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ABSTRACT interviewed. The remaining 1104 were not interviewed because of
death (282), illness (288), patient refusal (252), physician refusal

The relation between use of hair dyes and risk of bladder
(128), being identified after the study period (65), not being found (81),

cancer was assessed using data from a case-control study of and other reasons (8). We interviewed 3313 (82%) of the 4057 eligible
bladder cancer. Incident cases (2982) and general population older controls. The remaining 744 were not interviewed because of
controls (5782) were interviewed. The overall estimate of rel- death (94), illness (174), refusal (348), not being found (105), and
ative risk of bladder cancer for users of hair dyes was 1.0 other reasons (23). We interviewed 2469 (84%)of the 2928 controls
(95% confidence interval, 0.9 to 1.2) compared to nonusers, younger than 65. The remaining 459 were not interviewed because of

No consistent pattern of association was detected between death (7), illness (23), refusals (335), not being found (87), and other
bladder cancer risk and various indices of timing or intensity of reasons (7). About 75% of the interviewed subjects were male, and the

exposure to hair dyes. Various explanations of the lack of median age was 67.
association are discussed. Using a questionnaire that included questions about the use of

artificial sweeteners, coffee, and tobacco products, occupational his-

INTRODUCTION tory, and residential history, trained interviewers questioned all sub-
jects in their homes. Interviewers also asked respondents a brief series

Many of the compounds in hair dyes and rinses cause of questions about hair dyes: whether they had ever used hair-coloring

mutations, as measured by a variety of assays (1, 2, 15). products; at what age they had first used such products; at what age

Furthermore, some of the compounds induce bladder tumors they had last used such products; what color they had used most often;

when fed to rats or mice (12-14). Since people who dye their and how many times per year they had colored their hair.

hair have been found to excrete dye compounds in their urine The effect of hair dyes on bladder cancer risk was measured by the
maximum likelihood estimate of the relative risk, adjusted for potentially

(10), the possibility that hair dyes cause human bladder tumors confounding variables by stratification into multiple-contingency tables
warrants investigation. One epidemiological study reported a (4). Trends in relative risk were evaluated by the Mantel extension of
positive association between hair dye use and bladder cancer the ManteI-Haenszel test (11 ).
in men but not in women (7), another reported no association
(9), and a third reported a negative association (5).

RESULTS
METHODS

Overall, subjects who had ever dyed their hair showed ap-

We interviewed 2,982 cases and 5,782 controls as part of a collab- proximately the same risk of bladder cancer as those who had
orative population-based case-control study of bladder cancer con- not (Table 1). Among men, the relative risk was estimated as

ducted in 10 geographic areas of the United States (6). The eligible 1.1 and among women as 0.9. The estimates shown in Table
cases were all residents of the areas aged 21 to 84 who were diag- 1 and in subsequent tables were adjusted by stratification by
nosed with histologically confirmed bladder cancer in a 1-year period

sex, race (2 groups), age (3 groups), and cigarette smoking (3

(beginning in late 1977 or early 1978). We identified the cases from groups). The estimates were unaffected by adjustment for other
cancer registries, 9 of which were part of the National Cancer Institute
Surveillance Epidemiology and End Results Program. The control measures of cigarette exposure, coffee consumption, urinary
group was randomly selected from the general population of the study infections or stones, job exposure, or use of artificial sweet-
areas stratified according to the age, sex, and geographic distribution eners. (We adjusted for each of these factors, in turn, in
of the cases. Controls aged 65 to 84 were selected from Health Care combination with age, sex, and race.)
Financing Administration rosters, and controls aged 21 to 64 were We estimated relative risk according to the frequency of hair

selected from 22,633 households chosen by telephone sampling using dyeing, dividing annual frequency into 6 categories (1 to 2, 3

random-digit dialing (17). The 22,633 households that cooperated by to 9, 10 to 1 2, 1 3 to 22, 23 to 48, 49+). These categories

reporting the age and sex of household members were 88% of the total corresponded approximately to occasional use, semiannual
of 25,826 nonbusiness, working telephone numbers dialed. use, monthly use (probably typical of permanent hair dyes),

We identified 4086 eligible cases in total, of whom 2982 (73%) were
use between monthly and semimonthly (probably of permanent

or semipermanent dyes), semimonthly use (probably typical of

1 This study was sponsored by the United States Food and Drug Administra- semipermanent dyes), and weekly use (probably typical oftion, the National Cancer Institute, and the Environmental Protection Agency.
2To whom requests for reprints should be addressed, at Environmental rinses), respectively (Table 2). The estimates of relative risk did

Epidemiology Branch, Field Studies and Statistics Program, Division of Cancer not vary consistently with frequency of dyeing. (The 2-tailed p
Cause and Prevention, 7910 Woodmont Avenue, Room 3C06, Bethesda, Md. values of the tests for trend were 0.75, 0.93, and 0.82 for20205.

ReceivedApril 20, 1982; accepted July 30, 1982. males, females, and both sexes, respectively.) For monthly
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Table 1

Relative risks of bladder cancer according to history of hair dyeing, by sex

Relative

Sex History Cases Controls risk a 95% CI

Males Never dyed hair 2065 (92) b 3978 (93) 1.0
Ever dyed hair 172 (8) 292 (7) 1.1 0.9-1.4
Unknown 12 (0.5) 12 (0.3)
Total 2249 (100) 4282 (100)

Females Never dyed hair 288 (39) 626 (42) 1.0
Ever dyed hair 443 (60) 872 (58) 0.9 0.8-1.1
Unknown 2 (0.2) 2 (0.1)
Total 733 (100) 1500 (100)

Both sexes Never dyed hair 2353 (79) 4604 (80) 1.0
Ever dyed hair 615 (21) 1164 (20) 1.0 0.9-1.2
Unknown 14 (0.5) 14 (0.2)
Total 2982 (t 00) 5782 (100)

a Adjusted for age, sex, race, and cigarette smoking.
b Numbers in parentheses, percentage.

Table 2 Table 3

Relative risks of bladder cancer according to frequency of hair dyeing, by sex Relative risks of bladder cancer according to duration of hair dyeing, by sex

Relative Relative

Sex Frequency Cases Controls risk a Sex Durations Cases Controls risk a

Males Never dyed hair 2065 (92) b 3978 (93) 1.0 Males Never dyed hair 2065 (92) b 3978 (93) 1.0
<3 times/yr 47 (2) 64 (1) 1.4 <5 yr 115 (5) 159 (4) 1.4
3-9 times/yr 33 (1) 61 (1) 1.1 5-10 yr 27 (1) 64 (1) 0.8
10-12 times/yr 22 (1) 42 (1) 1.0 10-19 yr 23 (1) 43 (1) 1.1
13-22times/yr 7 (0.3) 6 (0.1) 2.1 _20yr 6 (0.3) 19 (0.4) 0.7
23-48 times/yr 15 (1) 28 (1) 0.9 Unknown 13 (1) 19 (0.4)
349 times/yr 41J (2) 83 (2) 1.0 Total 2249 (100) 4282 (100)
Unknown 19 (1) 20 (0.5)
Total 2249 (100) 4282 (100) Females Never dyed hair 288 (39) 626 (42) 1.0

<5yr 109 (15) 188 (13) 1.1
Females Never dyed hair 288 (39) 626 (42) 1.0 5-10 yr 68 (9) 146 (10) 0.9

<3times/yr 89 (12) 193 (13) 0.9 10-19yr 149 (21) 256 (17) 1.1
3-9 times/yr 186 (25) 331 (22) 1.0 />20 yr 104 (14) 244 (16) 0.8
10-12 times/yr 82 (11) 177 (12) 0.9 Unknown 15 (2) 40 (3)
13-22 times/yr 15 (2) 19 (1) 1.6 Total 733 (100) 1500 (100)
23-48 times/yr 32 (4) 63 (4) 0.9
_>49 times/yr 31 (4) 68 (5) 0.9 Both sexes Never dyed hair 2353 (79) 4604 (80) 1.0
Unknown 10 (1) 24 (2) <5 yr 224 (8) 347 (6) 1.3
Total 733 (100) 1500 (100) 5-9 yr 95 (3) 210 (4) 0.8

10-19 yr 172 (6) 299 (5) 1.1

Both sexes Never dyed hair 2353 (79) 4604 (80) 1.0 _>20 yr 110 (4) 263 (5) 0.8
<3 times/yr 136 (5) 257 (4) 1.0 Unknown 28 (1) 59 (1)
3-9 times/yr 219 (7) 392 (7) 1.0 Total 2982 (100) 5782 (100)

10-12 times/yr 104 (3) 219 (4) 0.9 a Adjusted for sex, age, race, cigarette smoking.
13-22 times/yr 22 (1) 24 (0.4) 1.7 b Numbers in parentheses, percentage.
23-48 times/yr 47 (2) 91 (2) 0.9
_>49 times/yr 72 (2) 151 (3) 1.0
Unknown 29 (1) 44 (1) users of blonde or silver had estimates slightly below 1.0.

Total 2982 (100) 5782 (100) Among women, users of black dye had estimates above 1.0,
a Adjusted for sex, age, race, and cigarette smoking, while users of brown or uncolored (metallic or gradual) dyes
b Numbers in parentheses, percentage, had estimates below 1.0. The excess risk seen for male or

users, the estimated relative risk was 0.9 (95% CI,3 0.7 to 1.3). female users of black dyes was limited to users younger than

We also examined frequency of hair dyeing as a risk factor 65, and no consistent relation was seen between frequency or
among subjects who had used dyes for 10 years or more; we duration of black dye use and estimated relative risk. Although
found no consistent association between frequency and risk. black and brown dyes contain many of the same compounds,

We also categorized subjects according to duration of use no excess risk was seen for users of brown dyes.
(Table 3). For men who had used hair dyes for less than 5 Estimated relative risk according to the age at which the
years, the estimated relative risk was 1.4 (95% CI, 1.1 to 1.8), subject first dyed his hair is shown in Table 5. Subjects who
while men who had used them longer had estimates near or began dyeing their hair at early ages showed no excess risk.
below 1.0. Among women, there was virtually no variation in We also considered the calendar period of the first exposure
relative risk according to duration, of a subject as a risk factor because some carcinogens exert

Because the chemical formulations of hair dyes vary accord- a detectable effect only after a long induction period. Subjects
ing to color, we calculated relative risk according to the usual who had begun dyeing their hair 20 or more years ago were
color of the dye used (Table 4). Among men, users of red or not at excess risk (relative risk, 0.8; 95% CI, 0.6 to 1.0). We
black dyes had estimated relative risks slightly above 1.0, while also examined relative risk assuming 3 possible induction

periods (<10 years, 10 to 19 years, 20+ years), requiring that
5 years of use have been completed before a subject was

3Theabbreviationusedis:CI,confidenceinterval, classified as exposed (16). We found no appreciable elevation
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Table 4

Relative risks of bladder cancer according to usual color of hair dye, by sex

Relative
Sex Color Cases Controls risk a 95% CI

Males Never dyed hair 2065 (92) b 3978 (93) 1.0
Red/auburn 5 (0.2) 6 (0.1) 1.6 0.4-5.9
Black 36 (2) 55 (1) 1.5 0.9-2.3
Blonde 4 (0.2) 14 (0.3) 0.5 0.2-1.6
Brown 45 2 82 (2) 1.0 0.7-1.5
Silver/gray 4 (0.2) 11 (0.3) 0.7 0.2-2.2
Frosted 0 (0) 0 (0)
Uncolored c 66 (3) 107 (2) 1.2 0.8-1.6
Unknown/other 24 (1) 29 (1)
Total 2249 (100) 4282 (100)

Females Never dyed hair 288 (39) 626 (42) 1.0
Red/auburn 44 (6) 74 (5) 1.1 0.7-1.7
Black 32 (5) 64 (4) 1.3 0.8-2.1
Blonde 111 (15) 197 (13) 1.0 0.7-1.3
Brown 165 (23) 384 (26) 0.8 0.6-1.1
Silver/gray 49 (7) 80 (5) 1.2 0.8-1.9
Frosted 9 (1) 19 (1) 1.0 0.4-2.1
Uncolored c 2 (0.3) 9 (0.6) 0.5 0.1-2.2
Unknown/other 33 (5) 47 (3)
Total 733 (100) 1500 (100)

Both sexes Never dyed hair 2353 (79) 4604 (80) 1.0
Red/auburn 49 (2) 80 (1) 1.1 0.7-1.7
Black 68 (2) 119 (2) 1.4 1.0-1.9
Blonde 115 (4) 211 (4) 0.9 0.7-1.2
Brown 210 (7) 466 (8) 0.9 0.7-1.1
Silver/gray 53 (2) 91 (2) 1.2 0.8-1.7
Frosted 9 (0.3) 19 (0.3) 0.9 0.4-2.1
Uncolored c 68 (2) 116 (2) 1.1 0.8-1.5
Unknown/other 57 (2) 76 (1)
Total 2982 (100) 5782 (100)

a • . .
Adjusted for age sex race cigarette smokingb . ' ' ' "
Numbers in parentheses, percentage.

c Gradual (metallic) dyes.

Table 5 hazards, use of artificial sweeteners, and history of urinary
Relative risks of bladder cancer according to age at first hair dyeing, bysex stones or infections. Hair dye users were at elevated risk

Relative among men younger than 45 (relative risk, 2.2; 95% CI, 0.9 to
Sex First exposure Cases Controls risk a

5.4) but not among women younger than 45. Hair dye users
Males Neverdyedhair 2065 (92)5 3978 (93) 1.0 had elevated risks among men with a history of urinary stonesAge _>60 48 (2) 98 (2) 1.0

Age40-59 104 (5) 152 (3) 1.3 or infections (relative risk, 1.8; 95% CI, 1.3 to 2.7) but not

Age 20-39 15 (1) 25 (1) 1.2 among women with such a history (relative risk, 1.1" 95% CI,

Age <20 4 (0.2) 10 (0.2) 0.9 0.8 to 1.5). No apparent patterns emerged when we calculatedUnknown 13 (1) 19 (0.4)
Total 2249 (100) 4282 (100) relative risks for hair dyeing in combination with the other risk

factors.
Females Never dyedhair 288 (39) 626 (42) 1.0

Age_60 80 (11) 169 (11) 1.0

Age40-59 204 (28) 383 (26) 0.9 DISCUSSION
Age 20-39 116 (16) 225 (15) 0.9
Age <20 31 (4) 61 (4) 1.0

Unknown 14 (2) 36 Concern about the possible carcinogenicity of hair dyes
Total 733 (100) 1500 (100) arose when over one-half of 190 hair dye compounds were

Bothsexes Neverdyedhair 2353 (79) 4604 (80) 1.0 found to be mutagenic to bacteria (1). At least 9 of the muta-
Age_>60 128 (4) 267 (5) 1.0 genic compounds have shown some tumorigenicity in male or
Age40-59 308 (10) 535 (9) 1.1 female rats or mice but not necessarily in both sexes or bothAge 20-39 131 (4) 250 (4) 0.9
Age<20 35 (1) 71 (1) t.o species. Some of the experimentally induced tumors have

Unknown 27 (1) 55 (1) occurred in the urinary bladder. In addition, many of the mu-
Total 2982 (100) 5782 (100) tagenic hair dye compounds have chemical structures similar

aAdjustedfor sex,age,race,cigarette smoking, to the aromatic amines used as industrial dyes that cause
b Numbersin parentheses,percentage, bladder tumors. It is therefore useful to evaluate the potential

of risk under any of these 3 models. We also examined the effects of hair dyes on human bladder cancer risk.

number of years since the last use of hair dyes of the subject. Three studies of human risk of bladder cancer and hair dyes
Current users showed essentially the same relative risk as have been reported. A study of 107 cases with cancer of the

former users or those who never used dyes at all. bladder and 107 controls with benign prostatic hypertrophy
We examined relative risk of bladder cancer according to (male controls) or stress incontinence (female) yielded an es-

history of hair dyeing in combination with other risk factors timate of the relative risk to hair dye users of 1.1 (95% CI, 0.4
including age, race, tobacco use, coffee drinking, occupational to 3.0), adjusted for sex and age (9). A study of 632 incident
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bladder cancer cases and 632 neighborhood controls gave an Although many compounds used in permanent dyes, semiper-
estimate of 0.7 for females and indeterminately large for males manent dyes, and synthetic rinses (principally phenylenedi-
(8 cases: 0 controls; estimated lower 95% confidence limit, amines) are mutagenic to bacteria, many other dye compounds
2.3), adjusted for age and residence (7). The authors noted are not. Thus, exposure to hair dyes, as defined in this study,
that 7 of the 8 exposed men had begun dyeing their hair fewer includes many people who were not exposed to the suspect
than 6 years before diagnosis. A follow-up study of female chemicals. We attempted to gauge the likely effects of misclas-

nurses yielded an estimate of the relative risk of bladder cancer sification following the methods suggested by Copeland et al.
to users of hair dyes of 0.6 (95% CI, 0.2 to 1.4, estimated from (3). If 90% of the controls were actually unexposed, not 80%
data of the authors) (5). The CIs from all 3 studies indicate a as measured, then only 89% of the unexposed controls were
wide range of values that could be consistent with all 3 studies, correctly classified. We applied the same 89% specificity to

We estimated the relative risk of bladder cancer to people the numbers of cases that would be exposed under various
who had ever used dyes as 1.0 (95% CI, 0.9 to 1.2). Even hypothetical values of the true relative risk. A true relative risk

though we saw no overall elevation of risk, we examined users of 1.4 would be estimated as 1.2, which was the upper bound
of hair dyes in a variety of ways to determine whether some of of the 95% CI. That is, 1.4 is the maximum relative risk that
the users might be at elevated risk by virtue of the timing or would have been obscured by a combination of substantial
frequency of their exposure to hair dyes. Annual frequency of misclassification and chance.
dyeing, a measure of dose rate, did not appear to be related to In sum, these data and those from other studies suggest that
relative risk. The total number of years of hair dyeing, an hair dye users are not at increased risk of bladder cancer. The
indication of lifetime dose, also was unrelated to relative risk. data from this study do not rule out a very small increase (or
Subjects who began dyeing their hair at an early age showed decrease) in risk, but the potential effect of the most likely
no apparent excess, nor did subjects who began using hair biases and the narrow confidence intervals provide evidence
dyes many years ago. The associations seen among men with that if any increase in risk exists, it is small.
urinary stones or infections and among users of black dyes can
probably be ascribed to chance. ACKNOWLEDGMENTS
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