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kground: Declining lung cancer rates in California have been attributed to the California Tobacco
l Program, but may reflect earlier declines in smoking.
thods: Using state-taxed sales and three survey series, we assessed trends in smoking behavior for
rnia and the rest of the nation from 1960 to 2008 and compared these with lung cancer mortality rates.
ted the validity of recent trends in state-taxed sales by projecting results from a model of the 1960 to
ata.
ults: From 1960 to 2002, the state-taxed sales and survey data are consistent. Californians initially
d more than the rest of the nation, but cigarette consumption declined earlier, dropping lower in
ith an ever widening gap over time. Lung cancer mortality follows a similar pattern, after a lag of
rs. Introduction of the California Tobacco Control Program doubled the rate of decline in cigarette con-
ion. From 2002 to 2008, differences in enforcement and tax evasion may compromise the validity of the
sales data. In 2010, smoking prevalence is estimated to be 9.3% in California and 17.8% in the rest of the
. However, in 2008, for the first time, both cigarette price and tobacco control expenditures were lower
ifornia than the rest of the nation, suggesting that the gap in smoking behavior will start to narrow.
clusion: An effective Tobacco Control Program means that California will have faster declines in lung
than the rest of the nation for the next 2 decades, but possibly not beyond.
cancer

Impact: Tobacco control interventions need further dissemination. Cancer Epidemiol Biomarkers Prev; 19(11);

2801–10. ©2010 AACR.
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ifornia has been widely recognized as an early
er of tobacco control interventions, and especially
the effectiveness of its first-in-the-nation
Tobacco Control Program, which began
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9. The program was associated with declines in cig-
sales and in smoking prevalence (1, 2) brought
by declines in initiation (3, 4) and consumption
as well as increased cessation, although this was
ted to young adults (1, 2). Lung cancer mortality
in California declined in the years following the
ion of the Tobacco Control Program, leading to con-
e that the program was responsible for these state-
ic declines (7-10). Such a hypothesis is in line with
dividual smoker lung cancer risk, which can de-
by 20% within 5 years of cessation (11). However,
ulation-level analysis, which correlated 100 years of
l lung cancer rates with lagged taxed cigarette sales
reported zero correlation between these variables at
of 5 years, increasing over 0.75 for lags of 16 to
ars, and a maximum correlation of 0.83 at a lag of
ars (12). This suggests that the majority of Califor-
rop in lung cancer rates may be due to factors that
te the California Tobacco Control Program.
er the first Surgeon-General's report in 1964 (13) con-
d that smoking caused cancer, a series of national to-
control interventions ensued. These included health
ngs on tobacco packs (1966), mass media antismok-
blic service announcements (1967), a general legis-

ban on broadcast cigarette advertising (1971), and
eation of nonsmoking sections on aircrafts (1973;

2801
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). At the state level, California had the most ag-
ve tobacco control response with a major increase
arette excise taxes in 1968 (15). Although Minnesota
he first to have statewide clean indoor air legis-
(1975), California pioneered local government or-
ces for smoke-free workplace policies, starting in
ley in 1976 (16). In 1988, California established
rst statewide comprehensive tobacco control
am (17, 18). In 1994, 8 years before any other state,
alifornia legislature passed the first statewide
e-free workplace law (19).
the year 2000, there was a marked difference across
tion in state cigarette taxes and concern was ex-
d that there might be illegal smuggling across state
(20, 21). To counter this, in 2003, California began
ing tobacco retailers throughout the state and in-
d the number of inspectors, and in 2005 implemen-
n electronically enhanced cigarette tax stamp to
ate monitoring and reduce tax evasion. These activ-
ave reportedly increased cigarette tax revenues
icantly (22), whereas tax evasion seems to be a
ng problem in the rest of the nation (23, 24).
his study, we compare changes in cigarette smoking
en California and the rest of the nation starting in
i.e., before the national public health antismoking
aign) through 2008. We address each of the follow-
potheses:
omparing California with the rest of the nation,
rends in relative per capita cigarette consumption
ill be similar whether estimated from the taxed
ales or survey data, at least through 2002.
he California Tobacco Control Program will be as-
ociated with a major change in the decline in
moking behavior, particularly in estimates of per
apita cigarette consumption.
rom 1970 through 2002, per capita taxed sales will
e explained by a model using cigarette price and
obacco control expenditures, as well as a time
rend.
fter 2002, per capita taxed sales data will be higher
han estimates from the above model in California
nd lower in the rest of the nation.
ung cancer mortality rates will follow per capita

axed sales with a time lag of between 16 and states

rest o
their
1971:
Carol
state-
justm
are s
comm
subtr
sales
states
to 19
8 years.

rials and Methods

ing prevalence and cigarette consumption
ee population-based survey series provide esti-
of smoking prevalence from 1965 to 2008: from

to 2004, there were 24 National Health Interview
ys (NHIS) with annual household sample sizes of
to 45,0000 and reported response rates of ∼80%
lthough the NHIS public use data are designed

vide regional estimates, identifiers for major states
s California were made available to us. From 1992

taxed
of the

r Epidemiol Biomarkers Prev; 19(11) November 2010

on February 4, 2016. © 20cebp.aacrjournals.org wnloaded from 
gh 2007, we examined six Tobacco Use Supple-
to the Current Population Survey (TUS-CPS) with
ly sample sizes of ∼70,000 to 80,000, and five of
TUS combined three independent monthly CPS
les within a single year. The TUS-CPS provides
specific smoking estimates with response rates of
(2, 25). Both the NHIS and TUS-CPS have an ini-
ousehold visit, with follow-up by telephone inter-
We also report data from 19 surveys conducted
en 1990 and 2008 by the Behavioral Risk Factor
illance System (BRFSS), an annual random-digit
elephone survey conducted by state health depart-
s in collaboration with the Centers for Disease
ol and Prevention (26). As with other telephone
ys, BRFSS response rates have declined significant-
∼35% in recent years (26). These surveys include a
um of 2,000 respondents per state per year, al-
h California has significantly supplemented this
le. Following methodology established by the Cen-
r Disease Control and Prevention (27), prevalence
ates were adjusted for underreporting by nondaily
ers for surveys before a change in question word-
996 for BRFSS and 1992 for NHIS). We use only
port data for both prevalence and consumption.
000 TUS-CPS did not ask about consumption
. Smokers in all other surveys were asked to esti-
the number of cigarettes they smoked each day.
1992, few national surveys distinguished between
ily and daily smokers. After then, nondaily smo-
ere asked to report the number of days they had

ed in the previous 30 days, and the average num-
cigarettes smoked on the days they smoked; aver-
aily consumption was calculated as (no. days
ed in last 30 days × no. cigarettes smoked on days
smoked)/30.

-taxed cigarette sales
a on state-taxed cigarette sales were obtained from
ax Burden on Tobacco,” which lists cigarette taxes
to state governments (28). To obtain estimated an-
per capita sales, we divided state-taxed cigarette
by the annual estimated population of adults (18+
) for each state (29). We aggregated the data for
other than California to obtain the data for the
f the nation. However, three states implemented
first state cigarette tax after 1960 and before
Colorado in 1965, Oregon in 1967, and North
ina in 1970. Hence, over this period, we imputed
taxed sales for the rest of the nation using an ad-
ent to federally taxed sales. Not all cigarettes sold
ubject to state sales tax (e.g., sales in military
issaries and on Indian reservations), and so we
acted the average annual excess of federal-taxed
over state-taxed sales for 1970 to 1975 (using all
) from the federal-taxed sales for the years 1960
70. We then subtracted the reported California

sales to obtain estimated taxed sales for the rest
nation for 1960 to 1970.
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ette price
h state's annual average cigarette price is reported
"Tax Burden on Tobacco" as a weighted average
per pack estimated from a survey of retailers con-
d on November 1 of each year. Although detailed
y methods are not available, the estimated price
lifornia has been validated against self-reported
tte price for 2 survey years (30).

gth of tobacco control measures
ual national tobacco control expenditures have been
ted for 1990 to 2000 (31), and annual state-specific
ational expenditures are available since 2000
gh a national tobacco control advocacy group (32).
tained tobacco control expenditures for California
the health department for each year from 1990 to
To obtain estimates for the rest of the nation in each
e subtracted total expenditures in California from
tional data. Using census estimates for the relevant
ation in each year, we converted all data to annual
pita expenditures.

cancer mortality
lung cancer mortality rates are from the Surveil-
Epidemiology, and End Results (SEER) program
certificate data maintained by the National Center
ealth Statistics (33). The age-adjusted lung cancer
lity rates of 35 years or older were calculated using
ER*Stat program and standardized in each calen-
ear to the 2000 U.S. Census population. The SEER
es were used for changes from ICD-8, ICD-9, and
0 (34).

tical analyses
computations were carried out using SAS (version
atistical software. For each survey series and year,
otted smoking prevalence for California and for
st of the nation, and summarized time trends
by these combined data points using simple lin-

gression. For each year, we plotted the reported
taxed per capita sales for California and for the
f the nation. Percent differences for each survey
nd for the annual taxed sales data were computed
× (US − CA)/US. For the combined survey data,
oothed these percent differences using a Loess

ther and noted change points at 1989 and 2002.
ed simple linear regression on the smoothed sur-
ata and on the raw taxed sales data to summarize
trends for the periods 1960 to 1988 and 1989 to
We carried out this same analysis using the survey
tes of consumption for each year in which survey
ere available. We again fitted a linear regression

e time points 1960 to 1988 and 1989 to 2002. We
led the per capita taxed sales data for California
e rest of the nation using both price and program
les adjusted to year 2000 constant dollars (35), for

riod 1960 to 2002. We used this model to project
ted taxed sales from 2002 to 2008, the period in

gap,
Califo

Caacrjournals.org

on February 4, 2016. © 20cebp.aacrjournals.org wnloaded from 
the survey data and the taxed sales data sug-
different trends.

lts

s in smoking prevalence
inear model provides a reasonable fit to the smok-
evalence estimates for both California and the rest
nation from the combined survey series (Fig. 1A).

65, smoking prevalence was higher in California
n the rest of the nation. Since then, smoking prev-
has declined consistently, with prevalence in Cali-
declining faster (0.74 percentage points per year;
.96) compared with the rest of the nation (0.53 per-
e points per year; R2 = 0.96). Smoking prevalence
ifornia fell below the rest of the nation in 1971. Pro-
the linear trend to 2010 yields an estimated smok-

evalence of 9.3% in California, about half that of the
f the nation (17.8%).

apita taxed sales of cigarettes
960, taxed sales in California were 212 packs/adult
n/year (ppy), which was 14% higher than the rest
e nation (Fig. 1B). California per capita sales
ned higher until 1967, after which they dropped,
years, to the same level as the rest of the nation
py) and the crossover occurred in 1971. From 1974,
rnia taxed sales began a continuous annual decline
as maintained through 2008. A similar consistent
e did not start in the rest of the nation until 1981.

rences in cigarette consumption
annual percent difference between California and
st of the nation in per capita cigarettes consumed
s an increasing trend over time, whether computed
taxed sales or from population survey data (Fig. 2).
1970 to 1988, the data from both sources show a
tent increase that is well described by a linear trend
0.98). According to the taxed sales data, the gap in
mption grew at a rate of 1.15 percentage points per
whereas the survey data suggested an annual rate
9 percentage points. By 1988, the taxed sales esti-
suggests that Californians smoked 22% fewer cigar-
per capita than residents of the rest of the nation,
slightly higher than the 18% difference suggested
survey data.

ween 1989 and 2002, a linear fit to the taxed sales
R2 = 0.98) indicated that the gap widened by 2.06
ntage points per year, 78% faster than during the
o 1988 period. A linear fit to the survey consump-
ata (R2 = 0.99) estimated that the gap widened by
ercentage points per year, within 10% of the taxed
estimate. Both sets of data estimate that by 2002,
rnians consumed about half the cigarettes per capi-
the rest of the nation. From 2002 to 2008, the taxed
data indicated a small decline in this consumption

from 52% to 48%. In absolute numbers, in 2008,
rnians purchased 40 state-taxed packs per capita

ncer Epidemiol Biomarkers Prev; 19(11) November 2010 2803
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ared with 77 state-taxed packs per capita in the rest
nation. Although there are fewer data points, the

y data suggest that the gap between California and
st of the nation continued to increase so that by
consumption in California was 66% lower than
st of the nation.

rences in cigarette price and tobacco
ol expenditures

960, California's cigarette price was lower than the
al average by 3.45%, but by 1965, it had dropped

Arizo
Florid

r Epidemiol Biomarkers Prev; 19(11) November 2010

on February 4, 2016. © 20cebp.aacrjournals.org wnloaded from 
wer (Fig. 3A). Large price increases in California oc-
in 1967, 1977, 1989, and 1999. After each respective
se, the average price in the rest of the nation slowly
t up to that in California.
ifornia was the first state to implement a tobacco
l program in 1989. Throughout the early to mid-
, several national programs spent money on to-
control and a few other states launched tobacco
ol programs, including Massachusetts (1993),
Fig
for
from
sys
sta
of t
na (1995), Oregon (
a (1997). In 1999, state
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10 American Associat
1. A, smoking prevalence estimates
fornia and the rest of the nation
ree separate national surveillance
s: 1965 to 2007. B, per capita
xed sales for California and the rest
1996), Maine (1997), and
s received tobacco industry
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ent monies, which many earmarked for tobacco
l. The average expenditure on tobacco control in
rnia varied considerably between 1990 and 1999,
g from just over $1 to $3.25 per person (Fig. 3B).
rnia tobacco control expenditure exceeded four
the average expenditure in the rest of the nation
years during the 1990s. From 2000 through 2007,
apita expenditure was on average 20% higher
lifornia than the rest of the nation. After 2007,
rnia expenditure was below the average for the
f the nation.

ling the difference in per capita taxed sales
en California and the rest of the nation:
to 2002
used linear regression to model annual per capita
axed sales data from 1960 to 2002 using cigarette
and tobacco control expenditures, both adjusted
stant 2000 dollars, as well as a secular time trend.
odel fit the data reasonably well (R2 = 0.97) and
ted that Californians initially smoked 21 ppy more
he rest of the nation (Table 1).
ed sales declined significantly over time in both Ca-
ia and the rest of the nation. In the rest of the nation,
mption declined significantly over this period by
garettes/person/year. There was a statistically
icant larger time trend in California, 3.3 cigar-
person/year (P < 0.001 for time × California inter-

term). For each $1 increase in cigarette price 100,00

Figure 2. Trends in percent differences in per capita cigarette consumption bet

Caacrjournals.org

on February 4, 2016. © 20cebp.aacrjournals.org wnloaded from 
sales declined by an average of 12.5 ppy (P <
. For each additional $1 spent on tobacco control
entions, taxed sales declined by an average of
y (P = 0.01). We investigated the effect of diffe-

s between California and the rest of the nation in
roportion of the population that is of white race/
ity, but this effect was not significant in our model
id not affect parameter estimates (data not shown).
used this model to estimate expected taxed sales
2002 to 2008 using the reported cigarette price
obacco control expenditures over this period. For
rnia in 2008, the expected taxed sales from the
l were 30.2 ppy, which is 10.2 ppy lower than the
er of packs sold on which taxes were collected.
e rest of the nation, the model predicted taxed sales
.4 ppy, which was 13.3 ppy more than packs on
taxes were collected, suggesting a 17% loss in
sales. From the model, we estimate that in 2008,
t changes in enforcement or tax evasion since
per capita tobacco sales in California would have
66% lower than in the rest of the nation.

s in lung cancer mortality
he 1970s (Fig. 4), lung cancer mortality rates were
r in California (76.3 deaths per 100,000 persons per
than the rest of the nation (71.5 deaths per 100,000).
rnia rates peaked in 1987 at ∼108.6 deaths per
0, after which they declined steadily to 77.1 per

0 in 2007, almost the same rate as in 1970. In the
mented in either California or the rest of nation, rest of the nation, lung cancer mortality increased steadily
ween the rest of the nation and California: 1960 to 2007.

ncer Epidemiol Biomarkers Prev; 19(11) November 2010 2805
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k in 1993 at 116.8 per 100,000. By 2007, the rate had
ed to 101.7 per 100,000 (a 24.2% difference with
rnia).
percent difference in lung cancer mortality be-
California and the rest of the nation seems to par-
arlier differences in per capita taxed sales (Fig. 5).
rnia lung cancer mortality rates were higher until
16 years after the California taxed sales first
ed below that of the rest of the nation. Since then,
rcent difference in mortality has followed a linear
n, with the gap increasing at 1.06 percentage points
ar (R2 = 0.97)—a very similar slope to that of the
r per capita taxed sales (slope 1.15 percentage
per year, R2 = 0.99)

lusion
ween 1960 and 2002, both per capita taxed cigarette
data and cigarette consumption estimates from

trol P
and th

r Epidemiol Biomarkers Prev; 19(11) November 2010

on February 4, 2016. © 20cebp.aacrjournals.org wnloaded from 
ent national survey series lead to similar conclu-
about changes in smoking behavior. Californians
ly smoked more cigarettes per capita than the rest
nation. In 1967, per capita consumption dropped

atically in California, a decrease associated with
troduction of a California-specific major cigarette
increase (15) and the start of the national antismok-
edia campaign enabled by the national Fairness
ine policy (14, 36). This initial large drop in per ca-
onsumption in California was followed by an 18-
eriod in which the gap in cigarette consumption
tently widened between California and the rest of
tion. A similar widening gap was observed in lung
r rates between California and the rest of the nation
rs later, and by 2007, lung cancer rates in California
24% lower than the rest of the nation.
er the introduction of the California Tobacco Con-
Fig
pric
the
per
bet
res
rogram, the gap in cons
e rest of the nation gre
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3. A, percent difference in cigarette
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Param P
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Californians consumed half as many cigarettes as
st of the nation. By contrast, when comparing rates
line in smoking prevalence between California and
st of the nation, in this study, we did not find any
d change associated with the start of the program.
theless, there were continuously diverging preva-
rates from 1970, and we estimate that in 2010, the
rtion of smokers in California is half of that for the
f the nation. In previous work, we have identified
art of this decline comes from a major program
in reducing initiation in the young (37).
as been suggested that the decline in lung cancer in
rnia in the early 1990s can be attributed to changes
oking behavior associated with the introduction of

lifornia Tobacco Control Program (8); however, we
ot find the lung cancer mortality data to be consis-

lower
pita c

Figure 4. Trends in lung cancer mortality between California a

Caacrjournals.org

on February 4, 2016. © 20cebp.aacrjournals.org wnloaded from 
ith this hypothesis. Rather, early declines in Cali-
lung cancer mortality rates seem to be due to
es in smoking behavior that predate the Tobacco
ol Program. The California lung cancer mortality
crossed below the rest of the nation 16 years after
xed sales data did so. Further, after these cross-
, the trends in the difference (California versus rest
ion) were very similar for 18 years. Accordingly, we
t that the doubling of the difference in taxed sales
tarted with the California Tobacco Program will
e observed in the lung cancer mortality rates over
st the next 10 to 15 years. This should become even
marked with the aging of birth cohorts who
nded to the Tobacco Control Program with much

initiation rates. Given the rates of change in per ca-
igarette consumption since the start of the Tobacco
1. Linear regression model o
 as a function of cigarette price, Tob
red with the rest of the nation, 1960 to
nd the rest of the nation: 1970 to 2007.

ncer Epidemiol Biomarkers Prev; 19(11) November 20

10 American Association for Cancer Research. 
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eter estimate (95% confidence limits)
pt
 223.1 (213.8 to 232.4)

ack, 2000 $
 −12.5 (−18.1 to −6.9)

m expenditure per adult, 2000 $
 −4.5 (−8.0 to −1.1)

or for California, 1960 offset
 21.1 (14.5 to 27.7)
cat <0.001

e (y) −1.6 (−1.8 to −1.4) <0.001
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