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ABSTRACT
Breast cancer prognosis is related to genetic and non-genetic risk factors. Distinct models for risk prediction have been reported 

to evaluate the 5-year overall survival at the time of diagnosis. However, those models do not account for non-genetic risk factors, 
like residential exposure to hazards. In this work, the residential exposure to hazards (gas power plants (GPP), residual water sites 
(RWS), hazardous air pollutants (HAPs)) has been included for assessing prognosis. We hypothesize that there is a statistically 
significant association between a 5-year breast cancer prognosis and residential exposure to hazards at Hermosillo city.

The main findings include the association between 5-year prognosis and residential exposure to hazards in Hermosillo 
residents. Association models developed included, in addition to hazard exposure, the variables of age, high cholesterol and 
triglycerides, previous cancer(s), diabetes mellitus type 2, menopausal status, and the 5-year prognosis as the response variable. 
CMH test included the variables of residential exposure and 5-year prognosis in combination with one of the remaining risk factors. 
Non-significant models developed included hazard exposure, and the variables of familiar history of cancer, presence of chronic 
illness(es), presence of elements of metabolic syndrome, hypertension, elevated HDL-cholesterol, and LDL-cholesterol.

The conclusions of this work are that the associations between residential exposure to hazards, in combination with other 
variables (age, previous cancer(s), diabetes mellitus type 2, and menopausal status), predict for a poor 5-year prognosis. Models 
including the factors of older age, the presence of previous cancer(s), and postmenopausal status; predict a poorer 5-year prognosis 
(overall survival of 69 % or less).
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INTRODUCTION
Breast cancer is a heterogeneous disease characterized by the 

development of a malignancy in the mammary tissue Turashvili 
[1]. The prognosis of breast cancer varies person-to-person, as 
it depends on the stage of the disease at the time of diagnosis, 
the tumor-node-metastasis (TNM) classification, the molecular 
subtype, hormonal and Ki-67 status, and tumor grade, among others 
Kamranzadeh et al. [2]; Hirata et al. [3]; Hennigs et al. [4]. There are 
distinct risk assessment models for breast cancer, like BOADICEA, 
IBIS, the Gail model, and Prediction online tool Jacobi [5]; Quante 
[6]; Willoughby [7]; Gray [8]. In this work, the risk model includes 
the variable of residential exposure to hazards.

The use of those models for breast cancer prognosis is subject 
to the physician’s criteria for determining the best mode-of-action 
for the patient. However, there is no consensus regarding the best 
risk model for its use on prognosis Zhang [9]; Mühlbauer [10]. 
Modifiable risk factors, like nutrition and obesity, parity, and 
hormonal contraception, are often overlooked and unaccounted for 
in those risk assessment models. Another variable of importance 
is residential exposure to hazards. The long-term exposure to 
hazardous contaminants, a modifiable risk factor, may contribute 
to breast cancer risk. For this reason, we included this risk factor 
in our modelling.

Prior studies have evaluated the associations between breast 
cancer and residential exposure to hazards Garcia [11]; Liu [12]; 
Hart et al. [13]; Romieu [14]; Snedeker [15]; Aronson et al. [16]; 
Demers et al. [17]; Brody [18]; Aschengrau [19]; Gallagher [20]. A 
retrospective study in Cape Cod, Massachusetts, reports a moderate 
risk for breast cancer in those women exposed to perchloroethylene 
(PCE) (90th percentile OR = 1.0 - 1.5, smoothing analysis OR = 1.3 
- 2.0, both for a 0 to 19 - year latency assumptions). Moreover, long-
term exposure to hazardous air pollutants (HAPs) reported an 
increased risk for invasive breast cancers in the California Teachers’ 
Study cohort. Some studies report weak to increased breast 
cancer risk Griffith [21]; Brophy et al. [22], while others found no 
association but to the development of congenital malformations 
Vrijheid [23]. The Nurses’ Health Study reports long-term exposure 
to HAPs is not related to an increased breast cancer risk, except for 
a chemical present in pesticides. These and other observational 
retrospective studies debate whether historical exposure to 
hazards may relate to breast cancer risk. More studies with distinct 
mathematical modeling approaches are needed to evaluate the 
association between hazards and breast cancer risk Villa-Guillen 
[24].

This observational retrospective study reports the 5-year 
breast cancer prognosis by physicians and evaluates its association 
with residential exposure to hazards at Hermosillo city, Sonora, 
Mexico. This geographic region is of interest given its high 
incidence of breast cancer INEGI [25], and its potential historical 
exposure to contaminants derived from industrial activities Duarte-
Tagles [26]; CCA [27]; Sanchez-Osorio [28]; SINA [29]; CONAGUA 
[30]. Prior studies conducted by Castrezana-Campos targeted 
Hermosillo as one of 120 municipalities in Mexico with high 
breast cancer prevalence, contaminated wells, and potential HAPs’ 
exposure given the NOx and SO2 emissions by the industrial sector 
Castrezana-Campos [31].

The present work seeks to evaluate the association of residential 
exposure to hazards with a 5-year prognosis in a cohort of breast 
cancer patients. Medical oncologists used their expertise to predict 
the 5-year prognosis for each patient. Neighborhoods of Hermosillo 

city were classified based on their exposure to HAPs, RWS, and 
GPP. Statistical evaluated potential associations between hazard 
exposure and breast cancer prognosis. Our hypothesis is that a 
5-year prognosis (good, intermediate, or poor overall survival) 
relates to hazard exposure in Hermosillo residents.

METHODS
Study Population

The present observational retrospective study collected clinical 
cases of female breast cancers from the period of 2013- 2019 at 
local hospitals in Hermosillo, Sonora, Mexico. Those hospitals were 
the following: Hospital General del Estado de Sonora Dr. Ernesto 
Ramos Bours (HGE), Centro Estatal de Oncología Dr. Ernesto Rivera 
Claisse (CEO), CIMA, Hospital San José, Clínica del Noroeste. REDCap 
platform Harris [32] stored clinical data and de-identified it using 
the Safe Harbor method, following national LFM [33]; DOF [34] and 
international HHS [35] regulations for the protection and privacy 
of human subjects. Breast cancer cases were from women residing 
at least 10 years in Hermosillo city. Inclusion criteria were the 
following: female breast cancers, current residents of Hermosillo, 
and ID-verifiable residential addresses registered at the National 
Electoral Institute (INE) of Mexico, or their medical insurance card. 
Exclusion criteria were the following: male breast cancers, cancers 
other than breast, former Hermosillo residents or foreigners, and 
non-ID-verifiable residential addresses at INE or their medical 
insurance card.

Breast Cancer Database

For this study, we created a breast cancer database for further 
statistical and medical analyses. Clinical data collected from 
physical files at the hospitals previously mentioned included the 
following variables:

Residential information: Database stored current and 
former neighborhood(s), and current and former zip code(s). For 
this study, we considered the oldest information of the patient 
(≥ 10 years old) Brender [36] given the minimal time-latency for 
tumor development. The present research did not collect private 
addresses to comply with national and international regulations for 
the protection and privacy of human subjects. 

Breast cancer diagnosis and status: Clinical data included 
the following information at the time of diagnosis: cancer type by 
surgery, stage of breast cancer, tumor grade and size, and breast 
density by mammography and ultrasound (BI-RADS classification). 
Also, database included current treatment (chemotherapy, 
radiotherapy, radical mastectomy, quadrantectomy, port-a-cath, 
breast reconstruction, palliative care, other medical procedure), 
and current status of the patient (under treatment, survivor, 
relapse, metastasis, deceased). Clinical files older than January 1st, 
2013, were not included in the study sample. Files beyond the year 
2013 are not available given national regulations for data storage 
in Hermosillo (Article 32, General Law of Health, Mexico) SSA [37].

Non-modifiable risk factors: Clinical data included 
information of non-modifiable risk factors, like age at the time of 
diagnosis, age at menarche, menopausal status (regular menses; 
irregular menses; perimenopausal; menopausal; postmenopausal; 
non-specified), personal history of cancer (breast cancer; other 
cancer(s); no prior cancer(s); non-specified), familiar history of 
cancer (first-line relatives (mother, father, grandparents, daughter, 
son); second-line relatives (siblings, aunt, uncle, cousin); no 
relatives with cancer; non-specified and prior chronic illnesses 
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other than neoplasia (any chronic illness; hypothyroidism; none; 
unknown). Menopausal status comprised women onto three 
categories: premenopausal, perimenopausal, and postmenopausal. 
Premenopausal included women with regular and irregular menses. 
Postmenopausal included women diagnosed at the menopause or 
stated as postmenopausal. Race and ethnicity were not collected, as 
Hermosillo is a city constituted solely by Hispanics, considering this 
location with a homogenous population.

Modifiable risk factors: Database included information on 
established modifiable breast cancer risk factors. Those were alcohol 
consumption (abstainer or non-drinker, occasional consumer if  ≤ 
7 drinks per week, alcoholism or heavy consumer  if  > 7 drinks 
per week, non-specified) NIHS [38], smoking status (never smoker, 
current smoker, passive smoker, former smoker, non-specified) 
CDC [39], red meat consumption (no consumption, occasional 
consumption (1-2 times per week), moderate consumption (3-4 
times per week), frequent consumption (5-7 times per week), 
non-specified), obesity (normal weight if BMI < 30 kg/m2, obesity 
if BMI ≥ 30 kg/m2, non-specified), exercise habits (sedentary, 
exercises frequently (daily exercise 30 min), non-specified), 
hormonal contraception (never user, yes (current or former user), 
non-specified), parity, hormonal replacement therapy (HRT) (yes, 
no, not applicable, non-specified), and presence of elements of 
metabolic syndrome as defined by the NCEP ATP III criteria (yes, 
no, non-specified) Huang [40].

Education, religion and occupation of the study cohort: 
Clinical database included the information of education, religion, 
and occupation at the time of breast cancer diagnosis. Education 
was that registered as the highest educational degree achieved by 
the patient (elementary school; junior high school; high school; 
technical career; university; non-specified; analphabetism). Religion 
was that manifested by the patient (Atheist; Catholic; Christian; 
Mormon; Jehovah Witness; Other; non-specified). Occupation was 
the employment of the patient (unemployed; employee; academia; 
engineer; accountant; own business; retired; other; non-specified).

Ethics Statement 

The present research was reviewed and approved by the 
Institutional Review Boards (IRB) of the hospitals (HGE, CEO, CIMA, 
Hospital San José, Clínica del Noroeste) participating in this study. 
This study was also IRB-approved by the Secretary of Health of 
Sonora, and by the University of Sonora. The Mexican regulations, 
following the General Law of Health for Clinical Research (Article 
17), approved the present research and classified it as without risk 
for the individual.

Hazard-Exposed Neighborhoods 

Classification of hazard-exposed neighborhoods: INEGI 
Census 2010 provided the coordinates (latitude, longitude) of gas 
power plants (GPP), residual water sites (RWS), and industrial 
facilities producing chemical hazards INEGI [41]. The geospatial 
analysis considered neighborhood as the unit of analysis (ArcGIS 
version 10.7.1).  Proximity analysis classified as hazard-exposed 
neighborhoods if their radial distance to GPPs was that of ≤ 4 km, 
or if their radial distance to RWS was that of ≤ 3 km. HAP-exposed 
neighborhoods were those with > 6 industrial facilities, and 
classified as highly-industrialized. 

Industrial facilities producing chemical hazards: Industries 
considered as potential sources of chemical hazards were those 
classified by INEGI Census 2010 as follows: production of industrial 
laminates, furniture, coolers, and AC, dental laboratories, production 

of pesticides and fungicides, manufacturers of orthopedic materials, 
candle production, chemical laboratories, metal production, 
automobile assembly, manufacturers of agricultural products, 
technology machinery production and assembly, manufacturers 
of cleaning products, electronics production, and assembly, 
production of dyes and construction materials, iron foundries, 
printer suppliers, welding shops, production of toys and jewelry, 
manufacturers of chemical and clinical products, aquaculture 
products, polymers’ production, mechatronics, electrics, among 
othersh.

Breast Cancer Prognosis

Physicians provided the 5-year prognosis of the sample 
(n=297 breast cancer patients). The 5-year prognosis was that of 
expected overall survival post-diagnosis. A Predict online tool Gray 
[8] served to estimate the 5-year survival (%), and it was subject 
to each physician’s criteria for the evaluation of invasive breast 
cancers. The classifications for 5-year breast cancer prognosis were 
as follows: Good, if the expected overall survival was between 90 
% -100 %; intermediate if it was between 70-89 %; and bad if the 
estimated 5-year survival was that of 69 % or less.

Physicians had access to the de-identified clinical data for 
each breast cancer case to evaluate the 5-year overall survival. 
Physicians had no access to the residential information, nor to the 
environmental exposure to hazards.  The geospatial analyst had no 
access to the 5-year prognosis of the sample.

Statistical Analysis

Cochran-Mantel-Haenszel (CHM) test was used to evaluate the 
associations between modifiable and non-modifiable breast cancer 
risk factors, residential exposure to hazards, and 5-year breast 
cancer prognosis.  Patients classified as residentially exposed to 
contaminants if reported to living in neighbourhoods GPP-exposed, 
RWS-exposed, or HAP-exposed. The statistical analysis was carried 
out using R version 3.4.2.

RESULTS
Characteristics of the Study Cohort

Medical oncologists analysed the clinical characteristics of 
patients at the time of diagnosis, and their status, for estimating 
the 5-year overall survival. Clinical data collected a total of n=306 
patients. From those, nine cases were incomplete and excluded 
from the analysis. A total of n=297 patients comprised the study 
population.

Clinical characteristics of the study cohort at the time 
of breast cancer diagnosis: Table S1a describes the clinical 
characteristics of the study cohort. The most frequent breast cancer 
type, determined by surgery, was invasive ductal carcinoma (IDC), 
with 56.23 % of the cases. Secondly was ductal carcinoma in situ 
(DCIS) with 22.56 %. Metastatic breast cancer (MBC) was 3.03 % of 
the cases. Invasive lobular carcinoma (ILC), and lobular carcinoma 
in situ (LCIS) constituted 2.02 % and 1.01 %, respectively. Phyllodes 
tumors were 0.67 %, and other rare breast cancers were 2.02 
%, giving a total of 2.69 % for rare breast cancers. Non-specified 
breast cancers comprised 12.46 %. This study sample did not 
include information for molecular breast cancer subtypes due to its 
unavailability on files.

In the study cohort, most of the cases did not report the stage at 
the time of diagnosis (33.33 %). 66.67 % had information regarding 
breast cancer stage. Late breast cancer stages (stage IV, IIIa, IIIb 
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and IIIc) were 3.37 %, 6.73 %, 6.73 %, and 1.68 %of the cohort, 
respectively. Mid-stages (stage IIa, IIb) were 19.19 % and 9.43 
% of the sample. Early stages (Ia, Ib) were 4.04 % and 0.34 % of 
the cases. Early-stage I non-specified (Stage I) was 10.44 % of the 
cohort. Stage 0 was only 2.02 % of the population. It is important 

to mention that the proportions of breast cancer types won’t match 
with those reported for the stage. The underreporting of TNM (no 
information for 45.45 %) and SBR (no information for 76.77 %) on 
files contribute to this mismatch.

Table S1a: Clinical characteristics of the study cohort (n=297) at Hermosillo, Sonora, Mexico. Variables include those from 
the time of breast cancer diagnosis, and at the status of the patient.

Clinical Characteristics of the Study Cohort

Variable Value (n, %)

Variables at the Time of Breast Cancer Diagnosis

Breast cancer type by surgery

Ductal carcinoma in situ (DCIS) 67 (22.56)

Invasive ductal carcinoma (IDC) 167 (56.23)

Triple negative breast cancer (TNBC) 0 (0)

Lobular carcinoma in situ (LCIS) 3 (1.01)

Invasive lobular carcinoma (ILC) 6 (2.02)

Metastatic breast cancer (MBC) 9 (3.03)

Phyllodes tumors 2 (0.67)

Other rare breast cancers* 6 (2.02)

Non-specified 37 (12.46)

Stage of breast cancer

Stage 0 6 (2.02)

Stage I

Stage I non-specified 31 (10.44)

Stage Ia 12 (4.04)

Stage Ib 1 (0.34)

Stage II

Stage II non-specified 5 (1.68)

Stage IIa 57 (19.19)

Stage IIb 28 (9.43)

Stage III

Stage III non-specified 3 (1.01)

Stage IIIa 20 (6.73)

Stage IIIb 20 (6.73)

Stage IIIc 5 (1.68)

Stage IV 10 (3.37)

Non-specified 99 (33.33)

Tumor classification by TNM

T1N0M0 54 (18.18)

T2N0M0 38 (12.79)

T3N0M0 5 (1.68)

T4N0M0 4 (1.35)

With invasion to lymph nodes (N+) 58 (19.53)

With invasion to lymph nodes and metastasis (N+, M+) 3 (1.01)

Non-specified 135 (45.45)

Tumor classification by SBR

Low grade (I) (SBR 3 to 5) 23 (7.74)

Intermediate grade (II) (SBR 6 to 7) 36 (12.12)

High grade (III) (SBR 8 to 9) 10 (3.37)

Non-specified 228 (76.77)

Tumor grade
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Grade I 23 (7.74)

Grade II 83 (27.95)

Grade III 36 (12.12)

Non-specified 155 (52.19)

Tumor size

Size of x ≥ 2 cm 82 (27.61)

Size of 2 cm < x < 5 cm 72 (24.24)

Size of x > 5 cm 14 (4.71)

Non-specified 129 (43.43)

Breast density by mammography (BI-RADS) A

Class A (1) - Almost entirely fatty 22 (7.41)

Class B (2) - Scattered fibroglandular density 22 (7.41)

Class C (3) - Heterogeneously dense 8 (2.69)

Class D (4) - Extremely dense 62 (20.88)

Not specified 183 (61.62)

Breast density by ultrasound (BI-RADS) A

Class A (1)-Almost entirely fatty 3 (1.01)

Class B (2) - Scattered fibroglandular density 6 (2.02)

Class C (3) - Heterogeneously dense 9 (3.03)

Class D (4)-Extremely dense 45 (15.15)

Non-specified 234 (78.79)

Variables at the Current Status of the Patient

Current treatment of the patientB

Chemotherapy 128 (43.10)

Radiotherapy 89 (29.97)

Radical mastectomy 118 (39.73)

Quadrantectomy 138 (46.46)

Placement of porth-a-cath 16 (5.39)

Breast reconstruction 19 (6.40)

Palliative care 21 (7.07)

Other medical procedure 111 (37.37)

Status of the patientC

Under treatment 231 (77.78)

Survivor 3 (1.01)

Relapse 9 (3.03)

Metastasis 24 (8.08)

Deceased 30 (10.10)

Table S1a Abbreviations: TNM: T-Tumor Size, N-Spread of Cancer to Nearby Lymph Nodes, M- Metastasis; SBR: Scarff-
Bloom-Richardson grading

(*) Other rare breast cancers: Medullary carcinoma of the breast (1); mucinous carcinoma of the breast (2); papillary 
carcinoma of the breast (1); Inflammatory breast cancer (1);  Bilateral breast cancer with subtype non-specified 
(1).

(A) The breast density by mammography or ultrasound was that of at the time of breast cancer diagnosis. Clinical 
database   collected no other imaging reports after the patient’s diagnosis.

(B) Medical procedures conducted up to date of the present analysis. Patients initiating treatment at the time of data 
collection had only placement of port-a-cath.

(C) Status of the patient according to the last medical record available on files.
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Regarding tumor grade, 52.19 % of the cases had no information. 
47.81 % had information on tumor grade. Most of them were that 
of grade II at the time of diagnosis (27.95 %). Grade III tumors 
represented 12.12 % of the cohort. Low-grade tumors (grade I) 
constituted the 7.74 %.

This analysis classified tumor size into three categories: size 
of x ≥ 2 cm, size of 2 cm < x < 5 cm, and size of x > 5 cm, where 
x represented the diameter of the tumor size. 43.43 % had no 
information on tumor size. The rest of the cohort (56.57 %) 
indicates that most of the tumors classified that of size x ≥ 2 cm 
(27.61 %), closely followed by tumors with a size of 2 cm < x < 5 
cm (24.24 %). Tumors with a size of x > 5 cm represented 4.71 % 
of the sample.

Breast density was not reported by mammography in 61.62 % 
of the cases, leaving 38.38 %. Also, it was not reported by ultrasound 
in 78.79 % of the study sample, where the remaining cases were 
21.21 %. The most frequent breast density by mammography 
(BI-RADS) was extremely dense breasts (20.88 %). Ultrasound 
shows the same, with the highest frequency classified as class 
D (15.15 %). Mammography and ultrasound provide similar 
percent for heterogeneously dense breasts, with 2.69 % and 3.03 
%, respectively. For medium-breast densities, mammography and 
ultrasound have discrepancies. Breasts classified with scattered 
fibro glandular density were 7.41 % of the cases by mammography, 
whereas ultrasound indicates a 2.02 %. On the same line, 
mammography and ultrasound have discrepancies for low-dense 

breasts. Breasts classified as almost entirely fatty by mammography 
comprise the 7.41 %, whereas by ultrasound entails the 1.01 % of 
the study population. 

Clinical characteristics of the study cohort at the status 
of the disease: Table S1a summarizes the variables collected for 
the status of the patient. Those are medical treatments, where 
43.10 % of the patients received chemotherapy, 46.46 % had 
quadrantectomy, 39.73 % had a radical mastectomy, 29.97 % 
received radiotherapy, and 7.07 % received palliative care. Only 
6.40 % of the patients underwent breast reconstruction, and 5.39 
% were initiating treatment and had placement of a port-a-catheter. 
Other medical procedures constituted 37.37 % of the treatments 
(breast biopsies, grammagraphy) performed for the study cohort. 
Patients received more than one medical treatment.

The current status of the study cohort indicated the majority 
were under treatment (77.78 %), whereas 10.10 % reported as 
defunctions. Patients with metastasis represented the 8.08 % of 
the sample, and 3.03 % of the patients reported a relapse. Breast 
cancer survivors represented the smallest group, with 1.01 % of the 
study cohort.

Non-modifiable breast cancer risk factors: The database 
collected several non-modifiable risk factors from n=297 patients. 
Those were age at the time of diagnosis, personal history of cancer, 
familiar history of cancer, and prior chronic illnesses other than 
neoplasia (Table S1b).

Table S1b:  Non-modifiable breast cancer risk factors of the study cohort (n=297) at Hermosillo, Sonora, Mexico. Race and 
ethnicity were not collected, as Hermosillo residents are Hispanics-only.

Non-Modifiable Breast Cancer Risk Factors

Variable Value

Age at the time of diagnosis (mean, median) 55.04, 54

Age at menarche (mean, median) A 12.96, 13

Menopausal status (n, %) B

Regular menses 52 (17.51)

Irregular menses 9 (3.03)

Perimenopausal 35 (11.78)

Menopausal 12 (4.04)

Postmenopausal 165 (55.56)

Non-specified 24 (8.08)

Personal history of cancer (n, %)

Breast cancer 39 (13.13)

Other cancer(s) 6 (2.02)

No prior cancer(s) 248 (83.50)

Non-specified 6 (2.02)

Familiar history of cancer (n, %) C

First-line relatives (mother, father, grandparents, daughter/son) 89 (29.97)

Second-line relatives (siblings, aunt/uncle, cousin) 107 (36.03)

No relatives with cancer 85 (28.62)

Non-specified 56 (18.86)

Prior chronic illnesses other than neoplasia (n, %) D

Any chronic illness 111 (37.37)

Hypothyroidism 28 (9.43)

None 180 (60.61)

Unknown 6 (2.02)
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(A) Data regarding age at menarche was available for 69.70 % of files. 30.30 % of the cohort had no information.

(B) Menopausal status reported at the time of breast cancer diagnosis. Clinical database did not collect the current 
menopausal status of the patient.

(C) Familiar history as reported on files. Some patients reported more than one relative diagnosed with cancer.

(D) Chronic illnesses reported on files at the time of breast cancer diagnosis. Clinical database did not collect chronic 
diseases reported after the diagnosis. Other chronic illnesses besides hypothyroidism were dyslipidemia (4), vesicular lithiasis 
(1), alcoholism (1), schizophrenia (2), uterine myomatosis (7), thyroidectomy given prior thyroid cancer or hyperthyroidism 
(1), cervicitis (1), carpal syndrome (1), hyperthyroidism (1), endometrial hyperplasia (2), chronic venous insufficiency (5), 
convulsive crisis given mental illnesses (3), rheumatoid arthritis (5), anemia (3), hepatic steatosis (5), cholecystectomy 
given suspicious malignancies (4), diabetes mellitus type 2 (19), hypertension (37), Guillain-Barre syndrome (1), morbid 
obesity (5), hypotension (3), attention-deficit/hyperactivity disorder (1), hypercholesterolemia (3), pancreatitis (2), ovarian 
cysts (2), nephritis (1), chronic cholecystitis (1), gonarthrosis (1), fibrosis colonopathy (1), osteoporosis (1), mumps (1), 
adenomegaly (1), ischemic cardiomyopathy (1), partial blindness (2), brain paralysis (1), brain aneurysm (1), asthma (2), 
chronic gastritis (1). Some patients reported more than one chronic illness prior breast cancer diagnosis.

The mean age of the study cohort was 55.04 years old, with 
a median of 54 years old. Personal history of cancer(s) indicates 
the majority had no prior neoplasia (83.50 %), while 13.13 % 
had breast cancer. 2.02 % reported cancers other than mammary 
tumors, and 2.02 % had no information.

The familiar history of cancer for this cohort was not available 
for 18.86 %. Information on familiar history was available for 81.14 
% of the study population. A considerable proportion has a second-
line relative (36.03 %) (includes having a brother, sister, cousin, 
aunt, or uncle with cancer). Patients with first-line relatives were 
that of 29.97 % (includes having a son, daughter, mother, father, or 
grandparent with cancer). 28.62 % had no family with cancer. Data 
on age at menarche was not available on 30.30 % of files. From the 
remaining 69.70 %, the mean age at menarche was 12.96 years old, 
with a median of 13 years old.

Menopausal status data was not available for 8.08 % of files. 
91.92 % of files had this information. Most of the study subjects 
classified as postmenopausal (55.56 %). 11.78 % of women 

classified as perimenopausal, while 17.51 % reported regular 
menses at the time of diagnosis. 4.04 % of women were menopausal, 
and 3.03 % indicated irregular menses.

Additionally, the database collected information regarding 
prior chronic illnesses other than neoplasia. Only 2.02 % had no 
information. 97.98 % had records regarding chronic diseases. 
The majority reported no prior illnesses (60.61 %), while 37.37 
% presented a chronic disease before the diagnosis. 9.43 % of the 
cohort had hypothyroidism. 

Modifiable breast cancer risk factors: The present study 
collected information regarding modifiable risk factors related 
to breast cancer development (Table S1c). Those were alcohol 
consumption, smoking status, red meat consumption, obesity, 
exercise habits, use of hormonal contraception, parity, age at 
menarche, menopausal status, hormonal replacement therapy 
(HRT), and presence of elements of metabolic syndrome (defined 
as the NCEP ATP III criteria).

Table S1c: Modifiable breast cancer risk factors of the study cohort (n=297) at Hermosillo, Sonora, Mexico.

Modifiable Breast Cancer Risk Factors

Variable Value

Alcohol consumption (n, %) A

Abstainer/ Non-drinker 175 (58.92)

Occasional drinker 47 (15.82)

Alcoholism/ Heavy drinker 5 (1.68)

Non-specified 70 (23.57)

Smoking status (n, %) B

Never smoker 176 (59.26)

Current smoker 36 (12.12)

Passive smoker 7 (2.36)

Former smoker 16 (5.39)

Non-specified 62 (20.88)

Red meat consumption (n, %) C

No consumption 2 (0.67)

Occasional consumption 47 (15.82)

Moderate consumption 24 (8.08)

Frequent consumption 2 (0.67)

Non-specified 222 (74.75)

Obesity (BMI ≥ 30 kg/m2) (n, %)



                    Diana Evelyn Villa-Guillen

       2020 Open Access Journal of Biomedical Science       Open Acc J Bio Sci. July-August - 2(4): 425-443C

Research Article

432

Normal weight (BMI < 30 kg/m2) 175 (58.92)

Obesity (BMI ≥ 30 kg/m2) 117 (39.39)

Non-specified 5 (1.68)

Exercise habits (n, %)

Sedentary 104 (35.02)

Exercises frequently 20 (6.73)

Non-specified 173 (58.25)

Use of Hormonal contraception (n, %)

Never user 91 (30.64)

Yes (current or former user) 43 (14.48)

Non-specified 163 (54.88)

Parity (n, %)

Nulliparous 45 (15.15)

Parous (1 live birth of a child) 38 (12.79)

Multiparous (more than 1 live birth of a child) 208 (70.03)

Non-specified 6 (2.02)

Hormonal replacement therapy (n, %)

Yes 8 (2.69)

No 35 (11.78)

Not applicable 70 (23.57)

Non-specified 184 (61.95)

Presence of elements of metabolic syndrome D (n, %)

Yes 210 (70.71)

No 86 (28.96)

Non-specified 1 (0.34)

(A) Alcohol consumption was defined according to the Centers for Disease Control and Prevention (CDC) guidelines, 
US CDC [39]. In women, heavy drinking is typically defined as consuming 8 cups of alcoholic beverages or more per week. 
Occasional drinking is considered 7 cups or less per week. Abstainer or non-drinker is defined as a woman with non-
alcohol consumption, or that of 2 times or less per year. 

(B) Smoking status was defined according to the National Health Interview Survey (NHIS), US NHIS [38]. Definitions for 
each category: Never smoker, an adult who has never smoked, or who has smoked less than 100 cigarettes in her/his 
lifetime; Current smoker, an adult who has smoked 100 cigarettes in her/his lifetime and who currently smokes cigarettes; 
Passive smoker, also called second-hand smoke, usually refers to cigarette smoke in the environment of a nonsmoker; 
Former smoker, an adult who has smoked 100 cigarettes in her/his lifetime but who had quit smoking at the time of the 
interview. Absence of clinical data classified as non-specified.

(C) Red meat consumption was defined according to nutritional habits per week. Non-consumption includes 
veganism, or white meat consumption, with no red meat consumption per week. Occasional consumption entails 
red meat consumption 1-2 times per week. Moderate consumption entails red meat consumption 3-4 times per week. 
Frequent consumption entails red meat consumption 5-7 times per week. 

(D) The elements of metabolic syndrome were defined according to the NCEP ATP III criteria Huang [40]. Those are 
waist circumference over 35 inches (women), blood pressure over 130/85 mmHg or in medical treatment for it, fasting 
triglycerides > 150 mg/dl, fasting high-density lipoprotein (HDL) cholesterol < 50 mg/dl (women), and fasting glucose > 100 
mg/dl.

23.57 % of the cohort had no information regarding alcohol 
consumption. Data was available for 76.43 %. Most of the patients 
were non-consumers (58.92 %). Occasional drinkers represented 
15.82 % of the sample, and heavy drinkers were only 1.68 %.

For smoking status, 20.88 % of the files had no information. 
Smoking status was available for 79.12 % of the sample. Most of 
the cohort classified as never-smokers (59.26 %). Current smokers 
represented 12.12 % of the study group. Former smokers comprised 
5.39 % of the population, and passive smokers represented 2.36 %.

Red meat consumption data was not available for 74.75 % 
of the sample. Information was available for 25.25 %. 15.82 % 
consume red meat occasionally (average 1-2 times per week). 8.08 
% reported a moderate consumption of red meat (average 3-4 times 
per week). Only 0.67 % reported frequent red meat consumption 
(average 5-7 times per week). Vegans or non-red meat consumers 
were 0.67 % of the study sample.

Information regarding obesity was not available for 1.68 % of 
the sample. Data was available for 98.32 % of the cohort. Obesity, 
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here defined as BMI ≥ 30 kg/m2, was present in 39.39 % of the 
cohort. Most of the study subjects classified as that of normal weight 
(58.92 %) at the time of diagnosis.

Data about exercise habits was not available for 58.25 % of the 
cohort, leaving a 41.75 %. Regarding exercise habits, 35.02 % of 
subjects were sedentary. This percent is similar to that for obese 
patients. A small proportion of subjects (6.73 %) reported frequent 
physical activity, here defined as 30 min of exercise per day.

Data on hormonal contraception use was not available for 54.88 
% of the cohort, leaving 45.12 %. 30.64 % reported no prior use of 
hormonal contraception, while 14.48 % indicated were current or 
former users. 

Information about parity was not available for 2.02 %, whereas 
97.98 % of files had this data. Most of the subjects classified as 
multiparous (70.03 %) here defined as having more than one live 
birth of a child. Parous women (only one live birth) were 12.79 % of 

the sample. Nulliparous women were that of 15.15 %.

In terms of HRT, information was not available on files for 
61.95 % of the population. From the rest (38.05 %), a considerable 
proportion of women reported HRT as not applicable, given their 
menopausal status (23.57 %). For those women considered as 
menopausal or postmenopausal, 11.78 % of them were non-HRT-
users.

0.34 % of files had no information about the presence of 
elements of metabolic syndrome, leaving 99.66 % with available 
data. From those, 70.71 % of the cohort had at least one element 
of metabolic syndrome. In contrast, 28.96 % had no elements of 
metabolic syndrome. 

Education, religion, and occupation of the study cohort: 
Database compiled information regarding the highest educational 
level achieved by the patient, religion, and current occupation 
[Table S1d].

Table S1d: Education, religion, and occupation of the study cohort (n=297) at Hermosillo, Sonora, Mexico.

Education, Religion and Occupation

Variable Value

Highest educational level (n, %) A

Elementary school 45 (15.15)

Junior high school 67 (22.56)

High school 27 (9.09)

Technical career 7 (2.36)

University/Some college 83 (27.95)

Non-specified 63 (21.21)

Analphabetism 5 (1.68)

Religion (n, %) B

Atheist 5 (1.68)

Catholic 243 (81.82)

Christian 32 (10.77)

Mormon 1 (0.34)

Jehovah’s Witness 2 (0.67)

Other 2 (0.67)

Non-specified 12 (4.04)

Occupation (n, %) C

Unemployed 204 (68.69)

Employee 42 (14.14)

Academia 12 (4.04)

Engineer 3 (1.01)

Accountant 2 (0.67)

Own business 18 (6.06)

Retired 8 (2.69)

Other occupation 1 (0.34)

Non-specified 7 (2.36)

(A) The highest educational level achieved by the patient was that of reported by herself on clinical files. Highest 
level included its enrollment-only, but not its completion. 

(B) The religion expressed (active or inactive) by the patient as reported on her clinical files.

(C) Current occupation of the patient at the time of diagnosis. Unemployed indicates no current job position and 
reports as a housewife, employee comprises any other job than engineer, accountant, academia, or own business. Retired 
includes pensioned. Other occupation includes informal jobs or by contract. Non-specified indicates no information 
available on files.
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Information about the education was not available for 21.21 % 
of the files. The remaining 78.79 % was as follows: a considerable 
proportion has university studies (27.95 %), 2.36 % had a technical 
career, 9.09 % had a high school, 22.56 % had a junior high school, 
15.15 % had an elementary school, and 1.68 % were an alphabet.

Religious beliefs were not on 4.04 % of files, leaving 95.96 % 
with available information. Most of the study cohort is Catholic 
(81.82 %). Christians represented 10.77 % of the population. 
Atheists were that of 1.68 %. Jehovah’s Witnesses comprise only 
0.67 % of the population, and 0.34 % were Mormons. Other 
religions or personal beliefs represented 0.67 %.

According to occupation data, 2.36 % had no information, 
whereas occupation was on 97.64 % of the files. The majority of 
this cohort was unemployed (68.69 %). 14.14 % of the population 
reported being formal employees. Those women owning a business 
were that of 6.06 %, whereas those employed in academia 
represented 4.04 %. Engineers were that of 1.01 %, and accountants 
were that of 0.67 %. Retired were that of 2.69 % of the cohort, while 
informal occupations comprised 0.34 %.

Qualitative Categories for a 5-Year Breast Cancer 
Prognosis in the Study Cohort

Medical oncologists and radio oncologists evaluated n=297 
breast cancer cases according to clinical data captured and de-
identified in REDCap. The criteria were qualitative and based on 

their medical experience with breast cancer cases. Physicians used 
Predict online tool as an aid for estimating the 5-year overall survival 
for invasive breast cancers. This tool, however, did not substitute 
physicians’ expertise. The physicians had the final decision on 
categorizing breast cancer prognosis. A total of n=111 (37.37 %) 
cases classified with a good prognosis, estimating a 5-year survival 
of 90-100 % post-diagnosis. 89 (29.97 %) patients classified with 
an intermediate prognosis, with an expected survival between 
70-89 %. Also, n=97 (32.66 %) cases classified with a bad 5-year 
prognosis, where the overall survival is 69 % or less. 

Associations between Hazard Exposure, Breast Cancer 
Risk Factors, and 5-Year Prognosis

CMH test evaluated the associations between breast cancer risk 
factors and 5-year prognosis for the study cohort. The models are 
depicted in Table 1. To avoid bias, the physicians and the geospatial 
analyst were double-blinded. Full data was disclosed only to the 
research statistician. Each model used to analyze associations is 
described in detail in further sections.

Models considered three variables, where all of them include 
the level of exposure (explicative variable) and prognosis (the 
outcome variable). The second explicative variable is that of a risk 
factor (age, high cholesterol, high triglycerides, previous cancer(s), 
diabetes mellitus type 2, menopausal status). Residential exposure 
to hazards was in all models to evaluate because of its potential 
association with a 5-year prognosis (Table 1).

Table 1: Models which include breast cancer risk factors, residential exposure to hazards, and 5-year breast cancer 
prognosis where the null hypothesis is rejected.

CMH test Statistically Significant Association
p-value (A)

Deviance Test Pearson (X2)

Model with Three Variables

Model 1: (Exposed + Age) * Prognosis  

Model of conditional independence
0.0027 0.0041

Model 2: (Exposed + Cholesterol) * Prognosis 

Model of conditional independence
0.010 0.021

Model 3: (Exposed + Triglycerides) * Prognosis 

Model of conditional independence
0.019 0.043

Model 4: Exposed* Previous Cancer + Prognosis 

Model of joint independence
0.034 0.027

Model 5: Exposed + Diabetes + Prognosis 

Model of complete independence
0.061* 0.034

Model 6: Exposed + Menopausal Status + Prognosis 

Model of complete independence
0.038 0.048

Model with Four Variables 

Model 7: Exposed + Age + Previous Cancer + Prognosis 

Model of complete independence
0.002 0.001

Table 1 Abbreviations: Exposed, residential exposure to contaminants (GPP, RWS, HAPs); Age, age at the time of breast 
cancer diagnosis; Prognosis, 5-year breast cancer prognosis; Cholesterol, serum fasting blood cholesterol > 200 mg/dl; 
Triglycerides, serum fasting blood triglycerides > 150 mg/dl; Previous Cancer, any cancer(s) diagnosed prior the current 
breast cancer; Diabetes, diabetes mellitus type 2; Menopausal Status, the menopausal status of the cohort classified onto 
three categories (premenopausal, perimenopausal, postmenopausal).

(A) Statistical significance if p-value ≤ 0.05 for all models, except (*). This last model fitted for deviance test, but not for 
Pearson (X2), considering a p-value = 0.05. R version 3.4.2.
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The model with four variables also considered prognosis as the 
outcome variable. Residential exposure to hazards was included as 
an explicative variable along with the remaining variables of age, 
and previous cancer(s).

Residential exposure to hazards, age and 5-year breast 
cancer prognosis: Model 1 (Table 1) evaluated the associations 
between 5-year breast cancer prognosis, hazard exposure, and age. 
The null hypothesis was that, given a 5-year prognosis, residential 
exposure and age were independent. The null hypothesis was 
rejected, meaning that, given a 5-year prognosis, residential 
exposure and age were dependent in this cohort. Mosaic plot 

depicts Model 1, where boxes indicate deviation of the expected 
values. Red boxes indicate the value is lower than that expected. 
Blue boxes indicate the value is higher than that expected. Gray 
boxes indicate the value is approximately equal to that expected. 
The non-exposed group presents more cases younger than 60 
years old than that expected for an intermediate and a bad 5-year 
prognosis. Also, there were fewer patients equal or older than 60 
years old than that expected for all categories of 5-year prognosis. 
For the hazard-exposed group, there were more breast cancer cases 
than that expected for women equal or older than 60 years old with 
a bad 5-year prognosis (Figure 1).

Figure 1: Conditional independence of breast cancer patients residentially exposed and their age given their 5-year 
prognosis for survival. Abbreviations: Exposed, residential exposure to hazards; Age, age at the time of breast cancer 
diagnosis; Prognosis, 5-year breast cancer prognosis. Model 1: (Exposed + Age) * Prognosis. p-value = 0.004. 

Figure 2: Conditional independence of breast cancer patients residentially exposed and their serum blood cholesterol 
given their 5-year prognosis for survival. Abbreviations: Exposed, residential exposure to hazards; Cholesterol, high 
fasting serum blood cholesterol (> 200 mg/dl) at the time of diagnosis; Prognosis, 5-year breast cancer prognosis.  
Model 2: (Exposed + Cholesterol) * Prognosis. p-value = 0.021.  
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Residential exposure to hazards, high cholesterol and 
5-year breast cancer prognosis: The model 2 proposed that, given 
a 5-year prognosis, hazard exposure and high cholesterol were 
independent (Table 1). The null hypothesis was rejected, meaning 
that, given a 5-year breast cancer prognosis, the variables of 
residential exposure and high cholesterol were associated. Mosaic 
plot indicated there were fewer cases than that expected for those 
non-hazard-exposed with hypercholesterolemia predicted with 
both good and bad prognoses.  For the hazard-exposed group, there 
were more cases than expected for women with high cholesterol 
with good and bad prognosis (Figure 2). 

Residential exposure to hazards, high triglycerides and 
5-year breast cancer prognosis: Model 3 proposed that, given 
a 5-year prognosis, residential exposures to hazards and high 
triglycerides were independent (Table 1). Results rejected this null 
hypothesis. These results mean that, for a given 5-year prognosis, 
there is an association between hazard exposure and high 
triglycerides. The mosaic plot depicts the dependence between the 
variables. There were fewer cases than that expected for women 
with high triglycerides, non-exposed to contaminants, and with 
both good and bad prognoses. For the hazard-exposed group, there 
were more cases than expected for women with a good prognosis 
and high triglycerides (Figure 3).

Figure 3: Conditional independence of breast cancer patients residentially exposed and their serum blood 
triglycerides given their 5-year prognosis for survival. Abbreviations: Exposed, residential exposure to hazards (either 
GPP, RWS, or HAP-exposed); Triglycerides, high fasting serum blood triglycerides (> 150 mg/dl) at the time of diagnosis; 
Prognosis, 5-year breast cancer prognosis. Model 3: (Exposed + Triglycerides) * Prognosis. p-value = 0.043.

Figure 4: Joint independence of 5-year prognosis and the combination of hazard exposure and previous cancer(s) in 
breast cancer patients. Abbreviations: Exposed, residential exposure to hazards; Previous Cancer, cancer(s) before 
the time of diagnosis; Prognosis, 5-year breast cancer prognosis. Model 4: Exposed * Previous Cancer + Prognosis. 
p-value = 0.027.
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Residential exposure to hazards, previous cancer(s) and 
5-year breast cancer prognosis: The model 4 proposed that a 
5-year prognosis is jointly independent of residential exposure to 
contaminants and previous cancer(s) (Table 1). The null hypothesis 
was rejected, where a 5-year prognosis is not jointly independent of 
those explicative variables. The number of cases was approximately 
the expected value for non-exposed women with and without 
previous cancer(s). However, the exposed group showed there 

were fewer cases for women with no prior cancer(s) and with a bad 
5-year prognosis. Also, exposed women to hazards with previous 
cancer(s) presented lower numbers than that expected for good 
and intermediate prognoses. Moreover, model 4 showed more cases 
than that expected for exposed women with prior cancer(s) with a 
bad prognosis (Figure 4). Those results confirmed the rejection of 
the null hypothesis. The 5-year prognosis was not independent for 
a combination of exposure to hazards and previous cancer(s).

Figure 5: Complete independence of 5-year prognosis, hazard exposure, and diabetes mellitus type 2 in breast 
cancer patients. Abbreviations: Exposed, residential exposure to hazards; Diabetes, diabetes mellitus type 2 before 
the time of diagnosis; Prognosis, 5-year breast cancer prognosis. Model 5: Exposed + Diabetes + Prognosis. p-value 
= 0.034.

Figure 6: Complete independence of 5-year prognosis, hazard exposure, and menopausal status in breast cancer 
patients. Abbreviations: Exposed, residential exposure to hazards; Menopausal status, the menopausal status at the 
time of diagnosis (labeled as 0 for premenopausal, 1 for perimenopausal, and 2 for postmenopausal); Prognosis, 
5-year breast cancer prognosis. Model 6: Exposed + Menopausal Status + Prognosis. p-value = 0.048.

Residential exposure to hazards, diabetes and 5-year 
breast cancer prognosis: The model 5 evaluated the complete 
independence between residential exposure to hazards, diabetes 
mellitus type 2, and 5-year breast cancer prognosis. The null 
hypothesis was that all variables were independent of each other 

(Table 1). Findings indicate there were more cases than that 
expected for non-exposed diabetic women with a good prognosis. 
The exposed, non-diabetic group presented fewer cases for a 
good prognosis, but more than the estimated for those with a bad 
prognosis (Figure 5). Results confirmed the rejection of the null 



                    Diana Evelyn Villa-Guillen

       2020 Open Access Journal of Biomedical Science       Open Acc J Bio Sci. July-August - 2(4): 425-443C

Research Article

438

hypothesis, indicating that the variables of residential exposure 
to hazards, diabetes mellitus type 2, and 5-year breast cancer 
prognosis were not complete independent for this cohort.

Residential exposure to hazards, menopausal status 
and 5-year breast cancer prognosis: The null hypothesis 
established that the variables of hazard exposure, menopausal 
status, and 5-year prognosis were completely independent (Table 
1). The null hypothesis was rejected, where there were more 
cases than the expected for premenopausal women not exposed 
to contaminants and with a good prognosis. Also, there were 

fewer cases than expected for exposed postmenopausal women 
with a good prognosis. For the exposed group, there were fewer 
cases than expected for premenopausal women with intermediate 
and bad prognoses. Moreover, the cases registered for peri- and 
postmenopausal women exposed to contaminants were more than 
the expected for an intermediate and a bad prognosis (Figure 6). 
Those findings confirmed the rejection of the null hypothesis. For 
this cohort, the variables of hazard exposure, menopausal status, 
and 5-year breast cancer prognosis were not independent of each 
other.

Figure 7: Complete independence of 5-year prognosis, hazard exposure, age, and previous cancer(s) in breast 
cancer patients. Abbreviations: Exposed, residential exposure to hazards; Age, the age at the time of diagnosis; 
Previous Cancer, cancer(s) diagnosed before current disease; Prognosis, 5-year breast cancer prognosis. Model 7: 
Exposed + Age + Previous Cancer + Prognosis. p-value = 0. 001.

Residential exposure to hazards, age, previous cancer and 
5-year breast cancer prognosis: Model 7 proposed complete 
independence of the variables of residential exposure to hazards, 
age, previous cancer, and 5-year prognosis for the study cohort 
(Table 1). Findings rejected the null hypothesis. The non-exposed 
group presented more cases than that expected for women younger 
than 60, without previous cancer(s), for good and intermediate 
prognoses. There were fewer cases than that expected for non-
exposed women equal or older than 60 years old, without prior 
cancer(s), for all prognoses. The exposed women younger than 60 
years old, and with previous cancer(s), presented more cases than 
that expected for a bad prognosis. Also, those women had fewer 
cases than the expected for those without previous cancer(s), and a 
bad prognosis. Additionally, that age group, with prior cancer(s), had 
fewer cases for good and intermediate prognoses. Exposed women 
with age equal or older than 60, and without previous cancer(s), 
had higher numbers than the expected for an intermediate 
prognosis. Moreover, that age group but with a cancer history had 
higher cases than that expected for a bad prognosis (Figure 7). 
Results confirmed the null hypothesis rejection, indicating that the 
variables of hazard exposure, age, previous cancer(s), and 5-year 
breast cancer prognosis were not independent of each other.

Non-significant associations between hazard exposure, 
potential breast cancer risk Factors, and 5-year prognosis:  
Models evaluated other associations of a 5-year breast cancer 

prognosis, hazard exposure, and other potential breast cancer 
risk factors (familiar history of cancer, presence of chronic illness, 
presence of elements of metabolic syndrome, hypertension, HDL-
cholesterol, and LDL-cholesterol). Table 2 depicts the models 
of those explicative variables with 5-year prognosis and hazard 
exposure. The null hypothesis was accepted, where the output 
indicated no lack of fit according to the deviance test statistic 
and Pearson (X2). The model of complete independence fitted 
the data. Findings indicate the variables proposed in each model 
were independent of each other, and as such, there was no further 
analysis.

DISCUSSION
This observational retrospective study evaluated associations 

between 5-year prognosis, residential exposure to hazards, and 
risk factors for breast cancer patients at Hermosillo city. Models 
evaluated the associations of distinct risk factors with the 5-year 
prognosis as the outcome variable. All models included residential 
exposure to hazards. 

Models for 5-Year Prognosis, Hazard Exposure and Risk 
Factors

Models predicted a poor outcome (overall 5-year survival of 
69 % or less) for those hazard-exposed patients with advanced 
age (equal or older than 60 years old), postmenopausal, or with 
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previous cancer(s). Older patients who are hazard-exposed and 
with prior cancer(s) are particularly at higher risk for bad prognosis. 
Models predict better outcomes (overall 5-year survival of 90 – 100 
%) for non-exposed younger patients (less than 60 years old), with 
no previous cancer(s), or with diabetes in comparison to that for 
hazard-exposed.

Models also suggested a 5-year prognosis was independent of 
a familiar history of cancer, prior chronic illness(es), hypertension, 
reduced HDL-cholesterol, elevated LDL-cholesterol, and the overall 
presence of elements of metabolic syndrome in hazard-exposed 
patients. Models evaluating high cholesterol or triglycerides in 
exposed patients, even though statistically significant, did not 
contribute to predicting a bad prognosis.

To the best of our knowledge, the present work is the first 
research conducted for estimating breast cancer prognosis in a 

cohort residentially exposed to hazards at Hermosillo city.  Prior 
research suggested hazardous air pollutants as related to a higher 
breast cancer incidence in the California Teachers’ Study. Long-
term exposure (10 to 19 years) to perchloroethylene (PCE) related 
to an increased rate for breast cancers in Cape Cod, Massachusetts. 
Other studies showed no association between breast cancer and 
environmental hazards. A cross-sectional analysis within the Nurses’ 
Health Study II found no relationship between breast cancer risk 
and historical exposure to HAPs. Drinking water contaminated by 
wastewater showed no relationship to an increased breast cancer 
burden in 824 women residing at cape cod, Massachusetts [Brody 
2006]. Mathematical modeling in these and other retrospective 
studies consider annual exposure to hazards and thus may be a 
source for discrepancies in assessing hazard exposure as a breast 
cancer risk factor. Future works could include risk assessment and 
hazard exposure at Hermosillo using distinct mathematical models.

Table 2: Models for potential breast cancer risk factors, residential exposure to hazards, and 5-year breast cancer prognosis 
where the null hypothesis is accepted.

CMH test
p-value (A)

Deviance Test Pearson (X2)

Models with Three Variables

Exposed + Familiar History of Cancer + Prognosis 0.833 0.836

Exposed + Presence of Chronic Illness + Prognosis 0.77 0.76

Exposed + Presence of Elements of MetS + Prognosis 0.706 0.707

Exposed + Hypertension + Prognosis 0.71 0.71

(Exposed +HDL-Cholesterol) * Prognosis 0.41 0.59

Exposed + LDL-Cholesterol + Prognosis 0.65 0.60

Table 2 Abbreviations: Exposed, residentially exposed to hazards (GPP, RWS, HAP); Prognosis, 5-year breast cancer 
prognosis of the cohort, Familiar History of Cancer, includes any relative diagnosed with cancer; Presence of Chronic 
Illness, includes any prior chronic disease before diagnosis; Presence of Elements of MetS, overall presence of elements of 
metabolic syndrome as defined by the NCEP ATP III criteria [Huang]; Hypertension, blood pressure ≥ 130/80 mmHg; HDL-
Cholesterol, low HDL-cholesterol < 50 mg/dl (women); LDL-Cholesterol, high LDL-cholesterol ≥ 160 mg/dl.

(A) Statistical significance if p-value ≤ 0.05. R version 3.4.2.

Modifiable and Non-Modifiable Risk Factors in the Study 
Cohort

Breast cancer risk assessment varies according to modifiable 
and non-modifiable risk factors Arthur [42]. Non-modifiable risk 
factors include tumor status at the time of diagnosis. Previous 
works suggest mortality rates increase with tumor size and with 
the number of positive lymph nodes Rakha [43]; Saadatmand [44]. 
Histological tumor grade indicates the degree of differentiation, 
where high-grade tumors (grade II or III) are poorly differentiated. 
Those tumors are more likely to spread and metastasize. The study 
cohort had a higher proportion of subjects with invasive breast 
cancers (56.23 %), invasion to lymph nodes (19.53 %), and grade II 
tumors (27.95 %). The frequency of Phyllodes tumors was higher 
in this cohort (0.67 %) than the average reported per 100 breast 
cancer cases, which is 0.3 % to 0.5 % Rowell [45]. According to this 
tumor status, a considerable proportion of the study population 
could be at a higher risk for a worse 5-year prognosis. Molecular 
profiling tests of tumors could aid in a better outcome prediction 
for breast cancer patients at Hermosillo city.

Observational investigations suggest certain chronic illnesses 
relate to cancer risk and a reduction in lifespan. A recent study 
in Taiwan found that chronic diseases (cardiovascular disease, 

diabetes, pulmonary disease, chronic kidney disease, and gouty 
arthritis) increased two-fold the cancer risk after 8 years of follow-
up Tu [46]. Moreover, those cancer patients with a prior chronic 
illness had a four-fold increase in cancer deaths, with a lifespan 
reduction of 15.9 years in women. The presence of prior chronic 
illnesses in the study cohort (37.37 %) could indicate a reduction 
in lifespan in comparison to those cancer patients without chronic 
diseases before diagnosis (60.61 %). More prospective studies 
need to evaluate common chronic illnesses and their markers 
in Hermosillo residents considered at a higher risk for cancer 
development.

Breast density, on the other hand, is a modifiable risk factor 
where the highest density relates to a higher breast cancer risk 
Wang [47]. In this cohort, a considerable proportion of subjects 
had extremely dense breasts (20.88 % mammography, 15.15 % 
US). Most breast cancer cases were postmenopausal (55.56 %). 
The high breast density, along with postmenopausal status, may 
increase the risk for this study cohort. Prior studies suggest tumor 
aggressiveness in postmenopausal women with dense breasts 
Yaghjyan [48]. This behaviour may be like the present study 
population. Breast density can also relate to the familiar history 
of cancer for increased breast cancer risk. Duffy [49] suggested 
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a higher risk for subjects with both high breast densities and a 
familiar history of breast cancer. 66 % of the cohort had relatives 
with cancer and could be at a higher risk in combination with high 
breast densities. Imaging analyses and genetic counselling could 
elucidate the potential role of those risk factors for Hermosillo 
residents.

Obesity is a well-known risk factor associated with breast cancer 
development and its recurrence. Obese breast cancer patients have 
a worse disease-free and overall survival in comparison to non-
obese patients Lee [50]. Moreover, several investigations indicate 
obesity increases the risk for postmenopausal ER-positive breast 
cancers, with increased cancer mortality in comparison to their lean 
counterparts Picon-Ruiz [51]. A meta-analysis of 22 prospective 
studies associated pre-diagnosis physical activity with a 30 % 
lower cancer mortality for breast cancer survivors (HR = 0.73, 
95 % CI, 0.54 – 0.98). Moderate physical activity post-diagnosis 
(approximately 2.5 hours per week) relates to a 33 % reduction in 
breast cancer mortality (HR = 0.59, 95 % CI, 0.45 - 0.78) Lahart 
[52]. In the study cohort at Hermosillo, an important proportion 
was obese (39.39 %) and sedentary (35.02 %) and could be at a 
higher risk for a poor 5-year prognosis. Nutritional assessment and 
trials aiming for exercise interventions could improve the outcomes 
for those subjects.

Metabolic syndrome is related to a higher breast cancer risk. 
An observational study found that 40 % of breast cancer patients 
had metabolic syndrome, where there was a positive association 
between metabolic syndrome and breast cancer risk (OR = 3.037, 
95 % CI, 1.214 – 7.597) Wani [53]. A meta-analysis evaluated nine 
cohort studies, where metabolic syndrome relates to a higher 
risk of breast cancer recurrence (RR = 1.52, p = 0.02). Also, breast 
cancer patients with metabolic syndrome had an increased risk 
for cancer mortality (RR = 1.80, p < 0.001) Li [54]. Most of the 
study population of the present research had at least one element 
of metabolic syndrome (70.71 %), and this could increase the 
probability of a bad prognosis.

Meat consumption can also increase breast cancer risk. The 
Sister Study evaluated meat consumption in a group of breast cancer 
patients, and compared them with those consuming poultry, finding 
those with regular meat consumption had a higher risk for invasive 
breast cancers (HR = 1.23, ptrend = 0.01) Lo [55]. At Hermosillo, 
the study cohort reports red meat consumption in a considerable 
percentage of the subjects (24.57 %) and may increase their risk 
for a worse prognosis. Future analyses at Hermosillo’s cohort will 
include meat consumption and 5-year overall survival for breast 
cancer patients.

Exogenous hormones, either by hormonal contraception or 
HRT-usage, may increase breast cancer risk and contribute to a 
poorer outcome. A recent study among hormonal contraception 
users suggested an overall increase of 13 breast cancers per 
100,000 person-years (95 % CI, 10 to 16) Morch [56]. Surprisingly, a 
considerable proportion of Hermosillo’s cohort are non-HRT users 
(11.78 %) and report no hormonal contraception (30.64 %). This 
behavior may relate to religious beliefs, as most of the study subjects 
manifested to be Catholics (81.82 %), where one of the precepts of 
this religion is to avoid the use of hormonal contraception or HRT 
CSA [57]. Non-users could have reduced exposure to exogenous 
hormones in comparison to HRT-users (2.69 %) or those using 
hormonal contraception (14.48 %), reducing their breast cancer 
risk. Future works will include a correspondence analysis between 
these modifiable risk factors and 5-breast cancer prognosis in 
women at Hermosillo with distinct religious beliefs.

Alcohol consumption and smoking status relate to higher risk 
and may contribute to a worse 5-year prognosis. The WECARE Study 
evaluated women with breast cancer and their risk for contralateral 
breast cancer (CBC), where those with alcohol consumption and 
cigarette smoking had an increased risk for CBC (RR = 1.62, 95% 
CI 1.24-2.11) Knight [58]. The contribution of those risk factors 
to breast cancer risk is not consistent through the literature. 
An observational study in young women found no association 
between breast cancer risk, smoking status, or alcohol intake. In 
contrast, moderate alcohol consumption (5 grams per day) related 
to a lower breast cancer risk (OR = 0.6, 95 % CI, 0.4 – 0.9) Adami  
[59]. The role of alcohol and smoking status for breast cancer risk 
is unclear for Hermosillo’s cohort. Most of the subjects did not 
consume alcohol (58.92 %) or were non-smokers (59.26 %). More 
prospective studies need to further assess the relationship between 
breast cancer risk, alcohol consumption, and smoking status at 
Hermosillo’s cohort.

Other risk factors associated with breast cancer are nulliparity 
and a low educational level. Even though parity relates to a reduced 
risk for breast cancer Kana [60]; Fortner [61]; Redondo [62], most 
of the study cohort had a child (82.82 %) where the protective 
role of this variable is questionable. Some studies associate lower 
educational attainment with a diagnosis at later tumor stages Liu 
[63]. Nonetheless, a significant percentage of this cohort was highly 
educated (high school, 9.09 %; university studies, 27.95 %). This 
high education may indicate a greater breast cancer awareness 
in the study population. Further analysis will be conducted at 
Hermosillo to evaluate the associations of those risk factors with 
5-year overall survival.

Potential Bias and Confounders

Move-outs can confound the retrospective assessment of 
residential exposure to hazards. In this study, all patients had a 
minimal of 10 years of residence in a neighborhood classified 
as GPP-exposed (within 4 km of a gas power plant (GPP)), RWS-
exposed (within 3 km of a residual water site (RWS)), or HAP-
exposed (neighborhood with > 6 active industrial facilities). This 
research discarded move-outs, avoiding bias in terms of location.

The occupation can be a source of hazard exposure and could 
be a confounder of this study. For this reason, data collected the 
occupation of all patients in this cohort at the time of diagnosis. 
Most of the subjects reported themselves as unemployed (68.69 
%), indicating that they spent most of their time at home. This 
group could be potentially increasing their timeframe for hazard 
exposure in comparison to women working outside of their houses. 
Further analyses will include the timeframe of residential exposure 
to hazards for Hermosillo’s residents with breast cancers.

LIMITATIONS AND STRENGTH
Limitations of this research are the small sample size, 

indicating the need for larger observational studies. The study 
cohort was constituted solely by Hispanics, and findings may not 
be transferable to other races or ethnicities. The absence of genetic 
information on clinical files impaired a further genetic assessment 
for the study cohort. Research derived from the present study may 
include genetic counseling and testing for germline mutations.

The present work has several strengths. One of them is the 
retrospective evaluation of residential exposure to contaminants 
using the neighborhood as the unit of analysis. Tumor latency 
requires a minimal of 10 years of hazard exposure. Data collection 
included the potential timeframe for tumor development, including 
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residential information with a minimal of 10 years old. Double-
blinding enabled to avoid bias, as the physicians had no access to 
residential information, whereas the geospatial analyst had none to 
the patients’ medical records. 

CONCLUSION
Breast cancer risk factors can influence the overall 5-year 

survival for a patient. In a small sample of patients residing at 
Hermosillo city, a poor prognosis (overall 5-year survival of 69 
% or less) relates to residential exposure to hazards, along with 
age, previous cancer(s), and menopausal status. Interestingly, the 
models predict a higher proportion of bad prognoses for hazard-
exposed, non-diabetic cancer patients. Physicians need to ponder 
those risk factors for cancer patients considered as hazard-exposed 
at Hermosillo. Larger cohorts could confirm our findings. 
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Figure S1: Comparison of the breast cancer patients 
with an overall bad 5-year prognosis and residentially 
exposed to hazards. Age groups are divided into two 
categories: patients < 60 years old, and patients ≥ 60 
years old. Patients residentially exposed to hazards 
were those reporting to living in a highly industrialized 
neighborhood (> 6 industrial facilities) considered 
GPP-exposed (within a radial distance of 4 km) and 
RWS-exposed (within a radial distance of 3 km). OR 
= 3.59 (1.22, 10.52), p-value = 0.02.  The likelihood is 
higher for hazard-exposed patients with an age equal 
or older than 60 years old (28), and for non-hazard-
exposed patients younger than 60 years old (25).

Figure S2: Comparison of the breast cancer patients 
with an overall intermediate 5-year prognosis and 
residentially exposed to hazards. Age groups are 
divided into two categories: patients < 60 years old, 
and patients ≥ 60 years old. Patients residentially 
exposed to hazards were those reporting to living in 
a highly industrialized neighborhood (> 6 industrial 
facilities) considered GPP-exposed (within a radial 
distance of 4 km) and RWS-exposed (within a radial 
distance of 3 km). OR = 2.68 (0.99, 7.24), p-value 
= 0.05. The likelihood is higher for hazard-exposed 
patients with an age equal or older than 60 years old 
(30), and for non-hazard-exposed patients younger 
than 60 years old (20).

Figure S3: Comparison of the breast cancer patients 
with an overall good 5-year prognosis and residentially 
exposed to hazards. Age groups are divided into two 
categories: patients < 60 years old, and patients ≥ 60 
years old. Patients residentially exposed to hazards 
were those reporting to living in a highly industrialized 
neighborhood (> 6 industrial facilities) considered 
GPP-exposed (within a radial distance of 4 km) and 
RWS-exposed (within a radial distance of 3 km). OR 
= 2.89, (0.99, 8.35), p-value = 0.05. The likelihood is 
higher for hazard-exposed patients with an age equal 
or older than 60 years old (23), and for non-hazard-
exposed patients younger than 60 years old (32).
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