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1   |   INTRODUCTION

Excess body fatness is a major risk factor for sev-
eral chronic diseases, including type 2 diabetes,1 car-
diovascular diseases,2 and certain types of cancer.3,4 
Overweight and obesity, assessed through various an-
thropometric measures, are well-established risk factors 
for postmenopausal breast cancer3,4—the most common 

cancer diagnosed in women, the incidence of which 
has increased considerably over the past decades.5 
Adiposity may trigger the development of postmeno-
pausal breast cancer through increased levels of sex ste-
roid hormones, insulin resistance, oxidative stress, and 
inflammation.4 Numerous prospective cohort studies 
have indeed reported that elevated levels of fasting in-
sulin or C-peptide, a marker for insulin secretion, were 
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Abstract
Background: Excess body fatness and hyperinsulinemia are both associated 
with an increased risk of postmenopausal breast cancer. However, whether 
women with high body fatness but normal insulin levels or those with normal 
body fatness and high levels of insulin are at elevated risk of breast cancer is 
not known. We investigated the associations of metabolically defined body size 
and shape phenotypes with the risk of postmenopausal breast cancer in a nested 
case–control study within the European Prospective Investigation into Cancer 
and Nutrition.
Methods: Concentrations of C-peptide—a marker for insulin secretion—were 
measured at inclusion prior to cancer diagnosis in serum from 610 incident post-
menopausal breast cancer cases and 1130 matched controls. C-peptide concentra-
tions among the control participants were used to define metabolically healthy 
(MH; in first tertile) and metabolically unhealthy (MU; >1st tertile) status. We 
created four metabolic health/body size phenotype categories by combining 
the metabolic health definitions with normal weight (NW; BMI < 25 kg/m2, or 
WC < 80 cm, or WHR < 0.8) and overweight or obese (OW/OB; BMI ≥ 25 kg/m2, 
or WC ≥ 80 cm, or WHR ≥ 0.8) status for each of the three anthropometric meas-
ures separately: (1) MHNW, (2) MHOW/OB, (3) MUNW, and (4) MUOW/OB. 
Conditional logistic regression was used to compute odds ratios (ORs) and 95% 
confidence intervals (CIs).
Results: Women classified as MUOW/OB were at higher risk of postmenopau-
sal breast cancer compared to MHNW women considering BMI (OR = 1.58, 95% 
CI = 1.14–2.19) and WC (OR = 1.51, 95% CI = 1.09–2.08) cut points and there was 
also a suggestive increased risk for the WHR (OR = 1.29, 95% CI = 0.94–1.77) defi-
nition. Conversely, women with the MHOW/OB and MUNW were not at statisti-
cally significant elevated risk of postmenopausal breast cancer risk compared to 
MHNW women.
Conclusion: These findings suggest that being overweight or obese and meta-
bolically unhealthy raises risk of postmenopausal breast cancer while overweight 
or obese women with normal insulin levels are not at higher risk. Additional re-
search should consider the combined utility of anthropometric measures with 
metabolic parameters in predicting breast cancer risk.

K E Y W O R D S

body mass index, breast cancer, concentrations of C-peptide, metabolic health, waist 
circumference, waist-to-hip ratio
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associated with higher breast cancer incidence6–10 and 
experimental studies have shown that insulin may lead 
to breast cancer development through its mitogenic 
and antiapoptotic activity.11,12 A recent Mendelian ran-
domization study reported that genetically predicted 
fasting insulin and glucose levels were positively asso-
ciated with breast cancer risk.13 In addition, increasing 
evidence suggests that diabetes and the metabolic syn-
drome (MetS) may increase the risk of breast cancer.14,15 
Recently, studies using a mediation analysis approach 
showed that fasting insulin plays a major role in ex-
plaining the adiposity–postmenopausal breast cancer 
association—attributing 58%–65.8% of the association 
to insulin pathways.6,16,17 However, despite adiposity 
and insulin resistance having both been linked to an in-
creased risk of postmenopausal breast cancer, whether 
women with high body fatness who have normal insulin 
sensitivity [a low level of homeostasis model assessment 
of insulin resistance (HOMA-IR) or circulating insulin 
or C-peptide levels], or those with normal body fatness 
who have elevated levels of insulin are at risk of breast 
cancer is not well-documented.

Metabolic obesity phenotypes have been recently in-
vestigated in relation to obesity-related outcomes.18–29 
There is now accumulating evidence suggesting that 
individuals who are overweight or obese and have in-
sulin resistance, defined as metabolically unhealthy, 
are at elevated risk of cardiovascular disease, compared 
to normal-weight individuals with normal insulin lev-
els; however, those who are overweight or obese, but 
who have normal insulin sensitivity (defined as meta-
bolically healthy) have little risk.21,24–26 With regards 
to incident cancer risk, previous studies suggested that 
metabolically unhealthy participants who are normal 
weight or overweight had higher risks of cancers of the 
colorectum,30 prostate,31 bladder,32 pancreas,33 and en-
dometrium34 compared to those who are metabolically 
healthy with normal weight.

To date, only four prospective US studies have investi-
gated the role of metabolic obesity phenotypes in relation 
to postmenopausal breast cancer risk.19,35–37 These studies 
suggested that being overweight or obese and metaboli-
cally unhealthy was associated with an increased risk of 
postmenopausal breast cancer compared to metabolically 
healthy normal weight women, whereas women with 
metabolically healthy overweight or those with metaboli-
cally unhealthy normal weight were not at elevated risk of 
breast cancer.19,35–37 However, three of these past studies 
did not examine associations according to potential effect 
modifiers such as use of oral contraceptive or menopausal 
hormone therapy, circulating estradiol levels and age at di-
agnosis. In addition, only two studies assessed the associa-
tion of metabolic dysfunction with central adiposity using 

waist circumference (WC) and waist-to-hip ratio (WHR) 
definitions.

In this analysis, we sought to investigate the associa-
tions of metabolically defined body size and shape pheno-
types with the risk of postmenopausal breast cancer in a 
case–control study nested within the European Prospective 
Investigation into Cancer and Nutrition (EPIC).

2   |   MATERIALS AND METHODS

2.1  |  EPIC participants

EPIC is an ongoing multi-centric prospective cohort study 
designed to assess the relationship between diet, lifestyle, 
genetic and metabolic factors and the incidence of cancer 
and other chronic diseases.38 Briefly, the cohort involves 
over 153,000 men and 368,000 women aged 35–75 years at 
inclusion and recruited between 1992 and 2000 in 23 cent-
ers in 10 European countries (France, Denmark, Germany, 
Greece, Italy, the Netherlands, Norway, Spain, Sweden, 
and the United Kingdom). The rationale, study design 
and methods have been described in detail elsewhere.38,39 
The study was approved by the local ethical committees in 
participating countries and the International Agency for 
Research on Cancer (IARC) ethical committee. All par-
ticipants provided written informed consent before study 
entry.

2.2  |  Follow-up and identification of 
incident breast cancer cases

The identification of incident cancers was conducted using 
record linkage with population-based cancer registries in 
Denmark, Italy, the Netherlands, Spain, Sweden, and the 
United Kingdom. In contrast, in France and Germany, 
cancer cases during follow-up were identified through a 
combination of several methods including health insur-
ance records, contacts with cancer and pathology regis-
tries, and active follow-up of participants and their next 
of kin. During follow-up, data on vital status in most EPIC 
study centers were obtained from cancer or mortality reg-
istries at the regional or national level. Information on 
molecular status and stage of breast cancer was collected 
from each center, where possible.

2.3  |  Selection of case and 
control subjects

This present study uses data from a previous nested 
case–control study in which serum C-peptide levels 
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were measured in 1141 incident breast cancer cases and 
2204 matched controls from seven EPIC countries.10 
Participants from Greece were excluded due to unavail-
ability of data, and those from Norway were initially ex-
cluded because biological samples were not completely 
collected and there were very few cases of breast cancer 
diagnosed after blood collection when the laboratory anal-
yses were undertaken. Participants from Sweden were not 
selected because the association between insulin levels 
and breast cancer had been assessed separately within 
that population when the project started.40

Case participants were identified among women diag-
nosed with breast cancer after the initial blood collection 
and before the end of the follow-up in each study center. 
At the time of blood collection, women who had a prev-
alent cancer (excluding keratinocyte cancer) and those 
who used any menopausal hormone therapy or any exog-
enous hormones for contraception or medical purposes 
were excluded from this study; however, those who used 
exogenous hormones in the past were not excluded from 
this analysis. Women who did not provide a blood sample 
or those with missing information on fasting status and 
serum C-peptide were also excluded.

For each breast cancer case, two controls were ran-
domly selected among women who were alive and free 
of cancer (except keratinocyte cancer) at the time of di-
agnosis of the index case. An incidence density sampling 
protocol for control selection was used, such that controls 
could include participants who became a case later in 
time, while each control could also be sampled more than 
once. Controls were matched to cases on study center, 
age at blood collection (continuous), menopausal status 
(premenopausal, perimenopausal, postmenopausal, sur-
gically postmenopausal), time of day at blood collection 
(± 1 h), and fasting status at blood collection (non-fasting 
(<3 h since last meal), in between (3–6 h), fasting (>6 h), 
unknown).

In addition to the previous exclusions, we excluded 
pre and perimenopausal cases and their matched controls 
leaving a final study sample of 610 incident postmeno-
pausal breast cancer cases and 1130 matched controls 
with available information for analysis.

2.4  |  Laboratory measurements

Blood samples were collected at baseline according to 
standardized procedures and stored at the IARC (−196°C, 
liquid nitrogen) for all countries except Denmark (−150°C, 
nitrogen vapor), and Sweden (at − 80°C in standard freez-
ers).38,39 Concentrations of C-peptide were measured in 
serum samples in the laboratories of the Nutrition and 
Metabolism Branch at IARC by radioimmunoassay from 

Diagnostic Systems Laboratories (DSL, Webster, Texas).10 
As previously reported, samples from matched case–
control sets were analyzed in the same analytical batch, 
and all laboratory personnel performing the assay were 
blinded to the case–control status of the samples. The 
mean intra-batch and inter-batch coefficients of variation 
were 6.7% and 9.8%, respectively.10 In addition, estradiol 
and estrone concentrations in serum were also measured 
by radioimmunoassays at IARC.41

2.5  |  Assessment of anthropometric, 
lifestyle, and dietary exposures

Data on lifestyle and dietary intake were collected at re-
cruitment through questionnaires in all centers.38 Body 
weight (kg) and height (cm) were measured using stand-
ardized procedures without shoes in all centers except for 
EPIC Oxford and France where anthropometric measures 
were self-reported. Body mass index (BMI) was calculated 
by dividing weight (kg) by square of the height (m). Waist 
circumference (WC; cm) was measured at the narrowest 
torso circumference or at the midpoint between the lower 
ribs and iliac crest depending on study center. Hip cir-
cumference (cm) was measured at the level of the largest 
lateral extension of the hips or over the buttocks. To cal-
culate the waist-to-hip ratio (WHR), waist circumference 
was divided by hip circumference.

Dietary intake including alcohol intake over the 
12 months before recruitment were assessed using vali-
dated country-specific dietary and lifestyle questionnaires 
designed to reflect local dietary habits.42 Detailed infor-
mation on other lifestyle and medical history factors such 
as education, smoking status, physical activity, diabetes, 
and reproductive factors (menopausal status, menopausal 
hormone use, age at menarche and menopause, and age 
and number of full-term pregnancies) was obtained using 
gender-specific questionnaires in all centers.39,43

2.6  |  Definition of metabolic health and 
body size categories

To define metabolic health, we used concentrations of 
C-peptide among the control participants as previously 
done in EPIC studies on other cancer sites.30,34 We clas-
sified women as metabolically healthy if they were in 
the first tertile of C-peptide concentration (<2.76 ng/mL) 
and metabolically unhealthy if they had concentration of  
C-peptide above the first tertile (≤2.76 ng/mL). To compare 
findings with the previous studies, the same procedure 
was performed using quartiles (first quartile, 2.02 ng/mL  
as metabolically healthy) and median values (below 
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median, 3.42 ng/mL as metabolically healthy) of C-peptide 
concentration among the control participants.

To generate metabolic health/body size and shape 
phenotype categories, women were classified into four 
groups by cross-tabulating anthropometric measures 
(one at a time) with metabolic health status: (1) meta-
bolically healthy and normal weight (BMI < 25 kg/m2, 
or WC < 80 cm, or WHR < 0.80; MHNW); (2) metaboli-
cally healthy and overweight/obese (BMI ≥ 25 kg/m2, or 
WC ≥ 80 cm, or WHR ≥ 0.80; MHOW/OB); (3) metaboli-
cally unhealthy and normal weight (BMI < 25 kg/m2, or 
WC < 80 cm, or WHR < 0.80; MUNW); (4) metabolically 
unhealthy and overweight/obese (BMI≥25 kg/m2, or 
WC ≥ 80 cm, or WHR≥0.80; MUOW/OB). We considered 
the metabolically healthy/normal weight (MHNW) status 
as the reference group.

2.7  |  Statistical analysis

Statistical analyses were performed using the SAS pack-
age (version 9.4, SAS Institute). We first compared the 
baseline characteristics between cases and controls using 
mean and standard deviation (SD), for continuous data, 
or frequency distributions for categorical variables. We 
then performed descriptive analyses according to meta-
bolically defined body size and shape phenotypes among 
the controls.

Odds ratios (ORs) and 95% confidence intervals (CIs) 
for the associations between metabolically defined body 
size and shape phenotypes and breast cancer risk were 
estimated using conditional logistic regression. Model 1 
included matching criteria only. The multivariable mod-
els were further adjusted for known breast cancer risk 
factors including age at menarche (> 13 and ≤13 years), 
number of full-term pregnancies and age at first full-
term pregnancy (nulliparous; age < 30 years (1–2 chil-
dren); age < 30 years (≥3 children) and age years ≥ 30), 
age at menopause (continuous), breastfeeding (no; yes), 
previous use of oral contraceptive pills (no; yes), pre-
vious use of menopausal hormonal therapy (MHT; no; 
yes), physical activity index (inactive; moderately inac-
tive; moderately active; active), alcohol consumption 
(non-drinker; 0.1 to ≤3; 3.1 to ≤12; 12.1 to ≤24 and >24), 
smoking status (never; former smoker; current smoker), 
educational level (primary/no schooling; technical/
professional/secondary and longer education; missing), 
height (continuous), and energy intake from diet (con-
tinuous; Model 2). For all adjustment variables, if values 
were missing in <5% observations, they were imputed to 
the median, for continuous variables, or mode, for cat-
egorical variables and a “missing” category (for educa-
tion level only) was introduced otherwise.

We evaluated heterogeneity of the associations by fast-
ing status, previous use of oral contraceptives, circulating 
levels of estradiol or estrone and age at breast cancer di-
agnosis (<60 and ≥60 years). Heterogeneity tests were as-
sessed using Wald chi-square tests to compare estimates 
across strata. In addition, we performed sensitivity anal-
yses by (1) excluding women who reported a history of 
diabetes, which may affect C-peptide concentration, (2) 
restricting analyses to women who had never used meno-
pausal hormone therapy (3) considering only the upper 
tertile of C-peptide as metabolically unhealthy group, (4) 
exploring the phenotypes defined based on quartiles or on 
median level of C-peptide cut points and (5) using a cutoff 
of 88 cm and 0.88 for WC and WHR, respectively. In addi-
tion, we assessed separately the association between each 
of the components of metabolically defined body size 
phenotypes and the risk of postmenopausal breast cancer. 
To explore a potential reverse-causation bias, we assessed 
the association between metabolically defined body size 
phenotypes and breast cancer risk by excluding cases 
(N = 209) diagnosed within the first 2 years of follow-up 
and their matched controls (N = 384). Since information 
on breast cancer subtypes was missing for a large propor-
tion of breast cancer cases, we were not able to explore 
breast cancer risk according to molecular subtypes.

3   |   RESULTS

3.1  |  Characteristics of study 
participants

Overall, 610 incident postmenopausal breast cancer cases 
and 1130 matched controls were included in this study. 
Briefly, cases were diagnosed on average at age 64 years 
and the average time from blood collection to breast can-
cer diagnosis was 3 years. Compared to controls, breast 
cancer cases had slightly higher WC and serum levels 
of C-peptide, and were more likely to be non-alcoholic 
drinkers, to report a history of hypertension and to have 
higher total energy intakes. However, they were less likely 
to be current smokers and to report previous use of oral 
contraceptive or MHT. Cases and controls were similar 
with respect to height, BMI, education, physical activity, 
diabetes, and other reproductive and menstrual variables 
(Table 1).

Compared to MHNW women and considering the BMI 
definition, women classified as MUNW were younger at 
their first menstrual period and at blood collection, were 
taller, and had larger WC, and were more likely to have 
higher physical activity levels, and to report previous use of 
oral contraceptives and MHT. They were less likely to have 
higher education, to be current smokers and to consume 

 20457634, 2023, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.5896 by C
ochrane France, W

iley O
nline L

ibrary on [18/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



      |  12673MAHAMAT-­SALEH et al.

alcohol. In contrast, MUOW/OB women were slightly 
younger at first menstrual period and at menopause and 
tended to have higher BMI, WC and WHR compared to 
MHNW women; but they had lower levels of education, 
physical activity, and total energy intake, and were less 
likely to be current smokers, to consume alcohol and to re-
port previous use of oral contraceptives (Table 2). Results 
were globally similar for metabolically defined body size 
phenotypes based on WC or WHR definitions compared 
to those based on BMI definition (Table 2). C-peptide lev-
els were higher among MUOW/OB women compared to 
MHNW women. Globally, levels of C-peptide in the four 
subgroups did not differ according to the anthropometric 
index used to define body size and body shape.

3.2  |  Associations with breast cancer risk

Overweight and obese women had higher risks of post-
menopausal breast cancer compared with normal weight 
women (OR = 1.50, 95% CI = 1.19–1.90 and OR = 1.37, 95% 
CI = 1.00–1.87, ptrend = 0.01, respectively; Table S1). High 
levels of WC were also associated with an increased risk of 

T A B L E  1   Baseline characteristics of study participants 
according to breast cancer status.

Baseline characteristics

Case (N = 610)
Control 
(N = 1130)

Mean (SD) or 
N (%)

Mean (SD) 
or N (%)

Time between blood collection 
and diagnosis in years

3.02 (2.0) —

Age at diagnosis in years 63.55 (5.8) —

Age at blood collection in years 60.53 (5.5) 60.44 (5.4)

Anthropometric factors

Height in cm 160.71 (6.4) 160.00 (6.7)

Body mass index in kg/m2 26.86 (4.3) 26.56 (4.6)

Waist circumference in cm 84.42 (10.8) 83.47 (10.8)

Waist-to-hip ratio 0.81 (0.1) 0.81 (0.1)

Sociodemographic, lifestyle, and reproductive factors

Education level

Primary/no schooling 305 (50.0) 562 (49.7)

Technical/professional/
secondary

209 (34.3) 402 (35.6)

Longer education 60 (9.8) 106 (9.4)

Missing 36 (5.9) 60 (5.3)

Fasting status at blood collection

Non-fasting 338 (55.4) 626 (55.4)

In between 80 (13.1) 146 (12.9)

Fasting 192 (31.5) 358 (31.7)

Physical activity index

Inactive 176 (28.8) 333 (29.5)

Moderately inactive 219 (35.9) 395 (34.9)

Moderately active 106 (17.4) 198 (17.5)

Active 109 (17.9) 204 (18.1)

Smoking status

Never 386 (63.3) 674 (59.7)

Former 141 (23.1) 283 (25.0)

Current 83 (13.6) 173 (15.3)

Alcohol consumption at recruitment in g/day

Non drinker 146 (23.9) 256 (22.7)

0.1 to ≤3 187 (30.7) 384 (33.9)

3.1 to ≤12 144 (23.6) 272 (24.1)

12.1 to ≤24 79 (12.8) 137 (12.1)

>24 54 (9.0) 81 (7.2)

Age at menopause in years 49.47 (4.6) 49.02 (4.7)

Age at first menstrual period in years

≤13 216 (35.4) 404 (35.7)

>13 394 (64.6) 726 (64.3)

Ever breastfed 447 (73.3) 825 (73.0)

Previous use of oral 
contraceptives

196 (32.1) 415 (36.7)

Baseline characteristics

Case (N = 610)
Control 
(N = 1130)

Mean (SD) or 
N (%)

Mean (SD) 
or N (%)

Previous use of menopausal 
hormone therapy

102 (16.7) 206 (18.2)

Number of full-term pregnancies and age at first full-term 
pregnancy

Nulliparous 79 (13.0) 163 (14.4)

Age < 30 (1–2 children) 265 (43.4) 424 (37.5)

Age < 30 (≥3 children) 171 (28.0) 386 (34.2)

Age ≥ 30 95 (15.6) 157 (13.9)

Comorbidities

History of diabetes

No 488 (80.0) 903 (79.9)

Yes 20 (3.3) 41 (3.6)

Missing 102 (16.7) 186 (16.5)

History of hypertension

No 215 (35.3) 413 (36.5)

Yes 176 (28.8) 285 (25.2)

Missing 219 (35.9) 432 (38.2)

Total energy intake in kcal/day 1919.8 (537.0) 1885.0 (553.8)

C-peptide in ng/mL 4.34 (2.7) 4.07 (2.3)

Note: Controls were matched to cases on study center, age at blood 
collection, time of day at blood collection, and fasting status at blood 
collection.

T A B L E  1   (Continued)
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postmenopausal breast cancer (OR = 1.59, 95% CI = 1.16–
2.17 for the highest quartile vs. the lowest, ptrend = 0.009), 
whereas high levels of WHR were not associated with 
the risk of postmenopausal breast cancer (OR = 1.14, 
95% CI = 0.84–1.55 for the highest quartile vs. the lowest, 
ptrend = 0.43). In addition, circulating C-peptide concentra-
tions were positively and linearly associated with risk of 
postmenopausal breast cancer though the OR was only 
statistically significant (OR = 1.37, 95% CI = 1.00–1.87 for 
the highest tertile vs. the lowest, ptrend = 0.05).

3.3  |  Metabolic unhealthy/
overweight or obese

Women classified as MUOW/OB had higher risk of post-
menopausal breast cancer compared to MHNW women 
considering BMI (OR = 1.58, 95% CI = 1.14–2.19) and 
WC (OR = 1.51, 95% CI = 1.09–2.08) cut points and there 
was also a suggestive risk for the WHR (OR = 1.29, 95% 
CI = 0.94–1.77) definition (Table 3).

In stratified analyses, the positive association be-
tween MUOW/OB phenotype and postmenopausal breast 
cancer risk seemed to be stronger among non-fasting 
women (ORBMI = 2.11, 95% CI = 1.34–3.32, ORWC = 2.15, 
95% CI = 1.35–3.41 and ORWHR = 1.93, 95% CI = 1.23–
3.02), those who had previously used oral contracep-
tives (ORBMI = 3.10, 95% CI = 1.19–8.06, ORWC = 2.90, 95% 
CI = 1.03–8.16 and ORWHR = 2.58, 95% CI = 0.99–6.86) and 
those aged 60 years or above at diagnosis (ORBMI = 1.54, 
95% CI = 1.03–2.30, ORWC = 1.48, 95% CI = 1.00–2.21; 
Table  S2). There was statistically significant hetero-
geneity observed across findings by fasting status (all 
pheterogeneity < 0.05), whereas no evidence of heterogene-
ity was detected in findings according to ever use of oral 
contraceptives (all pheterogeneity > 0.12) and age at diagnosis 
(all pheterogeneity > 0.18) categories. In contrast, our strati-
fied analyses by circulating levels of estradiol or estrone 
showed no statistically significant associations between 
MUOW/OB and postmenopausal breast cancer risk, ex-
cept for among those with lower estrone levels and using 
the BMI definition (ORBMI = 1.84, 95% CI = 1.04–3.28), 
with no heterogeneity detected in findings across catego-
ries (all pheterogeneity > 0.26).

3.4  |  Metabolic unhealthy/
normal weight

Women with MUNW were not at statistically significant 
elevated risk of postmenopausal breast cancer risk com-
pared to MHNW women (ORBMI = 1.02, 95% CI = 0.71–
1.46, ORWC = 1.27, 95% CI = 0.88–1.83 and ORWHR = 1.14, 

95% CI = 0.81–1.60; Table 3). We also observed no statis-
tically significant associations between the MUNW phe-
notype and breast cancer risk in all subgroup analyses 
when considering BMI and WHR cut points (Table  S2). 
However, when considering WC definition, the asso-
ciation was stronger and statistically significant among 
women who never used oral contraceptives (ORWC = 1.81, 
95% CI = 1.08–3.04) and not in those who had previously 
used oral contraceptives (ORWC = 1.03, 95% CI = 0.38–
2.77), although there was no heterogeneity detected in 
findings (pheterogeneity = 0.32). There was also no heteroge-
neity in estimates across findings by circulating levels of 
estradiol and estrone (all pheterogeneity > 0.10).

3.5  |  Metabolic healthy/
overweight or obese

Women classified as MHOW/OB were not at elevated risk 
of postmenopausal breast cancer compared to MHNW 
women considering BMI (OR = 1.17, 95%CI = 0.80–1.72), 
WC (OR = 1.26, 95% CI = 0.85–1.85) and WHR (OR = 0.92, 
95% CI = 0.62–1.36) cut points (Table 3). In addition, no 
statistically significant associations were found when 
comparing MHOW/OB phenotype to MHNW phenotype 
in all subgroups analyses (Table S2).

3.6  |  Sensitivity analyses

Exclusion of women who had a history of diabetes did not 
substantially change the magnitude of the associations, 
but the associations were attenuated and no longer statis-
tically significant when excluding cases diagnosed within 
the first 2 years of follow-up (Table S3). We also found no 
statistically significant associations when restricting the 
analyses to women who had never used MHT.

In sensitivity analyses considering only the upper ter-
tile of C-peptide concentration as the MU group, similar, 
and generally stronger associations were observed for the 
MUOW/OB group (Table S4). Using C-peptide median cut 
points to define the metabolic health body size and shape 
phenotypes, we found that the positive associations were no 
longer statistically significant for MUOW/OB considering 
WC (OR = 1.27, 95% CI = 0.94–1.73) and WHR (OR = 1.12, 
95% CI = 0.84–1.51), although the association remained 
statistically significant when considering BMI (OR = 1.41, 
95% CI = 1.04–1.91). Defining women with C-peptide lev-
els above the first quartile as MU group, we found that the 
associations for MUOW/OB were no longer statistically sig-
nificant. However, women classified as MHOW/OB had el-
evated risk compared to MHNW women when considering 
WC (OR = 2.12, 95% CI = 1.09–4.13; Table S4).
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A similar pattern of results compared to those of the 
main analysis were observed when using a WC cut point 
of 88 cm, although the magnitude of the associations was 
attenuated for MUNW and MHOW/OB (Table S5). In con-
trast, women classified as MUNW were at elevated risk of 
postmenopausal breast cancer compared to MHNW when 
using a WHR cut point of 0.88.

4   |   DISCUSSION

In this prospective analysis, we found that women classi-
fied as MUOW/OB had elevated risk of postmenopausal 
breast cancer compared to MHNW women considering 
BMI, WC and WHR definitions. Our results also suggest 
that women classified as MHOW/OB or those with the 
MUNW phenotype were not at elevated risk of postmeno-
pausal breast cancer compared to MHNW women.

Both adiposity and insulin resistance have been inde-
pendently associated with higher postmenopausal breast 
cancer risk.6–10,14 A large number of cohort studies have 
previously assessed the associations of metabolic pheno-
types of obesity, defined by elevated levels of insulin or 
HOMA-IR, with cardiovascular disease,20,21,24–26,44,45 dia-
betes,18,45 and several cancer types.19,22,30–33 Most of these 

previous studies reported higher risks of certain cancer 
types among MUNW or MUOW participants compared to 
MHNW participants, whereas lower risks were suggested 
among MHOW participants compared to MUOW.30,34,45

So far, four prospective studies have examined the as-
sociation of BMI or WC, and insulin resistance/hyperin-
sulinemia in relation to breast cancer risk.19,35–37 Using 
data from a case–cohort study (497 cases and 2830 cohort) 
within the Women's Health Initiative (WHI), Gunter and 
colleagues reported that overweight or obese and metabol-
ically unhealthy participants, defined as having elevated 
HOMA-IR, were at increased risk of postmenopausal 
breast cancer compared to MHNW participants, whereas 
MHOW participants did not have excess risk of the dis-
ease.37 Similarly, a subsequent analysis within the WHI 
(n ~ 21,000) found that overweight/obese women with 
metabolic abnormalities (defined as having ≥3 of the 5 
parameters out of clinical range including central obesity, 
fasting glucose, blood pressure, and triglycerides) had a 
higher risk of postmenopausal breast cancer compared 
with normal weight women with no metabolic abnormal-
ities.36 The association was stronger in women who had 
never used hormone therapy. However, normal weight 
women with metabolic abnormalities or those overweight 
with no metabolic abnormalities were not at elevated risk. 

T A B L E  3   Association between metabolic health–defined body size phenotypes using anthropometric cut points and breast cancer risk 
in postmenopausal women.

Metabolic health–defined body size 
phenotypes

Metabolically healthy Metabolically unhealthy

Normal weighta Overweight/Obesityb Normal weightc
Overweight/
Obesityd

Metabolic health/ BMI definition

N cases/controls 85/194 88/178 124/273 313/485

Model 1 OR (95% CI) 1 [reference] 1.15 (0.80–1.66) 1.06 (0.75–1.50) 1.50 (1.10–2.03)

Model 2 OR (95% CI) 1 [reference] 1.17 (0.80–1.72) 1.02 (0.71–1.46) 1.58 (1.14–2.19)

Metabolic health/ WC definition

N cases/controls 90/211 83/161 126/239 311/519

Model 1 OR (95% CI) 1 [reference] 1.28 (0.88–1.86) 1.28 (0.90–1.82) 1.49 (1.10–2.03)

Model 2 OR (95% CI) 1 [reference] 1.26 (0.85–1.85) 1.27 (0.88–1.83) 1.51 (1.09–2.08)

Metabolic health/WHR definition

N cases/controls 96/199 77/173 154/286 283/472

Model 1 OR (95% CI) 1 [reference] 0.92 (0.63–1.34) 1.14 (0.82–1.59) 1.27 (0.94–1.72)

Model 2 OR (95% CI) 1 [reference] 0.92 (0.62–1.36) 1.14 (0.81–1.60) 1.29 (0.94–1.77)

Note: Model 1 was adjusted on matching criteria only and included age at blood collection, time of day at blood collection, and fasting status at blood collection. 
Model 2 was adjusted on matching factors, with additional adjustment for age at menarche, age at first full term pregnancy and parity, age at menopause, 
breastfeeding, ever use of contraceptive pills, ever use of menopausal hormonal therapy, physical activity index, alcohol consumption, smoking status, 
educational level, height, and energy intake. Bold values indicate statistically significant.
aMetabolically healthy/normal weight (BMI < 25 kg/m2 or Waist circumference < 80 cm or Waist-to-hip ratio < 0.8) plus within tertile 1 of C-peptide.
bMetabolically healthy/overweight (BMI ≥ 25 kg/m2 or Waist circumference ≥ 80 cm or Waist-to-hip ratio ≥ 0.8) plus within tertile 1 of C-peptide.
cMetabolically unhealthy/normal weight (BMI < 25 kg/m2 or Waist circumference < 80 cm or Waist-to-hip ratio < 0.8) plus above tertile 1 of C-peptide.
dMetabolically unhealthy/overweight (BMI ≥ 25 kg/m2 or Waist circumference ≥ 80 cm or Waist-to-hip ratio ≥ 0.8) plus above tertile 1 of C-peptide.
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In another analysis within the Framingham Heart Study 
(n = 3763), Moore and colleagues reported that overweight 
women with elevated blood glucose had a 2.6-fold higher 
risk of reproductive cancers including a large propor-
tion of postmenopausal breast cancers, whereas normal 
weight women with elevated glucose were not at higher 
risk.19 In this study, overweight women with normal glu-
cose levels had a 1.7-fold higher risk. In the Sister Study 
(n = 43,599), women classified as MUOW/OB, defined as 
being overweight or obese with one or more metabolic 
abnormalities, including central obesity, type 2 diabetes, 
dyslipidemia, and elevated blood pressure, had higher risk 
of developing postmenopausal breast cancer compared 
to normal weight women with no metabolic abnormali-
ties and considering BMI, WC and WHR definitions.35 
Consistent with these previous findings, we found that 
MUOW/OB women were at elevated risk of postmeno-
pausal breast cancer compared to MHNW women and 
considering BMI, WC and WHR definitions.

A possible mechanism underlying the elevated risk 
of postmenopausal breast cancer among MUOW/OB 
women may implicate a direct effect of insulin which acts 
as a cancer promoter through its known mitotic and anti-
apoptotic activities.11,12 Experimental studies suggest that 
insulin plays a role in cancer initiation and progression by 
increasing the likelihood of genetic alterations in normal 
cells and malignant cells.46 Elevated circulating levels of in-
sulin could also influence breast cancer risk by regulating 
sex hormone synthesis and chronic inflammation which in 
turn increase the risk of the disease.6,16,17 A recent study 
reported that adults with MUOW phenotype (defined using 
metabolic syndrome definition with BMI) had higher levels 
of serum concentrations of inflammatory cytokines, such 
as interleukin (IL-1β), IL-6, IL-8, IL-10, and tumor necro-
sis factor-α, compared to adults with MHNW,47 which sug-
gests that excess body fat and altered metabolic profile are 
also linked to inflammation. Another potential hypothesis 
to explain the observed associations is related to other fac-
tors influencing the metabolic dysfunction. Hypothetically, 
an unhealthy diet and sedentary behavior may influence 
the development of metabolic dysfunction,48 thereby in-
creasing the risk of breast cancer. Indeed, previous stud-
ies reported that participants with metabolic dysfunction 
tend to report lower intakes of plant-based diets including 
fruits, vegetables, and wholegrains, to have higher intakes 
of sugar and saturated fat, and to report higher levels of 
sedentary behavior compared to metabolically healthy par-
ticipants.49,50 However, associations remained statistically 
significant despite adjustment for physical activity index 
and total energy from the diet.

Our findings suggest that women with MHOW/OB or 
those with MUNW did not have a significantly increased 
risk of postmenopausal breast cancer compared to MHNW 

women. These findings lend support to those from two 
previous studies reporting no statistically significant as-
sociation among normal weight women with metabolic 
abnormalities,35,37 but are inconsistent with two other pre-
vious studies showing an excess breast cancer risk among 
overweight or obese women without metabolic abnormal-
ities.19,36 However, in our study, the non-statistically sig-
nificant association among normal weight with elevated 
insulin levels or among overweight and obese women with 
normal insulin levels could be due to the lower sample 
size in these subgroups and hence lack of statistical power. 
Given that C-peptide levels seemed to be higher among 
MUOW/OB women (5.23 ng/mL) compared to MUNW 
women (4.75 ng/mL), it could also be possible that a much 
higher insulin level is required to increase breast cancer 
risk. In a recent investigation within the EPIC cohort, el-
evated risk of endometrial cancer was observed among 
women classified as MUNW, MUOW, and MHOW phe-
notypes compared with MHNW.34 Similarly, a study with 
the EPIC cohort reported that normal-weight women with 
elevated insulin levels had at higher colorectal cancer risk 
compared to those of normal-weight with normal insulin 
levels,30 whereas a lower colorectal cancer risk was found 
among the overweight women with normal insulin levels. 
However, we did not find a lower risk of postmenopausal 
breast cancer among overweight women with normal in-
sulin levels. We could hypothesize that biological mecha-
nisms involving adiposity and insulin may differ between 
colorectal and breast cancers or this could be related to 
sample size. However, further studies with larger sample 
sizes are needed to investigate these associations and ex-
plore the potential biological mechanisms linking insulin 
and other biological markers with breast cancer risk.

Our results indicate that the elevated risk among 
MUOW/OB phenotype appeared to be stronger in women 
who had ever used oral contraceptives, compared to never 
users, suggesting that sex steroids hormone may influ-
ence these associations. When further excluding women 
who had ever used MHT, the associations were no lon-
ger statistically significant with no heterogeneity detected 
in findings across categories. In addition, we found that 
the positive associations were restricted to non-fasting 
women with evidence of significant heterogeneity across 
categories of fasting status. Most of the previous studies 
considered fasting glucose/insulin or fasting biomarkers. 
Only the analyses from Framingham study considered 
fasting and non-fasting samples; and the authors reported 
that non-fasting samples also could be used to identify 
cases of diabetes with sensitivity equal to that of fasting 
samples.19 However, since our study is the first to con-
duct subgroup analysis by fasting status, further studies 
are needed to better understand the elevated risk among 
non-fasting women. In addition, exclusion of participants 

 20457634, 2023, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.5896 by C
ochrane France, W

iley O
nline L

ibrary on [18/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



      |  12679MAHAMAT-­SALEH et al.

with diabetes did not substantially impact our results. 
When excluding cases diagnosed within the first 2 years of 
follow-up, the positive associations for MUOW/OB were 
attenuated, and the relationship did not reach statistical 
significance. This could be explained by a possible reverse 
causality in the associations, or by the loss of power due 
to the exclusion of 209 cases and their matched controls.

Our study has some limitations that should be taken 
into consideration when interpreting these findings. First, 
a single measurement of C-peptide with a study-specific 
cut point was used to define metabolic health categories 
which may not reflect a complete and objective definition 
of metabolic healthy status. Therefore, some degree of 
misclassification cannot be excluded. However, although 
similar patterns of results compared to those of the main 
analysis were obtained when considering the first quartile 
or median of C-peptide as the metabolically healthy group, 
the associations were no longer statistically significant—
probably due to the small sample size in some categories. 
In addition, although previous studies have used different 
markers such as glucose or insulin levels, HOMA-IR, and 
the MetS to define “metabolic health”, two recent cohort 
studies have used concentration of C-peptide as a marker of 
metabolic health status since C-peptide has been reported 
to be a good indicator for long-term insulin secretion.30,34 A 
recent review supports that adiposity with elevated levels of 
a single biomarker, including HOMA-IR, C-peptide, or fast-
ing insulin could also be used to define metabolic health 
phenotype.51 The authors suggest that being metabolically 
unhealthy as the presence of at least one, two, or three 
MetS criteria, regardless of BMI category, is associated 
with a higher risk of at least four cancer types. Moreover, 
in several studies, similar results were reported when a sin-
gle marker was used to define metabolic health compared 
with the use of MetS.36,37,52 Another limitation of the study 
includes the small sample size in some subgroup analyses, 
and the incomplete information on breast cancer subtypes. 
The observed associations may vary according to breast can-
cer receptor subtype since a recent study reported a strong 
positive association between MUOW/OB phenotype and 
estrogen receptor-positive breast cancer risk.35 However, 
more research with detailed information on breast cancer 
subtype is required to explore this hypothesis. Despite these 
limitations, this study has several strengths, including its 
prospective design, the detailed information on potential 
risk factors for breast cancer from seven countries, and 
the use of C-peptide, a validated marker of hyperinsulin-
emia,53–55 to define metabolic heath status. In addition, 
breast cancer cases were confirmed through a combination 
of several methods including cancer registries, health in-
surance records and active follow-up.

In conclusion, our findings suggest that being over-
weight or obese and metabolically unhealthy is associated 

with an increased risk of postmenopausal breast cancer 
compared to metabolically healthy normal weight women 
and considering BMI, WC and WHR measurements as 
markers of adiposity and C-peptide as marker of metabolic 
health. Overweight or obese women with normal insulin 
levels are not at higher risk of breast cancer. Although ad-
ditional research is required, these findings highlighted 
the importance of assessing the effects of anthropomet-
ric measures in conjunction with metabolic parameters to 
identify women at higher risk of breast cancer.

AUTHOR CONTRIBUTIONS
Yahya Mahamat-Saleh: Conceptualization (equal); 
data curation (equal); formal analysis (equal); fund-
ing acquisition (equal); investigation (equal); meth-
odology (equal); resources (equal); software (equal); 
visualization (equal); writing –  original draft (equal); 
writing –  review and editing (equal). Sabina Rinaldi: 
Conceptualization (equal); data curation (equal); fund-
ing acquisition (equal); methodology (equal); resources 
(equal); supervision (equal); writing – review and edit-
ing (equal). Rudolf Kaaks: Investigation (equal); meth-
odology (equal); resources (equal); writing – review and 
editing (equal). Carine Biessy: Data curation (equal); 
formal analysis (equal); methodology (equal); project 
administration (equal); visualization (equal); writing –  
review and editing (equal). Esther Gonzalez Gil: 
Investigation (equal); methodology (equal); resources 
(equal); writing –  review and editing (equal). Neil 
Murphy: Investigation (equal); methodology (equal); 
resources (equal); writing – review and editing (equal). 
Charlotte Le Cornet: Investigation (equal); methodol-
ogy (equal); resources (equal); writing – review and edit-
ing (equal). Jose Maria Huerta: Investigation (equal); 
methodology (equal); resources (equal); writing – review 
and editing (equal). Sabina Sieri: Investigation (equal); 
methodology (equal); resources (equal); writing –   
review and editing (equal). Anne Tjonneland: 
Investigation (equal); methodology (equal); resources 
(equal); writing –  review and editing (equal). Lene 
Mellemkjaer: Investigation (equal); methodology 
(equal); resources (equal); writing –  review and edit-
ing (equal). Marcela Guevara: Investigation (equal); 
methodology (equal); resources (equal); writing –   
review and editing (equal). Kim Overvad: Investigation 
(equal); methodology (equal); resources (equal); writing –  
review and editing (equal). Aurora Perez-Cornago: 
Investigation (equal); methodology (equal); resources 
(equal); writing –  review and editing (equal). Sandar 
Tin Tin: Investigation (equal); methodology (equal); re-
sources (equal); writing – review and editing (equal). Lisa 
Padroni: Investigation (equal); methodology (equal); 
resources (equal); writing – review and editing (equal). 

 20457634, 2023, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.5896 by C
ochrane France, W

iley O
nline L

ibrary on [18/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



12680  |      MAHAMAT-­SALEH et al.

Vittorio Simeon: Investigation (equal); methodology 
(equal); resources (equal); writing –  review and edit-
ing (equal). Giovanna Masala: Investigation (equal); 
methodology (equal); resources (equal); writing –   
review and editing (equal). Anne May: Investigation 
(equal); methodology (equal); resources (equal); writing –  
review and editing (equal). E. M. Monninkhof: 
Investigation (equal); methodology (equal); resources 
(equal); writing –  review and editing (equal). Sofia 
Christakoudi: Investigation (equal); methodology 
(equal); resources (equal); writing – review and editing 
(equal). Alicia K. Heath: Investigation (equal); meth-
odology (equal); resources (equal); writing – review and 
editing (equal). Konstantinos K. Tsilidis: Investigation 
(equal); methodology (equal); resources (equal); writing –  
review and editing (equal). Antonio Agudo: 
Investigation (equal); methodology (equal); resources 
(equal); writing – review and editing (equal). Matthias 
B. Schulze: Investigation (equal); methodology (equal); 
resources (equal); writing – review and editing (equal). 
Joseph Rothwell: Investigation (equal); methodology 
(equal); resources (equal); writing – review and editing 
(equal). Claire Cadeau: Investigation (equal); method-
ology (equal); resources (equal); writing –  review and 
editing (equal). Gianluca Severi: Investigation (equal); 
methodology (equal); resources (equal); writing –   
review and editing (equal). Elisabete Weiderpass: 
Investigation (equal); methodology (equal); resources 
(equal); writing –  review and editing (equal). Marc 
Gunter: Conceptualization (equal); funding acquisition 
(equal); investigation (equal); methodology (equal); re-
sources (equal); supervision (equal); writing –  review 
and editing (equal). Laure Dossus: Conceptualization 
(equal); data curation (equal); funding acquisition 
(equal); investigation (equal); methodology (equal);  
resources (equal); supervision (equal); writing – original 
draft (equal); writing – review and editing (equal).

ACKNOWLEDGMENTS
The authors thank all study subjects for their participa-
tion and all interviewers who participated in the field-
work studies in each EPIC center. The authors also 
thank Bertrand Hemon at IARC for his valuable work 
and technical support with the EPIC database. The au-
thors are grateful to Mr. Achaintre, Mrs. Bouzac, and 
Mrs. Robinot for their work in performing all the labora-
tory analyses.

FUNDING INFORMATION
Yahya Mahamat-Saleh is a postdoctoral scientist at the 
International Agency for Research on Cancer and sup-
ported by the Fondation ARC pour la recherche sur le 
cancer ARCPOST-DOC2021080004105. The coordination 

of EPIC is financially supported by International 
Agency for Research on Cancer (IARC) and also by the 
Department of Epidemiology and Biostatistics, School 
of Public Health, Imperial College London which has 
additional infrastructure support provided by the NIHR 
Imperial Biomedical Research Centre (BRC). The na-
tional cohorts are supported by: Danish Cancer Society 
(Denmark); Ligue Contre le Cancer, Institut Gustave 
Roussy, Mutuelle Générale de l'Education Nationale, 
Institut National de la Santé et de la Recherche Médicale 
(INSERM; France); German Cancer Aid, German 
Cancer Research Center (DKFZ), German Institute of 
Human Nutrition Potsdam-Rehbruecke (DIfE), Federal 
Ministry of Education and Research (BMBF; Germany); 
Associazione Italiana per la Ricerca sul Cancro-AIRC-
Italy, Compagnia di SanPaolo and National Research 
Council (Italy); Dutch Ministry of Public Health, 
Welfare and Sports (VWS), Netherlands Cancer Registry 
(NKR), LK Research Funds, Dutch Prevention Funds, 
Dutch ZON (Zorg Onderzoek Nederland), World Cancer 
Research Fund (WCRF), Statistics Netherlands (The 
Netherlands); Health Research Fund (FIS)—Instituto 
de Salud Carlos III (ISCIII), Regional Governments 
of Andalucía, Asturias, Basque Country, Murcia and 
Navarra, and the Catalan Institute of Oncology—ICO 
(Spain); Swedish Cancer Society, Swedish Research 
Council and County Councils of Skåne and Västerbotten 
(Sweden); Cancer Research UK (14,136 to EPIC-Norfolk; 
C8221/A29017 to EPIC-Oxford), Medical Research 
Council (1,000,143 to EPIC-Norfolk; MR/M012190/1 to 
EPIC-Oxford; United Kingdom).

CONFLICT OF INTEREST STATEMENT
The authors have no conflict of interest to disclose.

DATA AVAILABILITY STATEMENT
For information on how to submit an application for gain-
ing access to EPIC data and/or biospecimens, please fol-
low the instructions at https://login.resea​rch4l​ife.org/
tacsg​r0epic_iarc_fr/acces​s/index.php.

ETHICS APPROVAL AND CONSENT TO 
PARTICIPATE
The EPIC study was conducted in accordance with the 
Declaration of Helsinki. The study was approved by the 
local ethical committees in participating countries and the 
IARC ethical committee. All participants provided written 
informed consent for data collection and storage, as well 
as individual follow-up before study entry. This study is 
listed at clini​caltr​ials.gov as NCT03285230.

CONSENT FOR PUBLICATION
Not applicable.

 20457634, 2023, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.5896 by C
ochrane France, W

iley O
nline L

ibrary on [18/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://login.research4life.org/tacsgr0epic_iarc_fr/access/index.php
https://login.research4life.org/tacsgr0epic_iarc_fr/access/index.php
http://clinicaltrials.gov


      |  12681MAHAMAT-­SALEH et al.

IARC DISCLAIMER
Where authors are identified as personnel of the 
International Agency for Research on Cancer / World 
Health Organization, the authors alone are responsible 
for the views expressed in this article and they do not 
necessarily represent the decisions, policy, or views of 
the International Agency for Research on Cancer/World 
Health Organization.

ORCID
Y. Mahamat-Saleh   https://orcid.
org/0000-0002-5892-8886 
S. Rinaldi   https://orcid.org/0000-0002-6846-1204 
J. M. Huerta   https://orcid.org/0000-0002-9637-3869 
L. Mellemkjær   https://orcid.org/0000-0001-9222-6215 
A. Perez-Cornago   https://orcid.
org/0000-0002-5652-356X 
S. Tin Tin   https://orcid.org/0000-0002-7303-061X 
S. Christakoudi   https://orcid.org/0000-0001-9219-4436 
A. K. Heath   https://orcid.org/0000-0001-6517-1300 
K. Tsilidis   https://orcid.org/0000-0002-8452-8472 
S. Severi   https://orcid.org/0000-0001-7157-419X 
E. Weiderpass   https://orcid.org/0000-0003-2237-0128 

TWITTER
Y. Mahamat-Saleh   MS_Yahya_ 

REFERENCES
	 1.	 Jayedi A, Soltani S, Motlagh SZ, et al. Anthropometric and 

adiposity indicators and risk of type 2 diabetes: systematic re-
view and dose-response meta-analysis of cohort studies. BMJ. 
2022;376:e067516.

	 2.	 Kim MS, Kim WJ, Khera AV, et al. Association between adi-
posity and cardiovascular outcomes: an umbrella review and 
meta-analysis of observational and Mendelian randomization 
studies. Eur Heart J. 2021;42(34):3388-3403.

	 3.	 Kyrgiou M, Kalliala I, Markozannes G, et al. Adiposity and can-
cer at major anatomical sites: umbrella review of the literature. 
BMJ. 2017;356:j477.

	 4.	 Lauby-Secretan B, Scoccianti C, Loomis D, et al. Body fatness 
and cancer—viewpoint of the IARC working group. N Engl J 
Med. 2016;375(8):794-798.

	 5.	 Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 
2020: GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 
2021;71(3):209-249.

	 6.	 Gunter MJ, Hoover DR, Yu H, et al. Insulin, insulin-like growth 
factor-I, and risk of breast cancer in postmenopausal women. J 
Natl Cancer Inst. 2009;101(1):48-60.

	 7.	 Kabat GC, Kim M, Caan BJ, et al. Repeated measures of serum 
glucose and insulin in relation to postmenopausal breast can-
cer. Int J Cancer. 2009;125(11):2704-2710.

	 8.	 Pan K, Chlebowski RT, Mortimer JE, et al. Insulin resistance and 
breast cancer incidence and mortality in postmenopausal women 
in the Women's Health Initiative. Cancer. 2020;126(16):3638-3647.

	 9.	 Toniolo P, Bruning PF, Akhmedkhanov A, et al. Serum 
insulin-like growth factor-I and breast cancer. Int J Cancer. 
2000;88(5):828-832.

	10.	 Verheus M, Peeters PH, Rinaldi S, et al. Serum C-peptide levels 
and breast cancer risk: results from the European prospective 
investigation into cancer and nutrition (EPIC). Int J Cancer. 
2006;119(3):659-667.

	11.	 Chappell J, Leitner JW, Solomon S, Golovchenko I, Goalstone 
ML, Draznin B. Effect of insulin on cell cycle progression in 
MCF-7 breast cancer cells. Direct and potentiating influence. J 
Biol Chem. 2001;276(41):38023-38028.

	12.	 Ish-Shalom D, Christoffersen CT, Vorwerk P, et al. Mitogenic 
properties of insulin and insulin analogues mediated by the in-
sulin receptor. Diabetologia. 1997;40(Suppl 2):S25-S31.

	13.	 Shu X, Wu L, Khankari NK, et al. Associations of obesity and cir-
culating insulin and glucose with breast cancer risk: a Mendelian 
randomization analysis. Int J Epidemiol. 2019;48(3):795-806.

	14.	 Boyle P, Boniol M, Koechlin A, et al. Diabetes and breast cancer 
risk: a meta-analysis. Br J Cancer. 2012;107(9):1608-1617.

	15.	 Guo M, Liu T, Li P, et al. Association between metabolic syn-
drome and breast cancer risk: an updated meta-analysis of fol-
low-up studies. Front Oncol. 2019;9:1290.

	16.	 Dashti SG, Simpson JA, Viallon V, et al. Adiposity and breast, 
endometrial, and colorectal cancer risk in postmenopausal 
women: quantification of the mediating effects of leptin, C-
reactive protein, fasting insulin, and estradiol. Cancer Med. 
2022;11(4):1145-1159.

	17.	 Hvidtfeldt UA, Gunter MJ, Lange T, et al. Quantifying medi-
ating effects of endogenous estrogen and insulin in the rela-
tion between obesity, alcohol consumption, and breast cancer. 
Cancer Epidemiol Biomarkers Prev. 2012;21(7):1203-1212.

	18.	 Lotta LA, Abbasi A, Sharp SJ, et al. Definitions of metabolic 
health and risk of future type 2 diabetes in BMI categories: a 
systematic review and network meta-analysis. Diabetes Care. 
2015;38(11):2177-2187.

	19.	 Moore LL, Chadid S, Singer MR, Kreger BE, Denis GV. 
Metabolic health reduces risk of obesity-related cancer in 
Framingham study adults. Cancer Epidemiol Biomarkers Prev. 
2014;23(10):2057-2065.

	20.	 Oh CM, Jun JK, Suh M. Risk of cancer mortality according to 
the metabolic health status and degree of obesity. Asian Pac J 
Cancer Prev. 2014;15(22):10027-10031.

	21.	 Hosseinpanah F, Barzin M, Sheikholeslami F, Azizi F. Effect 
of different obesity phenotypes on cardiovascular events 
in Tehran lipid and glucose study (TLGS). Am J Cardiol. 
2011;107(3):412-416.

	22.	 Kabat GC, Kim MY, Stefanick M, et al. Metabolic obesity 
phenotypes and risk of colorectal cancer in postmenopausal 
women. Int J Cancer. 2018;143(3):543-551.

	23.	 Durward CM, Hartman TJ, Nickols-Richardson SM. All-cause 
mortality risk of metabolically healthy obese individuals in 
NHANES III. J Obes. 2012;2012:1-12.

	24.	 St-Pierre AC, Cantin B, Mauriege P, et al. Insulin resistance syn-
drome, body mass index and the risk of ischemic heart disease. 
CMAJ. 2005;172(10):1301-1305.

	25.	 Ogorodnikova AD, Kim M, McGinn AP, Muntner P, Khan U, 
Wildman RP. Incident cardiovascular disease events in met-
abolically benign obese individuals. Obesity (Silver Spring). 
2012;20(3):651-659.

 20457634, 2023, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.5896 by C
ochrane France, W

iley O
nline L

ibrary on [18/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-5892-8886
https://orcid.org/0000-0002-5892-8886
https://orcid.org/0000-0002-5892-8886
https://orcid.org/0000-0002-6846-1204
https://orcid.org/0000-0002-6846-1204
https://orcid.org/0000-0002-9637-3869
https://orcid.org/0000-0002-9637-3869
https://orcid.org/0000-0001-9222-6215
https://orcid.org/0000-0001-9222-6215
https://orcid.org/0000-0002-5652-356X
https://orcid.org/0000-0002-5652-356X
https://orcid.org/0000-0002-5652-356X
https://orcid.org/0000-0002-7303-061X
https://orcid.org/0000-0002-7303-061X
https://orcid.org/0000-0001-9219-4436
https://orcid.org/0000-0001-9219-4436
https://orcid.org/0000-0001-6517-1300
https://orcid.org/0000-0001-6517-1300
https://orcid.org/0000-0002-8452-8472
https://orcid.org/0000-0002-8452-8472
https://orcid.org/0000-0001-7157-419X
https://orcid.org/0000-0001-7157-419X
https://orcid.org/0000-0003-2237-0128
https://orcid.org/0000-0003-2237-0128
https://twitter.com/MS_Yahya_


12682  |      MAHAMAT-­SALEH et al.

	26.	 Eckel N, Meidtner K, Kalle-Uhlmann T, Stefan N, Schulze 
MB. Metabolically healthy obesity and cardiovascular events: 
a systematic review and meta-analysis. Eur J Prev Cardiol. 
2016;23(9):956-966.

	27.	 Schulze MB. Metabolic health in normal-weight and obese in-
dividuals. Diabetologia. 2019;62(4):558-566.

	28.	 Stefan N, Haring HU, Hu FB, Schulze MB. Metabolically 
healthy obesity: epidemiology, mechanisms, and clinical impli-
cations. Lancet Diabetes Endocrinol. 2013;1(2):152-162.

	29.	 Zembic A, Eckel N, Stefan N, Baudry J, Schulze MB. An empir-
ically derived definition of metabolically healthy obesity based 
on risk of cardiovascular and Total mortality. JAMA Netw Open. 
2021;4(5):e218505.

	30.	 Murphy N, Cross AJ, Abubakar M, et al. A nested case-control 
study of metabolically defined body size phenotypes and risk of 
colorectal cancer in the European prospective investigation into 
cancer and nutrition (EPIC). PLoS Med. 2016;13(4):e1001988.

	31.	 Kim JW, Ahn ST, Oh MM, Moon DG, Han K, Park HS. Incidence 
of prostate cancer according to metabolic health status: a 
Nationwide cohort study. J Korean Med Sci. 2019;34(6):e49.

	32.	 Kim JW, Ahn ST, Oh MM, et al. Increased incidence of bladder can-
cer with metabolically unhealthy status: analysis from the National 
Health Checkup database in Korea. Sci Rep. 2020;10(1):6476.

	33.	 Chung HS, Lee JS, Song E, et al. Effect of metabolic health 
and obesity phenotype on the risk of pancreatic cancer: a 
Nationwide population-based cohort study. Cancer Epidemiol 
Biomarkers Prev. 2021;30(3):521-528.

	34.	 Kliemann N, Ould Ammar R, Biessy C, et al. Metabolically-
defined body size phenotypes and risk of endometrial can-
cer in the European prospective investigation into cancer 
and nutrition (EPIC). Cancer Epidemiol Biomarkers Prev. 
2022;31:1359-1367.

	35.	 Park YM, White AJ, Nichols HB, O'Brien KM, Weinberg CR, 
Sandler DP. The association between metabolic health, obe-
sity phenotype and the risk of breast cancer. Int J Cancer. 
2017;140(12):2657-2666.

	36.	 Kabat GC, Kim MY, Lee JS, et al. Metabolic obesity phenotypes 
and risk of breast cancer in postmenopausal women. Cancer 
Epidemiol Biomarkers Prev. 2017;26(12):1730-1735.

	37.	 Gunter MJ, Xie X, Xue X, et al. Breast cancer risk in metabol-
ically healthy but overweight postmenopausal women. Cancer 
Res. 2015;75(2):270-274.

	38.	 Riboli E, Hunt KJ, Slimani N, et al. European prospective in-
vestigation into cancer and nutrition (EPIC): study populations 
and data collection. Public Health Nutr. 2002;5(6B):1113-1124.

	39.	 Riboli E, Kaaks R. The EPIC project: rationale and study de-
sign. European prospective investigation into cancer and nutri-
tion. Int J Epidemiol. 1997;26(Suppl 1):S6-S14.

	40.	 Kaaks R, Lundin E, Rinaldi S, et al. Prospective study of IGF-I, 
IGF-binding proteins, and breast cancer risk, in northern and 
southern Sweden. Cancer Causes Control. 2002;13(4):307-316.

	41.	 Kaaks R, Rinaldi S, Key TJ, et al. Postmenopausal serum an-
drogens, oestrogens and breast cancer risk: the European pro-
spective investigation into cancer and nutrition. Endocr Relat 
Cancer. 2005;12(4):1071-1082.

	42.	 Margetts BM, Pietinen P. European prospective investigation 
into cancer and nutrition: validity studies on dietary assess-
ment methods. Int J Epidemiol. 1997;26(Suppl 1):S1-S5.

	43.	 Cust AE, Smith BJ, Chau J, et al. Validity and repeatability of 
the EPIC physical activity questionnaire: a validation study 

using accelerometers as an objective measure. Int J Behav Nutr 
Phys Act. 2008;5:33.

	44.	 Dobson R, Burgess MI, Sprung VS, et al. Metabolically healthy 
and unhealthy obesity: differential effects on myocardial func-
tion according to metabolic syndrome, rather than obesity. Int J 
Obes (Lond). 2016;40(1):153-161.

	45.	 Meigs JB, Wilson PW, Fox CS, et al. Body mass index, metabolic 
syndrome, and risk of type 2 diabetes or cardiovascular disease. 
J Clin Endocrinol Metab. 2006;91(8):2906-2912.

	46.	 Arcidiacono B, Iiritano S, Nocera A, et al. Insulin resistance and 
cancer risk: an overview of the pathogenetic mechanisms. Exp 
Diabetes Res. 2012;2012:1-12.

	47.	 Ferreira FG, Reitz LK, Valmorbida A, et al. Metabolically un-
healthy and overweight phenotypes are associated with in-
creased levels of inflammatory cytokines: a population-based 
study. Nutrition. 2022;96:111590.

	48.	 Smith GI, Mittendorfer B, Klein S. Metabolically healthy obe-
sity: facts and fantasies. J Clin Invest. 2019;129(10):3978-3989.

	49.	 Iacobini C, Pugliese G, Blasetti Fantauzzi C, Federici M, Menini 
S. Metabolically healthy versus metabolically unhealthy obe-
sity. Metabolism. 2019;92:51-60.

	50.	 Conus F, Allison DB, Rabasa-Lhoret R, et al. Metabolic 
and behavioral characteristics of metabolically obese but 
normal-weight women. J Clin Endocrinol Metab. 2004;89(10):​
5013-5020.

	51.	 Karra P, Winn M, Pauleck S, et al. Metabolic dysfunction and 
obesity-related cancer: beyond obesity and metabolic syn-
drome. Obesity (Silver Spring). 2022;30(7):1323-1334.

	52.	 Winn M, Karra P, Haaland B, et al. Metabolic dysfunction 
and obesity-related cancer: results from the cross-sectional 
National Health and nutrition examination survey. Cancer 
Med. 2023;12(1):606-618.

	53.	 Shin D, Eom YS, Chon S, Kim BJ, Yu KS, Lee DH. Factors influ-
encing insulin sensitivity during hyperinsulinemic-euglycemic 
clamp in healthy Korean male subjects. Diabetes Metab Syndr 
Obes. 2019;12:469-476.

	54.	 Tabung FK, Nimptsch K, Giovannucci EL. Postprandial du-
ration influences the Association of Insulin-Related Dietary 
Indexes and Plasma C-peptide concentrations in adult men and 
women. J Nutr. 2019;149(2):286-294.

	55.	 Bonser AM, Garcia-Webb P. C-peptide measurement: methods 
and clinical utility. Crit Rev Clin Lab Sci. 1984;19(4):297-352.

SUPPORTING INFORMATION
Additional supporting information can be found online 
in the Supporting Information section at the end of this 
article.

How to cite this article: Mahamat-Saleh Y, Rinaldi 
S, Kaaks R, et al. Metabolically defined body size and 
body shape phenotypes and risk of postmenopausal 
breast cancer in the European Prospective 
Investigation into Cancer and Nutrition. Cancer Med. 
2023;12:12668-12682. doi:10.1002/cam4.5896

 20457634, 2023, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.5896 by C
ochrane France, W

iley O
nline L

ibrary on [18/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/cam4.5896

	Metabolically defined body size and body shape phenotypes and risk of postmenopausal breast cancer in the European Prospective Investigation into Cancer and Nutrition
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|EPIC participants
	2.2|Follow-­up and identification of incident breast cancer cases
	2.3|Selection of case and control subjects
	2.4|Laboratory measurements
	2.5|Assessment of anthropometric, lifestyle, and dietary exposures
	2.6|Definition of metabolic health and body size categories
	2.7|Statistical analysis

	3|RESULTS
	3.1|Characteristics of study participants
	3.2|Associations with breast cancer risk
	3.3|Metabolic unhealthy/overweight or obese
	3.4|Metabolic unhealthy/normal weight
	3.5|Metabolic healthy/overweight or obese
	3.6|Sensitivity analyses

	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	CONSENT FOR PUBLICATION
	IARC DISCLAIMER
	REFERENCES


