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Abstract: Background: Since breast cancer is increasing worldwide and previous risk factors cannot
justify such an increasing trend, investigating new environmental factors is necessary for each popula-
tion. Mammographic breast density (MBD) is a strong risk factor for breast cancer as well as a bi-
omarker for the effect of chemicals on breast tissue.

Objective: Given limited data about the association between breast density and cosmetic products con-
taining endocrine-disrupting chemicals (EDCs), the purpose of this study was to evaluate the effects of
cosmetic products on MBD in Iranian women.

ARTICLE HISTORY Methods: In this cross-sectional study, women who attended two university hospitals for breast

screening mammography and who had been living in the capital city of Iran for the last 3 years or
more were recruited. We asked women to fill out a questionnaire containing two parts; the first part
was about the women's characteristics and medical history and the second part consisted of cosmetic
use. The frequency of cosmetic use was measured using the Likert scale in four scales. One expert ra-
diologist in each center reported the MBD on a four-category scale.
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Results: The mean age of 813 participants was 50.16 = 7.65. Three hundred-seven (37.8%) women
had low breast density and 506 (62.2%) had high breast density. Based on our results, heavy use of
moisturizers, sunscreen, nail polish, eye products, makeup products, and lipstick was associated with
increased breast density. In multivariable analysis after adjusting for menopause, excessive use of nail
polish, sunscreen, and moisturizing cream was associated with increased MBD.

Conclusion: Our study shows a probability of an increased MBD with the excessive use of cosmetic
products. Since a small increase in the risk of breast cancer may lead to a considerable public health
impact, thus further studies are needed to find new prevention strategies.

Keywords: Breast, density, cosmetics, endocrine, disrupting chemicals, cross-sectional study, mammography.
1. INTRODUCTION Several lines of evidence have shown that endocrine-
disrupting chemicals (EDCs) with estrogenic properties are
potentially linked to an increased rate of breast cancer [2].
These estrogen mimic are known as xenoestrogens, which
comprise a variety of chemicals such as phthalates, para-
bens, phenols, polychlorinated biphenyls (PCBs), polybro-
minated diphenyl ethers (PBDEs), and bisphenol A (BPA)
[2]. Other chemicals called Metalloestrogens (such as alu-

Breast cancer (BC) is the most common cancer and a
leading cause of cancer death in women, which imposes a
considerable burden on public health. According to GLO-
BOCAN 2012 project, the number of new cases in Iran will
be nearly 2 times in 2035 compared to 2012 [1]. Since
common risk factors cannot explain the increasing trend of
BC, researchers focus on investigating new risk factors such
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as environmental chemicals. Finding new risk factors for
BC can provide important clues for preventive strategies.
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minum, lead, cadmium, mercury, chromium) are a class of
inorganic xenoestrogens with the capability of binding to
cellular estrogen receptors and mimicking actions of physio-
logical estrogens [3]. Breast tissue is indirectly exposed to
these compounds via different routes such as food, water,
and air; then, due to their lipophilic properties, they can ac-
cumulate in breast fat [4]. However, these xenoestrogens are
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also found in many products, including cosmetics; therefore,
a more direct breast tissue exposure can occur through the
application of cosmetics, and continued use may increase
the absorption of EDCs and heavy metals through dermal
absorption or swallowing [5].

Breast cancer occurs in young Iranian women and the
age of diagnosis is about one decade earlier than in western
countries [6]. On the other hand, the use of cosmetic prod-
ucts is increasing in Iran [7] and Iran is the third biggest
consumer in Middle East countries [8]. In a recent study of
female students, about 70% of them started using cosmetic
products before 20 years of age, and 50% of the participants
were using cosmetic products on a daily basis [9]. Several
studies have been performed to evaluate the level of exoge-
nous compounds in cosmetic products such as lipstick, eye
shadow, eye pencil, and hair dyes in Iran [8-11]. These lines
of evidence support the high level of some chemicals in
cosmetics, especially in some of the brands, and confirm
that high and continuous use of these cosmetics can increase
the absorption of the substances and consequently increase
their harmful effects. Therefore, it is hypothesized that per-
haps one of the reasons for the increasing incidence of
breast cancer is the excessive use of cosmetic products. Ac-
cording to the National Cancer Institute (NCI), given the
widespread use of cosmetic products, even a small increase
in risk may lead to a considerable public health impact [12]
and thus may necessitate new strategies for the prevention
of breast cancer.

A variety of studies show that cosmetics comprising
EDCs can cause hormone-related complications such as
breast cancer [13-21]. However, numerous controversies
surround increased breast cancer risk and cosmetic products.
These findings raise an important question regarding the
potential impacts of EDCs on breast tissue.

Mammographic breast density (MBD) is one of the
strongest risk factors of breast cancer and could be used as a
marker for the effects of various exposures on breast tissue
[22]. Limited studies evaluate the effect of environmental
chemicals and breast density [23-25]. Two of these studies
focused on chemical exposure during adolescence when the
breast tissue has great susceptibility to carcinogens [24, 25].

Based on the food and drug administration (FDA) report,
the available data about the association of cosmetics and
cancer have significant bias and lack supporting information
such as demographic data, medical history, and other influ-
ential variables [26]. Therefore, any conclusion regarding
the impact of cosmetics on cancer, specifically breast cancer
that is affected by many reproductive and other factors
needs broader studies and more complete reporting, and
multifaceted researches. For the evaluation of the effects of
cosmetics on breast cancer, long-term cohort studies with
accurate recording of cosmetics and their brands are needed.
Since the design and implementation of a cohort study are
costly and time-consuming and are not feasible in all coun-
tries due to insufficient resources, it seems that the study of
possible intermediate mechanisms of the effect of cosmetics
on breast tissue is more effective than the long-term follow-
up of women until breast cancer occurs.

Given prior literature supporting an association between
EDC exposure and breast cancer risk and limited data about
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the association between breast density and EDC, in this
study, we aim to find any relation between cosmetic prod-
ucts and breast density in Iranian women.

2. MATERIALS AND METHODS
2.1. Study Design and Populations

This cross-sectional study was approved by the Institu-
tional Research Board (No. 47974) and Ethics committee
(IR.TUMS.IKHC.REC.1399.132) of Tehran University of
Medical Sciences. This study was conducted according to
the principles of the Declaration of Helsinki for medical
research involving human subjects. All participants signed
informed consent before filling out the questionnaire. Partic-
ipants of this study include women who attended Imam
Khomeini Hospital and Arash Women’s Hospital of Tehran
University of Medical Sciences for breast screening mam-
mography from February 2020 to August 2021. In order to
eliminate the possible effect of environmental risk factors,
the criteria for inclusion consisted of women who had been
living in Tehran, the capital city of Iran, for the recent last 3
years or more. All participants had the capability of writing
and reading. We asked women to fill a questionnaire con-
taining demographic characteristics, reproductive history,
family history of breast and ovarian cancer, smoking status,
height, and weight. Furthermore, we asked about cosmetic
use such as hair dye and oxidant, moisturizers, body lotions,
sunscreen cream, nail polish, underarm deodorant/ antiper-
spirant, and make-up products (cream powder), eye products
(eye pencils, eye shadow, and mascara), and lipstick. The
frequency of cosmetic use was measured using the Likert
scale in four scales (Always, often, sometimes, and never).
For hair dye and other products four scale categories were
defined as always (more than 1 time in a month), often (5-
12 times per year), sometimes (1-4 times per year), and nev-
er. The Likert scale for other cosmetic products was catego-
rized as always (every day), often (2-3 times per week),
sometimes (irregular use), and never use.

In order to evaluate the agreement between the radiolo-
gists' reports, the third independent radiologist was rated the
mammographic breast density of the same cases. Breast
density was reported according to the American College of
Radiology (ACR) breast imaging-reporting and data system
(BI-RADS) four-category density scale (1 = almost entirely
fatty, 2 = scattered fibroglandular densities, 3 = heterogene-
ously dense, and 4 = extremely dense (27). Mammographic
density was finally classified into two categories, low densi-
ty (1 and 2) and high density (3 and 4).

For sample size calculation, since the results of studies
about an association between MBD and cosmetics have in-
consistent results, we estimated that 30% of women with
low breast density would be cosmetic users and with an as-
sumed odds ratio (OR) equal to 1.5, about 850 samples
would be required to find any possible association between
cosmetics and MBD with a power of 80 and a =0.05 by us-
ing the Epi Info website (www.cdc.gov/epiinfo).

2.2. Statistical Analysis

Data are presented in mean and standard deviation for
continuous variables and number and percentage in categor-
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ical variables. Cohen's kappa (k) was run to determine if
there was an agreement between two radiologists on breast
density in the reports of the same case. Odds ratios (ORs)
and 95% confidence interval (CI) were estimated by logistic
regression analysis to estimate the associations between
breast density and cosmetic products. In a multivariable
model, we used a backward selection process, whereby po-
tential confounders were selected a priori and omitted based
on the P-value (less than 0.10). MBD (high density and low
density) was considered as a dependent variable and adjust-
ing for other effective variables such as age, body mass in-
dex (BMI), parity, smoking, history of oral contraceptive
(OCP) use, and menopausal status was performed. These
variables were entered into the models based on a previous
and current association of these variables with breast densi-
ty. Finally, from the sum of the numbers 1 to 4 (never to
always) assigned to the use of each cosmetic according to
the Likert scale of each person, a variable called the overall
use of cosmetics was created. Since we had eight categories
of cosmetics, the sum score range was from 8 to 32. Then
sum numbers were categorized considering quartiles into
less than 25 percentile, Interquartile range (25-75 percen-
tile), and more than 75 percentile. At last, overall cosmetic
use was entered into the model to find an association with

Table 1. Total characteristics of study population (n = 813).
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breast density. A P-value less than 0.05 was considered sta-
tistically significant. The statistical analyses were performed
using IBM SPSS 26 (IBM Corp. Released 2016. IBM SPSS
Statistics for Windows, Version 24.0. Armonk, NY: IBM

Corp).

3. RESULTS

After the exclusion of the incomplete questionnaires
(n = 35), the final analysis was performed on 813 women
who completed all steps and questionnaires. The mean age
of participants was 50.16 + 7.65 (range: 32-80). Table 1
shows the characteristics of the total population. About half
of the women were premenopausal (50.1%) and half were
postmenopausal (49.9%). Three hundred-seven (37.8%)
women had low breast density and 506 (62.2%) had high
breast density. There was almost perfect agreement between
the radiologists' report, « = 0.98 (95% CI: 0.97-0.99; P
<0.001). Table 2 presents a comparison of variables in low
and high breast density groups. The association between
breast density and cosmetic products is presented in Table 3.
Based on this table data, in the univariate analysis, heavy
users of moisturizers, sunscreen, nail polish, eye products,
makeup products, and lipstick have an increased breast

Pre-menopause

Variables -
Age (yrs) 50.16 + 7.65
BMI (Kg/m?) 28.16 + 4.81
Parity (n) 2.19+1.47
Age of menarche (yrs) 13.56 +1.52
History of OCP use 306 (37.6%)

Menopause

Post-menopause 406 (49.9%)

407 (50.1%)

History of HRT

30 (3.7%)

History of BC and OC in relatives

Breast Cancer

Benign Breast Disease

Yes 245 (30.1%)
No 555 (68.3%)
Missed data 13 (1.6%)
History of breast disease
No 629 (77.4%)

88 (10.8%)
96 (11.8%)

Breast Composition
1
2
3
4

107 (13.2%)

200 (24.6%)

465 (57.2%)
41 (5%)

Abbreviations: BMI= Body Mass Index; OCP=Oral Contraceptive Pills; HRT= Hormone Replacement Therapy; BC= Breast Cancer; OC=Ovarian Cancer.
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Table 2. Comparison of variables in low and high breast density.
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Variables

Low Density High Density P-value
(n=307) (n =506)
Age (yrs) 53.29+8.33 4827 £6.51 <0.001
BMI (kg/m’) 29.83£5.29 27.15+4.19 <0.001
Parity (n) 2.58 £1.59 1.96 + 1.33 <0.001
Breastfeeding (m) 35.11+£32.25 32.65+29.19 0.26
Age of menarche (yrs) 13.60 £ 1.58 13.53 £ 1.48 0.56
Menopause
Yes 212 (69.1) 194 (38.3) <0.001
No 95(30.9) 312 (61.7)
Smoking
Yes 40 (13) 37(7.3) 0.007
No 267 (87) 469 (92.7)
History of OCP use
Yes 143 (46.6) 163 (32.2) <0.001
No 164 (53.4) 343 (67.8)
BCOC in relatives
Yes 100 (32.6) 145 (28.7) AT
No 202 (65.8) 353 (69.8)
Missing data 5(1.6) 8 (1.6)

Table 3. Comparison of cosmetic use in low and high mammographic breast density.

Cosmetic Products Category Low Density High Density P-value
(n=307) (n =506)
Never 21 (6.8) 26 (5.1)
Sometimes 168 (54.7) 272 (53.8)
*Hair products 0.03
Often 81 (26.4) 171 (33.8)
Always 37 (12.1) 37(7.3)
Never 55(17.9) 72 (14.2)
Sometimes 111 (36.2) 133 (26.3)
Moisturizers 0.002
Often 44 (14.3) 83 (16.4)
Always 97 (31.6) 218 (43.1)
Never 110 (35.8) 144 (28.5)
Sometimes 107 (34.9) 158 (31.2)
Sunscreen 0.01
Often 15 (4.9) 27(5.3)
Always 75 (24.4) 177 (35)
Never 217 (70.7) 326 (64.4)
Sometimes 71 (23.1) 120 (23.7)
Nail polish 0.03
Often 9(2.9) 17 (3.4)
Always 10 (3.3) 43 (8.5)

(Table 3) Contd....
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Cosmetic Products Category Low Density High Density P-value
(n=307) (n=506)
Never 145 (47.2) 192 (37.9)
Sometimes 111 (36.2) 188 (37.2)
Eye products 0.02
Often 14 (4.6) 34 (6.7)
Always 37 (12.1) 92 (18.2)
Never 164 (53.4) 227 (44.9)
Sometimes 102 (33.2) 186 (36.8)
Makeup products 0.04
Often 18 (5.9) 29 (5.7)
Always 23 (7.5) 64 (12.6)
Never 163 (53.1) 254 (50.2)
Sometimes 63 (20.5) 107 (21.1)
Underarm Deodorant /Antiperspirant 0.19
Often 24 (7.8) 26 (5.1)
Always 57 (18.6) 119 (23.5)
Never 97 (31.6) 139 (27.5)
Sometimes 132 (43) 200 (39.5)
Lipstick 0.13
Often 25(8.1) 48 (9.5)
Always 53(17.3) 119 (23.5)

Note: *Hair dye and other products were defined as always (more than 1 time in a month), often (5-12 times per year), sometimes (1-4 times per year), and never. ** Other cosmetic

products was categorized as always (every day), often (2-3 times per week), sometimes (irregular use), and never use.

density; the odds ratio shows that increasing cosmetics use
is associated with a rising trend in breast density. In multi-
variable analysis after adjusting for menopause, excessive
use of nail polish (OR = 2.16, 95% CI: 1.03-4.49) and sun-
screen (OR = 1.52, 95% CI: 1.04-2.23) were associated with
increased MBD. However, after adjusting for age, BMI,
parity, OCP usage, history of smoking, and menopause (Ta-
ble 4), these effects disappeared. Only in underarm prod-
ucts, a reverse association was shown in women who often
use underarm products compared with those who never use
them (OR = 0.41, 95% CI: 0.21-0.78, p-value=0.007). Uni-
variate analysis in three categories of the sum of the cosmet-
ic use manifested a positive association with high breast
density in the interquartile range (OR = 1.49, 95% CI: 1.05-
2.10) and higher than 75 percentile (OR = 2.11, 95% CI:
1.36-3.25) categories in compared with the reference group
(less than 25 percentile). However, these associations were
not statistically significant after the confounding variables
adjustment (Table 4).

4. DISCUSSION

This study was performed to find a possible association
between cosmetic products usage and breast density as an
important biomarker for the effects of various exposures on
breast tissue. Our result shows that excessive sunscreen
cream, moisturizers, lipstick, make-up products, nail polish,
and eye products are associated with higher breast density
compared to never usage. However, after adjusting for the
variables affecting the density (age, BMI, parity, OCP us-
age, smoking, and menopause), no clear statistical relation-
ship was observed between breast density and cosmetic
product use. The following sections discuss the impacts of
the cosmetic product individually on the breast.
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4.1. Hair Dye and Other Related Products

A review study about the use of hair dye and its implica-
tions for human health represented that hair dye and its in-
gredients have moderate to low acute toxicity and some hair
dye components are reported to be carcinogenic in animals
[27, 28]. A recent meta-analysis in 2018 also indicated that
hair dye users have an 18.8% increased risk of future devel-
opment of breast cancer [14]. Our study didn't find any as-
sociation between the use of hair dye or related products
such as oxidants, straightener or perm and breast density,
neither in univariate nor in multivariable analysis.

A large retrospective population-based case-control
study in Finland showed that the odds of breast cancer in-
creased 23% among women who used hair dye compared to
those who did not [21]. Llanos et al. studied in white and
African American US women reported a higher risk of
breast cancer in African American women who used dark
hair dye (OR = 1.51, 95% CI: 1.20-1.90) and in white wom-
en with dual-use of relaxer and hair dyes (OR = 2.40, 95%
CI: 1.35-4.27) [16].

Two studies in Iran that evaluated the effect of hair dye
usage and breast cancer had equivocal results [18, 29]. A
case-control study showed that hair coloring on a regular
basis was significantly associated with the risk of breast
cancer (OR=1.93, 95% CI: 1.41-2.62, P=0.001) [18]. How-
ever, another study by Dehghan et al. didn't confirm any
relation between cosmetic usages such as hair dye and
breast cancer [29]. It seems that the type of hair dye also
may affect the results; but this has not been addressed in any
of the studies. Khalili ef al. measured the concentration of
10 heavy metals in different hair dyes in our market. They
reported that among the investigated hair dyes, the ones
made in Iran and the dark brown color had the higher level
of risk [11].
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Table 4. Association between cosmetic products and breast mammographic density in univariate and multivariable models.

- - "Model 1 “"Model 2 ""Model 3
Cosmetics Category OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Never Ref Ref Ref
“**Hair Sometimes 1.31 (0.71-2.40) 0.39 1.20 (0.64-2.27) 0.58 0.83 (0.40-1.73) 0.62
products Often 1.71 (0.91-3.21) 0.10 1.62 (0.84-3.15) 0.15 1.14 (0.53-2.44) 0.74
Always 0.81 (0.39-1.68) 0.57 0.71 (0.33-1.54) 0.39 0.45 (0.19-1.08) 0.08
Never Ref Ref Ref
Sometimes 0.92 (0.59-1.41) 0.69 0.80 (0.51-1.26) 0.34 0.66 (0.40-1.08) 0.10
Moisturizers
Often 1.44 (0.87-2.39) 0.16 1.21 (0.71-2.06) 0.48 0.84 (0.47-1.49) 0.55
Always 1.72 (1.12-2.63) 0.01 1.46 (0.94-2.28) 0.09 1.03 (0.63-1.68) 0.91
Never Ref Ref Ref
Sometimes 1.13 (0.80-1.60) 0.50 1 (0.69-1.44) 0.99 0.84 (0.56-1.25) 0.39
Sunscreen
Often 1.38 (0.70-2.71) 0.36 1.35 (0.66-2.73) 0.41 0.86 (0.40-1.86) 0.71
Always 1.80 (1.25-2.60) 0.002 1.52 (1.04-2.23) 0.03 1.09 (0.72-1.65) 0.69
Never Ref Ref Ref
Sometimes 1.13 (0.80-1.58) 0.50 0.96 (0.67-1.38) 0.84 0.74 (0.50-1.09) 0.13
Nail polish
Often 1.26 (0.55-2.87) 0.59 0.92 (0.39-2.19) 0.85 0.77 (0.31-1.90) 0.57
Always 2.86 (1.41-5.82) 0.004 2.16 (1.03-4.49) 0.04 1.83 (0.84-4) 0.13
Never Ref Ref Ref
Sometimes 1.28 (0.93-1.76) 0.13 1.02 (0.73-1.43) 0.90 0.77 (0.53-1.12) 0.17
Eye products
Often 1.83 (0.95-3.54) 0.07 1.50 (0.76-2.99) 0.24 1.20 (0.58-2.51) 0.62
Always 1.88 (1.21-2.91) 0.005 1.30 (0.82-2.06) 0.27 0.95(0.57-1.57) 0.83
Never Ref Ref Ref
Makeup prod- Sometimes 1.32 (0.96-1.80) 0.09 1.13 (0.81-1.57) 0.47 0.94 (0.66-1.34) 0.73
ucts Often 1.16 (0.63-2.17) 0.63 0.90 (0.47-1.73) 0.75 0.86 (0.43-1.73) 0.67
Always 2.01(1.20-3.37) 0.008 1.50 (0.87-2.57) 0.14 1.20 (0.67-2.15) 0.53
<25 percentile Ref Ref Ref
Overall cos-
;:?C CS‘;S IQR 1.49 (1.05-2.10) 0.024 1.15 (0.80-1.65) 0.46 0.85 (0.56-1.27) 0.42
u
>75 percentile 2.11 (1.36- 3.25) 0.001 1.44 (0.91-2.28) 0.12 0.95 (0.57-1.57) 0.84

Note: *Univariate analysis. ** Multivariable models adjusted for menopause. ***Multivariable models adjusted for age, BMI, parity, menopause, smoking, and history of OCP use.

****Hair products including hair dye, oxidant, chemicals to curl or straighten hair, and miscellaneous. OR= Odds Ratio, CI= Confidence Interval.

A recent study in 2020 by Eberle et al. represented that
black women who used permanent dye were at a 45% in-
creased risk of breast cancer [15]. Two concerns mentioned
by the researchers were that they believed the harmful effect
of cosmetic products was related to early use in adolescence
and to the frequency of use. Therefore White et al. evaluat-
ed the risk of breast cancer during premenopausal and post-
menopausal periods in women who used hair dye, straight-
eners/relaxers, and perms at ages 10-13 years in the Sister
Study [19]. They found that frequent use of straighteners
and perms was associated with a higher risk of premenopau-
sal breast cancer in those participants [19].

Although most of the studies suggested a higher risk of
breast cancer in hair dye users; further studies are needed to
clarify potential mechanisms considering the type and brand
of hair dye and other related products. Since the diversity of

hair dye and related products is very high in our market, it
was not possible to gather accurate information about these
cosmetic products in this study. It seems that the increased
risk of breast cancer in hair product users is not through the
mechanism of effect on breast density.

4.2. Underarm Products

There are limited studies evaluating the possible relation
between underarm cosmetic product use and the risk of
breast cancer [30-34]. The present study results didn't show
a significant association between underarm product use and
breast density. Only in the multivariate model, a reverse
association was found in women who often use underarm
products compared with those who never used them (OR =
0.39, 95% CI: 0.20-0.75, P =0.005). The aluminum salts are
the active ingredients of the underarm products and these
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ingredients act as metalloestrogens that have the ability to
interfere with estrogens. Therefore, they may be associated
with an increased risk of breast cancer.

Darbre et al. discussed the role of underarm products
and the risk of breast cancer. They mentioned since the
prevalence of breast cancer in the upper out quadrant is
higher than in the other area and the parallel increasing the
use of cosmetics in the underarm area was seen, that possi-
bly is a risk factor of breast cancer [35].

On the other hand, the existing limited evidence showed
no association between the use of antiperspirants or deodor-
ants and the risk of breast cancer [31, 32]. A systematic re-
view in 2016 [33] evaluated the results of two previous
studies; one of which reported an inverse association [31],
and the other a small increase in risk of breast cancer devel-
opment [32] in association with deodorant use. In a pooled
analysis, they reported no relation between underarm cos-
metic products and breast cancer. However, in none of these
studies did they adjust important variables such as age,
BMI, and reproductive factors such as menopausal status. In
addition, they considered underarm products used as users
and non-users, and the level of usage was not considered.
One study in 2003 reported that frequency and earlier onset
of antiperspirant/deodorant usage with underarm shaving
were associated with an earlier age of breast cancer diagno-
sis [34]. This study suggested the dose-response relation of
exogenous compounds at a young age which was consistent
with the pattern of breast development [4].

A published hospital-based case-control study by Linhart
and colleagues in 2017 reported that the risk of breast can-
cer increased by an odds ratio of 3.88 (95% CI: 1.03-14.66)
in women who self-reported the use of underarm products
from before the age of 30 for several times daily [17]. They
hypothesized that the association was due to the aluminum-
based compounds in underarm cosmetic products.

Since in some of the studies comparison was performed
between users and non-users cosmetic products; in the pre-
sent study, we also evaluated breast density in underarm
products users and non-users. Analysis between users and
non-users didn't reveal any differences in breast density be-
tween the two groups (data not shown in the Tables).

4.3. Moisturizers

In a cancer-related report attributed to cosmetic products
by the Center for Food Safety and Applied Nutrition’s Ad-
verse Event Reporting System (CAERS) of the FDA, 5% of
breast cancers were attributed to topical moisturizers [26].
These products consisted of parabens and phthalate, which
are EDCs. One study showed that paraben alone or in com-
bination is present in human breast tissue with sufficient
concentration to stimulate the proliferation of MCF-7 cells
in vitro [36]. The result of an age-matched case-control
study in Mexican women reported a urinary phthalate com-
pound that was associated with breast cancer risk [37]. An-
other study showed that urinary paraben compounds were
associated with an increased risk of breast cancer [38].

Two studies that evaluated the association between skin-
care products and breast cancer risk had contradictory re-

sults [20, 39]. Taylor ef al. study concluded that the associa-
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tion between skin products and breast cancer was stronger in
postmenopausal women than premenopausal [20]. However,
based on the results of the other study, heavy use of skin
products up to three times per day during midlife did not
increase the risk of breast cancer [39]. Both studies consid-
ered the menopausal status of participants.

For the first study in Iran, measurement of urinary para-
ben compounds in adolescents showed although the estimat-
ed daily intake of the parabens was lower than the Accepta-
ble Daily Intake, it was higher than those reported in other
countries and this result confirms the widespread exposure
of Iranian adolescents to the paraben compounds [40].

4.4. Sunscreen

To our knowledge, there is no research about the possi-
ble effect of sunscreen creams use and breast density or
breast cancer. Sunscreen creams contain oxybenzone that
belongs to aromatic ketones known as benzophenones; its
systematic absorption and endocrine-disrupting properties
have raised major concerns [41]. Based on a review study,
different in vitro studies reported increased estrogenic activ-
ity of oxybenzone metabolites in breast cancer cells [41].
Considering our result, it seems that daily usage of sun-
screen creams is related to higher breast density. However,
this relationship was not statistically significant in multivar-
iate analysis. Since sunscreens protect against the known
carcinogenic effects of UV radiation, a possible effect of
sunscreens on breast tissue and breast cancer should be care-
fully stated.

4.5. Other Cosmetic Products

All the above-mentioned cosmetics are applied on the
skin, which can prevent the entry of many chemicals as a
barrier. However, cosmetics used in some areas, such as lips
and eyes can cause high exposure. Ghaderpoor and col-
leagues selected 11 studies that had measured the heavy
metals in products including lipstick, eye shadow, eye pen-
cil, powder, and cream in Iran [10]. Based on their results,
eye pencil has the highest concentration of heavy metals,
and cream contains a high amount of lead (Pb). Therefore,
these cosmetics products may increase the risk of breast
cancer. Our results show the daily use of makeup creams
and eye products is associated with a high density of breast
tissue before adjustment of confounding variables.

Finally, our results represented that the heavy use of
cosmetic products was accompanied by a higher breast den-
sity as a marker of breast cancer. However, after adjustment
of effective variables, no statistically significant associations
were found.

Based on our knowledge three studies evaluated the ef-
fect of EDCs on breast density [23-25]. Sprague et al.
showed that postmenopausal women with a high serum lev-
el of BPA and phthalate had elevated MBD [23]. Another
study suggested that the developing breast tissue is suscep-
tible to EDCs during childhood and adolescence [25]. Only
one study by McDonald and colleagues evaluated the effect
of cosmetics on breast density, and their results are con-
sistent with ours; suggesting that exposure to EDCs through
hair products in early life may affect breast cancer risk
through a mechanism distinct from breast density [24].



Cosmetic Use and Mammographic Breast Density

This study has some advantages. First, this is the first
study that evaluated the effects of various cosmetic products
on MBD by considering the main confounding factors. Se-
cond, for the first time, habitual use of cosmetics in recent
years has been evaluated on MBD,; this is important because
the half-life of some chemicals is very short and usage hab-
its may represent the current and long-term use of cosmet-
ics. Although the habit of using cosmetics and fashion
trends may change over a period of time.

This study had some limitations. Women use a variety of
cosmetic products and the content of chemical substances in
cosmetics is not well defined. The important point is that in
order to carefully examine the effects of these cosmetics, the
brand and type of cosmetics should be considered. The best
way to assess the effects of these contaminants is by meas-
uring contaminant levels in the blood and specifically in
breast adipose tissue. However, the latter is not acceptable
and feasible as it requires an invasive procedure. Therefore,
the above-mentioned issues make conducting such studies
difficult.

It is important to note that most of the sampling in this
study coincided with the worldwide onset of the COVID-19
pandemic and contrary to our expectation, sample collection
was very time-consuming; so we performed the final analy-
sis with 813 samples. Since, in the COVID-19 pandemic
period women with higher risk or lower economic status
have been likely screened in public hospitals, the generali-
zability of the study is questionable.

CONCLUSION

In conclusion, our study shows a probability of an in-
creased MBD with the excessive use of cosmetic products;
however, this effect disappeared when confounding varia-
bles were considered in further analysis. Given the wide-
spread use of cosmetic products and the increasing world-
wide risk of breast cancer, further studies are needed to find
the accurate association and risk among various products.
These kinds of studies may provide important insights into
behavioral patterns and growing perceptions about cosmetic
product risk and breast cancer prevention.

LIST OF ABBREVIATIONS

ACR = American Collage of Radiology
BC = Breast Cancer

BI-RADS Breast Imaging-Reporting And Data System
BMI = Body Mass Index

BPA = Bisphenol A

CI = Confidence Interval

EDCs = Endocrine-Disrupting Chemicals
FDA = Food and Drug Administration
MBD = Mammographic Breast Density
NCI = National Cancer Institute

OCP = Oral Contraceptive

OR = Odds Ratio

PBDEs = Polybrominated Diphenyl Ethers

PCBs = Polychlorinated Biphenyls
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