-

ence in weight loss between the two diet groups at the 0·05

level of significance, with a statistical power of 80 % and

assuming a standard deviation of 2 %. Allowing for a 20 %

dropout rate, it was estimated that twenty participants per

group would be required.

Study design

Simple randomisation using computer-generated random

numbers allocated participants to one of two parallel

groups. Supplement containers were labelled with a code

by an independent researcher before the trial commenced

so that neither the principal researcher nor the partici-

pants could identify the contents of the supplements, and

supplements contained peppermint to disguise identifiable

flavours. For 4 weeks, one group consumed 6 £ 1 g capsules

of placebo per day (placebo group, PB), containing Sunola

oil (monounsaturated oil), and the other group consumed

6 £ 1 g capsules of fish oil per day (fish oil group, FO). Each

fish oil capsule contained tuna oil comprising 360 mg LCn-3

PUFA with 70 mg EPA and 270 mg DHA (ratio, 1:3·9). Both

the tuna oil and the Sunola oil contained the antioxidant

CovioxwT-70, 3000 parts per million in the tuna oil and 600

parts per million in the Sunola oil. Two capsules were

consumed with each meal (breakfast, lunch and dinner),

providing 1·62 g DHA and 0·42 g EPA/d.

For the 4 weeks, participants followed a VLED of 3000 kJ/d.

To encourage dietary compliance and to reduce differences

between participants in the foods that they consumed,

for the first 2 weeks participants received Optifastw bars and

shakes to replace meals, according to the Intensive Phase

of the Optifast Very Low Calorie Diet Program (Novartis,

Australia), supplemented daily with raw and cooked vege-

tables and 2 litres of drinking-water. This 3000 kJ/d diet is

composed of 40 % protein, 16 % fat and 40 % carbohydrate

plus vitamins and minerals. At the same time, participants

were given individual nutrition education and counselling,

with the sessions focusing on the energy density of foods,

understanding and using of food labels, appropriate portion

sizes and the number of portions to be consumed daily from

the different food groups. This information was used to

build a healthy diet using the guidelines from the Australian

Guide to Healthy Eating(21), and applied during weeks 3

and 4, when the MR were gradually phased out and healthy

energy-controlled meals were phased in. All participants

attended weekly so that weight loss progress could be moni-

tored and to receive the next supply of MR and capsules.

To address the potential for weight loss rebound after the

weight loss phase, participants progressed to a weight stabi-

lisation/maintenance phase. For 10 weeks, they continued to

take the fish oil or placebo supplements as allocated in the

weight loss phase, and continued to consume healthy meals

with food choices and portion sizes as recommended by the

Australian Guide to Healthy Eating. Participants now attended

fortnightly to obtain their capsules, monitor their weight and

discuss diet-related issues. An accredited practising dietitian

was part of the research team to advise on healthcare.

Dietary assessment

Before commencing the weight loss programme, dietary

intake was assessed with a 3 d food diary (two weekdays

and one weekend day) to determine everyday nutrient and

energy intake. Participants used the weights given on food

products and handy measures of cups and spoons to record

food intake which was analysed using the dietary software

program, Foodworksw Professional 2009, version 6 (Xyris

Software (Australia) Private Limited), and the mean values

were calculated. In the final week of weight maintenance,

participants again completed a 3 d food diary to measure

changes in dietary intake.

Anthropometric assessment

On the first day of the weight loss trial, anthropometric

measurements were taken in the morning after a 10 h over-

night fast and no alcohol consumption, with participants

dressed in light clothing and without shoes. Standing height

was measured to the nearest 0·1 cm using a stadiometer.

Body weight was measured to the nearest 0·1 kg using a

calibrated balance beam scale (PCS Measurement). BMI was

calculated in kg/m2 from weight and height. Waist circum-

ference (WC) was measured at the mid-point between the

lowest rib and the top of the hipbone; the hip measurement

was taken at the fullest point of the hip, as viewed from the

side. The waist:hip ratio was calculated as waist girth (cm)

divided by the hip girth (cm). FM, fat-free mass (FFM) and
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muscle mass were measured using single-frequency bio-

electrical impedance (Maltron International) and (InBody

230; Biospace Company, Limited). Under identical conditions,

these anthropometric measurements were repeated at the

end of the weight loss and weight maintenance phases.

Biochemical analyses

Blood sample collection. Fasting blood samples were col-

lected into tubes, EDTA, lithium heparin and sodium fluoride,

by venepuncture at baseline, at the end of the weight loss

phase and again at the end of weight maintenance. The

samples were prepared by centrifuging (Heraeus Biofuge Stra-

tos) for 10 min at 3000 g at 48C. Plasma samples from the EDTA

tubes were collected and stored at 2808C until further anal-

ysis. Plasma from the lithium heparin and sodium fluoride

tubes was analysed for blood lipids and blood glucose,

respectively, by Hunter Area Pathology Services.

Plasma fatty acid analysis

The plasma lipids were analysed for fatty acid composition

using an acetyl chloride methylation procedure, a modifi-

cation of the method of Lepage & Roy(22). Fatty acid methyl

esters were quantified using a GC (Hewlett Packard 6890;

Hewlett Packard) and identified by comparing peak retention

times with the retention times of synthetic standards of known

fatty acid composition (Nu Check Prep).

Analysis of inflammatory markers

ELISA kits (R&D Systems) were used to analyse inflammatory

markers. The assays used to determine plasma leptin and adi-

ponectin levels employed the quantitative sandwich enzyme

immunoassay technique with a detection limit of 15·6 pg/ml

and 3·9 ng/ml, respectively, and inter- and intra-assay CV

of less than 5·5 and 7 %, respectively. High-sensitivity ELISA

kits were used to determine levels of TNF-a (high-sensitivity

TNF-a) and IL-6 (high-sensitivity IL-6). Minimal detectable

concentration of these kits was 0·106 and 0·039 pg/ml, respec-

tively, with intra- and inter-assay CV of ,9 %. Analysis of

high-sensitivity CRP was performed using an immuno-

turbidimetric method (Hunter Area Pathology Services) with

a minimal detection level of 0·15 mg/l.

Statistical analyses

ANOVA was used to test group mean differences; and within-

group changes from baseline were determined using paired-

samples t tests. Pearson product-normal correlations (r) were

used to show relationships. Data are presented as mean

values and standard deviations, with P # 0·05 indicating

significance. All statistical analyses were carried out using

SPSS software (version 17.0; SPSS, Inc.).

Results

A total of forty participants commenced the present study

(twenty per group), but eight did not complete the study;

two reacted to the supplements, one participant relocated

to another city, one withdrew for personal reasons, one

withdrew because of a broken ankle and three participants

did not keep appointments for final measurements and

blood collection. Hence, thirty-two participants completed

the weight loss phase, eighteen in the FO group (fifteen

females and three males) and fourteen in the PB group

(eleven females and three males). Extreme outliers were

identified for high-sensitivity CRP (n 2 FO and n 2 PB) and

were excluded from the analysis of this biomarker. The

thirty-two participants continued to the weight stabilisation/

maintenance phase, but only twenty-nine completed this

phase; as three participants did not keep their appointments

for final measurements and blood collection (one female

FO, and one male and one female PB). In the weight mainten-

ance phase, other extreme outliers were identified and

excluded (n 1 PB for glucose and n 2 FO for adiponectin).

Diet

Mean energy intake of the participants before commencing

the study was 8273 (SD 1669) kJ/d for FO and 7846 (SD

2399) kJ/d for PB; the differences were not significant.

During weight loss, all participants followed a very similar

3000 kJ/d MR diet for 4 weeks. The 3 d food diaries completed

towards the end of the maintenance phase showed a mean

energy intake of 5080 (SD 1294) kJ/d for FO and 6007

(SD 1758) kJ/d for PB. Again, the differences between the

two groups were not significant.

The percentage fatty acid composition of plasma lipids

at baseline showed no significant difference between the

two groups. Supplementation with LCn-3 PUFA in FO signi-

ficantly increased EPA (C20 : 5n-3) (P,0·001) and DHA

(C22 : 6n-3) (P,0·001) (Table 1), and these increased levels

Table 1. Baseline values and changes for long-chain n-3 PUFA
(LCn3-PUFA)

(Mean values and standard deviations)

Baseline (%) 4 weeks (%)

LCn3-PUFA Mean SD Mean SD P

(20 : 5n-3) EPA (%)
FO* 1·02 0·30 2·10 0·45 ,0·001
PB† 0·88 0·26 0·78 0·37 NS

(22 : 6n-3) DHA (%)
FO* 2·05 0·54 5·35 0·93 ,0·001
PB† 2·07 0·57 2·48 0·47 NS

Ratio n-6/n-3
FO* 8·75 2·00 4·33 1·16 ,0·001
PB† 8·90 1·59 8·47 1·40 NS

Ratio 18 : 1/18 : 0
FO* 2·90 0·51 3·02 0·44 NS
PB† 2·89 0·35 3·35 0·61 ,0·01

D 0·01 0·33 ,0·05

FO, fish oil group; PB, placebo group.
* n 18.
† n 14.
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were significantly higher than those levels found in PB at the

end of weight loss (P,0·001 for both). Levels of EPA and DHA

remained significantly higher for FO than for PB at the end of

weight maintenance (P,0·001 for both).

Anthropometric measurements

Weight loss phase. At the commencement of the study,

the baseline measurements for weight, BMI, FM, FFM, waist

and hip were not significantly different between PB and

FO (Table 2). At the end of 4 weeks of weight loss, there was a

significant reduction in weight 27·7 % (26·87 kg), FM 215 %

(25·47 kg) and FFM 22·6 % (21·36 kg) in FO, (P,0·001 for

all). In PB, there were also significant reductions in weight

26·9 % (26·54 kg) and FM 213·9 % (25·53 kg) (P,0·001 for

both), and in FFM 21·8 % (21·0 kg) (P,0·02). For both FO

and PB, there was a significant reduction in WC 26·4 %

(26·53 cm) and 24·8 % (24·96 cm), respectively; and also in

hip measurement 23·7 % (24·44 cm) and 23·5 % (24·23 cm)

for FO and PB, respectively (P,0·001 for all) (Table 2). There

was no significant difference in the changes between the two

groups. Controlling for BMI using two-stage multiple regression

confirmed this result. Correlations between changes in anthro-

pometric measurements, weight loss and LCn-3PUFAwere com-

puted. There were positive, significant correlations between

weight loss and reductions to BMI and FM (P,0·001 for

FO and PB), and between weight loss and reductions to

FFM (P,0·05 FO and P,0·001 PB). There was also a positive,

significant correlation between increased levels of EPA and a

reduction in FM (P,0·02) in FO.

Weight maintenance phase. The number of participants

completing this phase reduced by two in PB to n 12, and by

one in FO to n 17. Table 2 shows the reductions in anthro-

pometric measurements during the weight maintenance

phase (week 14). For FO, there were significant reductions in

weight 21·9 % (21·69 kg), BMI 21·8 % (20·6 kg/m2)

(P¼0·01 for both), FM 25 % (21·62 kg, P¼0·03), WC 22·4 %

(22·29 cm, P¼0·003) and hip circumference 22·1 %

(22·38 cm, P#0·001). For PB, the changes from weight loss

to weight maintenance were not significant. A comparison of

changes between FO and PB showed no significant differences.

For FO, there was a positive, significant correlation between

DHA and weight loss (P¼0·02) and loss of FM (P¼0·025).

Blood biomarkers

Weight loss phase. The changes in blood lipids from base-

line to the end of weight loss (week 4) are summarised in

Table 3. For both FO and PB, there were significant reductions

in total cholesterol (TC) (P,0·001 and P#0·002, respectively),

and LDL-cholesterol (LDL-C) (P,0·05 for both), with small,

non-significant differences between the two groups. There

were positive, significant correlations between weight loss

and TC for FO (P,0·05) and PB (P#0·001), and also

between weight loss and LDL-C for FO (P,0·05) and PB

(P#0·001). For FO, there were significant reductions in TAG

(P,0·001) but not for PB. For both FO and PB, there were

significant reductions in HDL-C (P,0·01 for both). There was T
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a significant reduction in glucose for FO (P,0·05) but not for

PB. The only significant reduction observed in the inflamma-

tory biomarkers was for leptin (P,0·001 for FO and PB)

and high-sensitivity IL-6 (P,0·05) for PB (Table 3).

Weight maintenance phase. At the end of 10 weeks of

weight maintenance (week 14 in the study), there were more

changes in blood lipids for both FO and PB, as shown in

Table 3. An increase in TAG and TC was significant for FO

and PB (P,0·05 for both) and in HDL-C for PB only (P,0·01)

(Table 3). HDL-C did increase for FO, but the difference was

not significant. There was a significant decrease in levels of

high-sensitivity TNF-a and a significant increase in adiponectin

levels for FO (P # 0·05 for both) (Table 3). Other changes in

inflammatory biomarkers were non-significant apart from

leptin which increased in PB (P,0·01) (Table 3). The differ-

ences between the two groups were not significant.

Discussion

The main purpose of the present study was to investigate

whether LCn-3PUFA would assist weight loss when adminis-

tered as a supplement during a weight loss diet. To this end,

it was essential that the diet was controlled and participant

energy intake was as similar as possible to enable the

measurement of the effect of the LCn-3PUFA. By using MR,

participants were able to follow a VLED of 3000 kJ/d for 4

weeks. Dietary compliance is more favourable with MR than

with a conventional reduced energy diet because the pre-

scribed meal content is set; that is, portion sizes are predeter-

mined, food choice is largely removed and so too are the

temptations presented when preparing food. MR are also

satiating, with the effect lasting for between 3 and 5 h after

consumption(23), thus further facilitating dietary compliance.

Significant reductions in weight, FM, FFM, WC and hip

measurements for both groups in this study highlight the

efficacy of the VLED, but fail to show a significant weight

loss difference from supplementation with LCn-3PUFA,

despite the significant increase in plasma concentrations of

EPA and DHA. There is conflicting evidence on the effect

of LCn-3PUFA on weight loss. Some animal studies have

shown that supplementation with LCn-3PUFA is effective in

reducing weight and FM in mice(17) while others have

shown no significant effect(24,25). Studies involving human

subjects have also reported conflicting results. A small

number of severely obese women following a VLED reported

a significant weight loss in the group that also consumed

LCn-3PUFA (2·8 g/d n-3; EPA:DHA ¼ 2:1) compared to the

control(26). A significantly greater weight loss was observed

in males but not in females consuming an energy-restricted

diet including lean fish (0·27 g/d n-3; 0·05 g/d EPA þ 0·21 g/d

DHA, in the ratio 1:4), or fatty fish (3·0 g/d n-3; 0·77 g/d

EPA þ 1·37 g/d DHA, in the ratio 1:1·8) or LCn-3PUFA

(1·42 g/d n-3; 0·63 g/d EPA þ 0·43 g/d DHA, in the ratio

1·5:1), compared to the control(14,27). However, no significant

differences were observed when participants were given

LCn-3 PUFA supplements (1·3 g/d EPA and 2·9 g/d DHA,

in the ratio 1:2·2) in combination with a VLED(9), or with an

energy-controlled diet plus exercise (3 g/d EPA þ DHA, inT
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the ratio 5:1)(28), or with energy-controlled but not -restricted

diets (1·1 g/d EPA and 0·7 g/d DHA, in the ratio 1·6:1)(29),

(1·8 g/d n-3; 1·08 g/d EPA and 0·72 g/d DHA, in the ratio

1·5:1)(30), although there was a significantly greater decrease

in FM in the treatment groups compared to the control for

these last two studies. A significant weight gain has also

been observed in some studies when the diet of cancer

patients was supplemented with LCn-3PUFA(31).

To explain the reason for these conflicting results is difficult.

It is possible that the energy level of the diet that accompanies

supplementation could be a factor. However, in two studies

that used a VLED with LCn-3 PUFA supplementation, one

study reported a significant weight loss compared to the

control(26), while the other study reported no significant

differences(9). It is also possible that the amount of

LCn-3PUFA consumed, or the proportion of EPA to DHA

could be a contributing factor. Studies with mice have

reported that body weight and FM decrease relative to the

amount of LCn-3PUFA in the diet(16), and it has also been

shown that LCn-3PUFA prevent weight gain(16,17). Similar

findings have been reported in human subjects, with signifi-

cantly lower levels of LCn-3PUFA found in obese females

and/or males compared to healthy-weight individuals(32–34).

It would appear that the accumulation of LCn-3PUFA in the

body could be an important factor for weight management;

so we investigated this possibility in the 10-week weight

maintenance phase.

It is a commonly held belief that slow weight loss is better

preserved in the long term(35) and that large amounts of initial

weight loss lead to more weight regain(36). However, it has

also been reported that a greater initial weight loss is associ-

ated with a more significantly sustained weight loss mainten-

ance(35,37). The potential is there for a weight loss rebound

after a VLED unless new manageable and effective dietary

habits are established. In this study, the VLED was supported

with a 10-week transition period of weight maintenance using

the Australian Guide to Healthy Eating to establish healthy

eating habits while participants continued to consume the

supplements they had been allocated during the weight loss

phase. The significant decreases in weight, BMI, FM, WC

and hip measurements for FO but not for PB during this

phase would appear to support the suggestion that the

accumulation of LCn-3PUFA in the body might contribute to

weight management. This was further supported by the sig-

nificant correlations between the level of DHA and reduction

in weight, BMI and FM (P¼0·021, 0·024 and 0·025, respect-

ively) for FO during this phase.

As anticipated, weight loss had a positive influence on

blood lipids, which is highlighted by the significant relation-

ships with weight loss and reductions in TC and LDL-C in

both the FO and the PB groups. The reduction in HDL-C

levels was similar for both groups. Reductions in levels of

TC and LDL-C are associated with clinical benefits, but a

reduction in HDL-C is undesirable because of its recognised

cardioprotective effects(38). There are conflicting reports on

the effect of weight loss on HDL-C, with studies either show-

ing small increases or small decreases or no change at all(39).

Overall, it would appear that HDL-C levels decrease with

active weight loss and then increase when a stabilised reduced

weight is reached(40,41). It has been suggested that the

reduction in HDL-C occurs because lipoprotein lipase is

reduced during active weight loss, subsequently reducing

TAG-rich lipoprotein synthesis which impairs VLDL-C catabo-

lism and the transfer of lipids to HDL-C, thereby reducing

HDL-C concentrations. With the stabilisation of weight at the

reduced level, lipoprotein lipase increases as does hydrolysis

of VLDL-C and the transfer of lipids to HDL-C resumes(40).

After the 10 weeks of weight maintenance in our study,

HDL-C levels did increase for both groups, but significantly

only for the PB group, reaching a level higher than that at

baseline. Levels of TAG, TC and LDL-C also increased, prob-

ably as a consequence of resuming the consumption of

normal meals with a different fat content. However, they

remained lower than the baseline levels.

It has been reported that LCn-3PUFA have no effect on TC

levels(12,42), although there are differences of opinion on

whether LCn-3PUFA increase levels of LDL-C(42) or have no

effect(12). Recent studies(43,44) have shown that LCn-3PUFA

supplementation results in a small increase in LDL-C; however,

it is accompanied by an increase in the size of these particles

which are less atherogenic(45). It is well known that

LCn-3PUFA are effective in lowering TAG levels(46), which

supports our findings of a significant reduction in TAG in

FO only. During weight loss, there were no significant

correlations between blood lipids and EPA or DHA, though

there was for glucose which reduced significantly and was

positively and significantly correlated with EPA (P#0·05).

It would appear that weight loss and LCn-3PUFA, either

independently or combined, influenced positive changes in

the inflammatory markers. While the changes were modest,

some of the changes within the groups were significant

but, between the groups, they were not. Overall, the study

was not adequately powered to determine significance

between the groups with such small changes.

Leptin is important for the regulation of food intake, energy

expenditure and adiposity(47); and decreasing leptin levels are

associated with dietary energy restriction(48) and weight

loss(49), while a return to a regular food intake is associated

with increased leptin levels(50). Accordingly, in our study,

there was a significant decrease in plasma leptin within

both groups with dietary energy restriction and weight loss.

A return to regular food intake during maintenance saw a

significant increase in leptin for PB only, with a very modest

increase in leptin for FO, the difference between the two

groups almost reaching significance (P¼0·052), suggesting a

possible influence of LCn-3PUFA on leptin levels in the FO

group. A study by Mori et al.(51) reported that a significant

reduction in serum leptin was influenced by an interaction

between LCn-3PUFA and energy restrictions, but there were

no significant effects from LCn-3PUFA or weight loss alone.

However, the evidence on the effect of fish oil on plasma

leptin levels, in association with changes in adiposity or

independent of adipose tissue mass, shows very conflicting

results(52).

Reduced levels of CRP, a surrogate marker of CVD risk,

are directly related to a reduction in weight loss(53). However,
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in our study, there was a 2-fold greater decrease in CRP levels

for FO during the weight loss phase compared to PB, and

CRP continued to decrease during the maintenance phase

for FO while it increased for PB. This would suggest that

the greater decrease in CRP for FO could be attributed to

LCn-3PUFA. Studies investigating the effect of LCn-3PUFA on

CRP have reported conflicting results, with one study finding

that LCn-3PUFA intake but not weight loss was associated

with a significant reduction in CRP(54), and the other reporting

that LCn-3PUFA had no effect on serum concentrations of

CRP(55). Differences in the size and age of the two groups

studied and the length of the intervention could account for

the conflicting results. It has also been suggested that such

contradictory findings could be attributed to other compo-

nents in the diet, which might positively affect plasma CRP(56).

Weight loss but not the composition of the diet is reported to

be the influence in the reduction of IL-6 and TNF-a(8). However,

a study involving twenty-eight healthy subjects reported that

dietary supplementation with fish oil can suppress the pro-

duction of TNF-a(57). Our present study did not show any posi-

tive additional effects of LCn-3PUFA on changes to IL-6 or TNF-

a, which agrees with the findings of a study involving healthy,

moderately hypertriacylglycerolaemic subjects where sup-

plementation with 0·85 g EPA/d and 3·4 g DHA/d over 8 weeks

had no effect on the levels of IL-6 and TNF-a(58). It has been

suggested that, as IL-6 is secreted by adipose tissue, loss of

FM with weight loss could contribute to the reduction of

IL-6(8). Adiponectin has been reported to increase in response

to diet-induced weight loss(59), and LCn-3PUFA(54), although

the change in the latter was not significant, possibly because

of the small sample size. In our study, weight loss resulted in

an increase in adiponectin for PB but decreased for FO, with

both not being significant. There was, however, a significant

increase in adiponectin levels for FO during maintenance, indi-

cating a possible delayed influence fromLCn-3PUFA. It has been

suggested that a weight loss .10 % is needed for a significant

increase in adiponectin levels to occur(59).

The ratio of plasma 18 : 1/18 : 0 is used as a measure of

stearoyl-coenzyme A desaturase activity in humans(60) that

has been in turn been implicated in weight gain and TAG syn-

thesis. In the present study, the change in the 18:1/18:0 ratio

was significantly lower in FO compared to the PB group

(P,0·05) (Table 1). The reduction in the 18:1/18:0 ratio in

the FO group correlated negatively with change in plasma

TAG levels but not with change in BMI or body weight.

Considering that TAG levels in plasma correlate with adipose

tissue(60), future studies may examine the longer-term effects

of fish oil supplementation on body weight and FM.

In summary, it appears that short-term supplementation

with LCn-3PUFA did improve the metabolic profile of the par-

ticipants for the duration of the study, but it did not have any

influence on weight loss. There was a significant decrease in

FM for the FO group during the maintenance phase but, com-

pared to the PB group, the difference was modest. While it is

possible that this difference in FM could be attributed to sup-

plementation with LCn-3PUFA, a larger cohort of subjects

would be required to determine the significance with such

modest changes. Also, the present study does not rule out

the possibility that a deficiency of n-3 fatty acids may cause

rapid weight gain. The role of n-3 fatty acids in weight gain

has not been previously examined and is worthy of further

examination. The potential benefits of loading the body

cells/membranes with n-3 fatty acids before implementation

of the weight loss programme merits further examination.

Study limitation

A limitation of this study is the small sample size from the

reduced completion rate. More studies with a larger sample

size and possibly a longer weight stabilisation/maintenance

phase are needed to further investigate these findings.
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