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Abstract

Background: Breast cancer with oestrogen receptor expression is common in older women. Several factors, such as age and
reproductive hormone exposure, have been associated with oestrogen receptor expression in breast cancer. However, the
association between comorbidities and the oestrogen receptor expression has been poorly studied. We hypothesized that
there was an association between burden comorbidity and breast cancer with oestrogen receptor expression in older
women.

Objective: To determine whether oestrogen receptor expression in breast cancer was associated with burden comorbidity
in community-dwelling women.

Methods: A total of 1,707 women with breast cancer registered on the list of a breast cancer registry were included. The
recorded data included: age, Charlson Comorbidity Index score$1, breast cancer characteristics (coded according to the
International Classification of Diseases for Oncology), and breast cancer pathological stage (the pathological-tumour-node-
metastasis, Scarff Bloom Richardson, and hormonal status of oestrogen receptor, progesterone receptor, and human
epidermal growth factor receptor).

Results: Breast cancer with oestrogen receptor expression was identified in 1,378 patients (80?7%). The fully-adjusted
logistic regression showed that oestrogen receptor expression was associated with Charlson Comorbidity Index score$1
(odds ratio [OR] = 1?91,95%confidence interval [CI] = [1.01–3.61], P = 0?048), progesterone receptor expression (OR = 16?64,
95%CI = [11.62–23.81], P,0?001), human epidermal growth factor receptor (OR = 0?54, 95%CI = [0.34–0.84], P = 0?007), age
(OR = 1.02, 95%CI = [1.00–1.03], P = 0.008), Scarff Bloom Richardson grade II and grade III (OR = 0?21with 95%CI = [0.10–0.44]
and OR = 0?06 with 95%CI = [0.03–0.12], P,0?001).

Conclusion: Our findings provide new data showing an independent positive association between burden comorbidity and
breast cancer with oestrogen receptor expression. This result confirms that evaluation of oestrogen receptor expression in
breast cancer should not be limited to hormonal factors stratified by age.
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Introduction

Breast cancer (BC) is the most commonly diagnosed cancer in

women in the United States (US) and Europe [1]. The incidence

rate for BC increases with age, explaining that 60% of diagnosis of

BC occurred after 65 years and older [2]. Clinical, pathologic, and

molecular features of BC are heterogeneous, thus BC has been

classified into different subtypes [3]. One of these subtypes refers

to immunohistochemical expression of hormonal receptors

including oestrogens, progesterone, and the human epidermal

growth factor receptor (HER) [4]. Hormonal receptor identifica-

tion is important for the management of BC. For instance, BC

with oestrogen receptor (ER) expression (ER+) may be treated

with specific endocrine therapy and it has a better prognosis than

BC without ER [5]. Thus, understanding which factors influence

the expression of ER could be helpful for improving BC

management.

Several factors, such as age and exposure to reproductive

hormones, have been associated with ER+ in BC [3]. Compared

to these factors, few studies have examined the association with

comorbidities; that is, one or more other chronic or acute diseases

in an individual with an index-disease (BC in our study) [4,6].
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Similar to the expression of ER and age that influence BC

prognosis [6], comorbidities affect cancer mortality [7,8]. For

instance, comorbidities clearly impact the risk of death [9,10,11]

and the risk of cancer recurrence [12]. Because of the age-related

increase in BC with ER+ and chronic diseases [13,14] it could be

assumed that there is an association between comorbidity burden

and ER+ in BC in older women.

Only a few studies have examined the association between

comorbidities and BC with ER+. These studies reported mixed

results [4,15,16]. Some studies failed to find an association [15,16],

whereas others reported significant associations [4,16]. One

explanation of the apparent discrepancy may be related to the

definition and quantification of comorbidities in the same

individual. Different tools have been specifically developed to

score the comorbidities burden, or the number of chronic diseases

and their severity [17]. The Charlson Comorbidity Index (CCI) is

a standardized and validated method for scoring comorbidities

and predicting mortality by weighting chronic conditions [18]. We

hypothesized that there was an association between the comor-

bidities burden quantified using the CCI score and ER+ in BC in

older women. The aim of this study was to determine whether BC

with ER+ was associated with the CCI score in community-

dwelling women.

Materials and Methods

Standard Protocol Approvals, Registrations, and Patient
Consents

The study was conducted in accordance with the ethical

standards set forth in the Helsinki Declaration (1983). The Angers

Ethical Committee approved the study protocol and the study is in

compliance with the Strengthening the Reporting of Observa-

tional Studies in Epidemiology statement guidelines. The institu-

tional review board waived the need for written informed consent

from the participants. Waiving of consent was authorized for this

study according to French law.

Participants
A total of 1,855 women with BC were included in this cross-

sectional study. All participants were registered on three cancer

registries involving the following French administrative areas:

Doubs, Loire-Atlantique, and Tarn. The inclusion criterion for the

study was BC diagnosis in 2007. The exclusion criterion was male

gender. Information collected by the BC registry came from

several databases involving public and private pathology labora-

tories and hospitals, the regional French National Health System,

and Comprehensive Cancer Centres. Because analyses in the

present study focused on ER status, we excluded 148 women

(8.0%) who had unknown ER status. Therefore, full data were

available for 1,707 (92?0%) women in the registry.

Clinical Assessment
Data collected by the cancer registries and used in this study

were age, comorbidities (the number of chronic diseases and their

severity), and the BC characteristics coded according to the

International Classification of Diseases for Oncology, 3rd Edition.

In addition, the BC pathological-tumour-node-metastasis (PTNM)

was assessed using the recommendations of the 5th edition of

Union for International Cancer Control. The stages have been

grouped into three groups: the first group combined stage 0 and I

tumours less than 2 cm without lymph node involvement, the

second group combined stage II and III tumours comprising

between 2?1 cm and 5 cm, with or without lymphadenopathy, and

the third group corresponded to stage IV metastatic tumours.

Furthermore, the Scarff Bloom Richardson (SBR) grade, modified

by Elston and Ellis, was also measured because this classification of

BC evaluates the ‘‘aggressiveness’’ of the tumour by taking into

account the speed of tumour development and its management

[12]. The hormonal status of ER, PR, and the HER was also

recorded.

Comorbidities were scored using CCI. The CCI was validated

in 1987 by ME Charlson [18] and consists of 18 groups of diseases

with a weighted number assigned to each disease category [1–

3,13]. The weighted numbers are summed to obtain an overall

score. Because a CCI score $1 defined comorbid condition

[13,18], this value was set as the cut-off point to separate women

into the two groups for this analysis.

Statistics
The participants’ baseline characteristics were summarized

using means and standard deviations or frequencies and percent-

ages, as appropriate. Normality of the data distribution was

evaluated using the Skewness-Kurtosis test. As the number of

observations was .40 for each group, no transformations were

applied to the variables of interest. Participants were separated

into two groups based on the presence or absence of ER. Between-

group comparisons were performed using an independent sample

t-test or chi-square (x2) test, as appropriate. Univariate and

multiple logistic regressions were performed to examine the

association between the presence of ER (dependent variable) and

the CCI score$1 (independent variable) adjusted for the

participants’ baseline characteristics. P-values ,0.05 were consid-

ered statistically significant. All statistics were performed using

SPSS (version 15?0; SPSS, Inc., Chicago, IL).

Results

As shown in Table 1, a total of 1,378 (80?7%) patients had BC

with ER+. These women were older (P,0?001) than those without

ER expression. PTNM stages 0-I (P = 0?045) and IV (P = 0?014)

were more prevalent only among participants with ER+ tumours.

In addition, the expression of ER was associated with the presence

of PR (P,0?001). The expression of HER and SBR grade were

lower (P,0?001) in women with BC with ER+ compared to those

without. There were no significant differences between the groups

for the other characteristics.

Table 2 displays the results of the univariate and multiple

logistic regression models. The univariate model showed that age

(odds ratio [OR] = 1?02, P,0?001), PTNM stage 0-I (OR = 1?29,

P = 0?04), PTNM stage IV (OR = 0?49, P = 0?011), SBR grade I

(OR = 9?90, P,0?001), SBR grade II (OR = 2?01, P,0?001), SBR

grade III (OR = 0?15, P,0?001), PR+ (OR = 20?31, P,0?001),

and HER+ (OR = 0?24, P,0?001) were significantly associated

with ER+ tumours. No significant association was observed

between ER+ and CCI score$1 (OR = 1?31, P = 0?24). The fully

adjusted logistic regression showed that ER+ tumours were

inversely associated with SBR grade II (OR = 0?21, P,0?001),

grade III (OR = 0?06, P,0?001) and HER+ (OR = 0?54,

P = 0?007), and positively associated with age (OR = 1?02,

P = 0?008), PR+ (OR = 16?64, P,0?001), and CCI score$1

(OR = 1?91, P,0?048).

Discussion

The main finding of our study is that a CCI score$1 is

associated with the expression of ER in women with BC. This

association was independent of age, other hormonal receptors,

PTNM stages, and SBR grades. Furthermore, the grade of tumors
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and the presence of HER were significantly associated with ER-,

whereas the expression of PR and age were related to ER+.

Finally, our findings indicate that PTNM stages were not

associated with ER expression.

The comorbidity burden quantified by the CCI score was an

independent factor associated with the expression of ER in the

sample of studied women. To the best of our knowledge, no

previous studies have examined the association between the

comorbidity burden and ER+ in BC. It has been reported that the

comorbidity burden is associated with increased mortality and

affects prognosis and treatment in all hormonal types of BC

[19,20,21]. Most previous contradictory studies likely focused on

specific cormorbidities such as the metabolic syndrome (defined as

an association of high blood pressure, obesity, dyslipidaemia, and

diabetes) or obesity alone for two main reasons [4,15,16]. Firstly,

obesity and metabolic syndrome are associated with hormonal

status, and in particular, with the presence of oestrogen, which is a

reproductive hormone that has a determinant role in BC aetiology

[3]. Secondly, cardiovascular comorbidities (including metabolic

syndrome and obesity) are the most prevalent diseases in women

with BC [22]. Unlike these previous studies, we chose to examine

the association with the CCI score because it integrates the

number and the severity of chronic disease, and because it is

associated with the risk of death [7]. The CCI score is a better

Table 1. Comparison of baseline characteristics among breast cancer cases and oestrogen receptor status (n = 1,707).

Total Population (n = 1,707) Oestrogen receptor status P-Value*

Yes (n = 1,378) No (n = 329)

Age (years), mean6SD 60?86 13.7 61?4613.5 58?4614.4 ,0?001

Pathological-tumour-node-metastasis stage, n (%)

0-I 895(54?1) 740(55?3) 155(48?9) 0?045

II-III 697(42?1) 555(41?5) 142(44?8) 0?283

IV 63(3?8) 43(3?2) 20(6?3) 0?014

Scarff Bloom Richardson grade, n (%)

I 341(21?8) 331(26?1) 10(3?4) ,0?001

II 853(54?6) 735(57?9) 118(40?5) ,0?001

III 367(23?5) 204(16?1) 163(49?5) ,0?001

Progesterone receptors, n (%) 1188(69?6) 1128(81?9) 60(18?2) ,0?001

Human epidermal growth factor receptor, n (%) 183(10?7) 101(8?0) 82(26?9) ,0?001

Charlson Comorbidity Index, $1, n (%) 153(9.0) 129(9.4) 24(7.3) 0?283

* Based on independent samples t-test or chi-square test with P significant ,0?05.
Significant P-values (P,0?05) are indicated in bold.
doi:10.1371/journal.pone.0098127.t001

Table 2. Univariate and multiple logistic regression models showing the association between oestrogens receptor expression
(dependent variable) and Charlson Comorbidity Index (independent variable) adjusted for clinical characteristics (n = 1,707).

Unadjusted model Fully adjusted model

OR 95% CI P-value* OR 95% CI P-value*

Age 1?02 [1?01–1?02] ,0?001 1.02 [1?00–1?03] 0.008

Pathological-tumour-node-metastasis stage

0-I 1?29 [1?01–1?65] 0?04 (Ref{) - -

II-III 0?87 [0?68–1?12] 0?28 0?85 [0?60–1?22] 0.85

IV 0?49 [0?29–0?85] 0?011 0?65 [0?29–1?44] 0.65

Scarff Bloom Richardson grade

I 9?90 [5?21–18?84] ,0?001 (Ref{) - -

II 2?01 [1?55–2?61] ,0.001 0?21 [0.10–0.44] ,0?001

III 0?15 [0?11–0?20] ,0.001 0?06 [0.03–0.12] ,0?001

Progesterone receptors 20?31 [14?87; 27?73] ,0?001 16?64 [11?62–23.81] ,0?001

Human epidermal growth factor receptor 0?24 [0.17–0.33] ,0?001 0?54 [0?34–0?84] 0?007

Charlson Comorbidity Index, $1 1?31 [0.83–2.06] 0.240 1?91 [1?01–3?61] 0.048

OR: odds ratio; CI: confidence interval.
* Between-group comparison based on simple t-test or Chi-square test.
{: Score = 1 used as reference level.
Significant P-values and OR (P,0?05) are indicated in bold.
doi:10.1371/journal.pone.0098127.t002

Oestrogens Receptor and Comorbidities

PLOS ONE | www.plosone.org 3 May 2014 | Volume 9 | Issue 5 | e98127



marker of an individual’s morbidity status because it reflects the

global comorbidities burden, rather than a single aspect of the

adverse effect of one comorbidity. Thus, we suggest that the CCI

score, which includes the effects of all comorbidities and not only

those of hormonal comorbidities, appears to be a consistent

measure of the association between comorbidities and ER+ in BC.

The pathophysiological support of the association between

comorbidities and ER+ reported in our study is not yet fully

elucidated. It could be related to the fact that ER belongs to the

super-family of the nuclear hormone receptors involved both in

cancers and other morbidities [23]. For instance, the ER+ has

been shown in comorbidities such as osteoporosis, Alzheimer’s

disease, or cardiovascular diseases and breast and endometrial

cancers [23]. Furthermore, it has been reported that there is a

polymorphism in steroid hormone genes in the most frequent

morbidities including cardiovascular and kidney diseases, and

cancers [24]. Aromatase gene polymorphisms have also been

related to comorbidities such as osteoporosis, Alzheimer’s disease,

or cardiovascular diseases and several cancers [24].

Age was significantly associated with ER+ in our study. This

association may be considered as clinically relevant. Indeed, the

OR was calculated at 1.02, which corresponds to an increase of

2% per year of the association between age and ER+ for a woman

of 60.8 years old. Considering periods of 10 years, it means that

20% of women aged 71 years old, or 40% of women aged 81 years

old with BC have ER+. This result is in concordance with previous

studies in which the number of BC with ER expression increased

with age [5,10,13,14]. However, compared to the present study,

comorbidities were not used as an independent variable in these

previous studies. Aging is a heterogeneous continuous process [25]

characterized by the accumulation of comorbidities, explaining a

strong relationship between these two variables. We examined this

relationship in our population and found, as previously reported,

that the CCI score increased significantly with age (data not

shown) [6,8]. However, our results underscored that, despite the

close relationship between age and comorbidity, there was a

specific and independent association of comorbidity burden with

ER+.

Regarding the other hormonal status in our study, BC with PR

expression was positively associated with ER+. This result is in

concordance with previous studies [5,26]. This positive association

is the most frequent phenotype and is related to a higher

concentration of endogenous steroids [27,28]. In our study, the

absence of HER expression and histological lower grading of BC

also positively associated with ER+, which is in agreement with

previous published data [29,30,31] and confirms that the

population studied is a representative population of BC patients.

Some limitations of the study should to be considered. First, the

cross-sectional design of the present study may limit exploring the

association between BC with ER+ and comorbidities compared to

a prospective cohort design and thus prevent causal inferences.

Second, although we were able to control for several character-

istics that may have modified the association, residual potential

confounders might still be present. Indeed, we were not able to

control for factors related to hormonal status, such as nulliparity,

metabolic syndrome, age at first birth, and menarche. However,

studies showed that a systemic exposure of these factors was

associated with the hormonal status of BC [3].

In conclusion, our study provides new data showing an

independent positive association between a CCI score$1 and

BC with ER+. This result confirms that evaluation of ER

expression in BC should not be limited to hormonal factors

stratified by age [3]. The comorbidity burden as a determinant risk

factor of hormonal status in BC should open further areas of

research.

Acknowledgments

We are grateful to the study participants for their cooperation. We are

grateful Dr C Leux, Pr P Lombrail, Dr P Grosclaude (Tarn registry) and

Dr AS Woronoff (Doubs registry) for their cooperation.

Author Contributions

Conceived and designed the experiments: LDD OB. Performed the

experiments: LDD OB. Analyzed the data: LDD OB AK. Contributed

reagents/materials/analysis tools: LDD OB MC FM FR GB. Wrote the

paper: LDD.

References

1. Jemal A, Bray F, Center MM, Ferlay J, Ward E et al (2011) Global cancer

statistics. CA Cancer J Clin 61: 69–90.

2. Daidone MG, Coradini D, Martelli G, Veneroni S (2003) Primary breast cancer

in elderly women: biological profile and relation with clinical outcome. Crit Rev

Oncol Hematol 45: 313–25.

3. Althuis MD, Fergenbaum JH, Garcia-Closas M, Brinton LA, Madigan MP, et al

(2004) Etiology of hormone receptor-defined breast cancer: a systematic review

of the literature. Cancer Epidemiol Biomarkers Prev 13:1558–68.

4. Yang XR, Chang-Claude J, Goode EL Couch FJ, Nevanlinna H et al (2011)

Associations of breast cancer risk factors with tumor subtypes: a pooled analysis

from the Breast Cancer Association Consortium studies. J Natl Cancer Inst 103:

250–63.

5. Wang N, Wang B, Wang Y, Hu J (2011) Estrogen receptor positive operable

breast cancer: Does menopausal status impact on HER2 and progesterone

receptor status? Breast 20: 519–24.

6. Gijsen R, Hoeymans N, Schellevis FG, Ruwaard D, Satariano WA et al (2001)

Causes and consequences of comorbidity: a review. J Clin Epidemiol 54: 661–

74.

7. Extermann M (2007) Interaction between comorbidity and cancer. Cancer

Control 14: 13–22.

8. Piccirillo JF, Tierney RM, Costas I, Grove L, Spitznagel EL Jr (2004) Prognostic

importance of comorbidity in a hospital-based cancer registry. JAMA 291:

2441–7.

9. Satariano WA, Ragland DR (1994) The effect of comorbidity on 3-year survival

of women with primary breast cancer. Ann Intern Med 120: 104–10.

10. Yancik R, Wesley MN, Ries LA, Havlik RJ, Edwards BK et al (2001) Effect of

age and comorbidity in postmenopausal breast cancer patients aged 55 years

and older. JAMA 285: 885–92.

11. Raji MA, Kuo YF, Freeman JL, Goodwin JS (2008) Effect of a dementia

diagnosis on survival of older patients after a diagnosis of breast, colon, or

prostate cancer: implications for cancer care. Arch Intern Med 168: 2033–40.

12. Goodwin PJ, Ennis M, Pritchard KI, Trudeau ME, Koo J et al (2002) Fasting

insulin and outcome in early-stage breast cancer: results of a prospective cohort

study. J Clin Oncol 20: 42–51.

13. Habel LA, Stanford JL (1993) Hormone receptors and breast cancer. Epidemiol

Rev 15: 209–19.

14. Chlebowski RT, Anderson GL, Lane DS, Aragaki AK, Rohan T et al (2007)

Predicting risk of breast cancer in postmenopausal women by hormone receptor

status. J Natl Cancer Inst 99: 1695–705.

15. Pinheiro RL, Sarian LO, Pinto-Neto AM, Morais S, Costa-Paiva L (2009)

Relationship between body mass index, waist circumference and waist to hip

ratio and the steroid hormone receptor status in breast carcinoma of pre- and

postmenopausal women. Breast 18: 8–12.

16. Colonna SV, Douglas Case L, Lawrence JA (2012) A retrospective review of the

metabolic syndrome in women diagnosed with breast cancer and correlation

with estrogen receptor. Breast Cancer Res Treat 13: 325–31.

17. Extermann M (2000) Measuring comorbidity in older cancer patients.

Eur J Cancer 36: 453–71.

18. Charlson ME, Pompei P, Ales KL, MacKenzie CR (1987) A new method of

classifying prognostic comorbidity in longitudinal studies: development and

validation. J Chronic Dis 40: 373–83.

19. Patnaik JL, Byers T, Diguiseppi C, Denberg TD, Dabelea D (2011) the influence

of comorbidities on overall survival among older women diagnosed with breast

cancer. J Natl Cancer Inst 103: 1101–11.

20. Louwman WJ, Janssen-Heijnen ML, Houterman S, Voogd AC, van der Sangen

MJ et al (2005) Less extensive treatment and inferior prognosis for breast cancer

patient with comorbidity: a population-based study. Eur J Cancer 41: 779–785.

Oestrogens Receptor and Comorbidities

PLOS ONE | www.plosone.org 4 May 2014 | Volume 9 | Issue 5 | e98127



21. Schonberg MA, Silliman RA, McCarthy EP, Marcantonio ER (2012) Factors

noted to affect breast cancer treatment decisions of women aged 80 and older.
J Am Geriatr Soc 60: 538–544.

22. Crivellari D, Spazzapan S, Puglisi F, Fratino L, Scalone S et al (2010) Hormone

therapy in elderly breast cancer patients with comorbidities. Crit Rev Oncol
Hematol 73: 92–8.

23. Kallel I, Rebai M, Rebai A (2012) Mutations and polymorphisms of estrogens
receptors genes and diseases susceptibility. J Recept Signal Transduct Res 32:

304–13.

24. Beitelshees AL, Johnson JA, Hames ML, Gong Y, Cooper-Dehoff RM et al
http://www.ncbi.nlm.nih.gov/pubmed?term = Cresci%20S%5BAuthor%5D&

cauthor = true&cauthor_uid = 21170323 (2010) Aromatase gene polymor-
phisms are associated with survival among patients with cardiovascular disease

in a sex-specific manner. PLoS One 5: e15180.
25. Anderson WF, Jatoi I, Sherman ME (2009) Qualitative age interactions in breast

cancer studies: mind the gap. J Clin Oncol 27: 5308–11.

26. Dunnwald LK, Rossing MA, Li CI (2007) Hormone receptor status, tumor
characteristics, and prognosis: a prospective cohort of breast cancer patients.

Breast Cancer Res 9: R6.

27. Missmer SA, Eliassen AH, Barbieri RL, Hankinson SE (2004) Endogenous

estrogen, androgen, and progesterone concentrations and breast cancer risk
among postmenopausal women. J Natl Cancer Inst 96: 1856–65.

28. Dunbier AK, Anderson H, Ghazoui Z, Folkerd EJ, A’hern R et al (2010)

Relationship between plasma estradiol levels and estrogen-responsive gene
expression in estrogen receptor-positive breast cancer in postmenopausal

women. J Clin Oncol 28: 1161–7.
29. Anderson WF, Luo S, Chatterjee N, Rosenberg PS, Matsuno RK et al (2009)

Human epidermal growth factor receptor-2 and estrogen receptor expression, a

demonstration project using the residual tissue repository of the Surveillance,
Epidemiology, and End Results (SEER) program. Breast Cancer Res Treat

113:189–96.
30. Konecny G, Pauletti G, Pegram M, Untch M, Dandekar S et al (2003)

Quantitative association between HER-2/neu and steroid hormone receptors in
hormone receptor-positive primary breast cancer. J Natl Cancer Inst 95: 142–

53.

31. Singh L, Wilson AJ, Baum M, Whimster WF, Birch IH et al (1988) The
relationship between histological grade, oestrogen receptor status, events and

survival at 8 years in the NATO (‘Nolvadex’) trial. Br J Cancer 57:612–4.

Oestrogens Receptor and Comorbidities

PLOS ONE | www.plosone.org 5 May 2014 | Volume 9 | Issue 5 | e98127

http://www.ncbi.nlm.nih.gov/pubmed?term=Cresci%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21170323
http://www.ncbi.nlm.nih.gov/pubmed?term=Cresci%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21170323

