/CQCZLS Obes Facts 2013;6:369-379

DOL 10 1120/0002324003 © 2013 S. Karger GmbH, Freiburg
rhe European lournalof Obestty Received: March 13, 2011 1662-4033/13/0064-0369$38.00/0

Accepted: February 2, 2012 www.karger.com/ofa

Published online: August 16, 2013

This is an Open Access article licensed under the terms of the Creative Commons Attribution-
NonCommercial 3.0 Unported license (CC BY-NC) (www.karger.com/OA-license), applicable to
the online version of the article only. Distribution permitted for non-commercial purposes only.

Original Article

N-3 Polyunsaturated Fatty Acids, Body
Fat and Inflammation

Anne-Sofie Q. Lund®*  Ann Louise Hasselbalch®  Michael Gamborg?
Kristin Skogstrand® David M. Hougaard® Berit L. Heitmann®
Kirsten O. Kyvik® Thorkild I.A. Sgrensen® Tine Jess?®

aInstitute of Preventive Medicine, Copenhagen University Hospital, P Department of
Clinical Biochemistry and Immunology, Statens Serum Institute, “Research Unit for Dietary
Studies, Institute of Preventive Medicine, 9Institute of Regional Health Services Research
and the Danish Twin Registry, Institute of Public Health, University of Southern Denmark,
Copenhagen, Denmark

Key Words
Anthropometry - Fat mass - Inflammation - Polyunsaturated fatty acids

Abstract

Background: Based on animal studies, n-3 polyunsaturated fatty acids (PUFAs) have been
suggested to lower the risk of obesity and inflammation. We aimed to investigate if, among
humans, intake of n-3 PUFAs was associated with i) total body fat, ii) body fat distribution and
iii) obesity-related inflammatory markers. Methods: The study population consisted of 1,212
healthy individuals with information on habitual food intake from food frequency question-
naires, six different measures of body fat, and levels of six circulating inflammatory markers.
Multiple linear regression analysis of intakes of PUFAs in relation to outcomes were performed
and adjusted for potential confounders. Results: Absolute n-3 PUFA intake, but not n-3/n-6,
was inversely associated with the different measures of body fat. Among n-3 PUFA derivatives,
only a-linolenic acid (ALA) was inversely associated with body fat measures. No significant
interactions with the dietary macronutrient composition were observed. Pro-inflammatory
cytokines were not associated with absolute PUFA intake, but the macrophage inflammatory
protein-la (MIP-1o) was associated with the n-3/n-6 ratio. Conclusion: In humans, intake of
n-3 PUFAs, in particular ALA, is beneficially associated with body fatness. The favourable as-
sociation is, however, not reflected in systemic levels of pro-inflammatory cytokines, nor is it
influenced by macronutrients in the diet. © 2013 S. Karger GmbH, Freiburg
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Introduction

Obesity is the most prevalent nutrition-related disorder in Westernized countries [1].
Obesity, particularly central obesity, is associated with a state of sub-clinical chronic low-
grade systemicinflammation [2, 3], induced by abnormal expression and secretion of a variety
of circulating pro- and anti-inflammatory biomarkers, the cytokines. These biomarkers are
produced by the adipose tissue (AT) and includes tumour necrosis factor alpha (TNF-a),
interleukin-6 (IL-6), interleukin-18 (IL-18) and C-reactive protein (CRP), among others [4-7].
Several studies have shown that the expression and secretion of circulating pro-inflammatory
cytokines increase with weight gain and obesity [1, 5-12], and decrease markedly with weight
loss [7, 8, 11, 13, 14]. The cytokines secreted from the obese AT are considered to be linked
directly to health consequences of obesity, such as insulin resistance (IR) and the metabolic
syndrome [1, 2]. Indeed, increased systemic inflammation is one of the major factors contrib-
uting to development of IR [15].

Among nutritional factors with a potential beneficial impact on risk of obesity and related
inflammatory processes are n-3 polyunsaturated fatty acids (PUFAs) [16]. The principal n-3
PUFA in Western diet is a-linolenic acid (ALA, 18:3(n-3)), which is found in high concentra-
tions in green leafy vegetables, flaxseeds, legumes and nuts, among others [17]. ALA can be
further metabolised to the long-chain derivatives, eicosapentaenoic acid (EPA, 20:5(n-3))
and docosahexaenoic acid (DHA, 22:6(n-3)). Dietary EPA and DHA are readily available in
significant amounts in cold-water fatty fish such as salmon, mackerel and herring, and even
in more concentrated amounts in encapsulated fish oil as supplements [16].

The association between n-3 PUFAs and body composition in healthy adults has been
subject to only a few human studies [18], without simultaneous intervention by energy-
restricted diet or other life style modification. In a small intervention trial among healthy lean
subjects, replacement of 6 g of visible fat with 6 g fish oil (n-3 PUFAs) resulted in unchanged
body weights, but a significant decrease in body fat mass [19]. Further, in a study among over-
weight/obese type 2 diabetic women, a moderate dose of n-3 PUFAs was shown to decrease
both total fat mass (mainly truncal fat mass) and subcutaneous adipocyte diameter signifi-
cantly, despite no changes in energy intake [20]. In line with this, studies in rodents have
demonstrated that incorporation of n-3 PUFAs, in particular EPA and DHA, into the diet may
result in a more favourably obesity phenotype with decreased adipose deposition and
reduction in visceral fat, in particular [21-24].

Most common western diets are, however, richer in n-6 than n-3 PUFAs, and excessive
intake of n-6 PUFAs may unfortunately attenuate the beneficial effects of n-3 PUFA. The
predominant n-6 PUFA in the diet is linoleic acid (LA, 18:2(n-6)), which is present in vege-
table oils, margarines, several fruits and vegetables, nuts, grains and seeds. LA is metabolised
to arachidonic acid (AA, 20:4(n-6)) [25].

Further, the macronutrient composition of the diet has been suggested to influence the
potential association between PUFAs and anthropometrics. Recently, a study of rodents
revealed that the associations between n-6 PUFAs (from corn oil) and body weight as well as
AT mass was modified by the balance between carbohydrates and protein in the diet [26].
The n-6 PUFAs were shown to be pro-adipogenic when combined with a diet high in carbo-
hydrates and non-adipogenic when combined with a diet high in protein.

The aim of the present study was to investigate if high intakes of n-3 PUFAs and deriva-
tives hereof among apparently healthy subjects are associated with low total body fat, body
fat distribution and systemic pro-inflammatory cytokines, and if such associations were
further influenced by the composition of macronutrients in the total diet.
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Material and Methods

Study Population

The study population derived from a cohort of 756 complete either monozygotic or dizygotic twin pairs
(of both same and opposite sex) born during 1931-1982, who were originally recruited through the popu-
lation-based nationwide Danish Twin Registry with the purpose of studying the metabolic syndrome and
related components [27, 28]. The age of the twins ranged from 18 to 67 years (mean age 38 years) when they
underwent a full 1-day clinical examination within the period of August 1997 to November 2000. At the time
of examination, subjects had no known (self-reported) diabetes, cardiovascular disease, pregnancy, breast-
feeding, alcohol or drug abuse. The study also included a progressive maximal (oxygen uptake) bicycle test.
The Danish Scientific-Ethical Committee and the Danish Data Protection Agency approved the study, and it
was conducted according to the principles and guidelines of the Helsinki Declaration in its revised version of
1975 and its amendments of 1983, 1989, and 1996.

Dietary Measurements

In relation to the clinical examination, participants filled in a comprehensive food frequency question-
naire (FFQ), initially designed for the Danish ‘European Prospective Investigation into Cancer and Nutrition’
(EPIC) study [29], and validated against two 7-day weighed diet records [30]. The FFQ included 247 foods
and recipes, and the subjects were instructed to fill in the frequency of consumption as the number of intakes
per day, week or month. The habitual dietary intake reported in the FFQ was based on a 1-month recall and
included detailed information regarding: beverage intake, breakfast products, bread and fat on bread,
products put on the bread, hot meals, accessories, vegetables, desserts, fruits, cakes, snacks and sweets, type
of fat for bread and cooking, cooking style, fast food, meal structure, dietary and organic food habits, and
dietary food supplements. Dietary calculations were made using the FoodCalc programme (Jesper Lauritsen,
Copenhagen, Denmark) [31] which is based on values from the Danish National Food Tables 1996 [32]. The
methods of ascertainment of dietary intake in this study population have been described in detail elsewhere
[33]. Dietary information was obtained from 1,212 subjects (600 complete twin pairs and 12 incomplete twin
pairs).

Based on the data collected from the FFQ, a dietary database was constructed including, among others,
total energy intake, macronutrients (given in grams, kilojoules and energy %), oils, fibre intake and calcula-
tions of the dietary intake of n-3 PUFAs and the subgroups ALA, EPA and DHA as well as intake of n-6 PUFAs.

Anthropometric Measurements

The clinical examination included measurements of height (to the nearest cm), weight (measured to the
nearest 0.1 kg on a standing beam scale), waist circumference (WC; measured with a soft tape to the nearest
0.1 cm at a point in the middle between the lowest rib and the iliac crest) and hip circumference (HC; to the
nearest 0.1 cm measured at the widest part of the glutei region). BMI of each twin was calculated as weight
(in kilograms) divided by the square of height (in meters). Further, skin fold thicknesses, to the nearest 0.1
mm, was measured at sub-scapular (n = 1,211) and supra-iliac (n = 1,212) sites on the right side of the body,
using a Harpender calliper. Measurement of skin folds were repeated three times at each measurement point,
and the mean was used to reduce risk of measurement error. The truncal skin fold thickness was calculated
as the mean of the sub-scapular and supra-iliac skin fold thicknesses (n = 1,211). Lastly, body composition
was determined by bioelectrical impedance (BI), using a BIA-103 R]L-system analyser (RJL-systems, Detroit,
MI, USA) with a 50 kHz, 800-pA device, and the instructions given by the manufacturer was followed. Body
fat assessed by BI was estimated using following equation: Fat mass (FM) = 0.819 x weight - 0.064 x sex x
weight - 0.279 (height? / R50) - 0.231 x height+ 0.077 x age + 14.941 [34], where R50 is the electrical BI
with 50 kHz, and where sex is 0 for women and 1 for men (n = 1,019). Fat-free mass (FFM) was calculated by
subtracting the FM from the body weight. Fat mass index (FMI) and fat free mass index (FFMI) were calcu-
lated as FM (kg) / height? (m?) and FFM (kg) / height? (m?), respectively.

Markers of Inflammation

In close proximity to the clinical examination, venous blood samples were collected in the morning after
an overnight 10- to 12-hour fast. The blood samples were used to measure systemic levels of CRP by ELISA
[35] and of the pro-inflammatory cytokines IL-6, IL-18, TNF-a, tumour necrosis factor receptor 1 (TNF-R1),
and macrophage inflammatory protein 1 alpha (MIP-1a) by the Luminex® xMAP technology (Luminex
Corporation, Austin, TX, USA) [36].
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Table 1. Characteristics of the
GEMINAKAR study population

Statistical Analyses

Descriptive results of the continuous variables are presented in table 1 as mean # standard deviation
(SD). Preliminary assumption testing was conducted to check for normality, linearity, outliers and homoge-
neity of variance. The associations between intake of our exposures: n-3 PUFAs, ALA, EPA, DHA, and the
n-3/n-6 ratio and each of the outcomes: BMI, WC, HC, skin folds, body fat %, FFMI, and FMI, CRP, MIP-1q,
IL-6, IL-18, TNF-a and TNF-R1 were investigated using multiple linear regression models adjusted for age
and sex (Model 1). The markers of inflammation were not normally distributed, and were log-transformed
before further analysis. Secondly, multiple linear regression analyses were performed, adjusting for
potential confounders identified in the literature: age, sex, physical fitness as measured by maximal oxygen
uptake (VO;max), current smoking and intake of alcohol (Model 2). Associations were considered statistically
significant if p < 0.05. When examining interactions between the intake of n-3 PUFAs and the macronu-
trients in the diet, the intake of carbohydrate and protein was divided into high and low intakes, respec-

tively.
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Number of  Mean + SD

observations
Demographic variables
Age, years 1,212 376115
Anthropometric measurements
Height, m 1,212 173.0+£9.1
Weight, kg 1,212 73.2+12.8
BMI, kg/m> 1,212 244+35
WC, cm 1,212 84.0+£10.5
HC, cm 1,212 97.6+8.1
Skin fold (supra-iliac), mm 1,212 14.7+7.7
Skin fold (sub-scapula), mm 1,211 175174
Total skin fold, mm 1,211 16.1£7.0
Body fat % 1,019 25.8+7.8
FFMI, kg/m? 1,019 17.8+1.8
FMI, kg/m? 1,019 6.5+2.8
Dietary measurements
Energy intake, M] 1,212 10.0+3.3
Carbohydrate, g 1,212 276.5 +£98.3
Protein, g 1,212 94.9 +32.0
Fat, g 1,212 86.6 + 35.7
n-3 PUFAs (sum of all), g 1,212 27114
n-6 PUFAs (sum of all), g 1,212 104t 4.6
ALA, g 1,212 1.8+1.1
EPA, g 1,212 0.2x0.2
DHA, g 1,212 0.5%0.3
Pro-inflammatory cytokines
CRP, ug/ml 1,040 21437
MIP-1a, pg/ml 1,087 448.2+479.7
IL-6, ug/ml 1,088 354.6 £585.3
IL-18, ug/ml 1,087 492.9 +468.8
TNF-R1, ug/ml 1,088 1,794.4£1,362.4
TNF-o, ng/ml 1,088 48.5+134.1
Other variables
Physical fitness (VOyay), | 1,169 2510.7
Alcohol intake, g 1,212 13.5+17.3
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Since the participants in the sample were members of twin pairs and hence to adjust for the mutual
dependency of the twin individuals constituting a twin pair, i.e. allowing for twin correlation, a twin cluster
method was applied in the analyses.

The statistical analyses were carried out using Stata 9.2 (StataCorp LP, College Station, TX, USA).

Results

The study population consisted of 1,212 individuals, with a mean age of 37.6 years at the
time of the clinical examination (table 1). Subjects had a mean BMI within the normal range
(24.4 + 3.5 kg/m?), a mean body fat % of 25.8 + 7.8% and a mean FMI of 6.5 + 2.8 kg/m?. The
mean intake of total n-3 PUFAs was 2.7 + 1.4 g/day while the total intake of n-6 PUFAs was
10.4 + 4.6 g/day. Mean intakes of the investigated sub-groups of the n-3 PUFAs appear from
table 1. The mean level of CRP was 2.1 + 3.7 pg/ml.

PUFAs and Body Fat

Age- and sex-adjusted linear regression analyses revealed inverse associations between
intake of n-3 PUFAs and several measures of body fat (Model 1). In Model 1, intake of n-3
PUFAs was significantly associated with BMI, WC, HC and skin folds. Further adjustment for
potential confounders (physical fitness, smoking and alcohol intake, i.e., Model 2) resulted in
statistically significant inverse associations with all measures of body fat except for FFMI
(table 2). The ratio of n-3/n-6 PUFA intake was not significantly associated with measures of
body fat (table 2).

ALA, EPA, and DHA and Body Fat

Similar to what was observed for the overall intake of n-3 PUFAs, ALA was inversely asso-
ciated with all the anthropometric measures, except for FFMI (Models 1 and 2; table 3). No
significant association between intake of EPA and anthropometry was found. Similarly, no
significant association between intake of DHA and anthropometry was observed, except for
an inverse association between intake of DHA and FFMI in Model 2 (table 3).

PUFAs and Pro-Inflammatory Markers

No significant associations between consumption of n-3 PUFAs and the assessed markers
of inflammation were observed (data not shown). Further, no significant associations with
markers of inflammation were found when the separate intake of ALA, EPA and DHA was
regarded as exposure. This was also the case when using the ratio of n-3/n-6 as exposure,
except for a significant inverse association between intake of n-3/n-6 and MIP-1a (f -1.37
ug/ml; 95% CI -2.52; -0.22 ug/ml) (fig. 1). In order to assess whether this was just a by
chance observation, we retested the association by use of sub groups of the n-3 PUFAs (ALA,
EPA and DHA) divided by n-6. A consistent significant inverse association between ALA/n-6
and MIP-1a was detected (ff -1.93 pg/ml; 95% CI -3.68; -0.18 ug/ml). We did not observe a
significant association between MIP-1a and the selected measures of body fat (data not
shown).

Interaction between Macronutrients and Intake of n-3 PUFAs

Regarding the potential impact of intake of macronutrients (protein and carbohydrates)
in the diet on the association between n-3 intake and anthropometry, interaction analyses
(based on Model 2) revealed no significant associations.
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Table 2. Multiple linear regression models, displaying the associations between the exposures n-3 PUFAs

and n-3/n-6, and the anthropometric outcomes

n-3 B (95% CI)

n-3/n-6 B (95% CI)

BMI, kg/m>
Model 1
Model 2
WC, cm
Model 1
Model 2
HC, cm
Model 1
Model 2
Skin fold (supra-iliac), mm
Model 1
Model 2
Skin fold (sub-scapula), mm
Model 1
Model 2
Total skin fold (truncal), mm
Model 1
Model 2
Body fat %
Model 1
Model 2
FFMI, kg/m?
Model 1
Model 2
FMI, kg/m?
Model 1
Model 2

-0.21 (~0.35;-0.07)*
-0.24 (-0.38; -0.10)*

-0.48 (~0.84;-0.13)*
-0.52 (~0.90;-0.15)*

-0.35 (-0.69;-0.02)*
-0.35 (~0.70;-0.01)*

-0.45 (-0.75;-0.15)*
-0.43 (-0.74;-0.11)*

-0.53 (~0.81;-0.25)*
-0.54 (-0.83; -0.25)*

-0.49 (-0.76;-0.22)*
-0.48 (-0.77;-0.20)*

-0.24 (-0.51; 0.02)
-0.31 (-0.59;-0.03)*

-0.03 (-0.09; 0.02)
-0.04 (-0.10; 0.02)

-0.09 (-0.20; 0.01)
-0.11 (-0.22; -0.01)*

-0.70 (-2.70; 1.30)
-0.58 (-2.64; 1.49)

-2.57 (-7.76; 2.62)
-2.50 (-7.84; 2.84)

1.17 (-3.71; 6.05)
2.54 (-2.38; 7.46)

2.03 (-2.85; 6.90)
1.76 (-3.12; 6.64)

0.22 (-3.91; 4.35)
-0.47 (-4.62; 3.69)

1.14 (-3.07; 5.36)
0.67 (-3.46; 5.07)

-0.47 (-4.10; 3.16)
-0.59 (-4.33; 3.15)

-0.49 (-1.25; 0.26)
-0.41 (-1.21; 0.40)

-0.14 (-1.70; 1.42)
-0.13 (-1.73; 1.47)

Model 1: adjusted for age and sex.

Model 2: adjusted for age, sex, physical fitness, smoking and alcohol intake.

*Confidence interval excluding 0 (p < 0.05).

350

300

MIP-1 ¢, (ug/ml)

[ze]
(43
T

200

Predictive Margins with 95% Cls

Fig. 1. Inverse association be-
tween intake of n-3/n-6 ratio and
MIP-1a.

KARGER

T
0.20 0.25 0.30
PUFA: n-3/n-6 ratio

374


http://dx.doi.org/10.1159%2F000354663

/EGZCZLS Obes Facts 2013;6:369-379

The European Journal of Obesity DOIL 19.1129/000324003 © 2013 S. Karger GmbH, Freiburg
www.karger.com/ofa

Lund et al.: N-3 Polyunsaturated Fatty Acids, Body Fat and Inflammation

Table 3. Multiple linear regression models, displaying the associations between the exposures ALA, EPA,
DHA and the anthropometric outcomes

ALA B (95% CI)  EPA B (95% CI) DHA B (95% CI)

BMI, kg/m>

Model 1 -0.31 (-0.49;-0.12)* -0.27 (-1.28;0.73)  -0.37 (-0.95; 0.21)

Model 2 -0.31 (~0.45;-0.13)* -0.60 (~1.71; 0.51) -0.58 (~1.18; 0.03)
WC, cm

Model 1 -0.60 (-1.06;-0.14)* -1.51 (-4.22;1.20)  -1.50 (-3.03; 0.03)

Model 2 -0.62 (-1.10; -0.15)* -1.67 (~4.91; 1.58) -1.73 (-3.46; 0.01)
HC, cm

Model 1 -0.65 (~1.08;-0.22)* 1.05 (~1.36; 3.45) 0.26 (-1.13; 1.65)

Model 2 -0.64 (-1.07; -0.21)* 1.53 (~0.93; 4.00) 0.32 (-1.12; 1.77)
Skin fold (supra-iliac), mm

Model 1 -0.78 (-1.16;-0.41)* 0.76 (~1.97; 3.50) 0.00 (-1.42; 1.42)

Model 2 -0.81 (-1.20; -0.42)* 2.01 (-0.87; 4.88) 0.57 (~0.90; 2.03)
Skin fold (sub-scapula), mm

Model 1 -0.72 (-1.09;-0.35)* -1.28 (-3.47; 0.91) -1.06 (-2.27; 0.14)

Model 2 -0.77 (-1.15; 0.39)* -0.59 (-2.84; 1.65) -0.76 (-1.99; 0.47)
Total skin fold (truncal), mm

Model 1 -0.75 (-1.10;-0.41)* -0.26 (~2.58; 2.06) -0.54 (-1.76; 0.69)

Model 2 -0.79 (-1.15; -0.23)* 0.70 (-1.67; 3.08) -0.10 (-1.35; 1.14)
Body fat %

Model 1 ~0.42 (-0.78;-0.07)* 0.46 (-1.25; 2.17) ~0.07 (-1.12; 0.98)

Model 2 ~0.47 (-0.84; -0.11)* 0.11 (-1.90; 2.11) -0.37 (-1.51; 0.78)
FEMI, kg/m?

Model 1 -0.03 (-0.11;0.04) -0.17 (-0.56;0.23)  -0.14 (-0.37; 0.08)

Model 2 -0.03 (-0.10; 0.05)  -0.33 (~0.74; 0.09) -0.24 (-0.47; -0.01)*
FMLI, kg/m?

Model 1 -0.15 (-0.28;-0.01)* 0.06 (-0.68; 0.79) -0.12 (-0.55;0.31)

Model 2 -0.16 (~0.30;-0.02)* -0.09 (~0.93; 0.76) -0.23 (-0.70; 0.22)

Model 1: adjusted for age and sex.
Model 2: adjusted for age, sex, physical fitness, smoking and alcohol intake.
*Confidence interval excluding 0 (p < 0.05).

Discussion

In the present study of 1,212 Danish adults with detailed information on food intake,
anthropometric measures and levels of pro-inflammatory markers, we found that high intakes
of n-3 PUFAs and in particular ALA were associated with lower levels of body fat measured
as BMI, WC, HC, truncal skin folds, body fat %, and FMI, whereas no association was found for
FFMI. Macronutrient composition of the diet did not influence these associations. The asso-
ciation between intake of PUFAs and anthropometry was not paralleled by a beneficial effect
on pro-inflammatory markers.

A recent comprehensive review of the impact of diet and physical activity on obesity in
humans [37] did not evaluate the effect of n-3 PUFAs on fatness, apparently due to lack of
observational studies on the subject. However, several studies in rodents have shown that n-3
PUFAs may influence body composition and obesity. These studies have shown thatincreased
intake of n-3 PUFAs may decrease fataccumulation, mainly visceral fat, when fed on a high-fat
diet[22, 24] and reduce body weight when already obese [38]. The mechanisms by which n-3
PUFAs are proposed to influence body fat in a positive manner are not well understood [18].
It has been suggested that n-3 PUFAs, in particular EPA and DHA, may activate a metabolic
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change in adipocytes including an increased B-oxidation and suppressed lipogenesis in
abdominal fat [21], that n-3 PUFAs may reduce fat accumulation via a reduced adipocyte
hypertrophy [22, 24, 39] or that n-3 PUFAs may induce apoptosis in the AT [22]. In addition,
the balance between energy intake and expenditure may be affected in a positive manner by
intake of n-3 PUFAs. In a study with high-fat fed rats, supplementation with EPA resulted in
a decrease in food intake [22]. Still, further studies in humans are warranted to clarify the
mechanisms and to confirm the potential health-promoting effects of n-3 PUFAs on obesity.

In the present study, we did not find any consistent significant associations between
intake of either EPA or DHA and anthropometric outcomes. These findings are in contrast to
other findings from the literature. For instance, in a cross-sectional study of normal-weight,
overweight and obese men and women, a significant inverse association was found between
plasma concentrations of n-3 PUFAs and BMI, WC as well as HC. In addition, another study
found that total n-3 PUFAs, EPA, and DHA were inversely associated with BMI, WC and HC in
the obese subjects [40]. The lack of associations in the present study may be due to the low
mean intakes of EPA and DHA as well as the low variation in intakes in the study population.

In contrast to the above mentioned studies, including the present, where beneficial asso-
ciations between n-3 PUFAs and anthropometry were observed, a study of 26 overweight or
moderately obese men and women did not show any significant association between a diet
rich in n-3 PUFAs and body weight, fat mass as well as energy expenditure [41, 42].

The balance between intake of total n-3 and n-6 PUFAs has been suggested to be a more
important determinant of health, especially cardiovascular health, than the absolute intake
of n-3 and n-6 PUFAs. A low ratio of n-3/n-6, resulting either from a very low intake of n-3
PUFAs and/or excessive intake of n-6 PUFAs is a potential risk factor for cardiovascular
disease and inflammatory disorders [43]. The optimal ratio of n-3 to n-6 PUFAs in a balanced
healthy diet has been proposed to be 1:4, or even closer to 1, but in western diets the ratio
varies in the range between 1:15 and 1:20 [43]. We also investigated if the ratio of n-3/n-6
PUFAs was associated with obesity phenotypes, but did not observe any associations. The
ratio of n-3/n-6 PUFAs in the present study was almost 1:4, what is quite unusual for a typical
western diet, and this could be a possible reason for why we did not observe any associations.
Alternatively, as for many other non-energy-yielding nutrients, the absolute intake of n-3
PUFAs and ALA may be more important to consider in a healthy diet than the ratio with n-6
in relation to development of obesity. Further and preferably longitudinal studies in humans
- also of the relation between n-6 intakes per se and fatness among humans - should be
undertaken to elucidate this aspect.

Regarding the potential impact of macronutrient composition in the diet on the influence
of PUFAs on obesity [26], we examined the hypothesis that a diet high in carbohydrates may
negatively influence the advantageous properties of n-3 PUFAs in relation to obesity, whereas
adiet high in protein may enhance the beneficial influence of an increased intake of n-3 PUFAs,
resulting in a lower grade of obesity. However, our analyses revealed no interactions between
macronutrients and n-3 PUFAs in relation to anthropometry. Hence, further studies in humans
are warranted to confirm or reject the hypothesis generated from animal experiments.

In the present study, a tendency towards a positive effect of intake of n-3 PUFAs on MIP-1«
was observed. The lack of an effect on typical markers of inflammation, such as CRP and TNF-q,
probably could be explained by the fact that, with a mean BMI within the normal range, too
few individuals had measurable obesity-related systemic low-grade inflammation. In a study
of overweight subjects (BMI 28.6 + 10.4 kg/m?), the secretion of pro-inflammatory cytokines
from abdominal subcutaneous AT was significantly elevated in very large adipocytes compared
with small or medium adipocytes from the same individual [44]. MIP-1a is one of a number of
chemokines more recently shown to correlate positively to central fat mass [45], but to our
knowledge no previous studies have assessed the potential effect of nutrients on levels of
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MIP-1a. While we did observe a persisting association between MIP-1a and not only n-3/n-6
ratio but also subgroups hereof, we did not confirm a strong association between MIP-1a and
measures of fat mass. Both of these new observations warrant further investigation.

The primary strength of the present study was the assessment of an unselected study
population counting more than 1,000 individuals and with more anthropometric measure-
ments than in any of the few previous studies of the impact of PUFAs on obesity in humans.
Further, we had detailed information on habitual dietary intake as well as on a number of
potential confounders.

A potential limitation to the study was the cross-sectional design, which did not allow us
to test the temporal direction between intake of PUFAs and body fat mass and body fat distri-
bution. However, in line with evidence from animal studies, it seems more likely that low n-3
PUFA intakes result in fatness, rather than the opposite scenario, where fatness should lead
to a decrease in intake of n-3 PUFA. Another potential limitation of the study was the esti-
mation of dietary intakes of n-3 and n-6 PUFAs based on self-administrated FFQ, which in a
validation using dietary records for comparison has shown to underestimate intakes of total
energy, protein and PUFAs. However, this observation would only bias associations in the
present study if reporting of intake of PUFAs depended on the level of obesity and thatis more
likely the case for intake of for example saturated fatty acids. Also, underreporting, if present,
would only be expected to limit the interpretation of absolute levels of PUFA intake. Lastly,
we acknowledge that analyses are based on a study population assessed almost a decade ago.
However, despite potential changes in content of PUFAs in foods since then, physiological
relations between PUFAs and fatness (factors which were assessed simultaneously) are not
likely to have changed over time.

In conclusion, the present study in humans suggests that intake of both total n-3 PUFAs
and ALA is inversely associated with most measures of body fat and level of MIP-1«, but
notably not with other markers of systematic inflammation among healthy subjects. We could
not confirm the hypothesis that increased intake of protein enhances the beneficial effects of
n-3 PUFAs on anthropometry or thatincreased intake of carbohydrate eliminates these effects.
Follow-up studies in humans are needed to confirm the beneficial effect of n-3 PUFAs on
fatness and to further address a potential effect-modifying role of macronutrients in the diet.
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