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Abstract

Previous studies have suggested that the intake of trans-fatty acids (TFA) plays a role in the development of obesity. The proportions of

adipose tissue fatty acids not synthesised endogenously in humans, such as TFA, usually correlate well with the dietary intake. Hence, the

use of these biomarkers may provide a more accurate measure of habitual TFA intake than that obtained with dietary questionnaires. The

objective of the present study was to investigate the associations between the proportions of specific TFA in adipose tissue and subsequent

changes in weight and waist circumference (WC). The relative content of fatty acids in adipose tissue biopsies from a random sample of

996 men and women aged 50–64 years drawn from a Danish cohort study was determined by GC. Baseline data on weight, WC and poten-

tial confounders were available together with information on weight and WC 5 years after enrolment. The exposure measures were total

trans-octadecenoic acids (18 : 1t), 18 : 1 D6-10t, vaccenic acid (18 : 1 D11t) and rumenic acid (18 : 2 D9c, 11t). Data were analysed using mul-

tiple regression with cubic spline modelling. The median proportion of total adipose tissue 18 : 1t was 1·52 % (90 % central range 0·98, 2·19)

in men and 1·47 % (1·01, 2·19) in women. No significant associations were observed between the proportions of total 18 : 1t, 18 : 1 D6-10t,

vaccenic acid or rumenic acid and changes in weight or WC. The present study suggests that the proportions of specific TFA in adipose

tissue are not associated with subsequent changes in weight or WC within the exposure range observed in this population.
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Previous studies have suggested that trans-fatty acids (TFA)

play a role in the development of obesity(1). TFA are un-

saturated fatty acids with at least one double bond in the

trans-configuration, and they are formed either by industrial

hydrogenation or by biohydrogenation in ruminants. TFA

from both industrial and ruminant sources mainly contain

trans-isomers of octadecenoic acid (18 : 1), but the distribution

of isomers differs between the two sources(2). In industrially

partially hydrogenated oils, elaidic acid (18 : 1 D9t) is the

most abundant TFA, but 18 : 1 D10t is also present in relatively

large amounts. In contrast, dairy and meat products from rumi-

nants mainly contain vaccenic acid (18 : 1 D11t). In addition,

rumenic acid (18 : 2 D9c, 11t), an isomer of conjugated linoleic

acid (CLA), is present in TFA from ruminant sources. Vaccenic

acid can also be converted into rumenic acid endogenously in

humans(3,4). Several animal studies have shown that feeding

CLA reduces body weight and fat depositions, but the results

from human studies are inconsistent(5,6).

Positive associations between total reported intake of TFA

and changes in weight and waist circumference (WC) have

been found by two large American cohort studies(7,8). In a

previous study, we observed a weak inverse association of

ruminant TFA intake with weight change, but not with WC

change(9). A cross-sectional study of the associations between
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Abbreviations: CLA, conjugated linoleic acid; TFA, trans-fatty acids; WC, waist circumference; WCBMI, changes in waist circumference adjusted for

concurrent changes in BMI; WeightWC, changes in weight adjusted for concurrent changes in waist circumference.
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adipose tissue TFA and different anthropometric measures has

suggested that the individual TFA may have divergent effects

on adiposity(10).

Biomarkers of the dietary intake of TFA may provide a more

accurate measure of habitual TFA intake than that obtained

with dietary questionnaires(11). The content of fatty acids in

adipose tissue reflects the dietary intake of fatty acids during

the last couple of years(12), and the proportions of adipose

tissue fatty acids not synthesised endogenously in humans,

such as TFA, tend to correlate well with the reported habitual

dietary intake(13,14).

In epidemiological studies of TFA and CVD, the intake of

TFA from industrial sources has been shown to be associated

with higher risks, whereas that of TFA from ruminant sources

did not exhibit such an association(15,16). This may be due to

different biological effects of specific TFA isomers or to a

threshold effect of TFA, since TFA of industrial origin are

usually consumed in much greater amounts than TFA from

ruminant sources.

The aim of the present study was to investigate the associ-

ations between the proportions of specific TFA in adipose

tissue and subsequent changes in body weight and WC.

Materials and methods

Study population and design

From December 1993 to May 1997, all men and women, born

in Denmark, aged 50–64 years, living in the greater Aarhus or

Copenhagen areas, and with no previous cancer diagnosis

registered in the Danish Cancer Registry were invited to

participate in the Danish Diet, Cancer and Health study

(n 160 725). In total, 57 053 (35 %) participants were recruited,

and for the present study, a random sample of 1869 cohort

members was drawn using simple random sampling.

At baseline, the participants completed a FFQ about their

dietary intake during the previous year and a self-administered

questionnaire about lifestyle and sociodemographic factors

and health. The participants underwent a physical exami-

nation at the study clinics in Aarhus or Copenhagen, and

biological samples were collected. Follow-up information was

collected through postal questionnaires between September

1999 and October 2002. The Danish Data Protection Agency

and the regional Ethics Committee approved the study,

which was in accordance with the Helsinki Declaration II,

and the participants gave written consent before enrolment

in the study. The study design and measurement procedures

have been described in detail elsewhere(17).

Adipose tissue analysis

A 35–50 mg adipose tissue biopsy was taken from the

buttocks of the participants at enrolment using a luer-

lock system (Terumo, Terumo Corporation) consisting of a

needle, a Venoject multisample luer adaptor and an evacuated

blood tube, according to the method of Beynen & Katan(18),

and stored in liquid N2 vapour (maximum 21508C) in

the original needle and sample adapter until analysis. The

biopsies taken from participants in the random sample were

thawed, and approximately 2–4 mg were put into a glass

and prewarmed at 508C for 10 min. Subsequently, the fat

was dissolved in heptane at 508C, and the fatty acids were

transesterified using 2 M-KOH in methanol at 508C for 2 min,

according to International Union of Pure and Applied

Chemistry (IUPAC) Standard Methods for Analysis of Oils,

Fats and Derivatives. The composition of fatty acids was

analysed by GC using a Varian 3900 GC with a CP-8400

autosampler (Varian) equipped with a flame ionisation detec-

tor. Split injection mode (injector temperature 2808C and split

ratio 1:20), a CP-sil 88, 60 m £ 0·25 mm internal diameter capil-

lary column (Varian), temperature programming from 90 to

2108C, increasing with 68C/min, and constant flow were

used. Helium was used as the carrier gas. Commercially avail-

able standards (Nu-chek-Prep, Inc.) were used to identify the

individual fatty acids. This approach permits the quantification

of fatty acid methyl esters with twelve to twenty-four carbon

atoms and the separation and quantification of several TFA.

The content of fatty acids is expressed as percentages of

total fatty acids (wt%). The following specific TFA were

determined: trans-6 (þ trans-8)-18 : 1 (18 : 1 D6t(þD8t));

trans-9-18 : 1 (18 : 1 D9t) (elaidic acid); trans-10-18 : 1 (18 : 1

D10t); trans-11-18 : 1 (18 : 1 D11t) (vaccenic acid); cis-9,

trans-11-18 : 2 (18 : 2 D9c, 11t) (rumenic acid). The inter-

assay CV for the determination of the trans-18 : 1 positional

isomers were between 3·7 % (elaidic acid) and 7·1 % (vaccenic

acid), and the inter-assay CV for the determination of rumenic

acid was 2·9 %.

The fatty acids 18 : 1 D6t(þD8t), 18 : 1 D9t and 18 : 1 D10t

share the same main dietary source (industrially partially

hydrogenated oils), and the pairwise correlations between

them were between 0·90 and 0·92. Therefore, we decided to

merge these positional TFA isomers into one exposure cat-

egory labelled 18 : 1 D6-10t. In contrast, the main dietary

source for the fatty acid 18 : 1 D11t is ruminant products, and

the correlations between this fatty acid and the other 18 : 1

trans-isomers were much lower (0·42–0·55). Total trans-

18 : 1 (18 : 1t) was defined as 18 : 1 D6-10t þ 18 : 1 D11t.

Anthropometric measures

Baseline measurements of height, weight and WC were taken

by laboratory technicians. Height was measured with the par-

ticipants standing without shoes and recorded to the nearest

0·5 cm, and weight was measured with a digital scale with

the participants wearing light underwear and recorded to

the nearest 100 g. WC was measured at the narrowest circum-

ference between the lower rib and the iliac crest (the natural

waist) or, if waist narrowing was indeterminable, halfway

between the lower rib and the iliac crest and recorded to

the nearest 0·5 cm. Follow-up weight and WC were self-

reported. A measuring tape was provided with the postal

questionnaires and the participants were instructed to

measure their WC at the umbilicus level.

The outcomes in the present study were defined as average

annual changes in body weight and WC, which were calcu-

lated by subtracting the baseline values from the follow-up
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values and dividing these differences by the duration of

follow-up time. In addition, we studied changes in WC for

given changes in BMI (WCBMI) defined as a linear regression

model with change in WC as the outcome and concurrent

change in BMI included as a covariate. Similarly, we also

studied changes in weight adjusted for concurrent changes

in WC (WeightWC).

Exclusion criteria

Participants who had incomplete questionnaires with mul-

tiple errors and participants for whom data on follow-up

time, adipose tissue TFA, weight, WC or any of the potential

confounders were missing were excluded (Fig. 1). Further-

more, participants with relative changes in weight or WC

below the sex-specific 1st percentile or above the 99th per-

centile were excluded due to potential measurement errors.

Individuals diagnosed with chronic diseases might change

their dietary habits and there may be alterations in their

body composition as a result of these changes or as a result

of the disease itself. Therefore, participants who had one of

the following chronic diseases at baseline or at follow-up

were excluded: cancer; CVD; chronic obstructive pulmonary

disease; diabetes. Diagnoses of cancer were identified by

record linkage to the Danish Cancer Registry(19). Diagnoses

of CVD and chronic obstructive pulmonary disease were

Invited 1993–1997
n 160725

Participation at baseline
n 57 053 (35 %)

Random sample
n 1869

Excluded due to cancer (processing delay)
n 12

Died
n 52

Did not respond
n 199

Excluded due to insufficient questionnaires
n 21

Missing values on adipose tissue TFA
n 111

Excluded due to extreme values on changes in
weight or waist circumference

n 41

Excluded due to cancer, CVD,
chronic obstructive pulmonary disease or diabetes

n 280

Participants in the present study
n 996 (49 % women)

Excluded due to missing values on confounders
n 29

Excluded due to missing values on follow-up time
n 4

Participation at follow-up 1999–2002
n 1498

Did not wish to participate
n 90

Emigrated or disappeared
n 18

Eligible for invitation to follow-up 1999–2002
n 1787

Missing values on weight or waist circumference
n 16

Fig. 1. Flow chart of the study population. TFA, trans-fatty acids.
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identified by record linkage to the Danish National Patient

Registry(20). For diabetes, diagnoses were either self-reported

or identified by record linkage to the Danish National Diabetes

Register(21).

Statistical analyses

The associations between the proportions of adipose tissue

TFA and average annual changes in weight, WC, WCBMI and

WeightWC were studied using multiple linear regression. Ana-

lyses were carried out for all the participants and separately

for each sex. The following variables were included as covari-

ates in the model: sex; age; baseline BMI; change in BMI (only

in the analysis of change in WCBMI); baseline WC (only in the

analyses of changes in WC, WCBMI and WeightWC); change in

WC (only in the analysis of change in WeightWC); smoking

(never, former, current ,15 g/d, current 15–25 g/d, current

.25 g/d); alcohol intake (g/d); sports activity (h/week);

education (7 years or less, 8–10 years, more than 10 years);

menopausal status (in women; pre, post, unknown); current

use of hormone replacement therapy (in women; yes, no).

The fatty acid variables 18 : 1 D6-10t, 18 : 1 D11t and 18 : 2

D9c, 11t were also analysed in a mutually adjusted model con-

taining the potential confounders included in the main model.

All the continuous covariates were included as restricted

cubic splines with three knots at the 10th, 50th and 90th per-

centiles(22,23). The data were modelled using restricted cubic

splines to be able to observe non-linear and threshold effects

of TFA. Associations were considered to be significant if at

least one of the spline parameters differed significantly from

zero assessed by the Wald test. The associations between

the proportions of adipose tissue TFA and changes in anthro-

pometry were considered to be non-linear if the last spline

parameter differed significantly from zero assessed by the

Wald test. If the test of non-linearity was rejected, linear

regression coefficients for the associations between the pro-

portions of adipose tissue TFA and changes in anthropometry

were provided. Two-sided P values below 0·05 were con-

sidered to be statistically significant.

Effect modification by sex was formally tested using a

likelihood ratio test of nested models with and without the

relevant product terms. The observed associations in men

and women did not differ substantially, and none of the

tests was statistically significant. Therefore, only results from

the analyses of all the participants are presented.

Table 1. Characteristics of the study population

(Median values with 5th and 95th percentiles)

Men (n 512) Women (n 484)

Median 5th and 95th percentile Median 5th and 95th percentile

Age (years) 55·6 50·8–64·2 55·5 50·7–63·5
Weight at baseline (kg) 81·2 66·3–103·7 65·8 52·8–87·5
Annual change in weight (g) 73 21151–1288 219 21253–1098
WC at baseline 95 82–110 78 67–100
Annual change in WC (cm) 0·6 21·2–2·3 1·3 20·8–3·5
Height (m) 1·76 1·66–1·88 1·65 1·55–1·74
BMI at baseline (kg/m2) 26·2 22·0–31·7 24·3 19·8–32·0
Adipose tissue TFA (% of fatty acids)

Total trans-18 : 1 1·52 0·98–2·19 1·47 1·01–2·19
18 : 1 D6-10t 1·17 0·72–1·74 1·13 0·74–1·71
18 : 1 D6 (þD8t) 0·29 0·17–0·46 0·29 0·18–0·45
18 : 1 D9t 0·55 0·34–0·84 0·52 0·34–0·81
18 : 1 D10t 0·33 0·21–0·47 0·32 0·22–0·45
18 : 1 D11t 0·31 0·18–0·43 0·29 0·18–0·43

18 : 2 D9c, 11t 0·43 0·29–0·57 0·46 0·32–0·63
Sports activity (h/week) 1 0–6 1 0–4
Smoking (%)

Never 30 46
Former 36 22
Current 34 32

Alcohol intake (g/d) 20·4 2·2–71·4 9·8 0·8–39·3
Education (%)

# 7 years 30 29
8–10 years 42 52
. 10 years 28 19

Menopausal status (%)
Pre – 20
Post – 58
Unknown – 22

Use of HRT (%)
No – 69
Yes – 31

WC, waist circumference; TFA, trans-fatty acids; HRT, hormone replacement therapy.
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Residual v. fitted plots were used to check the assumption

of homogeneity of variance. Histograms and P–P plots of

the residuals for each model were used to check the assum-

ption of normally distributed error terms. No violations

were found.

Data analyses were carried out using the Stata statistical soft-

ware, version 11.2 (Stata Corporation).

Results

A flow chart of the study population is shown in Fig. 1. Among

the 1869 subjects sampled at baseline, twelve were later

excluded due to a cancer diagnosis before recruitment,

which, due to processing delays, had not been registered in

the Danish Cancer Registry at the time of invitation. Between

baseline and follow-up, seventy individuals died or were lost

to follow-up and 289 individuals did not respond or did not

wish to participate at the follow-up. Among the 1498

participants who participated at follow-up, exclusions were

made according to the criteria described earlier. This left 996

subjects free from major illnesses and with complete data on

exposures, outcomes and potential confounders to be

included in the analyses.

The characteristics of the study participants are given in

Table 1. The median proportion of total adipose tissue 18 : 1t

was 1·52 % (90 % central range 0·98, 2·19) in men and 1·47 %

(90 % central range 1·01, 2·19) in women. The median

annual weight change was 73 g (90 % central range 21151,

1288) in men and 219 g (90 % central range 21253, 1098)

in women, whereas the median annual WC change was

0·6 cm (90 % central range 21·2, 2·3) in men and 1·3 cm

(90 % central range 20·8, 3·5) in women.

Change in weight

No significant associations were observed between the adi-

pose tissue levels of total 18 : 1t or 18 : 1 D6-10t and changes

in weight (P¼0·11 and P¼0·10, respectively) (Fig. 2). Simi-

larly, no significant results were obtained for vaccenic acid

or rumenic acid (P¼0·48 and P¼0·46, respectively) (Fig. 2).

The analysis of 18 : 1 D6-10t, vaccenic acid and rumenic acid

in a mutually adjusted model did not change the observed

associations substantially (data not shown). None of the

tests of non-linearity was statistically significant, and linear

regression coefficients for the associations between the pro-

portions of adipose tissue TFA and changes in weight are

given in Table 2.

200
(a) (b)

(c) (d)

100

0

–100

–200

–300

200

100

–100

0

–200

–300

A
ve

ra
g

e 
an

n
u

al
ch

an
g

e 
in

 w
ei

g
h

t 
(g

)

A
ve

ra
g

e 
an

n
u

al
ch

an
g

e 
in

 w
ei

g
h

t 
(g

)

200

100

–100

0

–200

–300

A
ve

ra
g

e 
an

n
u

al
ch

an
g

e 
in

 w
ei

g
h

t 
(g

)

200

100

–100

0

–200

–300

A
ve

ra
g

e 
an

n
u

al
ch

an
g

e 
in

 w
ei

g
h

t 
(g

)

1·0 1·2 1·4 1·6 1·8 1·00·8 1·2 1·4 1·6 1·8
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Fig. 2. Proportion of adipose tissue trans-fatty acids and average annual change in body weight. The solid lines are the exposure variables modelled with

restricted cubic splines with three knots and the shaded areas are the 95 % CI. Adjustments: sex; age; baseline BMI; smoking; alcohol intake; sports activity; edu-

cation; menopausal status (only women); current use of hormone replacement therapy (only women). P values from the test of association: (a) total trans-18 : 1

(P¼0·11); (b) 18 : 1D6-10t (P¼0·10); (c) vaccenic acid (P¼0·48); (d) rumenic acid (P¼0·46).
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Changes in weight adjusted for concurrent changes in

waist circumference

Neither the adipose tissue level of total 18 : 1t nor that of any

of the specific TFA was significantly associated with changes

in WeightWC (Fig. S1 and Table S1, available online).

Change in waist circumference

No significant associations were observed between the adi-

pose tissue levels of total 18 : 1t, 18 : 1 D6-10t, vaccenic acid

or rumenic acid and changes in WC (P values: 0·63, 0·68,

0·58 and 0·66) (Fig. 3). The analysis of the specific TFA in a

mutually adjusted model did not change the observed asso-

ciations substantially (data not shown). None of the tests of

non-linearity was statistically significant, and linear regression

coefficients for the associations between the proportions of

adipose tissue TFA and change in WC are given in Table 2.

Changes in waist circumference adjusted for concurrent
changes in BMI

Neither the adipose tissue level of total 18 : 1t nor that of any

of the specific TFA was significantly associated with changes

in WCBMI (Fig. S2 and Table S1, available online).

Discussion

In the present study, the proportions of TFA in adipose tissue

did not predict subsequent changes in anthropometry.

Table 2. Linear associations between the proportions of adipose tissue
trans-fatty acids (TFA, % of fatty acids) and changes in weight (kg/year)
and waist circumference (cm/year)

(b-Coefficients and 95 % confidence intervals)

Weight change
Waist circumference

change

b* 95 % CI b* 95 % CI

Total trans-18 : 1 0·126 20·006, 0·257 0·10 20·11, 0·32
18 : 1 D6-10t 0·153 20·004, 0·310 0·11 20·15, 0·36
18 : 1 D11t 0·268 20·339, 0·876 0·28 20·71, 1·27
18 : 2 D9c, 11t 0·297 20·194, 0·787 0·34 20·46, 1·13

*b-coefficient for 1 % point difference in the percentage of TFA in adipose tissue.
Adjustments: sex; age; baseline BMI; baseline waist circumference (WC, only in
the analysis of WC change); smoking; alcohol intake; sports activity; education;
menopausal status (only women); current use of hormone replacement therapy
(only women).
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Fig. 3. Proportions of adipose tissue trans-fatty acids and average annual change in waist circumference. The solid lines are the exposure variables modelled

with restricted cubic splines with three knots and the shaded areas are the 95 % CI. Adjustments: sex; age; baseline BMI; baseline waist circumference; smoking;

alcohol intake; sports activity; education; menopausal status (only women); current use of hormone replacement therapy (only women). P values from the test of
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The study population was a random sample of the Danish

Diet, Cancer and Health cohort. Loss to follow-up was

mainly due to non-response. Non-participants at follow-up

did not differ from the participants with regard to age and adi-

pose tissue levels of TFA, but non-participants tended to have

slightly higher baseline BMI and WC than the participants.

Thus, non-response may be related to changes in anthropo-

metry, but not to both the exposure to TFA and changes in

anthropometry. Therefore, selection bias is of limited concern.

The proportions of adipose tissue fatty acids not synthesised

endogenously in humans, such as TFA, are considered as bio-

markers of the dietary intake from the past several months to

more than a year(13,24). Thus, the proportions of TFA in adi-

pose tissue are an objective measure of long-term endogenous

exposure to TFA. Published correlation coefficients between

TFA intake (as percentage of total fat) estimated from FFQ

and the proportion of adipose tissue TFA have varied from

0·29 to 0·67(25–29). In the present study, the median proportion

of adipose tissue elaidic acid was 0·55 %, whereas that of

vaccenic acid was 0·31 %, indicating that the main dietary

source of TFA in the study population was industrially partially

hydrogenated oils at the time the adipose tissue biopsies were

collected. The intake of TFA from industrial sources declined

from 2·2 g/d in 1992 to 0·4 g/d in 1999 in the Danish popu-

lation(30). In 2004, a restriction on the content of industrially

produced TFA in fats was imposed in Denmark, and as a

result, TFA from industrial sources no longer contribute sub-

stantially to the intake of TFA in the Danish population(30).

Although a change in dietary intake during follow-up is

expected to cause changes in the proportions of specific

TFA in adipose tissue, the study participants are presumed

to be ranked correctly according to their TFA exposure. The

adipose tissue biopsies were sampled from the buttocks

of the participants in the present study. The composition of

fatty acids in adipose tissue varies between depots(13), and

in a study conducted among children, a higher content of

TFA has been observed in abdominal fat depots than in but-

tock fat depots(31). However, the reported differences in the

composition of fatty acids between fat depots are rather

small(13,31). Baseline anthropometric measures were obtained

by trained staff, whereas follow-up weight and WC were

self-reported. A validation study within the Diet, Cancer and

Health cohort has shown that self-reported WC at the umbili-

cus level is usable as a proxy for technician-measured WC

at the natural waist in regression analyses if baseline BMI

and WC are included as covariates(32). An overall net weight

loss was reported among women in the present study. This

may be due to the age of the study population or due to

under-reporting of follow-up weight. Most probably, the

reporting of follow-up weight and WC was not related to

the proportions of TFA in adipose tissue. Thus, systematic

measurement errors are unlikely to have affected the results.

However, random measurement errors could potentially

have biased the results towards null.

Adjustment for potential confounders had no notable influ-

ence on the observed associations. Furthermore, adjusting for

the continuous confounders using restricted cubic splines with

five knots instead of three knots did not change the observed

associations. Although residual confounding cannot be elimi-

nated, these sensitivity analyses support that it may not be

of major concern. However, confounders not taken into

account may have affected the results. The metabolism of

fatty acids and thus their concentrations in body tissue may

be affected by lifestyle. A study of the adipose tissue content

of 14 : 0, 15 : 0 and 17 : 0 as a biomarker of dairy fat intake

has suggested that adjustments should be made for alcohol

intake and physical activity when these fatty acids are used

as biomarkers of dairy fat intake(33). This may also apply to

adipose tissue TFA. In the present study, both alcohol intake

and physical activity were included as covariates. Previous

studies have found inverse associations between the pro-

portions of 14 : 0, 15 : 0 and 17 : 0 in adipose tissue and

weight, BMI and WC(34–36). However, further adjustment for

15 : 0 and 17 : 0 did not change the observed association for

vaccenic acid (data not shown). The content of specific adi-

pose tissue fatty acids is expressed as proportions of total

adipose tissue fatty acids. When adjustment is made for

other fatty acids, either as proportions in adipose tissue or

as those from dietary intake, food sources contributing to vari-

ation in the specific TFA are restricted to food sources that do

not contribute to variation in the fatty acids that are controlled

for. Thus, mutual adjustment for several specific adipose tissue

TFA takes into account possible confounding from individual

TFA, but at the same time may change the interpretation of

the model estimates.

In epidemiological studies of TFA and CVD, TFA from indus-

trial sources have been shown to be associated with increased

risks, whereas TFA from ruminant sources did not exhibit

such an association(15,16). This may be due to different biologi-

cal effects of specific TFA or lower intake levels of TFA from

ruminant sources. However, using cubic splines to model the

associations between the proportions of adipose tissue TFA

and changes in anthropometry, no threshold was observed

within the exposure range in the present study. Since none of

the associations was significantly non-linear, we also performed

linear regression analyses. These should be considered as

post hoc analyses and the CI should be interpreted with reser-

vations. However, all the linear correlation coefficients point

in the same direction and do not indicate that specific TFA

have different associations with changes in anthropometry.

The lack of an association between the proportions of adi-

pose tissue TFA and changes in weight and WC in the present

study is in contrast to previous findings of cohort studies using

the dietary intake of TFA as an exposure variable(7–9). In a

cross-sectional study carried out by Smit et al.(10), inverse

associations were observed between total adipose tissue

18 : 1t and BMI and WC. The proportions of specific TFA in

adipose tissue observed in the present study are similar to

those reported by Smit et al.(10), and thus differences in

exposure levels cannot explain the discrepancies between

the two studies. However, different food sources of 18 : 1t in

the Costa Rican and Danish populations may be part of the

explanation, as confounding from other nutrients in the food

sources contributing to the TFA intake cannot be excluded.

The proportions of adipose tissue rumenic acid were not sig-

nificantly associated with changes in weight or WC in the
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present study. In agreement with this, Smit et al.(10) did not

find rumenic acid to be significantly associated with BMI or

WC, although they did find a positive association between

rumenic acid and skinfold thickness. Rumenic acid is an

isomer of CLA, but, even though animal studies have shown

that feeding CLA reduces body weight in rodents, evidence

for an association between CLA consumption and body

composition in humans has not been established(5,6). It was

not possible to investigate the associations between non-

conjugated trans-18 : 2 isomers and changes in weight and

WC in the present study, but previously positive associations

between these TFA and anthropometry have been reported

in cross-sectional studies(10,37).

The associations between adipose tissue TFA and changes

in anthropometry may depend on the size of the fat mass.

Due to the rather small sample size in the present study, it

was not possible to investigate the associations between the

adipose tissue levels of TFA and changes in anthropometry

across strata of fat mass measured as BMI and WC at baseline.

Sex was considered as a potential effect modifier due to

sex-related differences in the size of the fat mass. The findings

of the present study, however, do not suggest systematical

differences in the associations across sex strata.

Potential biological mechanisms to explain the association

between TFA and obesity have not been identified(1). It has

been hypothesised that TFA may lead to abdominal obesity

through impairment of insulin sensitivity(8,38), but studies of

TFA and insulin sensitivity have reported mixed results(39).

In a randomised cross-over trial of diets enriched with mono-

unsaturated fat, saturated fat or TFA, higher fat oxidation

has been observed after the consumption of a TFA diet(40),

while in another trial, energy expenditure and substrate oxi-

dation did not differ after the consumption of a large dose

of monounsaturated fat, polyunsaturated fat or TFA(41).

In conclusion, this study suggests that neither the pro-

portions of total 18 : 1t nor those of specific TFA in adipose

tissue are associated with subsequent changes in weight

or WC within the exposure range observed in the Danish

population.
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