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Abstract

Public concern links aluminium-based antiperspirants to breast cancer, but the epidemiological evidence is
inconsistent, and no data exist for Libya. We described deodorant and antiperspirant use and awareness of
aluminium content among women in Benghazi and compared women with and without breast cancer. In this
unmatched case-control study, 50 women with breast cancer at Benghazi Medical Centre and 150 women without
cancer completed a self-administered questionnaire between January and March 2025. We compared groups with
Fisher's exactand chi-square tests and estimated crude and age-adjusted odds ratios (ORs) by logistic regression.
Awareness was low in both groups: 26.2% of controls and 26.5% of cases read ingredient labels, and 11.7% and
10.0% had noticed aluminium among the ingredients. Cases were older than controls (78.0% versus 32.7% aged
40 years or more). After age adjustment, breast cancer was associated with product use for more than 10 years (OR
5.46, 95% CI 2.41-12.36), hormone replacement therapy (OR 5.88, 95% CIl 2.02-17.08), and a family history of
breast cancer (OR 3.64, 95% CI 1.56-8.50). Exclusive antiperspirant use (OR 2.22, 95% CI 0.85-5.78), application
immediately after hair removal (OR 2.39, 95% CI 0.97-5.90), and razor use (OR 0.65, 95% CI 0.25-1.71) showed no
significant association. Few women read labels or knew that their products contained aluminium, which supports
consumer education and clearer labelling. The association with long-term use may reflect residual confounding
and recall bias. Larger age-matched studies with objective exposure measurement are needed.
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Introduction

Breast canceristhe mostfrequently diagnosed cancer and the leading cause of cancer deathamongwomenworldwide [1].

Its established risk factorsinclude age, family history, reproductive history, and exogenous hormones. Public concern has

alsofocused onunderarm antiperspirants, which contain aluminiumsaltsand are applied dailyto skinnext tobreast tissue.
Two biological hypotheses drive this concern. Aluminium has been proposed tointerfere with estrogen action and has a

genotoxic profile[2,3], and shaving may disrupt the skinbarrier and increase absorption[4]. Aluminiumhasbeenmeasured
at higher concentrationsin the outerthanin the inner regions of the breast[5]and has been detected inbreast tissue from

women with breast cancer [6].

Aluminum contentinnipple aspirate fluid hasalsobeencompared between healthy womenand womenwith breast cancer

[7], whereas a study of malignant lesions and normal breast tissue found no difference[8]. In culture, long-term aluminium
exposure increased the migratory and invasive properties of MCF-7 breast cancer cells [9], and aluminium chloride
promoted tumorigenesis and metastasisinnormalmurine mammary epithelialcells[10]. Dermalabsorptionappearssmall
Tracer studies with aluminium-26 estimated that about 0.01% of applied aluminium crosses intact skin [11,12]. In vitro
absorption was higher through stripped skin [13], and 14 days of daily antiperspirant use did not raise plasma or urinary

aluminium in healthy volunteers [14].

Epidemiological studies disagree. A large population-based case-control study in the United States found no association

with antiperspirant or deodorant use, including use after shaving [15]. McGrath [4] reported an earlier age at diagnosis

among survivors who used these products more often and shaved more often, but that study included no cancer-free
comparisongroup.InIraq, antiperspirant use was more common among controls than among cases [16], and two Iranian

comparativestudiesfound noassociation[17,18]. By contrast, an Austrian age-matched case-controlstudy linked frequent
use beginning before age 30 with higher breast-tissue aluminium and higher risk [19]. The Sister Study cohort assessed

usage patternsacrossbeauty, skin, and hair productsand reported modest associationswithmoderate or frequent use of

beauty products and frequent use of skincare products among white women, but none with hair products[20].

A systematic review identified only two eligible case-control studies [21], and narrative and regulatory reviews concluded

that the evidence does not supporta causallink [22-24]. Consumer knowledge also matters. Post-marketing surveillance
of cosmeticsdependsoninformed consumers and health professionals [25]. No study hasdescribed howwomen in Libya

usethese productsorwhetherthey know what the products contain. We therefore described deodorant and antiperspirant
use and awareness of aluminium contentamongwomenin Benghaziand comparedwomenwith and withoutbreast cancer,

with explicit attention to the age difference between groups.
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Methods

Study design and participants

We conducted an unmatched case-control study in Benghazi, Libya. Participants were recruited from January to March
2025. Cases were women with breast cancer identified at the Oncology Department of Benghazi Medical Centre; a
consultant oncologist confirmed each diagnosis from clinical records and histopathology reports. Controls were women
without a known diagnosis of cancer, recruited from the general population and outpatient clinics of Benghazi during the
same period. We excluded from the control group any woman with a previous diagnosis of a malignant disease. We used
convenience sampling for both groups: we enrolled the women who were available and agreed to participate during the
recruitment period. The sample comprised 50 casesand 150 controls, and its size reflectsthe number of women recruited,
not a prior power calculation. (Figure 1) summarises recruitment.

Women with breast cancer Women without cancer: general population
Benghazi Medical Center and outpatient clinics, Benghazi

Self-administered Arabic questionnaire (21 items):
demographics; product-use habits; personal and family
history; health effects and hair-removal practices

Cases enrolled Controls enrolled

n =50 n =150

Product users: n = 47 Product users: n = 145
Non-user: 1 Non-users: 5
Unclassifiable answer: 2 Self-reported cancer
Answered "no" to diagnosis history: 2 (retained;
item: 5 (retained) sensitivity analysis)

Analyzed: N = 200 (50 cases, 150 controls)

Product-behavior items: users only
Crude and age-adjusted odds ratios

Figure 1. Recruitment of cases and controls and structure of the questionnaire.

Questionnaire

Participants completed a self-administered Arabic questionnaire of 21 itemsin four sections: general information (age
group, marital status, education, occupation); product-use habits (frequency, type, form, duration, reading of ingredient
labels, noticing aluminum among ingredients, use of aluminum-free products, selection criteria); personal and family
health history (cancer diagnosis, family history of breast cancer, breast self-examination); and health effects and practices
(allergic reactions, axillary skin changes, timing of application after hair removal, hair-removal method, hormone
replacement therapy, knowledge of aluminum and breast health). Product items offered an “l do not use it” option.
Selectioncriteria, hair-removalmethod, and type of skinchange allowed morethanone answer. The instrumentis provided
as supplementary material. We did not measure aluminium in products or tissue.

Statistical Analysis

We report categoricaldata as n (%) of women with a valid answer. Denominators vary by item because non-users were
excluded from product-behaviouritems and afewanswerswere missing or unclassifiable; eachtable liststhe valid number
of controls and cases. We compared cases and controls with Fisher's exacttestfor 2 x 2 tablesand Pearson'schi-square
test for larger tables, using a Monte Carlo exact p-value (100,000 permutations) when any expected count was below 5.
Multiple-answer items were analysed option by option. For six exposures of main interest, we estimated crude and age-
adjusted odds ratios (ORs) with 95% Wald confidence intervals (Cls) by logistic regression; the adjusted modelincluded
age as a continuous (scale)variable to provide amorerigorous adjustment for confounding, therebyavoidingthe limitations

Copyright Author (s) 2026. Distributed under Creative Commons CC BY 4.0
Received: 01-08-2026 - Accepted: 30-09-2026 - Published: 07-10-2026 3231


https://doi.org/10.54361/ajmas.261012

Algalam Journal of Medical and Applied Sciences. 2026;9(10):3230-3240
https://doi.org/10.54361/ajmas.261012

of broad, open-ended age categories. Because the questionnaire recorded age in five groups (<20, 20-29, 30-39, 40-49,
and =50years), the scale variable was the group score, entered as a single linear term with one unit per 10-year group. With
50 cases, we did not adjust for further covariates. In a sensitivity analysis, we excluded two controls who reported a
personal history of cancer. We did not correct for multiple comparisons and regard all results as exploratory. Tests were
two-sided with a = 0.05. Given the final sample size of 50 cases and 150 controls, a post hoc power calculation was
performed thatdid not usethe observed effect sizes. With a= 0.05 and 80% power, the study could detectanoddsratio of
2.7 or higher for product use for more than 10 years, 3.2 or higher for family history, and 4.7 or higher for hormone
replacement therapy, accordingtothe prevalence of each exposure amongcontrols; the correspondingvalues for the other
three exposureswere 2.8t0 3.1. Associations smaller than these would probably not be detected. We analysed the datain
IBM SPSS Statisticsversion21 and independently recomputed allreported statisticsin Python 3with SciPy and statsmodels.

Ethical considerations

The studyfollowed the Declaration of Helsinki. All participants provided informed consent after receivinginformation about
the study objectives, procedures, voluntary nature of participation, and confidentiality measures. Participants were
informed of their right to withdraw at any time without consequences. The questionnaires were completed anonymously,
and no personalidentifiers were recorded.

Results

Participants

The two groupsdiffered in age, maritalstatus, and occupation(Table 1; Figure 2). Of the cases, 78.0% were aged 40 years
or more, compared with 32.7% of the controls, and no case was youngerthan20 years (controls: 22.7%). Cases were more
often married (75.5% versus 42.7%), and none were students (controls: 39.3%). Educational level did not differ (p =0.72).
Two controls reported a personal history of cancer, and five cases answered “no” to the diagnosis question; we analysed
allwomen according to their recruitment group.

Table 1. Demographic characteristics of cases and controls.

Variable Category Control | Casesn Validn p-value
s n (%) (%) (controls/cases)
<20years 34 (22.7) 0(0.0)
20-29years 39(26.0) 2(4.0)
Age group 30-39years 28(18.7) | 9(18.0) 150/50 <0.001
40-49years 27(18.0) | 18(36.0)
=50vyears 22(14.7) | 21(42.0)
Single 75(50.0) | 6(12.2)
. Married 64 (42.7) | 37(75.5)
Marital status Divorced 5(3.3) 36.1) 150/49 <0.001
Widowed 6(4.0) 3(6.1)
Student 59 (39.3) 0(0.0)
. Employed 53(35.3) | 29(58.0)
Occupation Unemployed/housewife | 35(23.3) | 19(38.0) 150750 <0.001
Other 3(2.0) 2(4.0)
Less than high school 37(24.7) | 14(28.6)
. High school 23(15.8) | 10(20.4)
Educational level University 80(53.3) | 22 (44.9) 150/49 0.72
Postgraduate 10(6.7) 3(6.1)

Percentages exclude missing answers (cases: marital status 1, education 1). p-values: chi-square test (age); Monte Carlo exact chi-
square test (other variables).
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Figure 2. Demographic characteristics of cases and controls. (A) Age group. (B) Marital status. (C) Occupation. (D)
Educational level. Bars show the percentage of each group.

Productuse

Almost all women used deodorants or antiperspirants (145 of 150 controls and 47 of 50 cases with a classifiable answer).
Applicationfrequency and productform did not differ betweengroups (Table 2; Figure 3). Product type differed (p <0.001):
more cases used antiperspirantonly (29.8% versus 13.1%), and fewer used both product types (4.3% versus 26.2%). Most
cases had used these products for more than 10 years (75.0% versus 23.6% of controls; p <0.001).

Table 2. Deodorant and antiperspirant use among women with a valid answer.

Variable Category Controls Casesn Validn p-value
n (%) (%) (controls/cases)
Applications per Once daily 102 (70.3) | 33(70.2)
day Twice daily 28(19.3) 8(17.0) 145/47 0.87
Severaltimes daily 5(10.3) 6(12.8)
Deodorant only 88(60.7) 31(66.0)
Product type Antiperspirant only 9(13.1) 14 (29.8) 145/47 <0.001
Both 38(26.2) 2(4.3)
Cream 71(49.3) 22 (47.8)
Spray 34 (23.6) 12(26.1)
Product form Roll-on 26 (18.1) 8(17.4) 144/46 0.79
Solid/stick 8 (5.6) 1(2.2)
More than one form 5(3.5) 3(6.5)
<byears 55(38.2) 3(6.2)
Duration of use 5-10years 55(38.2) 9(18.8) 144/48 <0.001
>10years 34 (23.6) 36 (75.0)

Denominators exclude non-users and unclassifiable or missing answers. p-values: chi-square test, or Monte Carlo exact chi-square

test for product form.
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Figure 3. Productuse among women with a valid answer. (A) Applications perday. (B) Product type. (C) Duration of
use. (D) Product form.

Awareness of Ingredients

About one quarter of the women in each group read ingredient labels (26.2% of controls and 26.5% of cases), and about
one in tenhad noticed aluminium/aluminium amongtheingredients(11.7%and 10.0%; Table 3; Figure 4). Knowledge that
aluminium may affect breast health was similar (27.3% and 30.0%). More cases than controls reported using aluminium-
free products (36.0% versus 22.6%; p = 0.092).

Table 3. Labelreading and awareness of aluminium.

Variable Category Controls | Casesn Validn p-value

n (%) (%) (controls/cases)
Reads ingredient labels ﬁs 13087((276:;2) ;2?323 145/49 >0.99
s ee | Yoo [ 20 TGO sy | oum
attectoreasteatth, | e |09 [asio0] 1Y 0.72

Fisher's exact test. Percentages use the valid number of answers shown in the fifth column. The knowledge item was asked of a ll
participants.
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Figure 4. Awareness of ingredients. (A) Reading of ingredient labels. (B) Noticing aluminium/aluminium among
ingredients. (C) Use of aluminium-free products. (D) Knowledge that aluminium may affect breast health.

Product-Selection Criteria

Quality was the criterion most often cited by controls (56.6%; cases 42.6%, p = 0.13). Cases cited scent (48.9% versus
25.5%; p = 0.004) and brand (19.1% versus 6.9%; p = 0.023) more often than controls (Table 4). Few womenin either group
chose a product on medicaladvice (9.7% of controls and 2.1% of cases; p =0.12).

Table 4. Product-selection criteria among women with a valid answer (more than one answer allowed).

Variable Category Controls | Casesn Validn p-
n (%) (%) (controls/cases) | value
Quality 82(56.6) | 20(42.6) 0.13
Selection Scent 37(25.5) | 23(48.9) 0.004
criterion* Brand 10(6.9) 9(19.1) 145/47 0.023
Price 7 (4.8) 4(8.5) 0.47
Medicalrecommendation 14(9.7) 1(2.1) 0.12

*Percentages are of respondents (controls n = 145; cases n =47) and may sum to more than 100%. Fisher's exact test for each criterion.

Health History

A family history of breast cancer (40.0% versus 11.5%) and hormone replacement therapy (28.0% versus4.7%)were more
commonamong cases (both p <0.001; Table 5; Figure 5). Regular breast self-examinationwasreported by 34.7% of cases
and 1.3% of controls (p <0.001); this difference most likely reflects screening behaviour after diagnosis.

Table 5. Family history, breast self-examination, and hormone replacement therapy.

Variable Catego Controlsn | Casesn Validn —value
i (%) (%) (controls/cases) P
Family history of breast Yes 17 (11.5) 20 (40.0)
<0.
cancer No 131(88.5) | 30(60.0) 148/50 0.001
Regular 2(1.3) 17 (34.7)
Breast self-examination Irregular 38(25.3) 9(18.4) 150/49 <0.001
None 110(73.3) | 23(46.9)
Hormone replacement Yes 7(4.7) 14 (28.0)
150/50 <0.001
therapy No 143 (95.3) | 36(72.0)

Missing answers: family history, 2 controls (answer “unknown”); self-examination, 1 case. p-values: Fisher's exact test; Monte Carlo
exact chi-square test for self-examination.
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Figure 5. Selection criteria and health history. (A) Product-selection criteria (more than one answer allowed). (B)
Family history of breast cancer. (C) Breast self-examination. (D) Hormone replacement therapy.

Hair Removal and Skin Effects

Sugaring or waxing was the main hair-removalmethod inboth groups(82.0% of controls and 79.2% of cases), and razor use
was similar (18.7% and 16.7%; p = 0.83; Table 6; Figure 6). More cases than controls named an unspecified other method
(12.5%versus0.7%; p <0.001). Applicationimmediately after hairremovalwas more frequent amongcases (29.8%versus

15.9%), butthe difference did not reach significance (p = 0.054). Allergic reactions, axillary skin changes, and each specific
skin symptom were reported at similar rates in both groups.

Table 6. Hair removal, timing of application, and skin effects.

Variable Catego Controlsn | Casesn Validn p-
y (%) (%) (controls/cases) | value
Sugaring/waxing 123(82.0) | 38(79.2) 0.67
Razor 28(18.7) 8(16.7) 0.83
Hair-removalmethod* | Electronic device 3(2.0) 0(0.0) 150/48 >0.99
Depilatory cream 2(1.3) 1(2.1) 0.57
Other 1(0.7) 6(12.5) <0.001
Application after hair Immediately after 23(15.9) 14 (29.8)
145/47 0.054
removal After 24 hours 122(84.1) | 33(70.2)
Allergic reaction or Yes 37(25.3) 16 (33.3)
irritation No 109(74.7) | 32(66.7) 146/48 035
Any axillary skin Any change 49 (33.8) 16 (33.3) 145/48 >0.99
change No change 96 (66.2) 32(66.7)
Redness 30(20.7) 12(25.0) 0.55
. Irritation 14(9.7) 9(18.8) 0.12
*
Type of skin change Swelling 5(3.4) 2(4.2) 145/48 >0.99
Sores 2(1.4) 0(0.0) >0.99

*More than one answer allowed; percentages are of respondents and p-values are Fisher's exact tests for each option. Other rows:
Fisher's exact test among women with a valid answer. “Other” hair-removal methods were written in without further detail.
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Figure 6. Hairremoval and skin effects. (A) Hair-removal method (more than one answer allowed). (B) Timing of
application after hairremoval. (C) Allergic reaction orirritation. (D) Type of axillary skin change (more than one
answer allowed).

Crude and Age-Adjusted Odds Ratios

Age adjustment attenuated the three strongest associations, all of which remained significant: product use for more than
10years(OR 9.71t05.46), hormone replacement therapy (7.94t05.88), and family history (5.14 to 3.64) (Table 7; Figure 7).
Exclusive antiperspirant use, applicationimmediately after hair removal, and razor use were not significantly associated

with breast cancer after adjustment. Excluding the two controls who reported a personal history of cancer changed no
adjusted OR by more than0.1.

Table 7. Crude and age-adjusted odds ratios for breast cancer.

Exposure (reference) n Crude OR (95% p- Age-adjusted p-
P (controls/cases) Cl) value OR (95% ClI) value
. < -
Duration>10years (vs <10 144/48 9.71(4.55-20.71) | <0.001 5.46(2.41 <0.001
years) 12.36)
Hormone replacement 150/50 7.94(2.99-21.13) | <0.001 5.88(2.02- 0.001
therapy (yes vs no) 17.08)
Family history (yes vs no) 148/50 5.14(2.41-10.97) | <0.001 | 3.64(1.56-8.50) 0.003
Antiperspirant only (vs 107/45 2.09(0.94-4.67) | 0.072 | 2.22(0.85-5.78) | 0.103
deodorant only)
Immediat lication aft
mmediate appiication arter 145/47 2.25(1.04-4.85) | 0.038 | 2.39(0.97-5.90) | 0.059
hair removal
Razor use (yes vs no) 150/48 0.87 (0.37-2.07) 0.75 0.65 (0.25-1.71) 0.38

Logistic regression with 95% Wald Cls and Wald p-values; the adjusted model includes age as a scale variable (age-group score, one
unit per 10-year group). Product-behaviour exposures are restricted to women with a valid answer. Wald p-values can differ slightly from
Fisher's exact p-values in (Tables 2 to 6).
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in Table 7. The x-axis is logarithmic; the dashed line marks OR=1.

Discussion

This first study of deodorant and antiperspirantuse amongLibyanwomen produced two mainfindings. Fewwomenineither
group readingredient labels or knew that their products contained aluminium. After adjustment for age, breast cancerwas
associated with long-term product use, hormone replacement therapy, and family history, whereas the exposures most
specifictothe aluminium hypothesis showed no significant association. The awareness findings are the most robust results
of the study. They describe both groups equally, so the age difference between cases and controls does not distort them.
Only one womaninfourreadingredient labels, oneintenhad noticed aluminium/aluminium, and choicesrested on quality,
scent, and brand rather than on health information. More women reported using aluminium-free products (22.6% of
controls) than reported noticingaluminiumin any product (11.7%), which suggeststhat some women judged products by
marketing claims ratherthan by the label. Cases cited scent and brand more often and reported aluminium-free products
more often; these differences may reflect changes made after diagnosis. Consumer education and clear labelling of
aluminium content would address this gap regardless of how the causal question is resolved [25]. Family history and
hormone replacement therapy are established risk factors, and their associations here support the validity of case
ascertainment.

The association with product usefor more than 10 years deservesmore caution. Age determines cumulative years of use,
and adjustment for age as a scale variable assumesalinear age effect on the log odds and, because age was recorded only
in groups, cannot remove all confounding by age. Women with cancer may also recall longer use when they search for a
cause. The durationitem combined deodorants and antiperspirants, and the questionnaire did not record age at first use,
so the association cannot be read as an effect of aluminium. The exposures closest to the aluminium hypothesis showed
no significant association: exclusive antiperspirantuse, application immediately after hair removal, and razor use. This
patternagreeswiththe nullresults of Mirick et al. [15], Fakri et al. [16], and the Iranian studies[17,18], and withreviews that
found no convincing evidence of a causal link [21,23,24]. The point estimates for exclusive antiperspirant use and
immediate application were above 2 with wide intervals, so this small study cannot exclude a modest effect of the kind
reported by McGrath[4]and Linhartetal.[19]. The low dermalabsorptionmeasured inhumantracerstudiesargues against
a large effect [11,12,14]. Strengths include the inclusion of histologically confirmed cases, anonymous self-completed
questionnaires, and exact tests suited to small cells.

The study has several limitations. The controls were younger than the cases, and age was recorded only in groups, so
residual confounding by age is possible. Furthermore, the reliance on convenience sampling without an a priori power
calculation increases the risk of selection bias, potentially limiting the generalizability of our results to the broader
populationof Benghazi. The relatively smallsample size also increasesthe width of our confidenceintervals. Future studies
should utilize population-based sampling with pre-calculated statistical power. Exposure was self-reported and
retrospective, so recall bias is possible. The questionnaire did not distinguish products with and without
aluminium/aluminium, and we did not measure aluminium/aluminium in products or tissue. Two controls reported a
personal history of cancer and five cases answered “no” to the diagnosis item; we retained them and tested the effectina
sensitivity analysis. We tested many comparisons without correction, so isolated significant results should be read as
hypothesis-generating.

Conclusion

Women in Benghazi, with and without breast cancer, seldom read ingredient labels or knew that their products contained
aluminium. Long-term productuse remained associated with breastcancer afterage adjustment, but residualconfounding
and recall bias may explain this result, and exposures specific to the aluminiumaluminium hypothesis showed no

Copyright Author (s) 2026. Distributed under Creative Commons CC BY 4.0
Received: 01-08-2026 - Accepted: 30-09-2026 - Published: 07-10-2026 3238


https://doi.org/10.54361/ajmas.261012

Algalam Journal of Medical and Applied Sciences. 2026;9(10):3230-3240
https://doi.org/10.54361/ajmas.261012

significant association. The findings support consumer education and clearer labelling and call for larger, age-matched
studies with objective measurement of exposure.

Recommendations

Educating consumersin Libya aboutthe composition of personal care products and encouraging them to read ingredient
labels is essential for informed purchasing decisions. In addition, regulatory measures should require clear labeling of
aluminium content onunderarm products sold inLibya. Furthermore, age-matched studies withadequatestatistical power
for multivariable analysis and objective measurementof aluminium exposure should be conducted before making product-
specific risk claims.
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