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SIGNIFICANT FINDINGS

Licensed cosmetologists with a spontaneous abortion (cases)
were compared to licensed cosmetologists with a single live birth
(controls) with regard to occupational exposures and other
potential risk factors for spontaneous abortion.

Women who worked 35 or more hours per week in cosmetology
during the first trimester of pregnancy had a 30% increased risk
of spontaneous abortion (OR=1.3, 95% CI=0.8-2.2) compared to
women who worked 35 or more hours per week in other professiocns.
No association was found for women who worked less than 35 hours
per week in cosmetology (OR=1.0, 95% CI=0.6-1.8). Adjustment for
previous pregnancy loss, gravidity, mother's age at conception,
family income, mother's cigarette smoking during pregnancy, and
mother's alcohol consumption during pregnancy did not alter the
risk estimates.

Categorizing women with full-time work (35+ hours per week)
in cosmetology by several measures of chemical exposure, the
adjusted odds ratios for the high exposure categories were 1.6
(95% CI=0.7-3.7) for 60 or more customers per week, 1.7 (95%
CI=0.9-3.7) for 10 or more permanents, 1.5 (95% CI=0.8-2.4) for 3
or more hair dyes, and 1.5 (95% CI=0.6-3.,1) for 3 or more
bleaches. For cosmetologists who performed 3 or more hair dyes
and 10 or more permanents per week, the adjusted odds ratio was
1.8 (95% CI=0.8-3.1). For the performance of more than 10
chemical services (hair dyes, permanents, or bleaches) per week,
the adjusted odds ratio was 1.6 (95% CI=0.8-2.9).

Among cosmetologists with full~time work in cosmetology, low
levels of chemical exposure were not associated with spontaneous
abortion. Dose response gradients were found for the weekly
number of customers, bleaches, dyes, permanents, and the total
number of chemical services.

Positive associations were alsec found for the use of
formaldehyde to sanitize implements (OR=1.8, 95% CI=1.0-2.4} and
work 1n salons where manicuring (OR=1.5, 95% CI=0.8-2.4) or nail
sculpturing (OR=1.9, 95% CI=1.0-3.9) were performed,

Personal use of hair dyes and permanents during the first

trimester of pregnancy did not increase the risk of spontaneous
abortion.

For women who attended cosmetology school during the first
trimester of pregnancy, the adjusted odds ratio was 2.6 (95%
CI=1.2-6.0).
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ABSTRACT

Over half a million women work in cosmetology in the United
States, but little is known about adverse reproductive outcomes
associated with chemical exposures in this industry. In order to
investigate this possible relationship, a mail survey was
conducted among 8,356 female cosmetologists, aged 22-36 years,
who were licensed in North Carolina in 1988. Pregnancies between
1983 and 1988 were identified by a brief screening gquestionnaire.
With a 74% response, 1,429 single live births and 145 spontaneous
abortions of less than 20 weeks gestational age were reported
among the most recent pregnancies conceived between 1983 and
1988. An additional 122 spontaneous abortions were identified
among previous pregnancies conceived from 1983 to 1988.

Seventy-four percent of cosmetologists with an eligible
pregnancy completed a second, more detailed questionnaire.
Occupational exposures and other risk factors during pregnancy
were compared for 188 women with a spontanecus abortion (cases)
and 1,058 women with a single live birth (controls).
Cosmetologists who worked 35 or more hours in cosmetology during
the first trimester of pregnancy had a 30% increased risk of
spontaneous abortion (OR=1,3, 95% CI=0.8-2.2) compared to
cosmetologists who worked 35 or more hours in other professions.
Adjustment for previous pregnancy loss, gravidity, mother's age
at conception, family income, mother's cigarette smoking during
pregnancy, and mother's alcohol consumption during pregnancy did
not alter the risk estimates. For women categorized by several
measures of chemical exposure, the adjusted odds ratios ranged
from 1.3 to 1.9, with dose response gradients found for the
weekly number of customers, bleaches, dyes, permanents, and the
total number of chemical services. For the highest exposure
levels, the adjusted odds ratios were 1.6 (95% CI=0.7-3.7) for 60
or more customers per week, 1.7 (95% CI=0.9-3.7) for 10 or more
permanents, 1.5 (95% CI=0.8-2.4) for 3 or more hair dyes, and 1.5
(95% CI=0.6~3.1) for 3 or more bleaches. Positive associations
were also found for the use of formaldehyde (OR=1.8, 95% CI=1.0-
2.4) and work in salons where manicuring (OR=1.5, 95% CI=0.8-2.4)
or nail sculpturing (OR=1.9, 95% CI=1.0-3.9) were performed. No
increased risks were found among part-time cosmetologists who
worked less than 35 hours per week and among full-time
cosmetologists with low levels of chemical exposure. Personal use
of hair dyes and permanents during the first trimester of
pregnancy did not increase the risk of spontaneous abortien. For
respondents who attended cosmetology school during the first
trimester of pregnancy, the adjusted odds ratio was 2.6 (95%
CI=1.2-6.0).

‘ Despite incomplete response and limitations of self-reported
exposure and disease information, these data suggest that full-
time work in cosmetology may be associated with an increased risk
of spontaneous abortion. The results warrant further research

into reproductive hazards in cosmetology.






I. SIGNIFICANCE

Current knowledge of adverse reproductive outcomes
associated with maternal exposures at the workplace is limited,
despite the growing concern about occupational hazards (Barlow
and Sullivan, 1982; Office of Technology Assessment, 1985;
Lindbohm et al., 1985a; Kline, 1986, Saurel-Cubizolles and
Kaminski, 1987). There has been a substantial increase in the
number of women participating in the paid labor force, many of
whom are of childbearing age and are employed before and during
pregnancy (Office of Technology Assessment, 1985). According to
the 19580 National Natality Survey, 62% of married mothers of live
born infants were employed at some time during the year before
delivery (Shilling and Lalich, 1984). Employed women are
concentrated in specific occupations with different potential
hazards than traditionally male occupations (Stellman, 1978). The
high frequency of reproductive failure and the growing
experimental and human evidence of the vulnerability of the
reproductive system to environmental agents warrants
investigation of maternal occupational exposures.

Cosmetology is a predominantly female employment sector with
women representing about 90% of all licensees (US Bureau of the
Census, 1984) and is among the 20 leading occupations of employed
women (Murphy, 1986). There are over half a million women
employed in cosmetology, accounting for about 1.2% of the female
labor force (US Department of Labor, 1983). Cosmetologists, also
referred to as hairdressers, hair stylists or beauticians, are
exposed to multiple chemical substances through daily contact
with a wide variety of cosmetic products. They constitute a
potentially high-risk group with frecquent and largely unmonitored
chemical exposure.

Health effects asscciated with occupational exposure to
cosmetology have not been adequately assessed. Acute toxicity
such as skin, eye, nose, and lung irritation and effects on the
central nervous system have been related to the use of specific
cosmetic products or specific chemical substances contained in

cosmetics (Ostton et al., 1988; Heacock and Rivers, 1%86; Calnan,
1586) . Severe allergic reactions to chemicals are forcing some
cosmetologists to leave their profession (Ostton et al., 1988).

Laboratory studies have demonstrated mutagenic and carcinogenic
effects associated with exposure to hair dyes. Occupational
studies have suggested an increased risk of cancer among
cosmetologists although the evidence is eqguivocal (Kinlen, 1985;
Kalopissis, 1986).

Epidemiclogic evidence on adverse reproductive outcomes
associated with chemical exposures in cosmetology is very
limited. Although anecdotal reports have suggested an excess of
spontaneous abortions among cosmetologists (Shulman, 1988), no
prior epidemiclogic studies have specifically been conducted to
examine the risk of spontaneocus abortion associated with
occupational exposure toc cosmetology.






Given the presence of demonstrable toxic chemicals,
including mutagens, contained in cosmetic products, which may
affect the risk of spontaneous abortion, and the fact that over
half a million women employed in cosmetology in the United
States, the assessment of reproductive hazards in cosmetology is

warranted.






II. REVIEW OF THE LITERATURE
2.1. Work environment in cosmetology

Cosmetologists constitute a potentially high-risk group with
frequent chemical exposure through daily contact with a variety
of cosmetic products such as hair shampoos, rinses, conditioners,
permanent wave solutions, hair dyes, hair relaxers and
straighteners, hair sprays, make-up, perfumes, nail polish,
pelish remover, artificial nails, soaps, detergents, antiseptics,
and solutions for sterilization. Although cosmetologists may
specialize in certain areas of hair care, such as hair dyes or
permanents, most perform a variety of tasks and therefore use
many cosmetic products simultaneously. Most cosmetologists work
in small establishments, with 76% of beauty salons employing
fewer than five employees (NIOSH, 1980).

Cosmetic products consist of thousands of chemicals. A
comprehensive review of major chemical substances is provided by
NIOSH (1980). Dyes and solvents are common ingredients and are
contained in many different cosmetic products (Appendix 1).

Cosmetologists are exposed to these chemical substances
through inhalation and dermal absorption, the two major exposure
pathways. Quantitative assessment of chemical exposure in this
industry, however, is very limited and has been conducted only
for personally used cosmetic products. Hair dye compounds have
been found to ke excreted intc urine, presumably by their
systemic absorption through the skin of the scalp (Kiese and
Rauscher, 1968; Marshall and Palmer, 1973; Maibach et al., 1975).
Ames et al. (1975) estimated that up to 1% of the applied hair
colering product is absorbed through the scalp. More recent
studies estimated the penetration rate at less than 0.2% (Wolfram
and Maibach, 1985). Absorption and systemic retention of lead
acetate contained in "metallic" hair dyes used to darken gray
hair has been reported by Marzulli et al. (1981).

Laboratory studies have demonstrated acute toxicity,
mutagenesis, and carcinogenesis for a number of cosmetic
ingredients, thus raising concern about the safety of cosmetic
products (NIOSH, 1980; Marzulli et al., 1981). Cosmetic products
are not as strictly reqgulated by the Food and Drug Administration
(FDA) as food additives and drugs. Cosmetic manufacturers are
respensible for assuring the safety of cosmetic products. They
are, however, not required by the FDA to conduct premarketing
safety testing of cosmetic products or their ingredients, to
submit data cf their safety testing to FDA, nor tc notify the FDaA
when new cosmetic products are intrcduced. In 1972, the FDA
created a voluntary program through which manufacturers may
register their raw materials, product formulations, and consumer
reports on adverse reactions to cosmetics. The Cosmetic,
Teoiletries and Fragrance Association, a national trade
association representing cosmetic manufacturers and distributors,
has created the Cosmetic Ingredient Review (CIR) which consists
of an independent expert panel of scientists who review the
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safety of cosmetic ingredients. The CIR, however, does not
conduct any safety testing.

Ingredient labeling of cosmetic consumer products has been
required since 1976 under the Fair Packaging and Labeling Act
(Hopkins, 1975). Ingredients of fragrances and flavors and
ingredients which are claimed as trade secrets are not required
to be listed. However, products sold to business establishments,
such as beauty salons, have been exempt from this requlation.

In 1983, the Occupational Safety and Health Administration
(OSHA) issued the Hazard Communication Standard, also known as
"Worker Right-to-Know", which requires the evaluation of chemical
hazards and dissemination of hazard information to employers and
exposed employees by means of container labeling, material safety
data sheets, and employee training. Initially limited to chemical
manufacturing employers, the Hazard Communication Standard was
expanded in 1987 to include all employers, including beauty salon
owners. This standard requires chemical manufacturers, importers,
and distributors to label containers of hazardous chemicals and
to develop a material safety data sheet for each chemical. By May
1988, employers, including salon owners and cosmetology schools,
were required to establish a written hazard communication program
in the salon or school, to prepare an inventory of all hazardous
chemicals used in the salon, to provide employee training on
hazardous materials at the workplace, and to request material
safety data sheets and container labeling for all cosmetic
products used in the salon (National Cosmetology Association,
1988; Baget, 1989).

ACGIH threshold limit values, OSHA promulgated standards,
and NIOSH recommended criteria have been summarized for some of
the chemical agents commonly encountered in cosmetology,
including acetone, acetonitrile, ammonia, benzoyl peroxide, butyl
acetate, cadmium (dust and salts), ethyl acetate, ethyl ether,
ethyl methacrylate, hydrogen peroxide, isopropyl alcohol,
methacrylic acid, methylene chloride, methyl ethyl ketone, p-
Phenylenediamine, selenium compounds, toluene, respirable
nuisance dust, and total nuisance dust (NIOSH, 1980; Hiipakka and
Samimi, 1987; HESIS, 1989).

2.2. Cosmetology in North Carolina

In North Carolina, training in cosmetology is provided by
about 130 establishments, including private cosmetology schools,
high schools, and community and junior coclleges. Between 5,000
and 6,000 students are trained in cosmetology each year. The
North Carolina State Board of Cosmetology issues separate
licenses for cosmetologists and manicurists. There are currently
about 55,000 licensed cosmetologists and 700 licensed manicurists
(State Board of Cosmetology, personal communication). The
cosmetology license requires 1,500 hours of training, including

11



20 hours in chemistry pertaining to cosmetic art and 10 hours in
cosmetics., To be licensed as a manicurist, 150 hours of training
are required (North Carolina State Board of Cosmetic Art
Examiners, 1980).

The operation of a beauty salon requires licensing and
regular inspections by the North Carolina State Board of
Cosmetology. There are currently about 12,000 licensed beauty
salons in North Carolina. Beauty salons and schools are inspected
according to the sanitary rules and regulations three or four
times a year. The focus of the inspection is on cleanliness and
sanitation, and a sanitation rating is issued by the inspectors.
Storage and labeling of cosmetic products are checked. With
regard to ventilation, the salon regulations require that
"necessary ventilation shall be provided at all times". The
regulations regarding sanitation require that combs and brushes
be covered for 20 minutes in 5% phenol, 70% alcohol, 10% lysol or
chlorine solution, or for 30 minutes in other sanitizing
solutions approved by the Board. Until 1988, the use of
paraformaldehyde tablets or 5% formaldehyde solution was required
to sanitize tools and implements. Since 1989, the inspectors also
check the Hazard Communication Standard issued by OSHA, but the
data in this study pre-date this standard.

Manicurists and nail sculptors working outside of licensed
beauty salons are currently not required to be licensed in North
Carolina. Furthermore, nail salons are not required to be
licensed in North Carolina. Although no published data could be
identified on the number of nail salons in North Carolina, it is
likely that several thousand unlicensed nail salons are
operated, employing a large number of unlicensed manicurists.

2.3. BAdverse health effects in cosmetology
2.3.1. Reproductive effects

Information on the risk of adverse reproductive outcomes
associated with maternal employment in cosmetology is sparse. In
the 1958 British Perinatal Mortality Survey, twice the number of
expected perinatal deaths from congenital malformations cccurred
among hairdressers, although the number of expected deaths was
small (N=5) (Peters et al., 1984).

In the Collaborative Perinatal Project, which included 123
pregnancies with maternal work as a hairdresser during the first
trimester of pregnancy, no increased risks were observed for
stillbirths, infant deaths, and malformations (Hartz and Jaques,
1978) .

The 1980 National Natality and National Fetal Mortality

Surveys included 69 live births and 33 fetal deaths (28 or more
weeks gestation) with maternal work in barbering, hairdressing,
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and cosmetology during the year before delivery (Shilling and
Lalich, 1984). Computations based on the data presented yielded
odds ratios of 0.9 for malformations, 0.8 for fetal deaths, and
1.7 for birth weight of less than 2,500 ‘grams.

In a Washington State study of fetal deaths and live births
from 12 target occupations, which included 650 fetal deaths among
hairdressers, a relative risk of 1.4 (95% CI=1.2-1.7) was
reported (Vaughan et al., 1984).

In a recent case-control study of 227 stillbirths (20 or
more weeks of gestation) matched to 227 live births, women
employed as hairdressers-~beauticians had significantly fewer
stillbirths than expected (OR=0.01, 95% CI=0.01-0.34) (Goulet and
Theriault, 1989).

In a case-control study comparing couples who have been
examined or treated for infertility problems with couples who
conceived a healthy child within one year, occupational exposure
to hair spray or hair dyes was assocliated with female hormonal
disturbances (OR=1.4, 95% CI=0.9-2.0) and female idiopathic
infertility (OR=1.3, 95% CI=0.7-2.4) (Rachootin and Olsen, 1983).
Sperm abnormalities (OR=1.1) and male idiopathic infertility
(OR=0.7) were not associated with occupational exposure to hair
spray or hair dyes. Comparing couples who conceived a healthy
child within one year with couples who took longer than one year
to concelve, delayed conception was not associated with
occupational exposure to hair spray or hair dyes among males
(OR=0.6) and females (OR=1.0). Female occupation as a hairdresser
was not associated with an increased risk of idiopathic
infertility, hormonal disturbance or delayed conception.

In the New York study of spontaneous abortion (less than 28
weeks of gestation), no increased risk of chromosomally normal or
chromosomally abnormal spontaneous abortion was found for
maternal exposure to cosmetology before pregnancy (Silverman et
al., 1985) or during pregnancy (Kline et al., 1982). However, the
number of spontaneous abortions with maternal exposure to
cosmetology before and during pregnancy was small (25 and 17,
respectively). '

The study with the largest number of spontanecus abortions
among hairdressers was conducted in Montreal, Canada (McDonald et
al., 1987a). Over 56,000 women were interviewed regarding their
most recent and all previous pregnancies, a total of 104,649
pregnancies. The interviews took place soon after delivery
(N=51,885) or hospitalization for spontaneous abortion of less
than 28 weeks gestation (N=4,127) from 1982 to 1984.

The study included 458 current and 417 previous pregnancies
with maternal enmployment in hairdressing at the time of
conception. 0Odds ratios were 1.05 for current spontaneous
abortions (hospitalized only) (N=34) and 1.08 for previous
spontaneous abortions (hospitalized and non-hospitalized (N=102)
(McDonald et al., 1986).
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Restricting the analysis to pregnancies of women who worked
30 or more hours per week at the time of conception, an odds
ratio of 1.02 was found for both current and previous spontaneous
abortions combined (N=106) (McDonald et al., 1%87a). For
stillbirth, the odds ratioc was 0.43 (N=2).

An analysis restricted to previous pregnancies of women who
worked 30 or more hours per week at the time of conception found
no increased risk of spontaneous abortion (hospitalized and non-
hospitalized) among hairdressers (McDonald et al., 1988a). Odds
ratios were similar for spontaneous abortions less than 16 weeks
gestational age (OR=1.09, N=76) and those between 16 and 27 weeks
gestational age (OR=0.6, N=6).

Besides spontaneous abortions and stillbirths, the Montreal
study alsc examined the effect of occupational exposures on the
risk of malformation, low birth weight, and preterm delivery. For
current and previous pregnancies combined, employment in
hairdressing was not associated with congenital defects (OR=0.94,
N=17) among women who worked 15 or more hours at the time of
conception (McDonald et al., 1988b). Among women working 30 or
more hours during their most recent pregnancy, no increased risks
of low birthweight (OR=0.65, N=15) and preterm delivery (OR=0.78,
N=19) were observed (McDonald et al., 1988c).

Although the risk of spontaneous abortion was not increased
among hairdressers in the Montreal study (McDonald et al., 1986),
there remains concern about chemical exposures in cosmetology.
Increased risks of spontaneous abortion have been reported for
occupational exposure to chemicals in the health care sector,
dentistry, laboratories, pharmaceutical, metal, rubber, chemical,
electronics, plastics, and dry cleaning industry (Lindbohm et
al., 1985; Kline, 1986; Rosenberg et al., 1987).

Solvents, which are common constituents of cosmetic
products, are widely used in various industries. A number of
studies have reported increased risks of spontaneous abortion for
employment in industries with solvent exposure (Hemminki et al.,
1980a; Hemminki et al., 1980b; Heidam, 1984; Lindbohm et al.,
1984; Lindbohm et al., 1985b; TaskKinen et al., 1986; Pastides et
al., 1988; McDonald et al., 1988a; Taskinen et al., 1989;
Kyyronen et al., 1989; Lindbohm et al., 1990). Other reproductive
effects associated with solvent exposure include menstrual
disorders (reviewed by Eskenazi et al., 1988), congenital
malformations (Meirik et al., 1979; Hansson et al., 1980;
Holmberg and Nurminen, 1980; Holmberg et al., 1982: McDonald et
al., 1987b; Tikkanen and Heinonen, 1988), and pregnancy
complications (Eskenazi et al., 1988). Solvents have been
reported to pass through the placenta (Dowty and Lasseter, 1976)
and to cause abnormalities in experimental animals (Hemminki and
Vineis, 1985).

Some of the solvents contained in cosmetics have been

assocliated with reproductive effects. Methylene chloride, which
has been commonly used as a propellant and solvent in hair sprays
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since the late 1970s (Lecos, 1986), has been related to adverse
pregnancy outcomes. Among women employed in the pharmaceutical
industry, exposure to methylene chloride was found to be
associated with a significantly increased risk of spontaneous
abortion (Taskinen et al., 1986). A slight excess of spontaneous
abortions was reported by Axelsson et al. (1984c) from exposure
to methylene chloride among women working with laboratory
solvents. The use of adhesive sprays which contain methylene
chloride has been related to chromosomal damage (Anonymous, 1973)
and congenital malformations (Silkerg et al., 1979), though the
evidence is equivocal (Gong et al., 1974; Hanson et al., 1976).

Vinyl chloride (VC), a former hair spray propellant, has
been associated with a significant excess of fetal losses among
wives of workers with occupational VC exposure, presumably due to
paternal germ cell damage (Infante et al., 1876a). Studies on
residential exposure to VC related to pregnancy outcomes yielded
inconclusive results (Infante, 1976b; Edmonds et al., 1978).

Until recently formaldehyde has been used in cosmetology to
sanitize implements and equipment. It is also contained in a
number of products as a preservative. An increased risk of
spontaneous abortion (OR=2.1, 95% CI=1.3-3.4) has been reported
among French nurses who used formaldehyde to disinfect rooms and
equipment (Stucker et al., 1990). No increased risk, however, was
noted in a study among Finnish nurses (Hemminki et al., 1982).

Studies on teratogenic effects of hair dye formulations in
experimental animals have yielded mainly negative results
{Burnett et al., 1976; NIOSH, 1980; Burnett and Goldenthal,
1988). In humans, teratogenic effects related to hair dyes have
not been investigated. Occupational exposure to textile dyes has
been associated with an increased risk of female idiopathic
infertility (OR=6.2, 95% CI=3.2-11.9) (Rachoctin and Olsen,
1983). An increased risk of delayed conception was found for
exposure to textile dyes among males (OR=2.2, 95% CI=1.1-4.2),
but not among females (OR=1.0, 95% CI=0.4-2.2) (Rachootin and
Olsen, 1983).

2.3.2. Mutagenic effects

Since chromosomal aberrations originating from exposures
before or around the time of conception may produce spontaneous
abortions (Kline and Stein, 198%), evidence regarding
mutagenicity is pertinent to the assessment of reproductive risks
among cosmetologists.

In 1875, mutagenic activity in bacterial systems was
reported for 150 (89%) of 169 commerclial permanent hair coloring
products (Ames et al., 1975). Permanent coloring solutions
consist of complex mixtures of aromatic amines, nitro compounds,
phenols, and an oxidation agent, usually hydrogen peroxide. Of 18
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compounds commonly used in permanent hair dye products, 9 were
found to be mutagenic (Ames et al., 1975). Mutagenicity of
specific hair dye components in both microbial and mammalian
systems has been summarized by NIOSH (1980). An increased
incidence of chromosome aberrations has been reported for _
cultured Chinese hamster cells exposed to hair dyes (Kirkland and
Venitt, 1976).

Findings on chromosomal abnormalities related to
occupational or personal exposure to hair dyes are inconclusive.
The addition of hair coloring products to cultures of human blood
lymphocytes resulted in considerable chromosomal damage (Searle
et al., 1975). No increase in mutation frequency was found in the
urine collected after hair dye application (Burnett et al.,
1979). In a study of tinters and controls subjects, no increased
chromosomal aberrations were found in peripheral blood
lymphocytes. Personal use of hair dyes, however, was associated
with a significant excess of chromosomal damage (Kirkland et al.,
1978). No significant differences in chromosomal aberrations were
reported for 10 volunteers who dyed their hair every 3-6 weeks
and matched controls followed for 13 months (Hofer et al., 1983).
Similarly, no increase in sister chromatid exchange levels was
detected (Turanitz et al., 1983).

2.3.3. Carcinogenic effects

Following the reporting of mutagenic activity of many
commercial hair coloring products in 1975 (Ames et al., 1975:
Searle et al., 1975), many studies testing the carcinogenicity in
experimental animals were conducted. Experimental evidence is
inconsistent (IARC, 1978; NIOSH, 1980). Studies with exposure to
hair dye preparations or specific hair dye ingredients through
topical application have yielded mainly negative results (Burnett
et al., 1975; Giles et al., 1976; Stenback et al., 1977; Searle
et al., 1977; Jacobs et al., 1984; Burnett and Goldenthal, 1988).
In feeding studies, tumors of the bladder, liver, thyroid,
lymphatic system, and skin were noted (Weisburger et al., 1978;
Flamm, 1985). Evidence of carcinogenicity in animals has led to
the substitution of certain hair dye ingredients (i.e., 2,4-
toluenediamine, 2,4-~diaminocanisole). In humans, employment
in cosmetology and personal use of hair dyes have been associated
with various types of cancers, althocugh both negative and
positive findings have been reported. The case-control studies
generally were limited by the small number of cases and controls
employed as hairdressers or barbers. Occupational mortality
surveys and incidence studies, which usually examined all sites
of cancer, generally were limited by the lack of data on
potentially confounding factors. Furthermore, the assessment of
occupational exposure was limited by exposure classification
based solely on the job title. The International Agency for
Research on Cancer (IARC) concluded in 1982 that the evidence
relating cancer to occupational exposure in hairdressing or to
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personal use of hair dyes was inconclusive (IARC, 1982). Others
concluded that there is not enough evidence of a carcinogenic
effect from occupational and non-occupational exposure to hair
dyes (Clemmesen, 1981}, or that the existing data was largely
reassuring (Kinlen, 1985). Except for Bladder cancer among male
hairdressers, no specific cancer was consistently associated with
occupational exposure to cosmetology or personal use of hair
dyes. Some of the positive and negative findings are briefly
summarized below.

An increased risk of bladder cancer associated with
occupational exposure to aromatic amines in the manufacturing of
dyes has long been recognized (reviewed by Matinowski and
Elliott, 1981). Several studies reported an increased risk of
bladder cancer ameng male hairdressers and barbers (Wynder et
al., 1963; Dunham et al., 1968; aAnthony and Thomas, 1970; Howe et
al., 1980; Silverman et al., 1983; Dubrow and Wegman, 1984;
Guberan et al., 1985; Pearce and Howard, 1986; Baxter and
McDowall, 1986; Malker et al., 1987; Lynge and Thygesen, 1988;
Skov et al., 1%90), although negative results have also been
reported (Cole et al., 1872; Alderson, 1980; Glashan and
Cartwright, 1981; Vineis and Magnani, 1985). Other reports of
increased risks among male hairdressers and barbers include
cancer of the larynx (Viadana et al., 1976), and leukemia
(Spinelli et al., 1984).

For female cosmetologists, positive associations have been
reported for lung cancer (Menck et al., 1977; Garfinkel et al.,
1977; Teta et al., 1984; Kono et al., 1983; California Department
of Health Services, 1987), although potentially confounding
factors, such as smoking, were not controlled for. By contrast,
no association was found by Osorio et al. (1986) and Lynge and
Thygesen (1988).

Increased risks among female cosmetologists have been
reported for a number of cancer sites, although no consistent
patterns emerged from these mortality and incidence studies,
which generally considered all sites of cancer. Reports of
positive associations include cancer of the breast (California
Department of Health Services, 1987), ovaries (Teta et al., 1984;
Spinelli et al., 1984), genital organs (California Department of
Health Services, 1987), bladder (Lynge and Thygesen, 1988; Skov
et al., 1990), stomach (Kono et al., 1983), brain (Teta et al.,
1984), lymphatic tissues (California Department of Health
Services, 1987), leukemia (Walrath, 1977), and multiple myeloma
(Spinelli et al., 1984).

The widespread non-occupational use of hair dye preparations
led to several case-control studies which assessed the risk of
cancer associated with the personal use of hair coloring
products. Following a report of a possible association with
breast cancer in 1976 (Shafer and Shafer, 1976), mainly negative

assoclations were reported (Kinlen et al., 1977; Hennekens et
al., 1979; Stavraki et al., 1979; Wynder et al., 1983; Green et
al., 1987; Nasca et al., 1990). Positive associations in two
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studies were limited to subgroups of hair dye users (Shore et
al., 1979; Nasca et al., 1980).

Excess risks have also been repecrted for cancer of the
bladder (Najen et al., 1982), cervix uteri, vagina, and vulva
(Hennekens et al., 1979), multiple myeloma (Guidotti et al.,
1982), acute non-lymphocytic leukemia (Markowitz et al., 1985),
leukemia (Cantor et al., 1988), and non-Hodgkin's lymphoma
(Cantor et al., 1988).

No associations with personal use of hair dyes were reported
for bladder cancer (Jain et al., 1977; Neutel et al., 1978; Howe
et al., 1980). In a large US case-control study of nearly 3,000
bladdder cancer cases, no association with personal use of hair
dyes was found (Hartge et al., 1982).

Recent studies on childhood cancer reported an association
of maternal use of coloring preparations during pregnancy with
neuroblastoma (Kramer et al., 1987) and Wilms' tumor (Bunin et
al., 1987). An increased risk of childhood leukemia was
associated with father's occupational exposure to dyes or
pigments (Lowengart et al., 1987).

Although much of the discussion on chemical hazards in
cosmetology focused on hair coloring preparations, dyes and
coloring agents are also present in other cosmetic products such
as shampoos, rinses, conditioners, setting lotions, nail polish,
make-up, and soap. Furthermore, besides dyes, cosmetic products
contain other substances for which carcinogenic effects have been
reported. Suspected carcincgenic substances include
pelyvinylpyrrolidone (IARC, 1979), a commonly used resin in hair
sprays; methylene chloride (National Toxicology Program, 1985), a
prepellant and sclvent used in hair sprays; nitrosamines
(Spiegelhalder and Preussmann, 1984), found in shampoos and
conditioners; and formaldehyde (Swenberg et al., 1980; Olsen et
al., 1984), primarily used as a preservative in many cosmetics
and for equipment sterilization. As styles and habits in
hairdressing change over time, cosmetic products and their
formulations change over time. Examples of carcincgenic
substances in cosmetic products used in the past include para-
Dimethylaminoazoc-bhenzene (Clemmesen, 1981) found in brillantine,
and vinyl chloride (Infante, 1976b; Holmberg, 1984), a formerly
used hair spray prcpellant.

In summary, exXperimental studies have demonstrated mutagenic
and carcinogenic effects for a number of chemical substances used
in cosmetic preducts. There is evidence from human studies which
suggests an increased risk of cancer among cosmetologists or
users of hair dyes. Evidence, however, is eguivocal. Informaticn
on adverse reproductive outcomes associated with occupational
exposure to cosmetclogy is sparse. Epldemioclogic studies of
reproductive outcomes in this industry are clearly warranted.

18



III. METHODS
3.1. Research questions

The objective of this study was to assess whether female
employment in cosmetology during the first trimester of pregnancy
increases the risk of spontaneous abortion prior to 20 weeks
gestational age. The study assessed whether the risk of
spontaneous abortion varies with intensity of chemical exposure,
measured by the number of hours worked per week in cosmetology,
the number of customers per week, and the number of chemical
services performed per week (including bleaches, hair dyes, and
permanents). Other exposure variables included the use of
formaldehyde to sanitize implements and equipment and salon
characteristics, such as the number of cosmetologists in the
salon, and the performance of manicuring and nail sculpturing in
the salon.

3.2. Overview of study design

The study design included two components: a cross-sectional
survey among licensed cosmetologists in North Carolina, and a
nested case-control study of spontaneous abortions and single
live births identified in the cross-sectional survey.

A cross-sectional survey was conducted among licensed
cosmetologists in North Carolina in order to identify the study
population for the case-control study, namely spontaneocus
abortions (cases) and single live births (controls) which were
concelved over a five-year period from 1983 to 1988. Case and
control identification was solely based on self-reported
pregnancy outcomes, and eligibility for the case-contrcl study
was restricted to one pregnancy per woman.

In the case-control study, more detailed information on
outcome, exposure, and potentially confounding factors was
collected from licensed cosmetologists with an eligible
spontaneous abortion or single live birth. Cases and controls
were compared with regard to maternal employment characteristics
during the first trimester of pregnancy. The exposed group
included pregnancies of licensed cosmetologists who worked in
cosmetology during the first trimester of pregnancy. The fact
that not all cosmetologists actively work in their profession
permitted the use of two internal reference groups, comprising
unexposed licensed cosmetologists who worked in other professions
or as full-time homemakers during the first trimester of
pregnancy. The risk of spontaneous abortion was estimated by
comparing cases and controls with regard to the proportion of
licensed cosmetologists who worked in cosmetclegy, other
professions or as fulltime homemakers during the first trimester
of pregnancy, controlling for other potential risk factors.
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3.3. study population

The study population for the cross-sectional survey
consisted of cosmetologists licensed in North Carolina. They were
identified through the computerized co$metology license register
which contained names and addresses for all cosmetologists
licensed any time from 1975 to 1988 (N=50,245). In April 1988,
the register included 34,737 cosmetologists with an active
license and a North Carolina address at the time of license
renewal. Eligibility for the cross-sectional survey was
restricted to female cosmetologists with an active license in
April 1988 who were 22-36 years of age. Male cosmetologists were
excluded from the study population on the basis of first and
middle name. Non-computerized licensing records which contained
information on birth date were reviewed to identify
cosmetologists born between 1952 and 1966 (22-36 years of age in
1988). Except for an estimated eight per cent of all licensees
whose licensing records could not be located, all female
cosmetologists in North Carolina, aged 20-36, were invited to
participate in the cross-sectional survey (N=8,356).

3.4. Screening for eligible pregnancies

A two-page screening questionnaire was sent to 8,356
cosmetologists, requesting information on demographic background,
work experience in cosmetclogy, recent health problems, and
reproductive history (number of pregnancies, number of
miscarriages). For the most recent pregnancy, the screening
questionnaire queried the date and outcome of the pregnancy,
gestational age, birth weight, and work during pregnancy, which
included four categories: Work in cosmetology, cosmetology
student, work in another job, and full-time homemaker. For
respondents who worked in cosmetology during the most recent
pregnancy, information on the number of hours worked per week,
and the weekly number of customers, hair cuts, hair dyes,
permanents, and manicures was requested.

Screening questionnaires were sent in four waves over a
four-month pericd from September to December 1988 (Wave 1:
N=1,971; Wave 2: N=3,161; Wave 3: N=2,267; Wave 4: N=957). The
survey was introduced as a general health study among
cosmetologists to minimize nonresponse by those who had never
been pregnant. Nonrespondents were followed-up using the Dillman
recommendations (Dillman, 1978). One week after the initial
mailing, a reminder/thank-you postcard was sent to the entire
study populaticn. Replacement questionnaires were sent to
nonrespondents three and six weeks after the initial
questionnaire was sent. The effect of a monetary incentive on the
survey response was evaluated by encleosing a one dollar bill with
the first or second mailing (John and Savitz, 1989).

For nonrespondents to the mail contacts in Wave 1 (N=234)
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and Wave 4 (N=120), telephone numbers were sought through
directory assistance and a brief screening interview was
conducted by telephone. For cosmetologists with a non-deliverable
address in Wave 1 (N=157), current addresses were sought through
credit bureau records. '

The purpose of the screening questionnaire was to identify
cosmetologists with a single live birth or a spontaneous abortion
of less than 20 weeks of gestation during the five-year period
from 1983 to 1988. If more than one pregnancy was reported for
the five-year period, only the most recent pregnancy was eligible
for the case-control study, with the exception noted below.
Spontaneous abortions and single live births were eligible if
their last menstrual period prior to that pregnancy was between
March 26, 1383 and March 25, 1988. The date of the last menstrual
period was estimated based on the self-reported gestational age
of the pregnancy.

During the first months of data collection, the reported
frequency of spontaneous abortion among the most recent
pregnancies was considerably lower than anticipated. To increase
study power, all cosmetologists who reported a history of
pregnancy loss in the screening questionnaire were subsequently
contacted by telephone. For spontaneous abortions of previous
pregnancies occurring from 1983 to 1988, information on the date
of the spontaneous abortion and work during pregnancy was
cbtained. If more than one previous spontaneous abortion was
reported, information on the most recent of these was requested.
Previous pregnancies which ended in a spontaneous abortion were
eligible for the case-control study if their last menstrual
period was between March 26, 1983 and March 25, 1988. Hereafter,
spontaneous abortion of the most recent pregnancy will be
referred to as "current spontanecus abortion", whereas
spontaneous abortion of a previous pregnancy will be referred to
as "previous spontaneous abortion".

3.5. Data collection

Data collection for the case-contrel study included a 22-
page questionnaire which was sent to all cosmetologists with an
eligible current or previous spontaneous abortion (cases) or
single live birth (controls). More detailed information was
requested on the pregnancy ocutcome and work during pregnancy. The
gquestionnaire included a detailed reproductive history, with
questions regarding outcome and work for each pregnancy. A job
history inquired about all jobs held during the previous 6 years.
With regard to the eligible pregnancy, information was requested
on the duration of work during pregnancy and physical activity
(standing, sitting, heavy lifting or carrying) during each
trimester of pregnancy. For those working in cosmetology,
information was requested on the number of customers per week,
the frequency of various services provided (shampoos, hair cuts,
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dyes, permanents, bleaches, straightenings, manicures), work
practices (wearing of gloves, sanitizing of implements and
equipment), and salon characteristics (number of cosmetologists,
performance of manicuring or nail sculpturing). The questionnaire
further inquired about other potential ‘risk factors for adverse
pregnancy outcomes, such as active and passive smoking, alcohol
and caffeine consumption, contraceptive practice, illnesses and
medications taken during pregnancy, medical history, and
father's age, smoking, and alcohol consumption prior to
conception.

The following strategy was used to maximize the response to
the detailed questionnaire, which toock about 30-45 minutes to
complete. A reminder/thank-you postcard was sent one week after
mailing the initial guestionnaire and a reminder letter was sent
four weeks later. Persistent nonrespondents were contacted by
phone, and replacement questionnaires were sent if requested.
Telephone interviews using a shorter version of the questionnaire
were conducted with a small number of nonrespondents who refused
to complete the self-administered mail gquestionnaire (N=21).

Completed cquestionnaires were carefully reviewed and checked
for internal consistency. Special attention was paid to the
consistency of work-related information, which was addressed in
several sections of the questionnaire as an internal check.
Respondents with inconsistencies or missing data with regard to
pregnancy outcome or work during pregnancy were re-contacted by
telephone for clarification of the information.

3.6, Exposure assessment

The mother's working status during the first trimester of
pregnancy was determined based on work-related information in
various sections of the detailed questionnaire. Four exposure
categories were considered: (1) work in cosmetology, (2) student
in cosmetology school, (3) work in another profession, and (4)
work as a full-time homemaker. Respondents who worked both in
cosmetology and another profession were classified as working in
cosmetology. Respondents who reported work as a homemaker or in
other professions besides doing cosmetology work for family and
friends at home, were classifed according to their main
occupation in another profession or as a full-time homemaker.

Exposure to chemicals used in cosmetology was not directly
measured but assessed by the self-reported number of hours worked
per week, the weekly number of customers and chemical services
(bleaches, dyes, permanents), and the use of formaldehyde for
sanitizing implements and equipment. Background expocsure in the
salcon was based on the number of cosmetologists working in the
salon and the performance of manicuring and nail sculpturing. If
frequency ranges were reported for the number of hours, customers
or services, the mid-point of the range was coded.
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3.7. 8tatistical analysis

Current and previous spontaneous abortions (cases) and
single live births (controls) were compared with regard to
mother's work during the first trimester of pregnancy. Three
parallel sets of analyses were conducted, using different
restrictions for the exposed group. The first set of analyses
restricted the exposed pregnancies to those with 35 or more hours
of work in cosmetology. A second set of analyses was restricted
to a potentially more highly exposed group, including pregnancies
with 35 or more hours of work in cosmetology and 45 or more
customers per week. The third set of analyses was restricted to
less exposed pregnancies, including those with less than 35 hours
of work per week in cosmetology. In addition to these analyses
using different restrictions for the exposed pregnancies,
identical analyses were conducted for first pregnancies only and
pregnancies conceived from 1983 to 1985 and from 1986 to 1988.
Working and non-working women have been shown to differ in a
number of potential risk factors for spontaneous abortion
(Shilling and Lalich, 1984; Savitz et al., 1990). In particular,
working women are more likely to have a history of adverse
pregnancy outcomes compared to non-working women (Axelsscn,
1984a; Savitz et al., 1990). To ensure similarity between the
exposed and the referent group with regard to unmeasured risk
factors, women working 35 or more hours per week 1in other
professions were chosen as the referent for all analyses.

Odds ratios and 95% confidence intervals were calculated
using test-based methods (Miettinen, 1976). Stratified analyses
were performed for potentially confounding factors, and adjusted
odds ratios and 95% confidence intervals were computed using the
Mantel~Haenszel apprcach (Mantel and Haenszel, 1959). To adjust
for multiple confounding variables, adjusted odds ratios were
computed using unconditional logistic regression mcdeling (SAS
Institute, 1988).
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IVv. RESULTS
4.1. Response to screening questionnaire

Of the 8,356 screening questionnaires sent in the cross-
sectional survey, 5,960 (71%) questionnaires were returned
completed (Table 1). Refusals accounted for one percent. For
nearly 9% of the study population, the mail was returned by the
postal service as non-deliverable. For nonrespondents to four
mailings in Wave 1 and 4 (N=354), telephone numbers were obtained
for 175 subjects (49%) through directory assistance. Of these,
148 (85%) agreed to a short screening interview by telephone.
Address tracing efforts for non-deliverables in Wave 1 yielded an
additional 85 completed questionnaires. Screening was therefore
completed by 6,193 cosmetologists (74%) (including 5,960 mail
respondents, 85 mail respondents following address tracing, and
148 phone respondents). Excluding cosmetologists with non-
deliverable addresses from the denominator (N=740), 81.3% of
those who presumably received the questionnaire participated in
the screening.

4.2, Enumeration of eligible pregnancies

Sixty-five percent of the respondents to the screening
questionnaire reported one or more pregnancies. For the five-year
ascertainment period from 1983 to 1988, 1,866 respondents
reported one or meore pregnancies (Table 2). Considering only the
most recent pregnancy of each respondent during the five-year
period, 145 spontaneous abortions prior to 20 weeks gestational
age were reported, accounting for 7.8% of the 1,866 pregnancies.
The rate of spontaneous abortion was similar for three of the
four waves of mailings, ranging from 6.9% to 7.2%. A somewhat
higher rate of 9.7% was found for the fourth mailing wave. Among
the 145 respondents with spontaneous abortions, 121 were white,
16 were black, 4 were American-Indian, Asian, or Hispanic, and 4
respondents did not provide information on their race. The rate
of spontaneous abortion was somewhat higher for whites (7.9%)
compared to blacks (6.5%).

Spontaneous abortions in previous pregnancies occurring from
1983 to 1988 were reported by 122 respondents whose most recent
pregnancy was a single live birth (N=116), twins (N=5), or an
induced abortion (N=1).

4.3. Pregnancy history among nonrespondents to the
screening questionnaire

After four mailings of the screening questionaire, no
response was obtained from 1,288 cosmetologists (15.4%).
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Respondents and nonrespondents could not be compared with regard
to education since the licensing records did not contain such
information. Similarly, most records did not contain information
on race. Although date of birth was available in the licensing
records, this information was not computerized and thus not
readily available to characterize nonrespondents.

Nonrespondents in Wave 1 and 4 were contacted by telephone,
and asked to participate in a brief screening interview which
inquired about their pregnancy history. Comparing mail (N=5,960)
and phone (N=148) respondents, the proportion of cosmetologists
who had never been pregnant (34%) was identical for mail and
phone respondents. Among the mail respondents, 30.2% reported a
pregnancy during the five-year ascertainment period, which
compared to 27.7% among phone respondents. The proportion of
pregnancies ending in a fetal loss (spontaneous abortion or
stillbirth) was similar in both groups (9.2% among mail
respondents, 8.3% among phone respondents).

4.4. Response to detailed questionnaire

For the case~control component of the study, detailed
guestionnaires were sent to 267 case mothers (145 current and 122
previcus spontaneous abortions) and 1,429 control mothers whose
most recent pregnancy was a single live birth, and who did not
report any spontaneocus abortion during the five-year
ascertainment period. Overall, 74% of all licensed cosmetologists
with an eligible pregnancy completed the detailed guestionnaire.
Variations in response proportions by age, race, education, and
current work status are shown in Table 3. The response varied
little by age (ranging from 73-76%), but was somewhat higher for
licensed cosmetologists with 12 or more years of education (75%),
compared to those with less than 12 years of education (65%). A
markedly greater proportion of white cosmetologists (78%)
completed the detailed questionnaire compared to black
cosmetologists (52%). Slightly more licensed cosmetologists who
currently worked as full-time homemakers (79%) completed the
detailed questionnaire compared to those who worked in
cosmetology (73%) or in other professions (73%).

Variations in the response proportions by pregnancy ocutcome
are shown in Table 4. The response was similar for single live
births (74%), previous spontaneous abortions (73.0%), and current
spontaneous abortions (70.2%). Refusals ranged from 2.2% to 3.5%
for the three pregnancy outcomes. Thus, the detailed
questionnaire was completed for 1,058 single live births, 102
current spontaneocus abortions, and 89 previous spontaneous
abortions.

Response to the detailled questionnaire was similar for

respondents who worked in cosmetology (74.6%), attended
cosmetology school (76.5%), and those who worked as full-time
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homemakers (75.5%) during pregnancy (Table 5). For those who
worked in other professions, the response was slightly lower
(71.3%). For exposure and outcome specific subgroups, the
variations in the response to the detailed questionnaire were
slightly larger (Table 5), ranging from 66.7% for respondents
with a current spontaneous abortion and work in cosmetology to
90% for respondents with a current spontanecus abortion and
attendance of cosmetology school.

4.5. Description of spontaneous abortions

Since the self~-reported spontaneous abortions were not
validated with medical records in this study, several questions
were asked in the detailed questionnaire regarding the certainty
and medical attention of the pregnancy and spontaneous abortion.
Among the 191 self-reported spontaneous abortions with a
completed detailed questionnaire, three appeared to be uncertain
and were therefore excluded from the analysis. One exclusion
concerned a spontanecus abortion for which the respondent stated
that the doctors were not sure whether or not she was pregnant.
The other exclusions concerned two spontaneous abortions of 3 and
4 weeks gestational age for which there was no reporting of a
pregnancy test, medical care during pregnancy or following the
spontaneous abortion, or symptoms of miscarriage such as first-
trimester bleeding.

For the remaining 188 spontaneous abortions (100 current and
88 previous spontaneous abortions), the distribution by self-
reported gestational age was similar for current and previous .
spontaneous abortions (Table 6). Nearly 40% of current and
previous spontaneous abortions were between 11 and 19 weeks
gestaticnal age, Twenty-two percent of spontaneous abortions were
of less than 7 weeks gestational age. The average gestational age
was only slightly lower for previous spontaneous abortions (9.6
weeks) compared to current spontaneous abortions (9.9 weeks).

The majority of respondents were "absolutely sure" that they
experienced a miscarriage {(91% for current and 93% for previous
spontaneous abortions) (Table 6). Thirteen respondents (7%)
reported they were "pretty sure" about the spontanecus abortions.
Two respondents reported they were "not sure at all", although
the gestational age was 9 and 18 weeks, respectively, for these
two spontaneous abortions.

Similar proportions of respondents with current and previous
spontaneous abortions reported bleeding (73%), seeking medical
attention after the spontaneous abortion occurred (97%),
hospitalization (42%), or treatment by dilatation and curettage
(64%) (Table 6).

The majority of respondents were aware of their pregnancy
before the spontaneous abortion occurred (86% for current and 91%
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for previous spontaneous abortions) (Table 6). Similar
proportions of respondents with a current or previous spontaneous
abortion reported an office pregnancy test. Seven percent of
pregnancies were identified through a home pregnancy test only.
No pregnancy test was reported for 8% of current and 1% of
previous spontaneous abortions. The reporting of an ultrasound
(47%) and symptoms of pregnancy, such as nausea (28%) and
vomiting (18%), were similar for current and previous spontaneous
abortions. Markedly more pregnancies ending in previous
spontaneous abortions (64%) were reported to be planned compared
to current spontaneous abortions (34%).

For two spontaneous abortions included in the analysis (9
and 13 weeks gestational age), no medical care but a home
pregnancy test was reported. For the remaining spontaneocus
abortions some kind of medical care was reported, including an
office pregnancy test, ultrasound, consultation with a doctor or
hospital after the spontaneous abortion occurred,
hospitalization, or a D&C. Given the similarities of current and
previocus spontaneous abortions, they were combined for subsequent
analyses.

Table 7 presents the characteristics of spontaneocus
abortions by the respondents' work status during the first
trimester. Only minor differences were noted between the four
exposure groups.

4.6. Work patterns during pregnancy

Fifty-five percent of the respondents (N=689) worked in
cosmetology during the first trimester of pregnancy (Table 8).
Among them, 62% worked 35 or more hours per week in cosmetology.
Five percent of the respondents attended cosmetology school
during the first trimester of pregnancy (N=65), while 18% worked
as full-time homemakers (N=227).

Twenty-one percent reported work in cother professions
(N=265), such as service industry (47%), office and clerical work
(27%), and textile and other industries (25%). The majority of
those working in other professions (84%) reported 35 or more
hours of work per week.

Nearly two thirds of the respondents who worked as full-time
homemakers (63%) or in other professions (65%) during the first
trimester of pregnancy reported doing cosmetology werk at home
for family and friends. Thus, of the entire study population
(N=1,246), only 84 (6.7%) respondents who worked as homemakers
and 90 (7.2%) respondents who worked in other professicns
reported no exposure to cosmetology work.
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4.7. Characteristics of work in cosmetology

Two thirds of the 689 respondents who worked in cosmetology
during the first trimester of pregnancy worked in beauty salons
with five or fewer cosmetologists (Table 9). Nine percent worked
in salons with 10 or more cosmetologists. The performance of
manicuring (38%) and nail sculpturing (25%) were reported for
less than half of the salons.

Nearly two thirds of the respondents always wore gloves
during hair dyeing (64%) or bleaching (61%). For permanents, only
16% of the respondents reported that they always wore gloves.
Barbicide (91%) was most commonly used to sanitize implements and
equipment, followed by formaldehyde (60%), and soap and hot water
(59%). Alcohol (15%), lysol (8%), and chlorine solutions (3%)
were less commonly used.

4.8. Case-control comparisons: Unadjusted odds ratios
4.8.1. Hours worked in cosmetology

Current and previous spontaneous abortions (cases) were
compared to single live births (controls) with regard to the
mother's work during the first trimester of pregnancy. Defining
the unexposed reference category as women with 35 or more hours
of work per week in other professions, no or weak associations
were found for exposure to less than 35 hours of work in
cosmetology (OR=1.0, 95% CI=0.6-1.8), 35-40 hours of work in
cosmetology (OR=1.2, 95% CI=0.7-1.9), and full-time homemaking
(OR=1.1, 95% CI=0.6-1.9) (Tabkle 10). Two-fold increased risks
were associated with more than 40 hours of work in cosmetology
(OR=2.0, 95% CI=1.1-3.6) and attendance of cosmetology school
(OR=2.5, 95% CI=1.3-4.8) during the first trimester of pregnancy.

4.8.2. Full-time work in cosmetology: 35+ hours per week

Compared to the odds ratio of 1.3 (95% CI=0.8-2.2) for 35 or
more hours of work per week in cosmetology, stronger associations
were found for subgroups with high levels of chemical exposure
(Table 11). Except for exposure to hair dyes, the highest
exposure levels were consistently associated with the greatest
elevatiocn in risk, with odds ratios ranging from 1.6 to 2.0
(Table 11}. Odds ratios were 1.6 (95% CI=0.8-3.3) for
cosmetologists with 60 or more customers per week, 2.0 (95%
CI=1.0-4.0) for 3 or more bleaches per week, and 1.7 (95% CI=0.7-
4.2) for 15 or more permanents. 0Odds ratios were 1.7 (95% CI=1.0-
3.0) for 3-5 dyes and 1.4 (95% CI=0.6-3.1}) for 6 or more dyes,
For respondents who performed both 3 or more dyes and 10 or more
permanents per week, the odds ratio was 1.9 (95% CI=1.0-3.7).
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Summing the number of bleaches, dyes, and permanents performed
per week, the odds ratio was 1.6 (95% CI=0.8-3.,1) for those with
16 or more chemical services per week.

No associations with spontaneous abortion were found among
cosmetologists with the lowest levels of chemical exposure, such
as less than 30 customers per week, no bleaches, less than 2 hair
dyes, less than 5 permanents, and less than 5 chemical services
per week. Dose response gradients across 3 or 4 exposure levels
were cbserved for the number of hours worked per week, the number
of customers, bleaches, permanents, and the number of chemical
services. :

The use of formaldehyde to sanitize implements and equipment
was associated with an odds ratio of 1.6 (95% CI=1.0-2.7),
whereas no increased risk was observed among respondents who did
not use formaldehyde.

With regard to background exposure variables, the risk of
spontaneous abortion did not vary by the number of cosmetologists
in the salon, with identical odds ratios of 1.4 for respondents
working in small salons with less than 6 cosmetologists and those
working in large salons with 6 or more cosmetologists. For salons
with manicurists, the odds ratio was 1.5 (95% CI=0.8-2.6). Among
all measures of chemical exposure examined in this study, the
risk of spontaneous abortion was highest for work in salons where
nail sculpturing was performed, with a two-fold significantly
increased odds ratio (OR=2.0, 95% CI=1.1-3.5).

The wearing of gloves during hair dyeing did not appreciably
modify the association with spontaneous abortion. For exposure to
3 or more dyes per weeKk, the odds ratios were similar for
respondents who always wore gloves (OR=1.7) and these who
sometimes or never wore gloves (OR=1.5). Among respondents with
10 or more permanents per week, similar odds ratios were found
for respondents who always wore gloves (OR=2.0) and those who
sometimes or never wore gloves (OR=1,7).

Restriction of the analysis to first pregnancies did not
alter the results (Tables 12 & 13). Among cosmetologlists who
worked 35 or more hours per week, the odds ratios associated with
the highest levels of chemical exposure were similar to the odds
ratios for pregnancies of any gravidity, although bounded by
wider confidence intervals due to smaller numbers (Table 13).

4.8.3. Full-time work in cosmetology: 35+ hours and 45+
customers per week

Restricting the exposed group to potentially more highly
exposed cosmetologists with 35 or more hours of work per week and
45 or more customers per week, slightly higher odds ratios were
found (Table 14). For the highest levels of chemical exposure,
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the odds ratios were 2.6 (95% CI=1.2-5.6) for 3 or more bleaches,
1.8 (95% CI=1.0-3.3) for 3 or more dyes, and 2.0 (95% CI=1.0-3.8)
for 10 or more permanents per week. For cosmetologists performing
both 3 or more dyes and 10 or more permanents per week, the odds
ratio was 2.3 (95% CI=1.1-4.7). The usé of formaldehyde was
associated with an odds ratioc of 1.7 (95% CI=0.9-3.1).

Odds ratios were similar for respondents who worked in small
(OR=1.4) and large (OR=1.6) salons. Two- and three-fold
significantly increased risks were found for respondents who
worked in salons with manicuring (OR=2.0, 95% CI=1.0-3.9) and
nail sculpturing (OR=3.1, 95% CI=1.5-6.5).

4.8.4. Part-time work in cosmetology: <35 hours per week

Compared to the referent group comprising respondents who
worked 35 or more hours in other professions during the first
trimester, the odds ratio was 1.0 for those who reported less
than 35 hours of work per week in cosmetology. Only slight
variations from the overall odds ratio were noted for specific
work characteristics, with none of the odds ratios exceeding 1.3
(Table 15). For cosmetolcocgists with less than 30 customers per
week there was nco association between work in cosmetclogy and
spontaneocus abortion (OR=1.0). For those with 30 or more
customers per week, the odds ratio was 1.2 (95% CI=0.6-2.4). 0Odds
ratios ranged from 0.8 to 1.2 for exposure levels categorized by
the weekly number of bleaches, dyes, and permanents. The odds
ratios were 0.8 (95% CI=0.3-2.6) for the performance of 2 or more
bleaches per week, 1.2 (95% CI=0.5-2.6) for 3 or more hair dyes
per week, and 1.0 (95% CI=0.5-2.0}) for 5 or more permanents per
week. Adding the number of bleaches, dyes and permanents
performed per week, the odds ratio was 1.3 (95% CI=0.4-4.8) for
those with 16 or more chemical services. The use of formaldehyde
was associated with an odds ratio of 1.3 95% CI=0.7-2.5).

With odds ratios ranging from 1.0 to 1.2, spontaneous
abortions were only weakly associated with salon characteristics
such as the number of cosmeteclogists and the performance of
manicuring or nail sculpturing. Overall, there were no or weak
associations between spontaneous abortions and chemical services
and salon characteristics among those with less than 35 hours of
work in cosmetology.

4.9. Assessment of confounding: Potential risk factors

Spontanecus aborticns and single live births were compared
with regard to differences in potential risk factors for
spontaneous abortion, such as mother's characteristics (age at
conception, race, education, family income), pregnancy history
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(gravidity, previous pregnancy loss, previocus induced abortion),
ascertainment of pregnancy (month of pregnancy test, month of
first prenatal visit), pregnancy-related medical events during
the first trimester (bleeding, nausea, vomiting), and mother's
lifestyle factors before conception and during the first
trimester (alcohol consumption, cigarette smoking, personal use
of hair dyes and permanents) (Table 16).

Compared to mothers with a single live births (control
mothers), those with a spontaneous abortion (case mothers) were
more likely to be white (OR=1.6) and less than 20 years of age at
the time of conception (OR=2.3). Surrogate measures of
socioeconomic status were similar for spontaneous abortions and
single live births. Case mothers were slightly more likely to
have less than 12 years of education {OR=1.2) and were slightly
less likely to have a family income of less than $20,000
(OR=0.8).

A history of pregnancy loss was most strongly associated
with the risk of spontaneous abortion, with odds ratios of 4.2
for one previous pregnancy loss, and 7.8 for two or more
pregnancy losses. Case mothers were more likely to have had three
or more pregnancies {(OR=1.8) and were slightly more likely to
report a previous induced abortion (OR=1.3).

A pregnancy test during the first month of pregnancy was
more frequently reported by case mothers (OR=1.7). Similarly,
case mothers had their first prenatal visit more frequently
during the first month of pregnancy than control mothers
{OR=1.3). Bleeding was more commonly reported by case mothers
(OR=14.2). Reporting of nausea (OR=0.4) and vomiting (OR=0.4) was
less common among case mothers.

With regard to maternal life style factors during the first
trimester of pregnancy, case mothers were more likely to consume
alcohol at least once a week than controcl mothers (OR=1.7),
although fewer than 4% of respondents were in this risk category.
Case mothers were more likely to smoke 20 or more cigarettes per
day (OR=1.6). Alcohol consumption and cigarette smoking before
conception were not associated with spontaneous abortion.
Personal use of hair dyes (OR=1.0) and permanents (OR=0.9) during
the first trimester did not increase the risk of spontaneous
abortion.

Based on prior knowledge regarding suspected risk factors
for spontaneous abortion and the reported prevalence of such
factors in the study population, the following attributes and
exposures were selected for stratified analyses and examined for
potential confounding and effect modification: History of
pregnancy loss (yes, no), gravidity (1-2, 3+), maternal age at
conception (<20, 20+ years), family income (<$20,000, $20,000+),
maternal alcohol consumption (less than once per week, once or
more per week), maternal smoking (yes, no).
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4.11. Stratified analyses

Stratified analyses were conducted for those working 35 or
more hours in cosmetology or other professions. Individual
adjustment for the above noted potential risk factors (previous
pregnancy loss, gravidity, maternal age at conception, family
income, and mother's alcohol consumption and cigarette smoking
during the first trimester of pregnancy) did not substantially
alter the unadjusted odds ratios. Results cf the stratified
analyses are summarized in Table 17, which presents the range of
adjusted odds ratios computed for each exposure measure. There
was little evidence of confounding, with all adjusted odds ratios
‘within 10% of the unadjusted odds ratios.

Effect modification was examined for exposure to 35 or more
hours of work in cosmetoleogy (Table 18). Stratum-specific odds
ratios differed only slightly for respondents with and without a
history of spontanecus abortion, and those with high and low
gravidity. The odds ratio for respondents less than 20 years of
age was highly imprecise (OR=0.9, 95% CI=0.1-7.5), based on 3
exposed spontaneous aborticns. Elevations in the stratum-specific
odds ratios were cbserved for respondents with a yearly family
income of $20,000 or more (OR=1.6), and respondents who did not
smoke (OR=1.7) or drink alcochol (OR=1.4). No associations were
found for respondents with a family income of less than $20,000
(OR=1.1), and those who smoked (OR=1.0) and consumed alcohol
(OR=0.8) during pregnancy. These stratum-specific odds ratios,
however, are limited by the small numbers and tend to be
imprecise. There is no obvious explanation for the enhanced risk
of spontaneous abortion among respondents with a higher income
and those who did not smoke and did not consume alcohol during
pregnancy. Given the imprecise risk estimates, random variation
may explain the differences in the stratum~specific odds ratios
rather than effect modification.

4.9.2. Logistic regressicn analyses

Logistic regression analyses were performed in order to
adjust simultaneously for the six potentially confounding
factors. Table 19a presents unadjusted and adjusted odds ratios
for respondents working in cosmetolegy or other professions, and
for cosmetology students and fulltime homemakers. Unadjusted and
adjusted odds ratios for respondents working 35 or more hours in
cosmetology are shown in Table 19. Since respondents with missing
information are excluded in logistic regression analyses,
unadjusted odds ratios were computed for the reduced dataset,
comprising respondents without missing information on the six
potentially confounding factors (Table 19a and Table 19).
Adjustment for the six risk factors did not substantially alter
the risk estimates. Most adjusted odds ratios were within 10% of
the unadjusted odds ratio.
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For the highest. exposure levels, the adjusted odds ratios
were 1.6 (95% CI=0.7-3.7) for 60 or more customers per week, 1.5
(95% CI=0,6-~3.1) for 3 or more bleaches, 1.5 (95% CI=0.8-2.4) for
3 or more dyes, and 1.7 (95% CI=0.9-3.7) for 10 or more
permanents (Table 19). For the performance of both 3 or more dyes
and 10 or more permanents, the adjusted odds ratio was 1.8 (95%
CI=0.8-3.1). For the performance of more than 10 chemical
services (bleaches, dyes, or permanents), the adjusted odds ratio
was 1.6 (95% CI=0.8~2.9). Exposure to formaldehyde was associated
with an adjusted odds ratio of 1.8 (95% CI=1.0-2.4). For salons
with manicuring or nail sculpturing, the adjusted odds ratios
were 1.5 (95% CI=0.8-2.4) and 1.9 (95% CI=1.0-3.0), respectively.
For respondents who attended cosmetoclogy school during the first
trimester of pregnancy, the adjusted odds ratio was 2.6 (95%
CI=1.2-6.0).

4.12. Assessment of response bias

As previously presented, the response to the detailed
questionnaire varied somewhat by pregnancy outcome and work
status during the first trimester of pregnancy (Table 4). To
assess the potential effect of selection bias on the risk
estimates, the unadjusted odds ratios for the respondents to the
screening questionnaire were compared to the unadjusted odds
ratios for the respondents to the detailed gquestionnaire.

This set of analyses, however, was limited to current
spontaneocus abeortions and single live births. The screening for
eligible spontaneous abortions of previous pregnancies was
conducted by telephone, and thus no completed screening
questionnaires were available which inquired about the weekly
number of hours, customers, hair dyes, and permanents.
Furthermore, since the screening questionnaire did not request
information on the weekly number of hours worked in other
prcfessions, the reference group for this set of analyses
included all respondents who worked in other professions during
pregnancy, regardless of the number of hours worked per week.
This 1s in contrast to all the previously presented analyses
where the referent group included those who worked 35 or more
hours per week in other professions.

Table 20 presents cdds ratios and 95% confidence intervals
for the respondents to the screening questionnaire (N=1,551) and
the respondents to the detailed questionnaire (N=1,158) with a
current spontaneous abortion or single live birth. For both
groups of respondents, the exposure in this analysis was based on
information provided in the screening questionnaire.

Among women who worked less than 35 hours per week in
cosmetology (OR=0.6) or as homemakers (OR=0.4) during pregnancy,
identical odds ratios were found for the respondents to the two
guesticonnaires. For those who attended cosmetology school during
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pregnancy, the odds ratioc was slightly higher for the respondents
to the detailed questionnaire (OR=2.0, 95% CI=0.9-4.4) compared
to the respondents to the screening questionnaire (OR=1.7, 95%
CI=0.8-3.6). In contrast, for respondents who worked 35 or more
hours per week in cosmetology, the odds ratios were slightly
lower for respondents to the detailed questionnaire compared to
respondents to the screening questionnaire. This pattern was
found for both the low and high chemical exposure levels,
although the differences in the odds ratiocs were small.

These findings suggest that differential response to the
detailed questionnaire for mothers with current spontaneous
abortions and single live births may have slightly biased the
risk estimates toward the null for those who worked 35 or more
hours in cosmetology. The main results of this study, which were
based on the respondents to the detailed questionnaire, may
therefore have slightly underestimated the true risk estimates
for those who worked in cosmetology. The differences in the odds
ratios, however, were small and may have been due to chance.

4.13. Assessment of exposure misclassification

For respondents to the detailed questionnaire, the
reliability of work-related information could be assessed by
comparing the data provided in the screening and detailed
questionnaire. Both questicnnaires inquired about the type of
work performed during pregnancy. For those in cosmetology,
information on the number of hours worked per week, the number of
customers, hair dyes, and permanents was cobtained in both
questionnaires. On the average, there were 3.8 months between the
completion of the screening and detailed questionnaire.

According to the detailed questionnaire, 641 respondents worked
in cosmetology during the first trimester of pregnancy (Table
21). Of these, 602 had provided work information in the screening
guestionnaire. Ninety-six percent of those who provided this
information indicated work in cosmetology during pregnancy. For
respondents who attended cosmetoclogy school during the first
trimester according to the detailed questionnaire, 80% provided
the same information in the screening gquestionnaire. For
respondents working in other professions or as full-time
homemakers, the proportions were 87%, and 88%, respectively.

Eighty-seven percent of respondents who reported 35 or more
hours of work in the detailed questionnaire, gave the same
information in the screening questionnaire. For those with less
than 35 hours per week, the agreement between the two
gquestionnaires was 80%. For the weekly number of chemical
services, the discrepancies between the screening and detailed
questionnaire were somewhat greater. Of those who listed 3 or
more hair dyes in the detailed questionnaire, 75% reported the
same in the screening questionnaire. Agreement percentages were
76 for less than 3 hair dyes, 78 for less than 10 permanents, and
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71 for 10 more permanents.

To assess the potential effect of exposure
misclassification, odds ratios were computed for the respondents
to the detailed questionnaire based on the information provided
in the screening and detailed questionnaire. For 35 or _ more hours
of work in cosmetclogy, the odds ratio was slightly higher for
exposure information derived from the detailed questionnaire
(OR=1.1) compared to the screening questionnaire (OR=0.9) (Table
22). For the high exposure levels of chemical services, odds
ratics were slightly higher for the exposure data from the
screening guestionnaire, compared to the exposure data from the
detailed questionnaire. The reverse was found for cosmetologists
with 60 or more customers per week.

4.14. Assessment of recall bias

For the main analysis, which included women who worked 35 or
more hours per week in cosmetology or other professions, the
length of the recall period was similar for single live births
and spontanecus abortions. Conceptions between 1983 and 1985
accounted for 38% of spontaneous abortions and 42% of single live
births. To assess the effect of potential recall bias on the risk
estimates, odds ratios were estimated for the two time periods of
11983-85 and 1986-88.

For cosmetologists with 35 or more hours of work per week,
the odds ratio was only slightly higher for 1986-88 (OR=1.4) than
for 1983-85 (OR=1.3) (Table 23). For cosmetologists with more.
than 40 hours or less than 35 hours of work, cosmetoclogy school
students, and homemakers the difference between the odds ratiocs
for the two time periods was somewhat larger, althocugh the risk
estimates were not consistently higher for the more recent
period. Similarly, for the measures of chemical exposure among
cosmetologists with 35 or more hours of work, the odds ratios for
the high expeosure levels varied somewhat for the twe time
periods, but no consistent patterns were observed (Table 24). In
both time periods, however, elevated odds ratios were found for
the high exposure levels, whereas the low exposure levels were
not associated with spontaneous abortions.
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V. DISCUSSION

This study provides the first epidemiologic evidence that
work in cosmetology during the first trimester of pregnancy may
increase the risk of spontanecus abortion. Compared to women who
worked 35 or more hours in other professions, a 30% increased
risk of spontaneocus abortion was found among women who worked 35
or more hours in cosmetology. For cosmetologists with high levels
of chemical exposure, measured by the weekly number of customers,
hair dyes, bleaches, permanents, and the total number of chemical
services, the unadjusted odds ratios ranged from 1.6 to 2.0.
Positive associations were alsoc found for the use of
formaldehyde, and work in salons where manicuring or nail
sculpturing were performed, with odds ratios ranging from 1.5 to
2.0. Among cosmetologists with 35 or more hours of work and 45 or
more customers per week, the unadjusted odds ratios ranged from
1.7 to 3.1 for the various exposure measures. Dose response
gradients were found for the weekly number of customers and
chemical services. Among licensed cosmetologists who attended
cosmetology school during the first trimester of pregnancy, the
odds ratio was 2.5, although based on a small number of
spontaneous abortions (N=17).

No associations with spontaneous abortion were found among
cosmetologists with 35 or more hours of work per week and low
chemical exposure and among cosmetologists who worked less than
35 hours per week. Personal use of hair dyes and permanents
during the first trimester of pregnancy did not increase the risk
of spontaneocus abortion.

Adjustment for potentially confounding factors did not
appreciably alter the risk estimates among women working 35 or
more hours per week in ceosmetology, with the adjusted odds ratios
ranging from 1.5 to 1.9 for the different measures of chemical
exposure.

In interpreting these results the possibility of both
systematic and random error needs to be addressed.

5.1. Case and control ascertainment

Both spontaneocus abortions (cases) and single live births
(controls) were ascertained by self-report through a self-
administered mail guestionnaire. Spontaneous abortions could not
easlly be validated against medical records, which raises the
concern about underreporting and overreporting of spontaneous
abortions,

In the cross-sectional survey, the rate of spontaneous
abortion of less than 20 weeks gestation was 7.8% among the most
recent pregnancies occurring over the five-year period from 1983
to 1988. In prospective studies which followed women who tried to
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conceive, 12-14% of pregnancies ended in a clinically recognized
spontaneous abortion (Miller et al., 1980; Edmonds et al., 1982;
Whittaker et al., 1983; Wilcox et al., 1988). Estimates from
retrospective and cross-sectional studies have been summarized by
Kline et al., (1989) and ranged from 1i-20%. In a Montreal survey
of hospitalized spontanecus abortions of less than 28 weeks
gestational age, the rate was 7.4% (McDonald et al., 1986).

These estimates of the rate of spontaneocus abortion were
generally based on populations without restriction on age,
gravidity, or socio-economic background. Differences in these
potential risk factors may partly explain the somewhat lower rate
of spontaneous abortion found in the present study, which
restricted the study population to licensed cosmetologists less
than 36 years of age, most of whom were white, high school
graduates, and employed at the time of study recruitment. Women
over the age of 36 who are at a greater risk of spontanecus
abortion, as are women of low socio-economic status (Kline et
al., 1989). The proportion of spontaneocus abortions per 100
single live births and spontaneous abortions was 8.5% in this
study. Compared to the New York study of spontaneous abortions,
this proportion is similar to the proportion calculated for
private patients aged 18-35 (7.6%) who were predominantly white,
but lower than the proportion for public patients (12.5%) who
were mostly black and Hispanic (Stein et al., 1980).

Underreporting of spontaneous abortions has been
demonstrated in a number of Scandinavian studies. Between 8% and
26% of spontanecus abortions listed in hospital discharge and
polyclinic records were not reported by the respondents to mailed
questionnaires (Lindbohm and Hemminki, 1988: Axelsson, 1990). In
a prospective study of college women, 25% of spontaneous
abortions were not reported (Wilcox and Horney, 1984). Early
spontaneous abortions are less likely to be reported than later
losses (Wilcox and Horney, 1984; Lindbohm and Hemminki, 1988).
For spontanecus abortions before 7 weeks gestation only 54% were
reported in the study by Wilcox and Horney (1984). In the present
study, the distribution of spontanecus aborticns by gestational
age was similar to the distribution reported by Wilcox and Horney
(1984) which is reassuring. In both studies, 22% of spontaneous
abortions were less than 7 weeks gestational age.

Several Scandinavian studies have provided evidence for
differential underreporting of spontaneous aborticns. In a
Swedish study of anesthetic gases, 32% of spontaneous abortions
among unexposed women which were listed in the hospital records
were not reported in the questionnaire, whereas all spontaneous
abortions among the exposed were reported (Axelsson and Rylander,
1982). Among laboratory workers, exposure to solvents was more
frequently reported for spontaneous abortions which could not be
verified with hospital records (Axelsson and Rylander, 1984b).
Similarly, a lower proportion of self-reported spontaneous
abortions were identified in the hospital registry among Danish
women exposed to laboratery or dental work (Heidam and Olsen,
1985). By contrast, in a Swedish community study of women living
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near petrochemical plants, the underreporting did not vary by
exposure status (Axelsson, 1990). In the present study it was not
possible to assess whether the reporting varied by exposure
status. Nondifferential underreporting, however, would bias the
risk estimates towards the null (Rothman, 1986).

Another explanation for the relatively low rate of self-
reported spontaneous abortions may be that cosmetologists with a
spontaneous abortion were less likely to respond to the screening
questionnaire than cosmetologists with a single live birth. In a
Swedish questionnaire study, spontaneous abortions were only
slightly more common among respondents (10.5%) compared to
nonrespondents (9.4%) (Axelsson, 1990). In the present study, the
rate of spontaneous abortion was similar among a small group of
nonrespondents screened by telephone compared to mail
respondents. Furthermore, response to the detailed questionnaire
varied only slightly for cosmetologists with a spontaneous
abortion (70%) or single live birth (74%), which is reassuring.

Given the characteristics of the study population, it is
unlikely that the spontaneous abortions of recognized pregnancies
were greatly underreported in this study. Given the lack of
registry data for comparison, however, the magnitude of
underreporting and the extent of differrential underreporting
could not be assessed in this study.

The second concern in studies of self-reported spontaneous
abortions regards overreporting. In two Finnish studies 20% of
spontaneous abortions reported by nurses (Selevan et al., 1985)
and 17% reported by industrial workers (Lindbohm and Hemminki,
1988) could not be confirmed by hospital discharge and polyclinic
records, although for 8% of spontaneocus abortions in the latter
study this was due to missing identification numbers. In two
Swedish questionnaire studies, 12% of spontaneous abortions
reported by laboratory personnel (Axelsson and Rylander, 1984Db),
and 13% reported by women living near petrochemical plants
(Axelsson, 1990) could not be confirmed in the hospital records.
Among spontaneous abortions for which a positive pregnancy test
or confirmation of the pregnancy loss by a doctor was reported,
only 3% could not be confirmed through hospital records
(Axelsson, 1990).

For inclusion in the case-control analysis, the reporting of
either a positive pregnancy test, symptoms of pregnancy loss, or
medical attention after the loss were required. Among the 191
self-reported current and previous spontanecus abortions with a
completed detailed questionnaire, three losses did not meet these
criteria and were therefore excluded from the analysis. The
inclusion of false positives in this study is unlikely. However,
the results are based on spontaneous abortions of recognized
pregnancies, most of whom had some medical attention, and may
therefore not be generalizable to early spontaneous abortions of
unrecognized pregnancies.

38



5.2. Reference group

Case and control mothers who worked in cosmetclogy during
the first trimester of pregnancy were compared to two internal
reference groups, comprising unexposed licensed cosmetologists
who worked in other professions and those who worked as full-time
homemakers. The use of an internal reference group offers the
distinct advantage that women with exposed and unexposed
pregnancies are likely to be similar with regard to social,
economic, and psychologic factors which may be difficult to
measure, and thus difficult to control for in the analysis.
Furthermore, the use of an internal comparison group in this
study had the advantage that both women who were in (work in
cosmetology or other professions) and out (homemakers) of the
work force were included in the screening population, thus
minimizing the potential for selection bias (Selevan, 1981). In
order to minimize potential differences between full-time, part-
time, and non-working women (Lemasters and Pinney, 1989; Savitz
et al., 1990}, licensed cosmetologists working 35 or more hours
per week in cosmetology were compared to unexposed licensed
cosmetologists working 35 or more hours in other professions.

5.3. Selection bias

Spontaneous aborticns and single live births were identified
through a cross-sectional survey of cosmetologists with an active
license in April 1988. Cosmetologists who did not renew their
license in October 1986 for the three-year licensing pericd from
1986 to 1989 were therefore not included in the screening for
eligible pregnancies. This raises the concern about potential
selection bias, since women with a single live births are more
likely to leave the work force compared toc women with an adverse
pregnancy outcome (Selevan, 1981; Axelsson, 1984a). However,
licensed cosmetologists who stop working in cosmetology, for
example following a live birth, are likely to continue renewing
their license in order to re-enter the profession at a later
time, without having to re-take the licensing examinations. Among
the respondents to the screening questionnaire, fewer than half
(46%) of the licensed cosmetologists worked in cosmetology during
the previous €6 months. Thirty-eight percent worked in other
professions, and 16% as full-time homemakers. It is therefore
unlikely that the licensed cosmetologists who were included iIn
the screening overrepresent those with adverse preghancy outcomes
compared to licensed cosmetologists who were not included in the
screening.

The validity of the study results may be limited by the less
than optimal response to the screening (74%) and detailed
guestionnaire (74%). Given the lack of information on the
nonrespondents to the screening questionnaire, the direction of
potential bias due to nonresponse cannot be determined.
Nondifferential nonresponse, however, would bias the risk
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estimates towards the null (Rothman, 1986).

To minimize differential response rates, the study was
introduced as a general health study among cosmetologists,
without any mention of adverse reproductive outcomes. Besides the
pregnancy-related information, the screening questionnaire
inquired about health problems experienced during the previous 6
months. The response to the screening questionnaire varied only
slightly by current work status, which is reassuring.

To assess the magnitude and direction of potential bias due
to nonresponse to the detailed questionnaire, unadjusted odds
ratios for the respondents to the screening gquestionnaire were
compared to those for the respondents to the detailed
questionnaire. This analysis, however, was limited to current
spontaneocus abortions and single live births and the unexposed
group included all women working in other professions, regardless
of the number of hours worked per week. For the respondents to
the screening questionnaire the odds ratio was 1.2, compared to
0.9 for the respondents to the detailed gquestionnaire. This
finding suggests that differential response to the detailed
questionnaire may have slightly biased the risk estimates towards
the null for those who worked 35 or more hours in cosmetology.

5.4. Exposure assessment and misclassification

Work status during the first trimester was determined on the
basis of a work history covering the previous six years and work-
related questions regarding the index pregnancy. Exposure to
chemicals, the hypothesized occupational hazard, was not directly
measured, but assessed through surrogate measures, such as the
self-reported number of hours worked in cosmetology, the number
of customers per week, the weekly number of hair bleaches, dyes,
and permanents, and the use of formaldehyde. Measures of
background exposure included salon characteristics such as the
number of cosmetologists and the performance of manicuring and
nail sculpturing in the salon. This is an improvement over
previous occupational surveys which estimated the risk of
spontaneous abortion among cosmetologists on the basis of the job
title alcone (Kline et al., 1982; McDonald et al., 1986). Given
the large proportion of cosmetologists who work part-time, and
given the large variation in the number and type of services
provided, the job title alone is a poor surrogate measure of
chemical exposure in this industry, and would therefore tend to
dilute any association with adverse health outcomes.

The exposure data in this study relied on self-report and
could not be validated against any employment records. Exposure
misclassification and recall bias are therefore of concern. For
respondents with a current spontaneous abortion or a single live
birth, the reliability for some of the self-reported exposure
data could be assessed by comparing the data provided in the

]
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screening and detailed questionnaire. Considering the detailed
questionnaire as the "gold standard", the highest agreenent
between the two data sources was found for the reporting of work
in cosmetology (96%) during the first trimester of pregnancy.
Slightly lower agreement was found for work as a full-time
homemaker (88%), work in other professions (85%), and students of
cosmetology school (80%).

These discrepancies between the screening and detailed
questionnaire with regard to the kind of work performed during
pregnancy may be explained in two ways. The screening
questionnaire did not specifically ask about work during the
first trimester but work during pregnancy. The detailed
questionnaire, on the other hand, asked more detailed questions
about work during pregnancy which allowed the determination of
the work status during each trimester of pregnancy. Respondents
who worked in another profession but quit their job in early
pregnancy could have listed their work as homemaking in the
screening questionnaire, since this work activity accounted for
the majority of time during pregnancy. Similarly, respondents who
attended cosmetology school early in pregnancy and then worked as
a licensed cosmetologist may have listed cosmetology as their
work during pregnancy in the screening questionnaire. For some
respondents, however, discrepancies between the two
questionnaires could not be resclved and appeared to be due to
erroneous reporting in either questionnaire.

Among the respondents who worked in cosmetclogy during the
first trimester, 87% of those who reported 35 or more hours of
work per week indicated the same in the screening questionnaire.
For other items such as the weekly number of customers, hair dyes
and permanents, the agreement between the two data sources was
lower, ranging from 71-77%. The agreement between the two
questionnaires varied somewhat by pregnancy outcome, although the
variation did not seem to be systematic.

For exposure-related information the agreement between the
screening and detailed questiconnaire was remarkably high,
considering that cosmetologists tend to work a very flexible
schedule, with the numbers of hours, customers, and services
varying from week to week. Discrepancies in the self-report of
these work characteristics are likely to be explained by the
difficulty in recalling the average number of customers and
chemical services covering a recall period of as much as 6 years.
Missing data on these exposure measures and frequency ranges
suggest difficulty in recall. The coding of the mid-pcint when
frequency ranges were provided may have alsc introduced some
exposure misclassification. However, since this coding rule was
applied for both cases and controls, such exposure
misclassification is likely to be nondifferential.

To assess the direction and magnitude of potential bias due
toc exposure misclassification, separate odds ratios were computed
based on the information provided in the detailed and screening
guestionnaire. Odds ratios based on information provided in the
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screening questionnaire tended to be slightly higher than the
odds ratios based on information provided in the detailed
questionnaire. This finding suggests that the risk estimates from
the case-control analysis may have underestimated the true risk.

Exposure misclassification is likely to occur, given that
the recall periocd was as much as six years for respondents with a
pregnancy in 1983. In studies of adverse pregnancy outcomes in
particular, there is general concern that case mothers may be
more likely to recall and report exposures then controls mothers.
A recent study, however, did not provide evidence of biased
reporting of exposures by mothers with adverse outcomes
(Mackenzie and Lippman, 1989). In the present study,
the recall period was similar for single live births and
spontanecus abortions. For the main exposure categories, the odds
ratios associated with the longer recall periocd (1983-1985) were
similar to those for the shorter recall period (1986-88),
although this analysis was limited by small numbers. Given these
findings and the fact that occupational exposures have not been
publicized as reproductive hazards, it is unlikely that the
associations found in this study are due to selective recall.

5.5. Confounding bias

Relatively few risk factors for spontanecus abortions have
been identified (Kline et al., 1989). The most commonly suspected
risk factors include a history of spontaneous abortion, high
gravidity, advanced maternal age, low socio-economic status, and
maternal cigarette smoking and alcohol consumption during
pregnancy. In this study, associations of spontaneous abortions
with these risk factors are consistent with previous reports
(Kline et al., 1989). Given the restriction of the study
population to licensed cosmetologists aged 22-36, spontaneous
abortions and single live births were similar with regard to
mother's age at conception, mother's education and family income.
Spontaneous abortions were most strongly associated with a
history of pregnancy loss (OR=4.7) and gravidity of three or more
(OR=1.8). Mother's alcohol consumption at least once a week
(OR=1.7) and mother's smcking of 20 or more cigarettes per week
{OR=1.6) were also more commonly reported for spontaneous
abortions than single live births, although the proportion of
single live births in these risk categories was relatively small
for both smoking (6.7%) and alcoheol (2.2%). These findings are
reassuring and suggest that the recall of pregnancy-related
information, including exposures at the workplace, was unlikely
to be biased,

Individual and multiple adjustment for these potentially
confounding factors did not appreciably alter the risk estimates
assoclated with occupaticnal exposure to cosmetology. The excess
of spcntaneous abortions among cosmetologists with highest levels
of chemical exposures could not be attributed to differences in
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known maternal risk factors between mothers working in
cosmetology and those working in other professions during
pregnancy. It is therefore unlikely that confounding accounts for
the increased risks found in this study, although there always
remains the possibility that unknown risk factors may explain the
observed excess of spontaneous abortions. Such potential risk
factors, however, would have to be very strong in order to
account for the observed associations.

5.6. S8tudy power

Although nearly 8,400 licensed cosmetologists were screened
for eligible pregnancies, completed detailed gquestionnaires were
available for only 188 spontaneous abortions and about five times
as many single live births. The main analysis, which included
women who worked 35 or more hours in cosmetolcgy or other
professions during the first trimester of pregnancy, was based on
only 96 spontaneous abortions. Analyses for subgroups with high
chemical exposure are therefore limited by small sample size.
Risk estimates were bounded by relatively wide confidence
intervals and did not always exclude the null value. However,
this does not preclude the presence of a real cause-effect
relation.

5.7. Interpretation of results

As reviewed above, deficiencies in the study design and data
analysis, including selection bias, information bias, and
confounding, are unlikely to have produced the results of the
present study, although bias can never be completely ruled out.
In the interpretation of the observed associations between
spontaneous abortions and occupational exposure to cosmetology
during the first trimester of pregnancy, the criteria by Hill
(1965) are discussed. The associations found
for cosmetologists working 35 or more hours per week were
moderate, with odds ratios ranging from 1.5 to 2.0 for the
different measures of chemical exposure. For presumably more
exposed cosmetolcgists with 45 or more customers per week, the
odds ratios ranged from 1.7 to 3.1. Based on analyses excluding
previous spontanecus aborticns, there was some evidence that
response bias and exposure misclassification may have slightly
underestimated the true strength of association. Adjustment for
confounding did not appreciably alter the risk estimates.

The results are internally consistent in several ways. Given
a work environment with multiple chemical exposures, several
measures of chemical exposure were examined. Increased risks were
observed for every exposure measure considered. No associlations
with spontanecus aborticn were present among part-time
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cosmetologists with presumably less chemical exposure and among
full-time cosmetologists who reported low levels of chemical
exposure. Among full-time cosmetologists, the risk of spontaneous
abortion increased with the number of chemical services
performed. These dose response gradients were consistently found
for every exposure measure, including the weekly numbers of
hours, customers, bleaches, dyes, and permanents, and the total
number of chemical services. It is unlikely that bias explains
the cbserved dose response gradient for every exposure measure
considered in this study.

Consistency of the results with prior epidemiologic studies
cannot be fully evaluated, as there are only limited data
available to which the results of the present study can be
compared. There are two occupational surveys which included
pregnancies of cosmetologists (Kline et al., 1982; McDonald et
al., 1986), both of which found no increased risk of spontaneous
abortion. These findings are consistent with the present study in
which an odds ratio of 1.1 was found for women who worked in
cosmetology compared to women who worked in other professions,
regardless of the number of hours worked per week. This overall
lack of association, however, is misleading as there is
considerable variation in the levels of chemical exposures among
women working part-time or full-time in cosmetology. The use of
the job title is a poor surrogate measure for chemical exposure
in this industry. As an improvement over the two prior surveys,
chemical exposure in this study was characterized using various
measures of direct and background exposure. A single study,
however, is rarely definitive, and replication of these findings
is clearly needed.

In a work environment with mixed and multiple chemical
exposures it is difficult, if not impossible, to isoclate the
specific agents responsible for an excess of spontaneous
abortion. Occupational exposure to chemicals during pregnancy has
been associated with an increased risk of spontanecus abortion in
several industries (Kline, 1986; Rosenberg et al., 1987).
Solvents in particular have been implicated (Lindbeohm et al.,
1990), which supports the plausibility of the present results.

In the present study, similar elevations in the odds ratics
were found for chemical services, such as 3 or more dyes (adj.
OR=1,5), or 10 or more permanents (adj. OR=1.7). For
cosmetologists with high exposure to both dyes and permanents,
the adjusted odds ratic was 1.8. Cosmetologists rarely perform a
single service, although they may be specialized in a certain
area of hairdressing. In the present study, 67% of cosmetologists
with high exposure to permanents (10 or more per week) also had
high exposure to hair dyes (3 or more per week). Given such high
correlation between the services performed, it is difficult to
distinguish between the separate effects of each service.
Furthermore, each service involves the use of a wide variety of
commercial products consisting of complex mixtures of chemical
substances. This study, however, was not designed to identify
potentially harmful chemicals contained in bleaches, dyes,
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permanent solutions, and other products used in cosmetologqgy.

A 60% increased risk of spontaneous abortion was found among
cosmetologists who reported sanitizing of implements with
formaldehyde, a suspected carcinogen (Swenberg et al. 1980). An
increased risk of spontanecus abortion has been reported among
nurses exposed to formaldehyde used for sterilization (Stucker et
al., 1990). No increased risk, however, was noted among Finnish
nurses (Hemminki et al., 1982). Since other means to sanitize
equipment are available in cosmetology, substitution of
formaldehyde with safer products should be required.

The risk of spontanecus abortion varied only slightly with
background exposure variables, such as the number of
cosmetologists working in the salon or the presence of manicuring
in the salon. Among all measures of chemical exposures considered
in this study, the highest risk estimate (OR=2.0) was found for
full-time cosmetoclogists who worked in salons in which nail
sculpturing was performed.

Artificial fingernails, also called sculptured or acrylic
nails, are prepared by mixing polymeric powder such as polymethyl
methacrylate with liquid methyl methacrylate (MMA) or other
methacrylate ester monomers (Hecht, 1988). Other chemicals used
in nail care include organic solvents, such as toluene, isopropyl
alcohel, ethyl and butyl acetates, acetone and cther ketones
which are contained in nail polish, polish remover, acrylic
primer, and enamel underceoat and topcoat. Health effects
associated with exposure to MMA include dermatitis, respiratory
problems, and symptoms of the central nervous system, including
headaches, nausea, loss of appetite, memory loss, and sleep
disturbance (Froines and Garabrant, 1986). Eye, skin and
respiratory tract irritation have also been repcrted for scme of
the organic solvents used in manicuring (Hiipakka and Samimi,
1987).

Air~borne vapors in nail salons were measured in two studies
(Froines and Garabrant, 1986; Hiipakka and Samimi, 1987). The 8-
hour time-weighted average exposures to different methacrylates
and organic solvents were below the 0OSHA permissible exposure
limits (PEL), although the peak values for MMA exceeded the PEL
and the short-term exposure limits. The time-weighted average
expeosures to methacrylates correlated highly with the number of
customers and the actual duration of using these chemicals.
Background exposures in the nail salon and expcsure to solvents
contained in nail polish and polish remover were found to be low
and contributed little to the overall exposure (Froines and
Garabrant, 1986).

The finding of the small contribution of background exposure
to total expesure is of interest, since the performance of nail
sculpturing in the present study referred to background exposure
rather than the performance of this service by the cosmetologist.
If nail sculpturing indeed increases the risk cf spontaneous
abortion, a larger effect would be expected amcng manicurists who
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perform this service themselves.

A significantly elevated odds ratio of 2.5 (95% CI=1.3-4.8)
was found among cosmetologists who attended cosmetology school
during the first trimester of pregnancy, although the number of
spontanecus abortions was small (N=17). In 1983, an apparent
excess of spontaneous abortion among students of a North Carolina
cosmetology school came to the attention of the North Caroclina
Health Department (G. Smith, personal communication). Over a 26-
month period from 1981 to 1983, 6 of 12 pregnancies (50%) among
students resulted in a spontaneous abortion. During the 12-month
period from 1982 to 1983, 5 of 8 pregnancies (63%) ended in a
spontaneous abortion. Given the small number of spontaneous
abortions included in the present study and in the earlier
report, the results remain inconclusive and need to be
replicated.
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VI. CONCLUSIONS

This is the first epidemiologic study which examined the
risk of spontaneous abortion among cosmetologists, using more
refined exposure data than the job title alone. The results
suggest moderately increased risks of spontaneous abortion among
cosmetologists who worked full-time and who performed a large
number of chemical services. The use of formaldehyde and working
in salons where manicuring and nail sculpturing was performed
were also associated with an increased risk of spontaneous
abortion. Given that chemical exposures in other industries,
particularly occupational exposure to soclvents, have previocusly
been associated with an increased risk of spontanecus abortion,
further reproductive studies in this industry are warranted,
Findings from a single study are rarely definitive and need to be
replicated in order to rule out the possibility of bias being the
cause of the observed relationships.

Several findings of this study suggest directions for future
research. The findings of a two-fold increased risk of
spontaneous abortion associated with background exposure to nail
sculpturing deserves further investigation. Given that
manicurists have a separate license, a more heavily exposed
population could easily be identified, and a large-scale
investigation of spontaneous abortion and other adverse
reproductive outcomes in the nail industry would be feasible. In
California alone there were nearly 37,000 licensed manicurists in
1989. Limiting a reproductive study to manicurists who work in
nail salons would have the advantage of restricting the exposures
to a smaller number of chemicals, compared to those used by
hairdressers.,

The more than two-fold increased risk of spontaneocus
abortion among cosmetology school students needs further
research. A larger study population is needed to assess whether
the observed associations were due to small numbers, and thus to
chance. The registration of cosmetclogy schools with the state
cosmetolcgy boards would facilitate the identification of the
study populations for a large school-based study.

The increased risk of spontaneous abortion associated with
the use of formaldehyde needs to be investigated in other
professions with occupational exposure tc formaldehyde used to
sterilize equipment.

Improved exposure measurements are clearly needed in order
to minimize exposure misclassification. Environmental sampling as
performed in two studies of nail salons (Froines and Garabrant,
1986; Hiipakka and Samimi, 1987) and measurement of biological
markers of chemical exposure would contribute tc the improved
characterization of chemical exposure in this industry.

This study was unable to link the excess of spontaneous

abortion to a single service or specific cosmetic products.
Inproved methods in the collection of self-reported exposure
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data, coupled with environmental sampling, may make it possible
to distinguish between the effects of various services.

Cosmetology school students and licensed cosmetologists and
manicurists should be aware of the poténtial health hazards of
working with chemical substances. Continuing education programs
and cosmetology school curricula should emphasize the importance
of ventilation, the use of personal protective equipment, and
substitution of products containing less harmful chemicals.
Training should be provided in the reading and interpretation of
product labels and material safety data sheets, basic toxicology,
potential health effects, and engineering controls. Thirty hours
of training in chemicals and cosmetics do hot seem sufficient to
adequately cover these issues. Efforts are needed to improve the
safety of the workplace for the more than half a million women
and men who work in cosmetology and thus to contribute to a
better understanding of the inherent risks.
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Table 1: Response to screening questionnaire

Screening questionnaires sent 8,356 100.0%
Responses to mailed questionnaires 6,070 72.6%
Completed questionnaires 5,945 71.1%
Refusals 93 1.1%
Male respondents 24 0.3%
Deceased 8 0.1%
Responses to phone contact * 172 2.1%
Interviewed 148 1.8%
Refusals 24 0.3%
Responses to address tracing ** 86 1.0%
Completed questionnaires 85 1.0%
Refusals 1
Non-deliverables 740 8.9%
No response 1,288 15.4%

* Strategy used for Wave 1 and 4 only
** Strategy used for Wave 1 only
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Table 2: Outcome of most recent pregnancies

Respondents to screening questionnaire
Never pregnant
Ever pregnant
Most recent pregnancy 1983-88
Single live birth
Without previous spontaneous
abortion* or stillbirth*+*
(1983-88)
With previous spontaneocus abortion
(1983~88)
Spontaneous abortion
Stillibirth
Twin live births

Previous spontaneous abortion
(1983-88)

Fetal loss of twins
Ectopic pregnancy
Molar pregnancy
Induced abortion

Previous spontaneous abortion
(1983-88)

* Spontaneous abortiocon: less than 20 weeks
** Stillbirth: 20 or more weeks gestation
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6,178
2,183
3,995
1,866
1,557

1,429

116

145

14

29

30

84

83.4%
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Table 3: Response to detailed questionnaire by
demographic characteristics and current work status

Completed’ Completed
screening detailed
questionnaire questionnaire
(N=1,696) (1,249)
Race
White 1,396 1,087 78%
Black 217 112 52%
Other 37 25 68%
Unknown 46 25 54%
Education
<12 years 81 53 65%
12+ years 1,586 1,196 75%
Unknown 29 0
Age
22-24 years 337 249 74%
25-29 years 734 539 73%
30-36 years 606 461 76%
Unknown 19 0
Current work
Cosmetology 894 650 73%
Cther profession 356 259 73%
Homemaker 387 307 79%
Unknown 59 33 56%
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Table 4: Response to detailed questionnaire by
pregnancy outcome

Single live births 1,429 100.0%
Completed questionnaire 1,057 74.0%
Completed for wrong pregnancy 7 0.5%
Refusals 31 2.2%
Non-deliverable address 7 0.5%
No response 326 22.8%

Current spontaneous abortions 145 100.0%
Completed questionnaire 102 70.3%
Completed for wrong preghancy : 2 1.4%
Refusals 5 3.5%
No response 36 24.8%

Previous spontaneous abortions 122 100.0%
Completed questionnaires 89 73.0%
Completed for wrong pregnancy 1 0.8%
Incomplete information 1 0.8%
Refusals 4 3.3%
No response 27 22.1%

52



Table 5: Response to detailed questionnaire by work status *

Work in cosmetology : 925 100.0%

Completed questionnaire 690 74.6%
Single live birth 586 75.9%
Current spntaneous abortion 56 66.7%
Previous spontaneous abortion 48 69.6%

Student in cosmetology school 85 100.0%

Completed questionnaire 65 76.5%
Single live birth 48 75.0%
Current spontaneous abortion 9 90,0%
Previous spontaneous abortion 8 72.7%

Work in other profession 373 100.0%

Completed questionnaire 266 71.3%
Single live birth 228 71.3%
Current spontaneous abortion 23 71.8%
Previous spontaneous abortion 15 71.4%

Work in full~time homemaking 302 100.0%

Completed questionnaire 228 75.5%
Single live birth 196 74.5%
Current spontaneous abortion 14 73.7%
Previous spontanecus abortion 18 90.0%

* Based con 1,685 pregnancies; work status was not reported
for 11 pregnancies.
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Table 6: Characteristics of current and previous

spontaneous abortions

Gestational age
< 7 weeks
7-8 weeks
9-10 weeks
11-12 weeks
13-14 weeks
15-19 weeks

Mean gestational
age (weeks)

No medical atten-
tion following
spontaneous
abortion
Hospitalization

D & C

Bleeding
Absolutely sure
about spontaneous
abortion

Aware of pregnancy
Planned pregnancy

No pregnancy test

Home pregnancy
test only

Symptoms of
pregnancy

Nausea
Vomiting

Ultrasound

Current
spontaneous
abortion
(N=100)
20 20%
20 20%
21 21%
18 18%
14 14%
7 7%
9.9
3 3%
41 41%
62 62%
71 71%
91 91%
86 86%
34  34%
8 8%
7 7%
26 26%
15 15%
50 50%
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Previous
spontaneous
abortion
(N=88)
22 25%
19 22%
13 15%
19 22%
6 6%
9 10%
9.6
3 3%
38 43%
58 66%
66 75%
82 93%
80 91%
56 64%
1 1%
6 7%
26 30%
189 22%
39  44%

All spon-
taneous
abortions
(N=188)
42 22%
389 21%
34 18%
37 20%
20 11%
16 8%
9.8
6 3%
79 42%
120 64%
137 73%
173 92%
166 88%
90 48%
) 5%
13 7%
52 28%
34 i8%
89 47%



Table 7: Characteristics of current and previous
spontaneous abortions by work status

Cosme- Other Home- Cosmet.

tology profession maker school
student
(N=103) (N=37) (N=31) (N=17)
Gestational age
< 7 weeks 20 19% 10 27% 8 26% 4 23%
7-10 weeks 44 43% 16 43% 10 32% 3 18%
11-12 weeks 21 20% 6 16% 7 23% 3 18%
13-19 weeks 18 18% 5 14% 6 19% 7 41%
Mean gestational
age (weeks) 9.8 9.1 9.8 10.9
No medical atten-
tion following
spontaneous
abortion 1 1% 1 2% 1 3% 3 18%
Hospitalization 44 43% 19 51% 12 39% 4 24%
D & C 65 63% 27 73% 20 65% 8 47%
Bleeding 73 71% 27 73% 23 T77% 14 82%
Absolutely sure
about spontaneous
abortion 97 94% 36 97% 27 87% 13 76%
Aware of pregnancy 90 88% 34 92% 27 87% 15 88%
Planned pregnancy 49 48% 17 46% 17 55% 7 41%
No preghancy test 4 4% 3 8% 1 3% 1 6%
Home pregnancy
test only 4 4% 4 11% 3 10% 2 12%
Symptoms of
pregnancy
Nausea 33 33% 11 31% 4 13% 4 24%
Vomiting 22 22% 7 20% 3 10% 2 13%
Ultrasound 47 47% 18 51% 16 52% 8 50%
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Table 8: Work patterns during the first trimester of pregnancy

Work in cosmetology 689 55.3%
<20 hours 46 6.7%
20~34 hours 213 30.9%
35-40 hours 326 47.3%
41+ hours 104 15.1%
Cosmetology school student 65 5.2%
Work in another profession 265 21.3%
<20 hours 9 3.5%
20-34 hours 33 12.8%
35-40 hours 181 70.4%
41+ hours 34 13.2%
Fulltime homemaker 227 18.2%
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Table 9: Characteristics of work in cosmetology

SALON CHARACTERISTICS

Number of cosmetologists

N
1
+ o u

Presence of

Yes
No

98 15%
335 51%
141 25%

82 9%
Manicuring
243 38%
398 62%

WEARING OF PROTECTIVE GLOVES

Always
Most the time
Seldom
Never

Hair dyes

413 64%
134 21%
38 6%
62 10%

SANITIZING OF IMPLEMENTS

Barbicide
Formaldehyde
Soap & hot water
Alcchol

Lysol

Chlorine

624
412
403
104
53
20

57

91%
60%
59%
15%

8%

3%

Nail sculpturing

161 25%

477 75%
Bleaches Permanents
377 61% 94 16%
108 17% 39 7%
45 7% 49 8%
92 15% 403 69%



Table 10: Risk of spontaneous abortion by work status

OTHER PROFESSIONS

35+ hours *
<35 hours

COSMETOLOGY

<35 hours
35+ hours

35-40 hours
41+ hours

COSMETOLOGY SCHQOOL

HOMEMAKER

* Referent category

SPA

34
69

46
23

17

31

58

SLB

188
34

227

359

278
81

48

196

OR
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. . . .
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(95% CI)

(0.7-3.9)



Table 11:

Risk of spontaneous abortion:

35+ hours per week in cosmetoclogy

OTHER PRCOFESSIONS 35+ HOURS

Co

*
* K

SMETOLOGY 35+ HOURS

<30 customers
30-44 customers
45-59 customers
60+ customers

0 bleaches
1-2 bleaches
3+ bleaches

0-2 dyes
3-5 dyes
6+ dyes

0-4 permanents
5-9 permanents
10-14 permanents
15+ permanents

<3 dyes, <10 perms
<3 dyes, 10+ perms
3+ dyes, <10 perms
3+ dyes, 10+ perms

<11 chemical services **
11-15 chemical services
16+ chemical services

No formaldehyde
Formaldehyde

<6 cosmetoclogists
6+ cosmetologists

No manicuring in salon
Manicuring in salon

No nail sculpturing
Nail sculpturing

Referent category
Number of bleaches,

dyes,

59

SPA -

27
69

11
22
17
14

18
35
14

28
29
10

18
23
19

7

21

-
20
19

29
20
le

16
51

43
24

37
28

40
25

and permanents

SLB

188
359

69
130
89
60

117
175
50

177
118
50

116
127
76
29

141
36
101
68

179
88
70

133
219

218
122

201
132

242
89

OR

e I N e

= e

[

[N

o O O b O ~ W L S N [@BF N o

[0 e r]

(95% CI)

(0.8-2.2)
(0.5-2.4)
(0.6-2.2)
(0.7-2.6)
(0.8-3.3)
(0.6-2.0)
(0.8-2.4)
(1.0-4.0)
(0.6-1.9)
(1.0-3.0)
(0.6-3.1)
(0.6-2.1)
(0.7-2.3)
(0.9-3.3)
(0.7-4.2)
(0.6-1,9)
(0.5-3.3)
(0.7-2.6)
(1.0-3.7)
(0.6-2.0)
(0.8-3.0)
(0.8-3.1)
(0.4-1.6)
(1.0-2.7)
(0.8-2.3)
(0.8-2.5)
(0.8-2.2)
(0.8-2.6)
(0.7-1.9)
(1.1-3.5)
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Table 12: Risk of spontaneous abortion by work
Restriction to first pregnancies

OTHER PROFESSIONS
35+ HOURS *

COSMETOLOGY

< 35 hours
35+ hours

35-40 hours
41+ hours

COSMETOLOGY SCHOOL

HOMEMAKER

* Referent category

SPA

60

13

11
35

22
13

SLB

97

94
198

151
47

26

39

OR

status:

{(95% CI)

[N

.
A O
St aguet

—~—
.
~1
I
[\C 3 \§)

1
Lol ]
L)
0w

[
[N

L e Y
oo
v W
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(0.1-1.7)



Table 13:

Risk of spontaneous abortion:

35+ hours per week in cosmetclogy -
Restriction to first pregnancies

OTHER PROFESSIONS 35+ HOURS
COSMETOLOGY 35+ HOURS

x
* %

<45 customers
45+ customers

0-2 blea
3+ bleac

0-2 dyes
3+ dyes

ches
hes

0-9 permanents
10+ permanents

<3 dyes,
<3 dyes,
3+ dyes,
3+ dyes,

<10
10+
<10
10+

<11 chemical
11+ chemical

perms
perms
perms
perms

services
services

No formaldehyde
Formaldehyde

<6 cosmetologists
6+ cosmetologists

No manicuring in salon

Manicuring in salon

No nail sculpturing
Nail sculpturing

Referent category
Number of bleaches,

* %k

dyes,

61

SPA

13

35

19
12

13
21

20
14

21
13

20
14

23
11

and permanents

SLB

97
198

114
79

157
31

103
B7

125
66

78
25
47
40

g7
90

74
120

120
68

111
71

132
48
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(95% CI)



Table 14: Risk of spontaneous abortion:
35+ hours per week in cosmetology and

45+ customers per week

OTHER PROFESSIONS 35+ HOURS
COSMETOLOGY
35+ HOURS & 45+ CUSTOMERS

*
* %

0-2 bleaches
3+ bleaches

0-2 dyes
3+ dyes

0-9 permanents
10+ permanents

<3 dyes,
3+ dyes,

<10 perms
10+ perms

<11 chemical services **
11-15 chemical services
16+ chemical services

No formaldehyde
Formaldehyde

<6 cosmetologists
6+ cosmetologists

No manicuring in salon
Manicuring in salon

Nc nail sculpturing
Nail sculpturing

Referent category
Number of bleaches,

62

SPA

27

31

20
11

18
13

15
15

16
14

SLB

188

149

116
30

62
86

86
63

42
42

55
52
42

46
99

88
53

93
53

115
31

dyes and permanents

OR

(95% CI)



Table 15:

Risk of spontaneous abortion:

<35 hours per week in cosmetology

OTHER PROFESSIONS 35+ HOURS

Co

SMETOLOGY <35 HOURS

<30 customers
30+ customers

0 bleach
1 bleach
2+ bleaches

0-2 dyes
3+ dyes

0-4 permanents
5+ permanents

<6 chemical services **
6-10 chemical services
11-15 chemical services
16+ chemical services

No formaldehyde
Formaldehyde

<6 cosmetologists
6+ cosmetologists

No manicuring in salon
Manicuring in salon

No nail sculpturing
Nail sculpturing

Referent category
Number of bleaches,

dyes and permanents

63

SPA

27

34

20
13

i3
15
23
10

18
15

14
11

10
23

23
11

22
12

SLB

188
227

142
78

100
84
33

165
58

121
102

88
89
24
16

io3
119

149
64

138
71

167
41

OR
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Table 16: Characteristics of spontaneous abortions and

single live births

Spontaneous
abortions
MOTHER'S RACE
White 169 92.4%
Black 11 6.0%
Other 3 l1.6%

MOTHER'S EDUCATION

HS graduate 173
< HS grad. 7
College grad. 7

FAMILY INCOME

$20,000-%29,999 64

< $20,000 55
$30,000-%39,999 35
$40, 000+ 22

FAMILY HISTORY CF
SPONTANECUS ABORTION

No 103
Yes 68

92.5%
3.7%
3.7%

36.4%
31.3%
19.9%
12.5%

60.2%

39.8%:

MOTHER'S AGE AT CONCEPTION

20-24 years 68
< 20 13
25-29 74
30-36 33

YEAR OF CONCEPTION

1986-88 26
1983-85 92

36.2%

6.9%
39.4%
17.6%

51.1%
48.9%

64

Single live

births
915 88B.2%
101 9.7%
22 2.1%
973 92.0%
32 3.0%
53 5.0%
334 34.0%
356 36.3%
184 18.7%
108 11.0%
684 68.1%
321 31.9%
425 40.2%
36 3.4%
411 38.9%
186 17.6%
564 53.5%
490 46.5%
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Speontaneous
abortions

PREVIOUS PREGNANCY LOSS

0 136 72.3%
1 39 20.7%
2+ 13 6.9%

PREVIOUS INDUCED ABORTION

No 175 93.1%

Yes 13 6.9%
GRAVIDITY

1 71 37.8%

2 63 33.5%

3+ 54 28.7%

PLANNED PREGNANCY

No 98 52.1%
Yes 90 47.9%

PREGNANCY TEST

5-8 weeks 82 47.4%
1-4 80 46.2%
g+ 10 5.8%

FIRST PRENATAL VISIT

5-8 weeks 91 59.5%

1-4 38 24.8%

S+ 20 13.1%
BLEEDING =*

No 60 32.6%

Yes 124 67.4%
NAUSEA *

No 134 74.0%

Yes 47 26.0%

65

Single live

births
979 92.5%
67 6.3%
12 1.1%
999 94.4%
59 5.6%
471 44.5%
390 36.9%
197 18.6%
453 42.9%
604 57.1%
568 54.7%
332 32.0%
138 13.3%
521 50.1%
174 16.7%
346 33.2%
920 87.3%
134 12.7%
572 55.5%
458 44.5%

~
o NO
Paumn'

e
wo

e
= O
-
o

1.0

(0.

OR (95% CI)

2.8-6.3)
.0-15)

7-2.3)

.0)

14.2 (10-19)

1.0
0.4 (0.

3-0.6)



Spontaneous

abortions

VOMITING *
No 148 81.3%
Yes 34 18.7%

ALCOHOL BEFORE CONCEPTION

Never 91 48.4%

< 1 per week 72 38.3%

1+ per week 25 13.3%
ALCOHOL 1ST TRIMESTER

Never 160 87.4%

< 1 per week 16 8.7%

1+ per week 7 2.8%

CIGARETTE BEFORE CONCEPTION

0 ‘ 108 60.0%
1-19 per day 41 22.8%
20+ 31 17.2%

CIGARETTE 1ST TRIMESTER

0 135 72.2%
1-19 per day 33 17.7%
20+ 13 10.2%

MOTHER'S HAIR DYEING *

No 156 84.3%
Yes 29 15.7%
MOTHER'S HAIR PERMANENTS *
No 137 74.1%
Yes 48 26.0%

* Exposures during the first trimester of pregnancy

66

Single live

births
668 64.2%
372 35.8%
508 48.8%
419 40.0%
121 11.5%
907 86.7%
116 11.1%
23 2.2%
666 64.3%
200 19.3%
169 16.3%

795 75.7%

185 17.6%
70 6.7%
879 84.0%
167 16.0%
759 72.4%
290 27.7%
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Table 17: Assessment of confounding: Stratified analyses

Unadjusted OR * Range of

COSMETOLOGY 35+ HOURS 1.3 (0.8-2.2) 1.3 - 1.4
<45 customers 1.2 (0.7=-2.0) 1.0 - 1.2
45+ customers 1.4 (0.8-2.5 1.3 - 1.5
0-2 bleaches 1.3 {(0.8-2.1) 1.2 - 1.4
3+ bleaches 2.0 (1.0-4.0) 1.5 - 2.2
0-2 dyes 1.1 (0.6-1.9) 1.1 - 1.2
0-9 permanents 1.2 (0.7-2.0) 1.1 - 1.3
10+ permanents 1.7 {1.0-3.1) 1.5 - 1.9
<3 dyes & <10 permanents 1.0 (0.6-1.9) 1.0 - 1.1
3+ dyes or 10+ permanents 1.4 (0.8-2.4) 1.3 - 1.5
3+ dyes & 10+ permanents 1.9 (1.0-3.7) 1.7 - 2.1
<11 chemical services ** 1.1 (0.6-2.0) 1.1 - 1.3
11+ chemical services 1.6 (0.9-2.7) 1.4 - 1.7
No formaldehyde 0.8 (0.4-1.6) 0.8 - 0.9
Formaldehyde 1.6 (1.0-2.7) 1.5 - 1.8
<6 cosmetologists 1.4 (0.8-2.3) 1.3 - 1.5
6+ cosmetologists 1.4 (0.8-2.5) 1.2 - 1.5
Ne manicuring in salon 1.3 (0.8-2.2) 1.2 - 1.3
Manicuring in salon 1.5 (0.8-2.6) 1.4 - 1.6
No nail sculpturing 1.2 (0.7-1.9) 1.1 - 1.2
Nail sculpturing 2.0 (1.1-3.5) 1.8 - 2.0

* Referent category: 35+ hours in other prcfessions

** Tndividual adjustment for:
previous miscarriage (no, yes), gravidity (1-2, 3+),
age at conception (<20 years, 20+ years),
family income (<20,000, 20,000+),
alcohol (less than once/week, once or more/week),
cigarette smoking (no, yes)

**x Number of bleaches, dyes, and permanents
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Table 18: Assessment of effect modification:
Stratified analyses

OR  (95% CI) *

COSMETOLOGY 35+ HOURS 1.3 (0.8-2.2)

Previous spontaneous

abortion

No 1.3 (0.7-2.3)

Yes 1.4 (0.5-4.4)

Adj. OR 1.3 (0.8-2.2)
Gravidity

1,2 1.3 (0.8-2.3)

3+ 1.2 (0.4-3.3)

Adj. OR 1.3 (0.8-2.1)
Age at conception

20-36 vears 1.4 (0.8=-2.3)

<20 years 0.9 (0.1-7.5)

Adj. OR 1.3 (0.8-2.2)
Family income

$20,000+ 1.6 (0.9-2.9)

<$20,000 1.1 (0.5-2.7)

Adj. OR 1.4 (0.9-2.4)
Smoking

Yes 1.0 (0.5-2.3)

No 1.7 (0.9-3.1)

Adj. OR 1.4 (0.9-2.3)
Alcohol

Once or more per week 0.8 (0.2-2.5)

Less than once per week 1.4 (0.8-2.3)

Adj. OR 1.3 (0.8-2.0)

* Referent category: 35+ hours in other professiocons
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Table 19a:

Logistic regression analyses:
Risk of spontaneous abortion by wWwork status

Full dataset ¥ Reduced dataset **

Unad). OR Unadj. OR Adj. OR =*w
N OR (95% C1) | OR (95X C1) QR (95% CI)
QTHER PROFESSIONS
35+ hourg *wrw 215 1.0 195 1.0
<35 hours 42 1.6 (0.7-3.9) 41 1.8 (0.8-4.4) 1.6 (0.5-4.1)
COSMETOLOGY
<35 hours 261 1.0 ¢(0.6-1.8) 235 1.0 (0.6-1.8) 1.0 ¢(0.6-1.9)
35+ hours 428 1.3 (0.8-2.2) 395 T.4 (0.9-2.4) 1.3 (0.8-2.3)
35-40 hours 326 1.2 (0.7-1.9) 301 1.2 (0.7-2.1) 1.2 (0.7-2.1)
41+ hours 106 2.0 (1.1-3.6) 94 2.2 ¢(1.1-4.1) 1.9 (0.9-3.7»
COSMETOLOGY SCHOOL 65 2.5 (1.3-4.8) 60 2.7 (1.3-5.53 2.6 (1.2-6.0)
HOMEMAKER 227 1.1 (0.6&6-1.9) 208 1.3 (0.7-2.3) 1.1 (0.6-2.0)
* No exclusion of subjects
il Exclusion of subjects with missing data on confounders
*xx Adjustment for previous pregnancy loss (no, yes), gravidity (1-2, 3+),
age at conception (<20 years, 20+ years),
family income (<%$20,000, $20,000+)
alcohol (less than once per week, once or more per week),
cigarette smoking {(no, vyes)
balialalied Referent category: 35+ hours in other professions
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Table 19:

Full detaset *¥* Reduced dataset ¥**#*
Unadj. OR Unadj. QR Adj.
N OR (95X CI) N OR (95X CI)
<45 customers 447 1.2 (0.7-2.0) 411 1.2 (0.6-2.1) 1.1
45-59 customers 321 1.3 (0.7-2.6) 294 1.4 (0.7-2.9) 1.1
60+ customers 289 1.6 (0.8-3.3) 265 1.7 (0.8-3.6) 1.6
0-2 bleaches 560 1.3 (0.8-2.1) 518 1.4 (0.8-2.3) 1.
3+ bleaches 279 2.0 (1.0-4.0) 254 1.7 (0.8-3.7) 1.
0-2 dyes 420 1.1 (0.6-1.9) 386 1.2 (0.6-2.1) 1.1
3+ dyes 423 1.6 (0.,5-3.3) 390 1.6 (0.9-2.9) 1.5
-9 perms 49% 1.2 (0.7-2.0) 460 .3 (0,7-2.2) 1.1
10+ perms 346 1.7 ¢1.0-3.1) 317 1.7 (0.9-3.2) 1.7
<3 dyes & <10 perms 377 1.0 (0.6-1.9) 346 1.1 (0.6-2.1) 1.0
3+ dyes or 10+ perms 380 1.4 (0.83-2.4) 350 1.4 (0.8-2.6) 1.2
3+ dyes & 10+ perms 302 1.9 (1.0-3.7) 277 1.8 (0.9-3.6) 1.8
<11 chem. services 423 1.1 (0.6-2.0) 393 1.3 (0.7-2.3) 1.1
11+ chem., services 409 1.6 (0.9-2.7) 378 1.6 (0.9-2.8) 1.6
No formaldehyde 364 0.8 (0.46-1.6) 335 0.9 (0.5-1.8) 0.8
Formaldehyde 485 1.6 (1.0-2.7> 449 (1.0-3.0) .8
<6 cosmetologists 4676 1.4 (0.8-2.3) 441 1.4 (0.8-2.4) 1.
6+ cosmetologists 361 1.4 (0.8-2.5) 330 1.5 (0.8-2.7) 1.
Manicuring/salon 453 1. (0.8-2.2) 415 1.3 (0.7-2.3) 1.2
No manicuring 375 1.5 (0.8-2.6) 346 1.6 (0.9-2.8) 1.5
Nail sculpturing 497 1. (0.7-1.9) 455 .2 (0.7-2.1) 1.2
Ho nail sculpt. 329 2.0 (1.1-3.5) 304 2.0 ¢1.1-3.7>» 1.9
* Referent category: 35+ hours in cther professions
*ox No exclusions of subjects
ok Exclusion of subjects with missing data on confounders
*=%*  Adjustment for previous pregnancy loss (no, yes), gravidity
age at conception (<20 years, 20+ years),

Logistic regressions analyses:

35+ hours per wWeek
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inc
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Table 20: Assessment of response bias: 0dds ratios for
respondents to screening and detailed questionnaire *

Respondents to Respondents to
screening detailed
questiconnaire questionnaire
SPA** QR (95% CI) SPA** QR (95% CI)

OTHER
PROFESSIONS *#*% 32 1.0 24 1.0
COSMETOLOGY 84 1.0 (0.7-1.6) 56 0.8 (0.5-1.4)

<35 HOURS 19 0.6 (0.3-1.0) l6 0.6 (0.3-1.2)

35+ HOURS 57 1.2 (0.8-2.0) 37 0.9 (0.5-1.6)
COSMETOLOGY STUDENT 11 1.7 (0.8-3.6) 10 2.0 (0.9-4.4)
HOMEMAKER 13 0.4 (0.2-0.8) 10 0.4 (0;2—0.9)
COSMETOQLOGY 35+ HOURS
<60 customers 44 1.2 (0.8-2.0) 28 0.9 (0.5-1.6)
60+ customers 11 1.5 (0.7-3.1) 8 1.1 (0.5-2.6)
0-2 dyes 17 0.8 (0.4-1.5) 10 0.5 (0.2-1.1)
3+ dyes 38 1.7 (1.0-2.8) 27 1.4 (0.8-2.5)
0-9 permanents 20 0.8 (0.4-1.4) 13 0.6 (0.3- )
10+ permanents 35 1.9 (1.2-3.2) 24 1.5 (0.8-2.8)
<3 dyes & <10 perms 7 0.4 (0.2-0.9) 4 0.2 (0.1-0.7)
3+ dyes or 10+ perms 23 1.7 {(1.0-3.1) 15 1.2 (0.6-2.4)
3+ dyes & 10+ perms 25 1.8 (1.1-3.2) 18 1.6 (0.8-3.1)
¥ Based on exposure data in screening questionnaire

* % Current spontaneous abortions only
*** Referent category
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Teble 21:

COSKMETOLOGY

<35
35+

<60
60+

0-2
3+

0-9
10+

hours
hours

customers
customers

dyes

dyes

permanents
permanents

COSMETOLOGY
STUDENT

OTHER PROFESSIONS

HOMEMAKER

* Respondents

Information
provided in
detailed

questionnaire

Current SPA and

602

214
358

431
61

299
216

394

120

55

237

201

Percent
egreement
Wwith
screening

Reliability of self-reported exposure deta

Percent
agreement
Wwith
screening

Percent
agreement
with
screening

questionnaire questionnaire questionnaire

sLB
575 (96%)
172 (B0%)
311 (87%)
389 (90%)
32 (52%)
227 (76%)
161  (75%)
308 (78%)
85 (71%)
b (80%)
202 (85%)
177 (88%)

to detailed questionnaire

screening and detailed gquestionnaire;
exposure data

in either

questionnaire

72

Current SPA

b4 (94%)
31 (89X)
& (67%)
26 (90%)
4 (44%)
15 (68%)
16 (89%)
18 (62%)
9 (90%)
7 (88%)
17 (89%)
8 (67%)

with exposure data
respondents with missing
were excluded.

SLB
531 (96%)
280  (88%)
166  (81%)
363 (90%)

28 (54%)
212 (77%)
145  (73%)
212 (77%)
145  (73%)
37 (79%)
201 (B5%)
169 (89%)

in both the



Table 22: Effect of exposure misclassification on odds ratios:
Respondents to detailed questionnaire

Exposure based Exposure based
on detailed ©h screening
questionnaire questionnaire

SPA* OR (95% CI) SPA* OR (95% CI)

OTHER PROFESSIONS *#* 23 1.0 24 1.0

COSMETOLOGY
35+ hours 41 1.1 (0.7-1.9) 37 0.9 (0.5-1.6)
<35 hours 14 0.6 (0.3-1,2) 16 0.6 (0.3-1.2)

COSMETOLOGY 35+ HOURS
0-2 dyes 18 1.0 (0.5-1.9) 10 0.5 (0.2-1.1)
3+ dyes 23 1.3 (0.7-2.5) 27 1.4 (0.8-2.5)
0-9 permanents 27 1.1 (0.6-2.0) 13 0.6 (0.3-1.1)
10+ permanents 14 1.3 (0.7-2.7) 24 1.5 (0.8-2.8B)
<3 dyes & <10 perms 14 1.0 (0.5-2.0) 4 0.3 (0.1-0.7)
3+ dyes or 10+ perms 17 1.2 (0.6-2.4) 15 1.2 (0.6-2.4)
3+ dyes & 10+ perms 10 1.5 (0.7-3.2) 18 1.6 {(0.8-3.1)
<60 customers 29 1.0 (0.6-1.8) 28 0.9 (0.5-1.6)
60+ customers 11 1.8 (0.8-3.9) 8§ 1.1 (0.5-2.6)

* Current spontaneous abortions only
** Referent category
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Table 23: Risk of spontanecus abortion: 1983-85 and 1986-88

1983-1985" 1986-1988
SPA OR (95% CI) SPA OR (95% CI)

OTHER PROFESSIONS

35+ HOURS * 10 1.0 17 1.0
COSMETOLOGY

<35 hours 19 1.4 (0.6-3.2) 15 0.8 (0.4-1.7)

35+ hours 26 1.3 (0.6-2.8) 43 1.4 (0.8-2.6)

35-40 hours 14 0.9 (0.4-2.1) 32 1.3 (0.7-2.5)

41+ hours 12 2.5 (1.0-6.1) 11 1.6 (0.7-3.8)
COSMETOLOGY SCHOOL 10 1.9 (0.8-5.0) 7 5.1 (1.8-14)
HOMEMAKER 20 1.5 (0.7~3.5) 11 0.7 (0.3-1.7)

* Referent category
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Table 24:

Risk of spontaneous abortion:
in cosmetology,

OTHER PROFESSIONS
35+ HOURS *

COSMETOLOGY
35+ HOURS

<45 customers
45+ customers

0-2 bleaches
3+ bleaches

0-2 dyes
3+ dyes

0-9 permanents
10+ permanents

<3 dyes
<3 dyes
3+ dyes
3+ dyes

<11 chem.
11+ chemn.

2 R 2 R

<10 perms
10+ perms
<10 perms
10+ perms

services
services

No formaldehyde
Formaldehyde

<6 cosmetologists
6+ cosmetologists

No manicuring/salon
Manicuring in salon

No nail sculpturing
Nail sculpturing

* Referent catégory

1983-1985

OR (95% CI)

~N N
W n
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35+ hours per week
1983-85 and 1986-88

SPA

17

43

20
22

34
9

1S
24

31
12

15
4
16
8

22
21

12
30

27
15
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19
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17
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OR (95% CI)
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APPENDIX 1

CHEMICAL SUBSTANCES IN FREQUENTLY USED COSMETIC PRODUCTS

SHAMPOOS

BLEACH

HAIR DYES

PERMANENT
SOLUTIONS

HATR SPRAY

NAIL POLISH
AND POLISH
REMOVER

ARTIFICIAL
NAILS

ARTTIFICIAL
NAIL REMOVER

Surfactants: Fatty alcyl sulfates (i.e.,
lauryl sulfates, alkyl ether
sulfates)

Fatty acid alkanolamides

Additives: Ethyl alcohol, propylene

glycol, alkylolamides,
perfumes, dyes
Preservatives: Formaldehyde

Hydrogen peroxide, ammonium hydroxide

Aromatic, nitro, and amino compounds
2,4-diaminotoluene, 2,4-diaminocanisole,
4-amino-2-nitrophenol,
2-nitro-para-phenyl-enediamine

hydrogen peroxide, lead acetate

Ammonium or sodium thioglycolate,
hydrogen peroxide,

Resins: Polyvinylpyrrolidone (PVP),
PVP vinyl acetate copolymer
Solvents: Ethanol, methylene chloride,

Propellants: Iscobutane, butane, propane
Perfumes

Methyl ethyl ketcne, toluene, acetone,
Xylene, ethyl ether, ethyl acetate,
butyl acetate, isopropyl alcochol,

Methacrylates (polymethyl methacrylate,
methyl methacrylate, ethyl methacrylate,
isobutyl methacrylate, butyl methacrylate,
methacrylic acid), ethyl cyanoacrylates,
glycol ether, benzoyl peroxide, o-toluidine,
methylene chleride, formaldehyde,

Acetonitrile, acetone, ethyl ether
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