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ABSTRACT 

George Metaxas, MPhil Medicine, The University of Manchester , 27/09/2010 
 
A single centre pilot study to obtain data on the concentration of parabens and aluminium in 

healthy human breast tissue. 

 

Background: The rising incidence of breast cancer suggests lifestyle and 

environmental causes. During the last decade many chemicals, among which parabens 

and aluminium, have been shown to express estrogenic properties in in-vitro and 

animal studies. A causative relationship theory between chemicals and breast cancer 

has been proposed. Another theory has linked the use of underarm cosmetics with the 

increased prevalence of breast cancer in the upper outer quadrant. 
Purpose: We conducted this study to investigate the presence and distribution of five 

commonly used esters of para-hydroxybenzoic acid and aluminium, in the female 

breast and their possible relationship with breast cancer development. We attempted to 

shed light into the link hypothesis between underarm cosmetics and breast cancer.   

Materials and methods: Fourty breast cancer patiens who would undergo 

mastectomy, completed the study questionnaire with information about underarm 

cosmetics use and other lifestyle and epidemiological parameters. Histological 

information was retreived from their medical records. We obtained tissue samples  

from four different regions across every mastectomy specimen, from the axilla to the 

sternum and analysed them for parabens and aluminium. 

Results: Parabens and aluminium were found intact in almost all samples. The 

distribution in the four regions across the breast from the axilla to the sternum was 

homogenous and independent of the patient‟s age, tumor location and hormone 

receptor status. There were no significant differences in the concentrations between 

women who had used underarm cosmetics and those who had not, or those who had 

used them in the past but have now stopped using them. There was no correlation 

between the length of underarm cosmetic use and the the concentration of parabens 

and aluminium across the breast. 

Discussion: This is the first study to demonstrate the presence of five commonly used 

p-hydroxybenzoic acid esters and aluminium in the healthy female breast tissue. The 

measured concentrations are low and the pattern of distribution is homogenous but 

universal in the studied population, thus allowing the expression of their weak 

estrogenic properties for a lifelong period. We did not find a causative relationship 

with breast cancer. However, our findings can be added to those from other in-vitro, 

animal and human studies on the presence, properties, and combined effect of several 

widely used chemicals with hormonal properties. In the light of this relatively recent 

evidence there is an urge for developing biomonitoring techniques, determining the 

total chemical burden, and investigating the mixture effects in humans. Prevention 

policies should support the reduction of exposure to artificial chemicals, especially to 

those categorised as endocrine disrupters and for vulnerable groups. 

Conclusions: Parabens and aluminium can be found intact in the healthy female 

breast. Underarm deodorants or antiperspirants do not constitute the main source of 

parabens and aluminium for the female breast and cannot be considered an 

independent risk factor for breast cancer. Further research is needed to identify the 

contribution of these chemicals to the total body burden and the possible effect of 

mixtures in the pathogenesis of breast cancer.  

 



6 
 

Declaration 

No portion of the work referred to in the thesis has been submitted in support of an 

application for another degree or qualification of this or any other university or other 

institute of learning;  

 

Copyright statement 

i. The author of this thesis (including any appendices and/or schedules to this thesis) 

owns certain copyright or related rights in it (the “Copyright”) and s/he has given The 

University of Manchester certain rights to use such Copyright, including for 

administrative purposes.  

ii. Copies of this thesis, either in full or in extracts and whether in hard or electronic 

copy, may be made only in accordance with the Copyright, Designs and Patents Act 

1988 (as amended) and regulations issued under it or, where appropriate, in accordance 

with licensing agreements which the University has from time to time. This page must 

form part of any such copies made.  

iii. The ownership of certain Copyright, patents, designs, trade marks and other 

intellectual property (the “Intellectual Property”) and any reproductions of copyright 

works in the thesis, for example graphs and tables (“Reproductions”), which may be 

described in this thesis, may not be owned by the author and may be owned by third 

parties. Such Intellectual Property and Reproductions cannot and must not be made 

available for use without the prior written permission of the owner(s) of the relevant 

Intellectual Property and/or Reproductions.  

iv. Further information on the conditions under which disclosure, publication and 

commercialisation of this thesis, the Copyright and any Intellectual Property and/or 

Reproductions described in it may take place is available in the University IP Policy 

(see http://www.campus.manchester.ac.uk/medialibrary/policies/intellectual-

property.pdf), in any relevant Thesis restriction declarations deposited in the 

University Library, The University Library‟s regulations (see 

http://www.manchester.ac.uk/library/aboutus/regulations) and in The University‟s 

policy on presentation of Theses  

 



7 
 

Acknowledgements 

I would like to thank my supervisor Lester Barr who supported and guided me during 

this project, in parallel with overseeing my surgical training. I would also like to thank 

Phillipa Darbre and Julie Morris for their invaluable contribution to the completion of 

the study. I wish to express my gratitude to the Genesis Appeal that funded this project 

and generously covered my fees at the University of Manchester. 

 

I dedicate this to my family. My wife Sofia, my daughter Vivian, my mother 

Melpomeni and my sister Kyriaki for their endless patience and support. To the 

memory of my father Stelios. 

 

 

.... to all the patients, who despite the tough times they are going 

through, choose to participate in clinical studies, with the sincere 

intention to contribute in the fight against cancer.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8 
 

1. THE EPIDEMIOLOGY OF BREAST CANCER 

 

Breast cancer is the most common malignancy in women accounting for 32 per cent of 

all cancers in the U.K. It is the second most common cause of cancer death in women, 

after lung cancer. It is ninth among ten leading causes of death in countries with high 

income, being responsible for almost 0.15 million deaths per year (1.8%). Incidence 

rates of breast cancer are increasing worldwide and remain highest in developed 

countries (Fig1). In the U.K. the incidence rates have increased by 84 per cent between 

1971 and 2005. (Source: Office for National Statistics) 

 

1.1. Geographic variations in the incidence of breast cancer 

 

More than 1.1 million cases of breast cancer are now diagnosed across the world each 

year, compared with about 500,000 cases in 1975. Half of the world's breast cancer 

cases occur in North America and Europe. The highest incidence rates are observed in 

white females in the U.S. In 2008, 182,500 women in the United States were 

diagnosed with invasive breast cancer, and 40,480 women died of the disease as it 

remains the demographic‟s second leading cause of cancer mortality
1
. Approximately 

one woman in ten in Europe will develop breast cancer at some point in her life. The 

lowest breast cancer rates are reported in Asian regions. In general, incidence is much 

lower in developing countries. Incidence rates in Japan are also low, which contradicts 

the role of the high economic level of a country being associated with high risk of 

breast cancer. The range of variation in incidence worldwide reaches a tenfold 

difference
2
, and a part explanation for that, arises from the differences in the 

distribution of well known risk factors in the population.   

 

Though breast cancer incidence has been increasing, screening practices for early 

diagnosis have contributed to keeping mortality at lower levels. The observed 

geographic differences of invasive and in situ breast cancer incidence underlines the 

need for targeted additional resources for promoting breast cancer screening to specific 

locations
3
. Previous studies have also demonstrated geographical variations in the 

primary treatment for early stage beast cancer
4
, as well as in survival rates

5
. It has been 

suggested that geographical variation in endocrine function and differences in fertility 
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between populations may correlate with the variations in the incidence and the natural 

course of the disease
6
. 

 

Regional patterns may also reflect an aggregate of diverse factors including, for 

example, varying presence of hazards in the environment, demographics and lifestyle 

of a mobile population, subgroups of susceptible individuals, and changes and 

advances in medical practice and health care management
7, 8, 9

. Correlation studies 

have shown, that dietary factors can also explain part of the international variation, and 

most suspicion has fallen on dietary fat
10, 11

. Since the 1960s numerous 

epidemiological studies have been widely used to determine the contributing factors 

for the geographical variations in breast cancer rates, by focusing on the implication of 

dietary, reproductive, hormonal, cultural and environmental factors in the etiology of 

the disease
12, 13, 14, 15

. The use of age-standardized rate (ASRs)
1
 allows comparisons of 

different regions or populations at different points in time as though there were no 

differences in the underlying age structures.  

 

 

Table 1: Inernational differences in breast cancer rates – lifetime risk
15

.  

 

 

1.1.1. Incidence and Mortality rates of breast cancer
16 

In many nations, states, and regions cancer incidence is monitored by population-based 

registries, data from which are periodically summarized. Unfortunately, cancer 

                                                
1 Age-standardized rate is a summary measure of the cancer rate that a population would have if it had a 

standard age-structure. This statistical technique (age-standardization) is used to compensate for 

variations in age structures of different populations, or of changes in age structure across time.  

 

Country Lifetime risk 

UK, USA, Canada, Switzerlan, Argentina, Uruguay 1 in 10 

Australia, New Zealand, Italy, Denmark, Sweden, Iceland 

Finland, Spain, France 

1 in 11 

Eastern Europe, Philippines, Saudi Arabia, Singapore 1 in 17 

Northern Africa, South Africa, Brazil 1 in 25 

Japan, Ethiopia, Angola, Columbia, Venezuela 1 in 35 

China, India, East Africa 1 in 50 
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incidence data are available for less of the world‟s population than are mortality data. 

Mortality trends can be affected by incorrect certification of death or coding of the 

underlying cause even in the case of cancer (Women who die of breast cancer in a 

given year will have been diagnosed and treated up to 10 years or more, earlier). 

Cancer mortality trends reflect earlier trends in incidence and survival, and cannot be 

interpreted sensibly without them. These indicators are not perfect or adequate on their 

own
17

. 

 

Figures 1 and 2 illustrate the wide variation of female breast cancer incidence and 

mortality rates worldwide (year 2002) and within EU countries (year 2008). The rate 

of mortality for the Chinese population (6.2 / 100,000) was less than a quarter that of 

the highest rate, reported for Denmark (26.4 / 100,000). Although the age-standardized 

rate for the United States (20.7 / 100,000) is based on the largest number of cases, it is 

78% that of the rate in Denmark but nearly three times that of Japan (7.1 / 100,000). 
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Fig. 1: Age standardised incidence and mortality rates, female beast cancer in EU 

countries, 2008 estimates (source: Cancer Research UK) 
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Fig. 2: Age stadardised incidence and mortality rates, female breast cancer in selected 

countries 2002 estimates (source: Cancer Research UK) 

 

Kawamura et al.
18

 demonstrated a decrease in the age-standardized mortality rates of 

breast cancer among women from the USA, the UK (fig. 3), France, and Italy, over the 

period 1960-2000, following a peak around 1990. However, during the same period, 

ASRs for Japanese women, which used to be much lower than those observed in the 

other countries, increased constantly and the difference has recently become smaller. 

This increasing trend was observed irrespective of age group, and the differences 

between age groups in Japan were small (fig. 4, 5).  

 

 

 

Fig. 3: Age-specific mortality rates, breast  cancer, females, UK 1971 – 2006 (source: 

Cancer Research UK) 

 



12 
 

 

 

 

 

 

Fig. 4: Mortality for breast cancer by age group, year of birth (source WHO Motality 

Database) 

 

 

 

 

 

Fig 5: Mortality from beast cancer by age group, year of death (source WHO Motality 

Database) 
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The Netherlands are listed among the countries with the highest incidence and 

mortality rates in the EU. Figure 6 demonstrates the decreasing ASRs for mortality in 

this country for the period from 1980 to 2007 following the 1990 peak. There is also a 

decrease in the number of breast cancer cases as a percentage of the total cancer 

mortality burden for this country from 1997 to the first semester of 2007 (fig 7). 

 

 

 

 

Fig 6: Age standardised mortality rate, female beast cancer (1980-2007), The 

Netherlands (source CBS) 

 

 

 

Fig 7: Number of cancer cases as a percentage of the total cancer mortality burden, The 

Netherlands (1997-2007) (source CBS) 
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1.2. The effect of screening on the incidence and mortality rates 

 

The wide implementation of breast cancer screening in Europe during the 1990s was 

followed by a rise in the incidence, but this lasted only for a few years, after which 

incidence returned to pre-screening levels. Thus, a modest increase in breast cancer 

incidence due to screening would be expected in all studies during screening 

implementation period
19

. Screening mammography detects breast cancers earlier than 

those detected symptomatically, and so mammographically detected breast cancers 

tend to have better prognoses
20, 21 

especially among patients ages 50-69 year. Detection 

of breast carcinoma via mammographic screening is associated with a lower risk of 

recurrence
22, 23

. The decline in breast cancer mortality has been attributed to 

mammography screening, adjuvant systemic therapy and the earlier detection of 

palpable tumours
24

. Despite the improved prognosis and more favorable tumor stage, 

even after the full implementation of the screening program the majority of invasive 

malignancies are still detected between screening rounds or in patients who do not 

participate in the program
25

. This could change in the future with the adaptation of 

more accurate breast-specific assays for the early diagnosis of cancer. In developed 

countries, the major investment made in early detection and treatment, has contributed 

to the longer survival of patients. On the other hand the increase of life expectancy 

together with the growing population, may partly explain the increase of almost all 

cancers incidence with age.  

 

Waller et al.
 
demonstrated the pattern of the incidence rise in the UK

26
. The authors 

found that the incidence of breast cancer in women aged 55-65 years rose sharply in 

1989 and 1992 (explained by the introduction of a national breast cancer screening 

program in 1987-8). Among women aged 55-65 years, breast cancer incidence peaked 

in 1992-3. Rates then decreased steadily until 1996 before rising again, reflecting a 

second screening round, to a second peak in 2000. It was estimated that screening per 

se increases a woman's lifetime risk of being diagnosed with breast cancer from 7.8% 

to 8.6%. 

 

Other research groups across Europe illustrated similar findings. An important 

question that arises from these studies regards the possibility of overdiagnosis (ie, the 
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detection of asymptomatic disease that would otherwise not have arisen clinically). 

Data from two Danish screening programs
27

 suggest that the incidence of breast cancer 

has increased regardless of screening, while there is no evidence to demonstrate 

overdiagnosis of invasive breast cancer or if overdiagnosis was found to occur, it was 

only of limited magnitude. Data from Limburg screening program
28

 in the Netherlands 

showed that the improved detection after 1995, and the lower than desirable decrease 

in large tumours, indicate a suboptimal screening performance before 1996. It can also 

explain the higher than expected rise in incidence after completion of the prevalent 

screening round.  

 

Ductal carcinoma in situ (DCIS) accounts for approximately 20% of screen-detected 

cancers. It is usually impalpable and diagnosis is made commonly madde with 

mammography. The incidence of DCIS has significantly increased with the 

implementation of screening programs. There have been concerns that identifying 

DCIS is overdiagnosis of breast cancer, however there is strong evidence that the 

detection of high grade and necrotic DCIS by screening and its subsequent treatment 

prevents the development of invasive cancer with poor prognosis 
29, 30, 31, 32, 33

.  

 

The incidence of breast cancer (invasive + DCIS) in Britain has increased from an age 

standardised rate of 74 per 100,000 women to 121 between 1975 and 2004. Table 2 

demonstrates data for the period 1996-2006, when almost 16,000 breast cancer cases 

were detected, among almost two million women screened across the UK. It was 

estimated that the NHS Breast Screening Programme would save 1,250 lives every 

year until 2010 in England
34

. Of all invasive cancers diagnosed in England during 

2007-2008, 52.3 per cent were 15mm or less which could have not been detected by 

hand. The World Health Organisation's International Agency for Research on Cancer 

(IARC) concluded that mammography screening for breast cancer reduces mortality
35, 

36
. 
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Table 2   Screen detected cancers in UK through a decade. Source: office for national 

statistics
37

.  

 

In 2004 there were around 36,900 new cases diagnosed (screen detected and 

symptomatic). This represented 32 per cent of all female cancers and a rate of 121 

cases per 100,000 women. Four in five new cases were diagnosed in women aged 50 

and over, with the peak in the 55 to 64 age group. Around 10,300 women died from 

breast cancer in England in 2004, a rate of 28 deaths per 100,000 women. Figure 8 

demonstrates the incidence and mortality rates of breast cancer in the UK in relation to 

the implication of breast screening program for the period 1971-2004.  

 

10 YEAR COMPARISON: NUMBER OF CANCERS DETECTED 

Year of 

data 

collection 

Invasive 

cancers 

Non- and 

Micro-

invasive 

cancers 

Total 

cancers 

Number 

of women 

screened 

CANCER 

DETECTION 

RATE PER 

1000  

Invasive  

CANCER 

DETECTION 

RATE PER 

1000 Non-

invasive 

CANCER 

DETECTION 

RATE PER 

1000  

Total 

1996/97 5660 1468 7410 1340175 4.4 1.1 5.5 

1997/98 6427 1726 8215 1419287 4.5 1.2 5.8 

1998/99 6337 1634 8028 1308751 4.7 1.2 6.1 

1999/00 7675 2076 9797 1550265 5.0 1.3 6.3 

2000/01 7945 2080 10079 1535019 5.2 1.4 6.6 

2001/02 7911 2218 10191 1507987 5.2 1.5 6.8 

2002/03 8931 2416 11593 1579165 5.7 1.6 7.3 

2003/04 10400 2868 13290 1685661 6.2 1.7 7.9 

2004/05 11063 2953 14040 1748997 6.3 1.7 8.0 

2005/06 12600 3317 15944 1942449 6.5 1.7 8.2 
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Fig. 8. Breast cancer incidence and mortality rates, U.K., (1975-2008), introduction of 

breast screening program  

 

In 2007 there were 38.291 new cases 

 

0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

0
-4

5
-9

1
0

-1
4

1
5

-1
9

2
0

-2
4

2
5

-2
9

3
0

-3
4

3
5

-3
9

4
0

-4
4

4
5

-4
9

5
0

-5
4

5
5

-5
9

6
0

-6
4

6
5

-6
9

7
0

-7
4

7
5

-7
9

8
0

-8
4

8
5

+

Age at diagnosis

N
u

m
b

e
r 

o
f 

c
a

s
e

s

0

100

200

300

400

500

600

R
a

te
 p

e
r 

1
0

0
,0

0
0

 p
o

p
u

la
ti

o
n

Male cases Female cases Male rates Female rates

s creened age groups

 

 

Fig. 9.  Number of new cases and age-specific  incidence rates, by sex, breast cancer, 

UK 2007 
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1.3. The Effect of population migration on breast cancer incidence 

 

Age adjusted incidence and mortality for breast cancer vary by up to a factor of five 

between different countries. The expression of the genetic basis of breast cancer also 

varies between different racial and ethnic groups. Comparisons of cancer statistics at 

international level may be complicated by political and socioeconomic changes
38

. It is 

often not possible to determine whether changes in cancer rates are the result of truly 

changing risk in a region or changes in the population
 

following large-scale 

migrations
2, 8, 39

. Migrant studies suggest that environmental factors are more important 

than genetic differences between populations. As a result of that, the rates of breast 

cancer reflect the rate in the host country within one or more generations. Several 

generations after migration of Japanese women in the United States they experience a 

similar breast cancer incidence risk as the Caucasians
40, 41, 42

. On the other hand, 

Japanese women who developed breast cancer were found to have significantly better 

survival than Chinese, Filipino and Caucasian
43

. Changes in lifestyle factors such as 

the use of oral contraceptives, cannot explain the elevated risk observed in recent 

migrants from Asian counties
44

. On the other hand, specific changes in the diet, 

physical activity and weight may have a significant impact on breast cancer risk
45

. 

Prevalence of established risk factors do influence breast cancer incidence, as breast 

cancer rates are found to be increased for more recently immigrated groups and 

decreased among more established groups
46

. A protective modulation by 

environmental factors on high-risk groups has also been suggested. Koifman et al. 

demonstrated a relatively lower than expected breast cancer mortality pattern in 

Ashkenazi women who live in Brazil. A higher frequency of BRCA1 and BRCA2 

mutations is reported among these women in different countries
47

. 

 

In general, groups with recent immigration histories carry a higher burden of cancers 

that are not commonly observed at high rates in western countries. On the contrary, 

groups with older immigration histories, have a higher burden from cancers that are 

commonly observed in western countries (e.g., breast, colorectal)
48

. This indicates that 

they may have acculturated to the western lifestyle and succumbed to risk factors 

associated with these cancers. In addition, immigrants often seem to face barriers to 

medical care, decreased quality of care and delay in breast cancer diagnosis and 
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treatment, which also reflects in worse survival. Rates of mammography vary by race - 

ethnicity and are markedly lower among women with lower levels of education, 

without health insurance, and in recent immigrants. The above cannot be considered 

only a result of linguistic and cultural differences
49, 50

. Access to, utilization and 

affordability of cancer care facilities from migrants in developed countries is important 

for reducing mortality rates of these populations
51

. 

 

Geographical variations, time trends, and studies on populations migrating from low- 

to high-risk areas, which show that the incidence in such populations approaches that 

of the host country in one or two generations, clearly suggest an important role of 

environmental factors in the etiology of breast cancer. 

 

1.4. Breast cancer risk factors 

 

Gender 

It has been recently estimated that the lifetime risk of developing breast cancer is 1 in 

1,014 for men and 1 in 9 for women in the UK
52

. Being a woman is one of the biggest 

risk factors for developing breast cancer. Women have many more breast cells than 

men and are constantly exposed to the growth-promoting effects of the female 

hormones estrogen and progesterone. In 2007, 277 new male breast cancer cases were 

diagnosed in the UK. On average most of men with breast cancer are diagnosed in 

their early 70s. It is suggested that male breast cancer incidence is rising in urban UK 

and USA and there is some evidence that weight control and exercise may be 

protective factors
53

. 

 

Age  

The risk of breast cancer increases with age. The table below shows the percentage of 

women (%) who will get breast cancer over different time periods in the U.S. For 

example, the table suggests 3.5% of women who are now 60 years old will get breast 

cancer sometime during the next 10 years (by the age of 70).  
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Current age 10 years 20 years 30 years 

30 0.4 1.8 4.2 

40 1.4 3.9 7.0 

50 2.5 5.8 8.9 

60 3.5 6.9 8.8 

70 3.9 6.1 N/A 

 

Table 3: Breast cancer incidence prediction in relation to age. Source: National Cancer 

Institute. Data are from 17 Surveillance, Epidemiology, and End Results (SEER) 

registries covering 25% of the U.S. population.  

 

The risk of dying from breast cancer also increases with age. The table below 

demonstrates the percentage of women (%) who will die from breast cancer over 

different time periods. The table shows that 0.7% of women who are now 60 years old 

will die from breast cancer during the next 10 years. That is, about 1 woman out of 100 

women who are 60 years old today will die from breast cancer by the age of 70. 

 

Current age 10 years 20 years 30 years 

30 0.1 0.3 0.7 

40 0.2 0.6 1.2 

50 0.4 1.1 1.8 

60 0.7 1.4 2.2 

70 0.9 1.7 N/A 

 

Table 4: Breast cancer mortality prediction in relation to age. Source: National Cancer 

Institute. Data from the National Center for Health Statistics (NCHS). SEER Fast 

Stats.  

 

Over 80% of all breast cancer cases in the UK are in women over the age of 50. Breast 

cancer is less common in women under the age of 40. However, approximately 20% of 

breast cancers are diagnosed in women younger than 50 years because those women 

represent 73% of the total female population.  
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Genetic Risk – Family History  

About 5% to 10% of breast cancer cases are thought to be due to inherited 

susceptibility, resulting directly from inherited genetic alterations (mutations). The 

most common inherited mutations are those of the BRCA1 and BRCA2 genes
2
. 

Women with an inherited BRCA1 or BRCA2 mutation have up to an 80% chance of 

developing breast cancer during their lifetime 
54, 55, 56

. Other genes that do not impart 

the same level of breast cancer risk as the BRCA genes have been cloned. The ATM 

gene normally helps repair damaged DNA. Certain families with a high rate of breast 

cancer have been found to have mutations of this gene. The CHEK2 gene increases 

breast cancer risk about two-fold when it is mutated. In women who carry the CHEK2 

mutation and have a strong family history of breast cancer, the risk is increased. 

Inherited mutations of the p53 tumour suppressor gene (Li-Fraumeni syndrome) can 

also increase the risk of developing breast cancer 
57

. The Peutz Jeghers syndrome 

patients (germline mutation of STK11/LKB1 gene in most cases) have been found to 

have a very high risk of breast cancer, which increases by age 
58

. The PTEN gene 

normally helps regulate cell growth. Inherited mutations in this gene cause Cowden 

syndrome, a rare disorder in which people are at increased risk for both benign and 

malignant breast tumors, as well as growths in the digestive tract, thyroid, uterus, and 

ovaries.  

 

Increased mammographic density  

Breast density depends on the relative amounts of fat, connective tissue and epithelial 

tissue. Stroma and epithelium attenuate x-rays more than fat and appear light on a 

mammogram, while fat appears dark. Breasts with a higher proportion of fatty tissue 

are less dense. Increased density is one of the factors that can affect the efficacy of 

mammography by decreasing its sensitivity. Breast cancer, is less easily detected in 

denser breasts. Younger women tend to have denser beasts.  

 

 

                                                
2 BRCA1, BRCA2 (breast cancer 1 & 2 susceptibility genes) belong to a class of genes known as tumor 

suppressors, which maintain genomic integrity to prevent uncontrolled proliferation.  
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Fig 10: Mammograms of  fatty (left ) and dense breasts (right) 

 

There is extensive evidence that mammographic density is an independent risk factor 

for breast cancer. A high percentage of dense parenchyma on mammographic images 

appears to confer a 4 - fold risk of developing breast cancer
59

. Extensive 

mammographic density is strongly associated with the risk of breast cancer detected by 

screening or between screening tests. A substantial fraction of breast cancers can be 

attributed to this risk factor
60

. There is growing evidence that the more important 

determinant of breast density is inherited
61, 62, 63, 64, 65

. Some authors who have 

identified this important risk factor for pre-and post - menopausal women suggest that 

breast density should be accounted in the basis of the Breast Cancer Risk Assessment 

Tool in order to obtain higher accuracy
66, 67

. It has also been suggested that the 

absolute size of the dense areas appears to be a better measure of breast cancer risk 

than the relative intensity of the density
68

. In postmenopausal women that do not use 

hormone replacement treatment (HRT) a positive association has been reported 

between the level of endogenous sex hormones and mammographic breast density
69

. 

The use of HRT (dose related and especially regarding progestin) has been 

demonstrated to increase breast density leading to a decreased sensitivity of 

mammography. Authors suggest that this group of women could be offered an 

alternative plan of surveillance or method of screening
70, 71, 72

 

 

Diabetes type II 

In a recent meta-analysis of case control and cohort studies Larsson et al reported 

findings that strongly indicate an association between diabetes type II and an increased 

risk of breast cancer
73

. Other researchers who identified the association, report no 

significant influence of diabetes type II on mammographic density
74

. 
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Race - Ethnicity 

Women who have different ethnic backgrounds have been found to be at different risk 

of developing breast cancer
75

. White women are slightly more likely to develop breast 

cancer than are African-American women. African-American women however, tend to 

have more aggressive tumors (high-grade with negative ER status) and are therefore 

more likely to die of the disease. Asian, Hispanic, and Native-American women have a 

lower risk of developing and dying from breast cancer. These differences in risk are 

likely to be partly due to different cultures and lifestyle risk factors such as the age 

women have their first child, and number of births. However, a genetic basis for this 

difference in risk cannot be completely ruled out until the genetic variation between 

different ethnic groups is fully understood
76, 77

.  

 

Hormonal risk factors 

Age at menarche - Late menopause: Early age at menarche and late menopause are 

associated with an increased risk of breast cancer. Relative risk for premenopausal 

breast cancer is reduced by an estimated 7% for each year that menarche is delayed 

after the age of 12 years, and by 3% for postmenopausal breast cancer. China has a 

later average age at menarche (16-17 years). There is approximately 3% increase in 

breast cancer risk for each year menopause is delayed. The risk of breast cancer is 

lower for postmenopausal women compared to premenopausal women of the same 

age. This is true for both natural menopause and menopause induced through 

surgery
78

.  

 

Parity - Age at first birth: The effect of parity on reducing the risk of breast cancer 

has long been recognized. In the 18th century Bernado Ramazzini (1633-1714) 

reported the high rate of breast cancer in nuns compared with married women. In one 

meta-analysis nulliparity was associated with a 30% increase in risk compared with 

parous women. Women having a first child before 20 years of age have a 50% 

reduction in lifetime breast cancer risk when compared with women who do not have 

children. The risk for beast cancer is associated with the age at first birth and the total 

number of full term pregnancies. There is a reduction in risk of 7% for each birth after 

the first, in the absence of breast feeding
79

. A possible protective mechanism has been 

suggested in recent studies
80, 81, 82

, which show that a full-term pregnancy imprints a 

specific epigenetic signature in the breast epithelium of postmenopausal parous women 
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that is significantly different from nulliparous women and those who have developed 

cancer.  

 

Breastfeeding: There are many important benefits associated with breastfeeding for 

both mother and child. Some studies suggest that breast-feeding may slightly lower 

breast cancer risk, especially if breast-feeding is continued for 1.5 to 2 years.The lack 

of or short lifetime duration of breastfeeding typical of women in developed countries 

makes a major contribution to the high incidence of breast cancer in these countries. 

The longer women breast feed the more they are protected against breast cancer
83

. The 

Department of Health (UK) recommends that women breastfeed for the first six 

months of an infant's life as it provides all the nutrients a baby needs.  

 

Oral Contraceptives  (OC): Oral contraceptives were first approved for use in the 

United States in 1960. Usage varies widely by country, age, education, and marital 

status. One quarter of women aged 16–49 in Great Britain currently use the pill
84

 

compared to only 1% of women in Japan. The use of oral contraceptives (OCs) slightly 

increases the risk of breast cancer in current and recent users, but there is no significant 

excess risk ten or more years after stopping use. These estimates are based on a 

collaborative analysis of 54 studies in 25 countries, with data on over 50,000 women 

with breast cancer
85

. Cancers diagnosed in women who have used OC seem less likely 

to be advanced clinically than those diagnosed in women who have never done so. OC 

users are generally younger women whose breast cancer risk is comparatively low, so 

the small excess risk in current users will result in a relatively small number of 

additional cases. Duration of use, age at first use, dose and type of hormone seem to 

have no effect on risk. However, effects in older age groups (over 50) should only be 

beginning to appear now depending on the extend of use of OC across population of 

each country. 

 

Hormone Replacement Therapy (HRT): Hormone replacement theapy is used by 

over 20 million women in western countries to counteract menopausal symptoms. 

Taking HRT can increase the risk of breast cancer. The risk depends on the length of 

use and it is suggested that short-term use (less than five years) has small effect. 

However, a woman‟s chance of developing breast cancer will be about the same as if 

she had never taken HRT, within five years of stopping it. HRT use increases breast 
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density and reduces the sensitivity of mammography. The risk effect is greater for 

combined oestrogen-progestagen than for oestrogen only HRT. It is estimated that in 

the UK 20,000 extra breast cancer cases have occurred over the past ten years among 

women aged 50-64 as a result of HRT use. Of these additional breast cancers 75% are 

due to the use of combined oestrogen – progestagen therapy
86

.   

 

Endogenous Hormones and breast cancer risk: Analyses of prospective studies 

have found a statistically significant increased risk of breast cancer in postmenopausal 

women with higher levels of sex hormones
87, 88

. The risk was approximately double for 

women whose oestradiol levels were in the top quintile compared with women whose 

oestradiol levels were in the bottom quintile Evidence for premenopausal women is 

inconclusive. Similar data are provided by other recent studies, supporting the role of 

circulating hormones as a risk factor either independently or in direct association with 

mammographic breast density
89, 90

. It has also been suggested that the increase in 

breast cancer risk with increasing body mass index among postmenopausal women is 

largely the result of the associated increase in estrogens, particularly bioavailable 

estradiol
91

. 

 

In vitro fertilisation (IVF) treatment: It has been suggested that IVF may increase 

the risk of breast cancer since it increases levels of female hormones such as oestrogen. 

So far, there is no clear evidence of a link. Currently, women receiving IVF treatment 

are not considered to be at a greater risk of breast cancer
92, 93, 94, 95

. 

 

Benign Breast Conditions 

A few benign and uncommon breast conditions have been linked to an increased breast 

cancer risk
96, 97

. These include:  

Proliferative Lesions Without Atypia  

The following seem to raise a woman‟s risk of breast cancer slightly (at least 1 ½ to 2 

times normal): 

 usual ductal hyperplasia (without atypia)  

 complex fibroadenoma  

 sclerosing adenosis  

 several papillomas or papillomatosis  

 radial scar  
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 palpable cysts in women younger than 45 

 

Proliferative Lesions With Atypia  

These conditions have a stronger effect on breast cancer risk, raising it 4 to 5 times 

higher than normal: 

 atypical ductal hyperplasia (ADH)  

 atypical lobular hyperplasia (ALH)  

 

Anthropometric risk factors 

Genetic or early shared environmental factors may affect risk estimates in studies of 

anthropometric measures and cancer risk, but do not seem to explain observations of 

increased cancer risks related to BMI or height
98

. Epidemiological evidence suggest 

possible mechanisms that explain the influence of anthropometric factors on breast 

cancer risk. These mechanisms implicate: 

 Genetic predisposition to obesity and to specific body fat distributions  

 Increased levels of circulating endogenous sex hormones, insulin and insulin-like 

growth factors.  

 Storage of toxins in fat tissue that can serve as a source of carcinogens  

 Lifestyle factors which are related to greater adult height and weight 

 The fact that after the menopause, fat tissue becomes the main source of the female 

oestrogen hormone.  

 

Height: Height is determined by the interaction of genes, nutrition and hormone 

levels. Being tall slightly increases the risk of developing breast cancer, irrespective of 

menopausal status
99

.  

 

Weight: More recent research studies have shown that an increased risk of breast 

cancer is found with increasing levels of all the anthropometric variables including 

height, weight, body mass index, waist-hip ratio (WHR), waist circumference and 

weight gain
100, 101, 102, 103

. For premenopausal women, breast cancer risk increases with 

increasing height, but decreases with higher weight or body mass index. Some authors 

consider WHR more specific indicator of breast-cancer risk than BMI
104

 while others 

suggest that central and not general obesity in pre-menopausal women is specifically 
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associated with an increased risk of breast cancer
105

. Obesity at the time of diagnosis is 

thought to be significant as a poor prognostic factor in both pre- and post-menopausal 

women with breast cancer
106, 107

. At present there is enough evidence to suggest that 

weight management should be a part of breast cancer prevention strategy 

 

Environmental factors 

The term environmental factors refers to the non-genetic breast cancer risk factors. 

These include life style factors, artificial chemicals, any substances with possible 

estrogenic or carcinogenic effect that exist in air water and food, diet and radiation. 

Part of the prevention startegies concentrate on actions to reduce involuntary exposure 

to these factors that are considered avoidable.  

 

The relative contribution of genetically heritable and environmental factors to the 

incidence of breast cancer can be estimated more precisely in populations of twins and 

families that carry the BRCA genes mutations. It has been demonstrated that the 

environmental factors that are not common between a pair of twins accounted for the 

67% of the susceptibility variation to breast cancer, despite the identical genetic 

background
108

. A Scandinavian study demonstrated that, among women who carry the 

mutated tumour suppressor genes BRCA1 / BRCA2, those who were born after 1940 

were found to be in a much higher risk (67%) for breast cancer by the age of 50 than 

those who were born earlier (24%)
109

.  Another population study showed that the 

penetrance of the Icelandic BRCA2 founder mutation increased nearly four-fold from 

1920 to 2000, whereas the death risk before the age of 70 years increased 

approximately two-fold
110

. 

 

Radiotherapy for Hodgkin’s Lymphoma: Breast cancer is the most common solid 

tumour among women treated for Hodgkin's lymphoma (HL)
111

. History of HL in 

women diagnosed subsequently with breast cancer is also a negative prognostic 

factor
112

. The risk for women who have had the most common type of chest 

radiotherapy is related to radiation dose and age at diagnosis and is similar to that for 

women with a strong family history of the disease. Since 2003 the Department of 

Health in the UK offers annual screening to these women as the potential benefit from 

that is increased
113, 114

. 
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Diagnostic ionising radiation and/or radiotherapy: Small exposure to ionising 

radiation is greatly outweighed by the benefits associated with having mammograms 

or other types of X-rays, such as finding and treating breast cancer early. Previous 

studies demonstrated little if any risk of radiation-induced breast cancer associated 

with exposure of breast tissue to low-dose radiation (e.g., from mammographic X rays 

or adjuvant radiotherapy)
115

. Recent studies though support the hypothesis that low-

dose ionising radiation, and particularly exposures during childhood, increases breast 

cancer risk
116, 117

. It is suggested that there is a subgroup in the female population with 

increased susceptibility to radiation-induced breast cancer
118

. Other authors suggest 

that radiotherapy for a previous cancer or diagnostic ionising radiation exposure from 

chest X-rays may be associated with a significantly increased breast cancer risk among 

women who carry BRCA1 or BRCA2 pathogenic germline mutations
119, 120

. There is 

also increasing evidence that carriers of pathogenic alleles in DNA repair and damage 

recognition genes may have an increased risk of BC following exposure to ionising 

radiation, even at low doses
121

. It can be concluded that identification of women 

susceptible to radiation damage would contribute to the risk/benefit assessment of 

radiation therapy versus alternative therapeutic options. 

 

Radiotherapy on the contralateral breast: Data on the incidence of contralateral 

breast cancer fail to demonstrate an oncogenic effect of irradiation to date
122, 123

.   

 

Radiologists – Occupational exposure: No excess risk has been reliably 

demonstrated, from occupational exposure to medical radiation among physicians
124, 

125, 126, 127
. 

 

Airline crew exposure to cosmic radiation: Airline flight personnel work in an 

environment with exposure to known or suspected carcinogenic factors, including 

ionizing cosmic radiation, aircraft generated magnetic fields and disturbance of the 

circadian rhythm. Studies‟ results in different countries have been controversial. 

Significantly increased risks for breast cancer and malignant melanoma among female 

flight attendants in Iceland and Japan have been related to occupational risk factors
128, 

129, 130
. There was no clear evidence though that these factors studied affected breast 

cancer risk among Scandinavian flight attendants. Authors suggest that differences in 

reproductive history and factors related to lifestyle influence the incidence of breast 
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cancer among this group of women
131, 132, 133

. 

 

Atomic bomb, Chernobyl accident, nuclear weapon tests: People who have been 

exposed to high amounts of ionising radiation, such as an atomic bomb explosion or 

radiation accident, are at increased risk of many types of cancer, including breast 

cancer. A significant 2-fold increase in risk was observed, during the period 1997-

2001, in the most contaminated districts after the Chernobyl accident. The risk was 

highest among women who were younger at the time of exposure. It is considered 

unlikely that this excess could be entirely due to the increased diagnostic activity in 

these areas
134

. A significant trend with dose was also observed for female breast cancer 

in relation to Soviet nuclear weapons testing
135

. Findings from the Life Span Study 

(LSS) of the health effects of exposure to atomic bomb radiation have also documented 

a strong dose-response relation between radiation exposure and breast cancer incidence 

in both sexes
136, 137

. Results from a prospective study of atomic-bomb survivors in 

Japan support the evidence that daily consumption of fruit and vegetables reduces the 

risk of total cancer
138

. 

 

Diet: The role of diet for the risk of breast cancer is of great interest as a potentially 

modifiable risk factor
139

. The controversial association between diet and breast cancer 

risk is also based on the fact that diet is closely related to other lifestyle factors. 

(cultural background, lack of exercise, smoking, stress etc.). Most of the research on 

diet and breast cancer has focused on fat, meat and fish, dairy products, fruit, 

vegetables, phyto-oestrogens and alcohol. Among the prospective epidemiologic 

studies conducted on diet and breast cancer incidence and gene-diet interactions and 

breast cancer incidence, to date there is no consistent, strong, and statistically 

significant association
140, 141

. Similar findings are reported in UK regarding the 

possible effect of vegetarian diets or dietary isoflavone intake on breast cancer risk in a 

population of British women with heterogeneous diets
142

.The following general dietary 

considerations have been implicated and/or remain under investigation: 

 

Moderate alcohol consumption increases breast cancer risk. Drinking, on average, one 

unit of alcohol per day increases a woman‟s risk of breast cancer by about 6%
143

. A 

healthy weight may reduce the risk for breast cancer after menopause and women who 

drink alcohol also should take sufficient folate, which can mitigate this excess risk
144, 
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145
. Traditional Mediterranean diet

3
 significantly reduces endogenous estrogens and 

therefore acts as a dietary preventive measure for breast cancer
146

, while a typical 

western diet
4
 seems to increase breast cancer risk in postmenopausal women

147
. The 

higher intakes of protein and meat in early to mid-childhood may lead to earlier 

menarche. This may have implications for the lifetime risk of breast cancer and 

osteoporosis
148

. High dietary intakes of plant lignans and high exposure to 

enterolignans in a Western population have been associated with reduced risks of ER- 

and PR-positive postmenopausal breast cancer
149, 

and a possibly reduced breast cancer 

risk in post-menopausal women
150

. Dietary fat intake is directly associated with the 

risk of postmenopausal invasive breast cancer
151

. A high glycemic diet may increase 

the risk of breast cancer in women
152, 153, 154

. Dietary fiber intake from fruit and cereal 

vegetables and soybeans may play a role in reducing breast cancer risk
155, 156, 157, 158, 159

. 

A diet rich in fruits and vegetables may also reduce the risk of fibroadenoma 

formation
160

. There is no good scientific evidence to recommend that women alter their 

consumption of dairy products in order to reduce their risk of breast cancer. Studies 

have suggested that dairy products, particularly low-fat products, might decrease the 

risk of the disease. The possible mechanisms implicated include a calcium content or a 

correlated component and vitamin D intake
161, 162, 163

. 

 

Exposure to light at night – Disruption of circadian rythm: Studies have suggested 

that women who are regularly exposed to light at night (for example, women who do 

night shift work) may have an increased chance of developing breast cancer than 

women who are not
164, 165, 166, 167, 168

. The suggested mechanism for this involves the 

disturbance of the circadian rhythm through melatonin pathway. Melatonin is a 

hormone produced in the pineal gland that shows potential oncostatic activity and is 

acutely suppressed by light exposure
169

.  

 

                                                
3 The Mediterranean diet is a nutritional model inspired by the traditional dietary patterns of some of the 

countries of the Mediterranean Basin. Based on food patterns typical of Crete, much of the rest of 

Greece, and southern Italy this diet emphasizes olive oil as the principal source of fat, abundant plant 

foods, fresh fruit, dairy products (cheese and yogurt), and fish and poultry consumed in low to moderate 
amounts, zero to four eggs consumed weekly, red meat consumed in low amounts, and wine consumed 

in low to moderate amounts.  
4 The „Western diet‟ is a popular dietary pattern in the developed countries, characterized by high 

intakes of red meat, high-sugar products (drinks and desserts), high fat, refined grains, high-fat dairy 

products, and eggs. This pattern is increasingly being adopted in developing countries 
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Environmental oestrogens: (Endocrine disruptors, endocrine modulators, 

environmental hormones, endocrine active compounds). These are naturally occurring 

compounds or man-made chemicals that may interfere with the production or activity 

of hormones of the endocrine system leading to adverse health effects
170, 171

.  

 

1.5. Clinical association does not prove causation.  

 

Many experimental and clinical studies investigate the carcinogenic potential of 

several chemical substances that act by expressing estrogenic properties, damaging 

DNA, stimulating the development of a tumour or altering the development of the 

human breast. Although there is strong evidence that many chemicals can disrupt 

normal physiological processes, it is very difficult to prove a causal relationship 

between those and breast cancer. Ruthan et al reported 216 chemicals that can cause 

breast tumours mostly by DNA mutation in animal studies. Despite the significant 

discrepancy between humans and animals, regarding the dose and length of exposure 

effect, this is a clear indication for further clinical research
172

.  Most of the studies in 

humans that measured levels of one or more chemicals are unable to investigate 

exposure in early life or even in utero which may be of crucial importance. Moreover, 

it is very difficult to assess the exposure to combinations of chemicals which would be 

more realistic. It is also difficult to find control groups of unexposed humans as most 

of the chemicals are widespread in use and can be attained from multiple sources. 

There are several examples of false or unproved causational link hypotheses between 

possible risk factors and breast cancer occurrence in literature. 

  

The example of Soya: Phyto-estrogens are a group of plant-derived substances that 

are structurally or functionally similar to estradiol. There are several different types of 

phyto-oestrogens found in plant foods. Soy contains isoflavones which are phyto-

estrogens that have displayed cancer-fighting activity in laboratory tests. During the 

last decades soy products captured media and consumers' attention because 

epidemiologic data suggested an association between high intake of soy foods and low 

breast cancer risk in Asian countries. According to a Canadian study
173

, foods with the 

highest relative phytoestrogen content in a Western diet are nuts and oilseeds, followed 

by soy products, cereals and breads. The highest concentrations of isoflavones are 
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found in soy beans, whereas lignans are the primary source of phytoestrogen found in 

nuts and oilseeds cereals, fruits and vegetables.  

 

A meta-analysis of the relation between soy consumption and breast cancer risk in 18 

epidemiologic studies
174

, conducted from 1978 to 2004, has demonstrated highly 

variable results. Experimental data suggest that soy constituents can be estrogenic and 

potentially risk enhancing.The results from laboratory studies and clinical trials remain 

equivocal 
175, 176, 177, 178, 179, 180, 181

 and announcements in the media have been rather 

controversial (table 5). 

 

BBC News  4-2000: A soya-rich diet can reduce the levels of harmful cholesterol, lowering the chance 

of developing heart disease 

The Observer 8-2000: A health warning was sounded last night over the dangers of eating soya after 

two senior American government scientists revealed that chemicals in the product could increase the 

risk of breast cancer in women, brain damage in men and abnormalities in infants. 

Sunday telegraph 1-2007: Cancer patients are being warned to avoid foods rich in soy because they 

can accelerate the growth of tumours. The Cancer Council NSW will issue guidelines today, warning 

about the dangers of high-soy diets and soy supplements for cancer patients and those people in 

remission from cancer.  

Reuters UK 4-2007: Using cells in a lab dish, researchers at the University of California, Los Angeles, 

found that diindolymethane (DIM), a compound resulting from digestion of cruciferous vegetables, and 

genistein, an isoflavone in soy, reduce the production of two proteins needed for breast and ovarian 

cancers to spread. 

Cancer research UK 10-2007: How does soy affect breast cancer? We don’t know yet  

 

Table 5. News reports: Soy effect on breast cancer risk  

 

Another population based case-control study has demonstrated a
 
reduced risk of 

endometrial cancer for women that regularly consume soya foods
182

. Other studies 

have proposed a minor potential effect of phytoestrogens intake in male fertility
183, 184

 

and a possible protective role in prostate cancer prevention
185

. 

 

The existing animal and human data do not allow definitive conclusions to be drawn 

about the effect of soyfoods or isoflavones on breast cancer risk and on the survival of 

breast cancer patients. A 2006 review article
186

 stated that there is need to evaluate, at 

cellular level, the impact of isoflavones on breast tissue in women at high risk for 
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breast cancer. Interestingly some studies suggest adverse effects from soy constituents 

187, 188
, and therefore no recommendations can be made for high-dose isoflavones as an 

intentional supplement rather than a normal dietary intake to prevent breast cancer or 

prevent its recurrence. 

 

The example of western practice of bra wearing: During the last decades there have 

been concerns regarding a possible link between wearing a bra and breast cancer. Two 

mechanisms have been suggested for this link. The first one involves the hypothesis 

that bras prevent normal lymphatic flow and lead to tissue anoxia, which has been 

related to fibrosis and increased cancer risk. The second mechanism suggests a link 

between increased temperature of the breasts (caused by bras) with alterations of 

hormonal function, which have been widely linked to breast cancer. In 1995 a study by 

S. Singer and S. Grismaijer was published in their book "Dressed to Kill:  The Link 

Between Breast Cancer and Bras," claiming that the more hours per day that a bra is 

worn, the higher the rate of breast cancer (up to 125 fold higher) and that women who 

do not wear bras have a dramatically reduced rate of breast cancer
189

. Some authors 

also declare that there is no positive evidence that bra wearing is good for the breast.  A 

Japanese study demonstrated that a bra can actually increase breast sagging, rather than 

the opposite
190

.  

 

In 1991 Hsieh et al. published a multicenter study on breast cancer risks involving bra 

cup size and handedness. As a side issue of their paper, they surprisingly found that 

premenopausal women who did not wear bras had half the risk of breast cancer 

compared with bra users. The authors suggest that the reason for this is possibly the 

body and bra size (thinner women with smaller breasts). Among bra users, larger cup 

size was associated with an increased risk of breast cancer, although the association 

was found only among postmenopausal women and was accounted for, in part, by 

obesity. These data suggested that bra cup size (and conceivably mammary gland size) 

and not bra–wearing may be a risk factor for breast cancer
191

. Another group of 

researchers in Japan demonstrated in their study that wearing a girdle and bra lowers 

the levels of the hormone melatonin -which is believed to have anti-cancer activity-, by 

60 percent
192

.  Advice offered on bra wearing by the media usually include: wearing 

the correct bra size, making sure it's not too tight, not sleeping with a bra on and 

wearing it as less as possible.  
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Hormone replacement treatment and coronary heart disease risk: Several 

epidemiological studies showed that women who were taking combined hormone 

replacement therapy also had a lower incidence of coronary heart disease (CHD) 

suggesting that HRT was protective against CHD. Controlled trials though, 

demonstrated that HRT caused a small but significant increase in risk of CHD. Re-

analysis of the data showed that women undertaking HRT were more likely to be from 

socio-economic groups A, B and C1 (professionals to non manual occupations with 

higher income), with better than average diet and exercise regimes. The two were 

coincident effects of a common cause, rather than cause and effect as had been 

supposed
193

. In 2003 one third of women in UK between 50 and 64 were using 

HRT
194

. Health authorities now consider that risk-benefit considerations do not favour 

the use of HRT for prevention of cardiovascular diseases and bone fractures in 

postmenopausal women
195

. Also, it has already been suggested in some studies that the 

reduction in HRT use in some areas has contributed to the reduction of breast cancer 

and ductal hyperplasia incidence
196, 197, 198

. 
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2. ENDOCRINE DISRUPTERS AND BREAST CANCER 

 

The term “endocrine disrupters” describes the environmental oestrogens, also known 

as xenoestrogens, which are compounds that present estrogenic properties and include: 

 Natural hormones. These can be  released into the environment from any 

animal.  

 Natural chemicals. These include toxins produced by components of plants 

(phytoestrogens, such as genistein or coumestrol) and certain fungi. It has been 

demonstrated in experimental studies that exposure to such compounds during 

gestation could contribute to the development of hypospadias
199

. 

 Man-made chemicals and by-products released into the environment. These 

include some pesticides (e.g. DDT and other chlorinated compounds), dioxins, 

chemicals in some consumer and medical products (e.g. some plastic 

additives), and a number of industrial chemicals (e.g. polychlorinated biphenyls 

- PCBs). Also, synthetically produced pharmaceuticals that are intended to be 

highly hormonally active, e.g. the contraceptive pill and treatments for 

hormone-responsive cancers may also be detected in sewage effluent.  

 

Many of these chemicals have been linked with developmental, reproductive, neural, 

immune, and other problems in wildlife and laboratory animals
200, 201

. While effects of 

exposure to xenoestrogens on aquatic wildlife are well documented, the experimental 

evidence for impairment of reproductive behavior and physiology in mammals has 

been debated. The arguments against such studies have been that the route, time course 

and intensity of exposure did not simulate environmental exposure and that the 

chemicals tested have additional non-estrogenic toxic effects, hindering generalization 

of actual "xenoestrogenic" effects. Some scientists think these chemicals also are 

adversely affecting human health in similar ways although their hormonal activity is 

many times weaker than the body's own naturally present hormones. Possible results of 

these effects include declined fertility and increased incidences or progression of some 

diseases including endometriosis and cancers including breast cancer. Environmental 

chemicals with oestrogenic activity are the most well studied however chemicals with 

anti-oestrogen, androgen, anti-androgen, progesterone, or thyroid-like activity have 

also been identified.  
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Data from the Seveso Women's Health Study demonstrated that serum dioxin 

concentration is significantly related with breast cancer incidence among women in the 

study cohort
202

. However, there is currently no good evidence that normal exposure to 

environmental chemicals increases the risk of breast cancer. The difficulty to make a 

direct association is based on the fact that it takes many years for most breast cancers 

to develop and therefore it is practically impossible to work out what chemicals 

women have been exposed to, over previous decades before their breast cancer is 

detected. It is also hard to isolate the effects of every individual chemical on breast 

cancer risk. Endocrine disruptors can act additively at concentrations which are 

individually harmless
203

.  

 

Disruption of the endocrine system can occur in various ways:  

 By mimicking a natural hormone, fooling the body into over-responding to the 

stimulus.   

 By blocking the effects of a hormone from receptors  

 By directly stimulating or inhibiting the endocrine system and causing 

overproduction or underproduction of hormones. 

Effects suggested as being related to endocrine disruption have been reported in 

molluscs, crustacea, fish, reptiles, birds and mammals in various parts of the world. 

The clearest example of an endocrine disrupter in humans is diethylstilbestrol (DES), a 

synthetic oestrogen prescribed in the 1950s and 1960s to five million pregnant women 

for the prevention of spontaneous abortion. It was found that some of the children who 

had been exposed in the uterus had developmental abnormalities, and that some of the 

girls developed an unusual form of vaginal cancer when they reached puberty. As a 

consequence, DES was banned in the 1970s.  

 

In The U.K. about 300.000 women used the drug diethylstilbestrol (DES) to avoid 

miscarriages between 1953 and 1971. Later studies showed that the daughters of those 

had a double than normal breast cancer risk. As the later reach the menopausal age the 

risk is expected to increase. This example highlights the importance of exposure 

prevention to oestrogens at the early stages of development
204

. 

Although numerous human epidemiological studies have been conducted to determine 

whether environmental EDs may contribute to an increased risk of breast cancer, the 
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results remain inconclusive. Overall, the current scientific evidence (from human and 

animal studies) do not support a direct association between exposure to environmental 

EDs and increased risk of breast cancer. However, all the studies published to date 

have measured ED exposure levels in adult women. The claim that the time of life 

when exposure takes place (e.g., prenatal, neonatal, childhood, adolescence) may be 

the most critical factor is supported by human data on radiation and smoking and by 

basic research in animal models
205

. The later provide examples of the growing 

scientific field termed "the developmental origins of adult disease" and suggest new 

targets of abnormal programming by endocrine disrupting chemicals
206

. Adult women 

currently at risk for breast cancer may have been exposed to exogenous EDs in utero or 

during infancy, childhood, and adolescence in the mid-1900s when contaminant levels 

of organochlorines were higher
163

. Water is the surrounding medium of a large number 

of water-breathing species (e.g., fish, aquatic invertebrates) and is consumed by 

humans and terrestrial species. A variety of pesticides, industrial chemicals, and 

natural hormones have been detected in surface waters
170

. Chemicals may be dissolved 

in water and/or bound to particulate matter. In water-dwelling species, uptake can 

occur through direct contact via the gills or as they feed. Fish and/or mussels have 

been shown to accumulate halogenated phenols
207

. 

 

Exposure to potential mammary carcinogens is widespread from chemicals found in 

consumer products, air and drinking water pollution, food, and women's workplaces. 

Epidemiologic studies have included a small number of chemicals identified as 

mammary carcinogens or as hormone disruptors, which may have implications for 

breast cancer, however, evidence is emerging for associations between breast cancer 

and polychlorinated biphenyls, polycyclic aromatic hydrocarbons, and organic 

solvents
208,209

. 
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2.1. Environmental chemicals in breast tissue and breast cancer risk  

 

The human breast is composed of adipose, epithelial and connective tissue. Adipose 

tissue comprises for the 10% to 100% of the total breast weight depending on age and 

body habitus
210

. Breast cancer arises from the epithelial cells that are distributed 

unevenly with the upper outer quadrant containing more epithelial tissue than the other 

areas of the breast. The proportion of epithelial to fatty tissue determines the density of 

the breast which is an important risk factor for breast cancer. The adipose tissue can 

act like a store for chemical compounds in the breast in close proximity to the 

epithelial tissue. Such distribution of potentially carcinogenic chemicals supports the 

plausibility of a causational link with breast cancer
211

. Martin et al. supported this 

plausibility hypothesis by demonstrating that mammary lipid from healthy women who 

underwent breast reduction, contained genotoxic constituents
212

. Hu et al. (1997) 

performed an in vitro study on breast epithelial cells derived from high risk family 

history patients who underwent risk reducing mastectomy. They demonstrated that 

genetic predisposition was associated with increased susceptibility to environmental 

chemical carcinogens, by treating the cultures with the latter. They noticed early stage 

neoplastic changes that were not seen in cells cultures from women without a family 

history risk
213

. It is therefore important to determine the biologically active substances 

that may play a role in human breast carcinogenesis by genetic damage and the level 

and significance of environmental exposure to them. One has to keep in mind that the 

serum, tissue or milk samples timing may not reflect the exposure-related aetiology for 

breast cancer developement
214

. There is conflicting evidence on the correlation 

between the blood serum levels and tissue levels of some chemicals and therefore the 

serum levels may not be considered a reliable index of the tissue burden
215,

 
216, 217

. 

Bioaccumulation of chemical compounds has been correlated with the body mass 

index age and diet pattern
218

. 

 

Polychlorinated Biphenyls (PCBs) and Dichloro-Diphenyl-Trichloroethane (DDT), are 

highly lipid soluble and thus capable of accumulating in the breast. PCBs were widely 

used as coolants and insulating fluids for transformers and capacitors, stabilizing 

additives in flexible PVC coatings of electrical wiring and electronic components, 
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pesticide extenders, etc.
5
 Their production was banned in the 1970s due to the high 

toxicity of most PCB congeners and mixtures. PCBs are classified as persistent organic 

pollutants which bioaccumulate in animals. They are very stable compounds and do 

not degrade readily. They may be extremely difficult to destroy, and there is the risk of 

creating extremely toxic dibenzodioxins and dibenzofurans through partial oxidation. 

The United States Environmental Protection Agency (EPA) and the International 

Agency for Research on Cancer (IARC) have determined that PCBs are probably 

carcinogenic to humans. PCBs are also classified as probable human carcinogens by 

the National Cancer Institute, World Health Organization, and the Agency for Toxic 

Substances and Disease Registry. Recent research by the National Toxicology Program 

has confirmed that PCB126 (Technical Report 520) and a binary mixture of PCB126 

and PCB153 (Technical Report 531) are carcinogens. Studies of PCB workers found 

increases in rare liver cancers and melanoma. There has been no sufficient evidence of 

direct relation between PCB‟s and breast cancer incidence
219

. DDT is a well known 

synthetic pesticide that was first produced in 1874. DDT was used with great effect to 

combat mosquitoes spreading malaria, typhus, and other insect-borne diseases DDT 

was made available for use as an agricultural insecticide. Until 1980s, agricultural use 

of DDT was banned in most developed countries. In the United Kingdom DDT was 

not banned until 1984. The use of DDT in vector control has been largely replaced by 

less persistent, and more expensive, alternative insecticides. Previous studies did not 

support the hypothesis that exposure to DDT is an important risk factor for breast 

cancer. However, exposure to DDT during critical periods of human development and 

individual variations in metabolizing enzymes of DDT are still important areas to be 

researched. Cohn et al studied blood samples that were collected from young 

California mothers in the 1960s while DDT was still in use, and tracked their breast 

cancer status
220, 221

. Interestingly, they found a strong association between exposure to 

the p,p-isomer of DDT early in life and breast cancer later in life.  

 

Organochlorine pesticides and PCBs remain under investigation as possible risk 

factors for breast cancer because of their oestrogenic properties and widespread 

presence in the environment. Measurable levels have been reported in human and 

                                                
5 Commercial PCB mixtures were marketed as Clophen by Bayer in Germany, Aroclor by Monsanto in 

USA, Kanechlor by Kanegafuchi in Japan, Santotherm by Mitsubishi in Japan, and Phenoclor and 

Pyralene by Prodolec in France. 
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animal tissue for several decades. They have also been found in breast milk, maternal 

blood and cord blood
219

. They have been found in countries where these chemicals 

have been banned. Diet is a major factor that influences breast milk levels of persistent 

organic pollutants, with patterns in fish consumption playing a particularly significant 

role. Some countries like Sweden and Germany have ongoing breast milk monitoring 

programs. Regional differences in levels of xenobiotics in breast milk are related to 

historical and current local use patterns
222

. Adipose or serum assays can be useful 

measures of human body burden of environmental organochlorinated compounds in 

epidemiological studies of breast cancer
219

.  

 

In 1976, researchers reported for the first time higher levels of DDT and PCBs in the 

cancer tumours compared with the adjacent mammary and adipose tissue in nine 

cancer patients
223

. In 1992, other researchers found significantly high levels of PCBs, 

DDT, and DDE (Dichlorodiphenyldichloroethylene – byproduct of DDT) in the breast 

fat of women with cancer suggesting a role for these compounds in the etiology of 

breast cancer
224

. In aother study, Beta-HexachloroCycloHexane (b-HCH), a synthetic 

pesticide, was correlated with breast cancer risk when the tissue levels exceeded 

40.1mg/kg of fat
225

. Other studies also report correlation of breast cancer risk with 

PCBs
226, 14, 227 

and pesticides aldrin and lindane
227

. Organochlorine pesticides have also 

been related to benign breast disease
228

. A few studies have found, but could not 

explain, either positive
14

 or negative
229

 associations between the concentration of 

chemicals and hormone receptor negative status.  

 

There are several studies however, than have not found any correlation between the 

above or other chemicals and breast cancer risk
230, 231, 232, 13

. According to recent 

reviews of epidemiologic evidence, the hypothesis of an association of environmental 

exposure to PCBs and risk of breast cancer cannot be supported in adulthood in the 

general population
233, 234

. This conclusion is based on the lack of correlation with 

breast-cancer mortality in studies involving almost 9,000 women with occupational 

exposure to PCBs. However, there are still uncertainties for selected subgroups of 

women or individual PCB congeners.  
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3. CURRENT TRENDS IN BREAST CANCER RESEARCH 

AND PREVENTION  

 

3.1. Screening strategies and risk assessment tools 

 

The ideal means of effecting cancer before treatment control is primary prevention. 

Screening may be applicable if it has been shown to reduce mortality from the disease. 

The wide-ranging individual susceptibility and lifetime risk levels for breast cancer 

have important implications for screening and detection. Screening does not prevent 

from breast cancer, but reduces the mortality rates by 15-48%, especially in women 

between 40 and 70 years of age
235, 236, 237

. This reduction is attributed to early stage 

detection and improved multidisciplinary management. For those women who are 

known gene mutation carriers, or have a strong family history of the disease, the 

national guidelines suggest an altered surveillance plan and offer risk reduction 

options. In the U.K., women who do not fall in the high risk group, are invited by the 

British National Breast Cancer Screening Program for a screening mammogram on a 

three yearly basis from the age of 47 to 73 years. The guidelines in the United States 

recommend annual mammograms for every woman over the age of 40. The primary 

goal of national screening programs has been to maximize the number of women who 

receive regular mammograms. However, in some states screening programmes are 

poorly implemented or non-existent and many women, especially those in lower 

socioeconomic groups, are not screened, resulting in advanced stage diagnosis and 

poorer outcomes
238, 239

. The implementation of a screening strategy that allows an 

individualized approach, requires accurate classification of women according to their 

level of risk. Various risk prediction techniques that associate genetic, biologic, 

hormonal, lifestyle and other factors are currently used for the development of risk 

assessment tools. These are based on mathematical models that relate all the risk 

parameters with the characteristics of the disease treatment and outcomes. Some of the 

most widely used risk assessment tools are available online such as Adjuvant online, 

The Gail model, BOADICEA, BCRA, etc. Independent validation of such models has 

produced variable results and the knowledge of how to best integrate data into these 

models needs to be improved and revalidated
240

. The goal of improved risk assessment 



42 
 

is not to increase the use of screening mammography, but to identify optimal strategies 

and for some women, that might mean fewer mammograms. 

 

3.2. Prevention and avoidable environmental factors 

 

Studies that investigate the synergistic potential of hormone disrupting chemicals, have 

demonstrated that a mixture can cause adverse effects even when the individual 

substances are at a level that should not cause any problem
241, 242

. Early exposure to 

these chemicals during the intrauterus period or later in puberty may have a serious 

impact in later life. In industrialized societies, there is a widespread exposure to 

chemicals that may potentially increase risk for breast cancer
208

. These have either 

been released into the environment in the past decades, or are currently being used 

with unknown longterm health consequences. Various levels of xenoestrogens have 

been measured in the body fat or the breast adipose tissue of breast cancer patients. It 

is very difficult to determine chemical exposures that occurred one or more decades 

before a breast cancer is detected.  

 

The above combined facts are strong enough to require precautionary action. All 

women, especially when pregnant, should try to minimize their exposure to avoidable 

environmental factors particularly, chemicals with estrogenic properties. The European 

Union and the local governments need to act to ensure safety controls, and effective 

regulation of chemicals, as well as implementation of policies that promote a safer 

environment. In the year 2000 the Royal Society in the UK stated that: “In view of the 

magnitude of the potential risks, we strongly believe that scientific uncertainty should 

not delay precautionary action for risk reduction.” In 2005, the Prague Declaration on 

Endocrine Disruption, signed by more than 200 scientific experts from across Europe 

and the USA, called for measures to reduce the risks associated with endocrine 

disrupting chemicals. Diet and lifestyle recommendations quoted below have been 

implemented as part of the European Prevention Policy guidance to all citizens: 

 To eat plenty of fruit and vegetables 

 To buy organic food wherever possible 
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 To avoid unnecessary exposure to chemicals particularly garden and indoor 

pesticides, homecare products such as paints and detergents and personal care 

products including cosmetics. 

 To not microwave food in plastic containers or wrapping 

 To express concerns to government representatives or Members of the European 

Parliament,about hormone disrupting chemicals and their links to breast cancer.  

 To ask for tighter controls over synthetic chemicals that disrupt our hormone 

systems. 

 

3.3. Chemoprevention 

 

Breast cancer prevention studies aim to determine whether pharmaceutical agents are 

able to prevent breast cancer in women who carry an increased risk e.g. have a strong 

family history or have been diagnosed as BRCA1 and BRCA2 gene mutation carriers. 

The following prevention studies have been completed since 1986: 

 The Royal Marsden Hospital Tamoxifen Chemoprevention Trial. 

 The National Surgical Adjuvant Breast and Bowel Project  

 The Italian Tamoxifen Prevention Study 

 The Breast Cancer Prevention Trial  

 the Multiple Outcomes of Raloxifene Evaluation  

 The Study of Tamoxifen and Raloxifene 

 The International Breast Cancer Intervention Study. 

These randomized trials have investigated the use of tamoxifene, and raloxifene in 

reducing the incidence of breast cancer in high risk pre- and postmenopausal women. 

Tamoxifen and raloxifene have both proved to be equally effective in the prevention of 

breast cancer in all studies. Raloxifene may have less adverse effects. However, in the 

U.K. both agents are not licenced for risk reduction unless used in the settings of a 

clinical trial. It has also been demonstrated that although tamoxifen does not reduce the 

incidence of ER-negative breast cancers, it may delay their detection by approximately 

1 year
243

. The effect of the preventive treatment on the mortality of the later diagnosed 

breast cancers is not clear. The most important adverse effects of preventive 

medication included an increased rate of venous thromboembolic episodes and 

endometrial cancer. Currently, other studies are investigating the preventive value of 
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aromatase inhibitors anastrazole, letrozole and exemestane which are used effectively 

in the treatment of postmenopausal breast cancer patients.  

 

3.4. Risk reducing surgery 

 

Women who carry a high breast cancer risk may consider the risk reduction option of 

preventive surgery. Existing data suggest that preventive bilateral mastectomy in 

women at high risk due to BRCA1 or BRCA2 gene mutations, may reduce by about 

90% the chance of developing breast cancer. Preventive salpingo-oophorectomy also 

reduces the risk of developing breast cancer by 50% and gynaecological cancer 

(ovarian, phallopian, primary peritoneal) by 80% in the same group of women
244

. The 

decision to participate in a clinical trial, take preventive medication, or undergo 

preventive surgery is an individual one and should be a result of informed consent. 

Both the benefits and the risks of the treatment must be discussed. The perceptions and 

the uptake of information varies widely among high risk women in different countries 

or centres within a country and depends much on the quality of risk counselling
245, 246

. 

 

3.5. Priorities in breast cancer research 

 

The European Code Against Cancer
247

 emphasises the importance of “elucidating the 

natural course of disease progression and identifing disease subgroups with distinctive 

risk profiles and treatment susceptibilities”. Priorities for breast cancer research 

include, the identification of biomarkers, the molecular analysis of the transition from 

pre-invasive to invasive disease, and the need for extensive databases so data can be 

assimilated and exploited for maximum benefit. High priority should also be given to 

research aimed at the study of pharmacological and natural compounds that could 

potentially prevent the development of breast cancer in susceptible patients
248

. More 

research is needed to identify potential chemicals, measure the exposure to them and 

explore their roles individually in the pathogenesis of breast cancer during and after 

breast development. Therefore, new techniques of accurate detection of multiple 

chemicals should be developed.  
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During the last two decades research has concentrated in identifying biomarkers and 

developing aggregate profiles of breast cancer in specific genes and proteins. This will 

allow in the future, the tailoring of therapy to individual molecular profiles, and 

tumour microenvironments. It is also important to communicate the implications of 

breast cancer risk, to both physicians and individual women in such a way that they 

can make informed decisions about screening and participating in clinical trials. As 

large population studies are needed to obtain reliable data, researchers and 

organisations should also identify and overcome barriers to participation of patients or 

healthy individuals in studies, especially those that similarly to our study require 

provision of biologic specimens.  
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4. THEORETICAL REASONS FOR QUESTIONING THE 

SAFETY OF UNDERARM COSMETICS 

 

4.1. Deodorants and antiperspirants, mechanism of action and 

ingredients 

 

Deodorants and antiperspirants are among the most commonly used cosmetic products. 

The first commercial deodorant was launched in 1888. A recent report (Mintel market 

research 2007) states that over 94 per cent of women and 89 per cent of men use these 

products in the UK, which is higher than any other country in Europe. The market for 

antiperspirants and deodorants reached $1.9 billion in the U.S (2005 Mindbranch 

market research) while in the UK (Mintel market research 2006) it was valued at ₤459 

million. Western lifestyle is increasingly adopted in eastern countries such as India 

China and Japan, were deodorants market presents a strong growth assisted by the 

leading companies of the cosmetic industry of the west. 

 

Most consumers use these products on a daily basis as a lifetime habit.They are 

applied in the armpit area until they are rinsed off with a bath which is usually 

followed by new application either on intact or most likely on shaved skin. Women are 

adviced though not to use cosmetics over broken skin (e.g. after shaving). There are 

significant differences in the way these products work. Antiperspirants reduce 

sweating and therefore can be used under the arm only. Deodorants aim to prevent 

odour by reducing the levels of bacteria, but do not reduce sweating. Both of the 

products may contain perfumes and fragrances to minimize and cover body odour. 

However, deodorants can be used not only under the arm but also all over the body. 

Antiperspirants control underarm sweating by blocking the pores and preventing 

discharge of perspiration. Beacause of their effect in the physiological body functions, 

in the United States, antiperspirants are certified as drugs. 

 

There are no recommendations regarding dosage and age safety especially before 

puberty. Animal studies have demonstrated that the tumorigenic effect of chemical 

carcinogens is maximal in younger subjects in which the mammary gland is 

undifferentiated and highly proliferating
249

. In aerosol products the on-product label 
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advises the user to spray onto the skin surface from a minimum distance. However 

none of the products labels determines either the quantity to be applied or the 

effectiveness in realtion to the way of application. Consequently, the applied quantity 

depends on how long the user sprays, or rolls the product and therefore can vary 

significantly between different users. Concerns have been raised for the safety of 

several chemical ingredients that are contained in both deodorants and antipersirants. 

As a respond to that many companies are increasingly offering “natural” alternatives. 

The most common ingredients found in deodorants and antiperspirants and their 

intented actions are listed below: 

- Perfumes and fragrances: they mask body odour  

- Emollient oils: they prevent water loss.  

- Glycerine or vegetable derived oils: they moisturise the skin 

- Masking oils: they minimise stains.  

- Alcohol: it dissolves the active ingredients  

- Silica*
6
: it clears the oiliness of sweat 

- PEG-8 Distearate: it makes easier to wash of the product 

- Structure providers: water, cyclomethicone*, disteardimonium hectorite, 

hydrogenated Castor Oil, 18-36 Acid Trygliceride, Stearath**
7
 

- BHT antioxidant: it keeps ingredients in optimal state until use.  

- Butane, Isobutane and Propane: Aerosol propellants that produce a spray.  

- Talc*  

- Propylene glycol  

 

Aluminium 

Aluminium salts are the main active antiperspirant agents and include aluminium 

chlorhydrate and aluminium – zirconium chlorhydrate glycine complexes. Some 

natural deodorants also use a crystal form of aluminium (ammonium alum). Their 

mechanism of action involves the formation of a physical plug at the top of the sweat 

duct, which prevents the escape of sweat onto the body surface
250

.  

 

Aluminum is the most widely distributed metal in the environment comprising with its 

compounds about 8% of the Earth‟s surface. Aluminium metal, powders and oxides, 

                                                
6 * ingredients listed as high priority for review by CIR 
7 ** identified by the CIR Expert Panel  as „may need reconsideration -  revalidation‟ 
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are widely used in construction, transportation and packaging industry as well as in the 

manufacture of several industrial and household products and food. Aluminium 

hydroxide is used in pharmaceutical and personal care products
251

.  Occupational 

exposure to aluminium has been related to an increased bladder cancer risk and the 

“production of aluminium” has been classified as carcinogenic by the International 

Agency for Research on Cancer (IARC)
252 

in 1987. Limits have been introduced in 

several countries for the maximum exposure to aluminium dust and aluminium oxide. 

Food, water and medical preparations such as antacids are the main sources of 

aluminium intake in the absence of occupational exposure. Although the theory that 

links aluminium with the pathogenicity of Alzheimer's disease has been mostly 

discarded, there are still numerous ongoing studies about its possible neurotoxic and 

other effects on human tissues
253, 254

. Aluminium salts have been linked to the 

development of granulomas. It has been demonstrated that aluminium in the form of 

aluminium chloride or aluminium chlorhydrate can interfere with the function of 

oestrogen receptors of MCF7 human breast cancer cells. Due to this type of 

oestrogenic effect it has been categorized as a metalloestrogen
255

. Aluminium has been 

measured in breast cysts fluid
256

. 

 

Triclosan 

Triclosan is a broad spectrum antimicrobial agent that has been used extensively for 

almost four decades in several consumer products including underarm cosmetics. 

Clinical and experimental studies that had been perfomed in the past to determine its 

possible toxicity, mutagenicity, carcinogenicity and effect on reproduction had shown 

that triclosan could be considered safe for use
257

. Although remaining under 

investigation, it is approved for use in dentifrice and mouthrinse products (toothpastes, 

oral dentifrices for plaque control etc) in many European countries since the early 

nineties
258

. The chemical structure of triclosan resembles known non-steroidal 

estrogens (e.g. DES, bisphenol A). Foran et al (2000) studied its potential action as an 

endocrine disruptor. Results from their study did not support the estrogenic hypothesis 

but suggested potential weak androgenic effect
259

. Due to Triclosan‟s common use in 

industry, it is often detected in waste-water effluent. Researchers that investigated its 

effects on various life stages and reproduction of fish, concluded that it is highly toxic 

on the early life stages, and that its metabolite may have weak estrogenic properties
260

. 

Triclosan has also been found present, among other pollutants and known endocrine 
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disrupters, in other locations and environments were changes due to estrogenic effects 

have been demonstrated in fish
261

. Veldhoen et al (2006), demonstrated that exposure 

to low levels of triclosan induces changes in thyroid hormone-mediated processes 

proving its disrupting effect on North American bullfrog
262

. The negative effects of 

triclosan on the environment have led the Swedish Society for Nature Conservation 

(http://www.snf.se) to recommend not using triclosan in toothpaste. Triclosan and its 

metabolites have been found in higher concentrations in breast milk of women who 

use personal care products, suggesting multiple sources of systemic exposure as well 

as the need for further studies to assess the possible negative effects on breastfed 

babies
263, 264

. A recent study by Gee et al (2008), demonstrated clearly that triclosan 

possesses oestrogenic and androgenic properties which warrants further investigation 

for a possible impact on human health
265

. 

 

Parabens 

Alkyl esters of p-hydroxybenzoic acid (parabens) are a group of chemicals with 

bactericidal and fungicidal properties that have been widely used as preservatives in 

the cosmetic pharmaceutical and food industries, because of the strong record of 

efficacy, stability, low cost, and rapid excretion from the body
266

. Preservatives are 

necessary components in most cosmetics and skin care products because they keep 

them sterile and prolong the length of the product use and expiring date. The 

antimicrobial effect of parabens and their use as preservatives were first established in 

1924 by Sabalitschka. In 1981, the Food and Drug Administration reported that four 

parabens compounds were used as preservatives in more than 13,200 formulations, 

including most cosmetic products
267

. This number has raised to 22,000 in 2008 

according to the FDA report. Almost 90% of all cosmetics contain one or more 

paraben ingredient. Parabens are often used in combination with other types of 

preservatives to provide preservation against a broad range of microorganisms
268, 269

. 

Products that contain parabens include: deodorants, makeup, moisturizers, hair care 

products, and shaving products shampoos, cleansing gels, personal lubricants, topical - 

parenteral pharmaceuticals and toothpaste. They are also used as food additives 
270, 271

. 

 

Common parabens include methylparaben (E218), ethylparaben (E214), propylparaben 

(E216), and butylparaben (E215). Less common parabens include isobutylparaben 

(E217), isopropylparaben (E218), benzylparaben and their sodium salts. Parabens can 
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be found naturally in raspberries and blackberries. Exposure to parabens may occur 

through ingestion, eye or skin contact and inhalation. They are completely absorbed 

from the gastrointestinal tract and through the skin. They are hydrolyzed to p-

hydroxybenzoic acid, conjugated, and the conjugates are rapidly excreted in the 

urine
272, 273, 274

. After oral administration, parabens are hydrolyzed by nonspecific 

esterases, widely distributed in the body, including the gut
275

. After dermal exposure, 

parabens can also be hydrolyzed by esterases present in human skin and subcutaneous 

fat tissue
276

. Unhydrolyzed parabens may be also be excreted in urine after exposure. It 

has been believed for decades that parabens contained in cosmetics are safe, because of 

the low doses involved and the fact that they are unlikely to penetrate into the tissue, 

remain intact, and accumulate there
277

. However, recent studies have highlighted the 

fact that these chemicals are not so readily excreted when applied directly to the skin.  

They have also been found in samples taken from breast tumors, suggesting that at 

least a fraction of the parabens can be absorbed without hydrolysis. The accumulative 

effect of applying these chemicals to our skin on a daily basis is not clear
267

. The 

epidemiology, structure, and properties of parabens have been evaluated in several 

studies that investigated: 

 Effects on enzymes and other biochemical parameters 

 Toxicological effects, acute and subchronic, Cytotoxicity  

 Skin permeation  

 Carcinogenicity  

 In vitro immunosupression  

 Embryotoxicity  

 Mutagenesis effects  

 Antimicrobial effects 

 Immunotoxicity and sensitivity  

 Estrogenicity   

 

Parabens proved in all studies non-mutagenic, non-teratogenic and non-carcinogenic. It 

is established that they can cause skin irritation and contact dermatitis in a small 

percentage of the general population who present paraben allergies. Sensitization has 

occurred when medications containing parabens have been applied to damaged or 

broken skin
277

 or intravenously. A recent review on butyl-paraben studies illustrates 
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irritation of the GI tract in large doses, amyloidosis in rats, cytotoxicity in vitro, 

adverse effects on reproductive system of male rats after maternal exposure, but no 

mutagenicity or carcinogenicity
278

  

In vivo and in vitro assessment tests of a compound‟s estrogenic activity  include: 

 Binding  activity to estrogen receptor assays 

 Estrogen and progesterone receptors expression assays 

 Regulation of CAT gene expression 

 Proliferation of MCF-7 cells.  

 Uterotrophic assays 

 Male reproductive-tract effects  

 

4.2. Regulation of chemicals used in cosmetic products 

 

The legislation in UK includes a list of 769 chemicals which may not be included in 

cosmetics and it sets out maximum concentrations of 56 chemicals which can be used 

as preservatives, together with other restrictions on their use. All cosmetics and 

household products, and their ingredients, must be tested for safety. Since June 2007, 

companies which import or manufacture chemicals, including those used in cosmetics 

and household products, have been required to provide safety data on all their 

products, together with an assessment of risk, in order to register them under an EU-

wide system for testing the effects of chemicals on human health and the 

environment
279

. 

 

In the European Union, parabens are regulated by Cosmetic Directive 76/768/EEC, 

Annex VI, part 1, reference 12. They can be used as a preservative up to a maximum 

concentration of 0.4 % in the finished product for 1 ester and up to 0.8 % for mixtures 

of esters. The most recent findings on the oestrogenic effects and the effects on the 

male reproductive system, were reviewed in 2005 by the Scientific Committee on 

Consumer Products (European Comission)
280

.  It was concluded that more information 

would be needed before making a final statement on the maximum concentration of 

propyl, isopropyl, butyl and isobutyl paraben allowed in cosmetic products. The 

maximum authorized concentrations remained unchanged for the methyl and ethyl 

parabens. Data were requested before end of March 2005 regarding in vitro 
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percutaneous absorption studies, as well as studies of the reproductive and 

developmental toxicity of propyl, isopropyl, butyl and isobutyl paraben. In 2006 and 

2008 the main conclusions of SCCP remained unchanged as the further data provided 

were inconclusive
281, 282

. 

 

Cosmetic products and ingredients in the U.S.A (with the exception of color additives) 

are not subject to FDA (Food and Drug Administration) premarket approval authority. 

Any ingredient may be used in the formulation of a cosmetic provided that the 

ingredient and the finished cosmetic are safe, the product is properly labeled, and the 

use of the ingredient does not otherwise cause the cosmetic to be adulterated or 

misbranded under the laws that FDA enforces. According to 2000 FDA statistics, 89 

percent of the 10,500 ingredients used in personal care products have not been 

evaluated for safety by regulatory agencies or review panels, or anyone else. The FDA 

though, can only have a product removed from the market if they can prove it harmful 

in a court of law. 

…“FDA believes that at the present time there is no reason for consumers to be 

concerned about the use of cosmetics containing parabens. However, the agency will 

continue to evaluate new data in this area. If FDA determines that a health hazard 

exists, the agency will advise the industry and the public, and will consider its legal 

options under the authority of the FD&C Act in protecting the health and welfare of 

consumers”. (March 2006) 

 

The Cosmetic Ingredient Review (CIR) program was established in 1976 by the 

Cosmetics, Toiletry, and Fragrance Association, with the support of FDA and the 

Consumer Federation of America (CFA). CIR performs independent, expert reviews to 

determine if ingredients used in cosmetics are safe. In 1984 review of the safety of 

methylparaben, propylparaben, and butylparaben concluded they were safe for use in 

cosmetic products at levels up to 25%. (parabens are used at levels ranging from 0.01 

to 0.3%) . Up to June 2005, safety assessments were performed on only about 10% of 

the ingredients allowed in cosmetic and personal care products, including deodorants. 

Only nine out of almost 1200 of those have been deemed unsafe for use in cosmetics 

and the safety issue has been described. The available data were found insufficient to 

support the safety of 114 ingredients
283

. In 2003, the CIR began the process to reopen 

the safety assessments of methylparaben, ethylparaben, propylparaben, and 
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butylparaben in order to offer interested parties an opportunity to submit new data for 

consideration. In September 2005, the CIR decided to re-open the safety assessment 

for parabens to request exposure estimates and a risk assessment for cosmetic uses. In 

December 2005, after considering the margins of safety for exposure to women and 

infants, the Panel determined that there was no need to change its original conclusion 

that parabens are safe as used in cosmetics
284

. 

 

4.3. Estrogenic properties and other effects of parabens 

 

In 1998 Routledge et al were the first to present findings from in vitro and in vivo 

(uterotrophic) studies which confirmed the weak estrogenic properties of parabens
285

. 

They suggested that particular attention should be paid to estimating the actual levels 

of systemic exposure of humans to these chemicals. Other experiments on animals, 

yeast and human cells have also confirmed that parabens have weak estrogenic 

activity, acting as xenoestrogens
286, 287, 288, 289, 290, 291, 292, 293

. Their lower activity in vivo 

compared to in vitro, may be attributed to their metabolism to non-estrogenic 

metabolites. The estrogenic activity of parabens is also significantly lower when 

compared to a control oestrogen, leading to the assumption that there is a large margin 

of safety between the average exposure to these chemicals from underarm cosmetic 

use and the doses that cause estrogenic effect
294

. Whether endocrine active chemicals 

with weak activity have similar risks to known estrogens remains a question that needs 

further investigation. The estrogenic activity of parabens is dose-related and increases 

with the length of the alkyl group (methyl>ethyl>propyl>butyl). The fact that some 

estrogens are known to drive the growth of tumours has raised questions about the 

possible carcinogenic effect of the weak estrogenic activity of parabens contained in 

cosmetics
295

. Golden et al (2005) compared parabens to 17beta-estradiol and 

diethylstilvestrol and concluded that parabens could not increase the risk of estrogen-

mediated side-effects. The risk was demonstrated to be even less comparing to 

exposure to naturally occurring endocrine active compounds in the diet
296

.  

 

The permeation of parabens through human skin and their accumulation in skin layers 

or other tissues has been studied in in-vivo, ex vivo and in vitro studies
288, 297, 298

. 

These indicated that parabens have significant increasing permeations in skin layers, 
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thus promoting accumulation, which may be associated with skin toxicities and 

carcinogenicity. The extent of penetration depends more on paraben characteristics 

(solubility, lipophilicity) rather than on the composition of the applied cosmetic. Janjua 

et al
299

 demonstrated that parabens as well as some other chemical compounds  can be 

systemically absorbed in man after topical application. In their study, systemic 

absorption though did not influence the levels of reproductive and thyroid hormones. 

Side-effects evaluation studies of cosmetic preservatives, have shown that parabens 

have similar skin irritation potential at the minimal inhibitory concentration of each 

preservative
300

. Chronic topical application of parabens may lead to prolonged 

estrogenic effects in skin. Skin anti-aging benefits of many topical cosmetics and 

pharmaceuticals could be derived, in part, from the estrogenicity of parabens
301

. Whilst 

an oestrogenic environment is known to influence breast cancer incidence promotion 

growth and progression it remains uncertain as to its role in the genetic changes 

associated with initiation of cancer
302

. In vitro and animal studies have also 

demonstrated antiandrogenic and hepatotoxic properties of parabens
303, 304

. 

 

4.4. Public awareness, the media and advertising policies on the safety 

of parabens and aluminium 

 

We conducted an online review of the three top selling newspapers in the UK for the 

year 2002, to retrive articles that would contain references on parabens and aluminium 

link with breast cancer. A total of four articles were found in one newspaper only 

(Daily mail) for the whole period 1997 - 2003. These articles referred to the usage of 

parabens as preservatives in consumer products, as well as their oestrogen mimicking 

activity, skin irritation side effects and queried on their possible carcinogenic 

properties. They also commented on the unknown effect of a combined product use. 

The first study to raise public awareness on parabens through the media reports was 

published two years later by Dr Darbre et al
304

. The number of article references in the 

media increased dramatrically, and from 2003 to 2010 67 articles were found in the 

same newspaper. 

As parabens became increasingly a popular and controversial subject in the news 

during the last decade, some organizations objected to their everyday use and declared 

the need for further safety assessments. Cosmetic companies that use them in the 
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manufacture of products, often interpret the absence of evidence as evidence of safety. 

However, although it is claimed that they are totally safe, many manufacturers 

advertise their products‟ safety by declaring the absence of parabens and other 

“suspicious” chemicals in them or stating the potential dangers that can arise from their 

usage
308

. Typical examples of online advertisements are listed below: 

 

Unilever: “The antiperspirants we make are self-preserving. This means that they do 

not need preservatives like parabens to work effectively. Parabens are, however, used 

safely to preserve a wide range of other everyday products, and do not cause breast 

cancer. …. All deodorants and antiperspirants are thoroughly assessed for safety and 

meet strict legal safety requirements”. 

Lonza: “…announces the launch of a new product to meet the growing demand for 

alternative cosmetic preservatives. With growing concerns over traditional 

preservatives such as parabens, the new product provides a single solution to 

companies seeking alternatives to traditional preservatives.” 

Avea: “Buy paraben, petroleum, phthalate and SLS free organic skin care and 

cosmetics online....  

Purist Company: …“Parabens are not used in any products... Many cosmetic 

ingredients…are preserved with parabens. When a cosmetic manufacturer uses 

paraben-preserved ingredients in their formulations, they are not required to list 

parabens in the label ingredient listing. They are classified as “incidental 

ingredients” when used in this way, and are excluded from the usual ingredient 

disclosure rules… We also avoid using ingredients that have been preserved with 

parabens.” 

 

4.5. Studies that investigate the link hypothesis between underarm 

cosmetics and breast cancer  

 

The relation between deodorants and breast cancer had circulated in the internet before 

any clinical epidemiological study was performed. The rising incidence of breast 

cancer suggests a link between the disease and lifestyle. For example, the application 

of antiperspirants or deodorants following axillary shaving has been an increasingly 
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adopted lifestyle factor during the last 5 – 6 decades raising concerns about its possible 

effect on the incidence of breast cancer.  

 

The first study with epidemiological evidence on this hypothesis was conducted by 

Mirick et al who investigated the possible relation between the use of underarm 

products and breast cancer risk
309

. They also investigated whether armpit shaving 

could be a possible contributor to absorption of harmful chemicals contained in 

deodorants and antiperspirants. The authors concluded that the use of the above 

products did not increase the risk of breast cancer.  

 

Mc Grath et al, made the hypothesis that between women who had survived breast 

cancer, those who regularly used deodorants and antiperspirants and shaved their 

underarms would be expected to have an earlier age of diagnosis. An earlier age of 

diagnosis would also be expected in those starting to use deodorants and shaving at an 

earlier age. They investigated the mean age of diagnosis in relation with the overall 

frequency of product usage. The study results suggested that frequency and earlier 

onset of antiperspirant / deodorant usage with underarm shaving were associated with 

an earlier age of breast cancer diagnosis implying a possible link between 

antiperspirant - deodorant use and breast cancer
310

.  

 

Parabens were found intact in the human breast tumours
304

. This is in line with the 

general link hypothesis between oestrogenic compounds used in cosmetics and breast 

cancer. However, the association alone, does not prove causation in these patients
311

. 

This study did not compare with control samples, either from healthy individuals or 

from healthy parts of the breast. More information needs to be obtained on whether 

body burdens are different in cancer from those in normal tissues. Methylparaben was 

detected in greatest amounts reflecting either the more widespread use of 

methylparaben or its greater ability to be absorbed into body tissues and to resist 

hydrolysis.  

 

Sharpe and Irvine state that the greatest concern of health effects from endocrine 

disruption is through exposure during pregnancy and foetal exposure in utero, and they 

suggest ways to minimize risk in individuals by life style changes in women seeking to 

become pregnant (stopping smoking,  reduced use of cosmetics and body creams)
312

.  
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The upper outer quadrant of the breast is the area closest to the armpit were underarm 

cosmetics are applied and the most frequent site for incidence of breast cancer. It has 

been believed that this could be explained by the higher concentration of epithelial 

tissue in that region. This is inconsistent with the fact that the reported incidence in this 

quadrant appears to rise with year of publication. Other authors have demonstrated 

greater genomic instability in outer quadrants which could also  partially explain the 

propensity for breast cancers to develop there
313

. Identification of the reasons for 

disproportionate site-specific increase could provide clues as to causative factors in 

breast cancer
314

.  

 

Despite the evidence on endocrine disrupting activity of many chemical components, 

most of them have not been individually tested and revalidated under new safety 

guidelines. Also, most of the safety assessment studies ignore any possible synergistic 

effect of other xenoestrogens and phytoestrogens. Most studies have investigated 

single factors for their safety in vitro. However it remains unknown whether the levels 

reached in humans, can be sufficiently high to exert similar biological actions. Silva et 

al (2002) studied the effects of multicomponent mixtures of xenoestrogens with each 

component at concentrations below its individual NOEC (No Observed Effect 

Concentration). They concluded that the mixture of estrogenic agents can produce 

significant effects when combined at concentrations below their NOECs. Similarly 

This finding highlights the limitations of single agents investigation studies. 

Consequently, safety assessments that ignore the possibility of joint action of chemical 

mixtures can lead to underestimations of risk
242, 315

. Up to date there is no sufficient 

information on whether parabens can affect human health on a long-term use basis by 

themselves or in combination with other chemicals. 

 

4.5. Conclusions 

 

 While the role of oestrogen in the development and progression of breast 

cancer is well established, there is a continuous exposure to a wide range of 

chemicals with proved oestrogenic effects. These compounds have been 

isolated in several studies from tissue and serum samples.  
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 Most of the risk assessments on the safety of parabens were conducted before 

it was known that they could act as environmental estrogens and be detected in 

human tissue.  

 The ability of parabens to permeate human skin and has been demonstrated  

 There is lack of information on  

o long term low level absorption and accumulation effects  

o multiple chemicals concentrations and effects in sample tissues – 

micture effects. 

 There is a need for risk assessment practice modification. Revalidation of 

individual compounds and mixtures should be considered in some cases. 

 Until today there are no safety guidelines that comment on the quantity and 

pattern of usage of underarm cosmetics especially according to individual 

susceptibility, age, or genetic profile. 

 There is a need to investigate the molecular basis of a possible link between 

environmental oestrogens and breast cancer.  
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5. A STUDY OF PARABENS AND ALUMINIUM 

CONCENTRATION WITHIN HUMAN BREAST TISSUE  

 

5.1. Introduction  

 

Although the incidence of breast cancer has been increasing worldwide over the past 

thirty years, no specific causes have been found yet. The factors that may promote the 

development tumour remain under investigation, but as with all cancers breast cancer 

is a result of gene mutations and is therefore considered a genetic disease. The 

inherited gene mutations are responsible for almost 25% of all breast cancer and cases 

while the rest occur sporadically
316

. Within the group of familial cancers up to 5% are 

associated to BRCA1 and BRCA2 genes mutations
317

. The rest are attributed to 

multiple genes with varying levels of biologic activity and lower penetrance. The 

susceptibility of the individuals to the disease depends on the gene polymorphism the 

number of genes present and the way they interact with each other
318, 319

. Breast cancer 

has also been associated a group of rare familial cancer syndromes that include 

Cowden, Li-Fraumeni, Peutz-Jehger, ataxia-telangiectasia and Muir-Torre 

syndrome
316

. Lifestyle and environmental factors can play a role in the expression of 

abnormal genes and may influence the susceptibility to breast cancer, not only between 

different individuals or populations, but also between different generations within the 

same families. These factors also influence the risk for sporadic cancers as well as the 

outcome of the disease
320

. 

 

Changes of the female breast are partly a result of the fluctuation of estrogens. Factors 

that increase estrogen exposure throughout lifetime, like early menarche, late 

menopause, use of OCP and HRT, raise the risk of developing breast cancer, among 

pre- and postmenopausal women. Estrogens may be involved in the initiation of a 

tumor development either by oxidative damage to DNA from their metabolic 

byproducts or by altering gene expression that stimulates growth and proliferation 

epithelial cells. Artificial chemicals, especially those with evidence of estrogenic 

action, may exert a similar action, by damaging DNA and promoting growth of 

damaged breast cells. The most extensively studied organochlorine pesticides, as well 
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as other chemicals that have been banned for decades, are persistent environmental 

pollutants that concentrate in the food chain and can be detected consistently in tissue 

blood and milk samples as they. Current research trends highlight the importance of 

determining how many environmental chemicals people are exposed to on a daily basis 

and how many of those are present in the human body.  

 

Underarm cosmetics contain a cocktail of chemicals that are applied frequently to the 

body, without question of toxicity, on the area directly adjacent to the breast. They are 

not rinsed off each time, thus allowing for local accumulation to occur and may 

penetrate continuously through the skin without invoking any major physiological 

carrier, such as blood or lymphatics.The main active ingredients of these cosmetics are 

antiperspirant agents, deodorants and preservatives. These are a wide range of 

chemicals known to exert a variety of toxic effects.  

 

Alkyl esters of p-hydroxybenzoic acid (parabens) are widely used as preservatives in 

cosmetics and other products, owing to their high antimicrobial acivity and these are 

known to possess oestrogen-mimicking properties in human breast cancer cells. 

Although parabens have been considered safe for many decades it has been recently 

suggested that they can accumulate in tissues and they have been identified within 

breast cancer tissue samples. The pattern of possible accumulation and concentrations 

within the female breast is currently unknown. The Aluminium-zirconium salts and 

aluminium chlorhydrate are the main antiperspirant components. Their mechanism of 

action involves the formation of a physical plug at the top of the sweat duct, which 

then prevents the escape of sweat onto the body surface.  

 

One theory, amongst many, for the observed trend of cancer incidence in the upper 

outer quadrant is that this area lies closest to the axilla, and hence to where underarm 

cosmetics are applied and their ingredients may accumulate in higher concentrations. 

This hypothesis has not been supported by scientific evidence. However, the diversity 

in usage of cosmetics and the range of different products available provides ample 

possibility for breast cancer to arise through issues of quantity used, through pattern of 

usage or through individual susceptibility to specific product formulations.  
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5.2. Purpose 

 

The purpose of our study was to investigate the presence of parabens and aluminium in 

healthy breast tissue obtained from mastectomy specimens of breast cancer patients. 

We also aimed to determine whether there is a gradient of concentration across the 

breast, in four different regions from the axilla to the sternum. We studied the 

plausibility of a causative relationship between parabens, aluminium and breast cancer. 

Finally, we attempted to shed light on the link hypothesis between the use of underarm 

cosmetics and breast cancer.  

 

5.3. Population and methods 

 

We recruited 40 breast cancer female patients from the Nightingale and Genesis 

Prevention Centre at Wythenshaw hospital in Manchester, UK. Inclusion Criteria for 

this study were: a) age 18 years or above. b) Subjects who would require single or 

bilateral mastectomy for their primary breast cancer and c) Subjects who would be able 

to give voluntary, written informed consent to participate in the study and from whom 

consent was obtained. Women who did not / were unable to give voluntary written 

informed consent and those who would not have a mastectomy as part of their primary 

treatment were excluded.  

 

Each subject considered eligible for entry into this study and from whom voluntary, 

written informed consent was obtained, had a screening assessment in the form of a 

questionnaire with the following information recorded: Age, age at Menarche, if the 

subject is right or left handed, if they are vegetarian, if they live in a rural or urban 

environment, whether they have ever used underarm cosmetics, whether they regularly 

use antiperspirants/ deodorants or a combination, age at which the subject first started 

using underarm cosmetics.  

 

Breast tissue samples were obtained as follows. A single sample of tissue was obtained 

from four different regions of each removed breast on a transect from the outer to the 

inner (axilla, lateral, central and medial). The purpose of this was to evaluate the 

hypothesis of concentration gradient in the measured parabens from the axilla to the 
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sternum. Each of the samples was divided in four smaller samples - two of which were 

kept for future studies - which were immediately stored in cryovials and deeped in 

liquid nitrogen. The samples were stored and assigned a code as to the exact site within 

the breast from where they came. This would blind the laboratory personnel testing for 

the chemical concentration until the last sample had been analysed. A total of 16 

cryovials containing breast tissue from each patient were store in -80
o
C at the 

laboratory of pathology in the Nightingale centre.  

 

The samples were then transported in two groups, inside sealed boxes, containing dry 

ice to the University of Reading to continue witht the extraction of chemicals. The 

samples were analysed for the concentrations of a series of paraben esters 

(methylparaben, ethylparaben, n-propylparaben, iso-butyl-paraben, n-butylparaben). 

All sample extraction was carried out by the University of Reading (Dr Philippa 

Darbre), with dried samples being supplied by courier to M-Scan Ltd Geneva. The 

samples were stored frozen (ca. – 18°C) except when being analysed.  

 

Chemical standards 

Methylparaben, ethylparaben, n-propylparaben and benzylparaben were purchased 

from Sigma (Poole, UK). Isobutylparaben was a gift from NIPA laboratories (Mid-

Glamorgan, UK). 13C6-n-butylparaben (Cambridge Isotope Laboratories Inc, MA, 

USA) was prepared in methanol. 

 

Extractions of parabens from human breast tissue 

All glassware was soaked overnight in concentrated sulphuric acid, rinsed at least 6 

times in HPLC-quality water, soaked overnight in 1M aqueous NaOH, again rinsed at 

least 6 timesin HPLC-quality water and left to air-dry. No plasticware was used for any 

extractions, only glass homogenisers, glass tubes and glass pipettes were used and all 

glassware went through the same treatment as above. Weighed samples of human 

breast tissue (100-700mg) were homogenised in 6.25ml ethanol/acetone (1:1 vol/vol) 

in a glass homogeniser. This mixture was left with periodic shaking overnight at room 

temperature in a glass Corex tube. The next day, the mixture was centrifuged at 

2,500rpm for 10 min in a bench centrifuge at room temperature. The supernatant was 

transferred to a clean Corex tube. The pellet was re-extracted with a further 1.5mm 

ethanol: acetone (1:1), centrifuged at 2,500rpm for 10 min at room temperature and the 
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resulting supernatant combined with the initial supernatant. The combined 

supernatants were evaporated to dryness under a stream of clean air at room 

temperature for 2-3h in a fume hood. The dried extract was taken up in 3mm 70% (v/v) 

aqueous methanol, vortexed well and placed overnight at -20
0
C. The next day, the 

mixture was centrifuged at 3,200rpm (rotor Sorvall SW50) for 20min at 4
0
 in a 

precooled rotor/centrifuge. The supernatant was collected and transferred to a clean 

glass tube. The fat pellet was washed with a further 0.5ml ice-cold 70% (v/v) aquous 

methanol, recentrifuged under the same conditions and the supernatants combined. The 

combined supernatants were mixed and were divided into two equal samples in new 

screw-cap autosampler vials (Agilent tecnologies) and each dried down in a Speedivac. 

 

Analysis by HPLC MS/MS 

Analysis was performed in the laboratories of MScann in Geneva, Switzerland using 

an Agilent 1100 HPLC system and ABI/Scieux API3000 triple quadrople mass 

spectrophotometer operating in the on-line Liquid Chromatography-Atmospheric 

Pressure Chemical Ionisation-Mass Spectrometry-Collisionary Activated Dissociation-

Mass Spectrometry (LC/ACPI-MS-CAD-MS) mode. Extracts were taken up in 15mM 

ammonium acetate pH4.5 and samples (10μl) chromatographed on a reversed phase 

YMC-UltraHT Pro C18 column (50 x 2.0 mm) at a flow rate of 400 μl/min at 25
0 

C 

and eluted with a linear binary gradient of 15mM ammonium acetate pH4.5 (solvent 

A) and actonitrile (solvent B) (ɩ =0 B 305; ɩ =4 B 70%; ɩ =5 B 70%; ɩ =5.1 B 30%; 

ɩ =11.0 B 30%). A set of twelve calibration standards were prepared in solvent A at 

concentartions of 0, 0.25, 0.50, 0.75, 1.0, 2.5, 5.0, 10, 25, 50, 100 and 250ng/ml of 

each paraben ester (methylparaben, ethylparaben, n-propylparaben, n-butylparaben, 

isobutylparaben, benzylparaben and 25ng/ml of the 
13

C6-methylparaben. Five quality 

control (QC) standards were also prepared at 0.5, 1.0, 5.0, 10 and 50 ng/ml of each 

paraben ester and 25ng/ml of the 
13

C6-methylparaben. 

These calibration standards were analysed and used to generate calibration curves. The QC 

standards were also analysed. 

The samples were prepared as follows. 250 μl of a solution of the internal standard 

(25ng/ml) in buffer A was added to each vial. The vials were vortexed (10 seconds), 

sonicated (1 minute) and centrifuged (5 minutes at 16,000 RCF). The resulting 

supernatants were transferred to fresh HPLC vials before injection. An example of 

calibration curve to obtain data for the parabens, chromatogram from the samples and 
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standards analysed, and composite chromatogram for the parabens is shown in figures 

11, 12 and 13. 

 

Fig 11. Example calibration curve for methyl-paraben  

 

 

Fig 12: Analyses of parabens, example chromatogram 
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Fig 13: Parabens analyses, example of composite chromatogram 

 

Generally, the accuracy was better for the methyl, ethyl and n-propyl parabens than for 

the isobutyl, n-butyl and benzyl parabens. The calibration curves have been used to 

calculate the levels of the methyl, ethyl, n-propyl, isobutyl, n-butyl and benzyl-

parabens in all samples. The detection limit for the method has been estimated as 

0.25ng/ml. Some of the concentrations observed were beyond the calibration range 

used. The concentrations from the tissue samples have been corrected for the amount 

of tissue used in ng/g of tissue.  

 

Recovery of Parabens 

For those samples that had been spiked, the estimated recovery of parabens was 

calculated by comparing the measured amount with that spiked. The recoveries for 

benzyl paraben were low. However, it is possible that the recoveries may be different 

for the alkyl parabens. The calculated recoveries have been used to correct the 

measured ng/g values and these are presented in table 8 in ng/g of tissue (corrected 

minus blank values). 

 

Statistical Methods 

After the completion of the calculations the samples were unblinded to allow statistical 

analyses. The Parabens data followed a non-Normal distribution and therefore median 

and range summary statistics are presented. Comparisons between sites were carried 
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out using Friedman tests and Wilcoxon signed-rank tests. Differences between 

different patient groups were assessed using Mann-Whitney U-tests or Krukal-Wallis 

tests as appropriate. Associations with continuous outcomes (eg age) were assessed 

using Spearman correlations. All tests used the conventional 5% significance level and 

were carried out using SPSS version 15.0 statistical software. 

 

5.4. Results - Parabens 

 

Parabens data was available on n=40 patients and questionnaire data on n=35 patients. 

Data from the medical records and the study questionnaire are presented in table 6. The 

mean age of all patients was 65 years, ranging from 37 to 91 years. The mean age of 

the thirty-five patients that returned the study questionnaire was 64.6 years, ranging 

from 37 to 91 years at the time of the study. There was only one vegetarian and two 

left handed women thus not allowing any statistical evaluation of these parameters. 

80% of those patients (n = 28) had used deodorants for a period of time in the lives 

(users). Twenty-three of the users were currently using deodorants at the time they 

completed the study questionnaire (current users), while the rest five had stopped using 

them at some point in their life. Most of the women used a combined type of deodorant 

antiperspirant. The other 20 % (n = 7) of the patients who returned the study 

questionnaire, had never used underarm deodorants or antiperspirants (non-users). This 

relatively small number of patients would allow us to use them as a control group 

against women who were exposed to the underarm cosmetics chemical cocktail. There 

were therefore in total 12 non-current users (i.e. 5 past-users + 7 non-users). The mean 

age of the patients that had never used deodorants was 75.7 ranging from 55 to 85 

years. The mean age of all patients who had ever used deodorants was 62.7 years. This 

significant difference in age between users and non users is in accordance to cultural 

and lifestyle changes that occurred in the last decades. From those patients who are 

currently using deodorants, data on length of use was available for 20 patients. The 

median length of use was 44 years, ranging from 11 to 56 years! Estrogen receptor 

status was available for 37 patients. Out of those 73% (n=27) were ER positive which 

is concordant with the general breast cancer population statistics. In thirty-five patients 

pathology demonstrated a single breast tumour. There was one multifocal and three 

bifocal tumours, while the exact location of the tumor was unavailable for one patient. 
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When related to the sample positions, the location of the tumour was lateral in n=16 

patients, central (near the nipple-areolar complex) in n=14 patients and medial (near 

the sternum) in n=5 patients. There were no axillary tail tumors to correspond to the 

axillary samples. 
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Table 6 . Epidemiological, histological and lifestyle data obtained from patients notes and questionnaires. Highlighted are the patients that never 

used underarm cosmetics (n=7) 

 Age  Tumor location   ER PR  
Age @ 
Menarche 

Parity 
Y/1 - N/0 

Breast 
feeding 

BF 
lenght 

R/L Handed 
R/1-L/0 

Vegeteria
n Y/1- N/0 

Urban (1)/ 
Rural (0) 

User /1-
NO/0 

Age @  
start Use 

Current 
user Y/1-N/0 

A/D/AD A/1-
D/0-AD/2 

1.  66 bifocal, LUIQ, LLOQ + + 12 1 1 4 1 0 1 1 16 1 2 

2.  76 Multifocal  - -                       

3.  70 LEFT CENTRAL + + 15 1 0 0 1 0 1 1 20 1 0 

4.  63 LEFT CENTRAL - - 13 1 1 2 1 0 0 1 18 1 2 

5.  73 RIGHT CENTRAL + - 11 1 1 3 1 0 1 1 18 1 2 

6.  45 LOML, LATERAL) + + 13 0 0 0 1 0 1 1   1 0 

7.  52 LILQ, MEDIAL + + 12 1 0 0 1 0 1 1 15 1 2 

8.  48 RLOQ, LATERAL - - 11 1 0 0 1 0 1 1 13 1 1 

9.  53 RUOQ, LATERAL + + 15 1 0 0 1 0 1 1   1 0 

10.  81 LUML, CENTRAL + + 13 0 0 0 1 0 1 1 14 0   

11.  79 BIF (L) LMED/LAT + + 14 1 1 3X9 1 0 1 0       

12.  63 LLIQ, MEDIAL + +                       

13.  77 RUML, CENTRAL + + 12 0 0 0 1 0 1 1   1 2 

14.  62 LUOQ, LATERAL + + 14 1 1 9+ 6 1 0 1 1 18 1 0 

15.  85 LUOQ, LATERAL - -                       

16.  52 RLOQ, LATERAL - - 16 0 0 0 1 0 1 11 14 1 2 

17.  72 LUOQ, CENTRAL + + 12 1 1 5 1 0 1 1 16 1 2 

18.  69 RLOQ, LATERAL + +                       

19.  46 ROML, LATERAL + +                       

20.  59 LUOQ + + 13 1 1 10 1 0 0 1 13 1 2 

21.  85 LUOQ     10 1 1 3X8 1 0 1 0       

22.  60 RUOQ + - 10 1   6+ 3 0 1 1 1 16 1 2 

23.  85 Paget Nipple R     14 1 0 0 1 0 0 0       

24.  74 RUOQ + + 18 0 0 0 0 0 1 1 40 0   

25.  69 MEDIAL UPPER R     15 1 1 2X9 1 0 1 1 15 1 2 

26.  60 MEDIAL L + + 11 1 1 2+ 3 1 0 0 1 16 1 2 

27.  68 CENTRAL L + + 14 1 0 0 1 0 0 1 16 1 2 

28.  53 MEDIAL R + - 12 1 1 4 1 0 1 1 16 1 2 

29.  55 LUOQ LATERAL - - 11 1 1 5 1 1 1 0       

30.  91 ROUQ LATERAL - - 11 1 0 0 1 0 1 1 14  0   

31.  79 CENTRAL L - - 15 1 1 11+5+7 1 0 1 0       

32.  72 MEDIAL + + 13 1 0 0 1 0 1 0       

33.  68 CENTRAL - - 14 1 0 0 1 0 0 1 57 0 2 

34.  68 BIF (L) LMED/LAT + + 13 1 1 4+ 4 1 0 1 1 25 0   

35.  75 LUOQ LATERAL + + 14 1 0 0 1 0 0 0       

36.  38 LUOQ LATERAL + + 13 1 0 0 1 0 1 1 15 1 2 

37.  52 BIF (L) LMED/LAT + - 11 1 0 0 1 0 0 1 15 1 2 

38.  37 LUML CENTRAL - - 11 1 1 2 1 0 1 1 11 1 2 

39.  71 L CENTRAL  + + 16 1 1 2+ 2 1 0 0 1 60 1 2 

40.  48 L LOWER BREAST + - 13 0 0 0 1 0 1 1 16 1   
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5.4.1. Total Parabens  

 

The statistical analysis  summarised the constituent parts using substituted zero 

values for the few negatives that occurred in the measurement of methyl-paraben, 

ethyl-paraben, etc. The following histogram demonstrates the distribution of total 

parabens values.  

 

 
 

 

Graph 1: Distribution of total parabens values.  

 

 

 

In table 7 we present the total paraben concentrations for the four different regions of 

the breast as well as the summaries of the inner and outer regions.
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Table 7: Total paraben ng/gm tissue. Patients who never used underarm cosmetics are 

highlighted 

 

 

 

 

 

 

TOTAL PARABENS ng/grm tissue 

Pt Axilla Lateral Ax+Lat Central Medial Cen+Med In+out 

1 229.7 117.1 346.8 5134.6 214.6 5349.2 5696.0 
2 48.6 47.3 95.9 60.4 48.8 109.2 205.1 
3 86.1 51.8 137.9 1147.4 44.6 1192.0 1329.9 
4 861.3 179.2 1040.5 125.8 172.4 298.2 1338.7 
5 165.1 46.3 211.4 73.0 84.8 157.8 369.2 
6 128.0 185.3 313.3 96.7 111.3 208.0 521.3 
7 491.4 454.0 945.4 213.9 111.9 325.8 1271.2 
8 99.8 1363.6 1463.4 106.0 141.3 247.3 1710.7 
9 44.4 17.3 61.7 0 20.7 20.7 82.4 

10 16.1 114.5 130.6 14.1 19.0 33.1 163.7 
11 23.2 19.9 43.1 25.8 20.3 46.1 89.2 
12 12.2 34.2 46.4 17.2 30.8 48.0 94.4 
13 50.4 84.4 134.8 32.2 32.4 64.6 199.4 
14 29.3 52.4 81.7 14.4 51.6 66.0 147.7 
15 26.9 21.0 47.9 42.6 23.6 66.2 114.1 
16 38.6 31.1 69.7 30.2 24.7 54.9 124.6 
17 891.8 184.2 1076.0 43.6 52.0 95.6 1171.6 
18 41.3 416.5 457.8 138.7 43.2 181.9 639.7 
19 34.2 19.9 54.1 29.3 62.4 91.7 145.8 
20 2322.3 1360.3 3682.6 1348.8 1280.9 2629.7 6312.3 
21 1280.5 42.7 1323.2 810.6 485.7 1296.3 2619.5 
22 33.8 35.7 69.5 58.5 12.9 71.4 140.9 
23 20.3 13.4 33.7 353.1 491.0 844.1 877.8 
24 126.8 51.5 178.3 126.4 62.9 189.3 367.6 
25 49.8 60.6 110.4 57.7 28.7 86.4 196.8 
26 933.5 71.2 1004.7 457.5 572.8 1030.3 2035.0 
27 96.4 75.6 172.0 12.9 11.2 24.1 196.1 
28 227.0 209.4 436.4 166.6 238.9 405.5 841.9 
29 244.6 166.1 410.7 546.8 139.8 686.6 1097.3 
30 462.4 255.3 717.7 2357.9 360.3 2718.2 3435.9 
31 117.1 37.5 154.6 71.7 77.8 149.5 304.1 
32 18.8 41.8 60.6 103.5 24.3 127.8 188.4 
33 444.7 189.4 634.1 129.4 166.2 295.6 929.7 
34 2.1 0 2.1 .3 5.1 5.4 7.5 
35 117.6 102.5 220.1 106.9 124.0 230.9 451.0 
36 204.8 302.1 506.9 464.1 1057.6 1521.7 2028.6 
37 259.4 317.1 576.5 36.6 710.7 747.3 1323.8 
38 16.3 13.6 29.9 7.3 2.7 10.0 39.9 
39 98.7 122.0 220.7 118.0 120.1 238.1 458.8 
40 139.8 187.2 327.0 142.3 177.2 319.5 646.5 
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pt METHYL ETHYL-PARABEN N-PROPYL-PARABEN N-BUTYL-PARABEN ISOBUTYL-PARABEN 

 A L C M A L C M A L C M A L C M A L C M 

1.  24.5 16.8 5102.9 44.0 3.4 2.4 3.7 4.6 195.2 17.5 24.6 153.9 6.5 27.0 3.1 9.9 0.1 53.4 0.3 2.2 
2.  17.1 21.8 23.1 16.1 3.4 4.2 3.4 3.6 8.9 7.7 10.7 8.4 14.8 9.5 17.4 16.3 4.4 4.1 5.8 4.4 

3.  31.0 19.9 1126.6 21.0 4.9 2.4 2.3 1.9 12.1 9.6 5.9 5.7 31.0 15.5 10.8 13.6 7.1 4.4 1.8 2.4 
4.  62.5 63.5 58.3 54.8 157.8 12.3 7.8 9.4 46.7 40.8 35.8 57.0 0.0 52.1 18.4 37.1 594.3 10.5 5.5 14.1 
5.  51.7 17.6 25.6 25.6 13.8 3.5 5.1 5.5 36.3 10.3 13.6 21.5 51.7 11.6 18.6 21.5 11.6 3.3 10.1 10.7 

6.  25.4 37.7 32.0 25.0 9.4 11.2 12.0 10.4 85.5 120.7 46.0 68.9 6.0 12.7 5.9 5.3 1.7 3.0 0.8 1.7 
7.  17.3 19.6 24.2 23.4 10.1 15.8 12.6 12.2 461.4 411.8 168.3 73.1 1.5 4.4 7.1 2.0 1.1 2.4 1.7 1.2 
8.  55.3 819.1 48.4 60.7 2.8 499.7 8.4 30.9 16.4 12.9 18.3 23.8 20.8 27.4 25.9 22.4 4.5 4.5 5.0 3.5 

9.  15.4 8.1 0 11.9 2.3 1.2 0 1.1 15.1 1.2 0 0 10.2 6.2 0 7.7 1.4 0.6 0 0 
10.  8.5 13.5 7.1 11.3 1.6 2.6 1.5 1.6 3.0 5.3 0 0 3.0 92.6 5.5 6.1 0 0.5 0 0 
11.  13.2 9.7 10.8 10.8 2.1 1.2 2.3 1.9 4.6 1.6 6.3 2.1 3.3 7.4 6.2 5.5 0 0 0.2 0 

12.  9.8 18.2 9.9 13.8 2.3 5.2 2.8 3.2 0 9.4 4.5 13.6 0 0 0 0 0.1 1.4 0 0.2 
13.  21.5 37.7 13.5 11.4 6.7 9.5 3.3 3.3 12.2 15.6 8.8 10.6 8.9 18.7 5.3 6.0 1.1 2.9 1.3 1.1 
14.  15.9 23.8 11.0 24.0 1.7 2.6 1.6 3.6 5.8 4.0 1.8 15.4 5.3 8.6 0.0 7.3 0.6 13.4 0 1.3 

15.  18.5 13.8 23.6 13.1 1.4 1.4 2.4 1.7 5.0 4.1 7.4 5.3 1.4 1.2 5.1 2.4 0.6 0.5 4.1 1.1 
16.  19.4 16.0 15.1 11.5 5.9 4.5 2.7 1.8 8.8 6.2 2.7 8.3 3.2 3.7 8.0 3.0 1.3 0.7 1.7 0.1 
17.  18.6 18.7 14.7 9.8 2.4 3.7 2.6 1.8 5.9 7.8 5.6 4.6 62.0 34.7 15.1 14.8 802.9 119.3 5.6 21.0 

18.  16.6 24.1 49.5 16.5 5.2 7.9 16.3 4.7 16.2 372.3 49.1 16.1 2.1 9.8 20.6 4.1 1.2 2.4 3.2 1.8 
19.  16.7 11.8 16.6 30.8 3.7 2.7 3.0 3.7 4.4 3.8 7.4 18.1 7.7 1.5 1.9 7.8 1.7 0.1 0.4 2.0 
20.  161.8 6.7 9.0 6.6 4.1 3.0 4.4 1.0 2052.7 1255.0 1249.5 1217.2 95.4 86.8 79.7 51.4 8.3 8.8 6.2 4.7 

21.  6.1 3.5 2.9 3.2 3.4 1.9 2.2 1.2 1199.0 0 760.7 456.7 64.1 35.5 41.2 23.9 7.9 1.8 3.6 0.7 
22.  0 27.8 3.2 5.8 0 2.9 0.4 2.8 0 0 0 0 33.8 3.6 4.0 3.8 0 1.4 50.9 0.5 
23.  0.7 0 0.2 4.5 3.1 1.2 1.2 4.3 0 0 328.1 0 4.6 1.1 18.5 0 11.9 11.1 5.1 482.2 

24.  0 0 0 0 0 0 0 0 123.9 46.6 62.9 62.9 2.9 4.9 5.1 0 0 0 58.4 0 
25.  15.0 4.1 10.4 3.5 3.3 0.6 6.9 0.8 27.7 55.6 37.2 23.3 1.8 0 0 0 2.0 0.3 3.2 1.1 
26.  11.2 3.8 3.8 4.1 2.8 0.8 1.1 1.6 881.5 48.3 431.2 534.0 33.0 16.2 18.2 29.0 5.0 2.1 3.2 4.1 

27.  3.3 4.8 0.7 8.7 1.1 0.6 0.0 0.7 91.1 68.3 8.0 0 0 0 1.6 0 0.9 1.9 2.6 1.8 
28.  130.5 110.0 108.9 145.2 11.4 0 8.5 13.2 45.3 42.2 33.6 46.0 33.2 55.9 11.8 30.5 6.6 1.3 3.8 4.0 
29.  132.2 115.9 98.6 74.5 61.6 12.8 11.7 10.8 46.0 29.5 35.2 36.7 0.0 0 59.2 10.7 4.8 7.9 342.1 7.1 

30.  226.4 137.2 2232.9 179.3 16.5 12.1 8.7 12.3 122.4 68.1 65.4 92.1 80.3 27.9 39.8 62.3 16.8 10.0 11.1 14.3 
31.  73.9 23.2 42.9 47.8 14.0 4.5 0 9.8 17.0 7.3 14.0 16.6 10.2 1.5 14.3 2.8 2.0 1.0 0.5 0.8 

32.  14.3 13.2 16.4 17.1 0 5.7 5.3 5.4 4.0 19.4 12.2 1.8 0.5 3.5 69.6 0 0 0 0 0 

33.  14.9 14.7 15.7 13.5 3.3 3.4 3.4 3.3 404.5 157.8 104.3 147.0 17.7 7.4 0 0 4.3 6.1 6.0 2.4 
34.  0.7 0.0 0.3 2.9 1.4 0 0.0 2.2 0 0 0 0 0 0 0 0 0 0 0 0 
35.  80.4 64.9 86.1 92.7 11.4 10.1 7.5 11.6 23.3 21.7 12.0 16.0 0 0 0 0 2.5 5.8 1.3 3.7 

36.  102.1 157.5 241.6 132.5 8.3 12.5 20.1 11.6 80.1 99.6 174.1 846.6 5.8 14.2 0 54.3 8.5 18.3 28.3 12.6 
37.  2.5 1.0 2.2 2.0 4.9 0.4 0.5 0.9 247.1 303.3 32.9 677.9 2.1 9.3 0 23.5 2.8 3.1 1.0 6.4 
38.  7.7 9.0 5.6 1.9 2.8 3.1 0.7 0.3 0 0 0 0 3.3 0 0.2 0 2.5 1.5 0.8 0.5 

39.  71.7 99.7 85.1 91.5 7.9 9.6 9.6 10.9 18.0 12.7 19.2 17.7 0 0 0 0 1.1 0 4.1 0 
40.  85.6 106.2 86.5 114.5 0 10.1 6.6 7.0 46.0 60.6 42.8 47.9 0 0 0 0 8.2 10.3 6.4 7.8 

 

Table 8: Parabens distribution (ng/grm tissue) across the breast (A=axilla, L=lateral, C=central, M=medial). Patients who never used underarm 

cosmetics are highlighted
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The total parabens values followed a non-Normal, positively skewed distribution. 

Hence we present the median values and range as summary statistics. 

 

Total parabens Median Range 

Axilla 99.2 2 to 2322 

Lateral 73.4 0 to 1364 

Central 100.1 0 to 5135 

Medial 70.4 3 to 1281 

Outer total 194.8 2 to 3683 

Inner total 185.6 5 to 5349 

All 454.9 8 to 6312 

 

Table 9. Mean total parabens concentrations (ng/gm tissue) and range 

 

There was no obvious gradient in the total parabens concentrations from the axilla to 

the sternum and no significant difference between the 4 positions (Friedman test; 

p=0.29). Also, there was no significant difference between the inner (medial + central) 

and outer (axilla + lateral) total parabens concentrations (Wilcoxon paired test; p=0.38) 

(table 9 & 11). Spearman correlations test demonstrated no significant relation 

between the concentration of parabens in any of the four positions and the patients‟ age 

(table 10). 

Axilla: rho= -0.12 p=0.44 

Lateral: rho= -0.27 p=0.10 

Central: rho= 0.06  p=0.72 

Medial: rho= -0.13 p=0.43 

Outer: rho = -0.15 p=0.36 

Inner: rho = -0.05  p=0.77 

All: rho= -0.04  p=0.79 

 

Table 10. Total parabens correlation with age  

 

Total parabens Median Range 

Axilla 117.6 2 to 2322 

Lateral 84.4 0 to 1364 

Central 106.0 0 to 5135 

Medial 111.3 3 to 1281 

Outer (total) 220.1 2 to 3683 

Inner (total) 230.9 5 to 5349 

All 521.3 8 to 6312 

 

Table 11. Total parabens in patients who returned questionnaires. 
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Total 

parabens 

Median  (range) p-value 

(Mann-Whitney 

U-test) 

Ever used 

(n=28) 

Never used 

(n=7) 

Axilla 127.4 (2, 2322) 117.1 (19, 1280) p=0.53 

Lateral 115.8 (0, 1364) 41.8 (13, 166) p=0.039 

Central 101.4 (0, 5134) 106.9 (26, 811) p=0.45 

Medial 98.0 (3, 1281) 124.0 (20,491) p=0.76 

Outer (total) 267.0 (2,3682) 154.6 (34,1323) p=0.30 

Inner (total) 223.0 (5, 5349) 230.9 (46,1296) p=0.70 

All 583.9 (8, 6312) 451.0 (89,2619) p=0.76 

 

Table 12. Total parabens: users vs non users. 

 

Patients who had used deodorants had significantly higher total parabens concentration 

in the lateral samples of the breast, comparing to non-users (table 12). When 

comparison was made between the current users (n=23) and the past users (n=5), there 

was no significant difference in the total parabens concentrartions in any area of the 

breast (table 13). 

 

Total 

parabens 

Median  (range) p-value 

(Mann-Whitney 

U-test) 
Current users 

(n=23) 

Past users 

(n=5) 

Axilla 128 (16, 2322) 127 (2, 462) p=0.56 

Lateral 117 (14, 1364) 114 (0, 255) p=0.73 

Central 97 (0, 1281) 126 (0, 2358) p=0.95 

Medial 111 (3, 3683) 63 (5, 360) p=0.60 

Outer (total) 313 (30, 3683) 178 (2, 718) p=0.64 

Inner (total) 238 (10, 5349) 189 (5, 2718) p=0.60 

All 646 (40, 6312) 368 (8, 3436) p=0.56 

 

Table 13. Total parabens: current users vs past users  

 

When comparison was made between the current users and the non-current users of 

deodorants (i.e. past users + never-users) there was no significant difference in the 

total concentration of parabens in all areas of the breast (table 14, graph 2). In both 

comparisons there is a positive trend towards the current users with an exception for 

the central breast samples but this trend does not reach statistical significance. 
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Total parabens Median  (range) p-value 

(Mann-Whitney 

U-test) 

Current users 

(n=23) 

Non-current users 

(n=12) 

Axilla 128.0 (16, 2322) 117.4 (2, 1280) p=0.36 

Lateral 117.1 (14, 1364) 47.1 (0, 253) p=0.09 

Central 96.7 (0, 5135) 116.6 (0, 2358) p=0.62 

Medial 111.3 (3, 1281) 100.9 (5, 491) p=0.82 

Outer (total) 313.3 (30, 3683) 166.4 (2, 1323) p=0.26 

Inner (total) 238.1 (10, 5349) 210.1 (5, 2718) p=0.93 

All 646.5 (0, 6312) 409.3 (8, 3436) p=0.50 

 

Table 14. Total parabens: current users vs non-current users 

 

 

Graph 2: Total parabens, comparison between current and non-current users 

 

For those 20 patients with data on length of usage, the Spearman correlations test did 

not demonstrate any significant relation between the length of usage and the 

concentration of parabens (table 15).  

 

Axilla: rho= 0.17 p=0.48 

Lateral: rho= -0.27  p=0.25 

Central: rho= -0.03  p=0.89 

Medial: rho= -0.25  p=0.28 

Outer: rho = 0.01 p=0.95 

Inner: rho = -0.07 p=0.77 

All: rho = 0.04 p=0.87 

 

Table 15. Total parabens: correlation with length of usage 
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There was no significant difference of the parabens concentrations in all areas of the 

breast, between the ER+ve and the ER-ve groups.  

 

Total 

parabens 

Median  (range) p-value 

(Mann-Whitney 

U-test) 

ER +ve 

(n=27) 

ER -ve 

(n=10) 

Axilla 98.7 (2, 2322) 108.4 (16, 861) p=0.72 

Lateral 84.4 (0, 1360) 106.7 (14, 1364) p=0.85 

Central 96.7 (0, 5135) 88.8 (7, 2358) p=0.78 

Medial 62.4 (5, 1281) 108.8 (3, 360) p=0.83 

Outer (total) 211.4 (2, 3683) 282.6 (30, 1463) p=0.72 

Inner (total) 181.9 (5, 5349) 198.4 (10, 2718) p=0.91 

All 451.0 (8, 6312) 616.9 (40, 3436) p=0.88 

 

Table 16. Total parabens: ER+ve vs ER-ve tumour group 

 

When comparison was made between the three groups of different tumour locations 

(medial, central, lateral) there was no significant difference in the concentration of 

total parabens (table 17). 

 

Total 

parabens 

Median  (range) p-value 

(Kruskal-

Wallis 

test) 

Central 

(n=14) 

Lateral 

(n=16) 

Medial  

(n=5) 

Axilla 98 (16,892) 109 (27,2322) 227 (12,933) p=0.94 

Lateral 80 (13,189) 77 (17,1364) 71 (34,454) p=0.89 

Central 72 (7,1147) 106 (0,2358) 167 (17,458) p=0.52 

Medial 65 (3,491) 87 (13,1281) 112 (24,573) p=0.69 

Outer (total) 163 (30,1076) 267 (48,3683) 436 (46,1005) p=0.83 

Inner (total) 154 (10,1192) 199 (21,2718) 326 (48,1030) p=0.60 

All 414 (40,1339) 486 (82,6312) 842 (94,2035) p=0.97 

 

Table 17. Total parabens: Medial vs Lateral vs Central tumour group 

 

5.4.2. Methyl - paraben 

Methyl-paraben data was available on n=40 patients and questionnaire data on n=35 

patients. After subtracting the blanks the methyl-paraben values included a small 

number (n=7) of negative values: Axilla : (n=2): -3,1, -2.1. Lateral: (n=2): -3.7, -2.7. 

Central: (n=2):-5.9, -3.7. Medial (n=1): -3.1. These negative values were recoded to 

zeros. The methyl-paraben values followed a non-Normal, positively skewed 

distribution. Median values and range are presented as summary statistics.  
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Methyl Median Range 

Axilla 17.2 0 to 226 

Lateral 17.9 0 to 819 

Central 16.0 0 to 5103 

Medial 15.0 0 to 179 

Outer total 37.1 0 to 874 

Inner total 34.2 0 to 5147 

All 75.3 0 to 5188 

 

Table 18. Methyl-paraben concentrations 

 

There was no obvious gradient in methyl-paraben concentration from the Axilla to 

Medial area and no significant difference between the 4 positions (Friedman test; 

p=0.63). Also there was no significant difference between inner (axilla + lateral) and 

outer (central + medial) total concentrations (Wilcoxon paired test; p=0.67) (table 18). 

Spearman correlations test did not demonstrate a relation of the methyl-paraben 

concentration in any of the four positions with the patient age (table 19 & 20). 

 

Axilla: rho=-0.14; p=0.40 

Lateral: rho= -0.18;  p=0.27 

Central: rho= -0.09;  p=0.60 

Medial: rho= -0.14;  p=0.37 

Outer: rho = -0.18; p=0.28 

Inner: rho = -0.10; p=0.55 

All: rho =-0.15; p=0.36 

 

Table 19. Methyl-paraben correlation with age 

 

Methyl-

paraben 

Median Range 

Axilla 18.6 0 to 226 

Lateral 17.6 0 to 819 

Central 15.1 0 to 5103 

Medial 13.5 0 to 179 

Outer (total) 37.3 0 to 874 

Inner (total) 29.2 0 to 5146 

All 74.7 0 to 5188 

 

Table 20. Methyl-paraben concentration in patients that returned questionnaires 
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There was no significant difference in the concentrations of methyl-paraben between 

the users and non-users of deodorants (table 21) or between the current users and the 

non-current users of deodorants (table 22). 

 

Methyl-

paraben 

Median  (range) p-value 

(Mann-Whitney 

U-test) 

Ever used 

(n=28) 

Never used 

(n=7) 

Axilla 19.0 (0, 226) 14.3 (1, 132) p=0.92 

Lateral 18.2 (0, 819) 13.2 (0, 116) p=0.64 

Central 14.9 (0, 5103) 16.4 (0. 99) p=1.0 

Medial 12.7 (0, 179) 17.1 (3, 93) p=0.86 

Outer (total) 38.5 (0, 874) 27.5 (1, 248) p=0.70 

Inner (total) 27.9 (0, 5147) 33.5 (5, 179) p=0.89 

All 79.4 (0, 5188) 61.0 (5. 421) p=0.67 

 

Table 21. Methyl-paraben concentration: Users vs Non users 

 Methyl-

paraben 

Median  (range) p-value 

(Mann-

Whitney U-test) 

Current use 

(n=23) 

No current use 

(n=12) 

Axilla 21.5 (0, 162) 13.8 (0, 226) p=0.29 

Lateral 19.6 (1, 819) 13.4 (0, 137) p=0.22 

Central 15.1 (0, 5103) 13.2 (0, 2232) p=0.48 

Medial 21.0 (2, 145) 12.4 (0, 179) p=0.67 

Outer (total) 41.3 (3, 874) 25.2 (0, 364) p=0.21 

Inner (total) 35.0 (4, 5147) 25.4 (0, 2412) p=0.38 

All 84.5 (8, 5188) 51.6 (0, 2776) p=0.20 

 

Table 22. Methyl-paraben concentration: Current users vs Non current users 

 

The Spearman test demonstrated a significant negative association between lateral 

methyl-paraben and length of use. Lower concentrations were related with longer use 

of deodorants (table 23). 

 

Axilla: rho= -0.23; p=0.33 

Lateral: rho= -0.46;  p=0.04 

Central: rho= -0.19;  p=0.43 

Medial: rho= -0.33;  p=0.15 

Outer: rho = -0.32; p=0.17 

Inner: rho = -0.12; p=0.60 

All: rho = -0.18; p=0.44 

 

Table 23. Methyl-paraben concentration: correlation with length of use 
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There was no significant difference in the concentration of Methyl paraben between 

the ER+ve and the ER-ve tumours (table 24). 

 

Methyl-

paraben 

Median  (range) p-value 

(Mann-

Whitney U-

test) 

ER +ve 

(n=27) 

ER -ve 

(n=10) 

Axilla 16.7 (0, 162) 37.4 (8, 226) p=0.16 

Lateral 18.2 (0.158) 22.5 (9, 819) P=0.18 

Central 14.7 (0. 5103) 33.2 (6, 2233) p=0.19 

Medial 16.5 (0, 145) 32.0 (2, 179) p=0.34 

Outer (total) 37.3 (0, 260) 68.0 (17, 874) p=0.16 

Inner (total) 33.5 (0, 5147) 65.0 (7, 2412) p=0.32 

All 75.9  (0, 5188) 133.0 (24, 2776) p=0.29 

 

 

Table 24. Methyl-paraben ER+ve vs ER-ve group 

 

5.4.3. Ethyl-paraben 

After subtracting the blanks the Ethyl-paraben concentrations included a small number 

of negative values: Axilla : (n= 4):-3,1, -2.1, -1.7, -1.2 Lateral: (n=3);-2.7, -2.3, -1.9 

Central: (n=3): -3.7, -1.7, -1.1 Medial (n=1): -3.1 These negative values were recoded 

to zeros. The Ethyl-paraben concentration values followed a non-Normal, positively 

skewed distribution. Hence, we present the median values and range as summary 

statistics. 

 

There was no obvious gradient in ethyl-paraben concentration from Axilla to Medial 

and no significant difference between the 4 regions (Friedman test; p=0.45). Also there 

was no significant difference between inner (medial+ central) and outer (lateral + 

axilla) areas of the breast (Wilcoxon paired test; p=0.10) (table 25 & 27) 

 

Ethyl-paraben Median Range 

Axilla 3.4 0 to 158 

Lateral 3.2 0 to 500 

Central 3.2 0 to 20 

Medial 3.4 0 to 31 

Outer total 6.9 0 to 502 

Inner total 6.6 0 to 39 

All 13.4 0 to 542 

 

Table 25. Ethyl-paraben concentration. 
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The Spearman correlation test did not demonstrate any significant relation of Ethyl –

paraben concentration and patients‟ age (table 26). 

 

Axilla:    rho= -0.06; p=0.72 

Lateral:   rho= -0.19; p=0.23 

Central:   rho= -0.21; p=0.20 

Medial:   rho= -0.10; p=0.53 

Outer:    rho = -0.21; p=0.19 

Inner:    rho = -0.17; p=0.28 

All:    rho=-0.17; p=0.30 

 

Table 26. Ethyl-paraben concentration, correlation with age 

 

 

Ethyl-paraben Median Range 

Axilla 3.4 0 to 158 

Lateral 3.1 0 to 500 

Central 3.3 0 to 20 

Medial 3.3 0 to 31 

Outer (total) 6.7 0 to 502 

Inner (total) 6.6 0 to 39 

All 13.4 0 to 542 

 

Table 27. Ethyl-paraben concentrations in patients who returned the study 

questionnaire. 

 

There was no significant difference in the concentrations of ethyl-paraben between the 

users and non-users of deodorants (table 28). 

 

Ethyl-

paraben 

Median  (range) p-value 

(Mann-Whitney 

U-test) 

Ever used 

(n=28) 

Never used 

(n=7) 

Axilla 3.4 (0, 158) 3.4 (0, 62) p=0.56 

Lateral 3.0 (0, 500) 4.5 (1, 13) p=0.70 

Central 3.4 (0, 20) 2.3 (0, 12) p=0.86 

Medial 3.0 (0, 31) 5.4 (1, 12) p=0.38 

Outer (total) 6.9 (0, 502) 5.7 (3, 74) p=0.82 

Inner (total) 6.0 (0, 39) 9.8 (3, 22) p=0.48 

All 13.0 (0, 542) 16.4 (7, 97) p=0.56 

 

Table 28. Ethyl-paraben concentration users vs non users 

 

There was no significant difference in the concentrations of ethyl-paraben between the 

current users and the non-current users of deodorants (table 29). 
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Ethyl-

paraben 

Median  (range) p-value 

(Mann-Whitney 

U-test) 

Current use 

(n=23) 

No current use 

(n=12) 

Axilla 4.1 (0, 158) 3.2 (0, 62) p=0.72 

Lateral 3.1 (0, 500) 3.0 (0, 13) p=0.67 

Central 3.7 (0, 20) 2.2 (0, 12) p=0.33 

Medial 3.3 (0, 31) 3.8 (0, 12) p=0.80 

Outer (total) 7.3 (2, 502) 5.5 (0, 74) p=0.46 

Inner (total) 6.6 (1, 39) 6.1 (0, 22) p=0.74 

All 14.1 (2, 542) 11.6 (0, 97) p=0.64 

 

 

Table 29. Ethyl-paraben current users vs non-current users 

 

The Spearman correlation test did not demonstrate any significant relation of Ethyl –

paraben concentration with the length of use (table 30) 

 

Axilla:   rho= -0.10 p=0.69 

Lateral:  rho= -0.40 p=0.08 

Central:  rho= -0.36 p=0.12 

Medial:  rho= -0.41 p=0.08 

Outer:   rho = -0.41 p=0.08 

Inner:   rho = -0.36 p=0.12 

All:   rho = -0.36 p=0.12 

 

Table 30. Ethyl-paraben concentration, correlation with length of use 

 

Lateral ethyl-paraben values and total outer (lateral + axillary) ethyl-paraben values 

were significantly lower for ER+ve patients (table 31) 

 

Ethyl-

paraben 

Median  (range) p-value 

(Mann-Whitney 

U-test) 

ER +ve 

(n=27) 

ER -ve 

(n=10) 

Axilla 3.4 (0, 14) 4.6 (1, 158) P=0.10 

Lateral 2.9 (0, 16) 4.5 (1, 500) P=0.05 

Central 3.0 (0, 20) 3.4 (0, 12) P=0.67 

Medial 3.3 (0, 13) 6.5 (0, 31) P=0.39 

Outer (total) 6.4 (0, 26) 14.4 (3, 502) P=0.04 

Inner (total) 6.0 (0, 32) 8.4 (1, 39) P=0.34 

All 13.1 (0, 52) 21.6 97, 542) P=0.08 

 

Table 31. Ethyl-paraben concentration: ER+ve vs ER-ve group 
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5.4.4. Propyl-paraben   

After subtracting the blanks the propyl-paraben values included a number of negative 

values. Axilla: (n= 5): -89.6, -47.5, -25.0, -10.0, -7.1 Lateral: (n=5); -371.7, -115.5, -

31.6, -29.8, -15.2 Central: (n=5): -50.2, -42.7, -27.1, -6.2, -0.4 Medial (n=7): -286.7, -

80.2, -63.5, -22.0, -12.5, -1.0, -0.9. These negative values were recoded to zeros. The 

propyl-paraben values followed a non-Normal, positively skewed distribution. Hence 

we present median values and range as summary statistics. 

  

There was no obvious gradient in propyl-paraben concentrations from Axilla to Medial 

but there is a significant difference between the 4 positions (Friedman test; p=0.007). 

However, there was no significant difference between inner (medial+ central) and 

outer (lateral + axilla) areas of the breast (Wilcoxon paired test; p=0.12) (table 32 & 

34). 

 

Propyl Median Range 

Axilla 17.5 0 to 2053 

Lateral 14.2 0 to 1255 

Central 16.2 0 to 1250 

Medial 17.2 0 to 1217 

Outer total 37.8 0 to 3308 

Inner total 36.0 0 to 2467 

All 77.4 0 to 5774 

 

Table 32. Propyl-paraben concentrations. 

 

Spearman correlations test demonstrated no significant relation between the 

concentration of parabens in any of the four regions and the patients‟ age (Table 33). 

 

Axilla:   rho= -0.14; p=0.38 

Lateral:  rho= -0.26; p=0.10 

Central:  rho= 0.00; p=1.0 

Medial:  rho= -0.27; p=0.10 

Outer:   rho = -0.15 p=0.36 

Inner:   rho = -0.10; p=0.52 

All:   rho=-0.10; p=0.53 

 

Table 33. Propyl-paraben, correlation with age 
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Propyl-paraben Median Range 

Axilla 27.7 0 to 2053 

Lateral 17.5 0 to 1255 

Central 19.2 0 to 1250 

Medial 21.5 0 to 1217 

Outer (total) 46.6 0 to 3308 

Inner (total) 42.1 0 to 2467 

All 143.8 0 to 5774 

 

Table 34. Propyl-paraben concentrations in patients who returned the study 

questionnaire 

 

There was no significant difference in the concentrations of propyl-paraben between 

the users and non-users of deodorants (table 35). 

 

Propyl-

paraben 

Median  (range) p-value 

(Mann-Whitney 

U-test) 

Ever used 

(n=28) 

Never used 

(n=7) 

Axilla 40.8 (0, 2053) 17.0 (0, 1199) P=0.36 

Lateral 29.2 (0, 1255) 7.3 (0, 30) P=0.09 

Central 21.9 (0, 1250) 14.0 (6, 761) P=0.56 

Medial 23.6 (0, 1217) 16.0 (0, 457) P=0.38 

Outer (total) 85.4 (0, 3308) 24.3 (0, 1199) P=0.34 

Inner (total) 51.3 (0, 2467) 30.6 (8, 1217) P=0.86 

All 155.4 (0, 5774) 73 (15, 2416) P=0.95 

 

Table 35. Propyl-paraben, users vs non-users 

 

There was no significant difference in the concentrations of propyl-paraben between 

the current users and the non-current users of deodorants (table 36). 

 

Propyl-

paraben 

Median  (range) p-value 

(Mann-Whitney 

U-test) 
Current use 

(n=23) 

No current use 

(n=12) 

Axilla 36.3 (0, 2053) 20.2 (0, 1199) P=0.50 

Lateral 17.5 (0, 1255) 13.4 (0, 158) P=0.22 

Central 19.2 (0, 1250) 24.6 (0, 761) P=0.62 

Medial 23.3 (0, 1217) 16.3 (0, 457) P=0.46 

Outer (total) 83.3 (0, 3308) 34.6 (0, 1199) P=0.46 

Inner (total) 42.1 (0, 2467) 51.2 (0, 1217) P=0.99 

All 143.8 (0, 5774) 110.2 (0, 2416) P=0.85 

 

Table 36. Propyl-paraben, users vs non-current users 
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The Spearman correlation test did not demonstrate any significant relation of propyl –

paraben concentration with the length of use (table 37) 

 

Axilla:   rho= 0.03  p=0.89 

Lateral:  rho= -0.08 p=0.73 

Central:  rho= -0.14 p=0.79 

Medial:  rho= -0.21 p=0.38 

Outer:   rho = -0.01 p=0.97 

Inner:   rho = -0.20 p=0.40 

All:   rho = -0.06 p=0.57 

 

Table 37. Propyl-paraben, correlation with length of use 

 

There was no significant difference in the concentration of propyl-paraben between the 

ER+ve and the ER-ve groups (table 38). 

 

Propyl-

paraben 

Median  (range) p-value 

(Mann-Whitney 

U-test) 

ER +ve 

(n=27) 

ER -ve 

(n=10) 

Axilla 18.0 (0, 2053) 16.7 (0, 404) P=0.96 

Lateral 17.5 (0, 1255) 10.3 (0, 158) P=0.51 

Central 12.2 (0, 1250) 16.2 (0, 104) P=0.80 

Medial 16.1 (0, 1217) 20.2 (0, 147) P=0.88 

Outer (total) 45.0 (0, 2208) 26.8 (0, 562) P=0.62 

Inner (total) 28.0 (0, 2467) 36.4 (0, 251) P=0.93 

All 73.0 (0, 5774) 63.2 (0, 814) P=0.65 

 

 

Table 38. Propyl-paraben, ER+ve vs ER-ve 

 

5.4.5. N-butyl-paraben  

After subtracting the blanks the N-butyl values included a number of negative values: 

Axilla : (n= 7):-103.6, -56.9, -9.8, -6.5, -6.4, -2.6, -2.2, Lateral: (n=10);-102.5, -78.1, -

19.1, -7.9, -6.9, -4.5, -2.5, -1.7, -1.4,-1.4 Central: (n=11): -130.4,-53.2, -9.3, -6.6, -6.5, 

-5.8, -4.8,-4.8,-4.6, -0.9, -0.6 Medial (n=13): -123.8,-42.3,-20.6,-14.4,-8.8,-4.7,-3.4,-

3.3,-2.0,-1.7,-0.3,   -0.3,-0.3 These negative values were recoded to zeros. The N-

butyl-paraben  values followed a non-Normal, positively skewed distribution. Hence 

we present median values and range as summary statistics. 
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There was no obvious gradient in N-butyl-paraben concentrarion from Axilla to 

Medial and no significant difference between the 4 regions (Friedman test; p=0.50). 

Also, there was no significant difference between inner and outer (Wilcoxon paired 

test; p=0.20) (table 39 & 41). 

 

N-butyl-paraben Median Range 

Axilla 5.0 0 to 95 

Lateral 7.4 0 to 93 

Central 5.7 0 to 80 

Medial 5.8 0 to 62 

Outer total 12.9 0 to 182 

Inner total 11.6 0 to 131 

All 32.4 0 to 313 

 

Table 39. N-butyl-paraben concentrations 

Spearman correlations test demonstrated no significant relation between the 

concentration of n-butyl-paraben in any of the four positions and the patients‟ age 

(Table 40). 

Axilla:   rho=  0.08;  p=0.62 

Lateral:  rho=  0.08;  p=0.61 

Central:  rho=  0.27;  p=0.09 

Medial:  rho= -0.11;  p=0.49 

Outer:   rho =  0.12;  p=0.46 

Inner:   rho =  0.08;  p=0.62 

All:   rho =  0.12;  p=0.47 

 

Table 40. N-butyl-paraben, correlation with age 

 

 

N-butyl-

paraben 

Median Range 

Axilla 5.3 0 to 95 

Lateral 7.4 0 to 93 

Central 5.9 0 to 80 

Medial 6.0 0 to 62 

Outer (total) 16.4 0 to 182 

Inner (total) 11.7 0 to 131 

All 34.9 0 to 313 

 

Table 41.  N-butyl-paraben concentrations in patients who returned questionnaires 

 

Non-users had significantly higher concentrations of n-butyl-paraben in the central 

breast samples (table 42). 
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N-butyl-

paraben 

Median  (range) p-value 

(Mann-Whitney 

U-test) 
Ever used 

(n=28) 

Never used 

(n=7) 

Axilla 5.9 ( 0, 95) 3.3 (0, 64) 0.41 

Lateral 10.4 (0, 93) 1.5 (0, 35) 0.11 

Central 5.2 (0, 80) 18.5 (0, 70) 0.039 

Medial 6.7 (0, 62) 2.8 (0, 24) 0.30 

Outer (total) 22.6 (0, 182) 5.7 (0, 100) 0.14 

Inner (total) 11.2 (0, 131) 18.5 (0, 70) 0.18 

All 36.9 (0, 313) 28.8 (0,165) 0.92 

 

Table 42. N-butyl-paraben, users vs non users 

 

There was no significant difference in the concentrations of n-butyl-paraben between 

the current users and the non-current users of deodorants (table 43). 

 

N-butyl-

paraben 

Median  (range) p-value 

(Mann-Whitney 

U-test) 

Current use 

(n=23) 

No current use 

(n=12) 

Axilla 6.0 (0, 95) 3.2 (0, 80) P=0.44 

Lateral 11.6 (0, 87) 4.2 (0, 93) P=0.34 

Central 5.3 (0, 80) 10.2 (0, 70) P=0.25 

Medial 7.7 (0, 54) 1.4 (0, 62) P=0.13 

Outer (total) 20.0 (0, 182) 9.2 (0, 108) P=0.40 

Inner (total) 11.3 (0, 131) 14.4 (0, 102) P=0.74 

All 38.9 (0, 313) 27.0 (0, 210) P=0.90 

 

Table 43. N-butyl-paraben, current users vs non-current users 

 

The Spearman correlation test did not demonstrate any significant relation of n–butyl-

paraben concentration with the length of use (table 44) 

 

Axilla:   rho= 0.36;  p=0.33 

Lateral:  rho= 0.25;  p=0.28 

Central:  rho= 0.38;  p=0.10 

Medial:  rho= 0.06;  p=0.81 

Outer:   rho = 0.40;  p=0.08 

Inner:   rho = 0.14;  p=0.56 

All:   rho = 0.33;  p=0.16 

 

Table 44. N-butyl-paraben, correlation with length of use. 
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There was no significant difference in the concentration of n-butyl-paraben between 

the ER+ve and the ER-ve groups (table 45). 

 

N-butyl-

paraben  

Median  (range) p-value 

(Mann-Whitney 

U-test) 
ER +ve 

(n=27) 

ER -ve 

(n=10) 

Axilla 5.3 (0, 95) 6.8 (0, 80) P=0.80 

Lateral 8.6 (0, 93) 5.6 (0, 52) P=0.75 

Central 5.1 (0, 80) 15.8 (0, 59) P=0.08 

Medial 6.0 (0, 54) 6.8 (0, 62) P=0.65 

Outer (total) 13.9 (0, 182) 18.0 (0, 108) P=0.93 

Inner (total) 11.3 (0, 131) 25.4 (0, 102) P=0.29 

All 34.9 (0, 313) 43.4 (4, 210) P=0.58 

 

  

Table 45. N-butyl-paraben, ER+ve vs ER-ve groups 

 

 

5.4.6. Iso-butyl-paraben  

After subtracting the blanks the iso-butyl-paraben values included a number of 

negative values: Axilla : (n= 7): -42.4, -31.4, -3.2, -3.1, -2.2, -0.5, -0.1 Lateral: (n=6);-

27.2, -25.5, -2.8, -1.6, -0.5, -0.4 Central: (n=7):-6.5, -2.1, -1.9, -0.8, -0.6, -0.5, -0.5 

Medial (n=8):-31.6, -21.7, -3.3, -1.8, -1.6, -1.4, -0.4, -0.5 These negative values were 

recoded to zeros. The iso-butyl-paraben values followed a non-Normal, positively 

skewed distribution. Hence we present median values and range as summary statistics. 

There was no obvious gradient in iso-butyl-paraben from Axilla to Medial and no 

significant difference between the 4 positions (Friedman test; p=0.50). Also there was 

no significant difference between inner and outer (Wilcoxon paired test; p=0.50) (table 

46 & 48). 

 

Iso-butyl-paraben Median Range 

Axilla 2.0 0 to 803 

Lateral 2.4 0 to 119 

Central 3.2 0 to 342 

Medial 1.8 0 to 482 

Outer total 5.3 0 to 922 

Inner total 4.7 0 to 487 

All 13.6 0 to 949 

 

Table 46. Iso-butyl-paraben concentrations 
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Spearman correlations test demonstrated no significant relation between the 

concentration of iso-butyl-paraben in any of the four positions and the patients‟ age 

(Table 47). 

 

Axilla:   rho= -0.08;  p=0.61 

Lateral:  rho= -0.14;  p=0.40 

Central:  rho= 0.04;  p=0.81 

Medial:  rho= -0.11;  p=0.51 

Outer:   rho = -0.10;  p=0.53 

Inner:   rho = 0.02;  p=0.90 

All:   rho =-0.03;  p=0.87 

 

Table 47. Iso-butyl-paraben, correlation with age 

 

 

Iso-butyl-paraben Median Range 

Axilla 2.5 0 to 803 

Lateral 2.9 0 to 119 

Central 3.2 0 to 342 

Medial 1.8 0 to 482 

Outer (total) 7.1 0 to 922 

Inner (total) 4.4 0 to 487 

All 14.4 0 to 949 

 

Table 48. Iso-butyl-paraben concentrations in patients who returned the study 

questionnaire 

 

There was no significant difference in the concentrations of iso-butyl-paraben between 

the users and the non users of deodorants (table 49). 

 

Iso-butyl-

paraben 

Median  (range) p-value 

(Mann-

Whitney U-

test) 

Ever used 

(n=28) 

Never used 

(n=7) 

Axilla 2.2 (0, 803) 2.5 (0, 12) P=0.95 

Lateral 3.0 (0, 119) 1.8 (0, 11) P=0.56 

Central 3.2 (0, 58) 1.3 (0, 342) P=0.48 

Medial 2.0 (0, 21) 0.8 (0, 482) P=0.73 

Outer (total) 6.5 (0, 922) 8.3 (0, 23) P=0.64 

Inner (total) 5.8 (0.58) 4.3 (0, 487) P=0.79 

All 15.5 (0, 949) 13.3 (0, 510) P=0.50 

 

Table 49. Iso-butyl-paraben, users vs non-users 
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There was no significant difference in the concentrations of iso-butyl-paraben between 

the current users and the non-current users of deodorants (table 50). 

 

Iso-butyl-

paraben 

Median  (range) (Mann-

Whitney U-

test) 
Current use 

(n=23) 

No current use 

(n=12) 

Axilla 2.5 (0, 803) 2.2 (0, 17) P=0.34 

Lateral 3.0 (0, 119) 1.4 (0,11) P=0.18 

Central 3.2 (0,51) 2.4 (0, 342) P=0.74 

Medial 2.2 (0,51) 0.8 (0, 482) P=0.25 

Outer (total) 7.1 (1, 922) 5.5 (0, 27) P=0.20 

Inner (total) 4.4 (0, 51) 4.6 (0, 487) P=0.82 

All 15.3 (2, 949) 13.6 (0, 510) P=0.46 

 

Table 50. Iso-butyl-paraben, current users vs non-current users 

 

The Spearman correlation test did not demonstrate any significant relation of iso–

butyl-paraben concentration with the length of use (table 51). 

 

Axilla:   rho= 0.13 p=0.58 

Lateral:  rho= 0.21  p=0.37 

Central:  rho= 0.02  p=0.95 

Medial:  rho= 0.24  p=0.32 

Outer:   rho = 0.26  p=0.26 

Inner:   rho = 0.14  p=0.56 

All:   rho = 0.32  p=0.17 

 

Table 51. Iso-butyl-paraben, correlation with length of use 

There was no significant difference in the concentration of n-butyl-paraben between 

the ER+ve and the ER-ve groups (table 52). 

 

Iso-butyl-

paraben 

Median  (range) p-value 

(Mann-Whitney 

U-test) 
ER +ve 

(n=27) 

ER -ve 

(n=10) 

Axilla 1.2 (0, 803) 4.4 (1, 594) P=0.09 

Lateral 2.4 (0, 803) 4.3 (1, 10) P=0.41 

Central 1.7 (0, 58) 5.2 (1, 342) P=0.09 

Medial 1.8 (0, 21) 3.0 (0, 14) P=0.30 

Outer (total) 4.0 (0, 922) 8.8 (1, 605) P=0.29 

Inner (total) 4.2 (0, 58) 8.4 (1, 349) P=0.26 

All 13.3 (0, 949) 18.1 (4, 624) P=0.41 

 

 

Table 52. Iso-butyl-paraben, ER+ve vs ER-ve groups 
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5.5. Results - Aluminium  

 

The first group of samples (n=19 patients) had been analysed for the presence of 

aluminium at an earlier stage. The measurement was performed with the use of 

graphite furnace atomic absorption spectrometry (GFAAS). The aluminium 

concentrations of breast tissue and breast tissue fat were in the range 4–437 nmol/g dry 

wt. and 3–192 nmol/g oil, respectively. The aluminium content of breast tissue in the 

outer regions (axilla and lateral) was significantly higher (P = 0.033) than the inner 

regions (middle and medial) of the breast. The results suggested that further research 

would be needed toascertain whether there is a relation between the regional 

differences in the distribution of aluminium and the higher incidence of tumours in the 

outer upper quadrant of the breast
321

. 

 

The analysis of the second group of samples (n=21 patients) is presented. The data are 

expressed as nmol/g tissue dry weight. (x27 = value in ng Al). These data are for 

'whole tissue', not defatted tissue as presented for the first group. The decision to 

analyse the whole tissue rather than fat content separately was based on the fact that it 

became apparent that the fat content of different samples was variable and the data 

would be less accurate and reliable if aluminium was disproportionately higher or 

lower in fat than non-fat tissue. 

 

Out of the twenty-one patients, six had never used deodorants and eleven were current 

users. Consequently, there were ten non-current users (i.e. four past-users and six 

never- users). Data on length of use was available for all 11 patients who currently 

used deodorants.  The median length of use was 37 years, ranging from 11 to 54 years. 

In this group of patients data on hormone receptor ststus was available for n=18.  72% 

(n=13) were ER positive 

  

The aluminium values followed a non-Normal, positively skewed distribution. Hence 

we present median values and range as summary statistics. There was no obvious 

gradient in aluminium concentrations from the Axilla to the Medial area of the breast 

and no significant difference between the 4 positions (Friedman test; p=0.62). Also, 



90 
 

there was no significant difference between inner (medial + central) and outer (axilla + 

lateral) areas of the breast (Wilcoxon paired test; p=0.34) (table 49 & 51) 

 

Aluminium Median Range 

Axilla 14 4 to 178 

Lateral 14 6 to 123 

Central 14 4 to 104 

Medial 14 6 to 151 

Outer total 29 10 to 301 

Inner total 28 10 to 191 

All 57 20 to 458 

 

Table 49. Aluminium concentrations across the breast 

 

The Spearman correlations test did not demonstrate any realtion between aluminium 

concentrations and age of the patients (table 50). 

 

 

Axilla:   rho= -0.08;  p=074 

Lateral:  rho= -0.12;  p=0.60 

Central:  rho= -0.16;  p=0.49 

Medial:  rho= -0.08;  p=0.74 

Outer:   rho = -0.01;  p=0.90 

Inner:   rho = -0.13;  p=0.58 

All:   rho =-0.03;  p=0.96 

 

Table 50. Aluminium concentration, correlation with age 

 

 

There was no significant difference in the concentration of aluminium between users 

and non-users (table 51). 

 

Aluminium Median  (range) p-value 

(Mann-Whitney 

U-test) 

Ever used 

(n=15) 

Never used 

(n=6) 

Axilla 14 (5, 158) 13 (4, 178) P=0.73 

Lateral 15 (7, 94) 13 (6, 123) P=0.85 

Central 14 (5, 104) 14 (4, 63) P=0.68 

Medial 13 (7, 37) 17 (6, 151) P=0.42 

Outer (total) 29 (13, 187) 30 (10, 301) P=0.97 

Inner (total) 27 (12,122) 32 (10,191) P=0.52 

All 57 (27, 231) 58 (20, 458) P=0.68 

 

Table 51. Aluminium concentration, users vs non-users 
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There was no significant difference in the concentration of aluminium between current 

users and non-current users (table 52). 

Aluminium Median  (range) p-value 

(Mann-Whitney 

U-test) 

Current use 

(n=11) 

No current use 

(n=10) 

Axilla 14 (9, 52) 14 (4, 178) P=0.86 

Lateral 15 (7, 94) 12 (6, 123) P=0.25 

Central 18 (5, 104) 14 (4, 63) P=0.35 

Medial 16 (7, 37) 12 (6, 151) P=0.76 

Outer (total) 31 (16, 120) 28 (10, 301) P=0.60 

Inner (total) 35 (12, 122) 26 (10, 191) P=0.43 

All 64 (28, 231) 52 (20, 458) P=0.65 

 

Table 52. Aluminium conmcentration, current users vs non-current users 

 

The Spearman correlations test did not demonstrate any realtion between aluminium 

concentrations and age of the patients (table 53) 

Axilla:   rho= 0.00;  p=0.99 

Lateral:  rho= 0.27;  p=0.43 

Central:  rho= -0.07;  p=0.84 

Medial:  rho= 0.32;  p=0.34 

Outer:   rho = 0.32;  p=0.34 

Inner:   rho = 0.15;  p=0.65 

All:   rho = 0.22; p=0.52 

 

Table 53. Aluminium, correlation with length of deodoarant use.  

 

There was no significant difference in the concentrations of aluminium between the 

ER+ve and the ER-ve tumour groups 

 

Aluminium Median  (range) p-value 

(Mann-Whitney 

U-test) 

ER +ve 

(n=13) 

ER -ve 

(n=5) 

Axilla 12 (4, 158) 18 (5, 22) P=0.21 

Lateral 14 (6, 94) 12 (8, 53) P=0.92 

Central 14 (4, 104) 13 (6, 43) P=0.92 

Medial 13 (6, 37) 10 (8, 23) P=0.63 

Outer (total) 26 (10, 187) 29 (13, 75) P=0.78 

Inner (total) 27 (10, 122) 23 (14, 66) P=0.70 

All 53 (20, 231) 50 (27, 141) P=0.78 

 

Table 54. Aluminium concentrations, ER+ve vs ER-ve group 
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5.6. Discussion 

 

The results that presented statistical significance are summarised below. 

 The patients who had used deodorants or antiperspirants had significantly higher 

total parabens concentration in the lateral samples of the breast, than those who 

had not. 

 A significant negative association was demonstrated between lateral methyl-

paraben concentration and length of deodorant – antiperspirant use. Lower 

concentrations were related with longer use of deodorants. 

 There was no obvious gradient in propyl-paraben concentrations from Axilla to 

Medial but there is a significant difference between the 4 positions (Friedman test; 

p=0.007) 

 Estrogen receptor positive breast cancer patients were found to have significantly 

lower lateral ethyl-paraben values in comparison to the ER negative group. 

 Patients who had never used deodorants or antiperspirants had significantly higher 

concentrations of n-butyl-paraben in the central breast samples. 

 

The main weak points of our study are the small number of patients included, and the 

lack of a control group of healthy patients. The decision to recruit fourty patients and 

no healthy controls in this pilot study, was based on the lack of previous strong 

relevant evidence, the associated high cost and the great amount of time needed for the 

laboratory tests to be carried out. In view of the new evidence on the properties and 

presence of these chemicals from this and other studies, we suggest that control tissue 

samples for future research may be obtained from the following groups:  

 Healthy individuals. 

 Women in high risk for breast cancer (i.e. BRCA gene mutation carriers or 

strong Family History) who would undergo a risk reducing mastectomy. 

 Individuals who who would undergo a diagnostic biopsy for benign breast 

disease 

 Healthy individuals who would undergo breast reduction. 

 Researchers may use control autologous tissue samples from other parts of the 

body (e.g abdominal subcutaneous tissue), as well as blood samples to correlate 

the concentrations accordingly. 
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Parabens are used in a wide range of cosmetic and food products as preservatives. 

They have been shown to have estrogenic properties in-vitro and in-vivo
304

. The 

authors of the CIR Expert Panel review in 2008, conclude that parabens are generally 

safe in the doses used, despite the reports of endocrine related effects
305

. On the other 

hand the Scientific Committee on Consumer Products (SCCP) of the European Union 

in 2005 concluded that methyl-paraben and ethyl-paraben can be used safely at 

concentrations up to 0.4% in cosmetics, but also that more data would be needed for 

propyl-paraben, isopropyl-paraben, butyl-paraben and isobutyl-paraben
280

 The 

recommendation for further reliable reproduction toxicity data, with emphasis on the 

male reproductive system, remained unchanged until 2008
281, 282

. 

 

Parabens and aluminium were present in all of our patients. This is to our knowledge, 

the first study to demonstrate the presence of the widely used esters of para-

hydroxybenzoic acid, in healthy breast tissue samples. Despite the small number of 

patients, it is very likely that these findings reflect the universal presence of parabens 

in the breast tissue of the general population, within the same geographical and cultural 

environment. Previous studies had demonstrated that parabens can be absorbed 

systemically by injestion, skin application and environmental exposure, they are 

excreted intact with urine, and they had also been traced in breast cancer tumour
307

. 

Our study‟s results offer evidence that parabens can be found intact in measurable 

concentrations within healthy breast tissue. During the last decade, invitro and animal 

studies demonstrated that parabens present weak estrogenic activity. Similarly, this 

was the first study to demonstrate the presence of aluminium in healthy breast tissue. 

The difference between the first report
321

 and the second group is attributed to the 

improved and more reliable methodology used for the latter resulting in more robust 

results.  

 

This study illustrated a pattern of homogenous distribution of parabens and aluminium 

across four different regions of the breast from the axilla to the sternum. The 

concentrations vary but are independent of the patient‟s age. These results may be used 

to contribute towards determining the chemical burden of the female breast.  

 

Our patients presented similar high incidence of upper outer quadrant tumours as in the 

general population. However this disproportionate prevalence did not correlate with 
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the measured concentrations of parabens or aluminium. Due to the lack of a 

concentration gradient from the axilla to sternum, one cannot suggest a causative 

relationship between parabens or aluminium and breast cancer.  

 

The lack of a gradient also suggests that the use of underarm deodorants as a source of 

these artificial chemicals cannot be accounted for as an independent risk factor for the 

development of breast cancer. Our study results show that underarm cosmetics (most 

women use combined deodorant/antiperspirant)  are not the only and most likely not 

the most important source of parabens for the female breast. Flarend et al. 

demonstrated in two adults that only 0.012% of aluminium chlorohydrate can be 

absorbed following skin application. This would account for the 2.5% only of the total 

absorbed aluminium by the gut from food over the same period of time
322

. The daily 

application of underarm cosmetics is not an important contribution to the breast 

aluminium burden. This assumption is also based on the lack of significant 

concentration difference, between the users (n=28) and non-users (n=7) of underarm 

deodorants – antiperspirants in all four regions of the breast for the aluminium. The 

pattern and length of use does not affect the concentrations. We did not find any 

correlation between those who had used underarm cosmetics in the past but have now 

stopped using them. Finally, there was no correlation between the length of underarm 

cosmetic use and the measured concentrations. 

 

The significance of the difference between deodorant users and non-users, in the lateral 

total paraben concentration, needs further evaluation by means of comparison with 

control non-cancer, user and non-user groups. This result may only reflect the small 

number of the non-user group patients. 

 

The exposure of a subject to environmental chemicals and the accumulation of those in 

tissue may start as early as in prenatal life. During critical periods of susceptibility this 

may result in adverse health effects in infant or later life
323, 324, 325

. Most of the 

commercially available chemicals in food and cosmetic industry have not been tested 

for possible developmental toxicity to fetuses, infants, and children. One would expect 

that if there was a lifelong cumulative effect on the concentration of chemicals in 

human tissues, there would consequently exist a correlation between that concentration 

and the age of the subject. Our study demonstrates that the breast content for both 
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parabens and aluminium did not differ within a population cohort with an age ranging 

from 37 to 91 years. We therefore accept that there is a parallel pathway of metabolism 

and excretion of these chemicals, which retains their tissue deposit to a maximum 

limit. The wide age range of our study‟s cohort, suggests that this maximum limit of 

low concentrations may be easily achieved earlier than the clinical or pre-clinical (e.g. 

screening) detection of breast cancer. Early exposure of the developing breast to 

chemicals may increase the risk of breast cancer in later life. The current lifestyle 

trends favour unlimited usage of cosmetic and other care products in younger ages, 

even in infants
326

. There is a need for prospective clinical studies in younger 

individuals to determine the pattern of chemical burden in tissues or blood. In other 

words, there is a need to investigate the chemical body burden built-up in all stages of 

life. This will enable the establishment of accurate reference ranges that can be used to 

determine whether an individual or a group (e.g. minors, pregnant women) has an 

unusually high exposure to chemicals. It will also enable us to track, over time, trends 

in levels of exposure and effects on the population. 

 

Studies in the previous decades had demonstrated low toxicity levels and lack of 

carcinogenicity for parabens and aluminium. However, the constant presence of them 

within the breast tissue may allow their properties to be expressed for a lifelong period 

of time. Their contribution to the changes that eventually initiate the development of a 

cancer tumour is unknown. In vitro
327, 328

 and animal studies have shown that the 

combined effect of a mixture of individual substances may be higher than that noted 

under the influence of each independent congener. In view of the existing evidence on 

endocrine disrupters, some authors suggest prevention by limiting the exposure to 

ingredients such as butyl- and propyl paraben, phthalates, bisphenol and others
329

. It is 

important to determine other chemicals that are present in breast tissue and have 

similar estrogenic properties. The combined effect of such a coctail in human tissues 

should be subject to further research.  
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6.  CONCLUSIONS 

 

In this pilot study, we recruited fourty breast cancer patiens who would undergo 

mastectomy as a first stage of their treatment. We investigated the presence of five 

commonly used esters of para-hydroxybenzoic acid (parabens) and aluminium, in 

healthy breast tissue samples obtained from the mastectomy specimens. We also 

investigated the plausibility of a causative relationship theory between these artificial 

chemicals and breast cancer. Finally, we attempted to shed light into the link 

hypothesis between underarm cosmetics, deodorants and antiperspirants, and breast 

cancer developement.  From the results of this study we conclude that: 

 

 Parabens and aluminium are present and can be found intact in various 

concentrations, within healthy breast tissue. 

 The distribution of parabens and aluminium in different regions across the 

breast, from the axilla to the sternum, is homogenous and independent of the 

patient‟s age. 

 There is no correlation between parabens or aluminium concentrations and the 

higher cancer incidence in the upper outer quadrant of the breast. 

 There is no correlation between parabens or aluminium concentrations and the 

hormone receptor status of the cancer tumours.  

 There is no difference in the concentration of parabens and aluminium between 

women who had used underarm cosmetics and those who had not, or those who 

had used them in the past but have now stopped using them. There is no 

correlation between the length of underarm cosmetic use and the the 

concentration of parabens and aluminium in the breast. Underarm deodorants 

or antiperspirants do not constitute the main source of parabens and aluminium 

for the female breast.  

 The use of underarm deodorants or antiperspirants does not constitute an 

independent risk factor for breast cancer. 

 

This study adds new evidence on the presence of these substances in the female breast. 

In the light of the existing data from in vitro, animal and human studies on the 
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properties, presence and combined effect of several widely used chemical substances; 

there is an urge for determining the body burden of chemicals, developing 

biomonitoring techniques, and investigating mixture effects.in humans. Although a 

causative relationship for most of these chemicals and in particular endocrine 

disrupters is difficult to prove there is enough evidence to support the introduction of 

precautionary health policies and support further research and more extensive safety 

assessments.  
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STUDY TO INVESTIGATE THE PRESENCE OF ARTIFICIAL SUBSTANCES 

IN HUMAN BREAST TISSUE 
 

CONSENT FORM 
 

 

Study Number: …………………………………………………………………………….. 

Patient Identification Number for this trial: ……………………………………………… 
Name of Researcher: ……………………………………………………………………… 

 

Principle Investigator: ……………………. 
  Please initial box 

 

1. I confirm that I have read and understand the information 
sheet dated…………(version…………….) for the above study  

and have had the opportunity to ask questions. 

 

2. I understand that my participation is voluntary and that I  
am free to withdraw at any time without giving any reason, 

without my medical care or legal rights being affected. 

 
3. I understand that sections of my medical notes will be  

looked at by members of the research team or regulatory authorities where it 

is relevant to my taking part n the research. I give my  

permission for these individuals to have access to my notes. 
 

4. I agree to take part in the above study 

 
a) I agree to the collecting of information about my  

treatment and follow up. 

 
b) I agree to the research team keeping small samples 

of the breast tissue (mastectomy) specimen for further  

analysis after my operation. 

 
c) I understand there will be no information from the 

research analysis of the tissue samples available  

directly to me. 
 

 

Name of Patient    Date    Signature 

 

………………………………………………………………………………………………… 

Name of person taking consent  Date    Signature 

 
………………………………………………………………………………………………… 

Researcher     Date    Signature 

 
………………………………………………………………………………………………… 
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1 for patient; 1 for researcher; 1 to be kept with hospital notes 

CONCENTRATION OF PARABENS IN HUMAN BREAST TISSUE STUDY 

INFORMATION FOR GPS AND CONSULTANTS 

 
A patient under your care has agreed to participate in a study at the Nightingale Centre, Withington 

Hospital, Manchester in collaboration with the University of Reading Division of Cell and Molecular 

Biology.  

 

This study involves taking samples of breast tissue from the mastectomy specimen of women 

undergoing surgery for breast cancer and subjecting them to laboratory analysis. The primary outcome 
measure is to determine the percentage of women who have detectable levels of parabens in the normal 

breast tissue. Parabens are preservatives found in many cosmetics and food stuffs and there has been 

controversy recently surrounding a possible link between these compounds and breast cancer. Previous 

studies have shown these compounds to be present in breast cancer cells but it is not known if they are 

absorbed systemically or peripherally. If parabens are found in our study of healthy breast tissue, we 

would like to see if a concentration gradient exists across the breast from the underarm area.  

 

Rationale for the study   
The incidence of breast cancer has been increasing worldwide over the past thirty years, with less 

affluent countries catching up with incidence rates found in Western countries. Specific causes of Breast 

cancer have not yet been found, though epidemiological studies show that 90% are environmental in 

origin. Changes in human breast throughout the lifetime are in part due to fluctuations in the hormone 
oestrogen. It is known that variations in lifetime exposure to oestrogen, through in menarche, 

menopause, childbirth, use of OCP and HRT does exert a small but definitely increased risk of 

developing breast cancer.  

 

One theory amongst many for this observed trend, could be that the upper outer quadrant is the area 

closest to the axilla, and hence to where underarm cosmetics are applied. Underarm cosmetics contain a 

cocktail of diverse chemicals what are applied frequently to the body, without question of toxicity and 

are placed on the area directly adjacent to the breast. They are not rinsed off each time, thus allowing for 

local accumulation to occur and may penetrate continuously through the skin without invoking any 

major physiological carrier, such as blood or lymphatics. 

 
The main active ingredients of these cosmetics are antiperspirant agents, deodorants and preservatives. 

These are a wide range of chemicals known to exert a variety of toxic effects. Alkyl esters of p-

hydroxybenzoic acid (parabens) are widely used as preservatives owing to their high antimicrobial 

acivity and these are known to possess oestrogen-mimicking properties in human breast cancer cells. 

The Aluminium-zirconium salts and aluminium chlorhydrate are the main antiperspirant components, 

their mechanism of action thought to involve the formation of a physical plug at the top of the sweat 

duct, which then prevents the escape of sweat onto the body surface. 

 

Any carcinogenic action by the constituent chemicals would require a minimal combination of 

chemicals capable of binding to DNA and agents capable of promoting growth of damaged breast cells. 

The diversity in usage of these cosmetics and the range of different products available provides ample 

possibility for breast cancer to arise through issues of quantity used, through pattern of usage or through 
individual susceptibility to specific product formulations. 

 

We are keen to stress that this is a pilot study in response to several recently published articles in 

scientific journals calling for research into this particular area especially as very little data has been 

collected to date. 

 

 
 

Contact information: Principle Investigator, …………………  
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CONCENTRATIONS OF PARABENS IN HUMAN BREAST TISSUE STUDY 
 

PARTICIPANT QUESTIONNAIRE 

 

 

Thank you for agreeing to participate in our study. To help us gather as much information as possible, 
we would be grateful if you could spend a few moments filling in this questionnaire. All information 

supplied will be treated in the strictest confidence. 

 

Please delete as appropriate 

 

1. What is your age? ………………………………………………………………………… 

 

2.  What is your occupation? ………………………………………………………………… 

 

3. How old were you when you started having periods? ………………………………… 

 

4. Have you had children?       YES / NO 
 

5. If yes, did you breast feed your children and for how many months? 

……………………………………………………………………………………………….. 

……………………………………………………………………………………………….. 

 

6. Are you right or left-handed?          RIGHT / LEFT 

 

7. Are you vegetarian?                   YES / NO 

 

8. Do you live in an urban or rural environment?                                 URBAN / RURAL 

 
9. Have you ever used underarm Deodorant or Antiperspirants?                    YES / NO 

 

10. At what age did you first start using underarm deodorants? 

……………………………………………………………………………………………….. 

        

11. Do you currently use deodorants or Antiperspirants?                YES / NO 

 

If yes, do you regularly use:   

 

a) Antiperspirant only                                                 YES / NO 

 

b) Deodorant only                                            YES / NO 

 

c) Antiperspirant and Deodorant combined                                                 YES / NO 

 

If you are not sure which type, please could you write down the brand of the deodorant you use 

most frequently? 

……………………………………………………………………………………………….. 

Contacts for further information: 

Please discuss any questions you may have with your doctor or members of the breast care team. 

Your specialist is…………………………………………………………………………. 

Contact telephone no……………………………………………………………………. 

Your research nurse is     

Contact telephone no          Thank you for your help with this study 
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CONCENTRATION OF PARABENS IN HUMAN BREAST TISSUE STUDY 

 

PARTICIPANT CASE REPORT FORM PART 1                                                              
Eligibility criteria:  

 

1. Subjects requiring single or bilateral mastectomy to treat their primary breast cancer. 

2. Subjects who are able to give voluntary, written, informed consent to participate in this study 

and from whom consent has been obtained. 

3. Genetic female subjects aged 18 years or above. 

 
Two copies of this form to be made and kept: 

1. Inside the participant‟s notes for the duration of the study. 

2. In the study folder  

 
Patient‟s name………………………………                                                                                 Place Identification sticker  

                                                                          here if available 

Date of Birth………………………………… 

 

Address……………………………………… 

             ……………………………………… 

             ……………………………………… 

             ……………………………………… 
 

 

Action 

 

Stage at which action is to be taken 
Date done 

(please also 

initial) 

 

Issue Subject information sheet 

 

 

Out-Patient appointment after giving 

diagnosis 

 

 

 

Consent form completed 

 

Pre-operative assessment clinic or on 

admission to hospital 
 

 

 

Participant questionnaire issued 

 

 

Pre-operative assessment clinic or on 

admission to hospital 

 

 

 

Completed participant questionnaire 

received 

 

 

Pre-operative assessment clinic or on 

admission to hospital 

 

 

 

Check Investigator available to harvest 

samples intra-operatively     

                                 

 

Pre-operative assessment clinic or on 

admission to hospital 

 

 

Randomized labeling codes issued to 
Investigator harvesting samples 

 

 

On day of surgery 
 

 

 

Harvesting, labeling and freezing of 

samples  

 

 

Intra-operatively 
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CONCENTRATION OF PARABENS IN HUMAN BREAST TISSUE STUDY 

 

PARTICIPANT CASE REPORT FORM PART 2 

 
To be read by the investigator harvesting the tissue samples prior to performing the 

procedure. 

 

You will need to take a sugar-cubed sample of breast tissue (approx 2g) from 4 areas of the 

mastectomy specimen at the end of the operation. Obviously please avoid taking tissue from 
the area around the actual tumour. 

 

Each sample must be carefully labeled NOT with its orientation in the breast but with the 

codes relating to its orientation. These will have been provided to you pre-operatively. 
 

Each sample must be promptly frozen with liquid nitrogen and stored in the -70c fridge in the 
transplant centre at Wythenshawe hospital. Instructions on how to do this will have been 

provided to you when you were given the orientation codes. 

  

To be completed by the investigator harvesting the tissue samples: 

 

Orientation of tissue samples: 

 

Enter codes (given to you pre-operatively) i.e. a1, b3, c4 etc 
 

  

 

Site within breast specimen 

 

 

Code 

 

 
Axillary fat 

 

             

 

Lateral Breast Tissue 

 

 

 

Mid-specimen Breast Tissue 

 

 

 

Medial Breast Tissue 

 

 

 

Adverse Event Report 

 

An adverse event is defined as ‘any untoward medical occurrence in a subject’ 

 

If you have reason to believe that participation in this study has resulted in the occurrence of an adverse 

event please record the date and nature of this below. 

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………

……………… 

Signature of Investigator……………………………………………Name print)……………………….. 

 

 

 

 


