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Background

There is remarkable variation in the incidence of lung cancer among ethnic and 
racial groups in the United States.

Methods

We investigated differences in the risk of lung cancer associated with cigarette smok-
ing among 183,813 African-American, Japanese-American, Latino, Native Hawaiian, 
and white men and women in the Multiethnic Cohort Study. Our analysis included 
1979 cases of incident lung cancer identified prospectively over an eight-year period, 
between baseline (1993 through 1996) and 2001.

Results

The risk of lung cancer among ethnic and racial groups was modified by the num-
ber of cigarettes smoked per day. Among participants who smoked no more than 
30 cigarettes per day, African Americans and Native Hawaiians had significantly 
greater risks of lung cancer than did the other groups. Among those who smoked 
no more than 10 and those who smoked 11 to 20 cigarettes per day, relative risks 
ranged from 0.21 to 0.39 (P<0.001) among Japanese Americans and Latinos and 
from 0.45 to 0.57 (P<0.001) among whites, as compared with African Americans. 
However, at levels exceeding 30 cigarettes per day, these differences were not signifi-
cant. Differences in risk associated with smoking were observed among both men 
and women and for all histologic types of lung cancer.

Conclusions

Among cigarette smokers, African Americans and Native Hawaiians are more sus-
ceptible to lung cancer than whites, Japanese Americans, and Latinos.

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission. 



T h e  n e w  e n g l a n d  j o u r n a l  o f  m e d i c i n e

n engl j med 354;4 www.nejm.org january 26, 2006334

The incidence of lung cancer is sub-

stantially higher among blacks, Native Ha-
waiians, and other Polynesians and lower 

among Japanese Americans and Hispanics than 
among whites in the United States.1 The vast ma-
jority (80 to 90 percent) of these cases are attrib-
utable to cigarette smoking. Smoking behavior 
also varies widely among these ethnic and racial 
groups. In aggregated population surveys con-
ducted in the United States, the age-adjusted 
prevalence of cigarette smoking was 30.1 percent 
among black adults and 27.3 percent among 
white adults.2 Only 8.0 percent of black smokers, 
however, were reported to be heavy smokers (smok-
ing at least 25 cigarettes per day), as compared with 
28.3 percent of white smokers.2 Native Hawaiians 
had higher rates of lung cancer than whites and 
Asians in descriptive studies, even though the 
smoking habits of these groups were similar.1,3

Previous studies have provided moderate sup-
port for the existence of ethnic and racial differ-
ences in the smoking-related risk of lung cancer, 
with black smokers and Native Hawaiian smokers 
having a greater risk than other populations.4-7 
We examined the relationship between the inci-
dence of lung cancer and smoking history among 
African-American, Japanese-American, Latino, Na-
tive Hawaiian, and white men and women in the 
prospective Multiethnic Cohort Study, focusing 
on population-based differences in the effects of 
the extent and duration of smoking and the time 
since quitting on the risk of lung cancer.

Me thods

Study Population

The Multiethnic Cohort Study consists of more 
than 215,000 men and women in California and 
Hawaii and comprises mainly five self-reported 
racial and ethnic populations: African Americans, 
Japanese Americans, Latinos, Native Hawaiians, 
and whites living in Hawaii and California.8 Be-
tween 1993 and 1996, adults 45 to 75 years old 
enrolled in the study by completing a 26-page 
mailed questionnaire asking detailed information 
about dietary habits, demographic factors, level 
of education, occupation, personal behavior, prior 
medical conditions, and family history of com-
mon cancers. Potential participants were identi-
fied through driver’s license files from the De-
partment of Motor Vehicles, voter registration 

lists, and Health Care Financing Administration 
data files.

Incident cancers, histologic types of lung can-
cer, and the stage of lung cancer were identified 
by linkage to the Surveillance, Epidemiology, and 
End Results (SEER) cancer registries covering 
Hawaii and California. Deaths were identified by 
linkage to death-certificate files in Hawaii and 
California and the National Death Index. Case 
ascertainment and death information were com-
plete through December 31, 2001, in both Hawaii 
and California. For each participant, the length 
of person-time in the study was determined from 
the time the questionnaire was returned until 
the earliest of the following: a diagnosis of lung 
cancer, the diagnosis of another smoking-related 
tumor, death from any cause, or the end of follow-
up (December 31, 2001).

At baseline, participants reported whether they 
had ever smoked at least 20 packs of cigarettes 
in their lifetime, the average number of cigarettes 
smoked (fewer than 5, 6 to 10, 11 to 20, 21 to 30, 
or at least 31 per day), the duration of smoking (no 
more than 10, 11 to 20, 21 to 30, 31 to 40, or at 
least 41 years), and for former smokers, the number 
of years since quitting (less than 1, 1 to 2, 3 to 
5, 6 to 10, 11 to 15, 16 to 20, or at least 21 years). 
Occupations suspected to entail exposure to lung 
carcinogens were defined on the basis of previ-
ous reports.9 The level of education was used as 
a proxy for socioeconomic status, and the highest 
level of education attained was classified in the 
following manner: no more than 8 years of school, 
9 to 12 years of school, completion of vocational 
school, or some college or higher education. In-
takes of specific food groups such as fruits and 
vegetables were calculated as nutrient densities 
(food intake divided by total energy) and evaluated 
in quintiles.

Beginning in 2003, participants received an 
updated version of the original baseline question-
naire to update information on diet and personal 
exposures. The follow-up questionnaire again 
asked about smoking status, the level and dura-
tion of smoking, and the participant’s age at the 
initiation of smoking (younger than 15, 15 to 
16, 17 to 18, 19 to 21, 22 to 25, or older than 25 
years). In the current analysis, we included such 
data on 5090 participants who reported a history 
of smoking at baseline to clarify sex and ethnic 
and racial differences in age at the start of smok-
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ing and the rates of smoking cessation since the 
first questionnaire. All questionnaires were ap-
proved by the institutional review boards at the 
University of Southern California and the Uni-
versity of Hawaii.

Excluded from this analysis were approximate-
ly 14,000 participants with other ethnic or racial 
backgrounds, approximately 2300 participants 
with a history of lung cancer or other smoking-
related cancer as reported on the baseline ques-
tionnaire or from the cancer registries, approxi-
mately 8000 participants with missing data on 
smoking, and approximately 7600 participants 
with missing dietary data. A total of 183,813 par-
ticipants contributed person-time to the analysis, 
and 1979 cases of lung cancer (1135 in men and 
844 in women) were recorded. Cases were classi-
fied histologically as adenocarcinoma, squamous-
cell carcinoma, small-cell carcinoma, large-cell 
carcinoma, or other. Disease stage was catego-
rized as localized, regional, or distant.

Statistical Analysis

We used Poisson regression to model the abso-
lute risk of lung cancer among participants who 
had never smoked, former smokers, and current 
smokers simultaneously (Hirosoft Sofware) as 
monomial functions of age and smoking dura-
tion, following the general approach of Doll and 
Peto.10,11 Our data indicated that the risk of 
lung cancer among participants who had never 
smoked was well fit as proportional to age to the 
fourth power and that the excess risk of lung cancer 
among former and current smokers was adequate-
ly described as a function of smoking duration 
to the fourth power multiplied by the number of 
cigarettes smoked per day. The effect of the level 
and duration of smoking in the model could be 
modified by race or ethnic group, sex, time since 
quitting, and an interaction between race or ethnic 
group and the smoking variables. We found the 
interaction between race or ethnic group and 
the number of cigarettes smoked to be signifi-
cant (P<0.001). Additional terms for occupation, 
level of education, and dietary intake of fruits 
and vegetables were included in the multivariate 
models and evaluated as potential confounding 
factors. The specific details of the model we used 
are described in the Supplementary Appendix, 
available with the full text of this article at www.
nejm.org.

R esult s

Study Population

The mean age at baseline was 60.1 years for men 
and 59.6 years for women. The level of education 
varied widely among the groups (Table 1). Among 
men, the rate of current smoking was highest 
among African Americans (28.5 percent) and Na-
tive Hawaiians (20.1 percent) and lowest among 
Japanese Americans (15.5 percent) and whites 
(15.9 percent) (Table 1). Among women, African 
Americans and Native Hawaiians were the most 
frequent current smokers, whereas Latinos and 
Japanese Americans had the lowest percentage of 
current smokers. Among both men and women, 
African Americans and Latinos reported smok-
ing the fewest cigarettes per day, with whites be-
ing the heaviest smokers.

Age at Initiation of Smoking 
and Cessation Rates

We found significant yet fairly small differences 
in age at the initiation of smoking in a subgroup 
of 5090 participants (P<0.001) (Table 2). As com-
pared with African-American women, Japanese-
American women reported being older and whites 
younger when they began smoking. The same was 
true for men. Among both men and women, the 
mean age at smoking initiation was similar in Af-
rican Americans, Native Hawaiians, and Latinos.

In the same subgroup, 539 of 1271 partici-
pants who reported smoking at baseline report-
ed having quit smoking during the follow-up 
period (42.4 percent) (Table 2). Whereas 42.2 per-
cent of African-American men quit smoking dur-
ing follow-up, the rate was significantly higher 
among white men (55.5 percent, P = 0.02) and 
lower, but not significantly so, among Native 
Hawaiian men (31.2 percent, P = 0.34). There were 
no significant differences in quitting rates be-
tween African-American men and either Japanese-
American men (41.7 percent, P = 0.94) or Latino 
men (51.0 percent, P = 0.19) or among the women.

Observed Risk of Lung Cancer According to 
Histologic Type and Stage of Disease

In age-adjusted analyses that did not account for 
smoking history, African-American and Native 
Hawaiian men had the highest incidence of lung 
cancer, whereas the incidence was similar among 
Native Hawaiian, white, and African-American 

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission. 



T h e  n e w  e n g l a n d  j o u r n a l  o f  m e d i c i n e

n engl j med 354;4 www.nejm.org january 26, 2006336

Ta
bl

e 
1.

 B
as

el
in

e 
C

ha
ra

ct
er

is
tic

s 
of

 th
e 

Pa
rt

ic
ip

an
ts

.*

C
ha

ra
ct

er
is

tic
M

en
W

om
en

A
fr

ic
an

 
A

m
er

ic
an

(N
 =

 1
1,

18
6)

N
at

iv
e

H
aw

ai
ia

n
(N

 =
 5

80
3)

La
tin

o
(N

 =
 1

9,
48

7)

Ja
pa

ne
se

A
m

er
ic

an
(N

 =
 2

4,
97

0)
W

hi
te

(N
 =

 2
1,

01
2)

A
fr

ic
an

 
A

m
er

ic
an

(N
 =

 1
9,

89
4)

N
at

iv
e

H
aw

ai
ia

n
(N

 =
 7

54
5)

La
tin

o
(N

 =
 2

0,
99

2)

Ja
pa

ne
se

 
A

m
er

ic
an

(N
 =

 2
8,

18
8)

W
hi

te
(N

 =
 2

4,
73

6)

A
ge

 (
yr

)
61

.7
±8

.9
56

.6
±8

.6
60

.2
±7

.7
61

.1
±9

.2
58

.9
±9

.1
60

.5
±9

.1
56

.0
±8

.7
59

.3
±7

.8
60

.8
±9

.0
58

.8
±9

.0

Le
ve

l o
f e

du
ca

tio
n 

(%
)†

≤8
 Y

r
8.

5
5.

2
31

.7
3.

0
3.

2
5.

8
3.

6
34

.6
4.

4
2.

6

9–
12

 Y
r

32
.7

44
.5

31
.4

34
.1

18
.8

34
.4

50
.9

36
.6

37
.6

27
.1

C
om

pl
et

io
n 

of
 v

oc
at

io
na

l 
sc

ho
ol

5.
5

8.
3

6.
5

12
.7

5.
2

6.
6

7.
8

6.
4

13
.0

4.
7

So
m

e 
co

lle
ge

52
.9

41
.5

29
.5

50
.1

73
.8

52
.6

37
.4

21
.4

44
.6

65
.4

Sm
ok

in
g 

st
at

us
 (

%
)‡

C
ur

re
nt

 s
m

ok
er

28
.5

20
.1

18
.5

15
.5

15
.9

20
.5

20
.2

§
10

.3
9.

3
16

.3

Fo
rm

er
 s

m
ok

er
45

.5
48

.2
47

.8
54

.6
51

.5
32

.7
32

.1
22

.4
21

.9
38

.1

N
ev

er
 s

m
ok

ed
26

.0
31

.7
33

.7
29

.9
32

.6
46

.7
47

.7
67

.3
68

.7
45

.6

A
ve

ra
ge

 s
m

ok
in

g 
le

ve
l (

%
 o

f c
ur

-
re

nt
 a

nd
 fo

rm
er

 s
m

ok
er

s)
‡

≤1
0 

ci
ga

re
tt

es
/d

ay
 

42
.9

25
.2

59
.0

22
.0

20
.3

59
.7

44
.3

74
.9

53
.1

35
.9

11
–2

0 
ci

ga
re

tt
es

/d
ay

40
.0

39
.7

27
.8

43
.6

35
.2

30
.6

37
.1

18
.4

34
.9

36
.4

21
–3

0 
ci

ga
re

tt
es

/d
ay

11
.4

21
.4

8.
4

22
.6

25
.3

7.
1

12
.8

4.
4

9.
1

18
.3

≥3
1 

ci
ga

re
tt

es
/d

ay
5.

8
13

.7
4.

8
11

.8
19

.2
2.

6
5.

8
2.

3
2.

9
9.

4

Yr
 o

f s
m

ok
in

g 
(%

 o
f c

ur
re

nt
 a

nd
 

fo
rm

er
 s

m
ok

er
s)

‡

<2
0 

yr
38

.3
38

.4
¶

49
.8

42
.4

42
.3

46
.1

40
.8

58
.8

51
.1

45
.1

20
–4

0 
yr

45
.3

45
.3

36
.7

45
.0

42
.4

42
.7

45
.2

31
.4

41
.3

41
.0

>4
0 

yr
16

.4
16

.3
13

.5
12

.6
15

.3
11

.2
14

.0
9.

9
7.

6
13

.9

Yr
 s

in
ce

 q
ui

tt
in

g 
sm

ok
in

g 
(%

 o
f f

or
m

er
 s

m
ok

er
s)

‡

≤5
 y

r
24

.2
17

.2
19

.6
15

.2
17

.4
28

.5
24

.8
25

.3
19

.7
19

.2

6–
15

 y
r

35
.0

32
.4

32
.9

32
.5

29
.8

37
.9

35
.5

36
.6

33
.8

31
.4

>1
5 

yr
40

.8
50

.4
47

.5
52

.3
52

.8
33

.6
39

.7
38

.1
46

.5
49

.5

* 
Pl

us
–m

in
us

 v
al

ue
s 

ar
e 

m
ea

ns
 ±

SD
. U

nl
es

s 
ot

he
rw

is
e 

no
te

d,
 P

<0
.0

01
 fo

r 
th

e 
co

m
pa

ri
so

n 
of

 t
he

 d
is

tr
ib

ut
io

n 
of

 e
ac

h 
ri

sk
 fa

ct
or

 fo
r 

ea
ch

 e
th

ni
c 

an
d 

ra
ci

al
 g

ro
up

 w
ith

 A
fr

ic
an

-A
m

er
ic

an
 

m
en

 o
r 

w
om

en
, a

s 
ap

pr
op

ri
at

e.
†

 P
er

ce
nt

ag
es

 d
o 

no
t 

to
ta

l 1
00

 b
ec

au
se

 o
f m

is
si

ng
 d

at
a.

‡
 V

al
ue

s 
w

er
e 

st
an

da
rd

iz
ed

 t
o 

th
e 

ag
e 

di
st

ri
bu

tio
n 

of
 t

he
 c

oh
or

t.
§ 

P 
= 

0.
37

 fo
r 

th
e 

co
m

pa
ri

so
n 

w
ith

 A
fr

ic
an

-A
m

er
ic

an
 w

om
en

.
¶

 P
 =

 0
.9

9 
fo

r 
th

e 
co

m
pa

ri
so

n 
w

ith
 A

fr
ic

an
-A

m
er

ic
an

 m
en

.

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission. 



ethnic and r acial differences in smoking-related lung-cancer risk

n engl j med 354;4 www.nejm.org january 26, 2006 337

women (Table 3). The incidence was significantly 
lower among Japanese Americans and Latinos 
than among African Americans — from 54.0 
percent lower among Japanese-American men 
(P<0.001) to 71.0 percent lower among Latino 
women (P<0.001). The incidence of lung cancer 
among white women was similar to that among 
Native Hawaiian women (17.0 percent and 20.0 
percent lower than that among African-American 
women, respectively), whereas the incidence among 
white men was 40.0 percent lower than that 
among African-American men.

We evaluated the distribution of each type of 
lung cancer across populations. As expected, ad-
enocarcinoma was the most common type overall, 
and the fraction of subjects with squamous-cell 
carcinoma was highest among African Americans 
and Native Hawaiians (Table 3). The fraction of 
subjects with large-cell carcinoma was greater 
among African Americans and Latinos, whereas 
the fraction of subjects with small-cell carcino-
ma was approximately twice as high among Na-
tive Hawaiians as among the other ethnic and 
racial groups.

Ethnic and racial differences in relative risks 
were observed for all histologic types of lung 
cancer. Subtype-specific risks among Native 
Hawaiians were similar to those among African 

Americans except for the risk of small-cell car-
cinoma (relative risk, 1.92; P = 0.003) and large-
cell carcinoma (relative risk, 0.31; P = 0.03). The 
relative risks of all subtypes of lung cancer were 
substantially lower among Japanese Americans 
and Latinos than among African Americans 
and ranged from 0.19 for large-cell carcinoma 
(P<0.001) to 0.58 for adenocarcinoma (P<0.001). 
As compared with African Americans, whites 
had significantly lower relative risks of all sub-
types except small-cell carcinoma (Table 3).

The distribution of distant, regional, and lo-
calized disease was similar across groups (Ta-
ble 3). The distribution among African Americans 
and whites was consistent with SEER data.12 
Ethnic or racial differences in the risk of lung 
cancer were observed across all stages of disease, 
with African Americans and Native Hawaiians 
having similarly elevated risks. As compared with 
African Americans, Latinos and Japanese Amer-
icans had significantly lower relative risks for 
all stages, ranging from 0.28 for regional disease 
(P<0.001) to 0.54 for localized disease (P<0.001). 
Among whites, the relative risk of distant dis-
ease (P<0.001), but not of localized disease 
(P = 0.59) or regional disease (P = 0.07), was sig-
nificantly lower than that among African Amer-
icans (Table 3).

Table 2. Mean Age at Initiation of Smoking and Age-Adjusted Quitting Rates among Men and Women, According to Ethnic 
or Racial Group.*

Variable African American Native Hawaiian Latino Japanese American White Global P Value

Mean age at smoking initiation

Men <0.001

Total no. 486 218 552 790 639

Mean age at initiation — yr 18.4±3.3 18.1±3.2 18.2±3.2 18.8±2.9 18.0±3.0

P value† — 0.70 0.56 0.02 0.17

Women <0.001

Total no. 763 193 353 383 713

Mean age at initiation — yr 19.8±3.4 19.3±3.4 19.8±3.7 20.6±3.0 19.0±3.3

P value† — 0.67 0.90 <0.001 <0.001

Quitting rate — no. who quit smoking/no. of current smokers at baseline (%)‡

Men 62/147 (42.2) 20/64 (31.2) 53/104 (51.0) 55/132 (41.7) 61/110 (55.5) 0.03

P value† — 0.34 0.19 0.94 0.02

Women 118/274 (43.1) 24/72 (33.3) 50/103 (48.5) 32/97 (33.0) 64/168 (38.1) 0.20

P value† — 0.28 0.41 0.11 0.26

* Plus–minus values are means ±SD. Values are based on a subgroup of data from the follow-up questionnaire.
† For each comparison, African Americans served as the reference group.
‡ Values were standardized to the age distribution of the cohort.
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Table 3. Age-Standardized Incidence Rates and Relative Risks of Lung Cancer among Men and Women According to Ethnic or Racial Group, 
Histologic Cell Type, and Stage of Disease.

Variable African American Native Hawaiian Latino Japanese American White Total No.

Sex

Men

No. of men 11,186 5803 19,487 24,970 21,012 82,458

Cases of lung cancer 304 103 142 301 285 1,135

Incidence/100,000* 263.9 263.9 79.2 121.4 158.3

Relative risk (95% CI)† 1.00 1.00 (0.80–1.25) 0.30 (0.25–0.37) 0.46 (0.39–0.54) 0.60 (0.51–0.71)

Women

No. of women 19,894 7545 20,992 28,188 24,736 101,355

Cases of lung cancer 299 63 84 129 269 844

Incidence/100,000* 161.2 129.0 46.7 50.0 133.8

Relative risk (95% CI)† 1.00 0.80 (0.61–1.05) 0.29 (0.23–0.38) 0.31 (0.25–0.38) 0.83 (0.71–0.98)

Histologic type‡

Adenocarcinoma

No. (%) 223 (37.0) 61 (36.7) 93 (41.2) 214 (49.8) 214 (38.6) 805

Incidence/100,000* 69.8 66.0 25.2 40.4 53.7

Relative risk (95% CI)† 1.00 0.94 (0.71–1.26) 0.36 (0.28–0.46) 0.58 (0.48–0.70) 0.77 (0.64–0.93)

Squamous cell

No. (%) 140 (23.2) 33 (19.9) 43 (19.0) 73 (17.0) 106 (19.1) 395

Incidence/100,000* 46.6 39.2 12.7 14.6 28.5

Relative risk (95% CI)† 1.00 0.84 (0.57–1.23) 0.27 (0.19–0.38) 0.31 (0.24–0.42) 0.61 (0.48–0.79)

Small cell

No. (%) 59 (9.8) 34 (20.5) 17 (7.5) 44 (10.2) 63 (11.4) 217

Incidence/100,000* 19.0 36.7 4.6 8.6 16.1

Relative risk (95% CI)† 1.00 1.92 (1.26–2.95) 0.24 (0.14–0.41) 0.45 (0.30–0.66) 0.84 (0.59–1.20)

Large cell

No. (%) 45 (7.5) 4 (2.4) 16 (7.1) 14 (3.3) 19 (3.4) 98

Incidence/100,000* 13.3 4.2 4.2 2.5 4.5

Relative risk (95% CI)† 1.00 0.31 (0.11–0.88) 0.32 (0.18–0.57) 0.19 (0.10–0.34) 0.34 (0.20–0.58)

Other cell types — no. (%) 136 (22.6) 34 (20.5) 57 (25.2) 85 (19.8) 152 (27.4) 464

Stage‡

Localized

No. (%) 99 (16.4) 29 (17.5) 33 (14.6) 88 (20.5) 113 (20.4) 362

Incidence/100,000* 30.5 32.4 9.0 16.4 28.3

Relative risk (95% CI)† 1.00 1.06 (0.70–1.61) 0.30 (0.20–0.44) 0.54 (0.40–0.72) 0.93 (0.71–1.21)

Regional

No. (%) 145 (24.0) 48 (28.9) 48 (21.2) 114 (26.5) 147 (26.5) 502

Incidence/100,000* 46.8 52.3 13.1 22.1 37.7

Relative risk (95% CI)† 1.00 1.12 (0.81–1.55) 0.28 (0.20–0.39) 0.47 (0.37–0.60) 0.81 (0.64–1.01)

Distant

No. (%) 319 (52.9) 85 (51.2) 125 (55.3) 212 (49.3) 270 (48.7) 1,011

Incidence/100,000* 108.9 99.4 37.0 43.5 73.4

Relative risk (95% CI)† 1.00 0.91 (0.72–1.16) 0.34 (0.28–0.42) 0.40 (0.34–0.48) 0.67 (0.57–0.79)

Data missing — no. (%) 40 (6.6) 4 (2.4) 20 (8.8) 16 (3.7) 24 (4.3) 104

* Rates were adjusted to the 1970 U.S. standard population. The incidence rates for the other groups were computed by multiplying this fig-
ure by the relative risks.

† African Americans served as the reference group. CI denotes confidence interval.
‡ This category includes both men and women.
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Risk of Lung Cancer Related to Cigarette 
Smoking

Figure 1 shows the predicted risks of lung cancer 
among current smokers as a function of age in 
the different ethnic and racial groups at various 
smoking levels. At low levels of smoking (10 
cigarettes per day) (Fig. 1A and 1C), Japanese 
Americans and Latinos had one third the risk of 
lung cancer of African Americans or Native Ha-
waiians (global P<0.001). These differences essen-
tially disappeared with higher levels of smoking 
(30 cigarettes per day) (Fig. 1B and 1D). Similar 
patterns were observed for former smokers.

Table 4 presents the risk of lung cancer in the 
various groups as compared with African Amer-
icans according to the level of smoking, after ad-
justment for sex, the duration of smoking, and the 
time since quitting. Among current and former 
smokers combined, at all levels of smoking, the 
relative risk of smoking-related lung cancer among 
Native Hawaiians did not differ significantly from 
that among African Americans. At levels of no 
more than 10 and 11 to 20 cigarettes per day, the 

relative risk among Japanese Americans and La-
tinos ranged from 0.21 to 0.39, as compared with 
African Americans (P<0.001). The relative risk 
was also significantly lower among whites than 
among African Americans: 0.45 for no more 
than 10 cigarettes per day (P<0.001) and 0.57 for 
11 to 20 cigarettes per day (P<0.001). The relative 
risks among Japanese Americans and Latinos 
were significantly lower than those among whites 
and ranged from 0.47 among Latinos who smoked 
no more than 10 cigarettes per day (P<0.001) to 
0.68 among Japanese Americans who smoked 11 
to 20 cigarettes per day (P<0.001). Among heavy 
smokers (those who smoked more than 30 ciga-
rettes per day), the risk of lung cancer was 
similar among the five racial or ethnic groups.

To test the validity of our model, we computed 
the expected number of cases for each sex, racial 
or ethnic group, and smoking category (see Ta-
ble 1 of the Supplementary Appendix) on the 
basis of the estimated model variables and the 
person-years of follow-up for each group of sub-
jects defined by these variables. We found that 
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Figure 1. Predicted Rates of Lung Cancer among Men Who Currently Smoke 10 Cigarettes per Day (Panel A) or 30 Cigarettes per Day 
(Panel B) and among Women Who Currently Smoke 10 Cigarettes per Day (Panel C) or 30 Cigarettes per Day (Panel D).
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the estimates predicted by the model were simi-
lar to the observed number of cases for each sex, 
ethnic or racial group, and smoking category.

A total of 13.1 percent of the cohort reported 
an occupation suspected to entail exposure to 
lung carcinogens (11.1 percent of African Amer-
icans, 12.0 percent of Native Hawaiians, 18.6 per-
cent of Latinos, 12.8 percent of Japanese Ameri-
cans, and 10.2 percent of whites). In analyses 
adjusted for smoking status, we found no strong 
associations between occupation and the risk of 
lung cancer (relative risk, 1.12; P = 0.14). How-
ever, as compared with participants who com-
pleted no more than eight years of school, sig-
nificant associations were observed among those 
who reported higher levels of education: both 
vocational training (relative risk, 0.73; 95 per-
cent confidence interval, 0.56 to 0.95) and attend-
ing some college (relative risk, 0.70; 95 percent 

confidence interval, 0.58 to 0.84) were associated 
with a decreased risk of lung cancer. Total fruit 
intake (P = 0.03) and vegetable intake (P = 0.11) 
were not strong predictors of risk. Adjustment for 
these potential confounding factors did not in-
fluence the strong ethnic or racial differences in 
the risk of lung cancer associated with smoking.

These patterns were unchanged when we ex-
cluded 459 incident cases diagnosed within the 
first two years of follow-up. Among participants 
who had never smoked, we found no significant 
ethnic or racial differences in the rates of lung 
cancer in either sex (see Table 1 of the Supplemen-
tary Appendix).

Although statistical power was limited in 
some subgroup analyses because of the small 
numbers of cases, the ethnic or racial differences 
in the risk of lung cancer according to the histo-
logic type were also more evident at lower levels 

Table 4. Relative Risks of Smoking-Related Lung Cancer among Current and Former Smokers, According to the Level of Smoking.*

Smoking Level African American
Native

Hawaiian Latino
Japanese
American White

Global
 P Value

≤10 Cigarettes/day

Relative risk (95% CI)† 1.00 0.88 (0.60–1.29) 0.21 (0.14–0.31) 0.25 (0.18–0.36) 0.45 (0.34–0.60)

P value >0.5 <0.001 <0.001 <0.001 <0.001

Cases of lung cancer 215 34 52 50 54

No. of participants 9886 2745 12,831 8378 7650

11–20 Cigarettes/day

Relative risk (95% CI)† 1.00 0.90 (0.74–1.12) 0.36 (0.29–0.44) 0.39 (0.32–0.47) 0.57 (0.49–0.68)

P value 0.37 <0.001 <0.001 <0.001 <0.001

Cases of lung cancer 240 65 80 136 180

No. of participants 6514 3062 4932 10,680 9877

21–30 Cigarettes/day

Relative risk (95% CI)† 1.00 0.93 (0.72–1.21) 0.61 (0.46–0.79) 0.61 (0.49–0.74) 0.73 (0.61–0.88)

P value >0.5 <0.001 <0.001 0.07 <0.001

Cases of lung cancer 65 24 27 102 157

No. of participants 1671 1419 1406 4715 6062

≥31 Cigarettes/day

Relative risk (95% CI)† 1.00 0.95 (0.66–1.35) 0.79 (0.55–1.13) 0.75 (0.57–1.00) 0.82 (0.64–1.05) 0.31

P value >0.5 0.38 0.31 >0.5

Cases of lung cancer 45 35 26 64 124

No. of participants 759 788 800 2305 3970

* Global P values for racial and ethnic differences in risk for each smoking level were calculated with the use of the likelihood ratio test.
† Relative risks were adjusted for the duration of smoking, sex, and the time since quitting. Information about the model used to estimate 

 relative risks is provided in the Supplementary Appendix. African Americans served as the reference group. CI denotes confidence interval.
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