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Abstract

Hair products can contain hormonally active and carcinogenic compounds. Adolescence may be a 

period of enhanced susceptibility of the breast tissue to exposure to chemicals. We therefore 

evaluated associations between adolescent hair product use and breast cancer risk. Sister Study 

participants (ages 35–74 years) who had completed enrollment questionnaires (2003–2009) on use 

of hair dyes, straighteners/relaxers, and perms at ages 10–13 years (N=47,522) were included. Cox 

proportional hazards regression was used to estimate adjusted hazard ratios (HRs) and 95% 

confidence intervals (95% CIs) for associations between hair products and incident breast cancer 

(invasive cancer or ductal carcinoma in situ), with consideration of heterogeneity by menopausal 

status and race/ethnicity. Over an average of 10 years of follow-up, 3,380 cases were diagnosed. 

Frequent use of straighteners and perms was associated with a higher risk of premenopausal 

(HR=2.11, 95% CI 1.26–3.55 and HR=1.55, 95%CI: 0.96–2.53, respectively) but not 

postmenopausal breast cancer (HR=0.99, 95% CI: 0.76–1.30 and HR=1.09, 95% CI: 0.89–1.35, 

respectively). Permanent hair dye use during adolescence was uncommon (<3%) and not 

associated with breast cancer overall (HR=0.97, 95% CI: 0.78–1.20), though any permanent dye 

use was associated with a higher risk among Black women (HR=1.77, 95% CI: 1.01–3.11). 

Although frequency of use of perms (37% non-Hispanic white vs. 9% Black) and straighteners 

(3% non-Hispanic white vs 75% Black) varied by race/ethnicity, associations with breast cancer 

did not. Use of hair products, specifically perms and straighteners, during adolescence may be 

associated with a higher risk of premenopausal breast cancer.
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Background

In the United States, breast cancer is the most common cancer diagnosed among women.1 

Breast cancer prior to menopause tends to present at more advanced stages and has a less 

favorable prognosis compared to breast cancer diagnosed after menopause.2,3 Accumulating 

evidence suggests etiologic heterogeneity by menopausal status at diagnosis.4 Certain early 

life risk factors, such as birth weight5 and age at menarche,6 are more strongly related to 

premenopausal compared to postmenopausal breast cancer. Early life, including puberty, 

which is a period of rapid cell changes and growth in the breast, has been hypothesized to be 

a potential window of susceptibility for breast cancer.7

Use of hair products is extremely common and use often begins during childhood and 

adolescence.8,9 Hair products are a potential source of exposure to carcinogens and 

endocrine disruptors.10 Hair product use patterns vary substantially by race/ethnicity, with 

use of straighteners/relaxers being much more common in Black women compared to white 

women.11,12 The pattern of use of chemical hair products has been hypothesized to be a 

contributor to the higher body burden of endocrine disrupting compounds observed in non-

Hispanic Black women compared to white women.13,14 Black women are more likely than 

white women to be diagnosed with breast cancer at earlier ages15 and with hormone 

receptor-negative tumor subtypes,16 both of which are associated with lower survival.3,17,18 

Chemical hair products have been proposed to be one potential factor that may contribute to 

racial disparities in breast cancer.19,20

Research considering the risk of breast cancer associated with early life use of hair products 

in a racially and ethnically diverse population is limited. Previous epidemiologic research on 

hair products has largely been inconclusive, focusing primarily on the relationship between 

adult use of hair dye use and breast cancer risk, largely in populations that were not racially/

ethnically diverse.21–26 In the Sister Study, we previously reported a positive association of 

permanent hair dye and straighteners with overall breast cancer risk focusing on use in the 

year prior to enrollment; associations for permanent dye were notably stronger in Black 

women.27

In this study, we have expanded on our previous study focused on adult hair product use by 

investigating the association between adolescent use of various types of hair products and 

incident breast cancer risk in a large, prospective cohort of women. We hypothesized that 

breast cancer risk would be highest for women who frequently used these hair products 

during adolescence and that associations would vary by timing of breast cancer (e.g. 

premenopausal vs. postmenopausal breast cancer) and by race/ethnicity.
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Methods

Study Population.

The prospective Sister Study cohort enrolled 50,884 women between 2003–2009 with the 

goal to evaluate environmental and lifestyle risk factors for incident breast cancer.28 

Eligibility criteria included being between the ages of 35–74 years, living in the United 

States including Puerto Rico, and never having been diagnosed with breast cancer but having 

at least one full or half-sister who had been diagnosed with the disease. At the time of 

enrollment, study participants completed extensive structured questionnaires and computer-

assisted telephone interviews, including questions on hair product use during adolescence. 

All participants had a home visit and a trained examiner measured height and weight. 

During study follow-up, participants complete annual health updates in addition to more 

detailed follow-up surveys every 2–3 years. Response rates have remained at approximately 

90% throughout follow-up. This report includes follow up through September 23rd, 2018 

(Data Release 8.0). A study timeline is provided in Figure 1.

Outcome Assessment.

Breast cancer diagnoses are ascertained through self-report. Medical record and pathology 

reports are obtained in order to confirm the diagnosis and to get further information on the 

tumor including estrogen receptor (ER) status and staging. Medical records were available 

for over 82% of cases. When medical record data were not available, we used self-reported 

data. Agreement between self-reported and medical record obtained tumor characteristics 

has been high.29

Cases were defined as women who were diagnosed with either incident invasive breast 

cancer or ductal carcinoma in situ (DCIS). We excluded women who were diagnosed with 

breast cancer before completing all enrollment activities or had an unknown age at breast 

cancer diagnosis (n=106) or contributed no follow-up time (n=314). We evaluated whether 

associations varied by menopausal status, ER status, and tumor extent (invasive vs. DCIS).

Exposure Assessment.

Adolescent use of hair products, assessed by questionnaire, was defined as frequency of use 

at ages 10–13 years. An early phase of the personal care product questionnaire differed in 

how adolescent hair product use was queried, asking about any use during “teen years” (not 

specific to ages 10–13 years), so women who completed that version were excluded 

(N=2,278). Women were asked about their frequency of personal use (defined as either self-

application or application by another person) of several hair coloring products including 

permanent and semi-permanent dyes, temporary dyes and bleach. In the questionnaire, 

permanent dye was described as dye that shows your roots when the color grows out and 

semi-permanent dye was described as dye that fades in 6–8 weeks. Women were also asked 

about how often they “straightened or relaxed [their] hair or used pressing products” 

(referred to here as straighteners) and application of “hair permanents or body waves” 

(referred to here as perms). The response options included (1) did not use, (2) sometimes 

and (3) frequently. Due to low prevalence of hair coloring products, the response options for 

hair dyes were collapsed to did not use vs. ever used.
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Covariate assessment.

Women reported self-identified race/ethnicity and were asked about sociodemographic 

characteristics of their household when they were around the age of 13 years, including 

educational attainment of family members and qualitative household income. Age at 

menarche and menopausal status were asked at enrollment and menopausal status and age at 

menopause were updated throughout follow-up.

Statistical Analysis.

We conducted a descriptive analysis evaluating participant characteristics by adolescent use 

of straighteners and perms. We used Cox proportional hazards regression to estimate hazard 

ratios (HRs) and 95% Confidence Intervals (CIs) for the association between adolescent hair 

product use and breast cancer risk. Age was the timescale of the Cox model, with women 

entering the model at age at baseline and being followed until breast cancer diagnosis or 

censoring event, which was defined as age of last follow-up or death. We tested for a linear 

trend for frequency of use with a chi-square test for the ordinal characterization of the 

variable for straightener and perm use. The proportional hazards assumption was tested 

using a likelihood ratio test and Schoenfeld residuals to compare models with and without 

interaction terms between each covariate and age with an α=0.05. There was no evidence of 

violations of the proportional hazard assumption.

The confounder adjustment set was identified using a directed acyclic graph. All models 

were adjusted for race (non-Hispanic white, Black, other), highest level of household 

educational attainment at age 13 years (< high school degree, high school degree or 

equivalent, some college/technical school, 4-year college degree or higher) and household 

income at age 13 years (well off, middle income, low income, poor). All women who self-

identified as being Black, regardless of ethnicity, were classified as Black. We conducted a 

complete case analysis as missing data for the covariates (N=664) was <2%. The final 

sample size was N=47,522.

We considered whether associations varied by menopausal status by stratifying person-time 

based on menopausal status. For example, women became at risk for postmenopausal breast 

cancer at age at enrollment or age at menopause, whichever occurred later. Women who 

were premenopausal at enrollment were censored for premenopausal breast cancer at their 

age of menopause. To test for heterogeneity by menopausal status at diagnosis, menopause 

status was included as a time-varying term in the model. When considering whether hair 

product use was associated with ER+ breast cancer, women diagnosed with ER− were 

censored at the time of diagnosis. Similarly, when the outcome of interest was ER− breast 

cancer, women diagnosed with ER+ breast cancer were censored at the time of diagnosis. 

Heterogeneity in the associations by ER status was tested using joint Cox models, which is 

an approach used to compare exposure-disease associations across multiple disease 

subtypes.30

We estimated stratum-specific effect estimates for these associations among non-Hispanic 

white and Black women. Effect measure modification of the associations between hair 

products and breast cancer risk by race were evaluated by comparing models with and 
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without cross-product terms using likelihood ratio tests. We did not estimate stratum-specific 

estimates for women who self-identified as other races/ethnicities (predominately Hispanic 

and Asian women) due to small sample size and limited power. We additionally estimated 

cumulative risk of premenopausal breast cancer by age 55 and assessed risk differences 

(RD) in the absolute risk among frequent versus never users of straighteners or perms using 

the Breslow method.31 There is evidence to suggest that early life use of hair products may 

be related to age at menarche,11 suggesting it may be a mediator rather than a confounder, 

which is why it was not included a priori in our adjustment set. However, to address the 

possibility of potential confounding by age at menarche, we conducted a sensitivity analysis 

including age at menarche in the adjustment set. As an additional sensitivity analysis, we 

explored associations for early life hair product use excluding women who were reported 

being users of that hair product in the 12 months prior to study baseline.

All analyses were completed using SAS 9.4 (Cary, North Carolina).

Results

Adolescent use of hair dye was rare, with <3% of women reporting any use of either 

permanent or semi-permanent hair dye. In contrast, adolescent use of straighteners and hair 

perms was more common with approximately 10% of women reporting any use of 

straighteners and 34% of women reporting any hair perm use.

The frequency of use of straighteners and perms varied substantially by race/ethnicity (Table 

I). Black women were much more likely to use hair straighteners; 75% of Black women 

reported any straightener use during adolescence compared to 3% of white women. In 

contrast, 37% of white women and 9% of black women reported any perm use during 

adolescence. There was some suggestion of exposure trends by age at enrollment in the 

study, with older women more likely to report adolescent use of perms and women younger 

than 60 at enrollment more likely to report adolescent use of straighteners. Women with a 

household educational attainment of 4-year college degree or higher at age 13 were less 

likely to report being frequent users of both straighteners and perms compared to those with 

less household educational attainment. Study participant characteristics stratified by race/

ethnicity and adolescent straightener and perm use are shown in Supplemental Table I.

With an average of 10 years of follow-up, we identified 3,380 incident breast cancer cases. 

Hair coloring products were not associated with breast cancer risk overall or by menopausal 

status (Table II). Frequent use of both straighteners and perms were marginally associated 

with a higher breast cancer risk overall (HR=1.14 and HR=1.14, respectively). However, 

associations varied by menopausal status. Sometime (HR=1.37, 95% CI: 0.93–2.01) and 

frequent (HR=2.11, 95% CI: 1.26–3.55) use of straighteners were positively associated with 

premenopausal breast cancer (p-for-trend=0.004), but not postmenopausal breast cancer 

(sometimes used, HR=0.90, 95% CI: 0.73–1.10; frequently used, HR=0.99, 95% CI: 0.76–

1.30) (p-for-heterogeneity= 0.02). When estimating the absolute risk difference, frequent 

straightener use was associated with an 11% (95% CI: 1%, 21%) higher risk of 

premenopausal breast cancer compared to never use. Similarly, frequent perm use was 

associated with a higher risk of premenopausal breast cancer (HR=1.55, 95% CI: 0.96–
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2.53), but to a lesser extent with postmenopausal breast cancer (HR=1.09, 95% C: 0.89–

1.35) (p-for-heterogeneity=0.2). When estimating the absolute risk difference, frequent perm 

use was associated with a 6% (95% CI: −2%, 14%) higher risk of premenopausal breast 

cancer compared to never use. Findings for both straighteners and perms were essentially 

unchanged with further adjustment for age at menarche (data not shown). For both 

straighteners and perms, the positive association with premenopausal breast cancer remained 

in sensitivity analyses when we excluded those who used these products in the 12 months 

prior to enrollment (frequent straightener use, N=13 exposed cases, HR=2.07, 95% CI: 

1.19–3.61; frequent perm use, N=14 exposed cases, HR=1.54, 95% CI: 0.90–2.63).

There was limited power to consider stratum-specific estimates for non-Hispanic white and 

Black women separately (Table III). Based on a small number of exposed cases (N=13), we 

observed a higher risk for breast cancer associated with permanent dye use among Black 

women (HR=1.77, 95% CI: 1.01–3.11) but not among white women (N= 70 exposed cases, 

HR=0.93, 95% CI: 0.74–1.18) (p for heterogeneity=0.06). Black women who reported using 

permanent hair dye during adolescence largely reported also using permanent hair dye in the 

12 months prior to baseline (N=10 of 13 exposed cases) and so we could not reliably 

estimate the association of only using permanent hair dye during adolescence. The 

associations for hair straightener use and perm use did not vary appreciably by race (p-for 

heterogeneity=0.5 and p=0.6, respectively).

Frequent use of straighteners during adolescence appeared to be more strongly related to ER

− breast cancer (HR=1.61, 95% CI: 0.88–2.96) compared to ER+ breast cancer (HR=1.08, 

95% CI: 0.80–1.46), although the difference was not statistically significant (p-for-

heterogeneity=0.5) (Supplemental Table II). With the exception of frequent perm use which 

appeared positively associated with invasive breast cancer (HR=1.24, 95% CI: 1.01–1.53) 

but inversely associated with DCIS (HR=0.72, 95% CI: 0.43–1.21), there were few 

differences by tumor extent (Supplemental Table III).

Discussion

In this large prospective cohort study of U.S. women, we found that frequent adolescent use 

of hair products that modify hair texture, specifically hair straighteners and perms, was 

associated with a higher risk of premenopausal breast cancer. Although based on a small 

number of cases, adolescent permanent hair dye use was also associated with a higher risk of 

breast cancer in Black women. This is the first study to examine the use of multiple hair 

products during adolescence in relation to breast cancer risk. These findings are important as 

the use of hair products to dye and modify hair texture is common and starts at young ages.
8,9

It is biologically plausible that constituents in hair dye and other hair products may be 

relevant for breast cancer risk. Established carcinogens such as aromatic amines have been 

identified in hair dye and perm products.32–34 Interestingly, aromatic amine-DNA adducts 

associated with hair dye use were measured in breast milk epithelial cells; indicating that not 

only are these compounds circulating in the body and reaching the breast tissue, but they are 

also binding to DNA, which is a potential carcinogenic mechanism.32 Certain formulations 
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of hair straighteners and relaxers have been found to include formaldehyde-releasing 

products when heated35 in addition to containing endocrine disrupting compounds such as 

phthalates, parabens and metals.10,36

We found evidence to support a role for hair straighteners and perms in the risk of 

premenopausal breast cancer, but not postmenopausal breast cancer. Other breast cancer risk 

factors, in particular obesity, have been shown to differ based on menopausal status at 

diagnosis.37,38 In our study of adult hair product use and breast cancer, associations did not 

vary by menopausal status,27 which supports that the finding observed here is not simply a 

reflection of continued use of these products in adulthood. It is plausible that adolescence 

may be a more relevant exposure window for premenopausal breast cancer risk than for 

breast cancer occurring after menopause. This is consistent with some prior research 

suggesting that breast cancer risk factors occurring during adolescence, such as age at 

menarche,6 may be more strongly related to premenopausal than postmenopausal breast 

cancer. It is also possible that the association observed here between adolescent use of hair 

products and premenopausal, but not postmenopausal, breast cancer could be due at least in 

part to the induction period of this specific exposure. Understanding the etiology of 

premenopausal breast cancer is critical as women diagnosed with breast cancer before 

menopause have worse prognosis compared to diagnoses after menopause3 and have other 

potential adverse health effects such as decreased fertility from cancer treatments.39

Hair straighteners/relaxers have been previously associated with breast cancer risk, including 

adult use of straighteners/relaxers in this study population. We previously observed that use 

of straighteners in the year prior to baseline was associated with an 18% higher risk of breast 

cancer overall and this association was stronger with increasing frequency of use.27 Other 

studies considering the risk associated with hair straighteners have been able to evaluate the 

risk associated with exposure during childhood or adolescence in addition to adult use. In 

the Women’s Circle of Health Study (WCHS), a case-control study of women in New York, 

use of relaxers before age 12 and between the ages of 13–19 years was positively, but 

imprecisely, associated with ER− breast cancer among African-American women;24 which 

is consistent with our finding of a suggestive higher risk for ER− tumors. In the Ghana 

Breast Health study, use of relaxers was associated with a higher risk overall and risk was 

elevated regardless of age of first use, including in the youngest age category (<21 years).40 

In contrast, among women in the Black Women’s Health Study, age at first use of hair 

relaxers during childhood or adolescence (defined as < 10 years or 10–19 years) was not 

associated with breast cancer risk.41 The differences in findings across these study 

populations could be due to variability in behavioral patterns in terms of timing of exposure 

to various hair products across cohorts and study periods. Associated changes in 

formulations of straighteners/relaxers over time and by geographic location may also 

contribute to variation.

Hair coloring products, including permanent, semi-permanent and temporary dyes, were 

rarely used between the ages of 10–13 years in our cohort. Overall, there was little evidence 

to support that adolescent hair dye use was associated with breast cancer risk. We did not 

identify other studies that have specifically evaluated adolescent use of hair dyes in relation 

to breast cancer risk. The null association for adolescent hair dye use is largely consistent 
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with previous studies of adult hair dye which have suggested that any hair dye-associated 

risks with overall breast cancer may be small.21–27,42 However, most, but not all, of these 

studies have been conducted in predominately white study populations; therefore, these 

findings may not be applicable to Black women.

In the current study, permanent hair dye use was associated with an imprecise, but elevated, 

breast cancer risk in Black women. This higher risk is consistent with our previous finding 

of a stronger association for adult use of permanent hair dye in Black women compared to 

non-Hispanic white women.27 Adult use of hair dye, in particular dark dyes, was associated 

with a higher risk of breast cancer among African-American women in WCHS.24 Most of 

the Black women who reported using permanent hair dye during adolescence in our study 

population also reported using permanent hair dye in the 12 months before study baseline 

and thus, we could not reliably estimate the risk due to adolescent use alone. In addition, this 

observed higher risk is based on a small number of exposed cases and requires caution and 

replication in other study populations that are well-powered to evaluate these associations in 

Black women.

This is a prospective cohort; women were asked to recall their exposures prior to any 

diagnosis of breast cancer which will eliminate recall bias. However, women were asked to 

consider hair product use many decades prior which would undoubtedly result in some 

measurement error and possible non-differential misclassification. Frequency of use 

response categories were broad (never, sometimes, frequently), which may minimize 

misclassification. Our observation that higher risks were largely limited to women who 

reported frequently using hair straighteners and perms suggests that we are correctly 

identifying those with the highest exposure. Although we adjusted our statistical models for 

race/ethnicity, household education and relative income during childhood, it is possible that 

residual confounding by other early life sociodemographic factors may play a role.

A strength of this study is that we were able to compare across a wide range of hair products 

including different types of hair dye in addition to straighteners and perms, which previous 

studies have not done. However, we did not have information on specific formulations or 

products that were used. Women in our cohort would have been between the ages of 10–13 

years between 1939–1987 and thus the findings presented here represent exposure to 

products during this time. Although some of the main constituents of hair products appear to 

be relatively stable over time42,43, formulations have changed44 and would vary by brand. 

As such, we are unable to identify specific chemical constituents which may be contributing 

to risk. In this cohort, the frequency of use of hair dye use during adolescence was very low 

and therefore we were unable to conduct dose-response analyses, which may in part explain 

the lack of association observed overall if adolescent hair dye use does contribute to breast 

cancer risk. Adolescents today may be more likely to use hair dye products,9 and 

formulations may differ; this should be considered in future studies.

Consistent with prior studies, we observed that Black women are much more likely to use 

hair straighteners than white women and use starts at young ages.8,11 However, our 

questionnaire asked about combined use of hair straighteners, relaxers, or “pressing 

products” which refers to heat-based methods to straighten hair. This more temporary 
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approach to straightening does not involve the use of chemical straighteners or relaxers, 

although some type of hair product may be used along with the heated comb or flatiron. 

Thus, some women classified as exposed may not have been truly exposed to the chemical 

products of interest suggesting that the magnitude of findings reported here may 

underestimate the true risk. Furthermore, this misclassification could be differential by race.

Despite having over 50,000 women in this study and ten years of follow-up time, adolescent 

exposure to hair products was rare and race-specific estimates were imprecise. We were also 

unable to jointly stratify by race and breast cancer characteristics such as menopausal status 

and ER tumor subtype. Given the higher prevalence of straightener use in Black women and 

the associations observed here between straightener use and premenopausal and ER− breast 

cancer, the potential contribution of chemical straighteners to racial/ethnic disparities in 

breast cancer warrant further study.45 Future research may require pooling efforts to be 

adequately powered to address this research question in Black women with consideration of 

either tumor subtype or menopausal status. Finally, this study population includes women 

who all have a family history of breast cancer and thus, these results may not be 

generalizable to all women.

In this large prospective cohort, we found evidence to suggest that use of hair products 

during adolescence, in particular straighteners and perms, is a potential risk factor for 

premenopausal breast cancer. These findings are reflective of hair products that were on the 

market decades ago. More research is needed to understand the potential health impact of 

hair products that are currently being used, to evaluate how these products may contribute to 

racial/ethnic disparities in breast cancer and to better understand which components within 

these products could increase breast cancer risk.
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Novelty and Impact:

Hair products including dye, straighteners and perms contain numerous chemicals which 

may play a role in cancer risk and are often used starting in adolescence. This study 

evaluated the relationship between use of hair dye, chemical straighteners and perms, 

during the ages of 10–13 years and later breast cancer risk in a large prospective cohort. 

Frequent use of straighteners and perms was associated with a higher risk of 

premenopausal breast cancer.
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Figure 1. 
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