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Introduction
Hair coloring products are widely

used and are known to contain compo-
nents that are mutagenic and carcinogenic
in animals. '- Associations between occu-
pational exposure to hair coloring prod-
ucts and hematopoietic cancer have been
reported,5-9 but little is known about the
risks for hematopoietic cancers among us-
ers of such products. Two case-control
studies have suggested that use of hair col-
oring products may increase the risk of leu-
kemia and non-Hodgkin's lymphoma.'0'11
We evaluated risks associated with the use
of hair coloring products in a population-
based, case-control study of incident lym-
phoma, multiple myeloma, and chronic
lymphocytic leukemnia conducted in east-
em Nebraska. Our report includes both
sexes and involves more detailed data on
personal use of hair coloring products than
earlier studies.

Methods
Cases of non-Hodgkin's lymphoma,

Hodgkin's disease, multiple myeloma,
and chronic lymphocytic leukemia among
White men and women, aged 21 years or
older, residing in the 66 counties ofeastem
Nebraska, and diagnosed between July 1,
1983, and June 30, 1986, were identified
through the Nebraska Lymphoma Study
Group and area hospitals. Details con-
cerning completeness of reporting and
other study methods have been published
elsewhere.12 There were 426 non-
Hodgkin's lymphoma, 73 Hodgkin's dis-
ease, 82 multiple myeloma, and 69 chronic
lymphocytic leukemia cases histologically
confirmed. Non-Hodgkin's lymphoma
cases were reviewed and classified ac-

cording to the Working Formulation13 and

underwent immunologic typing.14"15 The
various histologic types of non-Hodgkin's
lymphoma were grouped as follicular
(29%), diffuse (68%), or not otherwise
specified (3%). The cases were also cate-
gorized histologically into follicular center
cell (Working Formulation categories B
through G and J: 71%) and nonfollicular
center cell (categories A, H, I, and K:
29%) groups.'6 Composite lymphomas
with follicular and diffuse components of
the same cell type were assigned to the
follicular category. Composite lympho-
mas with different cell typeswere assigned
to the more indolent cell type. B-cell lym-
phomas accounted for 81% of the non-
Hodgkin's lymphoma cases, whereas 8%
of the cases were T-cell lymphomas. The
remaining cases could not be classified:
5% were of indeterminant immunologic
type and 5% had no specimens available
for study.

The controls were selected from res-
idents of the same 66-county area by 3: 1
frequency matching by race, sex, vital sta-
tus, and age (± 2 years) to the combined
age distribution of the four cancer case
series (non-Hodgkin's lymphoma, Hodg-
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kin's disease, multiple myeloma, and
chronic lymphocytic leukemia). For living
cases under age 65, 472 controls were se-
lectedbytwo-stage random-digit dialing.17
For living cases aged 65 or older, 603 con-
trols were selected from Health Care Fi-
nancing Administration (Medicare) rec-
ords. For deceased cases, 580 controls
were selected from the Nebraska state
mortality files using the additional match-
ing factor ofyearofdeath. Personswith an
underlying cause of death of non-
Hodgkin's lymphoma, Hodglin's disease,
multiple myeloma, leukemia, malignancy
ofunknown site, aplastic anemia, suicide,
homicide, or legal intervention were ex-
cluded as controls.A total of 1655 controls
was selected.

Telephone interviews were con-
ducted with 385 (201 men, 184 women)
non-Hodglin's lymphoma cases, 70 (35
men, 35 women) Hodgkin's disease cases,
72 (32 men, 40 women) multiple myeloma
cases, 56 (37 men, 19 women) chronic
lymphocytic leukemia cases, and 1432
(725 men, 707 women) controls, or their
next of kin. The interview response rates
were 90%, 96%, 88%, 81%, and 87%, re-
spectively. The overall control response
rate was 84% (a weighted average ac-
counting for the 91% response rate in the

household census phase of the random-
digit dialing procedure, the 94% response
rate of the randomly selected eligible ran-
dom-digit dialing controls, the 84% re-
sponse rate of the Health Care Financing
Administration controls, and the 83% re-
sponse rate of next ofkin ofdeceased con-
trols).

The interview questions included the
ages of first and last use of products that
gradually change hair color, ofnonperma-
nent or semipermanent hair coloring prod-
ucts (defined as products that rinse out
after a few shampoos), and of permanent
hair coloring products (defined as prod-
ucts that last until the hair grows out). Us-
ers of non- or semipermanent products
and permanent products were also asked
the usual frequency of use and the basic
color used most often. Because being di-
agnosed with cancer could affect use of
hair coloring products, exposure histories
for all cases and controls were truncated
as of December 31, 1982, which precedes
the earliest diagnosis date for all cases.
Other known and suspected risk factors
for the cancers under study, such as fam-
ily history of cancer and pesticide expo-
sures, were also included in the interview.

The measure of association was the
odds ratio (OR). All risk estimates were

adjusted for the effects of age by stratifi-
cation (21 through 39, 40 through 59, 60
through 69, 70 through 79, and greater
than 79 years). Maximum likelihood esti-
mates of the overall risk and 95% confi-
dence intervals (Cls) were computed by
Gart's method.18 For duration-response
and frequency-response relationships,
significance was assessed by means of
Mantel's one-tailed linear trend test.19 Lo-
gistic regression analyses were conducted
using an SAS procedure for polychoto-
mous outcomes, a method that accounts
for the use of a single control group for the
four case groups in its estimation of vari-
ance.20 Attributable risks and CIs were
calculated using the method proposed by
Whittemore.21

Results
Table 1 presents the number of cases

and controls and the ORs by sex and hair
coloring product type. Among women,
use of any hair coloring product was as-
sociated with non-Hodgkin's lymphoma,
Hodgkin's disease, and multiple my-
eloma. Non-Hodgkin's lymphoma was
significantly associated with the use of
both semi- and nonpermanent hair color-
ing products (OR = 1.4) and permanent
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hair coloring products (OR = 1.7).
Women who used permanent hair color-
ing products only had an OR for non-
Hodgkin's lymphoma of 1.9 (95%
CI = 1.1, 3.4). Hodgkin's disease and
multiple myeloma showed significant as-
sociations with the use of permanent hair
coloring products. Women who had used
permanent hair coloring products only
had an OR of 3.4 (95% CI = 1.1, 10.7) for
Hodgkin's disease, while users of semi- or
nonpermanent products had an OR of 0.8.
Chronic lymphocytic leukemia was not
associated with the use of any hair color-
ing products. For all cancer types among
women, except chronic lymphocytic leu-
kemia, the risks associated with perma-
nent hair coloring products were higher
than those for semi- or nonpermanent hair
coloring products, although CIs overlap.

Among men, the ORs for hair color-
ing product use were 0.8 for non-
Hodgkin's lymphoma, 1.7 for Hodgkin's
disease, 1.8 for multiple myeloma, and 1.0
for chronic lymphocytic leukemia. Non-
Hodgkin's lymphoma was elevated
among men who were long-term users of
products that gradually changed hair color
(1 year: OR = 1.0; 2 through 5 years:
OR = 0.2; 6+ years: OR = 1.6; 95%
CI = 0.5, 5.0), but neither their risk nor
the duration trend (P = .362) was signifi-
cant. The number of men using other hair
coloring products was much less than the

number of women and precluded mean-
ingful analysis. The remaining results pre-
sented are for women only.

Risk varied by the most frequently
used hair coloring product color (Table 2).
For non-Hodgkin's lymphoma and multi-
ple myeloma, the riskswere higher among
women who most often used brown or
brunette, black, or red hair coloring prod-
ucts. In general, the risks associated with
these darker color products were higher
among users of permanent hair coloring
products than semi- or nonpermanent
products.

The risk of non-Hodgkin's lym-
phoma increased significantlywith the du-
ration of use and younger age at first use
of semi- or nonpermanent products, al-
though the risks dropped off in the highest
category of both variables (Table 3). Risk
also increased significantly with duration
of use of dark permanent hair coloring
products and younger age at first use of
permanent hair coloring products, but did
not show consistent exposure-response
gradients (Table 4). Risk did not increase
with frequency of use. The same patterns,
with higher levels of risk, were seen when
the analyses were restricted to black,
brown/brunette, and red hair coloring
products only. In general, users of perma-
nent hair coloring products had a higher
risk of non-Hodgldn's lymphoma relative
to women who never used any hair col-

oring products and relative towomenwho
used semi- or nonpermanent hair coloring
products at most levels of duration, age,
and frequency of use. Women who began
using hair coloring products prior to
1970 had slightly lower risks (semi- or
nonpermanent: OR = 1.3; permanent:
OR = 1.6) than women who began using
hair coloring products after that date
(semi- or nonpermanent: OR = 1.5; per-
manent: OR = 2.2).

Because many of the age and time
characteristics were interrelated, we per-
formed polychotomous logistic regression
entering all the variables presented in Ta-
bles 1 through 4. The results of the regres-
sion analywses were similar to the analyses
already presented. Color of hair coloring
products used, duration of semi- or non-
permanent hair coloring product use, de-
creasing age of first use of permanent hair
coloring products, and age at diagnosis
significantly increased the risk of non-
Hodgkin's lymphoma. The other age, du-
ration, and frequency variables were not
significantly associated with non-
Hodgkin's lymphoma.

Women who had ever used semi- or
nonpermanent hair coloringproducts had a
higher risk of follicular center cell lym-
phoma(OR = 1.6; 95% CI = 1.0, 2.5) than
those who developed nonfollicular center
cell lymphoma (OR = 1.1; 95% CI = 0.6,
2.0). Users of permanent hair coloring
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products also had a higher risk of follicular
center cell lymphoma (OR = 2.0; 95%
CI = 1.1, 3.5) than those who developed
nonfollicular center cell lymphoma
(OR = 1.3; 95% CI = 0.6, 2.8). Women
using dark permanent products also had
the highest risk for follicular center cell
lymphoma (OR = 2.5; 95% CI = 1.3, 4.9)
and had an almost threefold increased risk
(OR = 2.8; 95% CI = 1.2, 6.5) of develop-
ing large cell lymphoma of follicular center
cell origin (categories D, G, and J).

Users of semi- or nonpermanent hair
coloring products had similar risks for
B-cell lymphoma (OR = 1.5; 95%
CI = 1.0, 2.2) and for T-cell lymphoma
(OR = 1.5; 95% CI = 0.3, 7.7), whereas
users of permanent hair coloring products
had a higher risk for T-cell lymphoma
(OR = 3.5; 95% CI = 0.6, 19.3) than for
B-cell lymphoma (OR = 1.7; 95%
CI = 1.0, 2.9). However, the ORs were
not significantly different from each other.

Adjustments for family history of
cancer, cigarette smoking, herbicide use,
and insecticide use did not change the risk
estimates for non-Hodgkin's lymphoma
and hair coloring product use.

Risk estimates for non-Hodgkin's
lymphoma based on data from self-re-
spondents or proxy respondents were
similar for use of any hair coloring prod-
ucts (self: OR = 1.5; proxy: OR = 1.6),
semi- or nonpermanent products (self:
OR = 1.4; proxy: OR = 1.4), permanent
products (self: OR = 1.7; proxy:
OR = 1.9), and products that changed
hair color gradually (men, self: OR = 0.8;
proxy: OR = 0.9). Risks and trends asso-
ciated with age at first use and duration of
semi- or nonpermanent hair coloring prod-
ucts and age at first use of permanent
products were slightly stronger among
self-respondents than among subjects
whose data were supplied by proxies. No
meaningful differenceswere seen between
self-respondents and proxies for fre-
quency and color of semi- or nonperma-
nent hair coloring products. Conversely,
risks by duration, frequency, and color of
permanent hair coloring products were
slightly higher among subjects whose data
were supplied by proxies than among self-
respondents.

There were far fewer cases of the
other three cancers than of non-Hodgkin's
lymphoma, which limited our ability to in-
vestigate risks by use characteristics. Nev-
ertheless, significant trends in risk for mul-
tiple myeloma were observed for
decreasing age at first use of semi- or non-
permanent hair coloring products (Table 3)
and duration, decreasing age at first use,

and frequencyofuse ofpermanent hair col-
oring products (Table 4); however, at least
in part because ofsmall numbers, most risk
patterns were inconsistent. Polychoto-
mous logistic regression analyses, basedon
ailvariables in Tables 1 through 4, revealed
only color to be significantly associated
with risk of multiple myeloma. Nonsignif-
icant associations were observed with de-
creasing age at first use of semi- or nonper-
manent or permanent hair coloring
products and frequency of use of perma-
nent hair coloring products.

A significant trend was seen for
Hodgkin's disease and decreasing age at
first use of permanent hair coloring prod-
ucts (Table 4), but the significant trend
was primarily due to the lack ofHodgkin's
disease cases in the older age at first use
categories. The Hodgkin's disease cases
were younger on average than the con-
trols, who were frequency matched to the
combined group of four cancer types;
thus, the difference observed by age at
first use may not have etiologic signifi-
cance. The logistic regression analyses
showed age at diagnosis and decreasing
age at first use of permanent hair coloring
products to be significantly associated
with development of Hodgldn's disease.
Nonsignificant associations were seen
with duration and younger age at first use
of semi- or nonpermanent hair coloring
products.

Discussion
Experimental studies have shown that

hair coloring products contain mutagenic
and carcinogenic compounds, which vary
by hair coloring product type and color.l4
Although some of these components have
been removed from use over the last two
decades, many carcinogenic aromatic, ni-
troso, and amino compounds remain and
are found in both semipermanent and per-
manent hair coloring products. Permanent
hair coloring products also contain oxidiz-
ing agents that allow the dye to irreversibly
bind to the hair shaft. This generally lowers
absorption by the skin of specific aromatic
amines, but the oxidation process also re-
sults in the formation of some products,
such as the three-ringed "Bandrowski-
base," that are absorbed.' Many different
chemical dyes can be found in most color
formulations, but they usually occur in
greater concentrations in the black, brown,
and red dyes than inblond and silverbleach
toner formulations. It is interesting that, in
the present epidemiologic study, the vari-
ation in cancer risks by product type and
color is somewhat consistent with what

would be expected based on the concen-
tration of the constituents and biochemical
action of the product formulations. Hair
coloring products that gradually change
hair color have been shown to be absorbed
by the users.22 For example, gradual prod-
ucts contain lead acetate2324 and result in
absorption oflead by the users.22 Although
the target sites for carcinogenic hair color-
ing components in feeding studies of rats
and mice have generally been the urinary
tract, liver, mammary gland, skin, fore-
stomach, and thyroid gland,25 there have
been reports of increased lymphoma in
mice in two skin painting studies of hair
dyes.26,27

In the present study, significant risks
were observed for overall use of hair col-
oring products, darker colors, and trends
of some use characteristics, but the pat-
terns of risk by some use characteristics
were inconsistent. These inconsistencies
could arise because the association is non-
causal, because ofchance (numbers of ex-
posed cases were small), or because of
misclassification of self- and proxy-re-
ported exposure data for some of the use
characteristics. There is little information
in the scientific literature on the quality of
self- or proxy-reported histories of hair
coloring product use. In a small reliability
study of 32 women (16 cases and 16 con-
trols), the correlation between reported
duration of hair dye use from two inter-
views 1 year apartwas .86 and was similar
for cases and controls.28 The correlation
for frequency of use (.92) was slightly
higher. We have no such data on our sub-
jects, and no information on recall over
longer time periods or by surrogate re-
spondents. It seems reasonable, however,
to assume that the quality of reporting on
type and color of hair coloring product
used would be more accurate than report-
ing on age of first use or annual frequency
of use. Recall worsens with the degree of
detail required.29 The type of misclassifi-
cation of the use characteristics likely to
occur would tend to reduce ORs and
dampen or disrupt trends.3031 In the pres-
ent study, there was little difference be-
tween self-respondents and proxy respon-
dents for risk estimates of non-Hodgkin's
lymphoma for the overall "ever" use of
hair coloring products. Although the num-
ber of subjects in each categorywas small
and risk estimates were highly variable,
we did examine use characteristics by re-
spondent type. Slightly greater risks and
trends were seen among self-respondents
than among proxies for the age at first use
of any hair coloring product and duration
of semipermanent hair coloring products.
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These data suggest that inclusion of prox-
ies, with their potentially less accurate
data, may have resulted in underestimates
of true risks and dampened trends for the
detailed use characteristics. However,
proxies yielded slightly higher risk esti-
mates for duration, frequency, and color
of permanent hair coloring products than
self-respondents. Similar results for sub-
jects and proxies for semipermanent fre-
quency variables suggest that the data
from the two groups maybe equally poor.

Case response bias needs to be con-
sidered as a possible explanation for the
associations observed in this study. With
several cancers showing an association,
one cannot easily dismiss case response
bias completely. Shore et al.,28 however,
found little evidence for case response
bias for hair dye use in breast cancer pa-
tients in 1979. More recent data on poten-
tial for case response bias with respect to
hair coloring product use are not avail-
able. Awareness of potential health risks
associated with hair coloring products
may have increased. It seems unlikely,
however, that case response bias would
operate in a manner so as to yield risks by
type and color of product that are consis-
tentwithwhat mightbe expected basedon
the concentration of oxidizers and dyes in
the formulations, facts not likely to be
known by study subjects.

We were able to adjust for the influ-
ence of several known or suspected risk
factors for non-Hodgkin's lymphoma and
the other cancers and found no evidence
of confounding. It has been hypothesized
that the hair graying or other conditions
that lead to the use of hair coloring prod-
ucts are a reflection of hormonal status or
other factors that themselves are respon-
sible for increased cancer risk.32 While
this may be relevant for breast cancer,
there is no evidence that hormonal factors
play a role in the development of non-
Hodgldn's lymphoma,33 Hodgkin's dis-
ease,m or multiple myeloma.35 A single
report links the use of hair dyes to con-
nective tissue disorders, such as systemic
lupus erythematosus and scleroderma.36
These acquired disorders of immunity
have also been associated with an in-
creased risk of non-Hodgkin's lym-
phoma33 and multiple myeloma, although
the association with multiple myeloma
was observed in clinical series37 but not
case-control studies3l-A These findings
suggest that hair coloring products may
act by affecting the immune system.
Freni-Titulaer et al.36 hypothesized that
the association between connective tissue
disease and hair coloring products may be
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affected by acetylator phenotype. Slow
acetylators would be at greater risk than
fast acetylators. The aromatic amines in
hair coloring products, which are ab-
sorbed through the scalp, are metabolized
through acetylation. Genetically deter-
mined metabolic phenotypes could affect
risk, dampening apparent associations in
populations that are heterogeneous for the
metabolic phenotype.

Most epidemiologic studies of hair
coloring products and hematopoietic can-
cers have focused on people who were
occupationally exposed (i.e., cosmetolo-
gists). The relative exposure levels of pro-
fessional compared with personal use are
unknown. If cosmetologists use protec-
tive gloves, their dermal exposures may,
in fact, be less than those of persons
whose hair is being colored. Two reports
of significant excesses of multiple my-
eloma,7,9 one report of a significant excess
of leukemia,9 and several reports of non-
significant excesses of all hematopoietic
cancers combined5s8,41-43 have been re-
ported among cosmetologists.

Far fewer data are available on the
risk of hematopoietic cancers among us-
ers of hair coloring products. A study of
registered nurses had fewer than expected
lymphoma cases (10 vs 15.7) among
women who had used permanent hair
dyes.44 Another study, which combined
lymphoma and leukemia, reported an ex-
cess risk in London but a deficit risk in
Toronto associated with use ofpermanent
or semipermanent dyes.45 The study by
Cantor et al.11 of non-Hodgkin's lym-
phoma and leukemia is by far the largest
case-control study to address the risk for
these tumors in hair coloring product us-
ers. Both cancer types were associated
with hair dye use, but the study was re-
stricted to men. The present study in-
cluded only 21 male cases (11 non-
Hodgkin's lymphoma, 3 Hodgkin's
disease, 4 multiple myeloma, and 3
chronic lymphocytic leukemia) who re-
ported use of hair coloring products;
therefore, we were unable to thoroughly
evaluate their risk or the consistency of
the results for men between the two stud-
ies. Our data suggest that men are more
likely to use products that gradually
change hair color (6% of controls) than
other ypes of hair coloring products (1%
of controls). More research is needed on
the risk of these gradual hair coloring
products. There were only 12 cases of
chronic lymphocytic leukemia (9 women,
3 men) exposed to hair coloring products
in the present study, too few to assess risk
with any confidence. The study of Cantor

et al.1" found at least a twofold excess risk
of leukemia associated with hair coloring
product use in men for a number of dif-
ferent leukemia subtypes, but not chronic
lymphocytic leukemia and acute nonlym-
phocytic leukemia. A case-control study
of acute nonlymphocytic leukemia con-
ducted in Baltimore, however, found an
association with use of hair dyes among
both men and women.10 To our knowl-
edge, there are no reports on the risk of
multiple myeloma associated with the use
of hair coloring products, although there
are several reports of excesses of multiple
myeloma in persons occupationally ex-
posed to hair dyes.35

With the widespread use of hair col-
oring products amongwomen (46% of the
controls), the question of cancer risk is an
important public health issue. Using the
Whittemore method2l for calculating at-
tributable risks and CIs, based on a rela-
tive risk of 1.53 for non-Hodgkin's lym-
phoma for ever having used any hair
coloring product, these exposures would
account for 35% (95% CI = 9%, 52%) of
the non-Hodgldn's lymphoma occuring
in exposed women and 20% (95%
CI = 3%, 35%) in all women. Non-
Hodgkin's lymphoma is one of the most
rapidly increasing cancers in developed
countries,4647 second in the United States
only to melanoma and female lung can-
cer.48 Between 1973 and 1987, the inci-
dence of non-Hodgkdn's lymphoma in the
United States increased by more than
50%.48 Some, but not the majority, of this
increase is due to lymphomas arising in
patients with the acquired immunodefi-
ciency syndrome. Historical data on
trends in hair coloring product use, which
would help assess its role in the changing
occurrence of non-Hodglin's lymphoma,
are not available. In the United States,
however, current estimates ofthe percent-
age ofwomenwho have used or are using
hair coloring products range from 20%
(G. N. McEwen, Jr, personal communi-
cation, February 1991) to 40%.49 The ex-
cess of non-Hodgkin's lymphoma in the
present study is consistent with findings
from the largest case-control study of this
tumor and non-occupational hair dye ex-
posure.11 If it is causal, hair coloring prod-
uct use would explain a larger percentage
ofnon-Hodgkin's lymphoma cases among
women than any other currentlyknown or
suspected risk factor. O
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