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Abstract

Background: Feminine hygiene products (FHPs) are personal care products widely used by women. A few
studies have detected some volatile organic compounds (VOCs) in FHPs, but no previous epidemiological
studies have linked use of these products to human exposure to VOCs using biomarkers. Therefore, we
evaluated whether the use of FHPs was associated with VOC exposures among reproductive-aged women in the
United States.

Materials and Methods: Data on 2432 women aged 20-49 years from National Health and Nutrition Ex-
amination Survey 2001-2004 were utilized. Self-reported use of feminine products (tampons, sanitary napkins,
vaginal douches, sprays, powders, wipes/towelettes, and other products) was obtained from questionnaires.
Survey-weighted linear regression models were used to estimate percent changes in VOC whole blood con-
centrations and 95% confidence intervals (CIs).

Results: Black women had significantly more use of vaginal douching and significantly higher whole blood
concentrations of 1,4-dichlorobenzene (DCB) (p<0.0001). After adjusting for confounders, we observed a
dose-response relationship between the frequency of vaginal douching in the past 6 months and 1,4-DCB
concentrations. Compared with never users, women with occasional use (<1 time/month) of vaginal douching had
18% (95% CI: —12% to 59%) higher concentrations, and those with frequent use (=2 time/month) had 81% (95%
CI: 2% to 221%) higher concentrations of 1,4-DCB (p for trend =0.04). Use of feminine powder in the past month
was significantly associated with 36% (95% CI: 0.4% to 83%) higher concentrations of ethylbenzene.
Conclusions: Our findings suggest that differences in whole blood VOC concentrations might be explained by
feminine hygiene practices. The presence of environmental chemicals in FHPs warrants further examination.
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Introduction toms*; long-term exposure can also cause cancers and

adverse effects on reproductive systems.’ For example, based

IN THE UNITED STATES, exposure to volatile organic com-
pounds (VOCs) occurs in both indoor and outdoor settings,
although indoor levels are often higher, a result of the pres-
ence and use of many common products that contain VOCs."
VOCs are ingredients in products such as fragrances, per-
sonal care products such as nail polish and deodorants, moth
repellents, air fresheners, paints, caulks, fuels, and auto-
motive products.”* VOCs may be absorbed through dermal
contact, inhalation, or ingestion.

Certain VOCs have been associated with acute toxic ef-
fects, such as neurological disorders and respiratory symp-

on sufficient evidence of carcinogenicity from studies in
experimental animals, 1,4-dichlorobenzene (DCB) and sty-
rene are reasonably anticipated to be human carcinogens,

and may induce menstrual disturbances, spontaneous abor-
tions, and congenital malformations.”® The major sources of
DCB in the United States are deodorants, mothballs, and the
production of polyphenylene sulfide resins.” DCB exists in
the vapor phase with an atmospheric half-life of 1 month. In
addition, chronic exposure to ethylbenzene, which is used
primarily in the manufacturing procedure of styrene, can
adversely affect the central nervous system.

Departments of 'Epidemiology and “Environmental Health Sciences, School of Public Health, University of Michigan, Ann

Arbor, Michigan.

3Department of Water Resources and Environmental Engineering, College of Engineering, Michigan, Ann Arbor, Michigan.



66

Given the concern over VOC toxicity, it is important to
identify VOC sources that can be targeted for exposure re-
duction strategies. Fragranced consumer products are a
known pathway of VOC exposure. Chemical exposure to
VOCs occurring through the use of feminine hygiene prod-
ucts (FHPs) is a potential public health concern and modifi-
able source. Here, we define these products as personal care
products used by women for menstruation, vaginal discharge,
and other purposes related to the vulva and vagina, such as
menstrual pads, tampons, wipes, sprays, and douches.

In August 2014, the consumer group Women’s Voices
for Earth (WVE) found menstrual pads emitted styrene,
chloromethane, and chloroform.'’ FHPs that are used
vaginally, such as douches, tampons, and menstrual pads,
may be an unrecognized exposure of VOCs, especially for
reproductive-aged women who use multiple products
daily. Feminine hygiene practices may influence chemical
exposure disparities since black women reported vaginal
douching, which is intravaginal cleansing with a liquid solution,
more frequently than white women and other racial/ethnic
groups.'* "3

No previous study has examined associations between the
use of FHPs and population exposure to VOCs. With greater
awareness of these chemicals in consumer products,14 the
unique characteristic of the vaginal region that can result
in very high rates of chemical uptake,'>'® and the potential
for health disparities among various groups of women
through the culturally influenced use of these products, it is
important to investigate the chemical exposure from these
commonly used products, especially among reproductive-
aged women.

This study uses self-reported questionnaire data along with
whole blood concentrations of VOC measured in reproductive-
aged women (20-49 years) in the National Health and
Nutrition Examination Survey (NHANES) during the pe-
riod of 2001-2004. Study objectives include the following:
exploring sociodemographic and racial/ethnic disparities in
whole blood concentrations of VOCs; examining socio-
demographic differences in use of FHPs in the past month,
including tampons, menstrual pads, vaginal douches, feminine
sprays, powders, wipes/towelettes, and other products, as well
as douching frequency over the past 6 months; evaluating and
comparing whole blood concentrations of VOCs among wo-
men with or without use of these products in the past month;
and assessing the possibility of a dose—exposure relationship
between the frequency of vaginal douche use in the past 6
months and whole blood VOC concentrations. We hypothe-
sized that use of FHPs and frequent douching might contribute
to increased exposure to VOCs.

Materials and Methods
Data source and sample

We pooled data from NHANES, which is a nationally
representative sample of the civilian, noninstitutionalized
U.S. population conducted by the U.S. Centers for Disease
Control and Prevention (CDC). The 2001-2002 and 2003—
2004 cycles were included because they were the only ones in
which data were collected on use of FHPs. The study par-
ticipants were restricted to women aged 20-49 years with
self-reported data on FHP use (n=2432).
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Whole blood VOC measurements

Blood samples were collected from a subsample of par-
ticipants (approximately one-third of the population) at the
mobile examination center (MEC). Whole blood concentra-
tions of VOCs were measured by headspace solid-phase
microextraction/gas chromatography/isotope dilution mass
spectrometry following published methods.'”™"® Limits of
detection (LODs) range from 19 to 92 pg/mL. VOCs with
detection frequencies <50% were excluded from the final
analyses. The final analysis included eight VOCs, namely
bromoform, bromodichloromethane, benzene, chloroform,
dibromochloromethane, 1,4-DCB, and ethylbenzene. Values
below the LOD were replaced with LOD/ \/5.20 The chemical
groups and their descriptive statistics are listed in Supple-
mentary Table S1.

Reproductive health questionnaire

Reproductive health survey data were collected at the
MEC interview room administered by interviewers on the
day of the health examination. The questionnaire contains
questions for women on reproductive health, including
menstrual history, current pregnancy, and pregnancy his-
tory, as well as feminine hygiene practices. Women were
asked, “‘During the past month, have you used any of the
following products for feminine hygiene?’” If the partici-
pants responded positively, then they were asked, ‘“Which
of these products did you use?”’ with options including tam-
pons, sanitary napkins, vaginal douches, feminine sprays,
feminine powders, feminine cleansing wipes/towelettes,
and/or other special cleansing products. For each type of FHP,
a binary variable was created to indicate use in the past month.

Data on frequency of FHP use were available only for
vaginal douche. Douching was evaluated by asking, ‘‘During
the past 6 months, did you douche? By douching, we mean
putting a substance into your vagina either for routine
cleansing or for vaginal irritation or signs of infection?”’
Given a positive response, the woman was then asked,
“During the past 6 months, how often did you douche?”’
with options of =5 times/month, 2—4 times/month, 1 time
per month, or <1 time/month. We classified participants into
three frequency groups; that is, nonusers, occasional users
(£1 time/month), and frequent users (=2 times/month).

Covariates

The potential covariates included in the statistical analyses
were determined a priori based on a literature review. We
used a Directed Acyclic Graph (www.dagitty.net/dags.html)
to show the hypothesized relations between use of FHPs,
confounders, and chemical concentration outcomes (Sup-
plementary Figure S1). Possible confounders taken into ac-
count include age at interview, race/ethnicity, body mass
index (BMI), smoking, educational attainment, poverty—in-
come ratio, physical activity, hormone use, pregnancy,
menopause, and the use of other personal care products, for
example, cosmetics.

The minimal and sufficient adjustment set identified in
our final analyses were age at interview, race/ethnicity, BMI,
a ratio of family income to poverty, pregnancy status, and
menopausal status, to minimize the possibility of overadjust-
ment and maximize sampling size and power. Race/ethnicity


http://www.dagitty.net/dags.html

FEMININE CARE PRODUCTS AND EXPOSURE TO VOCs

was classified into white, black, Mexican American, other
Hispanic, and other racial/ethnic group. Educational attain-
ment was identified as less than high school, high school
graduate, or higher levels. The ratio of family income to
poverty <1.0 indicates that income for the respective house-
hold is below the official definition of poverty, while a ratio of
2>1.00 indicates income above the poverty level. Pregnancy
status at examination was categorized into positive laboratory
pregnancy test, self-reported pregnant, or self-reported not
pregnant. Menopausal status was categorized into pre-
menopause, natural menopause, and surgical menopause due
to hysterectomy and/or oophorectomy.

Statistical analyses

We performed natural log-transformation on chemical
concentrations to help ensure normality of outcomes. Survey-
weighted linear regression models were used to examine
the association between VOC concentrations and use of
FHPs. Effect estimate was interpreted as a percent change
in chemical concentrations by feminine product use as a
(e#=1)x 100 with 95% confidence intervals (Cls) esti-
mated as (e”'il‘%XSE— 1) x 100, where f and SE are the
estimated regression coefficient and standard error (SE),
respectively. The 4-year sample weights were calculated as
one half of the NHANES laboratory weights, taking into
account the complex survey designs and nonresponse of
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eligible participants. The significance tests were two sided,
with a type I error rate of 0.05.

Substitutions for concentrations below the LOD results
with a constant value could produce questionable descrip-
tive statistics and bias effect estimates. Alternative ap-
proaches include extrapolation using Blom estimate, iterative
maximum likelihood estimation, and the use of the reverse
Kaplan—Meier estimator by treating unobserved data as left
censored.”' ™ In a sensitivity analysis, reverse Kaplan—
Meier estimates were used to address the issue of left cen-
soring. In brief, the calculation uses a product of probabilities
of being lower than a given value, conditional on being lower
than a slightly higher value. Quantile estimates (25th, 50th,
and 75th percentiles) were computed and compared with
values replaced with LOD/v/2. (See results in the Supple-
mentary Table S2). All analyses were conducted using SAS
version 9.4 (SAS Institute, Inc., Cary, NC).

Results

The mean age of the study population was 34.9 (SE=0.3)
years, and Mexican Americans were significantly younger
than other racial/ethnic groups (Table 1, p<0.0001). Non-
Hispanic black women had higher BMI with a mean of 31.2
(SE=0.4) kg/m? and Mexican Americans had the lowest
educational attainment. Compared with other racial/ethnic
groups, non-Hispanic blacks and Mexican Americans were

TABLE 1. SURVEY-WEIGHTED DEMOGRAPHIC AND SOCIOECONOMIC CHARACTERISTICS AND USE OF FEMININE HYGIENE
Propucts IN THE PAST MONTH BY RACE/ETHNICITY AMONG U.S. REPRODUCTIVE-AGED WOMEN OF 20-49 YEARS,
NATIONAL HEALTH AND NUTRITION EXAMINATION SURVEY 2001-2004 (N=2432)

Mexican Other Other
White Black American Hispanic race/ethnicity
n (n=1166) (n=511) (n=547) (n=107) (n=101) p-Value®
Age (years)j mean (SE) 2432 354 (0.3) 343(0.3) 32.6(04) 34.6(0.9) 33.7 (1.0) <0.0001
BMI (kg/m~), mean (SE) 2393 273(0.3) 31.204) 29.2(04) 29.1(0.5) 25.8 (0.5) <0.0001
Educational attainment, % 2431 <0.0001
< HS graduate 572 9 25 47 16 11
HS graduate 544 24 26 21 23 16
> HS graduate 1315 67 49 32 61 73
Income-to-poverty ratio, % 2318 <0.0001
Z 509 13 31 32 27 13
>1.00 1809 87 69 68 73 87
Pregnancy status, % 2379 <0.0001
Yes 459 5 8 10 2 14
No 1920 95 92 90 98 86
Menopausal status, % 2431 0.09
Premenopause 2198 88 87 94 88 89
Natural menopause 54 3 2 2 6 2
Surgical menopause 179 9 11 4 6 9
Use of feminine hygiene products in the past month, %
Tampon 851 53 36 25 29 33 <0.0001
Sanitary napkin 1320 56 37 67 63 54 0.003
Vaginal douche 408 13 39 13 14 9 <0.0001
Feminine spray 146 4 16 3 11 4 <0.0001
Feminine powder 93 2 11 1 4 3 <0.0001
Wipes/towelettes 251 8 18 11 16 6 <0.0001
Other products 101 0 0 0 0 100 NA

“p-Values to examine differences by racial/ethnic groups for continuous variables: F-test; for categorical variables: Rao-Scott chi-square

test.

BMI, body mass index; HS, high school; NA, not available; SE, standard error.
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more likely to have family income below the poverty
threshold. Mexican American and other race/ethnicity iden-
tities tended to be premenopausal. Black women were more
likely to receive hysterectomy and/or oophorectomy before
their natural menopause. No significant difference was found
in pregnancy status by race/ethnicity (p=0.09).

Considering use of FHPs in the past month, non-Hispanic
white women reported significantly higher use of tampons,
whereas non-Hispanic black women had significantly higher
use of vaginal douche, feminine spray, feminine powder,
wipes/towelettes, and other products (Table 1). Similarly,
non-Hispanic black women used vaginal douching more
frequently than other racial/ethnic groups. Note that women
could report use of several types of products simultaneously.
For instance, among the 2432 women in the study, 755 (22%)
reported no use of either tampon or menstrual pad, 826 (32%)
used menstrual pads only, 357 (19%) used tampons only,
and 494 (27%) reported use of both tampons and pads in the
past month.

Table 2 shows frequency of vaginal douching during the
previous 6 months in relation to demographic and socio-
economic characteristics. Women who reported more fre-
quent douche tended to be older than never users (p=0.03),
and were more likely to have significantly higher BMI with a
mean of 30.0 (SE=0.7) kg/m? (p=0.0002). Compared with
other racial/ethnic groups, non-Hispanic black women had
higher frequency of vaginal douching. Frequent users had
lower educational attainment and often had incomes below
the poverty threshold. Women reported using douche as a
type of vaginal cleansing during pregnancy, whereas preg-
nant women reported less frequent douching (p=0.003).
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Women who reached menopause due to hysterectomy and/or
oophorectomy were more likely to use douche in the past
6 months after their surgery in comparison with premeno-
pausal women and women who reached natural menopause
(p<0.0001).

VOC concentrations by racial/ethnic groups are presented
in Supplementary Table S3. Black and Mexican American
women had significantly higher geometric mean concen-
trations of 1,4-DCB (p<0.0001). Women with other race/
ethnicity identities had higher concentrations of bromodi-
chloromethane (p =0.004), chloroform (p=0.02), dibromo-
chloromethane (p=0.003), toluene (p<0.0001), and m-/
p-xylene (p <0.0001).

After adjusting for age at interview, race/ethnicity, edu-
cational attainment, income-to-poverty ratio, BMI, preg-
nancy status, and menopausal status, use of feminine powder
in the past month was significantly associated with 35.6%
(95% CI: 0.4% to 83.2%) higher whole blood concentra-
tions of ethylbenzene (Table 3). Feminine powder use was
also related to 107.9% (95% CI: —9.4% to 377.1%) higher
whole blood concentrations of 1,4-DCB; however, it did not
reach statistical significance. We observed a significant and
positive dose—exposure relationship between frequency of
vaginal douching in the past 6 months and whole blood
concentrations of 1,4-DCB (p-trend=0.04, Table 4). In
adjusted models, women with occasional use (<1 per
month) of vaginal douching in the past 6 months had a 18%
(95% CI: —12% to 59%) increase, and frequent users (=2 per
month) had a 81% (95% CI: 2% to 221%) increase in whole
blood concentrations of 1,4-DCB, compared with never
users.

TABLE 2. SURVEY-WEIGHTED DEMOGRAPHIC AND SOCIOECONOMIC CHARACTERISTICS AND FREQUENCY
OF VAGINAL DOUCHING IN THE PREVIOUS 6 MONTHS BY RACE/ETHNICITY AMONG U.S. REPRODUCTIVE-AGED
WOMEN OF 2049 YEARS, NATIONAL HEALTH AND NUTRITION EXAMINATION SURVEY 2001-2004 (N=2430)

Never <1 per month >2 per month
N (n=1828) (n=388) (n=214) p-Value®
Age (years)i mean (SE) 2430 34.5(0.4) 35.6 (0.4) 36.9 (0.7) 0.03
BMI (kg/m~), mean (SE) 2391 27.4 (0.2) 29.7 (0.5) 30.0 (0.7) 0.0002
Race/ethnicity, % 2430 <0.0001
White 1165 80 14 6
Black 511 47 29 24
Mexican American 546 81 15 4
Other Hispanic 107 82 13 5
Other racial groups 101 82 10 8
Educational attainment, % 2429 <0.0001
< HS graduate 572 65 18 17
HS graduate 543 68 22 10
> HS graduate 1314 82 13 5
Income-to-poverty ratio, % 2317 <0.0001
<1.00 508 78 15 7
21.00 1809 66 19 15
Pregnancy status, % 2377 0.003
Pregnant 457 88 8 4
Nonpregnant 1920 75 16 9
Menopausal status, % 2429 <0.0001
Premenopause 2196 76 17 7
Natural menopause 54 78 15 7
Surgical menopause 179 60 22 18

ap-Values to examine differences by racial/ethnic groups for continuous variables: F-test; for categorical variables: Rao-Scott chi-square

test.
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Discussion

In this representative sample of the U.S. reproductive-aged
women, vaginal douching was associated with higher expo-
sure of 1,4-DCB, suggesting that use of this product may be a
potential source of 1,4-DCB exposure or may be related to
activities that increase 1,4-DCB exposure. Given the signifi-
cant and monotonic relationship, women who reported an
average frequency of douching two or more times per month
had whole blood 1,4-DCB concentrations 81% higher than
never users. Similarly, use of feminine powders might con-
tribute to higher exposure to ethylbenzene. Our results indi-
cate the need for additional research to evaluate these products
as a potential and modifiable pathway of VOC exposure.

In our study sample, 4% of the U.S. pregnant women aged
20-49 years reported to perform vaginal douching two or more
times per month in the past 6 months. Among frequent douche
users, 59% were non-Hispanic black. VOC exposure has also
been related to race/ethnicity; for example, non-Hispanic
blacks and Mexican Americans had higher exposure to 1,
4-DCB than non-Hispanic white and other racial/ethnic groups.
Factors associated with douching behavior in our study include
older age, higher BMI, being non-Hispanic black, having less
than high school education, living under the poverty threshold,
and experiencing surgical menopause. These findings are
consistent with previous studies on douching patterns exam-
ining socioeconomic and racial/ethnic characteristics.®'

Previous animal studies have suggested reproductive and
developmental effects of 1,4-DCB. A previous animal study
evaluated DCB’s endocrine-disrupting potential using a zeb-
rafish vitellogenin assay with 1,4-DCB solvent added to
the aquaria found to cause dose-dependent increases in
p-galactosidase production, similar to a human estrogen hor-
mone 17f-estradiol; and significantly reduced gonad weight
relative to overall body weight.>* In female rats and their
matured offspring, the ovary weights were detected to decrease
~ 80% through coexposure to 1,4-DCB and 1,1-dichloro-2,2-
bis(p-chlorophenyl)-ehtylene (p,p’-DDE).® Furthermore, rats
and rabbits with the highest doses had delayed cervical ossi-
fication among their next generation.”>** A two-generation rat
model also suggested reduced birth weight and higher mor-
tality rates among pups due to maternal 1,4-DCB exposure.>
Several case studies report in humans with accidental exposure
to DCB through mothball ingestion®®~’; however, no epide-
miological study has been conducted to explore effects of DCB
on reproductive health, including localized effects on the
vaginal epithelium or microbiome. Thus, the public health
implications of our findings may warrant further investigation.

In addition to douching behavior, use of feminine powder
might contribute to higher whole blood concentrations of
ethylbenzene. No previous studies have assessed VOC con-
tents in feminine or baby powder. Talc is one of the major
ingredients in feminine powder. Nerin et al. detected ethyl-
benzene released from microwave-safe plastic containers
made of polypropylene 20% talcum powder.*’ Ethylbenzene
is commonly detected in gasoline, carpet glues, paints, and
automobile products. It is possible that the observed associ-
ation between ethylbenzene and use of feminine powder
might be explained by use of these consumer products.
However, it was not feasible to explore dose-response rela-
tionships because frequency of feminine powder use was not
collected in NHANES.
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TABLE 4. FREQUENCY OF VAGINAL DOUCHING IN THE PAST 6 MONTHS AND ADJUSTED® PERCENT CHANGE
(95% CONFIDENCE INTERVAL) IN THE CONCENTRATIONS OF VOLATILE ORGANIC COMPOUNDS AMONG
WOMEN IN NATIONAL HEALTH AND NUTRITION EXAMINATION SURVEY 2001-2004
Average douching frequency in past 6 months
VOCs®, % n Never <I per month >2 per month p-Value
Bromodichloromethane, ng/mL 756 Reference -4.2 (-29.3 to 29.7) —0.9 (-29.7 to 39.6) 0.84
Chloroform, ng/mL 704 Reference -1.3 (-18.3 to 19.2) 16.2 (-21.6 to 72.1) 0.52
Dibromochloromethane, ng/mL 763 Reference 14.2 (—17.6 to 58.1) —2.4 (-35.1 to 46.6) 0.71
1,4-Dichlorobenzene, ng/mL 758 Reference 18.1 (-12.0 to 58.7) 81.0 (2.2 to 220.8) 0.04
Ethylbenzene, ng/mL 784 Reference 8.9 (—6.5 to 26.7) 5.5 (-18.8 to 37.1) 0.46
Toluene, ng/mL 822 Reference 27.0 (-2.0 to 64.6) 10.5 (-22.6 to 57.7) 0.19
m-/p-xylene, ng/mL 827 Reference 14.1 (-5.4 to 37.7) —7.5 (-25.8 to 15.5) 0.78

*Models were adjusted for age at interview, race/ethnicity, educational attainment, income-to-poverty ratio, body mass index, pregnancy

status, and menopausal status.

®VOCs had concentrations with percentage below limits of detection <50%.

DCB and ethylbenzene are used in personal care products to
retain fragrances.*'*** Since vaginal douches and powders
often contain fragrances, these materials may be unrecognized
sources of exposure to these VOCs. Very few of the fragrance
ingredients have been disclosed to the consumers, or reviewed
by the International Fragrance Association (IFRA) or its re-
search arm, the Research Institute for Fragrance Materials.
Even for chemicals included in the IFRA safety program,
standards are also incomplete and inconsistently applied. Gi-
ven the potential toxicity of these compounds, it is important
for the manufacturers to disclose the identity of materials
contained in their products, rather than general terms such as
“cleaning agent” or ‘‘fragrance.”

Vaginal and vulvar tissues are highly permeable to che-
micals given the absence of a keratinized stratum corneum,
loosely packed skin layers,**™*® and abundance of arteries,
blood vessels, and lymphatic vessels in the walls of vagina.'®
Vaginal and vulvar tissues are more permeable than exposed
skin due to differences in tissue structure, occlusion, hydra-
tion, and susceptibility to friction.'>*’ Meanwhile, VOCs
entering vaginal tissues may undergo less metabolism than
other tissues, including oral mucosa.*®

However, FHPs intended for use on vaginal and vulvar
tissues, which are highly permeable to VOCs and other che-
micals, are marketed and sold with little or no information
assuring the ingredients they contain are safe. Menstrual
tampons and pads are identified as ‘“Medical Devices” by the
U.S. Food & Drug Administration,* although there are no
government requirements to disclose all ingredients and
manufacturing byproducts to consumers.’® The American
College of Obstetricians and Gynecologists and the U.S.
Department of Health and Human Services Office on
Women’s Health recommend refraining from douching and
using other personal hygiene products to prevent getting a
urinary tract infection.”' Nonetheless, these guidelines do not
discuss potential chemical hazards and their potential impacts
on reproductive health.

A previous research detected VOCs in menstrual pads,”
in contrast we did not observe associations between VOCs
and the use of tampons and/or menstrual pads. Several fac-
tors might mask associations. The null association between
tampon use and VOC exposure might be due to the reasons
that FHPs are used episodically during menstrual cycle,

and the lifetime of VOCs in blood is short, for example,
DCB and ethylbenzene have a half-life of 1 month and 2
days,>"* respectively. A binary indicator of FHP use in the
past month may not adequately capture the time window of
exposure. In addition, there are many sources of VOC ex-
posure. Finally, VOC composition is likely to vary between

products.
FHPs are unlikely to be major exposure sources of some
VOCs. Bromodichloromethane, dibromochloromethane,

and chloroform are disinfection byproducts formed when
drinking water is disinfected using chlorine. Contact with
chlorinated water through drinking, showering, bathing,
swimming, dish and clothes washing has been shown to
increase exposure to these trihalomethanes.”~>® We also do
not expect that FHPs are important source of benzene, tol-
uene, ethylbenzene, xylene (BTEX), and styrene. These
VOCs are components of tobacco smoke, gasoline, paints,
solvents, and other common sources. 2,4-Dimethyl-furan
and cotinine are smoking biomarkers.’> We found similar
results with further control for smoking status (never, cur-
rent, and former smokers) (data not shown).

While we observed a significant dose-response relation-
ship between DCB concentrations and frequencies of vaginal
douching in the past 6 months (Table 4), we failed to observe
a significant association when asked about the use of vaginal
douching in the past month as a binary response (Table 3).
Exposure misclassification and loss in power may explain the
discrepancies.

Strengths and limitations

Our study has several strengths. This is one of the first
studies to explore FHPs as a potential exposure source of
VOCs. We included a nationally representative population,
and accounted for the complex survey designs in our analy-
ses, including racial/ethnic, socioeconomic, and geographic
diversity. Thus, we expect generalizability of study findings
to U.S. reproductive-aged women. A DAG was constructed
to account for potential confounding using a minimal and
sufficient adjustment set, though we still cannot rule out the
possibility of residual confounding. Data on frequency of
douching provided the opportunity to examine the dose—ex-
posure relationships and support a plausible association.
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Study limitations include the cross-sectional nature of
NHANES data, which cannot rule out the possibility of re-
verse causality. Owing to data availability, other sources that
might be responsible for VOC exposure could not be evalu-
ated; for example, DCB exposure through the use of moth-
balls or toilet deodorants. Our models were adjusted for this
by using the DAG to ascertain the minimal sufficient ad-
justment set® and account for use of personal care or
household products. In addition, VOCs with detection rates
<50% were excluded in the analyses, which limits our ability
to evaluate some relationships, for example, possibly in-
cluding the relatively few women who use feminine sprays
and wipes containing these VOCs, especially if there are few
other exposure sources of these VOCs.

Moreover, FHP use data were collected in 2001-2004,
which might not reflect current feminine hygiene practices, and
it is possible that the industry has changed the manufacturing
processes and formulations since then. Thus, more recent data
on FHP use, composition, and biological monitoring are nee-
ded to confirm our findings. In addition, FHP use data were
collected through questionnaires, which are subject to recall
bias and misclassification. The timing of feminine hygiene
practices can also be influenced by sexual activity, vaginal
symptoms, and the menstrual cycle. Unfortunately, NHANES
only measured frequency of douching rather than frequency of
use of other feminine products. Future research is needed with a
longitudinal setting and repeated data collection on chemical
exposure and use of FHPs during a menstrual cycle. Finally,
NHANES did not collect data on FHP use among Asian
American or indigenous women. Further surveys should in-
clude the unstudied minority groups.

The vaginal exposure route might be significant for chemi-
cals other than VOCs. Branch et al. observed 152% higher
urinary concentrations of monoethyl phthalates, used as fra-
grance chemicals, among frequent douche users than nonu-
sers.'? FHPs are widely used and represent ~ $3 billion per
year market.®’ Our results suggest the need for disclosure
and/or testing of specific ingredients, comprehensive screening
tests to characterize exposures, improved guidance regarding
the douching and other practices, and dissemination of this
information.

Clearly, the safest approach is to let vagina clean itself,
which it does by secreting mucus, rather than using vaginal
douching, wipes, or other products.

Conclusions

Non-Hispanic black women had higher whole blood
concentrations of 1,4-DCB and more likely to report fre-
quent douche use. We also found a positive and monotonic
relationship between frequency of vaginal douching and 1,4-
DCB concentrations, indicating douche as a potential source
of this VOC and might account for racial/ethnic differences
among reproductive-aged women. Use of feminine powder
might also lead to increased whole blood concentrations
of ethylbenzene. Following the American College of Ob-
stetricians and Gynecologists and the U.S. Department of
Health and Human Services Office,’’ we suggest that
douching or use of feminine powder be discouraged, espe-
cially during pregnancy. Manufacturers should disclose all
ingredients, and screening tests to evaluate chemicals in
FHPs should be considered.
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