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Summary

Data from 1218 cases of childhood brain tumors (CBT) diagnosed between 1976 and 1994 and 2223 matched
controls from the general population were included in an analysis of maternal beauty product exposure and
beauty-related employment in 9 centers in 7 countries. A 50% increased odds ratio (OR) [95% confidence interval
(CI) ¼ 1.0–2.1] for CBT was observed among children of mothers who were exposed via personal use of and/or
possible ambient contact with beauty products during the 5 years preceding the index child’s birth compared with
children of mothers never exposed to beauty products during this time period. Overall maternal personal use of
hair-coloring agents in the month before or during the pregnancy of the index child’s birth was not associated with
CBT (OR ¼ 1.0, CI ¼ 0.83–1.3) or with astroglial (OR ¼ 1.1, CI ¼ 0.85–1.4), PNET (OR ¼ 1.0, CI ¼ 0.71–1.5)
and other glial subtypes (OR ¼ 1.0, CI ¼ 0.62–1.0 ). Similarly, no statistically increased ORs or discernable
pattern of risk estimates were observed for period of use or for number of applications per year for maternal
personal use of hair-coloring agents overall or by histologic type. Among children born on or after 1980, increased
ORs for CBT were associated with maternal non-work-related exposure to any beauty products (OR ¼ 2.6,
CI ¼ 1.2–5.9), hair dyes (OR ¼ 11, CI ¼ 1.2–90), and hair sprays (OR ¼ 3.4, CI ¼ 1.0–11). No overall increased
OR for CBT was observed among children of mothers employed in beauty-related jobs during the 5 years
preceding the index child’s birth compared with those who reported no beauty-related employment. In general,
other specific beauty product-related exposures were not associated with increased ORs for CBT. Data from our
study provide little evidence of an increased risk for CBT with mothers’ exposures to beauty products.

Abbreviations: BRONOPOL – 2-bromo-2-nitropropane-1,3-diol; CBT – childhood brain tumors; CI – confidence
intervals; EMF – electromagnetic fields; 4-EMPD – 4-ethoxy-M-phenylenediamine sulfate; ICD-O – International
Classification of Disease-Oncology; ISCO – International Classification of Occupations; 4-MMPD – 4-methoxy-
meta-phenylenediamine; NDELA – N-nitrosodiethanolamine; NOC – N-nitroso compounds; NOS – not-otherwise-
specified; OR – odds ratio; PNET – primitive neuroectodermal tumors; SD – standard deviation; SEARCH –
Surveillance of Environmental Aspects Related to Cancer in Humans

Introduction

Brain tumors are the most common solid tumors of
childhood and rank second after leukemia as the leading

cause of cancer death among children [1]. Established
risk factors for childhood brain tumors (CBT) that
account for less than 10% of the incidence for CBT in-
clude male sex (for medulloblastomas and ependymo-
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mas), therapeutic doses of ionizing radiation to the head,
and various hereditary conditions (e.g., neurofibroma-
tosis, tuberous sclerosis, naevoid basal-cell syndrome,
Turcot syndrome and Li–Fraumeni syndrome) [2]. A few
studies have examined maternal beauty product use (e.g.,
make-up [3–7], hair-color agents [3–7], hair spray [3,5],
permanent-wave solution [3]) and employment as a
hairdresser/cosmetologist [8–10], as potential risk factors
for CBT. Results from these studies have shown no in-
creased odds ratios (OR) or have been inconclusive.
Women worldwide commonly use beauty products

[11] and risk frequent exposure to potentially carcino-
genic chemicals contained in many of these products.
Certain chemical components of beauty products (e.g.,
coal-tar based and related aromatic amine dyes [12–26],
N-nitroso compounds (NOC) [14–17,27–30], diethanol-
amine/triethanolamine [31–34], formaldehyde-releasing
preservatives [35–38], phthalates [39–43], cobalt salts
[44], lead acetate [45,46], nickel salts [47], and 1,4-diox-
ane [46,48]) have been shown to be mutagenic and/or
carcinogenic in experimental animals and possibly car-
cinogenic to humans. Also, some widely used cosmetic
ingredients, such as those in the paraben family of pre-
servatives [49,50] and phthalic acid-derived compounds
[51,52], are known to mimic estrogen. These estrogen-
acting compounds conceivably pose cancer risk in chil-
dren of mothers exposed preconceptionally [53–56],
given that several studies have linked other known
xenoestrogens with cancer [57–62] and reproductive
problems [63–69] and that estrogens are important in the
normal development and function of the CNS [70–83]
and in immune programming [84] during embryonic
development. Interestingly, women of childbearing age
were found to have significantly higher urinary metab-
olite levels of phthalate compounds, used extensively in
perfumes, nail polishes, hair sprays and other cosmetics,
compared with other age and sex groups [85].
Similar to other hormonally dependent cancers, some

types of brain tumors possess estrogen/sex steroid
receptors [86–89] and respond to the estrogen antagonist
drug Tamoxifen [90–93], although the latter effect may
be attributable to the inhibition of protein kinase C [91].
Estrogen is known to effectively induce prolactin-
secreting pituitary tumors in laboratory animals fol-
lowing prolonged exposure [94]. Additionally, the
paraben class agent, 2-Bromo-2-nitropropane-1,3-Diol
(BRONOPOL), is known to act as a nitrosating agent
that can result in the formation of the carcinogenic
product N-nitrosodiethanolamine (NDELA) [11,95].
Potential exposure to the fetus during routine cosmetic
use is possible given that many of these compounds are
skin permeable [13,96–110], or can enter the body via
oral, ocular or inhalation routes [13,85] and thus cross
the placenta [111–114]. It also may be that maternal
exposure to carcinogenic agents and endocrine disrup-
tors present in beauty products before the birth of the
child yield transgenerational effects because they can
persist in body fat and/or mother’s milk [115,116], or
may mutate the germline [117,118].
Among regular clients of beauticians, 93% of women

use facial cream/lotion, 53% receive salon permanent
waves, 30% use hair color/bleach, 24% use color sham-

poo, and 6% use at-home permanent-wave products
[11]. Annual sales of beauty products by some members
of the European community amount to 80% of their
market [11]. United States consumers alone purchase
more than $3.9 billion of hair and $1.8 billion of skin-
care products every year [11]. In some regions of the
United States, such as the San Francisco Bay Area,
approximately 60% of women between ages 21 and
74 years reported having ever used a hair-coloring
product [119]. Given the extensive use of beauty prod-
ucts worldwide, the children of women who are exposed
to potentially harmful agents present in these products
prior to or during pregnancy, may be at increased risk
for cancer.
We investigated the association between CBT and

prenatal and preconceptional maternal exposure to
beauty products and beauty-related employment. The
data were collected from mothers of 1218 cases and 2223
population-based controls who participated in a large
international case–control study of CBT that ascer-
tained maternal exposure to hair color, hair spray,
permanent-wave solution, foundation face cream, and
other beauty products, and employment as a hairdresser
or beautician. The study was conducted under the
auspices of the Surveillance of Environmental Aspects
Related to Cancer in Humans (SEARCH) program of
the International Agency for Research on Cancer
(IARC).

Methods

Study methods have been published previously [6–
8,10,120–134]. Briefly, data were collected from 9 par-
ticipating centers in seven countries (San Francisco and
Los Angeles, California, and Seattle, Washington, in the
USA; Israel; Milan, Italy; Valencia, Spain; Sydney,
Australia; Paris, France; and Winnipeg, Canada). All
centers followed the same international study protocol,
including study design and questionnaire use, with
minor differences among the participating centers.
Eligible cases were younger than 20 years of age at

diagnosis; were diagnosed between 1976 and 1994 with a
primary brain [International Classification of Disease-
Oncology (ICD-O) [135] site code: 191] or cranial nerve
[ICD-O:192.0] tumor; and resided in one of the geo-
graphic regions covered by each center. Cases were
ascertained through population-based cancer registries
in Los Angeles, San Francisco, Seattle, Sydney, Valencia
and Winnipeg, and through hospital records in Israel,
Milan and Paris. If there were no physician-indicated
contraindications to contacting the subject, the biolog-
ical mother of each eligible case was contacted in writing
to request participation in the study. A comparison of
the expected number of cases (based on published inci-
dence rates) with the rates in each geographic area (not
routinely covered by a tumor registry) suggested that
case ascertainment was nearly complete [8].
Population-based controls were identified using

methods optimal to each geographic region. Telephone
directories were used in Winnipeg, electoral rolls in
Sydney (where voting is compulsory), census and
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telephone directories in Paris, the national population
register in Israel, the regional health service in Milan,
the municipal census in Valencia and random digit dial
in the USA. Matching variables were at least age
(ranging from±3 months to ±4 years) and gender in all
centers.
A total of 1627 case and 2950 control children met

study eligibility criteria. All interviews were in-person
and typically were conducted at the participants’ homes.
There were 1218 cases (75% response rate; ranging from
69% to 87% between centers) and 2223 controls (75%
response rate; ranging from 57% to 87% between
centers) who completed interviews. Non-participation of
cases and controls was due mainly to an inability to
locate or contact families (10% cases, 11% controls), and
to refusal by mothers (10% and 13%) [120,130].
Histologic subtypes for CBT were categorized into 5

groups based upon previously defined ICD-O mor-
phology codes [120,135]. In total, there were 621 as-
troglial, 258 primitive neuroectodermal tumors (PNET),
147 other glial, 178 other histologic type, and 9
not-otherwise-specified (NOS) cases included in these
analyses.
Study data were collected from biological mothers

via structured interviews using a standardized ques-
tionnaire. Mothers were asked to report their occupa-
tions (open-ended question coded using International
Standard Classification of Occupations (ISCO) [136]) in
the 5-year period before the birth of the index child.
They also were asked about their personal use and/or
exposure via ambient contact (e.g., respiratory or der-
mal) to beauty products at work or outside work
during this 5-year period. Work-related beauty-product
exposures had to have occurred for a period of
1 month or longer. Non-work-related beauty-product
exposures had to have occurred �at least once a week
for 6 months or longer,� or �for several hours at a time
on one or more occasions.� Mothers were asked to
select the type of beauty- product exposure from a list
that included �hair dyes,� �hair sprays,� �permanent-wave
chemicals,� and �other beauty products.� Additionally,
information was obtained about maternal personal use
of foundation face cream during pregnancy with the
index child, and on maternal personal use of hair-color
products in the month before or during pregnancy with
the index child. With regard to foundation face cream,
mothers were asked: ‘…did you use foundation cream
or liquid on your face during your pregnancy with
(child)’, and ‘for how many days per week did you
usually use foundation cream or liquid.’ Details asked
about mothers’ personal use of hair colors included:
‘… did you use any dyes or coloring agents on your
hair;’ ‘did you use it … during the month before
(pregnancy), during the first 3 months, during the
second 3 months, during the last 3 months;’ ‘how many
times per week, month or year did you use it;’ and
‘what type of hair dye was this? Was it … temporary
(washes out in one shampoo) … semi-permanent
(washes out in 6–10 shampoos) … permanent (leaves a
line as it grows out) … or was it a hair darkener (a
product used to blend grey with the rest of the hair).’
Information about specific types of semi-permanent

dyes used (e.g., henna versus synthetic organic dyes)
was not collected.
Although individual matching was used in some

centers, the conditional and unconditional estimates
were essentially the same based on 95% confidence
intervals (CI). Thus, unconditional analysis methods
were used with the combined data. This allowed us to
maximize efficiency by including all available subjects
compared with losing some matched units who could
not be individually matched if a post-hoc strategy was
used to analyze the data. Child’s reference age for
evaluation of exposures was computed similarly by
study centers and corresponded to the method of con-
trol selection at each center. Regression models were
adjusted for sex, study center and child’s age (continu-
ous variable).
Model fit was assessed using deviance-based diag-

nostic plots [137]. Normal theory was used to compute
test-based CIs for estimated ORs. Tests for trend are
presented where appropriate and were computed using a
likelihood ratio procedure [138]. The least-square means
method was used to compare mean values between
groups adjusting for study center and sex [139]. Race
was mostly homogeneous within the majority of centers
and consequently was not a confounder in any model.
Regional differences that may not have been controlled
for by other variables were addressed via adjustment for
study center. Adjustment for mother’s education had
little or no effect on the magnitude or significance of
ORs and CIs and was not included in final models.
Sample sizes were too small in some centers to report
center-specific estimates reliably or to assess the degree
of effect modification across centers. To investigate the
effect of changes in product formulations, an a priori
cutoff year of 1980 was used based upon the declining or
discontinued use of several cosmetic chemicals prior to
or near 1980 [13]. Continuous variables were categorized
into quartiles or tertiles based on the distribution among
control participants.

Results

Cases and controls were distributed similarly by child’s
age and year of birth, maternal age at child’s birth and
number of years of schooling of the mother [8]. Time
from diagnosis (reference) to interview date was not
different between cases and controls (cases, adjusted
mean time ¼ 3.1 years; controls, adjusted mean
time ¼ 2.9 years; P ¼ 0.20). The largest proportion of
cases were contributed by the USA centers (44%) fol-
lowed by Israel (25%), Europe (21%), Australia (7%)
and Canada (4%) (Table 1).
An OR of 1.5 [95% confidence interval (CI) ¼ 1.0–2.1]

for CBT was observed for any use of beauty products
(hair dyes, hair sprays, permanent-wave chemicals, and
�other beauty products�) among children of mothers who
were exposed during the 5 years preceding the index
child’s birth compared with children of mothers never
exposed to beauty products during this time period
(Table 2). Within this group, ORs >2.0 were found for
work-related exposure to �other beauty products�
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(OR ¼ 2.5, CI ¼ 1.2–5.4, 15 cases, 14 controls, not
shown in Table 2) and for non-work-related exposure to
hair dyes (OR ¼ 2.3, CI ¼ 0.99–5.5). The �other beauty
products� category was self-defined and included many
different types of substances (e.g., bleaches, liquid hair
lacquer, nail polish, shampoo, soaps, hair-removing
creams, perfumes, deodorant, powder, blusher, beauty
creams, make-up products, shaving lather, scalp treat-
ment products, toothpaste, beauty-improvement prod-
ucts). However, few of the mothers reported the same
exposures. Maternal non-work-related exposure to hair
sprays was associated with a 5.5-fold increased OR
(CI ¼ 1.0–29, 5 cases, 2 controls) for CBT among chil-
dren of mothers living in Sydney, Australia, whereas the
OR was 0.95 (CI ¼ 0.45–2.0, 12 cases, 17 controls) in all
other sites combined. Among children born before 1980,
ORs for CBT were associated with maternal work-
related exposure to any beauty products (OR ¼ 1.8,
CI ¼ 1.0–3.3) and to �other beauty products� (OR ¼ 3.4,
CI=1.3–8.7, 11 cases, 8 controls, not shown in Table 2).
Among children born in or after 1980, ORs for CBT
were associated with maternal non-work-related expo-
sure to any beauty products (OR ¼ 2.6, CI ¼ 1.2–5.9),
hair dyes [OR ¼ 11, CI ¼ 1.2–90; mean child’s age: 6
cases=3.2 years (2 from Sydney, 1 from Israel, 2 from
Los Angeles, and 1 from Seattle) [±2.3 standard devi-
ations (SD)], 1 control=2.2 years (from Sydney)], and
hair sprays [OR=3.4, CI=1.0–11; mean child’s age: 9
cases=3.8 years (3 from Sydney, 5 from Los Angeles,
and 1 from Seattle) (±2.6 SD), 4 controls ¼ 2.8 years
(1 from Sydney, 2 from Winnipeg, and 1 from Los
Angeles) (±2.8 SD)]. Among children born before 1980,
all work-related ORs shown in Table 2 were higher than
non-work-related ORs, whereas for children born in or
after 1980, all non-work-related ORs were higher then
work-related ORs.
An increased OR for PNET [OR ¼ 2.7, CI ¼ 1.3–5.4;

mean child’s age: 11 cases ¼ 7.0 years (±5.3 SD) (1
from Sydney, 2 from Israel, 1 from Paris, 2 from Milan,
4 from Los Angeles, and 1 from Seattle), 40 con-
trols ¼ 8.0 years (±4.9 SD) (4 from Sydney, 4 from

Israel, 2 from Winnipeg, 1 from Paris, 8 from Milan, 5
from Valencia, 4 from Los Angeles, 9 from San Fran-
cisco, and 3 from Seattle)] was observed among children
of mothers exposed to hair sprays at work during the 5
years preceding the index child’s birth, compared with
children of mothers never exposed to beauty products
during this time period (Table 3). However, the non-
work-related OR for hair-spray exposure was 0.35,
which should generate caution in interpreting this result.
Maternal exposure at work to the highly variable cate-
gory of �other beauty products� was associated with an
increased OR for astroglial CBT (OR ¼ 3.7, CI ¼ 1.6–
8.6). Non-work-related maternal exposure to hair dyes
was associated with an increased OR for other glial CBT
[OR ¼ 6.5, CI ¼ 1.6–26; mean child’s age: 3 case-
s ¼ 8.6 years (±5.6 SD) (1 from Los Angeles, 1 from
San Francisco, and 1 from Seattle), 10 con-
trols ¼ 10.2 years (±4.2 SD) (3 from Sydney, 1 from
Winnipeg, 1 from Milan, 1 from Los Angeles, and 4
from San Francisco)].
Overall maternal personal use of hair-coloring agents

(e.g., temporary, semi-permanent, permanent, hair
darkener) in the month before or during the pregnancy
with the index child was not associated with CBT
(OR ¼ 1.0, CI ¼ 0.83–1.3, 163 cases, 283 controls)
compared with children of mothers who never used any
hair-coloring agents during this time period (Table 4).
Similarly, personal use of any hair-coloring agents was
not associated with astroglial (OR ¼ 1.1, CI ¼ 0.85–
1.4), PNET (OR ¼ 1.0, CI ¼ 0.71–1.5) and other glial
(OR ¼ 1.0, CI ¼ 0.62–1.7) subtypes (Table 5). No sta-
tistically increased ORs or discernable pattern of risk
estimates were observed for �period of use� or �applica-
tions per year� for maternal personal use of hair-coloring
agents overall (Table 4) or by histologic type (Table 5).
Among children in Israel, maternal personal use of semi-
permanent hair color was associated with an increased
OR for CBT (OR ¼ 3.0, CI ¼ 1.1–7.9, 11 cases, 7 con-
trols, not shown in Table 4) compared with Israeli
children whose mothers never used any hair-coloring
agents. However, the OR for CBT at all other study
centers was 0.86 (CI ¼ 0.47–1.6, 17 cases, 35 controls).
A decreased OR for CBT (OR ¼ 0.86, CI ¼ 0.73–1.0,

354 cases, 698 controls, not shown in tables) was ob-
served among children of mothers who used foundation
face cream or liquid during pregnancy, compared with
mothers who did not use these products. An increasing
number of applications per week of foundation face
cream or liquid was not associated with a consistently
decreasing OR for CBT (never used during pregnancy:
OR ¼ 1.0; 1–6 applications per week: OR ¼ 0.81,
CI=0.65–1.0); >6 applications per week: OR ¼ 0.87,
CI=0.71–1.1).
There was no association between CBT and mothers’

history of employment in beauty-related jobs during
the 5 years preceding the index child’s birth (ever
versus never; OR ¼ 1.2, CI ¼ 0.69–1.9, 25 cases, 42
controls, result not shown in Tables). A 2.8-fold OR
for PNET (CI ¼ 0.81–9.4, 4 cases, 9 controls) was
observed among children of mothers ever employed as
beauticians. However, the risk estimate did not statis-
tically differ from unity.

Table 1. Distribution of cases and controls by study center: IARC

SEARCH International Childhood Brain Tumor Study, 1976–1994

Study center Cases

(n = 1218)

Controls

(n = 2223)

n % n %

United States 540 44 801 36

Los Angeles 304 25 315 14

Seattle 134 11 281 13

San Francisco 102 8 205 9

Israel 300 25 574 26

Europe 251 21 601 27

Milan, Italy 90 7 318 14

Valencia, Spain 86 7 170 8

Paris, France 75 6 113 5

Sydney, Australia 82 7 164 7

Winnipeg, Canada 45 4 83 4

136



T
a
b
le

2
.
A
d
ju
st
ed

o
d
d
s
ra
ti
o
s
fo
r
C
B
T
b
y
m
a
te
rn
a
l
ex
p
o
su
re
s
to

b
ea
u
ty

p
ro
d
u
ct
s
d
u
ri
n
g
th
e
5
y
ea
rs

p
re
ce
d
in
g
th
e
in
d
ex

ch
il
d
’s
b
ir
th
:
S
E
A
R
C
H

In
te
rn
a
ti
o
n
a
l
B
ra
in

T
u
m
o
r
S
tu
d
y
,
1
9
7
6
–
1
9
9
4
a

M
a
te
rn
a
l
ex
p
o
su
re

to
b
ea
u
ty

p
ro
d
u
ct
sb

d
u
ri
n
g
th
e

5
y
ea
rs

p
re
ce
d
in
g
th
e
in
d
ex

ch
il
d
’s
b
ir
th

C
o
m
b
in
ed

b
ir
th

y
ea
rs

B
ir
th

y
ea
r
<

1
9
8
0

B
ir
th

y
ea
r

‡1
9
8
0

C
a
se
s/
co
n
tr
o
ls

O
R

[9
5
%

C
I]
c

C
a
se
s/
co
n
tr
o
ls

O
R

[9
5
%

C
I]
c

C
a
se
s/
co
n
tr
o
ls

O
R

[9
5
%

C
I]
c

N
ev
er

ex
p
o
se
d
d

1
1
5
3
/2
1
4
3

1
.0

R
ef
er
en
t

5
7
4
/1
1
0
2

1
.0

R
ef
er
en
t

5
7
9
/1
0
4
1

1
.0

R
ef
er
en
t

E
v
er

ex
p
o
su
re
d

6
5
/8
0

1
.5

[1
.0
–
2
.1
]

3
3
/4
8

1
.2

[0
.7
7
–
2
.0
]

3
2
/3
2

1
.8

[1
.0
–
2
.9
]

W
o
rk
-r
el
a
te
d
e
,g

3
7
/4
8

1
.5

[0
.9
9
–
2
.4
]

2
2
/2
5

1
.8

[1
.0
–
3
.3
]

1
5
/2
3

1
.2

[0
.6
4
–
2
.4
]

N
o
n
-w

o
rk
–
re
la
te
d
f,
g

2
8
/3
4

1
.3

[0
.7
7
–
2
.2
]

1
1
/2
4

0
.6
6
[0
.3
1
–
1
.4
]

1
7
/1
0

2
.6

[1
.2
–
5
.9
]

H
a
ir
d
y
es

3
8
/4
7

1
.6

[1
.0
–
2
.5
]

2
2
/2
8

1
.5

[0
.8
6
–
2
.8
]

1
6
/1
9

1
.6

[0
.8
1
–
3
.2
]

W
o
rk
-r
el
a
te
d
e
,g

2
6
/3
8

1
.3

[0
.8
0
–
2
.3
]

1
6
/2
0

1
.6

[0
.8
0
–
3
.1
]

1
0
/1
8

1
.1

[0
.4
9
–
2
.4
]

N
o
n
-w

o
rk
-r
el
a
te
d
f,
g

1
2
/1
0

2
.3

[0
.9
9
–
5
.5
]

6
/9

1
.3

[0
.4
4
–
3
.6
]

6
/1

h
1
1
[1
.2
–
9
0
]

H
a
ir
sp
ra
y
s

4
6
/5
8

1
.4

[0
.9
3
–
2
.1
]

2
5
/3
4

1
.2

[0
.7
1
–
2
.1
]

2
1
/2
4

1
.5

[0
.8
4
–
2
.8
]

W
o
rk
-r
el
a
te
d
e
,g

2
9
/4
0

1
.4

[0
.8
5
–
2
.3
]

1
7
/2
0

1
.6

[0
.8
3
–
3
.2
]

1
2
/2
0

1
.1

[0
.5
4
–
2
.3
]

N
o
n
-w

o
rk
-r
el
a
te
d
f,
g

1
7
/1
9

1
.3

[0
.6
8
–
2
.6
]

8
/1
5

0
.7
0
[0
.2
8
–
1
.7
]

9
/4

i
3
.4

[1
.0
–
1
1
]

P
er
m
a
n
en
t-
w
a
v
e
ch
em

ic
a
ls

3
3
/4
7

1
.3

[0
.8
1
–
2
.0
]j

1
6
/2
2

1
.3

[0
.6
9
–
2
.6
]

1
7
/2
5

1
.2

[0
.6
4
–
2
.3
]

W
o
rk
-r
el
a
te
d
e
,g

2
3
/3
6

1
.2

[0
.7
1
–
2
.1
]

1
4
/1
7

1
.6

[0
.7
6
–
3
.3
]

9
/1
9

0
.9
0
[0
.4
0
–
2
.0
]

N
o
n
-w

o
rk
-r
el
a
te
d
f,
g

1
0
/1
3

1
.2

[0
.5
2
–
2
.8
]

2
/6

0
.5
1
[0
.1
0
–
2
.6
]

8
/7

1
.8

[0
.6
4
–
5
.1
]

a
Y
ea
r
o
f
d
ia
g
n
o
si
s
fo
r
ch
il
d
re
n
w
it
h
b
ra
in

tu
m
o
rs

in
cl
u
d
ed

in
th
is
st
u
d
y
.

b
H
a
ir
d
y
es
,
h
a
ir
sp
ra
y
s,
p
er
m
a
n
en
t–
w
a
v
e
ch
em

ic
a
ls
,
�o
th
er

b
ea
u
ty

p
ro
d
u
ct
s.
�

c
A
d
ju
st
ed

fo
r
ch
il
d
’s
a
g
e,

se
x
a
n
d
ce
n
te
r.

d
R
ef
er
en
ce

g
ro
u
p
fo
r
a
ll
ex
p
o
su
re
s
w
er
e
m
o
th
er
s
w
h
o
n
ev
er

w
er
e
ex
p
o
se
d
to

b
ea
u
ty

p
ro
d
u
ct
s
o
n
o
r
o
ff
th
e
jo
b
d
u
ri
n
g
th
e
5
y
ea
rs

p
re
ce
d
in
g
th
e
in
d
ex

ch
il
d
’s
b
ir
th
.

e
P
er
so
n
a
l
u
se

a
n
d
/o
r
a
m
b
ie
n
t
co
n
ta
ct

(e
.g
.,
in
h
a
li
n
g
it
o
r
g
et
ti
n
g
it
o
n
sk
in

o
r
cl
o
th
es
)
fo
r
a
p
er
io
d
o
f
1
m
o
n
th

o
r
lo
n
g
er
.

f
P
er
so
n
a
l
u
se

a
n
d
/o
r
a
m
b
ie
n
t
co
n
ta
ct

(e
.g
.,
in
h
a
li
n
g
it
o
r
g
et
ti
n
g
it
o
n
sk
in

o
r
cl
o
th
es

)
a
t
le
a
st

o
n
ce

a
w
ee
k
fo
r
a
p
er
io
d
o
f
6
m
o
n
th
s
o
r
lo
n
g
er
,
o
r
fo
r
se
v
er
a
l
h
o
u
rs

a
t
a
ti
m
e
o
n
o
n
e
o
r
m
o
re

o
cc
a
si
o
n
s.

g
W
o
rk
-
a
n
d
n
o
n
-w

o
rk
-r
el
a
te
d
ex
p
o
su
re
s
m
a
y
n
o
t
b
e
m
u
tu
a
ll
y
ex
cl
u
si
v
e.

h
M
ea
n
ch
il
d
’s
a
g
e:

6
ca
se
s
(2

fr
o
m

S
y
n
d
ey
,
1
fr
o
m

Is
ra
el
,
2
fr
o
m

L
o
s
A
n
g
el
es
,
a
n
d
1
fr
o
m

S
ea
tt
le
)=

3
.2

y
ea
rs

(±
2
.3

S
D
),
1
co
n
tr
o
l
(f
ro
m

S
y
d
n
ey
)=

2
.2

y
ea
rs
.

i
M
ea
n
ch
il
d
’s
a
g
e:

9
ca
se
s
(3

fr
o
m

S
y
d
n
ey
,
5
fr
o
m

L
o
s
A
n
g
el
es
,
a
n
d
1
fr
o
m

S
ea
tt
le
)=

3
.8

y
ea
rs

(±
2
.6

S
D
),
4
co
n
tr
o
ls
(1

fr
o
m

S
y
d
n
ey
,
2
fr
o
m

W
in
n
ip
eg
,
a
n
d
1
fr
o
m

L
o
s
A
n
g
el
es
)=

2
.8

y
ea
rs

(±
2
.2

S
D
).

j
O
R
=
0
.9
5
(C

I=
0
.4
5
–
2
.0
)
fo
r
a
ll
g
eo
g
ra
p
h
ic

si
te
s
ex
ce
p
t
S
y
d
n
ey
,
A
U

w
h
er
e
O
R
=
5
.5

(C
I=

1
.0
–
2
9
,
5
ca
se
s,
2
co
n
tr
o
ls
).

137



T
a
b
le

3
.
A
d
ju
st
ed

o
d
d
s
ra
ti
o
s
fo
r
C
B
T
b
y
m
a
te
rn
a
l
ex
p
o
su
re
s
to

b
ea
u
ty

p
ro
d
u
ct
s
d
u
ri
n
g
th
e
5
y
ea
rs

p
re
ce
d
in
g
th
e
in
d
ex

ch
il
d
’s
b
ir
th

–
H
is
to
lo
g
y
:
S
E
A
R
C
H

In
te
rn
a
ti
o
n
a
l
B
ra
in

T
u
m
o
r
S
tu
d
y
,
1
9
7
6
–
1
9
9
4
a

M
a
te
rn
a
l
ex
p
o
su
re

to
b
ea
u
ty

p
ro
d
u
ct
sb

d
u
ri
n
g
th
e

5
y
ea
rs

p
re
ce
d
in
g
th
e
in
d
ex

ch
il
d
’s
b
ir
th

A
st
ro
g
li
a
l

P
N
E
T

O
th
er

g
li
a
l

C
a
se
s/
co
n
tr
o
ls

O
R

[9
5
%

C
I]
c

C
a
se
s/
co
n
tr
o
ls

O
R

[9
5
%

C
I]
c

C
a
se
s/
co
n
tr
o
ls

O
R

[9
5
%

C
I]
c

N
ev
er

ex
p
o
se
d
d

5
8
7
/2
1
4
3

1
.0

R
ef
er
en
t

2
4
6
/2
1
4
3

1
.0

R
ef
er
en
t

1
4
1
/2
1
4
3

1
.0

R
ef
er
en
t

E
v
er

ex
p
o
su
re
d

3
6
/8
0

1
.5

[1
.0
–
2
.3
]

1
3
/8
0

1
.4

[0
.7
5
–
2
.6
]

7
/8
0

1
.4

[0
.6
1
–
3
.1
]

W
o
rk
-r
el
a
te
d
e
,g

1
9
/4
8

1
.5

[0
.8
9
–
2
.7
]

1
1
/4
8

2
.2

[1
.1
–
4
.4
]

4
/4
8

1
.4

[0
.5
0
–
4
.1
]

N
o
n
-w

o
rk
-r
el
a
te
d
f,
g

1
7
/3
4

1
.4

[0
.7
8
–
2
.6
]

2
/3
4

0
.3
9
[0
.0
9
–
1
.7
]

3
/3
4

1
.2

[0
.3
5
–
4
.1
]

H
a
ir
d
y
es

1
8
/4
7

1
.5

[0
.8
3
–
2
.6
]

9
/4
7

1
.9

[0
.8
9
–
3
.9
]

6
/4
7

2
.2

[0
.9
0
–
5
.3
]

W
o
rk
-r
el
a
te
d
e
,g

1
3
/3
8

1
.4

[0
.7
1
–
2
.6
]

8
/3
8

2
.0

[0
.9
0
–
4
.4
]

3
/3
8

1
.3

[0
.3
8
–
4
.3
]

N
o
n
-w

o
rk
-r
el
a
te
d
f,
g

5
/1
0

1
.7

[0
.5
5
–
5
.0
]

1
/1
0

1
.2

[0
.1
4
–
9
.3
]

3
/1
0
h

6
.5

[1
.6
–
2
6
]

H
a
ir
sp
ra
y
s

2
1
/5
8

1
.2

[0
.6
9
–
2
.0
]

1
2
/5
8

1
.8

[0
.9
3
–
3
.4
]

7
/5
8

1
.9

[0
.8
3
–
4
.3
]

W
o
rk
-r
el
a
te
d
e
,g

1
2
/4
0

1
.1

[0
.5
5
–
2
.1
]

1
1
/4
0
i

2
.7

[1
.3
–
5
.4
]

4
/4
0

1
.7

[0
.6
0
–
5
.0
]

N
o
n
-w

o
rk
-r
el
a
te
d
f,
g

9
/1
9

1
.3

[0
.5
6
–
2
.9
]

1
/1
9

0
.3
5
[0
.0
5
–
2
.6
]

3
/1
9

2
.1

[0
.5
9
–
7
.7
]

P
er
m
a
n
en
t-
w
a
v
e
ch
em

ic
a
ls

1
6
/4
7

1
.2

[0
.6
6
–
2
.1
]

9
/4
7

1
.6

[0
.7
7
–
3
.4
]

5
/4
7

1
.7

[0
.6
5
–
4
.4
]

W
o
rk
-r
el
a
te
d
e
,g

1
0
/3
6

1
.1

[0
.5
1
–
2
.2
]

8
/3
6

2
.1

[0
.9
3
–
4
.6
]

3
/3
6

1
.3

[0
.3
9
–
4
.4
]

N
o
n
-w

o
rk
-r
el
a
te
d
f,
g

6
/1
3

1
.3

[0
.4
8
–
3
.4
]

1
/1
3

0
.4
6
[0
.0
6
–
3
.7
]

2
/1
3

2
.4

[0
.5
0
–
1
2
]

a
Y
ea
r
o
f
d
ia
g
n
o
si
s
fo
r
ch
il
d
re
n
w
it
h
b
ra
in

tu
m
o
rs

in
cl
u
d
ed

in
th
is
st
u
d
y
.

b
H
a
ir
d
y
es
,
h
a
ir
sp
ra
y
s,
p
er
m
a
n
en
t–
w
a
v
e
ch
em

ic
a
ls
,
�o
th
er

b
ea
u
ty

p
ro
d
u
ct
s.
�

c
A
d
ju
st
ed

fo
r
ch
il
d
’s
a
g
e,

se
x
a
n
d
ce
n
te
r.

d
R
ef
er
en
ce

g
ro
u
p
fo
r
a
ll
ex
p
o
su
re
s
w
er
e
m
o
th
er
s
w
h
o
n
ev
er

w
er
e
ex
p
o
se
d
to

b
ea
u
ty

p
ro
d
u
ct
s
o
n
o
r
o
ff
th
e
jo
b
d
u
ri
n
g
th
e
5
y
ea
rs

p
re
ce
d
in
g
th
e
in
d
ex

ch
il
d
’s
b
ir
th
.

e
P
er
so
n
a
l
u
se

a
n
d
/o
r
a
m
b
ie
n
t
co
n
ta
ct

(e
.g
.,
in
h
a
li
n
g
it
o
r
g
et
ti
n
g
it
o
n
sk
in

o
r
cl
o
th
es
)
fo
r
a
p
er
io
d
o
f
1
m
o
n
th

o
r
lo
n
g
er
.

f
P
er
so
n
a
l
u
se

a
n
d
/o
r
a
m
b
ie
n
t
co
n
ta
ct

(e
.g
.,
in
h
a
li
n
g
it
o
r
g
et
ti
n
g
it
o
n
sk
in

o
r
cl
o
th
es

)
a
t
le
a
st

o
n
ce

a
w
ee
k
fo
r
a
p
er
io
d
o
f
6
m
o
n
th
s
o
r
lo
n
g
er
,
o
r
fo
r
se
v
er
a
l
h
o
u
rs

a
t
a
ti
m
e
o
n
o
n
e
o
r
m
o
re

o
cc
a
si
o
n
s.

g
W
o
rk
-a
n
d
n
o
n
-w

o
rk
-r
el
a
te
d
ex
p
o
su
re
s
m
a
y
n
o
t
b
e
m
u
tu
a
ll
y
ex
cl
u
si
v
e.

h
M
ea
n
ch
il
d
’s
a
g
e:
3
ca
se
s
(1

fr
o
m

L
o
s
A
n
g
el
es
,
1
fr
o
m

S
a
n
F
ra
n
ci
sc
o
,
a
n
d
1
fr
o
m

S
ea
tt
le
)=

8
.6

(±
5
.6

S
D
),
1
0
co
n
tr
o
ls
(3

fr
o
m

S
y
d
n
ey
,
1
fr
o
m

W
in
n
ip
eg
,
1
fr
o
m

M
il
a
n
,
1
fr
o
m

L
o
s
A
n
g
el
es
,
a
n
d
4
fr
o
m

S
a
n

F
ra
n
ci
sc
o
)=

1
0
.2

(±
4
.2

S
D
).

i
M
ea
n
ch
il
d
’s
a
g
e:
m
ea
n
ch
il
d
’s
a
g
e:
1
1
ca
se
s
(1

fr
o
m

S
y
d
n
ey
,
2
fr
o
m

Is
ra
el
,
1
fr
o
m

P
a
ri
s,
2
fr
o
m

M
il
a
n
,
4
fr
o
m

L
o
s
A
n
g
el
es
,
a
n
d
1
fr
o
m

S
ea
tt
le
)=

7
.0

y
ea
rs

(±
5
.3

S
D
),
4
0
co
n
tr
o
ls
(4

fr
o
m

S
y
d
n
ey
,
4
fr
o
m

Is
ra
el
,

2
fr
o
m

W
in
n
ip
eg
,
1
fr
o
m

P
a
ri
s,
8
fr
o
m

M
il
a
n
,
5
fr
o
m

V
a
le
n
ci
a
,
4
fr
o
m

L
o
s
A
n
g
el
es
,
9
fr
o
m

S
a
n
F
ra
n
ci
sc
o
,
a
n
d
3
fr
o
m

S
ea
tt
le
)=

8
.0

y
ea
rs

(±
4
.9

S
D
).

138



T
a
b
le

4
.
A
d
ju
st
ed

o
d
d
s
ra
ti
o
s
fo
r
C
B
T
b
y
m
a
te
rn
a
l
p
er
so
n
a
l
u
se

o
f
h
a
ir
d
y
es

o
r
co
lo
ri
n
g
a
g
en
ts

in
th
e
m
o
n
th

b
ef
o
re

o
r
d
u
ri
n
g
th
e
p
re
g
n
a
n
cy

o
f
th
e
in
d
ex

ch
il
d
’s
b
ir
th
:
S
E
A
R
C
H

In
te
rn
a
ti
o
n
a
l
B
ra
in

T
u
m
o
r

S
tu
d
y
,
1
9
7
6
–
1
9
9
4
a

M
a
te
rn
a
l
p
er
so
n
a
l
u
se

o
f
h
a
ir
d
y
es

o
r
co
lo
ri
n
g

a
g
en
ts

in
th
e
m
o
n
th

b
ef
o
re

o
r
d
u
ri
n
g
th
e

p
re
g
n
en
cy

o
f
th
e
in
d
ex

ch
il
d
’s
b
ir
th

b

C
o
m
b
in
ed

b
ir
th

y
ea
rs

B
ir
th

y
ea
r
<

1
9
8
0

B
ir
th

y
ea
r

‡
1
9
8
0

C
a
se
s/
co
n
tr
o
ls

O
R

[9
5
%

C
I]
c

C
a
se
s/
co
n
tr
o
ls

O
R

[9
5
%

C
I]
c

C
a
se
s/
co
n
tr
o
ls

O
R

[9
5
%

C
I]
c

N
ev
er

u
se
d
d

1
0
3
7
/1
9
1
3

1
.0

R
ef
er
en
t

5
1
0
/9
9
3

1
.0

R
ef
er
en
t

5
2
7
/9
2
0

1
.0

R
ef
er
en
t

E
v
er

u
se
d

1
6
3
/2
8
3

1
.0

[0
.8
3
–
1
.3
]

8
7
/1
4
2

1
.1

[0
.8
3
–
1
.5
]

7
6
/1
4
1

0
.9
1
[0
.6
7
–
1
.2
]

A
p
p
li
ca
ti
o
n
s
p
er

y
ea
r

1
–
2

4
5
/9
7

0
.8
1
[0
.5
6
–
1
.2
]

1
5
/3
9

0
.9
0
[0
.3
9
–
1
.3
]

3
0
/5
8

0
.8
6
[0
.5
4
–
1
.4
]

3
–
6

6
3
/9
3

1
.2

[0
.8
6
–
1
.7
]

3
9
/4
9

1
.5

[0
.9
5
–
1
.1
]

2
4
/4
4

0
.9
2
[0
.5
5
–
1
.5
]

>
6

5
5
/9
3

1
.1

[0
.7
5
–
1
.5
]

3
3
/5
4

1
.1

[0
.6
8
–
1
.7
]

2
2
/3
9

0
.9
9
[0
.5
8
–
1
.7
]

P
er
io
d
o
f
u
se

M
o
n
th

b
ef
o
re

p
re
g
n
a
n
cy

1
0
7
/1
7
0

1
.1

[0
.8
7
–
1
.5
]

6
5
/9
1

1
.3

[0
.9
3
–
1
.9
]

4
2
/7
9

0
.9
1
[0
.6
1
–
1
.4
]

1
st

tr
im

es
te
r

1
1
3
/1
9
8

1
.0

[0
.8
0
–
1
.3
]

7
3
/1
0
7

1
.2

[0
.8
8
–
1
.7
]

4
0
/9
1

0
.7
7
[0
.5
2
–
1
.1
]

2
n
d
tr
im

es
te
r

1
1
6
/1
9
6

1
.0

[0
.8
1
–
1
.3
]

7
3
/1
0
1

1
.3

[0
.9
3
–
1
.8
]

4
3
/9
5

0
.7
7
[0
.5
2
–
1
.1
]

3
rd

tr
im

es
te
r

1
1
8
/1
9
1

1
.1

[0
.8
7
–
1
.4
]

7
1
/1
0
2

1
.2

[0
.8
9
–
1
.7
]

4
7
/8
9

0
.9
3
[0
.6
3
–
1
.4
]

T
y
p
e
o
f
p
ro
d
u
ct

u
se
d

T
em

p
o
ra
ry

(w
a
sh
es

o
u
t
in

1
sh
a
m
p
o
o
)

1
2
/1
6

1
.4

[0
.6
5
–
3
.0
]

4
/8

1
.1

[0
.3
1
–
3
.6
]

8
/8

1
.7

[0
.6
1
–
4
.6
]

S
em

i-
p
er
m
a
n
en
t
(w

a
sh
es

o
u
t
in

6
–
1
0
sh
a
m
p
o
o
s)

2
8
/4
2

1
.2

[0
.7
3
–
2
.0
]

1
5
/1
8

1
.5

[0
.7
3
–
3
.0
]

1
3
/2
4

0
.9
8
[0
.4
9
–
2
.0
]

P
er
m
a
n
en
t
(l
ea
v
es

a
li
n
e
a
s
it
g
ro
w
s
in
)

1
2
9
/2
2
3

1
.0

[0
.8
1
–
1
.3
]

6
9
/1
1
8

1
.1

[0
.7
7
–
1
.5
]

6
0
/1
0
5

0
.9
6
[0
.6
8
–
1
.4
]

H
a
ir
d
a
rk
en
er

(u
se
d
to

b
le
n
d
g
re
y
w
it
h
re
st

o
f
h
a
ir
)

7
/7

1
.8

[0
.6
3
–
5
.3
]

4
/2

4
.5

[0
.8
2
–
2
5
]

3
/5

0
.9
4
[0
.2
2
–
4
.1
]

a
Y
ea
r
o
f
d
ia
g
n
o
si
s
fo
r
ch
il
d
re
n
w
it
h
b
ra
in

tu
m
o
rs

in
cl
u
d
ed

in
th
is
st
u
d
y
.

b
C
o
m
p
le
te

ex
p
o
su
re

in
fo
rm

a
ti
o
n
u
n
a
v
a
il
a
b
le

fo
r
1
8
ca
se
s
a
n
d
2
7
co
n
tr
o
ls
.

c
A
d
ju
st
ed

fo
r
ch
il
d
’s
a
g
e,

se
x
a
n
d
ce
n
te
r.

d
R
ef
er
en
ce

g
ro
u
p
fo
r
a
ll
ex
p
o
su
re
s
w
er
e
m
o
th
er
s
w
h
o
n
ev
er

p
er
so
n
a
ll
y
u
se
d
h
a
ir
d
y
e
o
r
co
lo
ri
n
g
a
g
en
ts

in
th
e
m
o
n
th

b
ef
o
re

o
r
d
u
ri
n
g
th
e
p
re
g
n
a
n
cy

o
f
th
e
in
d
ex

ch
il
d
’s
b
ir
th
.

139



T
a
b
le
5
.

A
d
ju
st
ed

o
d
d
s
ra
ti
o
s
fo
r
C
B
T
b
y
m
a
te
rn
a
l
p
er
so
n
a
l
u
se

o
f
h
a
ir
d
y
es

o
r
co
lo
ri
n
g
a
g
en
ts
in

th
e
m
o
n
th

b
ef
o
re

o
r
d
u
ri
n
g
th
e
p
re
g
n
a
n
cy

o
f
th
e
in
d
ex

ch
il
d
’s
b
ir
th

–
H
is
to
lo
g
y
:
S
E
A
R
C
H

In
te
rn
a
ti
o
n
a
l
B
ra
in

T
u
m
o
r
S
tu
d
y
,
1
9
7
6
–
1
9
9
4
a

M
a
te
rn
a
l
p
er
so
n
a
l
u
se

o
f
h
a
ir
d
y
es

o
r
co
lo
ri
n
g

a
g
en
ts

in
th
e
m
o
n
th

b
ef
o
re

o
r
d
u
ri
n
g
th
e

p
re
g
n
a
n
cy

o
f
th
e
in
d
ex

ch
il
d
’s
b
ir
th

b

A
st
ro
g
li
a
l

P
N
E
T

O
th
er

g
li
a
l

C
a
se
s/
co
n
tr
o
ls

O
R

[9
5
%

C
I]
c

C
a
se
s/
co
n
tr
o
ls

O
R

[9
5
%

C
I]
c

C
a
se
s/
co
n
tr
o
ls

O
R

[9
5
%

C
I]
c

N
ev
er

u
se
d
d

5
2
4
/1
9
1
3

1
.0

R
ef
er
en
t

2
1
9
/1
9
1
3

1
.0

R
ef
er
en
t

1
2
9
/1
9
1
3

1
.0

R
ef
er
en
t

E
v
er

u
se
d

9
0
/2
8
3

1
.1

[0
.8
5
–
1
.4
]

3
5
/2
8
3

1
.0

[0
.7
1
–
1
.5
]

1
9
/2
8
3

1
.0

[0
.6
2
–
1
.7
]

A
p
p
li
ca
ti
o
n
s
p
er

y
ea
r

1
–
2

2
1
/9
7

0
.7
7
[0
.4
7
–
1
.3
]

1
5
/9
7

1
.2

[0
.7
0
–
2
.2
]

4
/9
7

0
.5
9
[0
.2
1
–
1
.6
]

3
–
6

3
5
/9
3

1
.3

[0
.8
9
–
2
.0
]

1
1
/9
3

0
.9
9
[0
.5
1
–
1
.9
]

6
/9
3

1
.0

[0
.4
2
–
2
.4
]

>
6

3
4
/9
3

1
.3

[0
.8
4
–
1
.9
]

9
/9
3

0
.8
7
[0
.4
3
–
1
.8
]

9
/9
3

1
.6

[0
.7
8
–
3
.3
]

P
er
io
d
o
f
u
se

M
o
n
th

b
ef
o
re

p
re
g
n
a
n
cy

6
0
/1
7
0

1
.2

[0
.9
1
–
1
.7
]

1
9
/1
7
0

0
.9
7
[0
.5
9
–
1
.6
]

1
3
/1
7
0

1
.3

[0
.7
1
–
2
.4
]

1
st

tr
im

es
te
r

6
2
/1
9
8

1
.1

[0
.8
1
–
1
.5
]

2
6
/1
9
8

1
.2

[0
.7
4
–
1
.8
]

1
3
/1
9
8

1
.1

[0
.5
8
–
1
.9
]

2
n
d
tr
im

es
te
r

6
9
/1
9
6

1
.2

[0
.8
9
–
1
.6
]

2
0
/1
9
6

0
.8
7
[0
.6
6
–
1
.2
]

1
5
/1
9
6

1
.2

[0
.6
6
–
2
.1
]

3
rd

tr
im

es
te
r

6
9
/1
9
1

1
.3

[0
.9
5
–
1
.7
]

2
0
/1
9
1

0
.9
0
[0
.5
5
–
1
.5
]

1
3
/1
9
1

1
.1

[0
.6
0
–
2
.0
]

T
y
p
e
o
f
p
ro
d
u
ct

u
se
d

T
em

p
o
ra
ry

(w
a
sh
es

o
u
t
in

1
sh
a
m
p
o
o
)

7
/1
6

1
.7

[0
.6
9
–
4
.3
]

4
/1
6

2
.1

[0
.6
7
–
6
.5
]

1
/1
6

0
.8
4
[0
.1
1
–
6
.6
]

S
em

i-
p
er
m
a
n
en
t
(w

a
sh
es

o
u
t
in

6
–
1
0
sh
a
m
p
o
o
s)

1
9
/4
2

1
.7

[0
.9
6
–
3
.0
]

3
/4
2

0
.6
7
[0
.2
0
–
2
.2
]

3
/4
2

1
.0

[0
.3
1
–
3
.5
]

P
er
m
a
n
en
t
(l
ea
v
es

a
li
n
e
a
s
it
g
ro
w
s
in
)

7
1
/2
2
3

1
.1

[0
.8
2
–
1
.5
]

2
8
/2
2
3

1
.0

[0
.6
8
–
1
.6
]

1
4
/2
2
3

1
.0

[0
.5
6
–
1
.8
]

H
a
ir
d
a
rk
en
er

(u
se
d
to

b
le
n
d
g
re
y
w
it
h
re
st

o
f
h
a
ir
)

5
/7

2
.7

[0
.8
5
–
8
.8
]

0
/7

–
1
/7

2
.0

[0
.2
2
–
1
7
]

a
Y
ea
r
o
f
d
ia
g
n
o
si
s
fo
r
ch
il
d
re
n
w
it
h
b
ra
in

tu
m
o
rs

in
cl
u
d
ed

in
th
is
st
u
d
y
.

b
C
o
m
p
le
te

ex
p
o
su
re

in
fo
rm

a
ti
o
n
u
n
a
v
a
il
a
b
le

fo
r
1
8
ca
se
s
a
n
d
2
7
co
n
tr
o
ls
.

c
A
d
ju
st
ed

fo
r
ch
il
d
’s
a
g
e,

se
x
a
n
d
ce
n
te
r.

d
R
ef
er
en
ce

g
ro
u
p
fo
r
a
ll
ex
p
o
su
re
s
w
er
e
m
o
th
er
s
w
h
o
n
ev
er

p
er
so
n
a
ll
y
u
se
d
h
a
ir
d
y
e
o
r
co
lo
ri
n
g
a
g
en
ts

in
th
e
m
o
n
th

b
ef
o
re

o
r
d
u
ri
n
g
th
e
p
re
g
n
a
n
cy

o
f
th
e
in
d
ex

ch
il
d
’s
b
ir
th
.

140



Discussion

There were few statistically significant associations and
no clear patterns were observed between CBT and
maternal exposure to beauty products before or during
pregnancy in this study. A borderline 1.5-fold OR for
CBT was observed among children of mothers who were
exposed to any beauty products during the 5 years
preceding the index child’s birth. Some increased ORs
were reported for work-related maternal exposure to
�other beauty products� and for non-work-related
maternal exposure to hair dyes. The OR for CBT was
increased for children born in or after 1980 whose
mothers reported non-work-related exposure to hair
dyes but the number of subjects was small and the CI
was wide. In Israel, children of mothers who personally
used semi-permanent hair color in the month before or
during pregnancy had an increased OR for CBT, but
this was not found for all other countries.
Mothers who use or work with beauty products may

risk exposure to many potentially carcinogenic agents
[12–48]. These compounds may enter the bloodstream
via dermal, oral, ocular or inhalation routes [96–103].
and during pregnancy may affect the fetus [111–114].
The immature nervous system of the fetus is character-
ized by rapid cell growth and division, and exposure
during gestation may occur at a vulnerable time when
the fetal blood-brain barrier, nervous system and im-
mune response are less developed and possibly more
susceptible to cancer [140], and brain tumors are known
to occur in utero [141,142]. Beauty-product exposures or
employment should be evaluated carefully to determine
the timing of the exposure before or during pregnancy,
the calendar year and the country of exposure. Chemical
ingredients vary considerably among seemingly similar
products and by country [11]. For example, in the USA
coal-tar hair dyes specifically are exempt from regula-
tion [48]. Furthermore, manufacturers frequently
change product formulations.
Factors influencing the level of exposure to beauty

products include wearing protective gloves and masks,
using the products in a well-ventilated area, avoiding
eating or drinking during exposure, and frequently
taking breaks during prolonged periods of exposure.
The absorption of beauty-product chemicals into the
bloodstream also may be altered by humidity, temper-
ature and pH, as well as skin damage or irritation [13].
Chemicals in some beauty products, such as hair dyes/
lighteners/straighteners and permanent-wave lotions
that enhance the penetration of these products into the
hair shaft may facilitate the absorption of carcinogens
into the scalp [13]. Furthermore, the carcinogenic effect
of certain beauty products may be influenced by genetic
variability of enzymes involved in chemical detoxifica-
tion and/or acetylation (e.g., NAT1, NAT2, GSTM1,
GSTT1, GSTP1, CYP1A2) [143]. Heterogeneity of these
enzymes could mask underlying risk associations in
study populations [144].
The association between beauty-product-related

exposures or beauty-related employment and CBT risk
has been examined in few studies unrelated to our
SEARCH CBT series. A pediatric oncology cooperative

group study conducted in the USA and Canada among
33 hospitals and their affiliates [3] included 155 astro-
cytic glioma and 166 PNET cases, diagnosed before
6 years of age in 1986–1989. Controls were selected via
random-digit dial and individually matched to cases on
race, birth year, and telephone area code and prefix. No
increased ORs (>1.2) for astrocytoma or PNET were
observed for children of mothers who used hair spray,
hair color, hair permanent-wave product or make-up
during pregnancy. Their hair color results were similar
to the USA portion of the SEARCH CBT study [7].
Neither maternal employment as a hairdresser nor
maternal exposure to beauty products in the precon-
ceptual period were examined in this study [3]. Also
similar to our USA results [7], a Los Angeles area study
of 209 CBT cases individually matched to friend con-
trols of the same age between 1972 and 1977 [5] exam-
ined maternal use of face make-up and permanent hair
dyes during the index pregnancy. A 30% increased OR
for CBT was observed among children of mothers who
used permanent hair dye, but the estimate was not
statistically significant. Maternal use of face make-up
was associated with a significantly increased OR of 1.6
(P ¼ 0.02) for CBT with 91 discordant case–control
pairs. Use of other beauty products and beauty-related
employment were not examined in this study. In another
USA case–control study of astrocytoma that included
163 pairs of children under 15 years of age at diagnosis
in 1980–1986, children whose mothers had worked as
hairdressers were observed to have nonsignificant in-
creased ORs for astrocytoma (before conception:
OR ¼ 2.5, CI ¼ 0.4–26; during pregnancy: OR ¼ 1.5,
CI ¼ 0.2–18; and after pregnancy of the index child:
OR ¼ 3.0, CI ¼ 0.2–157) [9]. However, risk estimates
were imprecise, numbers were small and all confidence
intervals overlapped unity. In a separate analysis of the
same participants, personal use of hair-coloring prod-
ucts (OR ¼ 0.9, CI ¼ 0.4–1.8) or facial make-up
(OR ¼ 0.7, CI ¼ 0.4–1.2) during pregnancy with the
index child were not associated with astrocytoma [4].
Similar to previous studies, [3,4,5], our results from

analysis of the SEARCH CBT study data did not show
an increased OR for CBT, including astrocytoma and
PNET separately, among children of mothers who per-
sonally used hair-coloring agents in the month before or
during pregnancy. Our results showed increased ORs for
CBT among children of mothers who had non-work-
related exposure to hair dyes during the 5 years pre-
ceding the index child’s birth, particularly when expo-
sure occurred in 1980 or later. Several factors may
explain this increase. Chance is likely to have occurred
given the broad range of ORs and small numbers in the
subgroups. Contact with hair dyes at home may largely
account for the difference between non-work-related
and work-related exposures. The contact may be via
self-application of hair-color products, applying the
product to other family members or friends, or as a
family member or friend exposed in the home of
someone else who used these products. Exposure at
home may differ from salon exposure on several levels.
Exposure may take place in a poorly ventilated area.
Product application also may occur without the use of
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protective gloves. The increased OR associated with
exposure during or after 1980 may reflect changes in
product formulations over time. Use of carcinogenic agents
2,4-diaminotoluene (4-methyl-meta-phenylenediamine), 2,4-
diaminoanisole (4-methoxy-meta-phenylenediamine, 4-
MMPD), 4-amino-2-nitrophenol (o-nitro-p-aminophenol,
p-aminonitrophenol), and HC Blue No. 1 were regulated
out of use by the early 1980s (although nitrophenol
compounds remained in the European market until
1990) and were replaced with O- and N-hydroxy-alkyl
derivatives and certain isomers of the parent com-
pounds, such as 4-ethoxy-M-phenylenediamine sulfate
(4-EMPD) [13,26]. However, 4-EMPD is structurally
similar to 4-MMPD and is a potential mutagen based on
positive results of the Salmonella plate assay [145]. Other
compounds with carcinogenic potential have been
introduced over time to maintain the range of colors in
hair dye products [13]. Nonetheless, the above effect was
based on small numbers in a subset analysis, and is
opposite to our a priori hypothesis that predicted a re-
duced OR for hair dye exposure after 1980 relative to
before 1980 due to agents regulated out of use.
Although no statistically significant association was

found between CBT and overall maternal personal use of
temporary, semi-permanent, or permanent hair-coloring
products in this study, a 3-fold increased OR for CBTwas
found among Israeli children whose mothers personally
used semi-permanent hair color during the index preg-
nancy. However, caution should be used in interpreting
this result as the OR for the remainder of the study
participants was below unity. Unlike permanent dyes
that contain oxidizing agents that allow the dye to irre-
versibly bind to the hair shaft [144], semi-permanent hair-
coloring products typically achieve their coloring action
via the use of various solvents (e.g., alcohols and ethylene
glycol ethers)[13]. Semi-permanent color may penetrate
the scalp more efficiently than permanent dyes [13], as the
oxidation process of permanent dyes generally lowers
skin absorption of specific aromatic amines [144].
Greater direct skin contact also occurs when using semi-
permanent dyes since they are applied as a foam, rinse
and/or surfactant solution [13]. In particular, surfactant
solutions tend to facilitate uptake by the skin [13]. Semi-
permanent hair-coloring products also typically contain
nitro derivatives of phenylenediamines or aminophenols,
azo dyes and aminoanthraquinone dyes [13] and N-nitr-
oso compounds have been shown to be transplacental
neurocarcinogens in rodents [146].
In contrast to the null results for personal hair spray

use in the pediatric oncology cooperative group study
[3], our SEARCH CBT study data showed a 2.7-fold
increased OR for PNET among children of mothers
who were exposed to hair spray at work during the
5 years preceding the index child’s birth. However, the
OR for the non-work-related hair-spray exposure of
mothers was 0.35 in our study population of PNET
patients, and it is unlikely that hair spray could have a
differential effect. Further, these �work-related� hair-
spray exposures were not confined to occupations where
hair spray was routinely used, but included all work-
related exposures to hair spray. ORs for astroglial tu-
mors corresponding to hair spray exposure in our

SEARCH CBT study were similar to the pediatric
oncology cooperative group study, [3]. The different
results observed for PNET between these studies may
indicate a greater frequency of work-related exposure in
our SEARCH CBT study compared with the personal
use of hair spray in the pediatric oncology cooperative
group study, or may be a chance finding. Overall
maternal exposure to hair permanent wave products was
not significantly associated with CBT risk in either of
these studies.
Similar to previous studies [3,4], our results showed

no positive association between CBT and mothers’use of
face make-up (e.g., foundation cream or liquid) during
pregnancy with the index child. However, in an earlier
study, a significantly increased OR for CBT was
observed among children in Los Angeles whose mothers
had used face make-up [5]. The difference in results may
be explained partly by the earlier study time period of
1972–1977 in the Los Angeles study.
Several factors common to case–control studies

should be considered when interpreting these observa-
tions. All exposures in this study were self-reported,
were collected retrospectively and may have been influ-
enced by disease status. However, because little is
known about risk factors for CBT, differential reporting
of risk factors by cases or controls is less likely. The
heterogeneity of odds ratio estimates across exposures
suggests that recall bias was not a major source of bias
in our study, except for the self-defined exposures given
in the �other beauty products� category. As in all case–
control studies, case mothers may have been more likely
than control mothers to try to recall all prior exposures.
Although control selection differed by center (e.g.,

regional health services, census data, telephone direc-
tories and random-digit dial), the variety in control
selection is likely to have been an asset because bias
associated with particular selection methods would have
been diluted in the combined sample. Only Winnipeg
exclusively relied upon telephone directories to identify
study controls, and the possibility exists that some
homes with unlisted telephone numbers would have
been missed. However, Winnipeg had the smallest
number of study participants, and any potential bias
most likely would have had a nominal influence on
study results. In Paris, telephone directories were used to
supplement census data to identify eligible controls.
However, since cases and controls were contacted by
telephone and only one case family did not have a
number listed in the phone book, this would not have
been likely to have introduced a difference in selection
between cases and controls [127]. The most recent census
data corresponding to the study recruitment period was
used to identify controls in Paris and Valencia (in
combination with telephone directories), and some
potentially eligible controls may have been undetected
by this method. Some eligible controls also may have
been missed in Milan by using the regional health-ser-
vice records to identify potential control participants.
However, this number is likely to have been small given
the socialized medical care system in Italy. Overall,
possible selection bias was diminished as cases and
controls resided in the same general geographic region
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served by each center and the participation rates for
cases and controls were equivalent (i.e., 75%).
Detailed information about control recruitment was

not collected for some of the study centers. In Paris, for
example, study investigators were unable to reach 20%
of homes, even after several phone calls at different
times and days of the week [127]. This figure is compa-
rable with the multicenter case-control study of Hartge
et al. (1984) [147] that reported initial non-contact rates
of 15–20% when using random-digit dial. Nevertheless,
the inability to establish telephone contact with poten-
tially eligible controls would not influence study results
unless beauty-product exposures are believed to differ
between the contacted and non-contacted controls.
Our results may have been influenced by unmeasured

potential confounders. However, no maternal environ-
mental exposure other than ionizing radiation has been
firmly established as a potential risk factor for CBT and
this exposure is rare. Also, exposures examined in this
study may be surrogate measures for other exposures
conceivably related to CBT but not collected in this
study. For example, mothers exposed to hair dyes,
permanent waves, and hair sprays also may be exposed
to electromagnetic fields (EMF) from electric hair dry-
ers. However, studies of maternal exposure to EMF
have consistently reported no increased risk for CBT
[130,143,148,149].
The scope of our study did not permit the use of more

detailed methods to collect data on the frequency,
duration, or quantity of specific beauty product chemi-
cal exposures, or to estimate exposures based on a job-
exposure matrix. Although questionnaires tend to be
imprecise when used to capture exposure to specific
potential carcinogens, our questionnaire was largely
designed to measure a general class of exposures rather
than precise carcinogens. Occupational data that was
coded using the ISCO may have been subject to mis-
classification or residual confounding. We considered
the occupational groups to provide a more precise
description of beauty-product-related tasks than cate-
gories of economic activity (e.g., International Standard
Industrial Classification of All Economic Activities
[150]. Thus, our main interpretation is based on occu-
pation groups.
The increased risk estimates observed in the

SEARCH CBT study must be interpreted with sub-
stantial caution as the number of mothers exposed to
some beauty products was small, and differential mis-
classification of a few responses could account for the
observed differences between cases and controls. Fur-
ther, small numbers prevented conducting more detailed
analyses of effect modification among study variables.
Results also may be due to chance given the large
number of comparisons made in this analysis. This effect
was minimized by testing hypotheses for a group of
beauty products specified a priori, and by investigating
specific periods of maternal exposure, as suggested by
previous work. Nevertheless, some results were found
that were the opposite of our a priori hypotheses.
The advantages of this international study are its large

combined size, heterogeneity of participants by country
and culture, a low refusal rate for eligible cases and

controls, and the use of a standardized questionnaire
and relatively consistent methodology across centers.
Furthermore, this represents the largest number of CBT
cases that has been published to date and improves our
ability to detect risk factor associations.
In general, our results do not lend strong support to

the hypothesis that maternal exposure to beauty
products may be associated with CBT occurrence in
offspring. The specific exposures examined were not, on
the whole, convincingly associated with increased ORs
for CBT. Although the increased ORs we observed for
CBT related to the use of �other beauty products� might
be construed as evidence of some transplancental effect
of chemicals that may be contained in some of these
products, the wide variety of substances reported within
this category, including soap and toothpaste, makes it
more likely to be a chance finding. The positive sub-
analyses results related to tumor type, birth years, and
center-specific data also should be interpreted cautiously
given the imprecise measurement of exposure and the
small numbers within categories. Nonetheless, further
research is warranted given the ubiquitous exposure of
women worldwide to a wide variety of beauty products.
Future studies would benefit from basic science

information on the plausible mechanisms and effects of
fetal exposure to specific beauty-product chemicals.
Improved methods to determine frequency and intensity
of these exposures would help to elucidate the role of
beauty-related agents and potential risk for CBT. In the
context of measuring exposure to specific beauty-prod-
uct chemicals, biomarker-based assays may be used to
provide more precise estimates of exposure in conjunc-
tion with questionnaires. Investigating the etiology of
complex phenomena such as CBT remains a major ep-
idemiologic challenge. The multiple genetic and envi-
ronmental factors that may be responsible are likely to
have only modest effect sizes that will vary across pop-
ulations and by gene-gene and gene-environment inter-
actions among these variables.
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