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Abstract

Background—Hair relaxers and skin lighteners have been commonly used by African women, 

with suggestions that they may have hormonal activity.

Objectives—To investigate the relationship of hair relaxer and skin lightener use to serum 

estrogen/estrogen metabolite levels.
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Methods—We utilized the postmenopausal population-based controls of the Ghana Breast Health 

Study to estimate adjusted geometric means (GM) and 95% confidence intervals of individual 

circulating estrogen levels by hair relaxer/skin lightener exposure categories.

Results—Of the 585 postmenopausal women included in our analysis, 80.2% reported hair 

relaxer use and 29.4% skin lightener use. Ever hair relaxer use was positively associated with 

estriol (adjusted GM 95.4 pmol/L vs. never 74.5, p-value=0.02) and 16-epiestriol (20.4 vs. 16.8, 

p-value=0.05) particularly among users of lye-based hair relaxers. Positive associations between 

scalp burns and unconjugated estrogens were observed (e.g., unconjugated estrone: 5+ scalp 

burns 76.9 [59.6–99.2] vs. no burns 64.0 [53.7–76.3], p-trend=0.03). No association was observed 

between use of skin lighteners and circulating estrogens.

Significance—This study presents evidence that circulating 16-pathway estrogens (i.e., estriol 

and 16-epiestriol) may be increased in users of lye-based hair relaxer products. Among hair relaxer 

users, unconjugated estrogen levels were elevated in women with a greater number of scalp burns.
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INTRODUCTION

Cosmetic products, specifically hair relaxers [1–3] and skin lighteners [4–7], are commonly 

used by African women [8, 9]. African women have used hair straightening products since 

the 1940’s and home use kits became available in the mid 1960’s [2]. Hair relaxer creams 

came on the market in the late 1970’s and have continued to evolve as more women 

have sought out these products [2]. The increasing prevalence of skin lightener use among 

African women has been documented in recent years [5, 7, 10], particularly in younger 

women [10]. In the Brong Ahafo Region of Ghana skin lightener use is prevalent among 

female high school students (prevalence of ever use 65.6%) [9] raising concerns for possible 

long-term deleterious consequences of prolonged usage.

The constituents of hair relaxers and skin lighteners have long been of concern in terms of 

their effects on human health. Hair relaxers are classified as either lye (sodium hydroxide) or 

non-lye. Non-lye hair relaxers are comprised of potassium hydroxide, lithium hydroxide, 

guanidine carbonate or ammonium thioglycolate (also referred to as thio-relaxers) [2]. 

Both lye and non-lye hair relaxers can burn the scalp, which provides entrance for the 

chemical constituents and possible systemic exposure [8, 11]. Phthalates, suspected/known 

endocrine disruptors, are likely constituents of these hair relaxer formulations [12–15]; 

thus long-term and repeated exposure to hair relaxers may influence/disturb circulating 

sex steroid hormones. Skin lighteners are comprised of a mixture of substances, including 

topical steroids, hydroquinone, and mercury [16] and some include phthalates [17]. Thus, 

there are concerns that skin lightener use may have the potential to affect sex steroid 

hormone concentrations [17].

In the Ghana Breast Health Study, an increased breast cancer risk with hair relaxer use 

was previously reported, but there was no association observed with skin lightener use 
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[8]. However, no relationship of hair relaxer use with breast cancer risk was observed 

among Black women in either the US Black Women’s Health Study or the Women’s Circle 

of Health Study [18, 19]. Recent research has identified a positive association (Hazard 

Ratio=1.37, 95% Confidence Interval: 1.04–1.82) between heavy-use (≥7 times/year) of lye-

based hair relaxers and estrogen-receptor positive (ER+) breast cancer risk among women in 

the Black Women’s Health Study [20].

Prior research among predominantly White women supports the role of circulating estrogen 

and estrogen metabolites on breast cancer risk [21–23], with higher estrogen levels strongly 

associated with increased risk. Parent estrogens stimulate cell proliferation largely via 

estrogen receptor-mediated pathways. Hydroxylation of the parent estrogens at one of three 

carbon positions of the steroid pathways (i.e. 2-, 4-, and 16-hydroxylation) leads to an array 

of metabolites in each pathway. The ability of individual estrogen metabolites to stimulate 

cell proliferation via estrogen receptor-mediated mechanisms varies across these pathways 

of metabolism as well as by the methylation status of the metabolites. Some metabolites 

(i.e., catechol estrogens of 2- and 4-pathways) can stimulate cell proliferation via estrogen 

receptor-dependent pathways and can induce DNA damage directly by forming quinone 

DNA adducts or indirectly via redox cycling [24].

To date, the effect of hair relaxer or skin lightener use on circulating estrogen levels has 

not been explored. Taking advantage of data collected in the Ghana Breast Health Study, 

we investigated the role of hair relaxers and skin lighteners on estrogen metabolism among 

postmenopausal Ghanaian women.

MATERIALS AND METHODS

Study population

For the current analysis we utilized data from postmenopausal female controls enrolled in 

the Ghana Breast Health Study, a multi-disciplinary population-based case-control study 

conducted in two areas of Ghana, Accra and Kumasi. The methodology of the original 

study is described in detail elsewhere [25]. The women in the control population were 

frequency-matched to cases by age and district of residence in Ghana via systematic random 

sampling [26].

Controls were approached for in-person interviews by trained personnel who recorded 

information on standardized questionnaires. Interviews were generally conducted in the 

hospitals, although a few were administered at the subjects’ homes. Interview response 

rates were 91.9%. We excluded women who on their questionnaire indicated that they 

were still having menstrual periods (1228 reported having menstrual periods, 8 had missing 

information, and 15 reported they didn’t know) or were current hormone users (n=10) 

or who had missing information on current hormone use (n=16). Additional exclusions 

included women with missing age (n=3) or those who reported menstrual bleeding on the 

blood draw questionnaire (n=47), as well as those with insufficient sample volume (n=231), 

or samples damaged during laboratory preparation (n=2). The final analytic population 

comprised 585 postmenopausal controls.
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Exposure assessment

The study questionnaire focused on established breast cancer risk factors (demographic 

factors, menstrual and reproductive characteristics, family history of breast cancer, medical 

history, occupational history, anthropometric and physical activity variables) as well as on 

several speculative factors, including use of hair relaxers (perms or other relaxers) and 

skin lighteners (any soap, cream, or other product used to lighten or brighten the skin). 

Women were asked detailed questions regarding their use of both practices, including ages 

at first use, frequency of use (<21, 21–25, 26–30, >30 years), recency of use (never, former, 

current), age at last usage (if a non-current user), duration of use (<10, 11–20, 21–30, >30 

years for hair relaxer use; <1, 1–5, 6–10, 11–20, >20 years for skin lightener use), and 

types of products used (for hair relaxers only). For hair relaxers, women were asked to 

provide information on whether they generally used lye or non-lye products and how many 

times over their lives they had experienced scalp burns (i.e., not just tingling but actual skin 

breakage) (never had burns, 1–2 times, 3–4 times, 5+ times).

Laboratory assays

Details of the assay method have been published previously [22, 27, 28]. Briefly, 

stable isotope dilution liquid chromatography-tandem mass spectrometry (LC-MS/MS) 

was used to quantify 15 estrogens and estrogen metabolites including: estrone, 

estradiol, 2-pathway metabolites (2-hydroxyestrone, 2-methoxyestrone, 2-hydroxyestradiol, 

2-methoxyestradiol, and 2-hydroxyestrone-3-methyl ether); 4-pathway metabolites (4-

hydroxyestrone, 4-methoxyestrone, and 4-methoxyestradiol); and 16α-pathway metabolites 

(16α-hydroxyestrone, estriol, 16-ketoestradiol, 16-epiestriol, and 17-epiestriol). This 

method detects 15 estrogens and estrogen metabolites in serum which circulate, at 

least in part, as sulfated and/or glucuronidated conjugates to facilitate storage, transport, 

and excretion. Five of the estrogens (estrone, estradiol, estriol, 2-methoxyestrone and 

2-methoxyestradiol) were also measured in unconjugated forms. For metabolites with 

both combined and unconjugated measurements, the concentration of the conjugated form 

was calculated as the difference between the combined estrogen measurement and the 

unconjugated estrogen measurement; for estradiol that calculation was (conjugated estradiol 

= combined estradiol – unconjugated estradiol). The limit of detection for each estrogen 

and estrogen metabolite measured using this LC-MS/MS assay was 10 fg on column 

(approximately 0.33–0.37 pmol/L) [28, 29]. There were no samples in the current study 

with undetectable levels for any of the hormones measured. Laboratory coefficients of 

variation (CV) of blinded quality control duplicates distributed within and across batches 

were <5% for all hormones measured. Intraclass correlation coefficients (ICCs) ranged from 

0.97–0.998 with a median value of 0.99.

Statistical analysis—Geometric means (GM) (pmol/L) of individual serum circulating 

estrogen levels by exposure categories were estimated using linear regression, adjusting for 

potential confounders: age at blood draw, blood draw year (2013, 2014, 2015), smoking 

status (never, former, current), diabetes (yes, no, missing), time since menopause (≤2, 3–

5, 6–10, >10 years, missing), and ever use of oral contraceptives (yes, no, missing). A 

secondary analysis was performed in which we additionally adjusted for current measured 

body mass index (BMI, <18; 18.5–24.9; 25–29.9; ≥30 kg/m2). We performed a test for 
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trend by including the exposure in the model as a continuous log-transformed hormone 

variable. The percent change (%Δ) in GM between the highest and the lowest categories 

was estimated by taking the ratio of the difference of the GM between the two categories 

over the reference category, multiplied by 100. We statistically tested for differences in 

hormone levels across exposure categories using a Wald test. We graphically plotted the 

most abundant estrogen from each pathway (parent, 2-, 4-, and 16-alpha-hydroxylation) 

across categories of exposure: never, ever, current, former, and lye-based and non-lye-based 

for hair relaxer use.

All statistical tests were two-sided with 5% type I error. Q-values reflecting false discovery 

rates (FDR) were calculated to account for multiple comparisons (25 tests per exposure) 

for the primary hormone-cosmetic exposures associations without adjustment for BMI 

or estradiol. Analyses were conducted with SAS version 9.4 (SAS Institute, Cary, North 

Carolina).

Results

Among 585 postmenopausal African women, the average age at blood draw was 56.8 

years (±8.1 years) (Table 1). Of these women, 51.3% reported being within 10 years 

since the start of menopause when they completed the main questionnaire. Most women 

were never smokers (95.0%), did not report a history of diabetes (87.9%), and were never 

oral contraceptive users (84.8%). The subjects were similarly distributed across the three 

BMI categories, 33.0% healthy weight, 28.9% overweight, and 26.3% obese. Most women 

reported ever use of hair relaxers (80.2%,12.8% missing) while fewer reported ever use of 

skin lighteners (29.4%).

Hair relaxer use

In general, circulating estrogen/estrogen metabolite levels were elevated among ever hair 

relaxer users, compared to never users (Table 2, Figure 1); however only a few associations 

reached the level of statistical significance. We observed higher levels of circulating estriol 

(adjusted GM 95.41 pmol/L [95% CI: 79.73–114.16] users vs. 74.45 [57.78–95.93] never 

users, P-value=0.02), conjugated estriol (83.14 [68.02–101.62] vs. 63.02 [47.41–83.77], 

P-value=0.02) and 16-epiestriol (20.39 [16.11–25.81] vs.16.79 [12.69–22.21], P-value=0.05) 

among hair relaxer users compared with never users. In analyses with additional adjustment 

for BMI, the positive associations between estriol (GM 94.47 [78.76–113.32] vs. 75.12 

[58.18–96.99], P-value=0.02), conjugated estriol (82.24 [67.16–100.70] vs. 63.80 [47.92–

84.95], P-value=0.03), and 16-epiestriol (20.59 [16.31–26.00] vs. 16.89 [12.78–22.32], P-

value=0.05) with ever (vs. never) hair relaxer use remained.

We did not observe differences in circulating estrogen levels when comparing former versus 

never or current versus never users of hair relaxers (Table 3). However, we observed higher 

levels of estriol, conjugated estriol, and 16-epiestriol when comparing lye hair relaxer users 

with never users (lye use vs. never user: estriol GM 100.74 [83.08–122.17] vs. 74.45 [57.78–

95.93], P-value=0.005; conjugated estriol 88.47 [71.29–109.79] vs. 63.02 [47.41–83.77], 

P-value=0.006; 16-episteriol 21.35 [16.69–27.32] vs. 16.79 [12.69–22.21], P-value=0.02). 
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Lye users had higher conjugated estradiol levels than non-lye hair relaxer users (GM 8.07 

[4.16–15.65] vs. 5.56 [2.80–11.02], P-value=0.04).

History of scalp burns from hair relaxer use was positively associated with circulating 

unconjugated estrogens (Table 4). We observed higher levels of circulating unconjugated 

estrone (5+ burns vs. never burned GM 76.88 [59.59–99.21] vs. 64.01 [53.67–76.34], 

P-value=0.03), unconjugated estradiol (30.44 [20.36–45.52] vs. 22.59 [17.03–29.97], P-

value=0.04), unconjugated 2-methoxyestrone (11.00 [8.22–14.73] vs. 8.69 [7.10–10.63], 

P-value=0.04), and unconjugated 2-methoxyestradiol (4.01 [3.08–5.22] vs. 3.05 [2.47–3.77], 

P-value=0.008). The positive relationship between scalp burns and circulating unconjugated 

2-methoxyestrone (5+ burns vs. never GM 11.05 [8.23–14.85] vs. 8.78 [7.15–10.79], P-

value=0.04) and 2-methoxyestradiol (5+ burns vs. never burned GM 4.04 [3.12–5.22] vs. 

3.15 [2.55–3.90], P-value=0.01) remained in analyses adjusted for BMI (Supplemental Table 

1). In contrast, with additional adjustment for unconjugated estradiol, the association was 

only present for unconjugated 2-methoxyestradiol (5+ burns vs. never burned GM 3.91 

[3.03–4.04] vs. 3.17 [2.56–3.94], P-value=0.04) (results not tabled). We did not observe any 

association between circulating estrogens and either age at first hair relaxer use or length of 

use.

Skin lightener use

Circulating estrogen levels were not largely different comparing women who reported ever 

skin lightener use versus never use (Table 5). When comparing current users versus former 

users of skin lighteners we observed a modest association for 4-methoxyestrone, with levels 

being approximately 10% lower in current skin lightener users compared with former users 

(GM current 3.29 [2.73–3.96] vs. former 3.67 [3.09–4.37], P value=0.006).

Circulating estrogen levels related to skin lightener use were mostly similar across the 

categories of years of use (<1, 1–5, 6–10, 11–20, >20 years) (Supplemental Table 2). Estriol 

was 2.7% higher for women who used skin lighteners for >20 years (GM 84.27 [58.21–

121.98]) than women that used skin lighteners for <1 year (GM 82.02 [67.56–99.58]). 

Unconjugated estriol was 3.2% higher for women who used skin lighteners for >20 years 

(GM 72.10 [48.21–107.84]) than women that used skin lighteners for <1 year (GM 69.89 

[56.25–86.85]). We did not observe any associations between circulating estrogens and 

frequency of skin lightener use or age at first use.

Discussion

Our analysis of cosmetic product use in postmenopausal women in Ghana suggests that hair 

relaxers, specifically lye-based products, are associated with increased levels of circulating 

16-pathway estrogens estriol and 16-epiestriol when compared to never users. We also 

observed a higher level of circulating conjugated estradiol for users of lye-based products 

compared with non-lye-based products. Additionally, we noted increasing levels of many 

unconjugated estrogens with increasing frequency of scalp burns among women using hair 

relaxers. In contrast, we generally did not see a difference in hormone levels with ever 

versus never skin lightener use or with patterns of frequency or age at first use. We did note 

some patterns among skin lightener users, specifically higher levels of 4-methoxyestrone in 
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current users versus former users and higher estriol levels for women who reported longer 

lengths of skin lightener use (20+ years) compared to very short durations of use (<1 year).

Our results are relevant in possibly shedding light on prior studies that have examined the 

role of these cosmetics products in relation to breast cancer risk [8]. Specifically, in the 

Ghana Breast Health Study there was an increased risk of breast cancer with hair relaxer 

use, that did not differ by menopausal status at diagnosis [8]. Given that this analytic 

sample was approximately 50% postmenopausal, our results are likely not generalizable 

to these previous findings. However, this prior study did not find any associations of 

overall breast cancer risk with lye-based products [8]. Skin lightener use was not associated 

with overall breast cancer risk in the Ghana Breast Health Study [8]. Our results suggest 

that select 16-hydroxylation pathway estrogen metabolites are higher in hair relaxer users 

compared with non-users and may help to explain part of the association between hair 

relaxer use and increased breast cancer risk in postmenopausal women given that these 

estrogens and metabolites have been associated with increased postmenopausal breast cancer 

risk in the US [21–23]. However, the current study cannot directly evaluate the potential 

mediation of the hair relaxer-breast cancer association. It is possible that hair relaxers 

may have other effects on endocrine function that were not measured in the current study. 

Additional investigation among Black women of both the estrogen metabolite-breast cancer 

risk association and the hair relaxer use-estrogen metabolite associations are necessary to 

better understand how the observed differences in estrogen metabolism with hair relaxer use 

may affect breast cancer risk.

The observed associations with hair relaxer use in the current study further support that lye-

based products may be involved with increased concentrations of select 16-hydroxylation 

pathway estrogen metabolites. However, no distinctive differences in breast cancer risk 

between lye-and non-lye users were previously noted in the Ghana Breast Health Study, 

among an analytic sample that was comprised of approximately 50% postmenopausal 

women [8]. The increased levels of circulating 16-pathway estrogens with lye-based 

products in our study could reflect possible effects on estrogen metabolism from the 

constituents of these products, including phthalates [30], or additional contaminants ranging 

from formaldehyde [31] to metals [32, 33].

We acknowledge several limitations of this study. We used a single measurement of 

circulating estrogens among postmenopausal women; however, moderate to high 1-year 

ICCs reported in a previous study for most estrogens/estrogen metabolites (range 0.35–0.72) 

[34] suggest that our data may adequately represent levels over at least 1 year. It is also 

important to note that product use was based entirely on self-report which may result in 

misclassification; and it is unclear how well women can recall the composition of the 

products they use (e.g., lye vs. non-lye based hair relaxers). However, measurement error in 

this context is unlikely to be related to serum hormone levels.

Despite these limitations, this study has important strengths. Use of a high-performance 

LC-MS/MS assay allowed comprehensive evaluations of individual circulating estrogen 

metabolites with high reliability, sensitivity, and specificity. Use of data from a population-

based study with careful adjustment for potential confounders assessed at blood collection 
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increases the validity of the results. Another strength was our ability to examine various 

characteristics of hair relaxer and skin lightener use due to the available responses on history 

of use, recency of use, length of use, age at first use, type of hair relaxer used, and location 

of skin lightener use.

Our results support a possible association between circulating estrogen metabolites in 

postmenopausal African women that used lye-based hair relaxer products. Additionally, 

our findings indicate a possible association between circulating unconjugated estrogens and 

number of scalp burns among hair relaxer users. In contrast, skin lightener use was not 

strongly associated with differences in estrogen levels. Further examination into the effects 

of hair relaxer use on circulating hormone levels in Black women is merited to better 

understand possible biological mechanisms underlying breast cancer risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Impact Statement

In this population-based study of hair relaxer and skin lightener use among 

postmenopausal women in Ghana, altered estrogen metabolism was observed with hair 

relaxer use, particularly among women using lye-based products or with a greater number 

of scalp burns. In contrast, skin lightener use was not associated with differences 

in estrogen metabolism in this population. Continued investigation of the potential 

biological impact on breast cancer risk of hair relaxer use is warranted.
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Figure 1. 
Plot of Geometric Mean and 95% Confidence Intervals (error bars) of the most abundant 

estrogen from each pathway parent (estrone), 2-hydroxylation (2-hydroxyestrone), 4-

hydroxylation (4-hydroxyestrone), and 16-alpha-hydroxylation (estriol) pathways and hair 

relaxer use exposure.
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Table 1.

Descriptive characteristics of postmenopausal women in Ghana Breast Health Study (n=585 postmenopausal 

female controls)

Mean (± SD)

Age at blood draw 56.8 ± 8.1

Age at menopause 48.3 ± 5.1

Time since menopause 8.7 ± 7.2

n Percent

Year at blood draw

 2013 229 39.2

 2014 193 33.0

 2015 163 27.9

Smoking status

 Current 0 0.0

 Former 4 0.7

 Never 556 95.0

 Unknown 5 0.9

 Missing 20 3.4

Diabetes

 Ever 49 8.4

 Never 514 87.9

 Unknown 22 3.8

Oral contraceptive use

 Ever 89 15.2

 Never 496 84.8

 Unknown 0

BMI (kg/m2)

 Underweight (<18.5) 20 3.4

 Healthy weight (18.5–24.9) 193 33.0

 Overweight (25.0–29.9) 169 28.9

 Obese (30+) 154 26.3

 Unknown/Missing 49 8.4

Hair relaxer use

 Never 41 7.0

 Ever 469 80.2

 Unknown 75 12.8

Recency of hair relaxer use

 Never 41 7.0

 Former 116 19.8

 Current 353 60.3

 Unknown 75 12.8

Length of hair relaxer use, years
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 Never 41 7.0

 <10 50 8.6

 11–20 68 11.6

 21–30 144 24.6

 >30 187 32.0

 Unknown length 20 3.4

 Missing 75 12.8

Age at first hair relaxer use

 Never 41 7.0

 <21 212 36.2

 21–25 91 15.6

 26–30 52 8.9

 >30 92 15.7

 Unknown 22 3.8

 Missing 75 12.8

Type of hair relaxer most frequently used

 Never 41 7.0

 Lye 274 46.8

 Non-Lye 185 31.6

 Unknown 10 1.7

 Missing 75 12.8

Frequency of burns from hair relaxer use (lifetime)

 Never 41 7.0

 Never had burns 213 36.4

 1–2 times 111 19.0

 3–4 times 73 12.5

 5+ times 57 9.7

 Unknown 15 2.6

Skin lightener use

 Never 413 70.6

 Ever 172 29.4

Recency of skin lightener use

 Never 413 70.6

 Former 109 18.6

 Current 63 10.8

Length of skin lightener use, years

 Never 413 70.6

 <1 27 4.6

 1–5 33 5.6

 6–10 12 2.1

 11–20 29 5.0

 >20 51 8.7

 Unknown length 20 3.4
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Age at first skin lightener use

 Never 413 70.6

 <21 53 9.1

 21–25 34 5.8

 26–30 27 4.6

 >30 41 7.0

 Unknown 17 2.9

Frequency of skin lightener use

 Never 413 70.6

 Once per day 60 10.3

 ≥2 times per day 104 17.8

 Unknown 8 1.4
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