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Abstract

Introduction. Despite previous studies yielding inconsistent results, the etiology of breast
cancer has intermittently garnered interest regarding hair colorants. Numerous hair dye
formulations contain traces of prohibited aromatic amines, and elevated amounts of DNA
damage products from these amines werenoticed in the breast cancer cells of users of
hair color.

Purpose. To assess the association between the use of hair colors and chemical
straighteners and the risk of breast cancer, as well as to determine if the application of hair
dyes contributes to an elevated risk of breast cancer.

Materials and methods. We assessed the association between the usage of hair dyes
and chemical straighteners and the risk of breast cancer. The study was a retrospective
case-control analysis utilizing a self-administered questionnaire from 125 breast cancer
patients, aged 45-65 years, who had been diagnosed with breast cancer, alongside
125 healthy age-matched females.

Results. Patients with breast cancer had a statistically significant higher utilization
of permanent and semi-permanent hair dyes in comparison to the control group.
No statistically significant difference was seen between the two groups about the use of
temporary hair dyes and hair straighteners.

Conclusions. The present investigation shown a notable association between the
utilization of permanent and semi-permanent hair dyes and a heightened occurrence of
breast cancer development. Future research on a bigger scale is advised to assess the
precise effect of hair dye usage in the development of breast cancer.

Keywords: hair dyes, breast cancer, aminobiphenyl, phenylenediamine, carcinogen
formaldehyde
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Cappam Anun Ab66ac’, baripaa Hagxm Obeng', Myctada HypynanH Abgynkagep?
! MeguumHcknin konnepx, YHnsepcuteT MyctaHcmpus, bargag, Mpak
2 YHuBepcuteT HuHeBa, MegnunHckun konnegy, Mocyn, Vpak

OKpaluKrBaHMe BOJIOC MOXET UrPaTb POJib B Pa3BUTUN
paKa MOJIOUYHOW »KeNe3bl Y KEeHLLMH

KoH$NUKT nHTepecoB: He 3asBeH.

Bknap aBTopoB: Canfam AG6ac — KOHLENTyanm3awuus, KyprpoBaHme AaHHbIX, METOA0NOr A, ypaBfieHne MPOeKTOM, NPorpaMm-
Hoe obecrneyeHne, HabnoAeHNe, BU3yanu3aLys, HanmcaH1e NepBOHaYabHOTO NPOEKTa, PELIEH3POBAHME U PefaKTNPOBAHNE;
Bbanpaa O6enpa — KOHLENTyanv3aums, KyprpoBaHue AaHHbIX, aAMUHUCTPMPOBAHVE NPOEKTa, Pecypcbl, BU3yanusauws, Hanvca-
HVe MepBOHaYabHOro NPOEKTa, PeLieH3NPOBaHNe 1 peflakTpoBaHyie; Myctada AbaynKaaep — KOHUeNTyanm3auus, MeToA0No-
A, aIMMHUCTPUPOBAaHME MPOEKTa, Pecypcbl, HaNMcaH1e NePBOHaYaNIbHOTO NPOEKTA, PELIEH3MPOBaHNE 1 PeAaKTVPOBaHNe.
CraTbsi ony6/MKOBaHa B aBTOPCKOW PeAaKLmu.
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Pesiome

BBegeHmne. HecMoTpa Ha To uTo npegbigyline NccnefoBaHnA Janu NpoTMBOpeYMBble
pe3ynbTaTbl, STMONOrMA Paka MONOYHOW »Kene3bl NepMOoANYECKN Bbi3biBaeT NMHTEpPEeC B OT-
HOLLeHMM Kpacutenen ana Bonoc. MHorne coctaBbl KpacoK AnA BOMOC coaepaTt cnefbl
3anpeLleHHbIX apoMaTUUYeCKMX aMUHOB, 1 MOBbILLEHHOE KOIMYeCTBO NPOAYKTOB NOBPEX-
peHuna JHK sTumu ammHamum 66110 o6Hapy»KeHo B KneTKax paka MOMOYHOW »ese3bl Nofb-
30BaTenien Kpacok Ans Bonoc.

Lenb. OueHnTb CBA3b MeXKAY NCMOb30BaHMEM KPAaCOK AJ1A BONOC U XMMNYECKNX BbINPA-
MUTENEN N PUCKOM Pa3BUTUA PaKa MOMOYHOW Xene3bl, a TakxKe ornpeaenuTb, CnocobcTay-
eT NN MPYMeHeHMe KPacoK ANA BONIOC MOBbILWEHHOMY PUCKY Pa3BUTUA pPaka MOTIOUYHOMN
xenesbl.

Martepuanbi n meTogbl. Mbl OLIeHNTM CBA3b MeXAY NCNOJIb30BaHNEM KPaCcoK AnA BONOC
N XMUYECKNX BbINPAMUTESNIEN 1 PUCKOM Pa3BUTKA paka MOJIOYHOW xenes3bl. iccnegosa-
Hue NpeaCcTaBnAno cobon PeTPOCNEKTUBHbBIN aHANN3 TUMA «Cy4Yali-KOHTPOMb» C UCMOSb-
30BaHMEM CaMOCTOATENbHO 3aMO/IHEHHOM aHKeTbl 125 nauneHToK B Bo3pacTte 45-65 ner,
Y KOTOpPbIX 6blf1 AMAarHOCTMPOBAH PaK MOMOYHOW Xene3bl, a Takxke 125 300poBbIX KeHLWUH
COOTBETCTBYHOLLEro Bo3pacTa.

Pesynbratbl. [layMeHTKM C pakoM MOJIOYHOW XeJle3bl CTaTUCTMUYECKM 3HAaUYMMO Yalle 1c-
NnoJib30Bay NePMaHeHTHbIe 1 MonynepMaHeHTHbIe KPacku ANnA BOIOC MO CPAaBHEHUIO C
KOHTpoOnbHOM rpynnoi. CTaTUCTNUYECKN 3HAaYMMOWN PasHMULbl MeXay ABYMA rpynnamuv B
NCMOMb30BaHNY BPEMEHHbIX KPacoK AJiA BOIOC U BbINpAMUTENel ANnA BONOC He Habnto-
[anoco.

BbiBogbl. HacTosAwlee nccnegoBaHne nokasano 3aMeTHYI0 CBA3b MeXXAY UCNOSb30BaHU-
€M MepMaHeHTHbIX 1 NOJlynepMaHeHTHbIX KPacoK AfA BOIOC M MOBbILEHHOW YacTOTOM
pa3BUTMA paka MONOYHOW ene3bl. PekomeHayeTcs npoBefeHne 6onee MaclUTabHbIX NC-
cnefoBaHNA ANA OLEHKU TOYHOro BAVAHUA UCMONb30BaHNA KpPacky Af1A BOOC Ha pas-
BUTKE paka MONIOYHOW Xene3bl.

KnioueBble cioBa: Kpacku Afia BOJIOC, Pak MOJIOYHON »enesbl, aMuHobudeHun, ¢eHu-
neHAnaMuH, KaHueporeH dopmanbaerng
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B INTRODUCTION

Breast cancer is considered one of the most common cancers worldwide. It is the
second most common cancer after skin cancer and the most common cancer in females
[1]. Several factors were studied to understand the cases behind increased breast cancer
incidence. Of these factors came the use of chemical cosmetics that contain potential
carcinogens [2].

Hair dyesare a commercial product that are used by a variety of population groups
specifically women [3]. The cosmetic use of hair dyes increased tremendously in the past
decades due to increased concerns about general appearance especially in females [4].

Most hair dyes contain aromatic amines such as para-2,4-diaminoanisole sulfate and
phenylenediamine, a well-known potent skin sensitizer, as primary intermediates. These
amines are mixed with oxidizing agents such as hydrogen peroxide and the oxidized
products affect hair coloration [5].

Other aromatic amines asaminobiphenyl was reported to affect breast tissue and
patients with breast cancer were revealed to exhibit multiplied levels of this amine in their
tissue biopsy samples [6]. In addition, the carcinogen formaldehyde is also added to hair
dyes to straighten or relax hair [7].

In the current study we aimed to evaluate the relation between different types of hair
dyes and chemical straightener use and risk of breast cancer. This was aimed to determine
whether the use of hair dyes is associated with increased risk for breast cancer or not.

B MATERIALS AND METHODS
This retrospective case control population-based studywas conducted among female

diagnosed with breast cancer. Patients who were diagnosed with breast cancer between

1st January 2022 and 31st December 2024 were enrolled. Patients were recruited from
multiple poly clinics, private and general hospitals in Baghdad and Mosul cities, Irag. In
total 125 breast cancer patients were included in addition to 125 healthy age-matched
female subjects as a control group.

All participants were informed about the aim of the study and assured about the
confidentiality of their data.

A self-administered questionnaire was distributed to all participants. Items in this
questionnaire included:

— Personal history: name, age, marital status, occupation, education, smoking status,
parity.

— Menstrual history: age at menarche, age of menopause (if present), history of oral
contraceptive pills (OCP) use.

— Oncologic history: time of breast cancer diagnosis (in breast cancer group), family
history of breast cancer.

— History of hair dye use: this included dye type (permanent: a dye that does not wash
off, semi-permanent: a dye that went off only after several washes, temporary: a dye
that went off at first or few washes), use of hair straightener. Frequency of hair dye use:
use of hair dyes in the last 12 months before cancer diagnosis or beyond that.

In addition, height and weight were measured and recorded for all participants and
body mass index (BMI) was calculated.

All data were compiled and analyzed utilizing SPSS version 25. Categorical data were
provided as numbers and percentages and analyzed using the chi-square test, whereas
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continuous data were presented as means and standard deviations and analyzed using
the Student’s t-test. P value deemed significant if less than 0.05.

B RESULTS

The current study included 125 breast cancer patients and 125 control subjects. There
was no statistically significant difference between the two groups regarding age, marital
status, occupation, education, smoking or parity (Table 1).

As regards menstrual history and oncologic history, there was no statistically significant
difference between the two groups regarding age of menarche, OCP use, BMI or family
history of breast cancer (Table 2).

Breast cancer patients showed statistically significant use of permanent hair dyes and
semi-permanent hair dye compared to control group. There was no statistically significant
difference between the two groups regarding use of temporary hair dyes and hair
straightener (Table 3).

Table 1
Personal history of cancer patients and control groups
" Cases, Controls,
Variable No=125 No=125 P value
Age Mean+SD 51.8+6.4 50.5+5.9 0.791
. Married 100 (80%) 97 (77.6%)
Marital status 3 0.627
Single* 25 (20%) 28 (22.4%)
. Employee 59 (47.2%) 55 (44%)
Occupation . 0.611
Housewife 66 (52.8%) 70 (56%)
llliterate 45 (36%) 41 (32.8%)
Education Primary 47 (37.6%) 54 (43.2%) 0.666
Secondary and high 33 (26.4%) 30 (24%)
X Non-smoker 109 (87.2%) 112 (89.6%)
Smoking 0.554
Smoker 16 (12.8%) 13 (10.4%)
Nulliparous 28 (22.4%) 32 (25.6%)
Parity 1-2 children 49 (39.2%) 41 (32.8%) 0.566
3 children or more 48 (38.4%) 52 (41.6%)
Table 2
Menstrual history of cancer patients and control groups and oncologic history of cancer patients
. Cases, Controls,
Variable No=125 No=125 P value
Age of menarche Mean+SD 10.94+1.2 10.91+1.2 0.880
Yes 89 (71.2%) 82 (65.6%)
OCP use 0.341
No 36 (28.8%) 43 (34.4%)
Average 52 (41.6%) 56 (44.8%)
BMI Overweight 35 (28%) 39 (31.2%) 0.521
Obesity 38 (30.4%) 30 (24%)
Family history of Present 16 (12.8%) 8(6.4%) 0.086
breast cancer Absent 109 (87.2%) 117(93.6%) '
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Table 3
History of hair dyes use in cancer patients and control groups
Variable ﬁzs:-: '25 ﬁzzt;;l;, P value
. No use 45 (36%) 75 (60%)
Z‘;ma”e”t hair " sed in last 12 months 36 (28.8%) 23 (18.4%) 0.001*
Used before last 12 months 44 (35.2%) 27 (21.6%)
Semi- No use 43 (34.4%) 65 (52%)
permanent hair | Used in last 12 months 46 (36.8%) 36 (28.8%) 0.017*
dye Used before last 12 months 36 (28.8%) 24 (19.2%)
. No use 49 (39.2%) 59 (47.2%)
Z’;’:pmry hair " sed in last 12 months 45 (36%) 37 (29.6%) 0412
Used before last 12 months 31 (24.8%) 29 (23.2%)
. No use 56 (44.8%) 62 (49.6%)
Z'tf;righ tener | Usedinlast 12 months 45 (36%) 42 (33.6%) 0.738
Used before last 12 months 24 (19.2%) 21 (16.8%)

B DISCUSSION

The relationship between use of hair dyes and incidence of breast cancer has been
a subject of extensive research in the last two decades. Several studies were conducted
and yielded conflicting results [8]. The use of certain chemicals in different hair dyes,
particularly permanent and darker colors had raised many concerns. These chemicals
may contain potentially harmful substances like aromatic amines and other potential
carcinogens [9].

In this study we aimed to evaluate the relation between hair dyes and chemical
straightener use and risk of breast cancer and whether the use of hair dyes is associated
with increased risk for breast cancer or not.

The study enrolled 125 breast cancer patients in addition to 125 healthy age-matched
female subjects as a control group. Study analysis revealed that -compared to control
group - breast cancer patients exhibited statistically significant use of permanent hair
dyes and semi-permanent hair dye either in the last 12 months prior to diagnosis or even
before this duration.

As previously concluded by Ahmadi et al. in their meta-analysis, there was a 10%
increased risk of cancer by any report of use of any type of hair dye [10]. Similarly, a
meta-analysis was conducted by Gera et al. [11] and revealed a statistically significantly
increased risk of breast cancer with use of hair dyes regardless their type.

According to the National Institutes of Health (NIH), a study indicated that women
who consistently utilized permanent hair dye in the year preceding their enrollment were
9% more likely to acquire breast cancer compared to those who did not use hair dye. In
addition, using permanent dyes every 5-8 weeks or for longer duration was associated
with more than 50% increased risk of breast cancer in specific races like African-American
females [12]. However, the authors found non-significant increase in breast cancer risk
after semi-permanent or temporary dye use which is -in part- different from our findings.

AccordingtoLlanosetal.[13] who examined hair dyes use among women and explored
associations with breast cancer. The authors reported that use of dark hair dyes and hair
straighteners was associated with increased breast cancer risk which was similar to our
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findings. Both estrogen receptor negative and positive cancer types were increasingly
associated with the use of dark hair dyes and hair straighteners.

Contradicting to our results, Zhang et al. [14] assessed the association between the
utilization of permanent hair coloring and elevated cancer risk. The authors indicated
that consumers of permanent hair dyes had no significant elevation in the risk of solid
tumors or hematological malignancies. Furthermore, users of hair dyes did not exhibit
an elevated risk for the majority of specific diseases (squamous cell carcinoma, bladder
cancer, melanoma, breast cancer, brain cancer, colorectal cancer, kidney cancer, lung
cancer) in comparison to non-users.

The carcinogenicrisk of hair dyes is mostly owed to their chemical ingredients especially
nitrosamines. Nitrosamines, derived from secondary amines, are notable constituents
of hair dyes, with their carcinogenic characteristics and toxicity initially documented by
Magee and Barnes in 1956 [15].

Furthermore, hair dyes comprise components that may pose cancer concerns, as
evidenced by gene-related toxicity studies and certain animal models [16]. The guidelines
from severalscientific Committees indicated that an exposure duration of at least
30 minutes to nitrosamines is deemed a risk factor [17]. Consequently, prolonged exposure
to secondary amines over months or decades correlates with an elevated risk of breast
cancer, as well as other malignancies [18].

B CONCLUSION

In conclusion, the current study revealed a significant association between permanent
and semi-permanent hair dye use and increased incidence of breast cancer development.
A well-noted limitation in this study is the small number of included participants that
necessitates the need for future studies on larger scale to evaluate the exact role of hair
dyes use in development of breast cancer.
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