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ETHNIC DIFFERENCES IN TRENDS AND DETERMINANTS OF CIGARETTE SMOKING

IN HAWAII

Background: The prevalence of smoking con-
tinues to be higher in some ethnic groups than
in others, despite the overall decrease of smok-
ing during the last 30 years. The goal of this
project was to investigate the trends and pre-
dictors of cigarette smoking among a popula-
tion of Caucasians, Japanese, Chinese, Filipino,
and Native Hawaiians.

Methods: We combined data from 19 earlier
studies conducted in Hawaii between 1975
and 2001. After excluding 1,885 individuals
without smoking data, 158,629 subjects
(40.0% Japanese, 30.3% Caucasian, 14.3%
Hawaiian, 8.1% Filipino, 3.0% Chinese) were
included in the analysis. The prevalence of
current smoking and past smoking was esti-
mated for 5-year periods by sex and ethnicity
and age-adjusted to the state’s population. We
calculated odds ratios and 95% confidence in-
tervals by using polytomous logistic regression
to explore determinants of smoking, while
controlling for clustering by study.

Results: Men were more likely to smoke than
women throughout the study period, but they
experienced a greater decline in smoking until
1994. We observed a small increase in smok-
ing prevalence thereafter. Native Hawaiians
reported the highest smoking prevalence, Jap-
anese the lowest, and Caucasians intermediate
levels. Graduate level education had the stron-
gest inverse association with current and past
smoking. Older age at interview, being mar-
ried, and a higher body weight were related to
lower smoking prevalence.

Conclusions: Our data suggest a modest re-
versal in the declining smoking prevalence dur-
ing the late 1990s. The persistent ethnic dif-
ferences require new approaches that reach
those groups who remain at high risk for ad-
verse health effects from smoking. (Ethn Dis.
2005;15:316–323)
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INTRODUCTION

Since the first Surgeon General’s Re-
port in 1964 informed the public about
the adverse health effects of tobacco,1

the prevalence of smoking has been de-
creasing in the United States. The Cen-
ters for Disease Control and Prevention
(CDC) reported significant reductions
in smoking between 1974 and 2000,
close to 40% for males and 30% for fe-
males.2 Among men, smoking preva-
lence varied relatively little by ethnicity:
21% in Asians, 24% in Hispanics, 26%
in Caucasians and African Americans,
and 29.1% in Native Americans. How-
ever, among women the difference was
five-fold: 7.6% in Asians, 13.3% in His-
panics, 20.9% in African Americans,
22.4% in Caucasians, and 42.5% in
Native Americans.3 Based on the Behav-
ioral Risk Factor Surveillance System
(BRFSS) in Hawaii, smoking prevalence
for men and women combined (num-
bers by sex and ethnicity are not avail-
able) has been approximately 15% for
Japanese, close to 20% for Filipinos and
Caucasians, but as high as 30% for Na-
tive Hawaiians during 1994–2000.4

Age, education, marital status, socioeco-
nomic status, and nicotine dependency
are some of the factors that have been
associated with smoking behavior.5–8

The ethnic composition of Hawaii’s
population is unique. According to
the 2000 census (total population:
1,211,537),9 239,655 persons reported
Native Hawaiian ethnicity, and 503,868
individuals were of Asian ancestry only.
Among this diverse population, howev-
er, we are uncertain which of these fac-
tors are important determinants of
smoking habits. Exploring smoking

trends over time by sex, ethnicity, and
other demographic variables that influ-
ence smoking behavior in Hawaii may
help us to develop strategies to reduce
smoking that are tailored to our local
community. For this purpose, we ex-
plored the trends and determinants of
cigarette smoking in the state of Hawaii
from 1975 to 2001 by using a large
population-based sample. In an inno-
vative approach, we aggregated infor-
mation from 19 previous epidemiologic
studies conducted by the Cancer Re-
search Center of Hawaii.

METHODS

Datasets and Variables
Data from 19 epidemiologic studies

conducted at the Cancer Research Cen-
ter of Hawaii (Table 1) were pooled.
Most studies included were case-control
studies (Table 1),10–24 two were large
prospective cohorts,25,26 one was a cross-
sectional study,27 and one was an inter-
vention study.28 All studies used a pop-
ulation-based recruitment approach. Re-
cruitment for the prospective cohorts
was based on a large household survey29

and on driver’s license records.26 For
case-control studies, cancer patients
were enrolled through the Hawaii Tu-
mor Registry covering Oahu where two
thirds of the state’s residents live.9

Matching controls were usually identi-
fied through the Hawaii Department of
Health’s household survey.29 Each sub-
ject contributed data at one point in
time only. After excluding 1,885 indi-
viduals without smoking data from the
pooled sample of 160,514 subjects, the
analysis data set had 158,629 individu-
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. . .we explored the trends

and determinants of cigarette

smoking in the state of

Hawaii from 1975 to 2001

by using a large population-

based sample.

Table 1. Source studies pooled for individual patient meta-analysis

Years Study
Conducted

Study
Type* Reference Cancer Type

Number of
Subjects

Sex
M/F Case/Control

Median Age
(Range)

1975–1980
1975–1980
1979–1982
1979–1987
1980–1986

CH
CC
CC
CC
CC

25
10
11
12
13

N/A
Breast
Lung
Urinary Tract
Thyroid

40,575
1,050
1,363

787
661

20,002/20,573
0/1,050

964/399
589/198
173/488

N/A
350/700
502/861
263/524
220/441

41 (17–98)
58 (40–79)
64 (29–94)
68 (31–96)
50 (19–83)

1981–1983
1983–1985
1987–1991
1988–1992
1988–1992

CC
CC
CC
CC
CC

14
15
16
17
18

Prostate
Lung
Colorectal
Melanoma
Endometrial

1,369
1,378
2,384

627
1,100

1,369/0
993/385

1,369/988
373/254

0/1,100

470/899
410/968

1,192/1,192
312/315
358/742

73 (50–101)
67 (33–92)
67 (23–87)
52 (19–83)
60 (28–81)

1988–1992
1992–1997
1993–1996
1993–1998
1993–1998

CC
CC
CH
CC
CC

19
20
26
21
22

Prostate
Lung
N/A
Stomach
Colorectal

828
797

103,899
831
464

828/0
505/292

48,937/54,962
529/302
252/212

433/395
341/456

N/A
385/446
218/246

72 (48–89)
67 (31–82)
59 (41–78)
72 (26–95)
52 (21–61)

1993–1998
1993–1999
1994–1999
2000–2001

CC
CS
CC
IV

23
27
24
28

Ovarian
N/A
Colorectal
N/A

483
527

1,150
241

0/483
0/527

679/471
0/241

204/279
N/A

574/576
N/A

53 (18–88)
44 (32–48)
70 (26–86)
43 (35–47)

* CH5Cohort, CC5Case-Control, CS5Cross-Sectional, IV5Intervention.

als. Of these, 6,232 participants were re-
cruited as cancer cases. The Committee
on Human Studies at the University of
Hawaii and the Hawaii Cancer Com-
mission approved the project. For the
present analyses, the variables extracted
from the pooled data set were smoking
status (never, past, or current), year of
data collection (categorized into five-
year groups and one seven-year group:
1975–1979, 1980–1984, 1985–1989,
1990–1994, 1995–2001), age, sex, eth-
nicity (Caucasian, Chinese, Filipino,
Hawaiian, Japanese, or Other), marital
status, education (less than high school,
high school graduate, some college, or
college graduate), and body mass index

(BMI). For the smoking and ethnicity
variables, we recorded the original in-
formation and applied the same defini-
tions to all studies. Never smokers were
defined as people who had smoked few-
er than 20 packs of cigarettes in their
lifetime; past smokers were those who
had smoked more than 20 packs of cig-
arettes but were not currently smoking;
current smokers were those who had
smoked more than 20 packs of ciga-
rettes and were currently smoking. Per-
sons of multiple ethnicities were classi-
fied into the ethnicity with the highest
ethnic proportion categorized. When in
question, the mother’s ethnicity took
priority over the father’s ethnicity. If any
Hawaiian ethnicity was present, then
the classification was Native Hawaiian.
The category of others included African
Americans, Hispanics, and Asians and
Pacific Islanders who were not Chinese,
Japanese, Filipino, or Native Hawaiian.

Statistical Analysis
Logistic regression30 was employed

for the analyses because the outcome
variable of interest, smoking status, was
measured on a nominal scale. Given
that the entire study population con-

sisted of 19 individual studies, we could
not assume independence of the obser-
vations but had to consider clustering
within studies. In this case, the estimates
for the standard errors are biased and are
likely to show spurious statistical signif-
icance. Therefore, we performed poly-
tomous logistic regression using the SU-
DAAN Multilog procedure31 to address
both the correlated data structure and a
three-level outcome measure (never
smoker, past smoker, and current smok-
er) in one combined model. Results
from these analyses provided the odds
ratio of the outcome level for an incre-
mental change in each predictor vari-
able. While never smokers were used as
the reference outcome group in the
model, for presentation, we computed
the risk of being a current compared to
a never smoker. We also show the odds
of being a past smoker compared to a
current smoker as a measure of smoking
cessation. For all odds ratios, 95% con-
fidence intervals were computed. Predic-
tor variables included the year of data
collection (1975–1979 as the reference
group), age, BMI, marital status (un-
married as the reference group), ethnic-
ity (Caucasian as the reference group),
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Table 2. Demographic characteristics of the study population

Never Male Current Past Never Female Current Past

Total number N (%) 26,579 (34.8) 17,674 (23.1) 32,137 (42.1) 48,960 (59.5) 14,233 (17.3) 19,046 (23.2)

Mean age at interview
Mean 6 SD
Med (min, max)

53.7 6 15.6
55 (17, 97)

51.3 6 14.6
52 (18, 96)

60.2 6 10.8
61 (18, 101)

55.2 6 14.3
56 (17, 98)

49.9 6 14.0
51 (17, 94)

57.2 6 11.0
57 (18, 95)

Mean BMI (kg/m2)
Mean 6 SD
Med (min, max)

25.2 6 4.0
24.6 (13.7, 64.6)

24.9 6 4.2
24.3 (11.9, 66.1)

25.7 6 4.1
25.2 (13.7, 97.6)

23.9 6 4.8
23 (9.9, 77)

23.9 6 5.0
22.9 (11.8, 57.2)

25.1 6 5.3
24 (12.4, 66.7)

Mean education (yrs)
Mean 6 SD
Med (min, max)

13.6 6 3.6
14 (0, 26)

12.6 6 3.4
12 (0, 29)

13.4 6 3.2
14 (0, 25)

13.1 6 3.3
13 (0, 28)

12.9 6 2.9
12 (0, 30)

13.8 6 2.8
14 (0, 28)

Ethnicity
Japanese
Hawaiian
Filipino
Chinese
Caucasian
Other

10,033 (33.0)
3,610 (35.5)
2,651 (39.6)

985 (55.2)
8,233 (33.8)
1,067 (36.5)

6,245 (20.5)
2,939 (28.9)
2,029 (30.3)

377 (21.1)
5,233 (21.5)

851 (29.1)

14,168 (46.5)
3,624 (35.6)
2,010 (30.0)

422 (23.7)
10,909 (44.8)
1,004 (34.4)

23,481 (71.0)
5,909 (47.4)
4,382 (70.4)
2,227 (75.2)

10,884 (45.9)
2,077 (54.1)

3,715 (11.2)
3,443 (27.6)
1,045 (16.8)

302 (10.2)
4,856 (20.5)

872 (22.7)

5,859 (17.7)
3,106 (24.9)

799 (12.8)
433 (14.6)

7,961 (33.6)
888 (23.1)

Marital status
Unmarried
Married

6,769 (37.7)
19,810 (33.9)

5,003 (27.9)
12,671 (21.7)

6,178 (34.4)
25,959 (44.4)

15,521 (54.9)
33,439 (62.0)

5,919 (20.9)
8,314 (15.4)

6,859 (24.2)
12,187 (22.6)

Fig 1. Trend of current smoking by sex, age-adjusted to Hawaii’s population 401
years

and education (below high school as the
reference group). We performed sepa-
rate analyses for men and women.

RESULTS

The total study population from the
19 studies (Table 1) included 76,390
men and 82,239 women (Table 2), of
which 33,972, 11,801, 2574, 95,482,

and 14,800 persons contributed to the
five time periods, respectively. In the
combined data set, 23.1% of men and
17.3% of women reported current
smoking. The overall proportion of nev-
er smokers was considerably higher
among women than among men, 60%
vs 35%, whereas past smoking was twice
as common among men as among
women. Past smokers were older and re-
ported a higher body weight at the time

of interview than did never and current
smokers. The mean education level was
lowest among current smokers. Filipino
men were the most likely to be current
smokers, closely followed by Others and
Native Hawaiians, while the proportion
of current smokers was much lower
among Caucasian, Chinese, and Japa-
nese men. Among women, Native Ha-
waiians reported the highest percentage
of current smokers, Others and Cauca-
sians had an intermediate prevalence,
and only 1 out of 10 women with Jap-
anese and Chinese ancestry reported
current smoking. In fact, more than two
thirds of Asian women had never
smoked.

The gender difference in current
smoking diminished from 15% to 7%
over time (Figure 1). In men, the prev-
alence of smoking decreased continu-
ously from 1975–1979 to 1990–1994
when it reached a low of 17%. The de-
crease among women was more gradual,
starting at 24% in the 1970s and reach-
ing a low of 13% during the period
1990–1994. Among men, the preva-
lence of current smoking began to de-
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Fig 2. Trend of current smoking by ethnicity, age-adjusted to Hawaii’s population
401 years

cline in the 1970s, whereas a parallel de-
cline among women began in the
1980s. This downward trend continued
until the early 1990s and led to the
smallest gender difference during 1990–
1994. Interestingly, the declining trend
reversed in the late 1990s when the gap
between men and women widened
slightly. For men, the smoking preva-
lence increased by 4.5% and for women
by 2%. The fact that the 95% confi-
dence intervals in each sex group do not
overlap for the two last time periods in-
dicates the statistical significance of this
upward trend. In addition, the confi-
dence intervals show that the smoking
prevalence was always statistically differ-
ent between men and women except in
1985–1989. Comparison of age-adjust-
ed current smoking rates among the
three largest ethnic groups (the size of
the other groups did not allow for sep-
arate rates) showed that Japanese had
the lowest prevalence of current smok-
ing at all times (Figure 2), while Native
Hawaiians reported the highest smoking
rates. Caucasians experienced the great-
est decline in smoking between 1975
and 1994 (55%) and the smallest in-
crease during 1995–1999 compared to
the other ethnic groups. Smoking rates
among Japanese and Native Hawaiians

declined by 36% and 31%, respectively,
during the 25-year period. The ranking
by ethnicity did not change after strat-
ification by sex (data not shown).
Whereas for Caucasians and Native Ha-
waiians, the difference in smoking prev-
alence between men and women was
never more than 10%, the low smoking
prevalence among Japanese was primar-
ily due to the low smoking prevalence
(15% or less) among women (data not
shown). The smoking prevalence for
Japanese men was very similar to the
trend in Caucasian men, and the curve
was more or less parallel to the trend in
Japanese women.

The multivariate analysis (Table 3)
confirmed the trends and provided ad-
ditional information about predictors of
smoking. During 1990–1994, the odds
of being a current smoker were 50%
lower for men and 33% lower for wom-
en than in 1975–1979. However, dur-
ing the latest time period the odds ratios
increased slightly to 0.60 and 0.70, re-
spectively. Whereas the odds of being a
current smoker compared to a never
smoker changed very little over time,
the odds of being a past smoker com-
pared to a current smoker increased ap-
proximately four-fold during the study
period. Some of the trends observed re-

vealed differences between men and
women. For women, older age was as-
sociated with a reduced likelihood of be-
ing a current smoker, but a greater like-
lihood of being a past smoker. Also for
women, a higher BMI and being mar-
ried were associated with lower odds of
being a current smoker and higher odds
of being a past smoker. For men, we
observed a linear relation between edu-
cational level and current smoking: col-
lege graduates were half as likely to
smoke as those with less than a high
school education. However, the protec-
tive effect of education among women
was limited to those with a graduate ed-
ucation and the effect was smaller
(44%) than it was among men. The
odds of being a past smoker similarly
increased with education for men and
women.

Smoking behavior varied significant-
ly by ethnicity even after controlling for
confounders (Table 3). Japanese and
Chinese men were 13% and 19% less
likely to smoke than Caucasian men.
Among Japanese and Chinese women,
the respective percentages were 45%
and 38%. For Filipinos, only women
were less likely to smoke than Cauca-
sians. Native Hawaiian men and women
had 26% and 76% higher odds, respec-
tively, to smoke than Caucasians. Native
Hawaiian men and women were also
significantly less likely to be past smok-
ers than Caucasians. Rapidly increasing
proportions of past smokers by year of
interview were apparent for all ethnic
groups (Figure 3). Before 1980, 18% of
Caucasians, 12% of Japanese, and 12%
of Native Hawaiians reported that they
were past smokers, whereas by 1990–
1994 as many as 48% of Caucasians
and 37% of the other two groups had
quit smoking. Parallel to the increasing
trend in smoking prevalence, the pro-
portion of past smokers decreased
slightly during the late 1990s.

DISCUSSION

Similar to findings from population
surveys in Hawaii and in other parts of



320 Ethnicity & Disease, Volume 15, Spring 2005

SMOKING TRENDS IN HAWAII - Maskarinec et al

Table 3. Determinants of smoking behavior*

Smoking Status Variable

Risk for Current vs Never and
Past Smoking Odds Ratio

(95% CI)

Male Female

Risk for Current vs Never
Smoking Odds Ratio

(95% CI)

Male Female

Risk for Past vs Current
Smoking Odds Ratio

(95% CI)

Male Female

Year of interview
1975–1979
1980–1984
1985–1989
1990–1994
19951

Age at interview (10 yrs)

1
0.84 (0.61, 1.17)
0.73 (0.31, 1.70)
0.50 (0.30, 0.81)
0.60 (0.36, 1.00)

0.81 (0.81, 1.00)

1
0.96 (0.78, 1.17)
0.73 (0.50, 1.08)
0.67 (0.45, 1.00)
0.70 (0.42, 1.17)

0.81 (0.68, 0.98)

1
0.93 (0.61, 1.43)
1.04 (0.46, 2.33)
0.85 (0.53, 1.37)
0.93 (0.56, 1.54)

0.89 (0.76, 1.05)

1
0.98 (0.74, 1.30)
0.86 (0.58, 1.27)
0.91 (0.61, 1.37)
0.94 (0.56, 1.59)

0.81 (0.67, 0.99)

1
1.54 (1.11, 2.13)
2.36 (1.08, 5.16)
4.08 (3.21, 5.18)
3.15 (2.41, 4.11)

1.46 (1.29, 1.65)

1
1.32 (0.92, 1.91)
2.96 (1.87, 4.70)
4.48 (2.93, 6.85)
4.17 (2.51, 6.93)

1.23 (1.05, 1.44)

Body mass index (kg/m2) 0.97 (0.93, 1.01) 0.97 (0.96, 0.98) 0.98 (0.96, 1.01) 0.98 (0.97, 0.99) 1.05 (1.02, 1.08) 1.04 (1.03, 1.05)

Marital status
Unmarried
Married

1
0.90 (0.56, 1.43)

1
0.69 (0.52, 0.93)

1
0.97 (0.57, 1.64)

1
0.67 (0.47, 0.94)

1
1.27 (1.03, 1.57)

1
1.35 (1.11, 1.66)

Education
Below high school
High school
Under graduate
Graduate and plus

1
0.81 (0.66, 0.98)
0.73 (0.59, 0.89)
0.45 (0.28, 0.72)

1
1.04 (0.94, 1.15)
0.88 (0.77, 1.00)
0.56 (0.42, 0.74)

1
0.81 (0.63, 1.04)
0.74 (0.54, 1.02)
0.37 (0.17, 0.80)

1
1.08 (0.97, 1.18)
0.96 (0.84, 1.09)
0.58 (0.43, 0.79)

1
1.22 (1.07, 1.38)
1.40 (1.29, 1.53)
1.85 (1.36, 2.50)

1
1.07 (0.98, 1.17)
1.45 (1.22, 1.72)
2.07 (1.76, 2.44)

Ethnicity
Caucasian
Japanese
Hawaiian
Filipino
Chinese

1
0.87 (0.79, 0.97)
1.26 (1.21, 1.31)
0.96 (0.88, 1.05)
0.81 (0.70, 0.92)

1
0.55 (0.51, 0.59)
1.76 (1.64, 1.88)
0.74 (0.68, 0.80)
0.72 (0.62, 0.83)

1
0.90 (0.84, 0.96)
1.16 (1.10, 1.23)
0.87 (0.78, 0.97)
0.73 (0.65, 0.82)

1
0.43 (0.37, 0.51)
1.85 (1.75, 1.92)
0.62 (0.57, 0.68)
0.62 (0.56, 0.68)

1
1.14 (1.00, 1.31)
0.73 (0.70, 0.76)
0.92 (0.65, 1.30)
1.05 (1.00, 1.09)

1
0.95 (0.79, 1.14)
0.63 (0.59, 0.67)
0.79 (0.69, 0.90)
0.98 (0.92, 1.04)

* Odds ratios were obtained by polymotous logistic regression using the SUDAAN Multilog procedure; statistically significant (P,.05) are shown in bold.

Fig 3. Trend of past smoking by ethnicity, age-adjusted to Hawaii’s population 401
years

Although the prevalence of

smoking was consistently

higher for men than for

women, men experienced a

larger decline in smoking

during the study period.

the United States, our study showed
that smoking rates in Hawaii generally
declined during the last 25 years of the
20th century. Although the prevalence
of smoking was consistently higher for
men than for women, men experienced

a larger decline in smoking during the
study period. The proportion of past
smokers increased over time, while that
for never smokers was relatively con-
stant, suggesting that the decline in
smoking prevalence was not due to low-

er smoking initiation, but rather due to
higher smoking cessation rates. National
data show an acceleration of the quit ra-
tio (ratio of past smoker to ever smoker)
during the 1980s with a substantial
slowing in the next decade.32

Two observations in our data are
noteworthy. First, despite the decreasing
smoking trends during the past 25
years, tobacco use began to increase
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slightly in the late 1990s for both men
and women in Hawaii. Second, trends
in tobacco use varied substantially by
ethnicity. We observed a widening gap
between Native Hawaiians and other
ethnic groups in the prevalence of
smoking during the study period. The
reversal in the downward trend resulted
primarily from increased smoking
among Hawaiian and Japanese men
(15% and 13.7%) as well as Hawaiian
and Japanese women (11.8% and
11.9%), while the prevalence only rose
by 0.7% and 0.6% in Caucasian men
and women. A high smoking prevalence
among Filipino men (Table 2) disap-
peared after adjustment for education
and other confounders, adding to our
concern that poorer and less-educated
people are at greatest risk for tobacco-
related disease. The consequences of
ethnicity on smoking behavior are re-
flected in the corresponding lung cancer
incidence rates in Hawaii.33,34 Lung can-
cer rates in Filipino men have increased
from 29.8 to 58.0 cases per 100,000
(age-adjusted to the World Standard
Population) during the past 25 years.

At the same time, the risk of lung
cancer declined among Hawaiian men
from 97.3 to 66.5 cases per 100,000
and for Caucasian men from 64.6 to
50.6 per 100,000, although little change
was observed in Japanese men (35.1 to
33.3 cases per 100,000). The fact that
lung cancer incidence is not directly
proportional to lifetime smoking habits
in different ethnic groups may be relat-
ed to differences in genetic susceptibility
and nutrition.35–38

According to the results of the lo-
gistic regression (Table 3), educational
achievement was the most important
predictor of current and past smoking
in this study, but it was more relevant
for men than for women. However, this
minimal measure of socioeconomic sta-
tus could not account for the higher
prevalence of smoking among Native
Hawaiians. A more detailed assessment
of socioeconomic status would be re-
quired to distinguish socioeconomic fac-

tors from other determinants of smok-
ing. A reduced risk of smoking among
married participants was greater for
women than for men. Increasing age
also reduced the likelihood of being a
current smoker. This finding may be the
result of cumulative quitting attempts or
due to an increasing number of health
problems, more frequent interactions
with the healthcare system, and a higher
receptivity to messages promoting
smoking cessation with increasing age.

Our findings are consistent with
previous reports that described lower
smoking rates with higher education
and age.5,6,39 Similarly, low smoking
rates especially in women of Asian de-
scent have often been observed.7,8 How-
ever, a study conducted among younger
people in four US cities found no racial
differences in smoking behavior after
controlling for the effect of socioeco-
nomic factors.40 The smoking trends in
our study differ slightly from the smok-
ing information collected through the
BRFSS in Hawaii.4 Overall smoking
prevalence rates in our data were 15.2%
and 18.5% in 1990–1994 and 1995–
2001, respectively, whereas the corre-
sponding proportions from the BRFSS
were 20.5% and 19.4%. The same stan-
dard population was used for age-ad-
justment apart from the truncation to
older persons in our study as compared
to BRFSS. Because our study includes
only individuals aged 40 years and over,
we expect our smoking prevalence to be
somewhat lower than the BRFSS that
includes adults 18 years and older. In
contrast to the lack of change in overall
smoking prevalence since 1990 in the
BRFSS, our data suggest a decrease in
smoking until 1990–1994, with a small
increase thereafter.

Because of the large sample size
available to this study, close to 160,000
persons over a 25-year period, equiva-
lent to an average of 6,400 per year, our
study provides more power to study
smoking predictors than health surveys.
The annual sample size for the BRFFS
in Hawaii was approximately 2,000 per-

sons.41 Although the number of subjects
varied by year and according to the
study design, all 19 studies made an ef-
fort to recruit patients and healthy in-
dividuals from the population-at-risk.
Given Hawaii’s relatively small popula-
tion, 964,691 persons in 1980 and
1,211,537 in 2000,9 our study subjects
represents a very large proportion of the
entire population. Therefore, the fact
that many subjects were recruited for
case-control studies should not compro-
mise our ability to estimate the preva-
lence of smoking for the entire state.

Some limitations of our approach
are related to the changes in data col-
lection methods over time, in particular,
a change from interview-administered
questionnaires for the case-control stud-
ies to self-administered instruments for
the multiethnic cohort.26 Also, the ques-
tions were obviously tailored toward the
primary objectives of the different stud-
ies. However, questions about ethnicity
and smoking behavior were integral to
all studies, despite slight variations in
format. The upward trend in the late
1990s may have been a result of the
change in data collection method, but
the more than 100,000 members of the
multi-ethnic cohort may have represent-
ed a sample of the population with dif-
ferent smoking habits than the cases and
controls in the earlier studies. Unfortu-
nately, the small number of subjects un-
der 40 years of age limited our ability
to generalize the findings to the younger
population of the state. This limitation
is particularly regrettable in light of the
fact that young adults 18–24 years na-
tionwide have the highest smoking
prevalence of all age grops.42 We consid-
ered the issue of excluding the relatively
small number of subjects who were re-
cruited as cancer cases (6,232 or 3.93%,
of these 1,253 had lung cancer). How-
ever, an analysis without the cases did
not make an observable change in
smoking prevalence as shown in the fig-
ures. Also, the odds ratios (Table 3) re-
mained very similar and did not lead to
any different conclusions.
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The large impact of smoking cessa-
tion on lung cancer mortality was re-
cently demonstrated in a British re-
port.43 Stopping smoking before middle
age prevents more than 90% of the lung
cancer risk attributable to tobacco.
However, our data suggest reversal in
the decline in tobacco use seen during
the late 1990s. In a dynamic forecasting
model44 to explore why the national
smoking prevalence rates have leveled
off, an increase in smoking initiation
appeared to be more important than a
decline in smoking cessation. However,
the smaller proportion of past smokers
since 1995 suggests that a different
mechanism may be applicable to our
population. We observed decreasing
smoking trends in Hawaii since 1975,
persistent ethnic differences, a strong
protective effect from education, and a
modest reversal in the declining smok-
ing prevalence during the late 1990s.
New approaches to anti-smoking cam-
paigns may be required to continue the
progress in lowering smoking rates. The
persistent ethnic differences in smoking
may have to be addressed with novel in-
terventions that take into account eth-
nic and cultural diversity.45–47 Several
agencies have started a collaboration
that involves community members in
addressing tobacco use issues in the Na-
tive Hawaiian population.48 A grant
funded by the National Cancer Insti-
tute, ’Imi Hale–the Native Hawaiian
Cancer Awareness, Research, and Train-
ing Project,1 has the goal to develop cul-
turally sensitive strategies to reduce can-
cer risk among Native Hawaiians.49 Pro-
viding higher education to a greater pro-
portion of men and women of all ethnic
groups may help to reduce the propor-
tion of smokers and to increase the pro-
portion of past smokers in all ethnic
groups.

ACKNOWLEDGMENTS
We are very grateful to all the study parti-
cipants in the 19 studies and to the staff at
the Cancer Research Center of Hawaii. Par-
ticular thanks go to Maj Earle who located

all the data sets, their documentation, and
the respective data collection instruments by
using an admirable filing system. This re-
search was funded by a special study grant
from the National Cancer Institute, Surveil-
lance, Epidemiology, and End Results
program under contract number N01-
PC67001.

REFERENCES
1. Public Health Service. Smoking and Health:

Report of the Advisory Committee to the Surgeon
General of the Public Health Service. Washing-
ton, DC: Department of Health, Education,
and Welfare; 1964.

2. Centers for Disease Control and Prevention.
Tobacco use—United States, 1900–1999.
Morb Mortal Wkly Rep. 1999;48(43):986–
993.

3. Centers for Disease Control and Prevention.
Cigarette smoking among adults—United
States, 2000. Morb Mortal Wkly Rep. 2002;
51(29):642–645.

4. Hawaii Department of Health. Hawaii Be-
havioral Risk Factor Surveillance Report 1994–
2000. State of Hawaii; 2002.

5. Cavelaars AE, Kunst AE, Geurts JJ, et al. Ed-
ucational differences in smoking: internation-
al comparison. BMJ. 2000;320(7242):1102–
1107.

6. Fernandez E, Garcia M, Schiaffino A, et al.
Smoking initiation and cessation by gender
and educational level in Catalonia, Spain.
Prev Med. 2001;32(3):218–223.

7. Public Health Service. Women and smoking:
a report of the Surgeon General. Executive
summary. MMWR Recomm Rep. 2002;
51(RR-12):i-iv.

8. Ma GX, Shive S, Tan Y, Toubbeh J. Preva-
lence and predictors of tobacco use among
Asian Americans in the Delaware Valley re-
gion. Am J Public Health. 2002;92(6):1013–
1020.

9. Hawaii State DBEDT’s Research and Eco-
nomic Analysis Division. The state of Hawaii
data book. 2002. Hawaii State Department
of Business, Economic Development and
Tourism. Available at: http://www.hawaii.gov/
dbedt/db00/index.html.

10. Hirohata T, Nomura AM, Hankin JH, Ko-
lonel LN, Lee J. An epidemiologic study on
the association between diet and breast can-
cer. J Natl Cancer Inst. 1987;78(4):595–600.

11. Hinds MW, Kolonel LN, Hankin JH, Lee J.
Dietary vitamin A, carotene, vitamin C, and
risk of lung cancer in Hawaii. Am J Epidemiol.
1984;119(2):227–237.

12. Nomura A, Kolonel LN, Yoshizawa CN.
Smoking, alcohol, occupation, and hair dye
use in cancer of the lower urinary tract. Am
J Epidemiol. 1989;130(6):1159–1163.

13. Kolonel LN, Hankin JH, Wilkens LR, Fu-
kunaga FH, Hinds MW. An epidemiologic
study of thyroid cancer in Hawaii. Cancer
Causes Control. 1990;1(3):223–234.

14. Kolonel LN, Hankin JH, Yoshizawa CN. Vi-
tamin A and prostate cancer in elderly men:
enhancement of risk. Cancer Res. 1987;
47(11):2982–2985.

15. Le Marchand L, Yoshizawa CN, Kolonel LN,
Hankin JH, Goodman MT. Vegetable con-
sumption and lung cancer risk: a population-
based case-control study in Hawaii. J Natl
Cancer Inst. 1989;81(15):1158–1164.

16. Le Marchand L, Wilkens LR, Hankin JH,
Kolonel LN, Lyu LC. A case-control study of
diet and colorectal cancer in a multiethnic
population in Hawaii (United States): lipids
and foods of animal origin. Cancer Causes
Control. 1997;8(4):637–648.

17. Le Marchand L. Dietary factors in the etiol-
ogy of melanoma. Clin Dermatol. 1992;10(1):
79–82.

18. Goodman MT, Wilkens LR, Hankin JH, et
al. Association of soy and fiber consumption
with the risk of endometrial cancer. Am J Ep-
idemiol. 1997;146(4):294–306.

19. Whittemore AS, Kolonel LN, Wu AH, et al.
Prostate cancer in relation to diet, physical
activity, and body size in Blacks, Whites, and
Asians in the United States and Canada. J
Natl Cancer Inst. 1995;87(9):652–661.

20. Le Marchand L, Sivaraman L, Pierce L, et al.
Associations of CYP1A1, GSTM1, and
CYP2E1 polymorphisms with lung cancer
suggest cell type specificities to tobacco car-
cinogens. Cancer Res. 1998;58(21):4858–
4863.

21. Nomura AMY, Hankin J, Kolonel LN, et al.
Case-control study of diet and other risk fac-
tors for gastric cancer in Hawaii. Cancer
Causes Control. 2003;14(6):547–558.

22. Le Marchand L, Hankin JH, Wilkens LR, et
al. Combined effects of well-done red meat,
smoking, and rapid N-acetyltransferase 2 and
CYP1A2 phenotypes in increasing colorectal
cancer risk. Cancer Epidemiol Biomarkers Prev.
2001;10(12):1259–1266.

23. Goodman MT, Wu AH, Tung KH, et al. As-
sociation of dairy products, lactose, and cal-
cium with the risk of ovarian cancer. Am J
Epidemiol. 2002;156(2):148–157.

24. Le Marchand L, Donlon T, Hankin JH, et
al. B-vitamin intake, metabolic genes, and co-
lorectal cancer risk (United States). Cancer
Causes Control. 2002;13(3):239–248.

25. Kolonel LN. Smoking and drinking patterns
among different ethnic groups in Hawaii. J
Natl Cancer Inst Monogr. 1978;53:81–87.

26. Kolonel LN, Henderson BE, Hankin JH, et
al. A multiethnic cohort in Hawaii and Los
Angeles: baseline characteristics. Am J Epide-
miol. 2000;151(4):346–357.

27. Maskarinec G, Meng L, Ursin G. Ethnic dif-
ferences in mammographic densities. Int J Ep-
idemiol. 2001;30:959–965.

28. Maskarinec G, Robbins C, Riola B, et al.
Three measures show high compliance in a
soy intervention among premenopausal wom-
en. J Am Diet Assoc. 2003;103(7):861–866.



323Ethnicity & Disease, Volume 15, Spring 2005

SMOKING TRENDS IN HAWAII - Maskarinec et al

29. Dyama N, Johnson DB. Hawaii Health Sur-
veillance Program Survey Methods and Proce-
dures. Hawaii State Department of Health;
1986. R & S Report No. 54, 1986.

30. Hosmer D, Lemeshow S. Applied Logistic Re-
gression. New York, NY: John Wiley and Sons,
Inc: 1989.

31. Research Triangle Institute. SUDAAN User’s
Manual, Release 8.0. Research Triangle Park,
NC: Research Triangle Institute; 2001.

32. Siegel M, Mowery PD, Pechacek TP, et al.
Trends in adult cigarette smoking in Califor-
nia compared with the rest of the United
States, 1978–1994. Am J Public Health. 2000;
90(3):372–379.

33. Hawaii Tumor Registry. Current Incidence and
Mortality Rates for Hawaii. Honolulu: Cancer
Research Center of Hawaii; 2003.

34. Hernandez B. Highlights of recent cancer in-
cidence data in Hawaii. Hawaii Med J. 2003;
62:17–18.

35. Le Marchand L, Wilkens LR, Kolonel LN.
Ethnic differences in the lung cancer risk as-
sociated with smoking. Cancer Epidemiol Bio-
markers Prev. 1992;1(2):103–107.

36. Le Marchand L, Donlon T, Lum-Jones A,
Seifried A, Wilkens LR. Association of the
hOGG1 Ser326Cys polymorphism with lung
cancer risk. Cancer Epidemiol Biomarkers Prev.
2002;11(4):409–412.

37. Le Marchand L. Etiologic research on lung
cancer in Hawaii: the roles of smoking, phy-
tochemicals, and metabolic genes. Hawaii
Med J. 2001;60(12):325–326.

38. Le Marchand L, Hankin JH, Kolonel LN, et

al. Intake of specific carotenoids and lung
cancer risk. Cancer Epidemiol Biomarkers Prev.
1993;2(3):183–187.

39. Le Marchand L, Ntilivamunda A, Kolonel
LN, Vanderford MK, Lee J. Relationship of
smoking to other lifestyle factors among sev-
eral ethnic groups in Hawaii. Asia Pac J Public
Health. 1988;2(2):120–126.

40. Kiefe CI, Williams OD, Lewis CE, et al. Ten-
year changes in smoking among young adults:
are racial differences explained by socioeco-
nomic factors in the CARDIA study? Am J
Public Health. 2001;91(2):213–218.

41. Hawaii Department of Health. Hawaii’s
Health Risk Behaviors, 1993. Honolulu:
DOH, Health Promotion and Education
Branch; 1995.

42. Freid V, Prager K, MacKay A, Xia H. Chart-
book on Trends in the Health of Americans.
Health, United States 2003. Hyattsville, Md:
National Center for Health Statistics; 2003:
212–213.

43. Peto R, Darby S, Deo H, et al. Smoking,
smoking cessation, and lung cancer in the UK
since 1950: combination of national statistics
with two case-control studies. BMJ. 2000;
321(7257):323–329.

44. Mendez D, Warner KE, Courant PN. Has
smoking cessation ceased? Expected trends in
the prevalence of smoking in the United
States. Am J Epidemiol. 1998;148(3):249–
258.

45. Chen MS Jr. The status of tobacco cessation
research for Asian Americans and Pacific Is-

landers. Asian Am Pac Isl J Health. 2001;9(1):
61–65.

46. Gilpin EA, Pierce JP. Demographic differenc-
es in patterns in the incidence of smoking
cessation: United States 1950–1990. Ann Ep-
idemiol. 2002;12(3):141–150.

47. Glanz K, Croyle RT, Chollette VY, Pinn VW.
Cancer-related health disparities in women.
Am J Public Health. 2003;93(2):292–298.

48. Tsark JA. A participatory research approach
to address data needs in tobacco use among
Native Hawaiians. Asian Am Pac Isl J Health.
2001;9(1):40–48.

49. Santos L, Mokuau N, Abrigo L, et al. ’Imi
Hale: establishing an inheritance for Native
Hawaiians on cancer awareness, research and
training. Pac Health Dialog. 2001;8(2):436–
445.

AUTHOR CONTRIBUTIONS
Design and concept of study: Maskarinec,

Dhakal, Pagano, Carlin
Acquisition of data: Maskarinec, Carlin,

Goodman, Nomura, Kolonel, Le-
Marchand

Data analysis and interpretation: Maskarinec,
Dhakal, Pagano, Goodman

Manuscript draft: Maskarinec, Dhakal, Pa-
gano

Statistical expertise: Maskarinec, Dhakal, Pa-
gano, Wilkens

Acquisition of funding: Maskarinec, Good-
man

Administrative, technical, or material assis-
tance: Carlin, Goodman


