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Abstract

We assessed the associations between changes in total and abdominal fat and changes
in biomarkers for breast cancer risk using data of the SHAPE-2 trial. In the SHAPE-2 trial,
243 postmenopausal overweight women were included. The intervention in this trial
consisted of 5-6 kg weight loss either by diet only or exercise plus diet. After 16 weeks,
we measured serum sex hormones, inflammatory markers, total body fat (measured by
DEXA scan) and intra and subcutaneous abdominal fat (measured by MRI). Associations
between changes in different body fat depots and biomarkers were analysed by linear
regression using the study cohort irrespective of randomisation to make maximal use
of the distribution of changes in fat measures. We found that a loss in total body fat
was associated with favourable changes in free oestradiol, free testosterone, leptin and
sex hormone binding globulin (SHBG). The loss of intra-abdominal fat was associated
with a decrease in free testosterone, hsCRP and leptin, and an increase in SHBG. In the
multivariable analysis, the best fitted models for the biomarkers free oestradiol, SHBG
leptin and adiponectin included only total body fat. For free testosterone, this was
subcutaneous abdominal fat, and for hsCRP and IL-6, only intra-abdominal fat change
was important. For IL-6 and adiponectin, however, associations were weak and not
significant. We conclude that, in our population of healthy overweight postmenopausal
women, loss of fat at different body locations was associated with changes in different
types of biomarkers, known to be related to risk of breast cancer.
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Introduction

Intervention studies suggest that body fat is an important
mediator in the association between exercise and/or
weight loss and biomarkers for risk of breast cancer
in postmenopausalwomen. (McTiernan et al. 2004,
McTiernan et al. 2004, Monninkhof EM et al. 2009,
Friedenreich et al. 2010). This might be explained by the
fact that adipose tissue produces inflammatory factors and
adipokines and is an important source of sex hormone
production after menopause. These factors are associated
with an increased risk of cancer (Key et al. 2002, Kaaks et al.
2005, Guo et al. 2013, Niu et al. 2013, Macis et al. 2014).

Abdominal fat has been associated with several other
chronicdiseases (Ritchieetal. 2007, Lee etal. 2008, Cepeda-
Valery et al. 2011) and a higher incidence of premature
mortality (Pischon et al. 2008), also independent of total
body fat. Intra-abdominal fat, and not subcutaneous fat,
is hypothesised to be most harmful for metabolic-related
diseases (Bjorntorp 1997, Arner 1998, Tchernof et al.
2013). For postmenopausal breast cancer, the role of
(intra-)abdominal fat is less clear (WCRF/AICR 2010). A
limitation of previous research is that proxies such as body
mass index (BMI) and waist circumference, respectively,
were used for total and abdominal fat, or that a cross-
sectional design was used, which fails to investigate
causal pathways. Two trials in postmenopausal women
used computed tomography (CT) to investigate the
effects of exercise-induced changes in abdominal fat on
sex hormones and other breast cancer biomarkers. The
effects of exercise on sex hormones and adipokines were
moderated (McTiernan et al. 2004, Frank et al. 2005) or
mediated (Friedenreich et al. 2011) by changes in total
fat mass, but not by abdominal fat changes.

Here, we address the following research question:
how are changes in total body fat and (intra)abdominal
fat associated with biomarkers for breast cancer risk? We
will investigate this in participants of the Sex Hormones
And Physical Exercise (SHAPE)-2 trial (van Gemert et al.
2013, van Gemert et al. 2015, van Gemert et al. 2016).

Materials and methods
Design and study population

The SHAPE-2 study is a three-armed RCT conducted in
2012-2013 in the Netherlands. Postmenopausal women
(n=243) were randomised to a diet-induced weight loss
intervention (n7=97), a mainly exercise-induced weight
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loss intervention (exercise combined with a small caloric
restriction, referred to as diet plus exercise) (n=98) or stable
weight control group (n=48). It was primarily designed
to investigate the effect of equivalent weight loss with or
without exercise on biomarkers of postmenopausal breast
cancer risk. Details of the study design and registration
are reported elsewhere (van Gemert ef al. 2013). The study
was approved by the ethics committee of the University
Medical Center Utrecht. All participants provided written
informed consent.

A random sample of women aged 50-69 years was
recruited by mass mailings and media attention. Eligible
women were postmenopausal; overweight/obese (BMI
25-35kg/m?); insufficiently active (<2h/week of >4
metabolic equivalent activity); not using (sex) hormones;
and not diagnosed with cancer or diabetes.

All women started with a 4-6week run-in period
where a personalised standardised diet was prescribed,
aiming stable weight and comparable macronutrient
intake among participants. Hereafter, women were
randomised. Women in the diet group were prescribed a
caloric restriction of 3500kcal/week as compared to their
estimated needs and habitual intake (i.e. standardised diet
during the run-in period). They were asked to maintain
their habitual physical activity level. Women in the
diet plus exercise group followed an intensive 4-h/week
combined endurance and strength exercise programme
(energy expenditure of approximately 2530Kkcal/week).
The exercise intervention was combined with a small
caloric intake restriction of 1750kcal/week to ensure the
intended weight loss in a short time frame. However, the
emphasis was on exercise.

The goal of both intervention groups was to lose
5-6kg of body weight within 14weeks. The targeted
total average weekly deficit for the diet plus exercise
group is larger than that for the diet group (4280kcal vs
3,500kcal) to compensate for the gain in muscle mass (i.e.
body weight) by the exercise programme. Women in the
intervention groups ended the intervention period with
2-6 weeks weight maintenance wherein diet was adapted
to stabilise body weight. Women in the control group
were asked to maintain a stable weight.

The weight loss goals were obtained in the study.
Body weight decreased, as compared to the baseline, by
4.9kg (-6.1%) with diet and by 5.5kg (-6.9%) with diet
plus exercise. There was no change in body weight in the
control group.
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Fat measurements (determinant)

At the baseline and after 16 weeks, body fat and lean
mass were assessed by whole body dual energy X-ray
absorptiometry (DEXA, Lunar Prodigy). Abdominal fat,
comprising of subcutaneous abdominal adipose tissue
(SAAT) and intra-abdominal adipose tissue (IAAT), was
measured by magnetic resonance imaging (MRI, Philips,
Ingenia 1.5Tesla) with the use of the three-point IDEAL
Dixon method (Dixon 1984). For every scan, three slices
at lumbar levels L2-L3, L3-L4 and L4-L5 were analysed
using Hippo Fat software (Positano et al. 2008) to obtain
quantitative fat measures. The measured area (cm?2)
of SAAT and IAAT were averaged for the 3 slices. Fat
quantification was performed by two trained researchers
(WvG and MS). The baseline and follow-up images of
different intervertebral levels of each study participant
were analysed by the
correlation coefficients between the two researchers were
>0.99 for SAAT and >0.97 for IAAT.

same researcher. Inter-class

Serum biomarker analyses (outcome)

Blood was collected and serum was stored at —-80°C at
the baseline and after 16 weeks. After completion of the
trial, all samples were frozen and sent to the laboratory
for analyses. Samples from one individual were analysed
in the same batch.

Sex hormones Oestradiol and testosterone were
determined by liquid chromatography-mass spectrometry
(LC-MY), the reference standard for measuring sex steroids
(Handelsman et al. 2013), in the University Hospital of
South Manchester laboratory (https://www.uhsm.nhs.
uk/services/pathology/). Free fractions of oestradiol and
testosterone were calculated by using the total hormone
levels, SHBG and a constant for albumin (Rinaldi et al.
2002). SHBG was measured by commercially available
double-antibody radioimmunoassay kits (Roche Cobas:
SHBG-03052001), performed in the SHO Velp laboratory
(https://www.sho.nl/). Inter- and intra-coefficients of
variation were <10% for androgens (Thienpont et al.
2008), <7% (Owen et al. 2014) for oestrogens and <2%
for SHBG. Technicians were blinded to study allocation.
A total of 24 samples of testosterone were below the
lower limit of detection and were, therefore, assigned the
value of this limit: 86 pg/mL. Six oestradiol measures were
outside acceptable postmenopausal values (>42pg/mL)
and were excluded (five at baseline, one at follow-up).
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Markers of inflammation and adipoKkines
Enzyme-linked immunosorbent assays (ELISA) were used
tomeasure IL-6 (HS-600B, R&D systems, Inc., Minneapolis,
MN, USA), leptin (ME E-0300, LDN, Nordhorn, Germany)
and adiponectin (RD195023100, BioVendor, Kassel,
Germany). High sensitivity CRP (hsCRP) was measured
by an immunoturbidimetric assay (CRP Gen.3, Cobas
Roche). Analyses of these four biomarkers were performed
at Labor Nord-West in Nordhorn, Germany (http://www.
ladr.de/english). Intra-assay coefficients of variation were
2.4% for IL-6, 3.3% for CRP, 3.6% for adiponectin and
2.5% for leptin. IL-6 and hsCRP values were below the
limit of detection in five samples, i.e. <0.1pg/mL (n=2)
and <0.2 mg/L (n=3), respectively. These 5 samples were
assigned this value of the lower limit of detection. One
hsCRP measurement at follow-up that was >25mg/L was
excluded from analysis as this may indicate a clinical
inflammation or infection.

Statistical analyses

To address our research question, we used data of the
SHAPE-2 trial. First, Pearson correlation coefficients were
computed for change in the different fat measures and
biomarkers. To examine the separate effects of total and
abdominal (SAAT and IAAT) fat changes, univariable linear
regression models were built for the separate changes in
biomarkers (dependent variable). To address the issue of
multiple testing, we chose a significance level (alpha)
of 0.01 and reported corresponding 99% confidence
intervals (99% CI).

To determine the independent contribution of each
fat depot, multivariable regression models with the three
fat determinants (total body fat, IAAT and SAAT) were
fitted for each biomarker. Furthermore, stepwise forward
selection was applied, i.e. we started with a null model
with none of the fat measures included, and then the
variables were added one at a time, until the P value for
adding another fat measure was too large (P> 0.1). Results
are presented as standardised regression coefficients
(St-b) which represent the association of a change in one
standard deviation of the fat measure, with the change
in standard deviations of the biomarker level. Explained
variance (R squared) of the models are also presented.
We tested for interactions between the study group and
changes in fat measures to see whether or not we should
account for the delivered intervention in the models.
Furthermore, since we analysed changes, time-invariant
covariates do not confound the results and adjustment
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for these covariates was deemed unnecessary. All
statistical procedures were performed using SPSS software
version 2.0.

Results

Table 1 shows the baseline characteristics of 243 women
included in the SHAPE-2 study in total and divided by
tertiles of body fat. The average age of women was 60 years,
had a BMI of 29.2kg/m? and a body fat percentage of
44%. Women in the highest tertile of body fat have the
highest levels of intra-abdominal fat, sex hormones and
inflammatory markers and the lowest levels of SHBG in
adiponectin. In total, 232 (95.5%) of the 243 women
completed the study.

Changes in fat measures and biomarkers

The mean change (sp) between the baseline and 16-weeks
follow-up was for: body weight: —4.2kg (2.9); total
body fat: —3.5kg (2.8); SAAT: -34.8cm? (34.3) and IAAT:
-14.8 cm? (20.3). The changes in different fat measures
all correlated significantly with each other (P<0.001)
(Supplementary Table 1a, see section on supplementary
data given at the end of this article). The mean change (sp)
in biomarker levels between the baseline and 16 weeks
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was: -0.02pg/mL (0.07) for free oestradiol; —0.35pg/mL
(0.87) for free testosterone; +6.7 nmol/L (12.4) for SHBG;
-0.01mg/L (4.29) for hsCRP; +0.09-pg/mL (1.74) for IL-6;
-10.6 mg/mL (13.9) for leptin; and +0.01 ng/mL (1.23) for
adiponectin. Correlation coefficients for changes in the
different fat measures and biomarkers ranged between
0.15 and 0.35 (Supplementary Table 1b).

Associations between changes in fat (distribution)
and biomarkers

Results of the univariable regression models, with ‘change
in a single fat measure’ as the determinant and ‘change
in biomarker’ as the outcome are presented in Table 2.
We did not observe differences in these associations for
the three trial arms (see supplementary Table 2). A loss
in total body fat was statistically significantly associated
with a decrease in free oestradiol, free testosterone and
leptin, and increase in SHBG. Associations were strongest
with leptin and SHBG: standardised regression coefficient
(St-b) change per sp change in total body fat was 0.48 for
leptin and —0.39 for SHBG, followed by free testosterone
(St-b=0.27) and free oestradiol (St-b=0.18). The loss of
subcutaneous fat was statistically significantly associated
with the same biomarkers as we found for total body
fat, with the exception for free oestradiol. The loss of

Table 1 Baseline characteristics of the SHAPE-2 study population in total and divided by levels of body fat.

Lower tertile Middle tertile Highest tertile
Total Body fat Body fat Body fat
n=243 n=81 n=79 n=80
Mean (standard deviation)
Age (years) 60.0 (4.8) 60.3 (5.0) 60.7 (4.6) 59.1 (4.6)
Time since last menses (years) 10.9 (7.1) 11.0 (6.3) 11.1 (6.9) 11.0 (8.0)
BMI (kg/m2) 29.2 (2.7) 26.8 (1.2) 28.9 (1.6) 32.0 (2.0)
Body composition by DEXA
Total body fat (kg) 34.0 (6.2) 27.4 (2.5) 33.5(1.6) 41.1 (3.4)
Lean mass (kg) 43.0 (4.0) 40.7 (3.4) 43.5(3.4) 44.8 (4.1)
Abdominal fat by MRI
Subcutaneous (SAAT, cm?2) 310 (68) 262 (40) 297 (43) 371 (65)
Intra-abdominal (IAAT, cm?) 144 (47) 119 (38) 145 (45) 168 (46)

Geometric mean (95% confidence interval)
Free oestradiol (pg/mL) 0.09 (0.09-0.10)
Free testosterone (pg/mL) 2.53 (2.38-2.69)

0.07 (0.06-0.08)
2.37 (2.12-2.64)

0.09 (0.09-0.11)
2.48 (2.24-2.76)

0.12 (0.10-0.13)
2.76 (2.49-3.06)

SHBG (nmol/L)
hsCRP (mg/L)
IL-6 (pg/mL)
Leptin (ng/mL)

48.6 (45.9-51.4)
1.90 (1.68-2.15)
1.39 (1.29-1.49)
29.4 (27.4-31.6)

53.6 (48.3-59.5)
1.29 (1.04-1.61)
1.20 (1.06-1.35)
21.4(19.4-23.7)

51.6 (47.2-56.3)
1.92 (1.57-2.35)
1.46 (1.31-1.64)
28.3(25.7-31.2)

41.1 (37.3-45.3)
2.73 (2.26-3.31)
1.55 (1.37-1.64)
43.4 (38.4-49.0)

Adiponectin (ng/mL) 9.55(9.19-9.93) 9.79 (9.20-10.41) 8.96 (8.33-9.64)

Available baseline data: DEXA scan, n=240 (98.8%); MRI scan, n=239 (98.4%); SHBG, n=242; free oestradiol, n=236 (five baseline values >42 pg/mL
were excluded); free testosterone, n=241; CRP, n=241 (one follow-up value>25 mg/l was excluded); IL-6, leptin, adiponectin, n=242. All other data was
available for all women (n=243).

BMI, body mass index; SAAT, subcutaneous abdominal adipose tissue; IAAT, intra-abdominal adipose tissue; SHBG, sex hormone binding globulin;
hsCRP, high sensitive C-reactive protein; IL-6, interleukin 6.
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Table 2 Univariable and multivariable (full model and stepwise forward procedure) associations between the different fat

depots and biomarkers for risk of breast cancer.
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Univariable associations

Multivariable associations

St-b 99% ClI R2 P value St-b 99% ClI R2 P value
A Free oestradiol
A Total body fat (kg) 0.18 0.01;0.35 0.03 0.007 0.19* -0.08;0.47 0.03 0.013
A Subcutaneous abdominal fat (SAAT,cm?2) 0.11  -0.07;0.28 0.01 0.107 -0.02 -0.27;0.24
A Intra-abdominal (IAAT,cm?) 0.07 -0.10;0.24 0.01 0.291 -0.02 -0.23;0.19
A Free testosterone
A Total body fat (kg) 0.27 0.10;0.44 0.07 <0.001 0.11 -0.15;0.37 0.08 <0.001
A Subcutaneous abdominal fat (SAAT,cm?2) 0.26 0.09;0.42 0.07 <0.001 0.16* -0.08;0.40
A Intra-abdominal (IAAT,cm?) 0.18 0.01;0.34 0.03 0.007 0.05 -0.14;0.25
A SHBG
A Total body fat (kg) -0.39 -0.55;-0.23 0.15 <0.001 -0.34* -0.59; -0.10 0.16 <0.001
A Subcutaneous abdominal fat (SAAT,cm2) -0.26 -0.43; -0.10 0.07 <0.001 0.03 -0.19;0.26
A Intra-abdominal (IAAT,cm2) -0.29 -0.45;-0.13 0.09 <0.001 -0.12 -0.31;0.07
A hsCRP
A Total body fat (kg) 0.13  -0.04;0.30 0.02 0.047 0.03 -0.23;0.28 0.04 0.025
A Subcutaneous abdominal fat (SAAT,cm?2) 0.12 -0.06;0.29 0.01 0.083 0.03 -0.21;0.26
A Intra-abdominal (IAAT,cm?) 0.19 0.02;0.36 0.03 0.005 0.17* -0.03;0.37
A IL-6
A Total body fat (kg) 0.06 -0.12;0.24 0.01 0.370 -0.13 -0.40;0.13 0.04 0.040
A Subcutaneous abdominal fat (SAAT,cm?) 0.13 -0.44;0.30 0.02 0.055 0.15 -0.09;0.40
A Intra-abdominal (IAAT,cm?) 0.16  -0.02;0.33 0.02 0.018 0.16* -0.04;0.37
A Leptin
A Total body fat (kg) 0.48 0.33;0.63 0.24 <0.001 0.43* 0.21;0.66 0.24 <0.001
A Subcutaneous abdominal fat (SAAT,cm?2) 0.34 0.18;0.50 0.11  <0.001 0.02 -0.19;0.23
A Intra-abdominal (IAAT,cm2) 0.28 0.12;0.45 0.08 <0.001 0.04 -0.13;0.22
A Adiponectin
A Total body fat (kg) -0.14  -0.31;0.03 0.02 0.032 -0.12* -0.38;0.13 0.03 0.087
A Subcutaneous abdominal fat (SAAT,cm2) -0.13  -0.30;0.04 0.02 0.045 -0.03 -0.26;0.21
A Intra-abdominal (IAAT,cm?) -0.11  -0.28;0.06 0.01 0.091 -0.04 -0.23;0.16

A significance level of <0.01 was chosen considering multiple testing. Therefore, corresponding 99% confidence intervals (99% Cl) are presented.

A: change, defined as follow-up minus baseline measurement.

St-b is the standardised regression coefficient from a linear regression model that represents the standard deviations (sp) change in biomarker level per 1
sp change in fat measure. Eg. as change in total body fat increases with 1 sp, the change in free oestradiol increases with 0.22 sps.
*The fat measure marked with an asterix is the variable that is retained in the model after stepwise forward selection is applied. In each case the

procedure stopped after only one fat measure was added.

R2: percentage of variance in the dependent variable that is explained by the independent variable(s). For the multivariable models, the R-squared
values are for the models with all three fat measures included, and not the model resulting from the stepwise procedure.”
SHBG, sex hormone binding globulin; hsCRP, high sensitive C-reactive protein; IL-6, interleukin 6

intra-abdominal fat was statistically significantly associated
with a decrease in free testosterone, hsCRP and leptin, and
an increase in SHBG. The strongest associations were found
for SHBG (St-b=-0.29) and leptin (St-b=0.28); followed by
free testosterone (St-b=0.18) and hsCRP (St-b=0.19). None
of the changes in fat depots was statistically significantly
associated with changes in IL-6 and adiponectin.

In the multivariable analyses, using the stepwise
forward selection method, for the biomarkers free
oestradiol, SHBG, leptin and adiponectin changes in
total body fat appeared most important (Table 2). For
free testosterone, changes in subcutaneous abdominal fat
were most important. However, for hsCRP and IL-6, intra-
abdominal fat change contributed most. For IL-6 and
adiponectin, however, the associations with the fat depot

retained in the stepwise forward procedure were weak and
not statistically significant. The explained variance (R2) of
the multivariable models including all three fat measures
was highest for leptin (R2=0.24) and SHBG (R2=0.16).
The explained variances for the other biomarkers are low
(range 0.03-0.08).

Discussion

In our population of healthy overweight postmenopausal
women, we found that loss of fat at different body
locations was associated with changes in different
types of biomarkers, known to be related to risk of
breast cancer. None of the changes in fat depots was
statistically significantly associated with changes in IL-6
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and adiponectin. Reductions in total body fat seem more
important in inducing changes in free oestradiol, SHBG
and leptin, than that in abdominal fat. However, for
the inflammatory marker hsCRP and the sex hormone
free testosterone, reduction in abdominal fat seems
more important.

Body fat produces several markers of inflammation and
adipokines (Hassan et al. 2012, van Kruijsdijk et al. 2009).
Metabolic risk profiles may vary between individuals
with equal amounts of total body fat. Metabolically
unhealthy patients appear to have more visceral fat tissue
(Despres et al. 2008). Abdominal fat, especially intra-
abdominal, is thought to be more metabolically active
and harmful (Jensen 2008, Umemura et al. 2014).

Several cross-sectional studies have found associations
between CT- or MRI-assessed subcutaneous and intra-
abdominal fat and elevated markers of inflammation and
adipokines, also independent of total body fat (Park et al.
2004, Vega et al. 2006, Pou et al. 2007, Ritland et al. 2008,
Jain et al. 2009, Turer et al. 2011, Neeland et al. 2013,
Ryan et al. 2014). In the Framingham Heart Study, cross-
sectional associations were found for both CT-measured
subcutaneous and intra-abdominal fat and markers of
inflammation including CRP, IL-6 (Pou et al. 2007) and
adiponectin (Jain et al. 2009). Another cross-sectional
study in 1200 obese subjects found that subcutaneous and
intra-abdominal fat, measured by MRI, were associated
with adiponectin, CRP and leptin. In general, there
was no evidence for a particular abdominal fat depot
being of more importance for markers of inflammation
(Neeland et al. 2013). In our study, changes in abdominal
fat were also associated with changes in hsCRP, leptin and
IL-6. For IL-6, this association is weak and not statistically
significant, and the proportion of variance of change in
IL-6 explained by changes in intra-abdominal fat was
only 2%. For changes in adiponectin levels, we found
that these were more strongly associated with changes
in total body fat compared to abdominal fat. However,
as with IL-6, the associations of change in adiponectin
levels with total body fat changes were also weak and not
statistically significant, and the proportion of variance
explained by changes in total body fat was only 2%. It is
possible that effects on IL-6 and adiponectin levels take
longer than 16 weeks. Another potential explanation is
that more weight loss is necessary to induce effects on
these biomarkers in women. For adiponectin, it might
also be that levels are not as responsive to weight loss in
women compared to that in men (Ma et al. 2016).

Sex hormones are associated with an increased risk
of breast cancer (Kaaks et al. 2001, Key et al. 2002). After
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menopause, the main source of sex hormones is fat tissue
(Siiteri 1987). Excess abdominal fat could independently
increase bioavailable sex hormone levels as it is associated
with hyperinsulinaemia that inhibits SHBG production
(Haffner et al. 1991, Kaye et al. 1991).

Results from cross-sectional studies investigating the
associations between sex hormones and abdominal fat
(mostly measured by DEXA or waist circumference) in
postmenopausal women are mixed (Bezemer et al. 2005,
Mabhabir et al. 2006, Baglietto et al. 2009, Liedtke et al.
2012). However, it is known that the relation can also
be the other way round: menopausal-related change in
hormone status may also influence the fat distribution.

To our knowledge, only two longitudinal intervention
studies explored the role of changes in abdominal fat
measured by CT in relation between exercise-induced
weight loss and sex hormones in healthy postmenopausal
women (McTiernan et al. 2004, Frank et al. 2005,
Friedenreich et al. 2011). Although results of other studies
are difficult to compare to that of ours, their findings
also suggest that total body fat plays a more important
role in determining sex hormone levels than specifically
abdominal fat.

Strengths of our study include the relatively large
sample size and objective measurements of total body fat
(with DEXA), as well as intra-abdominal and subcutaneous
abdominal fat with MRI of the abdomen, i.e. by DEXA and
MRI (Shuster et al. 2012) Another strength is the use of
two longitudinal measurement of both the fat depots and
the biomarkers. For the measurement of sex hormones, we
used a highly valid method, i.e. the LC-MS method (Blair
2010). Furthermore, subcutaneous and intra-abdominal
fat quantifications were obtained from three MRI slices
at different levels of the abdomen, instead of single slice
analysis which is often used.

A limitation to our study is the observational but
inevitable nature of these analyses, which hampers causal
inferences on the role of different fat depots and risk of
breast cancer. However, these longitudinal results build
upon cross-sectional findings from previous studies in
the literature. In particular, the inevitable correlations
between changes in the three fat measures restricts the
possibility of drawing firm conclusions about which fat
measures are causally associated with which biomarkers.
Another inevitable limitation of comparing the effects of
the different fat locations (total body fat vs abdominal
fat) is the fact that they are measured in different units
and, thereby, different risk of measurement error.

In conclusion, we found that loss of fat at different
body locations in healthy overweight postmenopausal
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women was associated with changes in different types of
biomarkers, known to be related to risk of breast cancer.
None of the changes in fat depots was significantly
associated with changes in IL-6 and adiponectin. A change
in total body fat, more than a change in abdominal fat,
seemed to be associated with changes in free oestradiol,
SHGB and leptin. However, changes in the abdominal fat
seemed stronger compared with changes in hsCRPand
free testosterone.

Supplementary data
This is linked to the online version of the paper at http://dx.doi.org/10.1530/
ERC-16-0490.
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