Spontaneous Abortions among Cosmetologists
Esther M. John, David A. Savitz, and Carl M. Shy

To examine the relation between adverse pregnancy out-
comes and work in cosmetology during pregnancy, we con-
ducted a mail survey in North Carolina among 8,356 licensed
female cosmetologists 22-36 years of age. We identified
pregnancies between 1983 and 1988 by a brief screening
questionnaire, followed by a more detailed mail question-
naire. Seventy-four per cent of eligible cosmetologists re-
sponded to each inquiry. We restricted the main analysis to
96 cosmetologists with a spontaneous abortion and 547
cosmetologists with a single livebirth who worked full-time
in cosmetology or in other jobs during the first trimester of

pregnancy. With adjusted odds ratios ranging from 1.4 to
2.0, we found associations between spontaneous abortion
and the number of hours worked per day in cosmetology,
the number of chemical services performed per week, the
use of formaldehyde-based disinfectants, and work in salons
where nail sculpturing was performed by other employees.
We found no important associations among full-time cos-
metologists who performed few chemical services and among
cosmetologists who worked less than 35 hours per week.
(Epidemiology 1994;5:147-155)
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Cosmetology, a predominantly female occupation com-
prising over half a million women in the United
States,' has received little attention with regard to
potential adverse reproductive outcomes. Cosmetolo-
gists (also called hairdressers, stylists, or beauticians)
have daily contact with cosmetic products and thus are
routinely exposed through inhalation or dermal ab-
sorption to a wide range of chemicals, including estab-
lished toxins such as dyes and solvents,’* and they
generally perform their work in a standing position.
Exposure to chemicals during pregnancy has been
associated with increased spontaneous abortion risk in
various occupations.’”® Little is currently known about
the effect of prolonged standing on spontaneous abor-
tion risk.> Epidemiologic data are scant on adverse
reproductive outcomes among cosmetologists. Several
studies found no association between spontaneous
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abortion and work in cosmetology,’®** and findings

on the association with stillbirth are inconsistent.'>!¢
Exposure assessment in these studies was based on job
title only, and the numbers of cosmetologists studied
tended to be small. Given these limitations, we con-
ducted a more detailed study to assess whether work
in cosmetology during the first trimester of pregnancy
is associated with an increased risk of spontaneous
abortion.

Methods

STUDY POPULATION

The study population was identified through the
North Carolina cosmetology license registry. In April
1988, the registry included 34,737 cosmetologists with
active licenses who were state residents. We were able
to locate the licensing records for an estimated 92% of
all cosmetologists listed in the computerized license
registry, and through record review, we identified
8,356 female cosmetologists between the ages of 22
and 36 years, who were invited to participate in the
study.

In the first phase of the study, we sent to all eligible
cosmetologists a two-page screening questionnaire to
identify cosmetologists who had recently been preg-
nant. Nonrespondents were followed up with a re-
minder postcard and two replacement questionnaires.
To reduce potential selection and information bias,
the survey was introduced as the North Carolina
Cosmetology Health Study. To reduce potential bias
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associated with a long recall period, we restricted
eligibility to the most recent pregnancy for which the
last menstrual period before the pregnancy had oc-
curred between April 1983 and March 1988, We esti-
mated the date of the last menstrual period based on
the self-reported duration of the pregnancy. Women
were eligible for inclusion in the study if they had
experienced a spontaneous abortion of less than 20
weeks gestation after the last menstrual period between
1983 and 1988. If multiple spontaneous abortions oc-
curred during the 5-year period, only the most recent
was included. Women without a spontaneous abortion
during the 5-year period were eligible for inclusion in
the study if the most recent pregnancy between 1983
and 1988 resulted in a single livebirth.

In the second phase of the study, we sent to cos-
metologists with an eligible pregnancy a questionnaire
that requested more detailed information on the out-
come of the pregnancy, work exposures during preg-
nancy, and other risk factors for adverse pregnancy
outcomes, such as reproductive history and maternal
and paternal life-style factors. Nonrespondents were
followed up with reminder letters and telephone calls.

EXPOSURE ASSESSMENT

We categorized the woman’s work status during the
first trimester of the index pregnancy as work in
cosmetology, cosmetology student, work in other jobs,
or work as a full-time homemaker. We classified
women who worked in both cosmetology and other
jobs as working in cosmetology. Women who worked
in other jobs or as full-time homemakers and reported
doing cosmetology work for family and friends were
classified according to their main occupation.

The construction of cosmetology-related exposure
variables was derived from information on self-re-
ported work characteristics, including the number of
hours worked per week, the number of hours per day
spent standing and sitting, the number of customers
per week, the number of specific services performed
per week, the type of disinfectants used, and the
wearing of protective gloves. Since cosmetologists may
be exposed to air contaminants produced by other
employees, we also constructed exposure variables de-
rived from information on salon characteristics, in-
cluding the number of cosmetologists working in the
salon and the performance of manicuring or nail sculp-
turing by other employees.

DATA ANALYSIS

We compared women with a spontaneous abortion
with those with a livebirth regarding occupational
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exposures during the first trimester of pregnancy. To
eliminate any inherent differences among full-time
workers, part-time workers, and homemakers, we re-
stricted the main analysis to licensed cosmetologists
who worked full-time (35 or more hours per week) in
cosmetology or in other jobs during the first trimester
of pregnancy. In all comparisons, we used licensed
cosmetologists who worked full-time in other jobs
during the first trimester of pregnancy as the unex-
posed reference group. To assess whether spontaneous
abortion risk increased with exposure intensity, we
categorized work characteristics thought to be indica-
tive of exposure, such as the number of customers and
chemical services per week and the number of hours
per day spent standing, into approximate tertiles. The
tertiles were defined by the distribution among women
with a livebirth who worked full-time in other jobs
during the first trimester of pregnancy. We also con-
ducted separate analyses defining the exposed group
as women who worked less than 35 hours per week in
cosmetology.

We computed odds ratios (OR) and 95% confidence
intervals (CI) to estimate the relative risk of sponta-
neous abortion associated with cosmetology-related
work exposures. To assess confounding by other po-
tential risk factors (that is, mother’s age at conception,
race, and education, family income, previous preg-
nancy loss, mother’s alcohol consumption, cigarette
smoking, and personal use of hair dyes and permanents
during the first trimester of pregnancy), we performed
stratified analyses and computed adjusted odds ratios
(aOR) and 95% CI using the Mantel-Haenszel ap-
proach. Individual adjustment for potentially con-
founding variables did not appreciably alter the odds
ratio estimates. We used unconditional logistic regres-
sion analysis to compute adjusted odds ratios simulta-
neously controlling for previous pregnancy loss, moth-
er’s age at conception, and mother’s cigarette smoking
during the first trimester of pregnancy. To estimate
the independent contribution of each exposure mea-
sure to the risk of spontaneous abortion, we restricted
the analysis to women who worked full-time in cos-
metology during the first trimester of pregnancy and
computed the odds ratio for each exposure measure
while adjusting for other work exposures.

Results

ENUMERATION OF ELIGIBLE PREGNANCIES

Of the 8,356 screening questionnaires sent, 748 (9%)
were returned because of an incorrect address (N =
740) or because the addressee was deceased (N = 8)
(Table 1). After up to four mailings, 6,054 screening
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TABLE 1. Response to Screening and Detailed
Questionnaires
Number  %*

Screening questionnaires sent 8,356 100.0
Deceased 8 0.1
Incorrect address 740 8.9
Completed mail questionnaire 6,054 72.5
Completed telephone screening 148 1.8
Refusal (by mail or phone) 118 1.4
No response 1,288 15.4

Detailed questionnaires sent 1,696 100.0
Incorrect address 7 0.4
Completed mail questionnaire 1,228 724
Completed phone interview 21 1.2
Completed questionnaire for 10 0.6

WTOong pregnancy

Refusal 41 2.4
No response 389 229

* Percentages do not total 100.0 because of rounding.

questionnaires were completed and returned. For a
subset of nonrespondents, we obtained telephone
numbers, and 148 of them agreed to a brief screening
interview by telephone. Screening therefore was com-
pleted for 6,202 (82 %) of the 7,608 cosmetologists who
presumably received the questionnaire, or 74% of the
screening population. Among respondents, 1,866 cos-
metologists reported one or more eligible pregnancies.
With eligibility restricted to one pregnancy per
woman, the screening questionnaire identified 267
eligible spontaneous abortions (145 of most recent
pregnancies and 122 of previous pregnancies) and 1,429
eligible livebirths, or 1,696 eligible women in total.

Seventy-four per cent of cosmetologists with an
eligible pregnancy completed the more detailed ques-
tionnaire (Table 1), yielding data on 191 spontaneous
abortions (72% response) and 1,058 livebirths (74%
response). Three spontaneous abortions were consid-
ered uncertain and were excluded from the analysis
since neither a positive pregnancy test nor medical care
following the spontaneous abortion was reported. Of
the remaining 188 spontaneous abortions, 81% oc-
curred during the first 12 weeks of pregnancy. The
mean gestational age was 9.8 weeks. Ninety-two per
cent of women reported that they were absolutely sure
about having had a spontaneous abortion. Other re-
ported characteristics include bleeding (73 %), hospital-
ization (42%), dilation and curettage (64%), and ultra-
sound (47%). Only 7% of pregnancies ending in a
spontaneous abortion were confirmed solely by a home
pregnancy test.

MATERNAL CHARACTERISTICS
Most respondents to the detailed questionnaire were
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white (87%), had a high school education (92%), and
had a family income of less than $20,000 (65%). Forty-
three per cent were less than 25 years of age at con-
ception, with a mean age of 25.9 years, and 52%
worked full-time (35 hours or more per week) during
the first trimester of pregnancy, either in cosmetology
(N = 430) or in other jobs (N = 215); 65 respondents
attended cosmetology school during the first trimester.

Table 2 presents characteristics of women working
full-time in cosmetology or in other jobs that were
included in the main analysis. Women with a sponta-
neous abortion were similar to those with a livebirth
with regard to race, education, age, family income,
alcohol consumption, and personal use of hair dyes
and permanents during the index pregnancy. Gravidity
of three or higher, a history of pregnancy loss, and
cigarette smoking were more frequently reported by
women with a spontaneous abortion than women with
a livebirth.

COSMETOLOGY AND SPONTANEOUS ABORTION RISK
Compared with women employed full-time (35 or more
hours per week) in jobs outside cosmetology during
the first trimester of pregnancy, full-time cosmetolo-
gists had only a slightly increased risk of spontaneous
abortion (Table 3). Part-time work (less than 35 hours
per week) in cosmetology and full-time work as a
homemaker were not associated with increased spon-
taneous abortion risk. Women who attended cosme-
tology school during the first trimester of pregnancy
had more than double the risk of a spontaneous abor-
tion (adjusted OR = 2.3).

For full-time work in cosmetology, adjusted odds
ratios associated with the highest levels of specific
exposures ranged from 1.4 to 2.0 (Table 3). Compared
with full-time work in other jobs, increased odds ratios
were found for cosmetologists working more than 40
hours per week and standing more than 8 hours per
day. Odds ratios increased with the number of cus-
tomers per week and the number of chemical services,
bleaches, and permanents performed per week. No
strong increase in the odds ratios was observed for the
weekly number of hair dyes. Elevated odds ratios were
associated with the use of formaldehyde- and alcohol-
based disinfectants, work in small salons with fewer
than four employees, and work in salons where nail
sculpturing was performed by other employees. Except
for hair dyes, the adjusted odds ratios were lower
among women who reported wearing protective gloves
always or most of the time. Among women working
less than 35 hours per week in cosmetology, none of
the exposure measures was strongly associated with
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TABLE 2. Characteristics of Women with Eligible Pregnancies Who Worked Full-Time (=35 Hours) in

Cosmetology or Other Jobs

Spontaneous Abortions Single Livebirths
(N = 96) (N = 547)
% %
Mother’s race
White 91.3 89.7
Black or other 8.7 10.3
Mother’s education
Some high school 4.2 33
High school and/or some college 95.8 91.4
College graduate 53
Family income ($)
<20,000 28.9 333
20,000-29,999 38.9 359
30,000-39,999 222 18.2
240,000 10.0 12.6
Mother's age at conception (years)
<20 5.2 2.0
20-24 45.8 46.1
25-29 333 317
30-36 15.6 14.3
Gravidity
1 50.0 53.9
2 22.9 34.0
3-4 24.0 11.3
=5 31 1.0
Previous pregnancy loss
68.8 94.7
1 24.0 44
=2 7.3 1.0
Nausea®
Yes 283 43.7
No 71.7 56.3
Alcohol*
Never 82.8 87.8
< once per week 12.9 10.2
> once per week 43 2.0
Cigarettes per day”
Never 64.2 76.2
1-10 20.0 12.5
11-20 13.7 9.6
=21 2.1 1.7
Personal use of hair dyes*
No 81.7 82.7
Yes 18.3 17.3
Personal use of permanents*
No 723 715
Yes 277 28.5

* During the first trimester of pregnancy.

increased spontaneous abortion risk (data not shown).

Restricting the analysis to women who worked full-
time in cosmetology, Table 4 presents odds ratios for
each exposure measure adjusted for the other exposure
measures and other risk factors. The odds ratios re-
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mained essentially the same for the number of hours
worked per week, the number of chemical services
and permanents performed per week, use of formal-
dehyde-based disinfectants, and work in salons where
nail sculpturing was performed by other employees,
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TABLE 3. Adjusted Odds Ratios for Spontaneous Abortion by Work Status and Specific Work Exposures during
the First Trimester of Pregnancy

Number of
Spontaneous Number of Single
Abortions Livebirths aOR* 95% CI
Other jobs: =35 hourst 26 187 1.0 Referent
Other jobs: <35 hours 8 34 14 0.6-3.5
Full-time homemaking 31 195 0.9 0.5-1.7
Cosmetology school 17 48 23 1.1-4.8
Cosmetology: <35 hours 34 224 1.0 0.6-1.8
Cosmetology: =35 hours 69 356 14 08-2.3
Hours worked per week
35-40 46 275 1.2 0.7-2.0
=41 23 81 2.0 1.0-4.0
Hours standing per day
<7 22 120 1.2 0.6-2.3
7-8 27 156 1.3 0.7-2.4
=9 19 73 1.9 1.0-3.9
Customers per week
<35 18 120 1.1 0.6-23
35-49 20 107 1.2 0.6-2.4
250 26 120 1.6 0.8-3.0
Chemical services per week¥
<8 14 114 0.7 0.3-15
8-12 24 111 1.7 09-3.2
=13 29 114 19 1.0-35
Hair dyes per week
<2 16 112 1.1 05-2.2
2-3 25 107 1.6 0.8-3.0
=4 26 126 14 0.7-2.6
Bleaches per week
0 18 116 1.1 0.5-2.1
1 24 130 1.3 0.7-2.4
>2 25 95 1.9 1.0-3.7
Permanents per week
<5 18 115 1.0 0.5-2.0
5-9 23 127 1.3 0.7-24
>10 26 105 1.9 1.0-3.6
Wearing of gloves§
=2 hair dyes per week
Low glove use 6 35 1.1 0.4-2.9
High glove use 45 190 1.6 0.9-2.8
=2 bleaches per week
Low glove use 8 24 2.3 0.9-6.0
ngh g]ove use 17 68 1.7 09-34
=10 permanents per week
Low glove use 18 72 2.1 1.0-4.5
ngh glove use 5 20 14 04'49
Dis'mfectlign prodlt)lct :jxse
rmaldehyde-base
Hopmalasy 16 132 08 04-16
Yes 51 219 1.7 1.0-3.0
lcohol-based
A No 53 298 1.3 0.7-2.2
Yes 14 53 1.9 0.9-4.1
Beauty salon characteristics
Number of other cosmetologists in salon
<4 30 124 1.7 09-32
4-5 13 94 1.1 0.5-2.3
>6 24 122 1.3 0.7-2.4
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TABLE 3. Continued

Number of
Spontaneous Number of Single
Abortions Livebirths aOR* 95% CI
Manicuri erf d by other employees
?\r]l:)curmg performec > Py 201 1.3 0.8-2.4
Yes 28 132 1.5 0.8-2.7
Nail sculpturing performed by other employees
Il\]o wpraring p Y Py 242 1.2 0.7-2.1
Yes 25 89 1.9 1.0-3.7

* Odds ratios adjusted for previous pregnancy loss, mother’s age at conception, and mother’s cigarette smoking during first trimester.

T Unexposed reference category.
F Number of hair dyes, bleaches, and permanents.

§ High glove use: always or most of the time wore gloves; low glove use: never or seldom wore gloves.

with the adjusted odds ratios ranging from 1.6 to 2.6
for these exposure measures.

Discussion
To our knowledge, this is the first study to examine
the relation between specific occupational exposures
in cosmetology and the risk of spontaneous abortion.
Among the licensed cosmetologists who responded to
the screening questionnaire, 25% worked in other
jobs, and 11% worked as full-time homemakers at the
time of screening. Our study population thus included
women who left work in cosmetology, but who kept
their license active. License renewal is inexpensive and
avoids the need to retake the licensing examinations
before re-entering the profession at a later time. In
occupational studies of adverse reproductive outcomes,
selection bias is of particular concern. Women with
livebirths may be more likely to leave the work force
than women with adverse pregnancy outcomes,!”!® a
phenomenon that may bias odds ratio estimates away
from the null for working women. On the other hand,
women who suspect that their adverse pregnancy out-
come may be related to occupational exposures may
be more likely to leave their job to ensure a healthy
pregnancy. The extent to which cosmetologists who
were licensed in 1988 provide an unbiased sample of
women ever licensed over the period 1983-1988 is
unknown, but a large amount of attrition is unlikely.
Since the license register includes both active and
inactive cosmetologists, we had the opportunity to use
an internal unexposed reference group. Thus, women
with exposed and unexposed pregnancies in our study
were likely to be similar with regard to social and
economic factors related to their decision to obtain
cosmetology licenses. To account for potential differ-
ences between full-time workers, part-time workers,
and homemakers,'8!” we restricted the main analysis
to women who worked full-time in cosmetology or in
other jobs during the first trimester of pregnancy.
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Despite screening nearly 8,400 cosmetologists in the
reproductive age group for eligible pregnancies, our
analyses were based on a relatively small number of
spontaneous abortions (N = 96) among full-time work-
ing women. The response to the screening (74%) and
detailed (74%) questionnaire was relatively high com-
pared with other mail surveys conducted in the United
States.?’ Potential response bias, however, is of con-
cern, since the pattern of nonresponse could distort
measures of association.

Pregnancy outcome was ascertained by self-report
and could not easily be validated against medical rec-
ords for this state-wide study population. Among our
relatively young respondents to the screening ques-
tionnaire, spontaneous abortions accounted for 7.8%
of the most recent pregnancies, a finding that is con-
sistent with estimates from cross-sectional studies.’'
To enhance the reliability of the self-reported sponta-
neous abortions and to minimize the potential for
overreporting, we required positive evidence that the
pregnancy or its termination actually occurred based
on a positive pregnancy test, bleeding, or seeking of
medical care after the pregnancy was lost. Among
women who worked full-time in cosmetology, com-
pared with those in other jobs, the proportion of
spontaneous abortions of less than 7 weeks gestational
age was identical (19%), a result that indicates that our
findings are unlikely to be due to an excess of the
more ambiguous early pregnancy losses among exposed
women.

In previous occupational surveys of spontaneous
abortion that included cosmetologists, exposure assess-
ment was based on job title only.’®'* Given the large
proportion of cosmetologists who work part-time and
the large variation in the number and type of services
provided, job title alone is a poor surrogate measure
for chemical exposures, particularly in this occupation,
and therefore would tend to dilute any true association
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TABLE 4. Odds Ratios for Spontaneous Abortion and Full-Time Work in Cosmetology, Adjusted for Other Work
Exposures and Maternal Characteristics”

Number of
Spontaneous Number of Single
Abortions Livebirths cORt 95% CI aOR¥$ 95% CI
Hours worked per week§
35-40 41 247 1.0 Referent 1.0 Referent
=41 20 68 1.8 1.0-32 1.8 0.9-3.8
Hours standing per day§
<7 20 112 1.0 Referent 1.0 Referent
7-8 25 137 1.0 0.5-19 09 0.4-1.9
=9 16 66 1.4 0.7-2.8 1.0 04-2.6
Chemical services per week§
<8 11 107 1.0 Referent 1.0 Referent
8-12 23 101 2.2 1.0-4.8 2.6 1.1-6.1
=13 27 107 25 1.2-52 2.4 1.1-5.6
Hair dyes per week||
<2 13 104 1.0 Referent 1.0 Referent
2-3 25 96 2.1 1.0-43 1.6 0.7-3.5
=4 23 115 1.6 0.8-33 09 04-2.1
Bleaches per week ||
0 15 105 1.0 Referent 1.0 Referent
1 23 124 1.3 0.6-2.6 1.1 05-2.4
=2 23 86 1.9 09-38 1.4 0.6-3.2
Permanents per week ||
15 104 1.0 Referent 1.0 Referent
5-9 21 116 1.3 0.6-2.6 1.3 0.6-2.8
=10 25 95 1.8 09-3.7 1.9 0.8-4.3
Use of formaldehyde-based disinfectants§
No 14 118 1.0 Referent 1.0 Referent
Yes 47 197 2.0 1.1-38 2.1 1.0-4.3
Use of alcohol-based disinfectants§
No 49 267 1.0 Referent 1.0 Referent
Yes 12 48 1.4 0.7-2.7 1.2 0.6-2.7
Nail sculpturing performed by other employees§
No 38 230 1.0 Referent 1.0 Referent
Yes 23 85 1.6 09-29 1.6 09-3.1

* Analysis restricted to women who worked full-time in cosmetology without missing data on work exposures and maternal characteristics.
1 Crude odds ratios.

F Adjusted odds ratios.

§ Odds ratios adjusted for other work exposures (that is, hours worked, hours standing, chemical services, formaldehyde-based disinfectant,
alcohol-based disinfectant, and nail sculpturing) and maternal characteristics (that is, previous pregnancy loss, age, and smoking during the
first trimester).

|| Odds ratios adjusted for other work exposures (that is, hours worked, hours standing, hair dyes, bleaches, permanents, formaldehyde-based
disinfectant, alcohol-based disinfectant, and nail sculpturing) and maternal characteristics (that is, previous pregnancy loss, age, and smoking
during the first trimester).

tion relied on self-report. Since odds ratios increased
with the weekly number of hours worked, customers,
and chemical services, recall bias would also have to
follow a dose-response pattern to account for the
results.

of occupational exposures in cosmetology with adverse
reproductive outcomes. Only when we considered
specific work activities and more intense exposure
levels did we identify increased risks of spontaneous
abortion. The assessment of specific exposures through

self-reported work and salon characteristics in this
study is therefore an improvement over previous stud-
ies. We cannot, however, exclude the possibility of
exposure misclassification, since all exposure informa-
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Since cosmetology involves exposure to chemical
mixtures from multiple sources, it is difficult, if not
impossible, to identify effects associated with specific
chemical agents. We found that several work charac-
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teristics were independently associated with an in-
creased risk of spontaneous abortion, including the
number of chemical services performed per week, the
use of formaldehyde-based disinfectants, and work in
salons where nail sculpturing was performed by other
employees. Although based on small numbers, glove
use was associated with lower risk among women who
performed 10 or more permanents or two Or more
bleaches per week, which may suggest an exposure
pathway through dermal absorption rather than inha-
lation.

There is evidence that certain chemicals used in
cosmetology may adversely affect reproductive out-
comes. Occupational exposure to solvents has been
linked to spontaneous abortion,3?? although uncertain-
ties remain about fetotoxic effects of specific solvents.
Many cosmetic products contain solvents,>?* several of
which have been associated with increased sponta-
neous abortion risk in other occupations.?*?**> Hair
dyes can be dermally absorbed*®*?” and have been as-
sociated with mutagenic and carcinogenic effects?®?
and female infertility,®® but in our study, the risk of
spontaneous abortion did not increase with the num-
ber of hair dyes performed per week. Formaldehyde-
containing fumigants (paraformaldehyde tablets or for-
malin solutions), which are commonly used in cosme-
tology, have been found to generate airborne formal-
dehyde concentrations that exceed the Occupational
Safety and Health Administration short-term exposure
limits.*"** The effect of formaldehyde on spontaneous
abortion risk is unknown. Among nurses, associations
between use of formaldehyde-containing disinfectants
and spontaneous abortion are inconsistent.*>3*

Future research based on larger study populations,
improved assessment of occupational exposures, and
validated reproductive outcomes is warranted to rep-
licate our findings and identify any specific reproduc-
tive hazards in cosmetology.
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