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ABSTRACT

INTRODUCTION
Black American males have higher (by approximately 50%)
age-adjusted lung cancer incidence rates compared to white
males (1), and the rate of increase in lung cancer incidence over
the past five decades has been greater in blacks of both sexes
than in whites (1-4). The reason for these black-white differ
ences is unknown. Blacks tend to smoke mentholated cigarettes
and cigarettes which are higher in tar and nicotine compared
to whites (5-7). It has been suggested that the use of mentho
lated cigarettes could explain some of the higher chronic dis
ease, including lung cancer, mortality in blacks (7). No epide
miolÃ³gica!study has examined whether the use of mentholated
cigarettes carries a higher risk of lung cancer relative to the use
of nonmentholated cigarettes, although we have previously
investigated a possible association with esophageal cancer (8).
We report here the results of such a study in relation to cancer
of the lung.
MATERIALS

AND METHODS

Data used in this analysis derive from a case-control study of tobaccorelated cancers which has been described previously (9). In the original
study, for each case of a tobacco-related cancer one matched control
patient was sought and interviewed within 2 months of the case's
interview. Subjects were interviewed in 8 hospitals in four United States
cities (New York, Chicago, Philadelphia, and Detroit). Controls were
matched to cases on: age (Â±5years), sex, race (black, white, Hispanic),
hospital, and date of interview. Controls were hospitalized patients
with conditions thought not to be associated with smoking, including:
cancers (of the colon, stomach, female breast, prostate, and skin, as
well as leukemia, lymphoma, sarcomas, etc.); benign neoplastic dis
eases; and nonneoplastic conditions (such as musculoskeletal and con
nective tissue disorders, eye conditions, injuries, etc.).
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mentholated cigarettes, years of smoking each brand, and age at initi
ation of smoking. Fewer than 1% of subjects reported 7 or more
cigarette brands (97% reported 5 brands or fewer). If a subject reported
smoking 2 different brands concurrently, both were recorded, but the
duration was counted only once in computing the total duration. If a
subject was unable to recall a brand name, the amount, duration, and
mentholation status of the cigarette was recorded. In addition, infor
mation was obtained on sociodemographic factors, including age, years
of education, and occupational level. Data on weight 5 years prior to
diagnosis and height were collected and used to compute BMI for each
subject.
Information on mentholation was obtained for each brand of ciga
rette reported. Among mentholated cigarette smokers, the most com
monly reported brands (for the brand currently smoked) were Salems
(28%) and Kools (21%). Only 2% of male subjects (cases and controls)
and 5% of female subjects had used mentholated cigarettes exclusively,
whereas 24% of male and female subjects had smoked both mentholated
and nonmentholated brands. For this reason we classified subjects into
those who had never smoked a mentholated brand or had smoked one
for less than 1 year ("nonmenthol smokers"), those who had smoked a
mentholated brand for between 1 and 14 years, and those who had
smoked a mentholated brand for 15 years or more.
The effect of smoking mentholated cigarettes was assessed in all lung
cancer cases combined as well as in four specific histological types of
lung cancer (squamous cell carcinoma, small cell carcinoma, large cell
carcinoma, and adenocarcinoma) and controls.
Unconditional logistic regression was used to determine the effect of
menthol use on lung cancer and on specific histological types with
adjustment for covariates including CPD (of the current brand), dura
tion of smoking, inhalation, race, education, age, and BMI. CPD, years
of smoking, years of education, and age were entered as continuous
variables. The remaining variables were categorized as follows: mentho
lated cigarette exposure (never, 1-14 years, 15-t- years), race (white,
black; 14 subjects who were Hispanic were excluded from these anal
yses), inhalation (deeply versus not at all, slightly, moderately), BMI
(>28, <28). BMI of >28 corresponds to the highest quartile and is
consistent with the conventional definition of overweight (10). Addi
tionally, we modeled the relationship between lung cancer and these
covariates by fitting both duration of menthol and duration of nonmen
thol smoking as continuous terms in the model, thus eliminating the
categorical terms for menthol exposure. In this analysis we were able
to examine the effects of both menthol and nonmenthol smoking
independently.
For cell type-specific analyses, males and females were combined
due to small numbers and sex was included in the model as an inde
pendent variable. Potential interactions between menthol use (ever,
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3The abbreviations used are: CPD, cigarettes per day; BMI, body mass index:

Wt (kg)
BMI = Ht2 (m)
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Black males have higher age-adjusted lung cancer incidence rates
compared to white males, and blacks of both sexes have higher rates of
increase in lung cancer incidence over past decades. The majority of
black smokers smoke mentholated cigarettes. These observations
prompted us to assess the effect of smoking mentholated cigarettes on
lung cancer risk, using data from a hospital-based case-control study of
tobacco-related cancers. Analysis was restricted to current cigarette
smokers and was carried out on 588 male lung cancer cases and 914 male
control patients and on 456 female lung cancer cases and 410 female
controls interviewed between 1985 and 1990. The prevalence of menthol
usage did not differ between cases and controls of either sex. No signifi
cant association was observed between either short-term (1-14 years) or
long-term (15+ years) menthol use and lung cancer in logistic regression
analyses adjusting for covariates. For specific histolÃ³gica!types of lung
cancer there was no indication of an association with menthol usage.

For the purposes of the present analysis only current smokers of
cigarettes (defined as subjects who had smoked within the year preced
ing diagnosis) were included. We selected all available lung cancer cases
and all controls who were current smokers. A total of 588 male and
456 female cases and 914 male and 410 female controls, interviewed
between 1985 and 1990, were available for analysis.
All patients were interviewed in the hospital by trained interviewers
using a standard questionnaire. This contained questions on the type
of tobacco products used throughout life (cigarettes, cigars, pipes,
chewing tobacco, snuff), brands of cigarettes smoked (up to seven
brands per person), CPD,3 use of filter and nonfilter cigarettes, use of
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never) and other variables were evaluated and three interaction terms
were included in the logistic regression model: menthoUage; menthoNeducation; and menthoNBMI.

Table I Distribution (%) of demographic and behavioral factors in lung cancer
cases and controls (all current smokers)
Males (%)
Cases
(<V=588)

RESULTS

Controls
Cases
(/V= 914) (jV=456)

Controls
(^ = 410)

Age<5050-5960-6970+Education<12yr13-15

yr16+
yrRaceWhiteBlackOther"Occupational

levelProfessional/managerialSkilledSemiskilledUnskilledHousewifeMentholNever1-14

yr15+yrCPD1-2021-3031-4041

+InhalationNot
slightly,moderatelyDeeplyDuration
at all,

smoking<30yr31-40yr41+
of
yrBody
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Table 1 gives the distribution of selected sociodemographic
and behavioral factors among cases and controls by sex. Cases
were slightly older than controls. Mean age (years) was 57.4
for male cases, 55.1 for male controls, 57.9 for female cases,
and 56.3 for female controls. Cases and controls had similar
distributions by race, year of education, and occupational level.
Only 8 subjects were classified as other than black or white (6
male cases and 7 male controls were Hispanic; 1 female case
was Hispanic). As expected, cases reported smoking more cig
arettes per day and longer duration of smoking, as well as
deeper inhalation compared to controls. In males, menthol
usage [categorized as never smoked mentholated brand; smoked
mentholated brand(s) between 1 and 14 years; smoked mentho
lated brand(s) for 15 or more years] was virtually identical
between cases and controls; in females, smaller proportions of
cases reported ever smoking mentholated brands compared to
controls.
The prevalence of menthol use among controls in the present
study, by race and sex, is compared with that in two other
surveys in Table 2. Age-specific prevalence is given for the
present study and the Adult Use of Tobacco Survey data (11),
and age-adjusted prevalence is presented for the data of Sidney
et al. (7). The prevalence by sex and race is generally similar in
the three surveys. Use of mentholated cigarettes was more
common in females, and in both sexes blacks had roughly twice
the prevalence of whites.
Logistic regression results for lung cancer stratified by sex
are presented in Table 3. Among smoking variables, CPD and
duration of smoking were significantly associated with lung
cancer in both sexes. Use of mentholated cigarettes for either
1-14 years or 15+ years was not associated with increased risk.
Being overweight (BMI >28) was associated with significantly
reduced risk in both sexes. Inhalation (deeply versus not at all,
slightly, moderately) showed a significant positive association
in females only. The inclusion of interaction terms for men
thol Â«educationand menthoUBMI, both of which were statisti
cally significant in both sexes, did not alter the ÃŸ
coefficients
for mentholated cigarette use and reduced but did not eliminate
the significant main effect of BMI (data not presented).
In the model containing years of menthol cigarette use and
years of nonmentholated cigarette use (both as continuous
variables), the ÃŸ
coefficients for years of menthol were smaller
than those for years of nonmenthol in both sexes.
In cell type-specific logistic regression analyses, neither shortterm (1-14 years) nor long-term (15+ years) user of mentho
lated cigarettes was associated with squamous cell, small cell,
large cell, or adenocarcinoma of the lung (Table 4). Addition
ally, there was no suggestion of a trend in risk with increasing
duration of exposure. In contrast, CPD and duration of smok
ing showed statistically significant associations with each of the
four types.

Females (%)

index<28>2820.137.133.89.056.321.921.885.413.61.027.946.816.88.574.913.112.037.916.526.219.462
mass
" Among males, 6 cases and 7 controls were Hispanic. Among females, 1 case
was Hispanic.

higher lung cancer incidence rates compared to whites. Existing
data on the carcinogenicity of the combustion products of
menthol (12-14), while sparse, lend support to the hypothesis
that use of mentholated cigarettes could increase the risk of
lung cancer over that of smokers of nonmentholated cigarettes.
Use of mentholated cigarettes was not associated with in
creased risk of lung cancer or of specific histological types of
lung cancer in this study. In contrast, the number of cigarettes
smoked per day and duration of smoking were strong risk
factors. BMI showed an inverse association with lung cancer.
This last finding will be the subject of a separate paper.
Classification of smokers into users of mentholated and
nonmentholated brands was made possible by questions which
elicited for each cigarette brand whether it was menthol or
nonmenthol. The prevalence of smoking mentholated cigarettes
among current smokers by race and sex in this study was
comparable to that reported in other surveys.
DISCUSSION
Only 2.2% of male subjects had smoked mentholated ciga
We investigated the use of mentholated cigarettes as a poten
rettes exclusively,whereas 74.3% had smoked nonmentholated
tial risk factor for lung cancer, because blacks use these ciga brands exclusively, and 23.5% had smoked mixed mentholated
rettes to a greater extent than whites, and black males have and nonmentholated brands. Among female subjects, the cor6511
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Table 2 Prevalence (%) of smoking metholated cigarettes among current smokers by race and sex in the study population and in United States surveys
groupMales

AHF" age

group45-64age

yr50518.0223 yr14915.473

yr537

group45-64
age
yr167

group45-64age

yr75

yr27

yr5845.16969.165+
Sidney'
yr

34.747

44.41546.7BlacksAUTS

4294

Total A7
mentholFemales
c'c

14.357025.565+14.4222

18.18843

49.9'

Total N
21.8Sidney*7352
27.1AHF
48.965+
% menthol45-64
22.965+
24.7WhitesAUTS
Â°AHF, prevalence in controls in the present (American Health Foundation) study; AUTS, data from Adult Use of Tobacco Survey, 1986 (11).
b Data from Sidney et al. (7) are age-adjusted by the direct method, with the age distribution of the entire study population used as the standard.
' Numbers are too small to permit stable estimates.
Table 3 Adjusted ORÂ°for lung cancer due to menthol and other factors among
current smokers, 1985-1990

0.53-1.16
0.70-1.38
0.76
0.98
1.38-2.98e
0.84-1.36
2.03
1.07
1.05-2.06
0.68-1.64
1.47
1.050.4795%
0.49-0.83rFemalesOR0.820.32-0.70C
0.64Males95%

Continuous variables
(integer values)
Age
Education
CPD
Duration of smoking

0.97
0.72
1.03
1.07

0.94-1.00
0.57-0.91
1.02-1.04e
1.04-1.09e

0.96
1.37
1.04
1.08

0.93-0.99
1.00-1.88
1.02-1.05e
1.06-1.IIe

Â°OR, odds ratio; CI, confidence interval.
"Categorized as: menthol 1-14 years or 15+ years versus never menthol;
inhalation (deeply versus not at all, slightly, moderately); race (black versus white);
BMI (>28 versus <28).
c P < 0.001; for continuous variables, p refers to the test for linear trend.
Table 4 Adjusted" odds ratios for specific histolÃ³gica!types of lung cancer due to
menthol among current smokers (males and females combined)
CI0.78-1.78

typeSquamous
HistolÃ³gica!
cell carcinoma (A1= 268)
Menthol l-l4yr
yrSmall
Menthol 15+

0.920.80

0.60-1.420.43-1.48

cell carcinoma (N = 131)
Menthol 1-14 yr
yrLarge
Menthol 15+

0.861.99

0.49-1.510.73-5.41

cell carcinoma (N = 106)
Menthol 1-14 yr
yrAdenocarcinoma
Menthol 15+

0.840.98

0.27-2.610.68-1.42

(N = 400)
Menthol 1-14 yr
0.66-1.36
Menthol 15+ yrOR1.17
0.9595%
" Adjusted for the following variables in logistic regression models: sex (male
versus female), age (continuous), CPD (continuous), duration of smoking (contin
uous), race (black versus white), years of education (continuous), inhalation (deeply
versus not at all. slightly, moderately), BMI (>28 versus <28).

55.5

tended to inhale to a greater extent than smokers of nonmentholated brands, as has been proposed (6, 7, 15, 16), or if
menthol smokers increased their exposure to tobacco smoke
carcinogens by other means. Our data (17) and those of others
(7, 16) suggest that menthol smokers do not inhale more than
nonmenthol smokers. However, as pointed out by Sidney et al.
(7), reporting of inhalation could be biased by menthol status,
since menthol has anesthetic properties.
If our results are confirmed by other researchers, the impli
cation would be that use of mentholated cigarettes does not
explain black-white differences in lung cancer incidence rates
or time trends. Other hypotheses need to be formulated to
explain these differences.
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