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Obesity and metabolic disorders have been associated with poor outcomes in non-Mediterranean
breast cancer (BC) patients. The purpose of this study was to investigate the prognostic potential of
anthropometric variables in patients with early BC living in Southern Mediterranean region of Italy.
We enrolled 955 consecutive early BC patients treated in hospitals in Naples between 2009 and 2013
(median follow-up 11.8-year ending 15/09/2022). Body mass index (BMI), waist circumference (WC),
waist-to-hip ratio (WHR) and metabolic syndrome (MetS) were collected. All-cause and BC-specific
mortality were calculated. At the last day of contact 208 (22%) patients had died, 131 (14%) from
BC. High WC (= 88 cm) or WHR (> 0.85) and the MetS were significantly associated with moderately
increased risk of all-cause mortality (HR=1.39, 1.62, 1.61, respectively). A significant increased risk
of BC-specific mortality was found in obese patients, in those with high WC, high WHR and those
with MetS (HR=1.72, 1.71, 1.80, 1.81, respectively). Central obesity significantly increased total and
BC-specific mortality particularly in pre-menopausal women and in luminal subtypes, while in post-
menopause MetS was a stronger risk factor. Obesity and MetS may impair the effectiveness of BC
therapies hence active lifestyle interventions are encouraged.

Abbreviations

BC Breast cancer

BMI Body mass index
WC Waist circumference

WHR  Waist-to-hip ratio
MetS  Metabolic syndrome
TNBC Triple negative breast cancer
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Breast cancer (BC) is the first cause of cancer incidence in women and the fifth cause of cancer mortality globally’.
In Europe, the highest incidence rates are observed in Northern and Western Europe and the lowest in Southern
Europe. However, 5-year survival rates have been increasing in all European countries, particularly in Northern
and Western Europe?. These differences in cancer incidence and survival could be related to several risk factors,
among which non-modifiable and modifiable factors®>. Among the latter, obesity has been associated with an
increased risk of cancer and with poor outcomes in patients with cancer, including BC?.

In most studies, obesity is defined on the basis of body mass index (BMI) which has been used as a surrogate
of total body adiposity. This approach is widely used in epidemiological studies as it can be simply calculated
on the basis of participants’ weight and height*. However, other anthropometric measurements such as waist
circumference (WC), and waist-to-hip ratio (WHR) are used to estimate the presence of central adiposity and
they are considered more accurate indicators of cancer risk than body weight™S. In a study of American BC sur-
vivors, high WC and WHR were associated with worse overall and BC-specific survival’. However, American
Black BC survivors may have different body composition and fat distribution compared to European Caucasians.
They may also have different exposures to other modifiable risk factors such as food-related behaviors and the
negative features of Western diets that are associated with an increased overall mortality among BC survivors**.

Herein we investigate the prognostic potential of the anthropometric variables BMI, WC and WHR together
with a diagnosis of Metabolic Syndrome (MetS) and the presence of MetS components on clinical outcomes in
women from Campania, a Southern Mediterranean region of Italy.

Materials and methods
Study population and design
A total of 955 BC patients were enrolled in this study between January 2009 and December 2013 at the Istituto
Nazionale dei Tumori, “G. Pascale” and at the University Hospital “Federico II”, Naples, Italy. Anthropometric
measurements (weight, height, waist and hip circumference), clinical data (age, menopausal status, type of
adjuvant therapy, MetS components) and tumor characteristics were reported at the enrollment, before start-
ing systemic (neo) adjuvant therapy. Median (min, max) time of follow-up calculated up to June 15, 2022 was
11.8 years (8.9, 14.5). The follow-up was performed via telephone surveys in which operators collected data on
vital health status. A detailed description of the study population and design can be found in an earlier study®.
The study was approved by the Institutional Review Board of the University of Naples Federico II (IRB
approval number 75/15) and participants provided written informed consent to participate. The patients’ records
and data were anonymized and de-identified prior to analysis. The study was conducted in accordance with legal
and regulatory requirements, as well as the general principles set forth in the International Ethical Guidelines
for Biomedical Research Involving Human Subjects (Council for International Organizations of Medical Sci-
ences 2002), Guidelines for GCP (ICH 1996) and addendum, and the Declaration of Helsinki (World Medical
Association 1996 and its amendments). In addition, the study was conducted in accordance with the protocol
and applicable local regulatory requirements and laws.

Anthropometry

BMI information was available for 933 patients and categorized according to canonical BMI ranges'’. Hip cir-
cumference and WC measurements (in cm) were collected from 901 and 900 patients, respectively. WC was also
categorized according to NCEP-ATP III criteria (<88; >88 cm)!!. WHR was calculated as the ratio between waist
and hip circumferences, and categorized as < 0.85 or > 0.85'%

Metabolic syndrome and its components

MetS was defined according to NCEP-ATP I1I criteria''. Complete data to assess MetS were available for 718
patients (75%), and for 626 of them (66%) we were able to collect information about the specific number of MetS
components (0, 1-2, > 3), while for the remaining 92 patients (10%) we did not have sufficient information to
attribute a score of MetS component of 0, 1 or 2 (Table 1).

Tumor characteristics
Immunohistochemical (IHC)-based surrogates of molecular BC subtypes were assigned based on the criteria
established by the 13th St Gallen International Breast Cancer Conference (2013) Expert Panel'*!4.

Statistical analyses
Survival time was calculated from the date of BC diagnosis to the date of patient death or to the end of the follow-
up period (June 15th 2022), which ever occurred first. The calculation of all-cause and BC-specific mortality in
patients lost to follow-up was censored on the last day in which the patient was considered free from the event.
The corresponding adjusted hazard ratios (HRs) and 95% confidence intervals (Cls) were calculated using
adjusted Cox multivariable proportional hazards regression models, and a stepwise approach if necessary. Adjust-
ment variables included terms for age (<40, 41-60, >60), center, tumor stage (I-IIA; IIB; IIIA-IIIC) and molecular
subtypes (HR+/HER2-, HER2+, TN). The HRs were calculated for BMI, WC and WHR as categorical variables;
moreover, the HRs for an increase of 5 units (U) (kg/m?) of BMI, 10-U (cm) of WC and 0.1-U of WHR were also
estimated when these variables were evaluated as continuous ones in the models. A stratified analysis was also
performed by molecular subtypes and by luminal status to investigate the association between anthropometric
and metabolic measurements and all-cause or BC-specific mortality. All statistical analyses were performed
using R version 4.1.3.
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All Pre-menopausal Post-menopausal
Deaths from all- | Deaths from Deaths from all- | Deaths from Deaths from all- | Deaths from
Variables N' (%) causes breast cancer N' (%) causes breast cancer N' (%) causes breast cancer
955 208 131 369 34 31 586 174 100
Center
IRCCS G. Pascale | 526 (55) | 137 87 196 (53) |20 19 330 (56) | 117 68
Policlinico Fed- | 1)g 45y | 71 44 173 (47) | 14 12 256 (44) |57 32
erico II
Age (years)
<40 93(10) |15 14 92(25) |15 14 1 (0) 0 0
40-49 249 (26) |21 17 232(63) |16 14 17 (3) 5 3
50-59 257 (27) |52 41 45(12) 3 3 212 (36) |49 38
=60 356 (37) | 120 59 0 0 0 356 (61) | 120 59
ER
Negative (0) 172 (18) |49 36 57 (15) 10 9 115(20) |39 27
Positive (>0) 781(82) | 159 95 311(84) |24 22 470 (80) | 135 73
PGR
Negative (0) 217 (23) |65 47 68 (18) 13 12 149 (25) |52 35
Positive (>0) 736 (77) | 143 84 300 (81) |21 19 436 (74) | 122 65
Ki67>20
Negative (<20%) 547 (58) |95 53 172 (47) |11 11 295(50) |84 42
Positive (=20%) 398 (42) | 112 77 194 (53) |22 19 287 (49) |90 58
Surrogate molecular subtypes
Luminal A-like 310(33) |59 30 110 (30) |3 3 200 (34) |56 27
Eg“;;_al Belike/ | 341 37) |75 50 141(38) |15 13 200 (34) | 60 37
HER2+ 152 (16) |34 23 67 (18) 6 6 85 (15) 28 17
Triple negative 123 (13) |33 26 40 (11) 9 8 83 (14) 24 18
HR status
HR- 158 (17) |48 36 49 (13) 9 9 109 (19) |39 27
HR+ 795 (83) | 160 95 319 (86) |25 22 476 (81) | 135 73
Cancer stage
I-TIA 614 (64) | 110 57 244 (66) |18 16 370 (63) |92 41
1IB 125(13) |30 19 46 (13) 7 7 79 (14) 23 12
IIIA-TIIC 174 (18) |56 45 68 (18) 8 7 106 (18) |48 38
Tumor dimension (T)
T1 530 (56) |96 54 215 (58) |15 13 315 (54) |81 41
T2 352 (37) |89 60 125(34) |16 15 227 (39) |73 45
T3-T4 49 (5) 17 13 22 (6) 3 3 27 (5) 14 10
Axillary nodal status (N)
NoO 513 (54) |92 42 193 (52) |15 13 320 (55) |77 29
N+ 413 (43) | 107 82 169 (46) |18 17 244 (42) |89 65
Histological grade
Gl 57 (6) 7 1 26 (7) 0 0 31(5) 7 1
G2 386 (40) |85 48 140 (38) |10 10 246 (42) |75 38
G3 490 (51) | 105 73 197 (53) |21 18 293 (50) |84 55
Cancer type
Invasive ductal | 75 (74) | 58 106 281 (76) |31 28 429 (73) | 127 78
carcinoma
Invasive lobular | 49 (1) |3, 16 52(14) |1 1 97(17) |31 15
carcinoma
Tubular carcinoma | 31 (3) 4 2 15 (4) 0 0 16 (3) 4 2
Other 65 (7) 14 7 21(6) 2 2 44 (8) 12 5
Treatments
No therapy 59 (7) 7 3 19 (5) 2 1 40 (7) 5 2
ﬁfys‘rz’fmt/ neoad- | 120 (14) |31 22 50 (14) |9 9 70 (12) |22 13
Hormone 678 (79) | 118 65 266 (72) |13 12 412 (70) | 105 53

Body mass index, kg/m?

Continued
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All Pre-menopausal Post-menopausal
Deaths from all- | Deaths from Deaths from all- | Deaths from Deaths from all- | Deaths from

Variables N' (%) causes breast cancer N' (%) causes breast cancer N' (%) causes breast cancer
N 933 202 127 359 (97) |33 30 574 (98) | 169 97
<25 341(37) |57 36 194 (53) |15 12 147 (25) | 42 24
25-30 317 (34) |67 36 112 (30) |12 12 205 (35) |55 24
>30 275(29) |78 55 53 (14) 6 6 222(38) |72 49
‘Waist circumference, cm

N 900 192 124 347 (94) |31 29 553 (94) | 162 95

<88 410 (46) | 64 41 225(61) |15 14 185(32) |49 27

>88 490 (54) | 129 83 122 (33) |16 15 368 (63) | 113 68
Waist-to-hip ratio, u

N 899 192 124 348 (94) |31 29 551 (94) | 161 95
<0.85 322(36) |46 32 184 (50) |13 12 138 (24) |33 20
>0.85 577 (64) | 146 92 164 (44) |18 17 413 (71) | 128 75
Metabolic syndrome (MetS)?

No 545 (76) |95 65 271(93) |24 23 274 (64) |71 42
Yes 173 (24) |64 42 21 (7) 2 2 152 (36) | 62 40
MetS components

None 122(19) |11 10 81 (36) 6 6 41 (10) 5 4
1-2 331(53) |75 48 125 (55) |15 14 206 (52) |60 34
>3 173 (28) | 64 42 21(69) |2 2 152 (38) |62 40

Table 1. Patients and tumor characteristics, all-cause and BC-specific deaths, overall and by menopausal-
status. Naples, Italy, 2009-2022. ER estrogen receptor, PGR progesterone receptor, HER2 human epidermal
growth factor receptor-2, HR hormone receptor. ' For some variables the sum does not add up to the total due
to missing values. 2MetS was defined by the presence of 3 to 5 of the following criteria: WC >88 c¢m, blood
pressure > 130/ > 85 mmHg, fasting (at least 8-hour fasting) concentration of serum triglycerides > 150 mg/dL,
high-density protein cholesterol (HDL-C) < 50 mg/dL and fasting plasma glucose concentration > 110 mg/dL.

Results

This study enrolled 955 women with early BC. Mean age 55.3£12.5 years, and 61% of patients were post-meno-
pausal. Of 955 patients enrolled, 208 patients died from any cause (34 in pre- and 174 in post-menopausal status),
and of these 131 died from BC (31 in pre- and 100 in post-menopausal status). BC-specific death was not available
for 80 patients but were included in the overall mortality count, while 3 patients were lost to follow-up during
the course of the study, therefore no information about their vital status was available. The characteristics of
patients and their tumors, as well as the number of patients undergoing death events, are summarized in Table 1.
Regarding BC subtypes, 33% and 37% of patients had Luminal A-like and Luminal B-like BC, respectively, 16%
of patients had HER2+ BC (either HR+ or HR-), and 13% of patients had triple-negative BC (TNBC). Overall,
83% of all patients had HR+ tumors. Two-thirds (64%) had stage I-IIA disease. The most frequent histologi-
cal tumor grades were G2 and G3 (40% and 51%, respectively). Invasive ductal carcinoma (IDC) was the main
histological type (74%). Regarding pharmacologic treatments, most patients (79%) received endocrine therapy,
while 14% received (neo) adjuvant chemotherapy (CT), thus reflecting a population of patients with relatively
low clinical risk of tumor recurrence. Similar distributions of tumor characteristics were observed in pre-and
post-menopausal women.

Obesity (BMI>30 kg/m?) was found in 29% of the whole study cohort, 14% in pre- and 38% in post-meno-
pausal women. Approximately 24% of patients met the criteria for a diagnosis of MetS, 7% in pre- and 36% in
post-menopause, while the presence of 1-2 criteria was found in 53% of patients overall, 55% in pre- and 52%
in post-menopause.

All-cause and BC-specific mortality were 78% and 85%, respectively (Additional Fig. 1). Table 2 summarizes
anthropometric/metabolic variables and their association with all-cause or BC-specific mortality, overall or
according to menopausal status. Although obese patients had a higher risk of death compared to normal weight/
overweight patients (Additional Fig. 2), multivariable analysis did not show an independent association between
BM]I, as evaluated as a categorical variable, and all-cause mortality. However, each 5.0-U increase in BMI was
associated with an increased risk of all-cause mortality (HR=1.17, 95% CI 1.02-1.34, p = 0.030). Unlike BMI,
a high WC and WHR were associated with a moderately increased risk of all-cause mortality also when evalu-
ated as dichotomous variables (WC > 88 cm, HR = 1.39, 95% CI 1.00-1.94; WHR > 0.85, HR = 1.62, 95% CI
1.12-2.37), and this association retained statistical significance when WC and WHR were evaluated as continu-
ous variables (HRs = 1.16, 95% CI 1.05-1.29 and HR = 1.27, 95% CI 1.07-1.50 respectively). Lastly, we found
an association between MetS components and the risk of all-cause mortality (HR = 1.61, 95% CI 1.12-2.32). In
particular, patients with >3 MetS components had almost quadrupled the risk of death versus patients without
MetS (HR = 3.94, 95% CI 1.88-8.26).

Regarding BC-specific mortality risk, it was higher in obese patients (BMI > 30 kg/m?, HR = 1.72, 95% CI
1.06-2.78) and for each 5.0-U increase in BMI (HR = 1.31, 95% CI 1.11-1.55). In addition, patients with a WC
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All Pre-menopausal Post-menopausal
Deaths from breast Deaths from breast Deaths from breast

Deaths from all-causes | cancer Deaths from all-causes | cancer Deaths from all-causes | cancer

HR* (95%CI) |p™ |HR*(95%CI) |p* |HR*(95%CI) |p* |HR(95%CI) |p* |HR*(95%CI) |p* |HR(95%CI) |p**
Body mass 0.345 0.029 0.291 0.090 0.277 0.032
index, kg/m
<25 1 1 1 1 1 1
25-30 0.99 (0.67-1.47) 1.03 (0.62-1.73) 1.79 (0.77-4.13) 2.4 (1.00-5.95) 0.73 (0.48-1.12) 0.52 (0.28-0.98)
>30 1.25 (0.85-1.84) ;.;g)(l.os- 1.91 (0.70-5.26) 2.60 (0.90-7.48) 0.95 (0.63-1.41) 1.06 (0.62-1.79)
Per5U }';Z)(l'oz‘ 0.030 }'g;)(l'“' 0.002 | 1.43 (1.04-1.96) | 0.028 | 1.58 (1.15-2.18) | 0.005 | 1.06 (0.91-1.23) | 0.457 | 1.15 (0.94-1.41) | 0.189
Waist circumfer- 0.053 0.014 0.007 0.006 0.926 0.536
ence, cm
<88 1 1 1 1 1 1
>88 1.39 (1.00- 171 (112~ 2.94 (1.35-6.42) 3.09 (1.37-6.94) 1.02 (0.71-1.46) 1.17 (0.72-1.89)

1.94) 2.61)
Per 10U i';g)(”’s‘ 0.005 }'ig)(l'm‘ 0.001 |1.33 (1.01-1.76) | 0.046 | 1.39 (1.05-1.86) | 0.023 | 1.09 (0.97-1.23) | 0.141 | 1.15 (0.99-1.34) | 0.065
Waist-to-hip 0.011 0.014 0.036 0.035 0.367 0.395
ratio, u
<085 1 1 1 1 1 1

1.62 (L.12- 1.80 (1.13-
>0.85 o 250 2.38 (1.06-5.33) 2.46 (1.06-5.71) 1.21 (0.80-1.84) 127 (0.73-2.20)
Per 0.1 U i.gg)(l.m- 0.005 }.:;)(1.08- 0.007 | 1.54(0.91-2.60) | 0.105 | 1.61 (0.93-2.77) | 0.089 | 112 (0.92-1.36) | 0.246 | 1.15 (0.90-1.47) | 0.254
Metabolic syn-
AL 0.010 0.010 0.463 0.476 0.193 0.103
No 1 1 1 1 1 1

1.61 (1.12- 1.81 (1.51-
Yes 2.3 2.85) 179 (0.38-8.47) 1.76 (0.37-8.38) 1.29 (0.88-1.89) 150 (0.92-2.45)
MetS compo- 0.001 0.008 0.170 0.218 0.099 0.150
nents
None 1 1 1 1 1 1
1-2 2.92 (144~ 2.45 (115~ 2.99 (0.95-9.44) 2.79 (0.87-8.91) 2.39 (0.95-6.01) 2.09 (0.73-5.95)

5.91) 5.25)

3.94 (1.88- 3.60 (1.60- 2.76 (0.45- 2.55 (0.42- 2.77 (1.09-
23 8.26) 8.11) 16.89) 15.63) 7.06) 2.73(0.95-7.84)

Table 2. Association of anthropometric measures and MetS with all-cause and BC-specific mortality, overall
and by menopausal status, Naples, Italy, 2009-2022. *Cox proportional hazard ratio (HR) adjusted by terms of:
age (< 40, 41-60, > 60), center (IRCCS G. Pascale, Policlinico Federico II), cancer stage (I-IIA, IIB, IIIA-IIIC)
and molecular subtypes (Luminal A, Luminal B, HER 2+, TN); **For the entire variable the p-value refers to
Wald Test, for numerical variable z-Test p-value was reported. Significant results are shown in bold.

> 88 cm had a 71% increased risk of BC-specific mortality (HR = 1.71, 95% CI 1.12-2.61). These results were
confirmed for each 10-U increase in WC (HR = 1.24, 95% CI 1.10-1.40). We also found an independent associa-
tion between higher WHR and an increased risk of BC-specific mortality, both when WHR was evaluated as a
categorical variable (for WHR > 0.85, HR = 1.80, 95% CI 1.13-2.86) and when it was considered as a continuous
variable (for each 0.1-U increase in WHR, HR = 1.33, 95% CI 1.08-1.63). The presence of MetS was associated
with an 81% increased risk of BC-specific mortality (HR = 1.81, 95% CI 1.51-2.85). In addition, the presence of
1-2 or 23 MetS components was associated with significantly higher risk of BC-specific mortality (HR = 2.45,
95% CI 1.15-5.25 and HR = 3.60, 95% CI 1.60-8.11, respectively).

Among pre-menopausal patients, a 5-U increase in BMI was associated with an increased risk for all-cause
or BC-specific mortality (HR = 1.43, 95% CI 1.04-1.96 and HR = 1.58, 95% CI 1.15-2.18, respectively). A high
WC was independently associated with an increased risk of all-cause and BC-specific mortality both as a cat-
egorical variable (WC > 88, HR = 2.94, 95% CI 1.35-6.42 and HR = 3.09, 95% CI 1.37-6.94, respectively) and as
a continuous variable (HR = 1.33, 95% CI 1.01-1.76 and HR= 1.39, 95% CI 1.05-1.86 respectively). Similarly,
BC patients with WHR > 0.85 had a 2-fold increased risk of all-cause and BC-specific mortality (HR = 2.38, 95%
CI 1.06-5.33 and HR = 2.46, 95% CI 1.06-5.71 respectively). Among post-menopausal women we only found
an increased risk of all-cause mortality in the presence of > 3 MetS components (HR = 2.77, 95% CI 1.09-7.06).

Then, we moved to study the prognostic impact of anthropometric and metabolic variables according to
tumor biology. Table 3 shows the results of multivariable models according to surrogate molecular subtypes. In
patients with HR+/HER2- disease, we found a slightly increased risk in all-cause mortality and BC-related death
for every 5-U increase in BMI (HR = 1.21, 95% CI 1.01-1.44 and HR = 1.58, 95% CI 1.11-1.72, respectively).
We also found a borderline significant increase in BC-specific mortality risk in patients with WC>88 cm (HR
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HR+ HER 2+ N

Deaths from breast Deaths from breast Deaths from breast
Deaths from all-causes | cancer Deaths from all-causes | cancer Deaths from all-causes | cancer
HR* (95% CI) |p* |HR*(95%CI) |p* |HR*(95%CI) |p* |HR*(95%CI) |p** |HR*(95%CI) |p* |HR*(95%CI) |p*

Body mass 0.433 0.087 0.501 0.183 0.835 0.855
index, kg/m

<25 1 1 1 1 1 1

1.25 (0.38

25-30 1.10 (0.68-1.78) 1.03 (0.53-1.99) 0.93 (0.36-2.42) 1.03 (0.29-3.61) 0.76 (0.26-2.17) “i0d)

>30 1.35 (0.82-2.21) 1.78 (0.94-3.37) 1.53 (0.64-3.68) 2.47 (0.84-7.27) 0.77 (0.28-2.15) 0.88 (0.25-3.12)

Per 5U 1.21 (1.01-1.44) | 0.035 | 1.58 (1.11-1.72) | 0.004 | 1.23 (0.89-1.68) | 0.207 | 1.42(0.94-2.16) | 0.096 | 1.11 (0.75-1.14) | 0.616 | 1.16 (0.74-1.84) | 0.519
Waist circumfer- 0.088 0.052 0.245 0.087 0.999 0.993
ence, cm

<88 1 1 1 1 1 1

> 88 1.4 (0.95-2.18) 1.75 (0.99-3.06) 1.59 (0.73-3.49) 2.30 (0.89-5.99) 1.00 (0.42-2.41) 0.99 (0.37-2.68)

Per 10U 1.19 (1.06-1.34) | 0.004 | 1.28 (1.11-1.48) | 0.001 ;.;g)(l.m- 0.024 | 1.62(1.10-2.37) | 0.014 | 0.94 (0.70-127) | 0.696 | 0.94 (0.70-1.34) | 0.849
Waist-to-hip 0.013 0.087 0.735 0.176 0.357 0.231
ratio
<0.85 1 1 1 1 1 1
>0.85 1.85 (1.14-2.99) 1.67 (0.93-3.00) 1.14 (0.53-2.44) 1.97 (0.74-5.27) 1.75 (0.53-5.78) 2.27 (0.59-8.71)

Per 0.1 U 1.26 (1.04-1.53) [ 0.019 | 1.32 (1.03-1.68) | 0.028 | 1.42 (0.91-2.21) | 0.124 | 1.49 (0.86-2.59) | 0.154 | 1.30 (0.69-2.42) | 0.417 | 1.32(0.67-2.61) | 0.418
Metabolic syn-
drome (MorS) 0.125 0.169 0.005 0.002 0.766 0.903
No 1 1 1 1 1 1

3.45 (1.45- 5.05 (1.80-

Yes 1.42 (0.91-2.23) 1.52 (0.84-2.76) 8.22) 14.20) 1.18 (0.41-3.44) 1.08 (0.33-3.51)

Met§ compo- 0.019 0.061 0.034 0.016 0.198 0.245
nents

None 1 1 1 1 1 1

3.86 (1.37- 3.68 (1.11- 6.99 (0.84- 6.15 (0.73-

1-2 10.89) 12.22) 0.96 (0.29-3.21) 0.55 (0.14-2.14) 58.08) 52.10)

-3 4.65 (1.59- 4.62 (1.30- 3.03 (0.83- 2.94(0.75- 5.69 (0.59— 4.72 (0.47-
= 13.57) 16.46) 11.03) 11.56) 54.77) 47.87)

Table 3. Association of anthropometric measures and MetS with all-cause and BC-specific mortality by
molecular subtypes, Naples, Italy, 2009-2022. HR+, hormone receptor, HER2+ human epidermal growth factor
receptor-2, TN triple negative. "Cox proportional hazard ratio (HR) adjusted by terms of: age (< 40, 41-60,

> 60), center (IRCCS G. Pascale, Policlinico Federico II), cancer stage (I-1IA, IIB, IIIA-IIIC); " For the entire
variable the p-value refers to Wald Test, for numerical variable z-Test p-value was reported. Significant results
are shown in bold.

=1.75,95% CI 0.99-3.06), as well as a statistically significantly increased risk in either all-cause or BC-specific
mortality for each 10-U increase in WC (HR = 1.19, 95% CI 1.06-1.34 and HR = 1.28, 95% CI 1.11-1.48, respec-
tively). Patients with high WHR also had higher risk of all-cause mortality, both when WHR was considered
as a dichotomous (WHR > 0.85, HR = 1.85, 95% CI 1.14-2.99) and as a continuous variable (HR = 1.26, 95%
CI 1.04-1.53). Moreover, an increased risk of death (all-cause and BC-specific) was observed for each 0.1-U
increase in WHR (HR = 1.26, 95% CI 1.04-1.53 and HR=1.32, 95% CI 1.03-1.68, respectively). Finally, we found
significantly increased risk of all-cause or BC-specific mortality in patients with 1-2 MetS components (HR =
3.86,95% CI 1.37-10.84 and HR = 3.68, 95% CI 1.11-12.22, respectively) and > 3 MetS components (HR = 4.65,
95% CI 1.59-13.57 and HR = 4.62, 95% CI 1.30-16.46, respectively).

In patients with HER2+ BC, each 10-U increase of WC was associated with an increased risk of all-cause or
BC-specific mortality (HR = 1.36, 95% CI 1.04-2.77; HR = 1.62, 95% CI 1.10-2.37, respectively). HER2+ BC
patients meeting the criteria of a MetS diagnosis also had an increased risk of all-cause and BC-specific mortal-
ity (HR = 3.45 95% CI 1.45-8.22 and HR = 5.05, 95% CI 1.80-14.20, respectively). Similarly, the presence of at
least 3 components of MetS was associated with a trend towards increased mortality (all-cause p = 0.005 and
BC-specific p = 0.002).

Lastly, in patients with TNBC we did not find an independent association between BMI, WC, WHR, or MetS
categories, and all-cause and BC-specific mortality (Table 3 and Fig. 1).

Luminal BC is a highly heterogeneous group of diseases, which includes more and less clinically aggressive
forms, such as Luminal B-like and Luminal A-like patients. For this reason, among HR+/HER2- BC patients we
separately evaluated the association between anthropometric/metabolic variables and all-cause or BC-specific
mortality in patients with Luminal A-like and Luminal B-like disease (Table 4). BMI and WC were not associated
with either all-cause or BC-specific mortality in Luminal A-like patients. However, an increased risk in BC-
specific mortality for each 5-U increase in BMI (HR = 1.43, 95% CI 1.02-2.00) was found. When WC was con-
sidered as a continuous variable there was an increased risk for each 10-U increase of all-cause and BC-specific
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Figure 1. Forest plot for BMI, WC, WHR, MetS, MetS components of all-cause and BC-specific mortality.
Forest plot of the HRs and 95% CI of All-cause and BC-specific mortality for BMI, WC, WHR, MetS, MetS
components and molecular subtypes: overall and by molecular subtypes. HR+ hormone receptor positive,
HER2+ human epidermal growth factor receptor-2 positive, TN triple negative, BMI body mass index (BMI
is calculated as weight in kilograms divided by height in meters squared), WC waist circumference (in
centimeters), WHR waist-to-hip ratio (WHR calculated as the ratio between waist and hip circumferences),
MetS metabolic syndrome (defined according to NCEP-ATP III criteria), MetS comps metabolic syndrome
components (1-2, > 3).
mortality (HR = 1.28, 95% CI 1.05-1.55 and HR = 1.41, 95% CI 1.07-1.86, respectively). Similarly, high WHR
was associated with an increased risk of all-cause and BC-specific mortality for each 0.1-U increase in WHR (HR
=1.74,95% CI 1.28-2.39 and HR = 1.92, 95% CI 1.27-2.90, respectively). The presence of MetS was associated
with an increased risk of all-cause and BC-specific mortality (HR = 2.84, 95% CI 1.47-5.48 and HR = 2.81, 95%
CI 1.15-6.86, respectively). In addition, the presence of > 3 MetS components was associated with a signifi-
cantly higher risk of all-cause and BC-specific mortality (HR = 2.98, 95% CI 1.52-5.88 and HR = 2.80, 95% CI
1.14-6.88, respectively). In Luminal B-like BC patients there was a significantly higher risk of mortality (all-cause
and BC-specific) for each 10-U increase in WC (HR=1.18, 95% CI 1.01-1.38 and HR=1.22, 95% CI 1.01-1.46,
respectively). Regarding MetS, the presence of 1-2 MetS components was associated with a significantly higher
risk of all-cause mortality compared with no MetS components (HR = 3.07, 95% CI 1.0-8.81) (Table 4).
MetS components may not impact mortality to the same extent. Then, we investigated the impact of each
MetS component on all-cause and BC-specific mortality across BMI categories (Additional Table 1).
Finally, we investigated the impact of adiposity through BMI categories in conjunction with MetS on BC-
specific mortality (Additional Fig. 3).
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Luminal A Luminal B
Deaths from breast

Deaths/N total Deaths from all-causes Deaths from breast cancer Deaths/N total Deaths from all-causes cancer
Variable cases HR* (95% CI) P HR (95% CI) P cases HR* (95% CI) P HR (95% CI) P
Eg/‘ir’l’zmass index, 0.247 0.090 0.675 0.386
<25 11/103 1 1 19/117 1 1
25-30 21/110 1.28 (0.61-2.69) 0.75 (0.23-2.49) 29/127 0.98 (0.52-1.87) 1.05 (0.47-2.36)
>30 27/91 1.79 (0.87-3.67) 2.05 (0.78-5.36) 26/92 1.24 (0.64-2.40) 1.59 (0.71-3.56)
Per5.0U 59/304 1.24 (0.97-1.58) 0.084 1.43 (1.02-2.00) | 0.038 | 74/336 1.18 (0.93-1.49) 0.169 1.28 (0.97-1.68) 0.083
Xiies,tccrirtl’cumfer- 0.099 0.147 0.073 0.221
<88 15/136 1 1 19/137 1 1
>88 43/166 1.66 (0.89-3.10) 2.00 (0.79-5.09) 50/185 1.66 (0.94-2.95) 1.51 (0.77-2.97)
Per 10U 58/302 1.28 (1.05-1.55) | 0.013 | 1.41(1.07-1.86) | 0.016 | 69/322 1.18 (1.01-1.38) | 0.034 | 1.22(1.01-1.46) | 0.036
Waist-to-hip ratio 0.058 0.318 0.104 0.301
<0.85 9/103 1 1 15/108 1 1
>0.85 49/198 2.10 (0.97-4.52) 1.62 (0.60-4.39) 54/194 1.63 (0.89-3.00) 1.44 (0.71-2.91)
Per0.1U 58/301 1.74 (1.28-2.39) | 0.001 | 1.92(1.27-2.90) | 0.002 | 69/322 1.13 (0.86-1.48) 0.388 | 1.08 (0.77-1.53) 0.654
gff)t;be(’(l;f[;ys‘; 0.002 0.023 0.885 0.890
No 18/164 1 1 36/193 1 1
Yes 25/58 2.84 (1.47-5.48) 2.81 (1.15-6.86) 19/60 1.04 (0.58-1.89) 1.05 (0.50-2.23)
MetS components 0.036 | + 0.193 0.059 0.158
None 0/37 4/44 1 1
None+1-2 15/135 1 1 30/121 3.07 (1.07-8.81) 2.91 (0.85-9.90)
>3 25/58 2.98 (1.52-5.88) | 0.002 |2.80(1.14-6.88) | 0.03 19/60 1.02 (0.56-1.86) 0.9 2.44 (0.66-9.04)

Table 4. Association of anthropometric or MetS variables and all-cause or BC-specific mortality by luminal
subtypes (A vs. B). "HR adjusted by terms of: age (< 40, 41-60, > 60), center (Pascale, Policlinico), Stage (I-1IA,
11B, IITA-IIIC). "For the entire variable the p-value refers to Wald Test, for numerical variable z-Test p-value
was reported. +model was not implemented due to absence of events in reference category. Significant results
are shown in bold.

Discussion

Our data show that high BMI, central obesity and MetS are independently associated with an increased risk of
all-cause and BC-specific mortality in BC survivors. The impact of anthropometric and metabolic parameters
on long-term clinical outcomes varies depending on menopausal status and BC molecular subtype, with the
most significant associations found in pre-menopausal patients and in women with luminal A-like malignan-
cies. To the best of our knowledge, this is the first prospective study that evaluated the prognostic significance of
anthropometric measurements and MetS components on mortality outcomes in a large cohort of BC survivors
living in a Southern Mediterranean region.

In BC patients, obesity has been associated with more aggressive tumor characteristics, such as larger tumor
size and higher grade, as well as with higher comorbidities'®, reduced disease-free, overall and BC-specific
survival's"®. Obesity and MetS could promote BC proliferation, invasion and progression through low chronic
inflammation and imbalance of tumor microenvironment which result in increased production of fibroblasts,
T cells and pro-inflammatory cytokines such as TNF-a, IL-6, and IL-8. Moreover, adipose tissue is associated
with an increased production of the aromatase enzyme which promotes the conversion of androgens to estrogen.
Furthermore, metabolic disorders cause an imbalance between increased production of leptin, considered a
biomarker of the MetS and decreased secretion of adiponectin, an anti-inflammatory adipokine®.

A prognostic role of obesity, evaluated according to BMI categories, has been reported both at baseline and
after BC diagnosis®'. In our study, each 5.0-U increase in BMI increased all-cause and BC-specific mortality in the
overall study population. However, the magnitude of the effect on survival mostly resulted from the prognostic
impact of obesity among pre-menopausal women. High BMI is commonly used as a proxy of obesity because
of easy accessibility of patient height and weight in retrospective studies, while anthropometric measures, such
as WC and WHR, are not routinely collected in clinical practice. However, BMI may not fully capture or distin-
guish several anthropometric and metabolic alterations that are associated with obesity in cancer patients. In
addition, BMI does not take into account absolute and relative lean body mass?2. On the other hand, WC and
WHR may better reflect body fat distribution and the presence of central obesity'?. In a population of Black BC
survivors, Bandera et al.” found that high WC and WHR are associated with a significantly increased risk of
death after BC diagnosis, with less stronger results for BMI’. In the present study, adiposity was evaluated using
3 measurement methods, namely BMI, WC and WHR. However, our data also confirms the relevance of central
obesity on all-cause and BC-specific mortality. In detail, each 10-U increase in WC and every 0.1-U increase in
WHR were associated with increased all-cause and BC-specific mortality in the overall study population, and
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particularly in pre-menopause. Together, these results suggest that central obesity may be especially detrimental
in younger BC survivors, and that lifestyle interventions aimed at preventing or reversing central obesity are a
clinical priority in these patients.

We previously showed that MetS is associated with an increased risk of BC recurrence and mortality®. Specifi-
cally, BC patients with 1-2 MetS components had a higher risk of all-cause and BC-mortality when compared to
patients without MetS components*. Herein we confirm our earlier findings and we also show that the presence
of even a single MetS component was associated with significantly higher all-cause and BC-specific mortality
compared to patients without MetS components.These findings are consistent with the prospective investiga-
tion of Dibaba et al.?%, where women with BC and MetS showed a 73% increased risk of BC-specific mortality
at 14-year follow-up. Similar to our findings, the risk of BC-specific mortality increased as the number of MetS
components increased and reached significance only in post-menopausal women with > 3 MetS components,
while no associations were found in pre-menopausal women?:,

However, each MetS component may not impact survival to the same extent (Additional Table 3). We found
that hypertriglyceridemia was the component affecting mortality the most including in women with normal
BMIs. On the contrary, hyperglycemia could determine worse outcomes particularly in patients with obesity.
Multiple studies confirmed these associations*?%. Taken together, these observations may be of particular clinical
relevance because they suggest that a close monitoring of patient serum triglycerides or glucose concentrations,
as well as prompt correction of dysregulated serum triglyceride and glucose levels through physical activity,
lifestyle or pharmacologic interventions, may improve the prognosis of patients with surgically resected early BC.

There is evidence that the association between obesity or metabolic disorders and BC prognosis varies accord-
ing to BC subtypes, with fairly consistent results for ER-positive BCs, but not for other BC subtypes'>. We
found that central obesity was associated with higher risks of all-cause and BC-specific mortality in HR+BC,
especially luminal A-like, while we found no clear associations in HER2+ and TNBC. Because obesity is associ-
ated with elevated aromatase activity and serum estrogen levels in post-menopausal women, it is possible that
obesity modulates responses to endocrine therapy as shown in several studies””?. In pre-menopausal patients,
a similar pattern was seen in the Austrian Breast and Colorectal Cancer Study Group 12 trial, in which anas-
trozole plus goserelin was associated with higher risk of tumor recurrence and death in both overweight and
obese women when compared with tamoxifen plus goserelin, whereas disease-free survival and overall survival
were similar in the two treatment cohorts among women with normal-weight®. The influence of BMI on sex
hormone levels was investigated in the Tamoxifen and Exemestane Trial (TEXT) and Suppression of Ovarian
Function Trial (SOFT), which investigated exemestane versus tamoxifen plus ovarian suppression®**!. In these
trials a higher BMI was associated with a higher likelihood of elevated estradiol during treatment®. In contrast,
a recent meta-analysis reported that general obesity was associated to higher all-cause mortality regardless of
molecular subtype®. Similar to our findings, a more recent meta-analysis showed that obesity was associated with
all-cause and BC-specific mortality in HR+/HER2-, and HER2+ BC, while no clear associations were observed
in TNBC*. In our study MetS was associated with all-cause and BC-specific mortality in HR+and HER2+ BC
and to a lesser extent in TNBC. Biologic factors involved in MetS, namely insulin resistance, hyperinsulinemia,
hyperglycemia, altered adipokines and inflammation are potentially relevant across BC subtypes, regardless of
endogenous estrogen levels®.

Our study has several strengths. Firstly, it centers on a large, high quality, multicenter cohort of BC survi-
vors. The data were prospectively collected, and the clinical and tumor features were annotated and for whom
complete information on MetS components, anthropometric indices and measurements, subsequent treatment
and clinical outcomes are available. Main limitations of this study are the presence of missing values for those
variables which are related with our outcome:

(a) limited information on existing comorbidities and concomitant therapies; (b)the absence of information
on body weight and anthropometric measurements before and after diagnosis as well as during the follow-up
period to investigate changes from baseline and their associations with survival outcomes; (c) although anthro-
pometric measurements (body weight, WC, WHR) are low cost, easy-to-collect and to use in daily clinical
practice, their use can be problematic due to their vulnerability to measurement errors and lack of reliability;
(d) similarly, nutritional status and in particular body fat measurement was not evaluated using more accurate
methods, for example Dual-Energy X-Ray Absorption or Bioelectrical Impedance Analysis; (e) it is possible that
lifestyle habits including diet may differ among lean and obese individuals which we did not collect at baseline
however our study cohort living in a Southern Mediterranean region of Italy is characterized by Mediterranean
dietary traditions which did not change significantly in the last decade®. Nevertheless, the consistency between
BC-specific mortality and all-cause mortality results are pressuring in this perspective.

In conclusion, our data confirm and expand previous data showing an association between central obesity
and an increased risk of death. The magnitude of this effect (35 to 40% increased risk) suggests that obesity may
impair the effectiveness of BC therapies. Based on our findings, future prospective trials should investigate if
lifestyle changes, such as nutritional or physical activity interventions, which are capable of positively modifying
anthropometric and metabolic parameters, are also associated with improved clinical outcomes. In this respect,
the multicenter, randomized, phase III trial BWEL (NCT02750826) investigated if promoting weight loss inter-
ventions in surgically-resected, overweight or obese BC patients results in a reduction of BC recurrences. Results
of this trial are highly expected.

Data availability
The data underlying this article are available in Zenodo at https://doi.org/10.5281/zenodo.8058949.

Scientific Reports |

(2023) 13:21208 | https://doi.org/10.1038/s41598-023-45439-y nature portfolio


https://doi.org/10.5281/zenodo.8058949

www.nature.com/scientificreports/

Received: 22 August 2023; Accepted: 19 October 2023
Published online: 01 December 2023

References

1.

Sung, H. et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185
countries. CA Cancer J. Clin. 71, 209-249 (2021).

2. Dafni, U, Tsourti, Z. & Alatsathianos, I. Breast cancer statistics in the European Union: Incidence and survival across European
countries. Breast Care 14, 344-353 (2019).

3. World Health Organization, R. O. F. E. WHO European Regional Obesity Report 2022. World Health Organization. Regional
Office for Europe (2022).

4. Bandera, E. V. & John, E. M. Obesity, body composition, and breast cancer: An evolving science. JAMA Oncol. 4, 804-805 (2018).

5. Barberio, A. M. et al. Central body fatness is a stronger predictor of cancer risk than overall body size. Nat. Commun. https://doi.
0rg/10.1038/s41467-018-08159-w (2019).

6. Huang, P. L. A comprehensive definition for metabolic syndrome. Dis. Models Mech. 2, 231-237 (2009).

7. Bandera, E. V. et al. Association of body mass index, central obesity, and body composition with mortality among black breast
cancer survivors. JAMA Oncol. 7, 1-10 (2021).

8. Schwedhelm, C., Boeing, H., Hoffmann, G., Aleksandrova, K. & Schwingshackl, L. Effect of diet on mortality and cancer recurrence
among cancer survivors: A systematic review and meta-analysis of cohort studies. Nutr. Rev. 74, 737-748 (2016).

9. Buono, G. et al. Combined effect of obesity and diabetes on early breast cancer outcome: A prospective observational study.
Oncotarget 8,115709-115717 (2017).

10. Weir, C. B. & Jan, A. In StatPearls (2022).

11. Expert Panel on Detection, Treatment of High Blood Cholesterol in Adults. Executive summary of the third report of the national
cholesterol education program (NCEP) Expert panel on detection, evaluation, and treatment of high blood cholesterol in adults
(adult treatment panel III). JAMA 285, 2486-2497 (2001).

12. WHO. Waist circumference and waist-hip ratio : Report of a WHO expert consultation, Geneva, 8-11 December 2008. https://www.
who.int/publications/i/item/9789241501491 (2011).

13. Schettini, F,, Braso-Maristany, F.,, Kuderer, N. M. & Prat, A. A perspective on the development and lack of interchangeability of
the breast cancer intrinsic subtypes. NPJ Breast Cancer 8, 85 (2022).

14. Goldhirsch, A. et al. Personalizing the treatment of women with early breast cancer: highlights of the St Gallen International Expert
Consensus on the Primary Therapy of Early Breast Cancer 2013. Ann. Oncol. Off. J. Eur. Soc. Med. Oncol. 24, 2206-2223 (2013).

15. Blair, C. K. et al. Obesity and survival among a cohort of breast cancer patients is partially mediated by tumor characteristics. NPJ
Breast Cancer https://doi.org/10.1038/s41523-019-0128-4 (2019).

16. Sun, L., Zhu, Y., Qian, Q. & Tang, L. Body mass index and prognosis of breast cancer: An analysis by menstruation status when
breast cancer diagnosis. Medicine 97, 11220 (2018).

17. Chan, D. S. M. et al. Body mass index and survival in women with breast cancer—Systematic literature review and meta-analysis
of 82 follow-up studies. Ann. Oncol. 25,1901-1914 (2014).

18. Ewertz, M. et al. Effect of obesity on prognosis after early-stage breast cancer. J. Clin. Oncol. Off. . Am. Soc. Clin. Oncol. 29, 25-31
(2011).

19. Morra, A. et al. Breast cancer risk factors and survival by tumor subtype: Pooled Analyses from the breast cancer association
consortium. Cancer Epidemiol. Biomark. Prev. Publ. Am. Assoc. Cancer Res. cosponsored Am. Soc. Prev. Oncol. 30, 623-642 (2021).

20. Dong, S., Wang, Z., Shen, K. & Chen, X. Metabolic syndrome and breast cancer: Prevalence, treatment response, and prognosis.
Front. Oncol. 11, 629666 (2021).

21. Chan, D. S. M. et al. Postdiagnosis body fatness, weight change and breast cancer prognosis: Global cancer update program (CUP
global) systematic literature review and meta-analysis. Int. J. Cancer https://doi.org/10.1002/ijc.34322 (2022).

22. Shah, N. R. & Braverman, E. R. Measuring adiposity in patients: The utility of body mass index (BMI), percent body fat, and leptin.
PloS One 7, €33308 (2012).

23. Buono, G. et al. Metabolic syndrome and early stage breast cancer outcome: Results from a prospective observational study. Breast
Cancer Res. Treat. 182, 401-409 (2020).

24. Dibaba, D. T., Ogunsina, K., Braithwaite, D. & Akinyemiju, T. Metabolic syndrome and risk of breast cancer mortality by meno-
pause, obesity, and subtype. Breast Cancer Res. Treat. 174, 209-218 (2019).

25. Maskarinec, G. et al. Type 2 diabetes as a predictor of survival among breast cancer patients: The multiethnic cohort. Breast Cancer
Res. Treat. 173, 637-645 (2019).

26. Shao, S. et al. Diabetes and overall survival among breast cancer patients in the U.S. military health system. Cancer Epidemiol.
Biomark. Prev. Publ. Am. Assoc. Cancer Res. Cosponsored Am. Soc. of Prev. Oncol. 27, 50-57 (2018).

27. Sestak, I. et al. Effect of body mass index on recurrences in tamoxifen and anastrozole treated women: An exploratory analysis
from the ATAC trial. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 28, 3411-3415 (2010).

28. Gnant, M. et al. The predictive impact of body mass index on the efficacy of extended adjuvant endocrine treatment with anas-
trozole in postmenopausal patients with breast cancer: An analysis of the randomised ABCSG-6a trial. Br. J. Cancer 109, 589-596
(2013).

29. Pfeiler, G. et al. Impact of body mass index on the efficacy of endocrine therapy in premenopausal patients with breast cancer: An
analysis of the prospective ABCSG-12 trial. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 29(19), 2653-2659 (2011).

30. Pagani, O. et al. Adjuvant exemestane with ovarian suppression in premenopausal breast cancer. New Engl. J. Med. 371, 107-118
(2014).

31. Francis, P. A., Regan, M. M. & Fleming, G. E. Adjuvant ovarian suppression in premenopausal breast cancer. New Engl. ]. Med.
372, 1673 (2015).

32. Bellet, M. et al. Twelve-month estrogen levels in premenopausal women with hormone receptor-positive breast cancer receiving
adjuvant triptorelin plus exemestane or tamoxifen in the suppression of ovarian function trial (SOFT): The SOFT-EST substudy.
J. Clin. Oncol. Off. ]. Am. Soc. Clin. Oncol. 34, 1584-1593 (2016).

33. Lohmann, A. E. et al. Association of obesity with breast cancer outcome in relation to cancer subtypes: A meta-analysis. J. Natl.
Cancer Inst. 113, 1465-1475 (2021).

34. Pang, Y., Wei, Y. & Kartsonaki, C. Associations of adiposity and weight change with recurrence and survival in breast cancer
patients: A systematic review and meta-analysis. Breast Cancer 29, 575-588 (2022).

35. Lohmann, A. E. et al. Association of obesity-related metabolic disruptions with cancer risk and outcome. J. Clin. Oncol. Off. J. Am.
Soc. Clin. Oncol. 34, 4249-4255 (2016).

36. Turati, E. et al. Mediterranean diet and breast cancer risk. Nutrients 10, 326 (2018).

Acknowledgements

We thank Dr. Giuseppe D’Aiuto, for his contribution as breast surgeon of breast cancer patients at the time of the
enrollment at Istituto Nazionale dei Tumori IRCCS Fondazione G. Pascale, Naples, Italy. ES is supported by a

Scientific Reports|  (2023) 13:21208 | https://doi.org/10.1038/s41598-023-45439-y nature portfolio


https://doi.org/10.1038/s41467-018-08159-w
https://doi.org/10.1038/s41467-018-08159-w
https://www.who.int/publications/i/item/9789241501491
https://www.who.int/publications/i/item/9789241501491
https://doi.org/10.1038/s41523-019-0128-4
https://doi.org/10.1002/ijc.34322

www.nature.com/scientificreports/

Rio Hortega Contract of the Instituto de Salud Carlos III (ISCIII). CV is supported by AIRC e Giuliani Founda-
tion - Fondazione Giammaria e Sabrina Giuliani.

Author contributions

Conceptualization: A.C., E.C., M.G., G.A. Data Curation: all the authors. Formal Analysis: A.C., S.C., PD.G,,
C.L.V. Investigation: A.Cal., R.C., G.B.,, M.G., EN.,, M.G., PD.P, C.D.A,,R.B,, M.D.L., G.A. Methodology: A.C.,
S.C,, PD.G., C.L.V. Resources: R.C., G.B., M.G., R.B., M.D.L., G.A. Software: A.C., S.C., P.D.G. Visualization:
A.C,LS.AA, AL,S.C,ACal, PT, PD.G, M.G,, PD.P, C.L.V, G.A. Writing-original draft: A.C., L.S.A.A,,
AL, CC,SC, VM, RG,PT,EP,SV,GP, CV,ES, E.C, M.G, PD.P, C.L.V, G.A. Writing-review and
editing: A.C.,L.S.A.A,AL,]B,EP,S.V, GP,C.V,ES,,E.C, A.A, M.G, PD.P, CL.V, G.A. All authors have
given consent for publication.

Competing interests

MG reports Consulting fees from Honoraria Lilly, Celgene, Novartis, Pfizer, Astra Zeneca, Daiichi-Sankyo,
MSD, Honoraria from Lilly, Celgene, Novartis, Pfizer, Istituto Gentili, Eisai Europe Ltd, Roche, Astra Zeneca,
Daiichi-Sankyo, MSD, Gilead, travel accomodations from Novartis, Pfizer, Roche; LSAA is a founding member
of the International Carbohydrate Quality Consortium (ICQC, www.carbquality.com), has received honoraria
from the Nutrition Foundation of Italy (NFI, Milan), research grants for lifestyle studies from Lega Italiana per
la Lotta contro i Tumori (LILT, Rome) a non-profit organization for the fight against cancer, and in-kind study
support from Abiogen Pharma (Pisa, Italy), Barilla Spa (Parma, Italy), Roberto Alimentare (Treviso, Italy), Pani-
ficio Giacomo Luongo (Napoli, Italy), Consorzio Mandorle di Avola (Siracusa, Italy), SunRice (Australia) and
Almond Board of California (USA); RC reports Honoraria from Novartis, Lilly, Astra Zeneca, Daichii Sankyo,
Veracyte, Pfizer, has been Consulting/Advisor for Roche, Astra Zeneca, Lilly, Daichii Sankyo, Novartis, Seagen,
MSD, Gilead, received research funding from Gilead, and travel accommodation from Lilly, Novartis; GB reports
Honoraria or speakers’ fee from Novartis, GSK, Eli-Lilly, Pfizer, AstraZeneca, Roche, Daiichi Sankyo, Exact Sci-
ence, Genetic.Spa; CV reports Advisory role for Novartis, Pfizer, Eli Lilly, Daiichi Sankyo, Consultancy for Eli
Lilly, Honoraria as a speaker from Novartis, Pfizer, Eli Lilly, Istituto Gentili, Accademia di Medicina, Research
grants from Roche; FS reports honoraria from Novartis, Gilead and Daiichy-Sankyo for educational events/
materials and travel expenses from Novartis, Gilead and Daiichy-Sankyo; PDP reports Speaker’s Honoraria from
Lilly, Gilead, MSD, Roche, Exact Sciences, Novartis, travel accommodations from Gilead, Lilly, Istituto Gentili,
Roche; CDA reports Honoraria from Novartis, Lilly, Seagen, Pfizer, Astra Zeneca, Advisory role for Lilly, GSK,
Novartis, travel accomodations from Gilead and Pfizer, research grants from Novartis; RB reports Honoraria
from Roche, Astra Zeneca, Novartis, Lilly, BMS, MSD, Pfizer, Advisory role for Roche, Astra Zeneca, Novartis,
Lilly, BMS, MSD, Pfizer, research Investigator Grant from AIRC; MDL reports personal fees as Speaker’s and
Advisory Board Honoraria from Pfizer, Novartis, Roche, Astra Zeneca, Eisai, Eli Lilly, MSD, Pierre Fabre; GA
reports Consulting fees from Roche, Astra Zeneca, Novartis, Lilly, MSD, Pfizer, Honoraria from Roche, Astra
Zeneca, Novartis, Lilly, MSD, Pfizer, travel accomodations from Roche, Astra Zeneca, Novartis, Lilly, MSD,
Pfizer all outside the submitted work. AC, AL, CC, JB, SC, ACal, VM, RG, PT, EP, SV, GP, PDG, MG, FN, EC,
AA, CLV report no COI to disclose.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-023-45439-y.

Correspondence and requests for materials should be addressed to M.G.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |

(2023) 13:21208 | https://doi.org/10.1038/s41598-023-45439-y nature portfolio


http://www.carbquality.com
https://doi.org/10.1038/s41598-023-45439-y
https://doi.org/10.1038/s41598-023-45439-y
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Central obesity, body mass index, metabolic syndrome and mortality in Mediterranean breast cancer patients
	Materials and methods
	Study population and design
	Anthropometry
	Metabolic syndrome and its components
	Tumor characteristics
	Statistical analyses

	Results
	Discussion
	References
	Acknowledgements


