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Abstract

Purpose Evidence suggests that premenopausal obesity decreases and postmenopausal obesity increases breast cancer
risk. Because it is not well known whether this is subtype dependent, we studied the association between body mass index
(BMI) and age at breast cancer diagnosis, or the probability of being diagnosed with a specific breast cancer phenotype, by
menopausal status.

Methods All patients with non-metastatic operable breast cancer from the University Hospital Leuven diagnosed between
January 1, 2000 and December 31, 2013 were included (n = 7020) in this cross-sectional study. Linear models and logistic
regression were used for statistical analysis. Allowing correction for age-related BMI-increase, we used the age-adjusted
BMI score which equals the difference between a patient’s BMI score and the population-average BMI score corresponding
to the patient’s age category.

Results The quadratic relationship between the age-adjusted BMI and age at breast cancer diagnosis (p = 0.0207) interacted
with menopausal status (p < 0.0001); increased age at breast cancer diagnosis was observed with above-average BMI scores
in postmenopausal women, and with below-average BMI scores in premenopausal women. BMI was linearly related to the
probabilities of Luminal B and HER2-like breast cancer phenotypes, but only in postmenopausal women. The relative changes
in probabilities between both these subtypes mirrored each other.

Conclusion BMI associates differently before and after menopause with age at breast cancer diagnosis and with the prob-
ability that breast cancer belongs to a certain phenotype. The opposite effect of increasing BMI on relative frequencies of
Luminal B and HER2-like breast cancers suggests a common origin.
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Introduction

Breast cancer is a multifactorial disease that globally
remains the most frequently diagnosed malignancy and
leading cause of cancer death in women. Obesity has been
reported as a breast cancer risk factor and is becoming more
prevalent worldwide [1, 2].
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The relation between obesity and breast cancer risk is
dual, and depends on menopausal status. An inverse associa-
tion between obesity and breast cancer risk has been sug-
gested in premenopausal women, while a reported positive
association in postmenopausal women may account for 8%
of postmenopausal breast cancers [3—5]. The explanation
for this dual relationship remains unclear, although obesity-
associated changes in progesterone levels may play a role
[6].

If obesity exerts a key role in carcinogenesis, this dual
relationship could be reflected in an earlier age at diagno-
sis in obese postmenopausal women and at a later age at
diagnosis in obese premenopausal women. Interestingly,
obesity-accelerated carcinogenesis was recently suggested
in endometrial cancer by Nevadunsky and others, reporting
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an inverse association between age at diagnosis and BMI
in postmenopausal patients [3, 7, 8]. This relationship for
breast cancer is the topic of the current study.

Breast cancer heterogeneity may impact the dual rela-
tionship between obesity and breast cancer risk. A protec-
tive effect of obesity on premenopausal breast cancer risk
might result from an increased likelihood of anovulatory
cycles resulting in less estrogen receptor (ER)-positive
breast cancers [9-11]. In postmenopausal women, obe-
sity increases the risk for ER-positive breast cancer, but
not in the absence of a positive progesterone receptor (PR)
suggesting an important role for elevated circulating estro-
gens and an intact ER pathway reflected by the presence
of PR [12, 13]. In a previous study, we already showed
an inverse relationship between an activated ER pathway
and human epidermal growth factor receptor 2 (HER2),
only in postmenopausal breast cancer [14] and between
obesity and HER?2 status [15]. The dual association of
obesity with breast cancer risk may thus be confounded
by breast cancer subtype, but also by risk factors affecting
breast cancer subtype, like age and parity. Indeed, a first
full-term pregnancy may increase short-term breast cancer
risk, but it protects in the longer term against ER-positive
breast cancer [16, 17]. We therefore studied whether BMI
is associated with the relative risk for a specific breast
cancer subtype, and whether this relation is different by
menopausal status and parity.

Methods
Patient selection

We retrieved all invasive operable breast cancer patients
treated between January 1, 2000 and December 31, 2013
from our prospectively managed database (University
Hospital Leuven, Belgium), excluding male (n = 62) and
primary metastatic patients (n = 585) (advanced disease
might interfere with BMI and increase age at diagnosis,
also BMI was only available for 337/585 of these patients).
A consort diagram is presented in Fig. 1 (online resource
1). BMI was assessed at surgery or at the start of neoad-
juvant chemotherapy. Patients with unknown menopausal
status (n = 170) were categorized as premenopausal if
aged < 50 years and as postmenopausal if aged > 50 years.
Perimenopausal women (n = 233) were categorized as
premenopausal. In case of bilateral breast cancer, both
tumors were studied for analyses on tumor level. In case
of multifocal breast cancer, only one focus was studied
when all foci had similar phenotypes. Multifocal breast
cancers were excluded when phenotypes differed between
foci (n = 33).
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Tumor characteristics

For a detailed description of immunohistochemical and
pathological assessments of tumor size, grade, nodal status,
Nottingham Prognostic Index (NPI), NPI subgroups, ER,
PR, and HER2, we refer to previous study [18]. Data on
tumor size, nodal status, and NPI are based only on primary
operable breast cancer patients. Five breast cancer pheno-
types were defined according to the 2011 St. Gallen recom-
mendations (Table 1, online resource 2) [18]. We applied the
REcommendations for tumor MARKer prognostic studies
(REMARK).

Statistical analysis

Chi-square and Kruskal-Wallis tests are used to compare
categorical and ordinal or continuous variables between
groups, respectively. Linear models are used to study the
association between BMI and age at diagnosis. Age-adjusted
BMI scores are used to account for the association between
age and BMI in the population [5]. The adjusted BMI score
equals the difference between a patient’s BMI score and the
population-average BMI score corresponding to the patient’s
age category. Population-average BMI scores were obtained
from publicly available data from Belgian women in 2004
(n = 7975) and calculated for five-year age categories
(age 30-34, 35-39,...) in order to have sufficient observa-
tions [19]. An adjusted BMI score of 5 thus indicates that
a patient’s BMI is 5 points (kg/m?) above the population-
average in her age category. Since women with higher BMI
may have large tumors, analyses that study the relationship
between adjusted BMI scores and age at diagnosis were cor-
rected for tumor size.

Logistic regression models were used to study the asso-
ciation between BMI and binary outcomes (i.e., pheno-
types). BMI was primarily studied as a continuous variable
rather than as a categorical variable since biology does not
take into account human arbitrary definitions. Categorical
strata are, however, presented in patient demographic tables
and were defined as follows: underweight (< 18), normal
weight (18-24.9), overweight (25-29.9), obese (> 30) (kg/
m?). Analyses were performed with correction for age at
diagnosis since the relative frequencies of different breast
cancer phenotypes vary by age.

All analyses were performed using SAS software, version
9.3 of the SAS System for Windows. Copyright © 2002 SAS
Institute Inc. SAS and all other SAS Institute Inc. product
or service names are registered trademarks or trademarks of
SAS Institute Inc., Cary, NC, U.S.A..
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Results

We included 7020 patients with known age at diagno-
sis and BMI; 6304 or 89.8% were primary operable, and
716 or 10.2% received neoadjuvant therapy. Descriptive
statistics for BMI, menopausal status, grade, receptor
status, tumor size, nodal status, histology, and parity are
presented in Table 2 (online resource 3). Table 3 (online
resource 4) shows age at diagnosis by BMI categories.

Relation between BMI, adjusted BMI score, and age
at diagnosis

We observed a quadratic relationship between BMI and
age at breast cancer diagnosis in the overall study pop-
ulation (p < 0.0001) (Fig. 1a). This quadratic relation-
ship remained significant (p = 0.0207) (Fig. 1b) using
age-adjusted BMI scores, accounting for the association
between age and BMI in the general population, and
also after correction for tumor size (p = 0.0143). The
quadratic relationship between age-adjusted BMI score
and age at diagnosis interacted significantly with the
menopausal status (p < 0.0001) (Fig. 1c). In brief and
corrected for same-age in the general population, pre-
menopausal patients with lower BMI had a higher age
at diagnosis as compared to patients with a higher BMI
and postmenopausal women with lower (respectively
higher) BMI were diagnosed at an earlier (respectively
elder) age. In addition, Fig. 1d shows that ER-positive
subtypes were diagnosed at a later age compared to ER-
negative subtypes, independently of BMI in premenopau-
sal women. In postmenopausal women, ER status inter-
acts significantly with age-adjusted BMI, suggesting a
stronger positive association between age at diagnosis
and age-adjusted BMI in ER-positive than in ER-negative
breast cancers (p = 0.0308) (Fig. 1d). No other interac-
tions were observed between menopausal status and his-
tology or breast cancer subtypes (data not shown). The
estimated changes in age at diagnosis per 5-unit change in
BMI compared with the mean are presented in Table 1 for
the overall population and for pre- and postmenopausal
women separately. For instance, postmenopausal patients
with a BMI score that is 4+ 5 kg/m* compared to the popu-
lation mean BMI in their age category, were on average
1.09 years (95% CI 0.83-1.35) older at diagnosis; and,
premenopausal patients with a BMI score that is — 5 kg/
m? compared to BMI of the general same-age population
were experiencing diagnosis on average 0.82 years later
(95% CI 0.20-1.44). Results remained identical when cor-
rected for tumor size (data not shown).

Relation between BMI, parity, and probability
of being diagnosed with a certain breast cancer
phenotype

We further explored the impact of BMI on the probability
of being diagnosed with certain breast cancer subtypes. We
observed a linear relationship between BMI and the prob-
ability of being diagnosed with Luminal B breast cancer
(p = 0.0375) (Table 2, Fig. 2a). No such relationship could
be demonstrated for other breast cancer subtypes, unless
menopausal status was taken into account. Indeed, menopau-
sal status significantly interacted with BMI in explaining the
probability of being diagnosed with Luminal B and HER2-
like breast cancer. BMI was associated with the probabilities
of these subtypes only in postmenopausal women, and the
relative changes in probabilities between both subtypes are
mirroring each other (Table 2, Fig. 2b). An interaction effect
between BMI and parity could not be demonstrated, except
for a trend in Luminal HER2-like breast cancer (p = 0.0627)
(Table 2). Although for Luminal B the interaction between
BMI and menopause looks stronger in nulliparous than in
multiparous women, the three-way interaction tests between
BMI, parity, and menopausal status remained nonsignificant
(Table 2), perhaps due to low numbers in the nulliparous

group.

Discussion

To our knowledge, this is the first study where a potential
relation between BMI and age at breast cancer diagnosis has
been explored in a case-only cohort. We found a quadratic
relation between BMI and age at breast cancer diagnosis.
However, since elder women are more likely obese [5], a
correction was introduced by means of country-specific age-
adjusted BMI scores, and since obese women are more likely
to have larger tumors at the time of diagnosis, a correction
for tumor size was applied. After correction for these poten-
tial confounders, the quadratic relationship between BMI
and age at breast cancer diagnosis remained identical.

In addition, a significant interaction effect with menopau-
sal status was found, as was hypothesized based on the dual
relationship between obesity and breast cancer risk from
the literature. Lower than average body mass was associ-
ated with increased age at diagnosis in premenopausal
women, but with younger age at diagnosis in postmenopau-
sal women. On the contrary, higher than average body mass
was not associated with age at diagnosis in premenopausal
women, but was associated with older age at diagnosis in
postmenopausal women. The direction of this effect in post-
menopausal women was opposite to the one anticipated from
the Nevadunsky study in endometrial cancer. They indeed
found that a higher BMI was associated with younger age
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Fig.1 Quadratic relationship between BMI (a) or adjusted BMI
score (b) and age at breast cancer diagnosis. A significant interaction
was found with menopausal status (c¢) and ER status (d) but not with

at diagnosis in postmenopausal endometrial cancer, sugges-
tive for an accelerated carcinogenesis [7]. A first potential
explanation for our results could be a delayed diagnosis due
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HER?2 status (e) or breast cancer phenotype (f) or histology (data not
shown). (TNBC triple-negative breast cancer)

to a more difficult clinical/radiological assessment or due to
the fact that obese patients are less likely to undergo mam-
mographic screening [20]. We attempted to control for this
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Table 1 Estimated changes in age at diagnosis per 5-unit change in
adjusted BMI score (BMI compared to the mean population value in
the patient’s age category), for pre- and for postmenopausal

Change in BMI  Estimated change in age at diagnosis
compared to Change 95% CI lower 95% ClL  p value
fean limit upper
limit
Overall analysis
— 5 kg/m? -173 -2.23 -123  <0.0001
+ 5 kg/m? 1.29 0.97 1.61 < 0.0001
Premenopausal women
— 5 kg/m? 0.82 0.20 1.44  =0.0099
+ 5 kg/m? -025 -0.63 0.13 =0.1983
Postmenopausal women
— 5 kg/m? -180 -2.20 -140 < 0.0001
+ 5 kg/m? 1.09 0.83 135 < 0.0001

through correction for tumor size, since delayed diagnosis
may result in larger tumors, although this might be insuffi-
cient. Correction for detection mode could be of value, but

was not possible since organized screening mammography
is only available above age 50 years in Belgium.

An alternative explanation could be the hypothesis that
obesity induces different (slower growing) breast cancer sub-
types than those arising in normal weight postmenopausal
women. In order to elucidate this hypothesis, we examined
the impact of BMI on the probability of being diagnosed
with a certain breast cancer phenotype, correcting for age at
diagnosis, since the probability of the different breast cancer
phenotypes varies by age. Although our case-only cohort
study design does not allow calculating absolute risks, it
allows studying heterogeneity of effect of a given risk factor
across different breast cancer phenotypes [21]. We found
that obesity is associated with the probability of being diag-
nosed with Luminal B and HER2-like breast cancer. These
results were only significant in postmenopausal women.
While a higher BMI was associated with an increased prob-
ability of being diagnosed with Luminal B breast cancer, an
inverse and mirroring relationship was seen for HER2-like
breast cancer. This has not been described in previous stud-
ies [22]. Adding to the strength of this observation, we have

Table 2 Probability of being diagnosed with a certain breast cancer phenotype by BMI (linear model) and the impact of menopausal status.

(TNBC triple-negative breast cancer)

Effect of BMI on the probability of being diagnosed with

Linear model

p value Effect
Luminal A 0.2708 n/a
Luminal B 0.0375 BMI +5 kg/m? OR 1.07 (95% CI 1.00-1.14)
Luminal HER2 0.4096 n/a
HER?2-like 0.0797 n/a
TNBC 0.2606 n/a
Interaction with menopausal status p value Effect
Luminal A 0.2204 n/a
Luminal B 0.0485 Premenopausal OR 0.996 (CI1 0.974-1.018), p = 0.6922
Postmenopausal OR 1.022 (CI 1.007-1.038), p = 0.0033
Luminal HER2 0.2653 n/a
HER2-like 0.0035 Premenopausal OR 1.024 (CI 0.987-1.063), p = 0.2059
Postmenopausal OR 0.953 (CI 0.924-0.982), p = 0.0015
TNBC 0.1734 n/a
Interaction with parity p value Effect
Luminal A 0.9314 n/a
Luminal B 0.5500 n/a
Luminal HER2 0.0627 n/a
HER?2-like 0.8882 n/a
TNBC 0.2726 n/a
Interaction with menopausal status and parity p value Effect
Luminal A 0.5833 n/a
Luminal B 0.3553 n/a
Luminal HER2 0.9329 n/a
HER?2-like 0.5938 n/a
TNBC 0.6664 n/a
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Fig.2 Probability of being diagnosed with a breast cancer phenotype
by BMI (a). Analyses were repeated for Luminal B and HER2-like
subtypes, patients were stratified by menopausal status (b). Breast

previously reported both inverse associations between BMI
and HER?2 receptor status and between ER/PR and HER2
status in postmenopausal women [14, 15]. Taken together,
current and previous studies could represent clinical evi-
dence of a common progenitor cancer cell for Luminal B
and HER2-like breast cancers. Luminal progenitors have
been proposed to be the cell type most commonly associ-
ated with the initiation of breast cancer, even in BRCA1-
related basal-like breast cancers [23]. We hypothesize that
a luminal progenitor may not be able to become clinically
apparent in an otherwise low (postmenopausal) estrogen
environment, except in the case of an obesity-stimulated
ER pathway. Bidirectional crosstalk between ER and HER2
pathways has been well documented, and an obesity-acti-
vated ER pathway will therefore suppress HER2, resulting
in the Luminal B phenotype [24]. Vice versa, the luminal
progenitor in normal-weight postmenopausal women will
need to activate another growth pathway, for example, the
HER?2 pathway, before it can become clinically apparent.
Since the ER pathway is not stimulated, this results in a
HER?2-like phenotype. This obesity-induced heterogeneity
in breast cancer phenotype might also explain the obesity-
induced increase in age at breast cancer diagnosis as hypoth-
esized earlier in this article.

In the view of these results, we believe that obesity car-
ries a mitogenic rather than a mutagenic or carcinogenic
function, similar to the association between hormone sub-
stitution therapy (HST) and breast cancer risk [25]. This
hypothesis may be supported by (a) the absence of an obe-
sity-associated breast cancer risk in HST users [26] (b) the
fact that an obesity-associated breast cancer risk exists in

@ Springer

cancer phenotypes are studied as binary variables (e.g., Luminal A
versus non-Luminal A). (TNBC triple-negative breast cancer)

larger tumors only [27], (c) the proposed mitogenic rather
than mutagenic ability of insulin which may be a mediator
of obesity [28] and (d) the lack of a prognostic effect of
obesity in postmenopausal women with ER-positive breast
cancer [29].

To our knowledge, our report represents the largest case-
only series examining the relationship between obesity and
breast cancer phenotypes. Case—control studies should now
further investigate this relationship, since other currently
available data are conflicting and/or originate from small
series [26, 30—33]. Potential confounders such as smoking,
dietary factors, HST and detailed reproductive variables
were not available in our study and should be incorporated
in future studies, if possible. For example, a low BMI may
act as a proxy for heavier smoking [3], and nulliparity and
obesity may have synergistic effects on breast cancer risk
[17]. Our study did include data on parity. Although the
interaction between BMI and menopause appears visually
stronger for Luminal B breast cancer in nulliparous, this
was not statistically confirmed. This could be explained by
the fact that these associations may be significant in elderly
women only [17].
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