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Health concerns have been pronounced for cosmetologists and manicurists, who are exposed daily to cosmetic

products containing known or suspected human carcinogens and endocrine disruptors. In this retrospective cohort
study, the authors used probabilistic record linkage between California’s statewide cosmetology licensee and
cancer surveillance files to identify newly diagnosed invasive cancers among female workforce members during
1988—-2005. Rate ratios and 95% confidence intervals for cancer among workforce members compared with the
general female population in California were estimated via Poisson regression. For comparison, site-specific pro-
portional incidence ratios were computed. The authors identified 9,044 cancer cases in a cohort of 325,228
licensees. Rate ratios for all sites combined suggested lower incidence among both cosmetologists (rate ratio =
0.84, 95% confidence interval (Cl): 0.82, 0.86) and manicurists (rate ratio = 0.87, 95% CI: 0.84, 0.90). Proportional
incidence ratios were modestly elevated for thyroid cancer among all licensees (proportional incidence ratio =
1.13,95% CI: 1.04, 1.23) and for lung cancer among manicurists (proportional incidence ratio = 1.21, 95% CI: 1.07,
1.36). Although there did not appear to be a cancer excess, these findings may be artifactually influenced by
limitations in demographic information available from the licensee files. Additionally, the relatively young ages of
cohort members and demographic shifts in the industry composition in recent years suggest a need for further
follow-up.

cohort studies; cosmetics; environment and public health; incidence; lung neoplasms; occupational exposure;

thyroid neoplasms

Abbreviations: Cl, confidence interval; RR, rate ratio; SIR, standardized incidence ratio.

In recent years, the safety of cosmetic products has gar-
nered considerable public attention because of the poten-
tially harmful compounds included in them, some of
which are known or suspected carcinogens and endocrine
disruptors. Public concerns were raised after the European
Union passed laws restricting the use of potentially harmful
compounds in cosmetic products (1). Despite the heavy use
of personal care products, the cosmetic industry is largely
unregulated in the United States (2, 3). Health concerns have
been particularly pronounced for cosmetology workers who
provide hair and nail care services because they are exposed
daily to an array of potentially hazardous compounds asso-
ciated with nearly every hair and nail care service they
provide.

691

The cosmetology industry in the United States is com-
posed mainly of cosmetologists (who provide hair and nail
care services) and manicurists (who provide nail care ser-
vices only) and has been one of the fastest growing pro-
fessions in the nation. California has led the way with
over 300,000 technicians licensed to perform hair and nail
care services since 1970 (4). Recent industry estimates also
show that a vast majority of cosmetology workers, particu-
larly manicurists, are women (5).

Hair and nail care products may contain toxic and poten-
tially hazardous ingredients in varying amounts, including
solvents, plasticizers, resins, and acids (6). Known and sus-
pected carcinogenic compounds found in these cosmetic
products include titanium dioxide, formaldehyde, benzoyl
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peroxide, and 1,4-dioxane (7, 8). Formaldehyde and tita-
nium dioxide, found in low levels in nail care products,
are known or suspected carcinogens (9). Other compounds,
such as benzoyl peroxide found in artificial nail products,
are potentially linked to certain cancers on the basis of
evidence from animal studies (7, 10). Hair products, such
as dyes, relaxers, and removers, also contain impurities,
such as 1,4-dioxane, a possible carcinogen (9). Furthermore,
acetone, toluene, paraben, and dibutyl phthalates are com-
monly found in hair and nail care products and have been
shown to affect a woman’s endocrine system, which raises
concerns regarding hormonally mediated cancers such as
breast and ovarian cancer (2, 11).

Many of these chemicals are highly volatile, and most
beauty salons are small workplaces with inadequate venti-
lation, serving to exacerbate workers’ occupational expo-
sures (12—14). The fact that cosmetic products are largely
unregulated contributes to inadequate product labeling and
limited safety information for cosmetology workers, which
may in turn lead to higher exposure. Furthermore, the pres-
ence of numerous chemical compounds in beauty salons is
likely to be continuous and mixed, the synergistic effects of
which are largely unknown. Although exposure levels for
individual compounds may be generally low by legal or
recommended standards (many of which were established
several decades earlier), multiple chemical and multiple
routes of exposure (often via inhalation and skin absorption)
combined with the inadequate ventilation underscore the
need for systematic health assessments in this workforce.

Despite the growth of this industry and the numerous
chemicals of concern, human health studies focused on this
workforce are very limited. In the present study, we had an
opportunity to conduct a statewide, population-based, retro-
spective cohort study in the largest cosmetology cohort stud-
ied to date to determine whether cosmetology workers have
a higher incidence of overall or site-specific cancers com-
pared with the general female population in California.

MATERIALS AND METHODS

Data sources

The study population included female cosmetologists and
manicurists who have been licensed in California between
January 1, 1970, and December 31, 2005. We obtained reg-
istration files of licensees from the California Board of Bar-
bering and Cosmetology that regulates the cosmetology
profession in California. Licensure with this state board is
required to work as a cosmetologist or manicurist in Cali-
fornia. We selected information, such as full name, date of
birth, partial Social Security number (last 6 digits), residen-
tial address, original date of licensure, and license expiration
date (license renewal is required every 2 years, and the
expiration date on file is that of the most recent renewal),
from these license registration files to use for record linkage
and analysis.

We obtained all cases of invasive cancer diagnosed
among female residents of the state of California from
January 1, 1988, through December 31, 2005, from the
California Cancer Registry. A contributor to the National

Cancer Institute’s Surveillance, Epidemiology, End Results
(SEER) Program, the California Cancer Registry maintains
high standards for data quality and completeness at the
statewide level; their data are estimated to be 98% complete
(15). We used information from California death registra-
tion files in order to exclude licensees who died before 1988,
the first year of the follow-up period, and to right censor
(i.e., end follow-up time at the time of death) any deaths
occurring after 1988 in the calculation of person-years.
Age-, sex-, period-, and site-specific rates for the general
population in California were also obtained from the Cali-
fornia Cancer Registry, which uses the annual, midyear pop-
ulation estimates for age, race/ethnicity, and gender from
the California Department of Finance Demographic Re-
search Unit (15, 16). Because the cancer surveillance pro-
gram did not begin statewide until 1988, our study period
was 1988-2005.

Person-years at risk

In order to define this worker cohort for calculation of
person-years at risk, we conducted an evaluation of the
completeness of the cosmetology licensee files, removing
workers with missing information necessary for analyses
(e.g., date of birth). Furthermore, some workers received
multiple license types (both as a cosmetologist and as a man-
icurist); we unduplicated these licensees in order to avoid
double counting them in the calculation of person-years. We
excluded licensees with a current out-of-state residential
address on file because we were uncertain as to whether they
are still living in, or when they left, California. The process
for constructing the cohort is summarized in Figure 1.

Preparation of data files for record linkage

Because the cosmetology licensee files were intended for
regulatory purposes related to occupational safety standards
and tax payment, they lack some important information
needed for health research, notably sex and race/ethnicity.
We applied several alternative approaches to obtain infor-
mation on sex. We used the cancer and/or death files to
obtain sex designation among those who were diagnosed
with cancer or died during the study period. For the remain-
ing licensees, we applied an imputation approach based on
anames list-assisted method. We compiled a list of common
male first names from different sources, such as vital records
on births in California and multiple Web sources to obtain
common first names for men.

In order to validate our method for sex imputation, we
compared our names list-assisted categorization of sex with
reported sex information from the cancer and death files for
the cohort members who had cancer or died during the study
period (n = 15,816, approximately 5% of the total cohort).
Using the listed sex on the cancer or death files as the “gold
standard,” we considered a true positive as a licensee cate-
gorized accurately as “male” and a true negative as a li-
censee categorized accurately as ‘‘female.” We obtained
a sensitivity (coverage or the proportion of males correctly
identified) value of 0.87 and a positive predictive value (ac-
curacy or those categorized as males who are correctly
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Figure 1. Identification of female cosmetology cohort members with record linkages between the California cosmetology licensee file (1970—
2005) and the California Death Registry file (1970-2005) and California Cancer Registry file (1988-2005). CA, California.

identified) of 0.96. The 35,235 licensees who were identified
as male by the names imputation screen were excluded from
the analysis (Figure 1).

We did not have residential history and thus did not know
the rate of out-of-state migration that may result in loss to
follow-up. Because all licensees are required to renew their
license every 2 years, however, we could identify individ-
uals who remained in California with a small margin of
error. We assumed that, up to the time of the license expi-
ration date, the individual remained in California. For those
who had a license expiration date before the end of the study
period, we were uncertain whether they had moved out of
state during the time between her license expiration date
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and the end of the study period. Thus, we adjusted the
denominator using published age-specific annual rates of
out-of-state migration from the California Department of
Finance (17).

Record linkage

For record linkages among the 3 statewide data files, we
used 2 generalized automated probabilistic record linkage
programs, Link Plus (18) and AUTOMATCH (for personal
computer) (19), which are both designed to evaluate the
likelihood that the identifying variables for the 2 records
are similar enough to represent the same individual. Both
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programs allow the user to perform manual review and
decision-making regarding the accuracy of the matches
(20, 21), and each has different advantages for maximizing
linkages between 2 large files. Link Plus allows for more
efficient processing of large data files, whereas AUTO-
MATCH is more conducive to dealing with ethnically diverse
names, such as Asian names, where the first, middle, and last
names may be reversed, or Latina names with multiple last
names. We conducted initial linkages in Link Plus and then
used AUTOMATCH to conduct a second linkage on residual
records that were not matched in the first linkage in Link Plus,
as a way of maximizing the number of cases identified.

Statistical analysis

We used Poisson regression models to compare the dif-
ference in cancer incidence between workforce members
and the general female population, using the latter as the
reference group. We adjusted for age (5-year age groups)
because of changes in cancer risk with age and for time
period (1988-1994, 1995-1999, and 2000-2005) because
of potential changes in rates over time. We also conducted
stratified analyses by license type, since cosmetologists and
manicurists may have different exposures due to the fact that
cosmetologists also perform hair care services.

Because of the uncertainties of sex and race/ethnicity
when calculating person-year estimates for the denominator
in the Poisson analysis, we also computed proportional in-
cidence ratios as a qualitative check. Because proportional
incidence ratios are computed by using only case informa-
tion, which is complete for sex and race/ethnicity, and do not
require calculation of person-years, they are not sensitive to
potential errors in denominator estimation. Proportional in-
cidence ratios were calculated by using the observed:ex-
pected ratio, where the observed number was the number
of site-specific cancer cases in the worker cohort, and the
expected number was calculated by multiplying the age- and
period-specific number of all cancer cases in this worker
cohort by the proportion of site-specific cancer relative to
all cancers in the general population (22). Ninety-five per-
cent confidence intervals were calculated by using the
Vandenbrouke method with Ulm adjustment (22) for stan-
dardized mortality ratios, and the use of this method for
proportional incidence ratios has been described by van
der Gulden and Verbeek (23). All statistical analyses were
performed using SAS, version 9.1, software (24).

The study protocol was reviewed and approved by the
institutional review boards of the Cancer Prevention Insti-
tute of California and the California Health and Human
Services Agency Committee for the Protection of Human
Subjects.

RESULTS

The cohort of female cosmetology workers consisted of
325,228 women licensed in California between 1970 and
2005, with 65.6% licensed as cosmetologists and 34.4%
as manicurists. Figure 2 shows a graph of the number of
actively licensed cosmetologists and manicurists over time
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Figure 2. Number of actively licensed female cosmetologists and
manicurists, California, 1970-2005.

and depicts the growth of the 2 licensee groups from 1970 to
2005. While the cosmetologist licensee group has been
steadily growing since 1970, the manicurist licensee group
did not really emerge until after 1980, and grew rapidly
since then, tripling in size in the 2 most recent decades.

Table 1 shows the distribution of licensees by age at entry
and year of entry. The majority of these women entered this
workforce at a young age; over half of the women were
younger than 30 years of age when they became licensed.
Most of the licensees (approximately 65%) in this study
received their licenses in the 1980s and 1990s.

Table 2 shows the distribution of person-years by age
group and time period. The overall distribution by age group
shows that less than one-fifth fall in the category of 50 years
of age or older, suggesting that this workforce is still fairly
young and may not be in the age groups at highest risk for
many of the cancer sites of interest. Over 40% of the person-
years are distributed in the most recent time period (2000—
2005), with manicurists having a slightly larger proportion
of person-years in this period relative to cosmetologists.

We identified 9,044 newly diagnosed invasive cancer
cases in this occupational cohort between 1988 and 2005
(Table 3). Approximately two-thirds of the cases were di-
agnosed at 45 years or older. Non-Hispanic white women
comprised over 60% of the cases, followed by Latina and
Asian and Pacific Islander women. Most of the cases were
initially licensed in the first 2 decades for which licensee
information is available (1970s and 1980s).

Table 4 shows the rate ratios by cancer site and by license
type. Rate ratios for all sites combined were lower than
those for the generally female population of all cosmetology
workers (rate ratio (RR) = 0.84, 95% confidence interval
(CI): 0.83, 0.86), as well as by license type (cosmetologists:
RR = 0.84, 95% CI: 0.82, 0.86; manicurists: RR = 0.87,
95% CI: 0.84, 0.90). Elevations in site-specific rate ratios
were generally not evident among cosmetology licensees
relative to the general population. With few exceptions, rate
ratios were similar for the cosmetology and manicurist
groups. In comparison, proportional incidence ratio results
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Table 1.

Distribution of the Number of Female Cosmetologists and Manicurists Initially

Licensed in California Between 1970 and 2005, Age at Entry, and Year of Entry

All Licensees®

Cosmetologists Manicurists

Count %

Count % Count %

Total 325,228 100
Age at entry
<30 years 203,592 62.6
30-39 years 78,720 24.2
40-49 years 33,973 10.5
>50 years 8,943 2.7
Year of entry
1970-1979 49,440 15.2
1980-1989 110,818 34.1
1990-1999 99,427 30.6
2000-2005 65,543 20.2

213,327 100

111,901 100

143,442 67.2 60,150 53.8
46,970 22.0 31,750 28.4
18,588 8.7 15,385 13.7

4,327 2.0 4,616 4.1
43,872 20.6 5,568 5.0
72,853 34.2 37,965 33.9
58,106 27.2 41,321 36.9
38,496 18.0 27,047 24.2

2 Includes cosmetologist and manicurist licensees.

(shown in Table 5) were closer to the null, with some sites
showing slightly higher incidence in cosmetologists, al-
though only the elevations in thyroid cancer among all cos-
metologists (proportional incidence ratio = 1.13, 95% CI:
1.04, 1.23) and lung cancer for manicurists (proportional
incidence ratio = 1.21, 95% CI: 1.07, 1.36) were statisti-
cally significant.

DISCUSSION

The overall findings of this study did not show an excess
in cancer among female cosmetology licensees compared
with the female general population in California. The rate
ratio estimates were generally comparable to the propor-
tional incidence ratio estimates.

Previous cancer studies of cosmetology workers have
been primarily restricted to hairdressers, using data from
decades earlier and with short follow-up periods (25-35).

Those studies typically did not distinguish between hair-
dressers and manicurists or their specific job tasks (e.g., hair
care or nail care services) and were limited to a time period
when chemical use may have been different in the cosme-
tology industry and before the nail care sector began its
considerable expansion. Previous literature on this work-
force has reported mixed results, partly due to the different
methods used to capture occupation and the limited sample
sizes. A few studies have reported null results for cancer
incidence excess among female hairdressers, after taking
into consideration age and race, when such information
is available (25, 32, 36). Other studies have shown in-
creased incidence of specific cancer sites, mainly bladder
(37), ovarian (28, 34, 38), non-Hodgkin’s lymphoma (38,
39), lung (29, 35, 40), and uterine (34). Two of these studies,
although much smaller, used a similar methodology, includ-
ing a roster of hairdressers and beauticians to link to data
from cancer registries. A retrospective cohort study in

Table 2. Distribution of Person-Years for Female Cosmetologists and Manicurists Initially
Licensed in California Between 1970 and 2005 by Age Group and Time Period

All Licensees® Cosmetologists Manicurists
Person-Years % Person- Years % Person-Years %
Total 3,837,803.8 100 2,663,417.1 100 1,174,386.8 100
Age groups
<30 years 798,682.0 20.8 540,760.5 20.3 257,921.5 22.0
30-39 years 1,293,177.0 33.7 900,307.1 33.8 392,870.0 335
40-49 years 1,050,334.9 27.4 741,649.8 27.8 308,685.1 26.3
>50 years 695,609.9 18.1 480,699.7 18.0 214,910.2 18.3
Time period
1988-1994 1,201,301.4 31.3 863,541.8 324 337,759.6 28.8
1995-1999 1,088,689.1 28.4 756,864.7 28.4 331,824.4 28.3
2000—-2005 1,547,813.3 40.3 1,043,010.5 39.2 504,802.8 43.0

& Includes cosmetologist and manicurist licensees.

Am J Epidemiol 2010;172:691-699
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Table 3. Characteristics of Female Invasive Cancer Cases Diagnosed Between 1988 and 2005
in California Who Were Licensed as a Cosmetologist or Manicurist in California Between 1970

and 2005
All Licensees® Cosmetologists Manicurists
Count % Count % Count %

Total 9,044 100 6,239 100 2,805 100
Age at diagnosis

<45 years 2,956 32.7 2,036 32.6 920 32.8

45-54 years 2,955 32.7 2,118 33.9 837 29.8

>55 years 3,133 34.6 2,085 33.4 1,048 37.4
Race/ethnicity

Non-Hispanic white 5,613 62.1 3,759 60.3 1,854 66.1

Black 643 71 510 8.2 133 4.7

Latina 1,442 15.9 1,187 19.0 255 9.1

Asian/Pacific Islander 1,233 13.6 704 11.3 529 18.9

Other or unknown 113 1.2 79 1.3 34 1.2
Time of diagnosis

1988-1994 1,923 21.3 1,304 20.9 619 221

1995-1999 2,418 26.7 1,658 26.6 760 271

2000-2005 4,703 52.0 3,277 52.5 1,426 50.8
Time of initial licensure

1970-1979 3,375 37.3 2,896 46.4 479 171

1980-1989 3,947 43.6 2,348 37.6 1,599 57.0

1990-1999 1,542 17.0 896 144 646 23.0

2000-2005 180 2.0 99 1.6 81 2.9
Age at first licensure

<30 years 3,469 38.4 2,764 44.3 705 25.1

30-39 years 2,729 30.2 1,864 29.9 865 30.8

40-49 years 1,962 21.7 1,204 19.3 758 27.0

>50 years 884 9.8 407 6.5 477 17.0

2 Includes cosmetologist and manicurist licensees.

Finland of women who were part of the Finnish Hairdressers
Association between 1970 and 1982 found an excess in age-
adjusted cancer incidence for all sites combined (standard-
ized incidence ratio (SIR) = 1.64, 95% CI: 1.02, 2.51), as
well as for ovarian cancer (SIR = 1.27,95% CI: 1.11, 1.42)
(28). Similarly, a study conducted in Connecticut with data
from the state’s Cosmetology Licensing Division also found
a slight excess in age-adjusted cancer incidence for all sites
(SIR = 112,95% CI: 104, 121) and respiratory-related sites
(SIR = 141, 95% CI: 104, 186) in female hairdressers (31).
In both of these studies, however, the occupational groups
were likely to be more homogenous with respect to racial/
ethnic composition, composed mainly of non-Hispanic
white women, and thus using the general population as a ref-
erence group was more appropriate. By contrast, the work-
force in our study is likely to be quite racially/ethnically
diverse, as indicated from previous industry estimates (5)
and as reflected in the racial/ethnic distribution of our cancer
cases.

The majority of cancer cases in our study were licensed in
the earlier decades, before the significant growth of the in-

dustry and the emergence of the nail care sector. Thus, the
observed lack of excess cancer incidence in manicurists may
in part be due to insufficient follow-up time for licensees
who have entered this workforce in the most recent decades
and who may have different occupational exposures. Fur-
thermore, more recent licensees are still fairly young and
have not yet entered into age groups at higher risk for many
of the cancer sites of interest. Alternatively, the higher pro-
portion of cancer cases among those licensed in the earlier
decades may also suggest changes in chemical use over
time, whereby those working in the earlier decades may
have been exposed to compounds that were more likely to
have increased their cancer risk.

The apparent deficits in cancer incidence for several sites
in this study could be due to several factors. The healthy
worker effect, a bias in which workers usually exhibit
a lower rate of illness compared with that of the general
population because people who are sick are more likely to
be excluded from employment (41), has been shown to in-
fluence results for some chronic illnesses, although there is
little evidence for a strong healthy worker effect for cancer

Am J Epidemiol 2010;172:691-699
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Table 4. Number of Site-specific Cancer Cases, Age- and Time-adjusted Poisson Rate Ratios, and 95% Confidence Intervals for Female
Cosmetology Workers Licensed as Cosmetologists or Manicurists in California, 1988—-2005

All Licensees® Cosmetologists Manicurists
e CETEEE R e o @l QR ewa @Rl . ewo
All sites 20010-37000 9,044 0.84 0.83,0.86 6,239 0.84 0.82,0.86 2,805 0.87 0.84, 0.90
Bladder 29010 63 0.90 0.70, 1.16 43 0.91 0.67, 1.22 20 0.90 0.58, 1.39
Brain 31010 115 0.78 0.65, 0.94 74 0.73 0.58, 0.91 41 0.91 0.67,1.24
Breast 26000 3,455 0.84 0.81,0.87 2,435 0.85 0.82,0.89 1,020 0.81 0.76, 0.86
Leukemia 35011-35043 168 0.89 0.76, 1.04 128 0.98 0.83, 1.17 40 0.68 0.50, 0.93
Lung 22030 777 0.87 0.81, 0.94 496 0.81 0.74, 0.89 281 1.00 0.89, 1.25
Melanoma of the skin 25010 477 0.86 0.78, 0.94 321 0.83 0.74, 0.93 156 0.92 0.78, 1.07
Multiple myeloma 34000 83 1.05 0.85, 1.30 59 1.09 0.84, 1.41 24 0.97 0.65, 1.45
Non-Hodgkin’s lymphoma  33041-33042 328 0.92 0.82, 1.02 220 0.89 0.78, 1.02 108 0.98 0.81, 1.18
Ovary 27040 333 0.81 0.72, 0.90 239 0.83 0.73, 0.95 94 0.74 0.61, 0.91
Stomach 21020 113 0.92 0.76, 1.10 82 0.97 0.78,1.20 31 0.81 0.57,1.15
Thyroid 32010 503 0.99 0.91, 1.08 350 1.00 0.90, 1.11 153 0.98 0.84, 1.15
Uterus 27020-27030 459 0.75 0.68, 0.82 308 0.73 0.65, 0.81 151 0.80 0.68, 0.94

Abbreviations: Cl, confidence interval; SEER, Surveillance, Epidemiology, and End Results.

2 Includes both licensed cosmetologist and manicurist licensees.

b Rate ratios from Poisson regression models adjusted by 5-year age groups and time periods (1988-1994, 1995-1999, and 2000—-2005).

¢ Person-years adjusted for age-specific out-migration.

risk (42, 43). We did not find evidence of a healthy worker
effect when we lagged the exposure (time of original
licensure).

A second, and more likely, explanation for the observed
deficits in our study is that our estimates of person-years at
risk (denominator) may have been inflated. There may be 2

reasons for this. First, the licensee file did not contain in-
formation on sex, and we therefore applied alternative
methods to identify male licensees, whom we excluded
from the analysis. Our validation of the names list-assisted
method for identifying males yielded a sensitivity of ap-
proximately 87% which, while relatively good, suggests that

Table 5. Number of Site-specific Cancer Cases, Age- and Time-adjusted Proportional Incidence Ratio, and 95% Confidence Intervals for
Female Cosmetology Workers Licensed as a Cosmetologist or Manicurist in California, 1988—-2005

All Licensees?® Cosmetologists Manicurists
Cancer Sites SEER Codes do.of pree  esmer MO pee gspoe NO-OT pRee g5y cr
Bladder 29010 63 1.11 0.85, 1.40 43 1.13 0.82, 1.49 20 1.07 0.65, 1.59
Brain 31010 115 0.92 0.76, 1.10 74 0.86 0.68, 1.07 41 1.06 0.76, 1.41
Breast 26000 3,455 0.99 0.96,1.02 2,435 1.00 0.96,1.04 1,020 0.96 0.90, 1.02
Leukemia 35011-35043 168 1.05 0.90, 1.21 128 1.17 0.98, 1.38 40 0.79 0.57, 1.06
Lung 22030 777 1.08 1.00, 1.15 496 1.02 0.93, 1.11 281 1.21 1.07, 1.36
Melanoma of the skin 25010 477 1.00 0.91, 1.09 321 0.98 0.87, 1.09 156 1.07 0.91,1.24
Multiple myeloma 34000 83 1.24 0.99, 1.53 59 1.29 0.96, 1.65 24 1.14 0.73, 1.64
Non-Hodgkin’s lymphoma 33041-33042 328 1.09 0.97,1.21 220 1.06 0.93, 1.21 108 1.15 0.94, 1.37
Ovary 27040 333 0.96 0.86, 1.07 239 1.00 0.87,1.13 94 0.88 0.71, 1.06
Stomach 21020 113 1.07 0.88, 1.28 82 1.14 0.90, 1.40 31 0.93 0.63, 1.29
Thyroid 32010 503 1.13 1.04, 1.23 350 1.14 1.03, 1.27 153 1.13 0.95, 1.31
Uterus 27020-27030 459 0.88 0.81, 0.97 308 0.86 0.77, 0.96 151 0.94 0.80, 1.10

Abbreviations: Cl, confidence interval; PIR, proportional incidence ratio; SEER, Surveillance, Epidemiology, and End Results.

 Includes both licensed cosmetologists and manicurists.
® PIR values were calculated from Ulm (1990) (22).

¢ PIR adjusted for age (5-year categories) and time period (1988-1994, 1995-1999, and 2000—-2005).

d Calculated from van der Gulden and Verbeek (23).
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there remained some male licensees that we could not ex-
clude from the denominator. Second, the licensee denomi-
nator may be further inflated because we were not able to
fully account for out-of-state migration due to the lack of
information on residential history. A previous study, how-
ever, examined patterns of migration and reported that the
annual rates of mobility primarily reflect short-distance mi-
gration and that interstate migration tends to comprise less
than one-fifth of total migration (44). Furthermore, we ad-
justed the denominator using published age-specific annual
rates of out-of-state migration in California. We reported
proportional incidence ratio results, which use case infor-
mation only and thus do not require calculation of person-
years. Although rate ratio and proportional incidence ratio
estimates rely on different information, comparisons be-
tween the 2 estimates provide a general check on potential
errors, especially given the concerns with calculation of
person-years. The rate ratio estimates generally did not dif-
fer greatly from the proportional incidence ratio estimates,
which fact suggests that the denominator may not be subject
to large errors.

Recent industry estimates suggest that this is a racially
diverse population (5), particularly the nail care sector
where there has been a large influx of Vietnamese in the
last few decades (45). This is further supported by the racial/
ethnic distribution of the cases in our study, where Asian and
Pacific Islanders and Latinas comprise approximately one-
third of the cases. Unfortunately, the licensee files do not
contain information on race/ethnicity. Because cancer inci-
dence is known to differ by racial/ethnic groups, our inabil-
ity to account for race/ethnicity may have yielded attenuated
rate ratio estimates. This is particularly likely to be the case
for cancer sites where incidence rates are driven primarily
by one racial/ethnic group, such as the notably higher in-
cidence of breast cancer in non-Hispanic white women.

We were able to identify licensees who first became li-
censed in California as early as 1970; however, the cancer
surveillance program did not begin statewide until 1988.
There could be a number of workers who were diagnosed
with cancer prior to 1988 that would have been missed by
our linkage. To explore whether this could potentially affect
rate ratio estimates, we conducted analyses on a subset of
the cohort who were licensed as of 1988 or later. Although
this greatly reduced the sample size and produced much
wider confidence intervals, the point estimates did not differ
substantially from those in the full analyses, although they
tended to be closer to unity.

A number of other limitations should be kept in mind when
interpreting the findings of this study. This study lacked in-
formation on important risk factors that may confound the
results, including smoking for smoking-related cancers (e.g.,
lung, bladder, stomach, and cervical cancer). However, in our
recent study of Vietnamese nail salon workers who are
thought to comprise a majority of the manicurist workforce,
we found that only 3% of female workers smoked cigarettes
(46). Reproductive history is also important for hormonally
mediated cancer, especially breast and ovarian cancer.

To our knowledge, this is the first comprehensive study
that includes all licensed cosmetology workers in California
and the first study to examine cancer incidence in manicur-

ists. To date, this is the largest epidemiologic study of cos-
metology workers, with over 325,000 cohort members,
spanning 3 and a half decades of licensure and nearly 2
decades of cancer data, with over 9,000 invasive cancer
cases. Although this initial analysis does not suggest excess
cancer risk for this workforce, this work lays the ground-
work for future cancer follow-up, which may be particularly
important given the significant expansion of the workforce
and changes in practice. Future studies should consider the
issue of racial/ethnic diversity in this workforce, in addition
to the need to extend follow-up time to allow for sufficient
time for cancer diagnosis among individuals who entered
the cohort in the more recent years.
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