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Abstract
Objective: The aim of this study was to assess body shape trajectories in childhood
and midlife in relation to subsequent risk of breast cancer (BC) in a Mediterranean
cohort.
Design: The ‘Seguimiento Universidad de Navarra’ (SUN) Project is a dynamic pro-
spective cohort study of university graduates initiated in 1999. With a group-based
modelling approach, we assessed body shape trajectories from age 5 to 40 years.
Multivariable Cox regression models were used to estimate the hazard ratio (HR)
for BC after the age of 40 years according to the body shape trajectory.
Setting: City of Pamplona, in the North of Spain.
Participants: 6498 women with a mean age of 40 years (SD 9).
Results:We identified four distinct body shape trajectories (‘childhood lean-midlife
increase’ (19·9 %), ‘childhood medium-midlife stable’ (53 %), ‘childhood heavy-
midlife stable’ (21 %) and ‘childhood heavy-midlife increase’ (6·1 %)). Among
54 978 women-years of follow-up, we confirmed eighty-two incident cases of
BC. Women in the ‘childhood lean-midlife increase’ group showed a higher risk
of BC (HR = 1·84, 95 % CI 1·11, 3·04) compared with women in the ‘childhood
medium-midlife stable’ category. This association was stronger for postmeno-
pausal BC (HR= 2·42, 95 % CI 1·07, 5·48).
Conclusions: Our results suggest a role for lifetime adiposity in breast
carcinogenesis.
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Worldwide, breast cancer (BC) is the leading type of cancer
in women with more than 1·7 million incident cases and
more than 535 000 deaths in 2016(1). Despite efforts made
in the fields of BC treatment and prevention, it still causes
more than 200 000 deaths a year in developed countries(1).

Obesity is a risk factor specifically related to postmeno-
pausal BC(2), due to the increased production of oestrogens
derived from adipose tissue(3). Peripheral adipose tissue
produces oestrogens which act as growth factors in breast
cells and may stimulate tumour progression(4). In addition,
obese people usually have reduced levels of sex-hormone

binding globulin, which increases the biologically active
free-fraction of oestrogens(5). In contrast to postmeno-
pausal BC, available evidence suggests an inverse associa-
tion between body fatness in early life and premenopausal
BC(6). However, the association between obesity and BC is
complex and not fully understood. More specifically, the
influence of changes in lifespan adiposity on BC risk is still
controversial, and it is necessary to explore new perspec-
tives that consider the patient’s vital trajectory in order to
better understand the relation between adiposity and
cancer(7).
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New strategies have been designed based on the study
of body shape in different stages of life, so they allow to
correlate the body shape trajectories with the risk of devel-
oping chronic diseases(8). These different trajectories have
been associated with all-cause and specific-cause mortal-
ity(9). Previous studies have found that patients with a
heavy body shape during childhood that was maintained
or even increased during midlife have a higher risk of over-
all mortality and a higher risk of obesity-related cancers
(oesophagus adenocarcinoma, colorectal cancer, pancre-
atic adenocarcinoma, postmenopausal BC, endometrial
adenocarcinoma, ovarian cancer, advanced prostate
adenocarcinoma, kidney, liver and gallbladder carci-
noma)(10). When this trajectory-based approach was used
in a European cohort, the authors found no significant asso-
ciation between body shape trajectories and BC risk(11).
However, the available evidence is still limited, and pre-
vious studies are based on populations with a high baseline
BMI. Evidence from a population with lower BMI levels is
needed. Thus, we aimed to assess the association between
trajectories of body shape and incident BC in amiddle-aged
Mediterranean cohort of university graduates.

Methods

Study population
The ‘Seguimiento Universidad de Navarra’ (University of
Navarra Follow-up) (SUN) Project is a dynamic (recruit-
ment permanently open) and multi-purpose cohort study
entirely composed of university graduates(12). Participants
completed a 556-item baseline questionnaire and are con-
tacted biennially thereafter to inquire about changes in life-
styles and incident diseases.

Up to 2018, 22 790 participants answered the baseline
questionnaire. For the present analysis, 8791 men were
excluded (Fig. 1). We also excluded 229 women who

answered the baseline questionnaire after 1 October
2015 to ensure a follow-up period of at least 2 years, and
1295 participants due to lack of information on follow-up
(overall retention 91 %). We further excluded 142 women
who reported a previous BC in the baseline questionnaire
or had developed BC before the age of 40 years during the
follow-up. Also, we excluded 1350 participants with total
daily energy intake lower than 500 kcal/d or higher than
3500 kcal/d(13). We also excluded 204 participants because
of age ofmenopause younger than 35 years due to an even-
tual special hormonal status. Participants with<3 registered
body shape images were excluded (583 participants).
Finally, women who did not reach the age of 41 years dur-
ing the follow-up were also excluded (3698 participants),
since the assessed exposure was body shape trajectories
from age 5 to 40 years. Thus, 6498 women were included
in our analyses. The present study was approved by the
Institutional Review Board of the University of Navarra.

Assessment of body shape
In the baseline questionnaire, participants were asked to
report which one of the nine pictorial body diagrams
(Fig. 2) developed by Stunkard et al.(14) best described
their body shape at ages 5, 20, 30, and 40, and currently.
Participants reported their height and weight at baseline
and every other year during the follow-up. We converted
BMI to the same scale as body shapes in those who still
had missing information on body shape at ages 20, 30
and 40. This methodology was successfully used in pre-
vious studies(9). In order to rescale the BMI at ages 20, 30
and 40 into nine categories consistently with the nine soma-
totypes, we built a predictionmodel for body shape on BMI
at the age between 17 and 23 years among the subjects with
available information at these ages for the body shapes at
age 20. We proceeded similarly with the BMI at the age of
27–33 years and 37–43 years for the body shapes at 30 and
40 years, respectively. In our model, we found a strong cor-
relation between BMI and body shape at baseline
(Spearman’s rho= 0·755, P< 0·001).

Trajectory modelling
Among participants who had at least three different body
shape data at different ages, we used group-based trajec-
tory models (GBTM) to identify distinct body shape trajec-
tories over age or time – from age 5 up to 40 years. The

8791 men

229 recruited after 1 October 2015

1295 no information on follow-up

142 prevalent cases

1350 daily energy intake <500 or >3500 kcal/d

204 age at menopause <35 years

583 with <3 body shape images

3698 not reaching 41 years old during follow-up
6498 women

10 196 women

10 779 women

10 983 women

12 333 women

12 475 women

13 770 women

13 999 women

22 790 participants

Fig. 1 (colour online) Flow chart of participants in the SUN
Project, 1999-2015
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Fig. 2 Stunkard body diagram in women(14)
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GBTMmethod fits longitudinal data as a discrete mixture of
two or more trajectories via maximum likelihood(15). To fit
the models, we used the Stata traj plug-in, with body shape
figures modelled as censored normal.

We used a censored normal model as a polynomial
function of age (as time scale). Model selection was pur-
sued in a two-stage approach assessed by change in the
Bayesian Information Criterion(16). In the first stage, we
aimed to determine the number of groups using a quadratic
form for all the trajectory groups. We stepwise decreased
the number of groups in the model specification. We
selected the model with the largest Bayesian Information
Criterion as recommended(16). Given our sample size, we
compared the Bayesian Information Criterion of four
groups with three, two and one groups. After identifying
that the model with four groups best fitted our data, in
the second stage, we determined the order of the polyno-
mial functions specifying the shape of each trajectory.
Different shapes for trajectories were tested, and we com-
pared the Bayesian Information Criterion of the four-group
models with different shapes (linear, quadratic and cubic).
The model with the first and the fourth groups with up to
cubic order, and the second and the third groups with up to
quadratic order terms showed the best fit to the data. After
obtaining the final model, we named the trajectory groups
to describe their visual patterns (Fig. 3) as ‘childhood lean-
midlife increase’, ‘childhoodmedium-midlife stable’, ‘child-
hood heavy-midlife stable’ and ‘childhood heavy-midlife
increase’.

Once the number and shape of groups were identified,
we tested the model adequacy using the average posterior
probability (APP) of group membership. The APP of group
membership measured the likelihood for each participant
to belong to its assigned group. Using the cut-off point of
≥ 0·70 as recommended by Nagin(16), our final models
demonstrated good discrimination in classifying individ-
uals into distinctive trajectory groups: the APP for each
group was 0·88, 0·91, 0·84 and 0·88. Finally, to assess the
assignment accuracy, we calculated the odds of correct
classification (OCC); the OCC is a ratio where the

numerator is the OCC into the group on the basis of the
maximum probability classification rule, and the denomi-
nator is the OCC based on random assignment, with the
probability of assignment to the group equal to its esti-
mated population base rate. Considering that an OCC
>5·0 indicates that the model has high assignment accu-
racy(16), our model suggested high assignment accuracy:
the OCC for each trajectory group was 28·7, 9·3, 19·9
and 109·7.

Breast cancer assessment
The diagnosis of BC was initially self-reported. Patients
who had reported a diagnosis of BC were asked to provide
a copy of medical reports that were then confirmed as inva-
sive carcinomas by an expert whowas blinded to the expo-
sure. Hereby, <10 % of the self-reported cases were not
confirmed due to carcinomas ‘in situ’ or benign lesions
of the breast. We also included as confirmed BC cases,
deaths due to BC that had been identified through consul-
tation of the National Death Index. Alternatively, we
included both confirmed and self-reported BC cases as
‘probable BC cases’.

Covariate assessment
Information about sociodemographic, lifestyle andmedical
variables was obtained from the baseline questionnaire.
Smoking habit was assessed as a categorical variable
(never, current, former) and in a quantitativemanner (num-
ber of cigarettes smoked at different ages to obtain the
cumulative exposure to smoking as pack-years). In the
baseline questionnaire, participants were asked to com-
plete a previously validated physical activity questionnaire
collecting information about seventeen activities(17).
Participants also completed a previously validated 136-item
FFQ at baseline that included, among others, information
about alcoholic beverage consumption(18). The question-
naire included information on age of menopause, age of
menarche, use of hormone replacement therapy – current
or past use, and if ever, the duration of its consumption –

pregnancies, time of breast-feeding, medication use and
baseline chronic diseases. Assessment of family history
of BC included mother, sister and grandmothers. Age at
their BC diagnosis was recorded as <25, 25–44, 45–64 or
≥65 years. Imputation was applied for all missing values
at baseline.

Menopause was assessed by asking participants at what
age menstruations ceased and what caused this cessation –

natural, surgical, chemotherapy/radiotherapy or other.
Menopausal status was recorded, and for women being
postmenopausal at baseline, we registered the age at men-
opause. It was updated in the questionnaire after 16 years
of follow-up. For those women with no available informa-
tion on age at menopause, we used as cut-off point the
75th percentile of the age of menopause (52 years in our
sample)(19). Adherence to the Mediterranean dietary
pattern was evaluated using the score proposed by
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Fig, 3 (colour online) Body shape trajectories among women in
the SUN Project, 1999-2015. , Lean-increase 19·9%; ,
medium-stable 53%; , heavy-stable 21%; , heavy-
increase 6·1%
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Trichopoulou et al.(20) but excluding the alcohol item
(range 0–8).

Statistical analysis
Quantitative baseline characteristics of participants were
summarised with means and standard deviations, and
qualitative traits with proportions across different body
shape trajectories. To assess the relationship between body
shape trajectories and the risk of BC, we fitted Cox propor-
tional hazards regression models. We estimated hazard
ratios (HR) and their 95 % CI for the groups of ‘childhood
lean-midlife increase’, ‘childhood heavy-midlife stable’
and ‘childhood heavy-midlife increase’, compared with
the ‘childhood medium-midlife stable’ (reference cat-
egory). This was only possible when we analysed all prob-
able BC cases. For the other analyses, we excluded women
in the ‘childhood heavy-midlife increase’ category because
of the small number of incident BC cases in this category (2
confirmed BC cases). We used age as underlying time var-
iable and stratified our analyses by recruitment period
(1999–2003, 2004–2009 and 2009–2015) and age
(decades).

We first fitted models for overall BC incidence and then
separate analyses according to menopausal status.
Inception date was considered as the date of the baseline
questionnaire for women older than 40 years at baseline or
the day they turned 40 years during follow-up if they had
been recruited at younger ages. Exit time was defined as
the date of BC diagnosis for both confirmed and probable
cases, date of death or last contact, whichever occurred
first. We adjusted a first multivariable model including as
potential confounders height, family history of BC (3 cat-
egories), smoking habit (3 categories), lifetime tobacco
exposure (pack-years), age of menarche (3 categories),
age at menopause (3 categories), obstetric history (5 cat-
egories), lifetime breast-feeding, current use of oral contra-
ceptives at baseline, hormone replacement therapy and
years of university studies. In a second multivariable
model, we additionally adjusted for physical activity (met-
abolic equivalent-hours (MET-h)/week), alcohol con-
sumption (g/d), adherence to the traditional
Mediterranean diet (0–8), total energy intake (kcal/d)
and consumption of sugar-sweetened drinks (servings/
d). Proportional hazards assumption was tested with
Schoenfeld residuals test and time-dependent covariates.
As sensitivity analysis, we repeated our analyses addition-
ally adjusting for BMI and including only participants with
an APP> 80 %. The included BMI was BMI at inception,
considered as the BMI of the baseline questionnaire for
women older than 40 years at baseline or the BMI at the
age of 40 years during follow-up if they had been recruited
at younger ages.

Analyses were performed using STATA/SE version 15.0
(StataCorp), we used two-sided P-values and the statistical
significance threshold was set a priori at 0.05.

Results

In Table 1, the main baseline characteristics are described
according to the different body shape trajectories. For the
final analysis, 6498 women were included. The overall
mean BMI at inception was 22·6 (SD 3·1) kg/m2. The most
frequent body shape trajectory was the category named as
‘childhood medium-midlife stable’ (53 %) followed by
‘childhood heavy-midlife stable’ (21 %). Participants
included in the ‘childhood lean-midlife increase’ category
were older, had a similar number of pregnancies (with a
higher proportion of parous women having had the first
pregnancy before the age of 30 years), also a longer lifetime
breast-feeding, and they showed a higher proportion of
postmenopausal status at baseline, compared with the
other three categories. Women included in the ‘childhood
heavy-midlife increase’ category presented higher BMI
values and tended to be less physically active.

During a total follow-up of 54 978 women-years, 150
probable incident cases of BC were identified (eighty-
two of these cases were confirmed). When we considered
only confirmed BC cases (Table 2), the results showed a
statistically significant higher risk for the women included
in the ‘childhood lean-midlife increase’ trajectory (HR 1·84,
95 % CI 1·11, 3·04), after adjustment for potential confound-
ers. Women in the ‘childhood heavy-midlife stable’ cat-
egory showed no significant association with the risk of
developing BC for confirmed cases (HR 0·98, 95 % CI
0·54, 1·79) when compared with the reference group.

Table 3 shows the HR (95 % CI) for the risk of BC –

probable cases – during follow-up according to body shape
trajectories. After adjustment for potential confounders,
compared with women who maintained medium during
their midlife (‘childhood medium-midlife stable’ category
(reference)), the HR (95 % CI) for BC was 1·79 (95 % CI
1·24, 2·58) in the ‘childhood lean-midlife increase’ group.
The ‘childhood heavy-midlife stable’ and the ‘childhood
heavy-midlife increase’ groups did not show a significant
association with incident BC. These results barely changed
when we additionally adjusted for BMI or when we
restricted our analyses to participants with an APP> 80 %.

When stratifying according to menopausal status, we
separately estimated the risk for BC development for both
confirmed and probable cases in the pre- and postmeno-
pausal groups (Tables 2 and 3). The association between
premenopausal BC risk and the analysed body shape tra-
jectories was not statistically significant, neither for women
in the ‘childhood heavy-midlife stable’ category (HR 1·26,
95 %CI 0·57, 2·80), nor for the participants in the ‘childhood
lean-midlife increase’ group (HR 1·71, 95 % CI 0·80, 3·63) as
compared with the reference category.

On the other hand, we found a significant higher risk of
postmenopausal BC for both probable (HR 2·73; 95 % CI
1·49, 4·99) and confirmed cases (HR 2·42; 95 % CI 1·07,
5·48) when comparing the ‘childhood lean-midlife
increase’ category with the reference ‘medium-stable’. No
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differences in the risk of postmenopausal BC were
observed in the ‘childhood heavy-midlife stable’ category
for both confirmed (HR 1·12, 95 % CI 0·37, 3·40) and prob-
able cases (HR 1·09, 95 % CI 0·46, 2·58).

The results for both overall BC or pre-or postmeno-
pausal BC barely changed when we additionally adjusted
for BMI or when we restricted our analyses to participants
with an APP> 80 %.

Discussion

In this Mediterranean cohort, four different trajectories
were identified according to body shape evolution over life
course. By comparing the risk of developing BC, we found
a higher risk in those women who were lean during their
childhood and experienced a marked increase during their

midlife compared with those women who had a medium
body shape during their lifespan.

The GBTM represents another way for studying the
variation of the exposure over a life course. The main ad-
vantage of this newmethodology is to facilitate causal infer-
ence by mapping long-term patterns. Song et al.(10)

performed a GBTM in two large ongoing US cohort studies:
the Nurses’ Health Study and Health Professionals Follow-
up Study(21,22). A higher risk of postmenopausal BC was
observed for women in the lean-moderate (RR= 1·30,
95 % CI 1·17, 1·45) and lean-marked increase (RR= 1·41,
95 % CI 1·26, 1·58) groups compared with women in the
lean-stable category(10). In Europe, the GBTM was used
in the French E3N cohort(11). The authors estimated six life-
time body shape trajectories according to this approach,
from ages 8 to 40 years. In this cohort, the investigators
found no association between body shape trajectories
and BC risk in the overall population and in the stratified

Table 1 Baseline characteristics of female participants in the Seguimiento Universidad de Navarra (SUN) Project, according to body shape
trajectories, n 6498

Variable

Body shape trajectories

Lean-increase Medium-stable Heavy-stable Heavy-increase

n* 1293·0 3443·0 1364·0 398·0
% 19·9 53·0 21·0 6·1
Age (years) 46·0 7·0 43·0 5·0 43·0 5·0 42·0 4·0
BMI (kg/m2)† 22·2 2·6 21·9 2·6 23·3 2·7 27·8 4·2
Height (cm) 163·0 6·0 163·0 6·0 162·0 6·0 162·0 6·0
Physical activity (MET-h/week) 19·4 18·0 20·0 18·0 19·5 17·0 15·2 13·0
Total energy intake (kcal/d) 2324·0 577·0 2300·0 570·0 2234·0 576·0 2196·0 600·0
Alcohol intake (g/d) 4·6 6·4 4·2 6·4 4·3 6·3 3·7 6·0
Sugar-sweetened beverages (servings/d) 0·1 0·3 0·1 0·3 0·1 0·3 0·1 0·3
Age of menarche (%)
<10 years 0·8 1·1 1·8 2·0
10–16 years 96·3 96·5 96·5 97·0
>16 years 2·9 2·4 1·7 1·0

Pregnancy history (including age at first pregnancy) (%)
Age< 25 years & nulliparous 0·2 0·5 0·3 0·8
Age≥ 25 years & nulliparous 45·5 48·7 53·9 60·3
First pregnancy< 25 years 9·2 7·2 5·8 6·5
First pregnancy 25–30 years 24·3 21·6 20·0 15·3
First pregnancy≥ 30 years 20·8 22 20·0 17·1

Lifetime breast-feeding (months) 4·0 6·0 3·7 6·0 3·2 5·0 2·2 4·0
Adherence to Mediterranean diet score 4·1 1·7 4·0 1·7 4·0 1·7 3·9 1·6
Time of university education (years) 4·9 1·4 5·0 1·4 5·0 1·4 4·8 1·1
Post-menopause (%) 28·4 16·4 14·0 10·3
Oral contraceptives (%) 0·9 1·1 1·5 1·3
Time of hormone replacement therapy (months)‡ 1·4 2·4 1·2 2·4 1·1 2·3 1·1 2·3
Smoking (%)
Never smoker 44·3 48·4 45·4 47·7
Current smoker 24·1 25·1 27·1 29·7
Former smoker 31·6 26·5 27·5 22·6

Lifetime tobacco exposure (pack-years) 5·4 9·0 4·7 8·0 5·8 9·0 5·7 9·0
Family history of BC (%)
None 88·6 88·9 90·7 88·4
Before the age of 45 years 9·1 8·7 7·8 9·8
After the age of 45 years 2·3 2·4 1·5 1·8

BC, breast cancer; MET, metabolic equivalent.
*Values represent means (standard deviations) unless otherwise stated.
†BMI at inception, considered as the BMI of the baseline questionnaire for women older than 40 years at baseline or the BMI at the age of 40 years during follow-up if they had
been recruited at younger ages.
‡Only among postmenopausal women.
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analyses by menopausal status. Authors found an inverse
association between adiposity at menarche and the risk
for postmenopausal BC, independent of body fatness at
other ages(11).

Our findings are consistent with the Nurses’ Health
Study and Health Professionals Follow-up Study(21,22) and
represent the first Mediterranean cohort to find an associ-
ation between changes in body shape and the risk of devel-
oping BC. Furthermore, our cohort was younger (mean age

41 (SD 9·1) years), and our participants had a lower baseline
BMI (mean BMI 22·6 (SD 3·1) kg/m2). These findings sug-
gest that the risk of BC associated with changes in body
shape of at least 2 points in body shape level – sub-
sequently referred to as ‘heavy’ changes – is consistent
across populations with different ages or BMI.

Body fatness can alter concentrations of many circulat-
ing hormones such as insulin, insulin-like growth factors,
oestrogens, multiple adipokines and growth factors,

Table 2 Hazard ratio (95% CI) of breast cancer – confirmed cases – according to body shape trajectory in the Seguimiento Universidad de
Navarra (SUN) Project

Confirmed breast cancer cases

Body shape trajectories

Lean-increase Medium-stable Heavy-stable

Overall
Cases/women-years 27/11 904 37/29 218 16/11 377
Age-adjusted 1·82 1·10, 3·01 1 Ref. 1·08 0·60, 1·95
Multivariable-adjusted* 1·80 1·09, 2·98 1 Ref. 1·06 0·59, 1·92
Multivariable-adjusted† 1·84 1·11, 3·04 1 Ref. 0·98 0·54, 1·79

Premenopausal
Cases/women-years 11/5372 19/17 617 10/7295
Age-adjusted 1·78 0·84, 3·76 1 Ref. 1·27 0·59, 2·73
Multivariable-adjusted* 1·74 0·82, 3·69 1 Ref. 1·20 0·55, 2·61
Multivariable-adjusted† 1·71 0·80, 3·63 1 Ref. 1·26 0·57, 2·80

Postmenopausal
Cases/women-years 14/5680 11/9813 5/3354
Age-adjusted 2·39 1·08, 5·31 1 Ref. 1·25 0·43, 3·59
Multivariable-adjusted* 2·15 0·95, 4·87 1 Ref. 1·20 0·41, 3·51
Multivariable-adjusted† 2·42 1·07, 5·48 1 Ref. 1·12 0·37, 3·40

*Adjusted for height (cm), family history of breast cancer (no history, before 45 years, after 45 years), smoking habit (never, former or current smoker), lifetime tobacco exposure
(pack-years), age atmenarche (<10 years, 10–16 years or>16 years), obstetric history (5 categories), lifetime breast-feeding (months), use of oral contraceptives (yes/no) and
years of university studies (years).
†Additionally, adjusted for Mediterranean diet adherence score (0–8), alcohol consumption (g/d), total daily energy intake (tertiles of kcal/d), physical activity (MET-h/week),
consumption of sugar-sweetened beverages (servings/d). Only for postmenopausal women: hormone replacement therapy (yes/no), duration of hormone replacement
therapy (months) and age atmenopause (<50 years, 50–55 years or>55 years). Age as underlying time variable. Stratified analyses by recruitment period and age (decades).

Table 3 Hazard ratio (95% CI) of breast cancer – probable cases – according to body shape trajectory in the SUN Project

Probable breast cancer cases

Body shape trajectories

Lean-increase Medium-stable Heavy-stable Heavy-increase

Overall
Cases/women-years 50/11 803 70/29 062 26/11 336 4/2777
Age-adjusted 1·77 1·23, 2·56 1 Ref. 0·92 0·59, 1·45 0·62 0·23, 1·70
Multivariable-adjusted* 1·78 1·23, 2·57 1 Ref. 0·92 0·58, 1·44 0·63 0·23, 1·73
Multivariable-adjusted† 1·79 1·24, 2·58 1 Ref. 0·90 0·57, 1·42 0·61 0·22, 1·69

Premenopausal
Cases/women-years 20/5341 42/17 542 15/7276
Age-adjusted 1·52 0·89, 2·60 1 Ref. 0·86 0·48, 1·56
Multivariable-adjusted* 1·46 0·86, 2·51 1 Ref. 0·85 0·47, 1·55
Multivariable-adjusted† 1·43 0·83, 2·44 1 Ref. 0·91 0·49, 1·67

Postmenopausal
Cases/women-years 27/5614 19/9745 8/3340
Age-adjusted 2·59 1·43, 2·68 1 Ref. 1·13 0·49, 2·58
Multivariable-adjusted* 2·55 1·40, 4·65 1 Ref. 1·15 0·50, 2·66
Multivariable-adjusted† 2·73 1·49, 4·99 1 Ref. 1·09 0·46, 2·58

*Adjusted for height (cm), family history of breast cancer (no history, before 45 years, after 45 years), smoking habit (never, former or current smoker), lifetime tobacco exposure
(pack-years), age atmenarche (<10 years, 10–16 years or>16 years), obstetric history (5 categories), lifetime breast-feeding (months), use of oral contraceptives (yes/no) and
years of university studies (years).
†Additionally, adjusted for Mediterranean diet adherence score (0–8), alcohol consumption (g/d), total daily energy intake (tertiles of kcal/d), physical activity (MET-h/week),
consumption of sugar-sweetened beverages (servings/d). Only for postmenopausal women: hormone replacement therapy (yes/no), duration of hormone replacement
therapy (months) and age atmenopause (<50 years, 50–55 years or>55 years). Age as underlying time variable. Stratified analyses by recruitment period and age (decades).
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creating an environment that may encourage breast carci-
nogenesis(23). More recent evidence has implicated obesity
as associated with a low-grade chronic inflammatory
state(24). Also, weight gain may lead to a relatively greater
gain of fat mass compared with lean mass, especially with
weight cycling(25). Both low muscle mass and increased
adiposity may be metabolically linked to cancer via endo-
crine and inflammatory pathways mentioned above.

Early life (childhood and adolescence) has been
hypothesised as a critical window for breast tumorigene-
sis(26). At these ages, high rates of mammary gland tissue
proliferation take place. Therefore, risk factors which act
at this point may especially lead to molecular damage
and, thus, increase BC risk later in life. When analysing sep-
arately pre- and postmenopausal BC, in our cohort, women
who experienced a heavy change in their body shape in
their early life and mid-adulthood were at the highest risk
of developing specifically postmenopausal BC. Also, these
results are in linewith the available evidence showing a sig-
nificantly increased risk of postmenopausal BC with
increasing weight gain in adulthood(27,28), maybe due to
a major influence of adipose tissue-derived oestrogen in
breast carcinogenesis(29).

On the other hand, for premenopausal BC, an inverse
association between body fatness in childhood and adoles-
cence and cancer risk has been described(30). In our cohort,
women in the ‘heavy-stable’ trajectory showed a non-
significant lower risk of premenopausal probable BC (HR
0·91, 95 % CI 0·49, 1·67). The lack of statistical significance
may be due to limited statistical power.

Themost important strength of this study is the prospec-
tive nature of the SUN Project ensuring temporal sequence
between exposure and outcome. As far as we know, this is
the first Mediterranean cohort to analyse the relationship
between body shape trajectories and the risk of BC.
Another important aspect in this study is the lifespan per-
spective that makes possible to compare body shape trajec-
tories rather than BMI at a single measurement as an
estimator of body fatness. The use of the BMI as a surrogate
of adiposity might overestimate the amount of visceral adi-
pose tissue in people with high BMI. This might be due to
high lean mass. Therefore, BMI seems to have a limited
ability in capturing the variation in body fat distribution.
In addition, participants may not accurately recall their
weight and height at different ages, but they may be more
likely to better recall their body shape, an approach which
allowed to use repeated measures of body shape through-
out their lifespan. It is well known that cancer risk is a
dynamic process where risk factors can impact in different
ways according to life periods, making a life course per-
spective appealing. Another strength is that only incident
BC cases were included in the final analysis. Last, self-
reported cancer cases were confirmed via medical reports
to ensure that the final diagnosis was an invasive breast car-
cinoma and not a benign tumour.

There are also some limitations that have to be acknowl-
edged. First, the small number of incident BC cases in the
cohort may limit the statistical power. Second, women in
our study were relatively young, which may partially
explain the low incidence of BC. Despite this, the identified
age-adjusted BC incidence in the SUN Cohort was consis-
tent with the reported incidence of BC in the Spanish pop-
ulation(31). Third, although a higher socio-economic status
has also been associated with a higher incidence of BC, we
had no available information on socio-economic status
apart from years of university studies that were included
in the multivariable analysis. Our sample was restricted
to women with a high educational level since all were uni-
versity graduates. Therefore, our sample is fairly homo-
geneous in this aspect, a fact that reduces the potential
confounding effect by educational and socio-economic sta-
tus. Fourth, a potential limitation of our study is the self-
reported exposure that could be subject to recall bias
and measurement error. Nevertheless, this tool has been
previously validated(32), and since information on the expo-
sure was collected before the BC diagnosis, any error could
likely have attenuated the observed associations. Fifth, a
misclassification in trajectory assignment might have hap-
pened. Nevertheless, we conducted a sensitivity analysis
excluding participants whose trajectory assignment proba-
bility was <0·80, and this sensitivity analysis showed that
our results were robust to modest trajectory misclassifica-
tion. It must be acknowledged that the changes in body
shape during the period comprised between the age of 5
and 20 years are not specifically assessed in the
Stunkard’s pictograms. Given this, it is not possible to elu-
cidate if these changes took place during childhood, early/
late adolescence or if they have developed gradually. Sixth,
the self-reported nature of the outcome assessment might
have led to an underreporting of incident cases and thus to
a lower sensitivity. Nevertheless, when we repeated our
analyses considering only BC cases which had been blindly
confirmed – with high specificity – by an oncologist, our
results barely changed. With perfect specificity, the non-
differential sensitivity of disease misclassification would
not bias the measure of association(33). Finally, information
on potential confounders, such as physical activity, adher-
ence to Mediterranean diet and alcohol consumption, was
available only at study inception. If these variables are con-
sidered as surrogate markers of their values during child-
hood, they should be included as potential confounders
in the multivariable-adjusted model. On the contrary, if
these were posterior to body shape trajectories, adjustment
for these variables could lead to over-adjustment. In any
case, results barely changed when we adjusted for them.

In summary, women who were lean in their early life
and experienced a marked increase in their body shape
level had a significantly higher risk of developing breast
carcinoma, especially for postmenopausal BC, when com-
pared with womenwho remained stable in amedium body
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shape level. Together, these results emphasise the impor-
tance of a lifetime perspective when studying the impact of
body fatness on cancer risk. Although further research
should be fostered with the aim of better understanding
the relationship between body shape changes and the pre-
cise impact on pre- and postmenopausal BC incidence, the
existing knowledge can eventually be applied to health
education and promotion interventions, through updating
integrated instruments for cancer prevention (such as the
European Code against Cancer)(34) or even through the
application of the operational findings to public health
practice within the framework provided by National
Cancer Control Programmes(35).
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Henríquez P, Hernández A, Hershey MS, Hidalgo-
Santamaría M, Hu E, Lahortiga F, Leone A, López del
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