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Introdwtion
Numerous studies have observed

that cigarette consumption decreases
when the price of cigarettes increases.1-6
Although cigarette tax increases have gen-
erally been enacted to raise revenues,

such tax increases have raised the price of
cigarettes and are believed to have led to
reductions in cigarette consumption.
There was a substantial drop in national
cigarette sales in 1983 following the in-
crease of the federal cigarette excise tax
from 8 to 16 cents on January 1, 1983.
Several observers have commented on

this as a cause-effect relationship.7-11 It is
likely that state cigarette tax increases, of
which there have been 248 during the
years 1955 through 1988, have had similar
effects. In this context, we undertook the
present study to assess changes in ciga-
rette consumption following state ciga-
rette tax increases and to quantify the
amount of the change in cigarette con-

sumption by the size of tax increase.

Methods

Annual data on cigarette packs per

capita (number of packs sold in the state
divided by the state's population), average

retail price in the state, and state cigarette
taxes were obtained from the Tobacco In-
stitute.12 Datawere available from 1955 or

when a state first imposed a cigarette tax,
whichever was later. We converted all tax
and price data to constant (1983) dollars.'3
Data on the enactment of state clean in-
door air acts were obtained from the sur-

geon general's 1989 report.7
We defined the change in cigarette

consumption for each state and each year
as the difference between the sales in that
state in the preceding year and the sales in
the following year. Calculating the differ-
ences in sales for each of the states for
each year of the study period gave us 1536
observations of changes in cigarette con-

sumption. We adjusted for national trends
in cigarette consumption by subtracting
the national change in consumption for
that year from each state value. This has

the effect of controlling for national
events, such as the 1983 federal tax hike,
as well as national trends in sales due to
such factors as national demographic
trends and antismoking publicity.

To explore the effect of state tax in-
creases on cigarette consumption, we
compared changes in cigarette consump-
tion for states in years with tax increases
against states in years with no tax in-
crease. We then categorized observations
by the size of the tax increase and com-
pared changes in cigarette consumption.
We also categorized observations by the
presence or absence of a new clean indoor
air act and compared changes in cigarette
consumption.

Means and standard errors of the cat-
egorized changes in cigarette consump-
tion were computed. The standard errors
were calculated using pooled estimates of
the variance across subgroups, account-
ing for correlation among repeated events
within a given state using the robust vari-
ance method of Zeger and Liang.14

After analyzing the data for the entire
period (1955 through 1988), we looked at
the effects in each of three time intervals:
1955 through 1964 (until the surgeon gen-
eral's first report on smoking), 1965
through 1978 (when per-capita cigarette

Patrick L. Remington and Henry A. Anderson
are with the Section of Environmental and
Chronic Disease Epidemiology, Wisconsin De-
partment of Health and Social Services, Mad-
ison, WI. Scott L. Zegeriswith the Department
of Biostatistics, Johns Hopkins School of Hy-
giene and Public Health, Baltimore. Dan E.
Peterson is with the Division of Field Epidemi-
ology, Epidemiology Program Office, Centers
for Disease Control, Atlanta, Georgia. At the
time of this work, Dr. Peterson was assigned to
the Wisconsin Department ofHealth and Social
Service.

Requests for reprints should be sent to
Dan E. Peterson, MD, MPH, Division of Field
Epidemiology, MS C08, Centers for Disease
Control, Atlanta, GA 30333.

This paper was submitted to the journal
April 23, 1991, and accepted with revisions Sep-
tember 20, 1991.

Editor's Note. See related editorial by
Wasserman on page 19.

January 1992, Vol. 82, No. 1



.::.... .'.'.".'.'.-.'.'.'.-.-.'.'.-...%-.-.'.-.-..............',
..::..:C:::........:..... ....: :.,.::.:.,. -,

-,
..... ..:;-...:.-..

.:. .I.

... ..................-................ .....:.
A...................... .............".......'.'.'.'.'.'.'.'.'.'.'.'.'.'.'. .........................:.:.:. -:-:-:-:-:-:-:.-.--..............................

....-..:.:.. .-.-.-.-.-.-.-.-..-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.
.:: '.-.'.'.'.-.-.'.'.-..-.-.-.%%..................-............................. -:-:-.-:::-. .:.:.:.:.:.::.:-.................................:...............................-.-:..........:

........'e.....'e......Ce...'e.....'e......... .%. .:-:.:.:.:C.:.:.:%,.:.,-..............'.-............................... ...............%......... ,:::.'.'.'.'.'.'.-.......................................
.......................-..-.-.-.-.-.-.%-.-:-::-:----..................................-.-.....-.-............,,, ,:: :..::....:............................ ....... :e.:.:.:.:.:.:., ..........................

.............. -......:.. e................ ......... ..: C.,...... ......-.---,-........ :.. .:-:.:.:.::...:.::.:.:-:-:.:.:.:-..
.....................

'e.....'e.....'e.....'e............ ....................
..............'e........,:::: ....................................-.........:......-;%.:..-:.:...:.-.-..:- .".............................................. ... ............. ..........................................

..-.-.-.-.-.-.%%-.-.-.-.-.-.-.-.A-.-.-.-.-. %................... ........ .:....-e .. ..:e .. ......... A--. .- ...'.'.'C.'.'.....................%--.-. ..:.:.: .:.:.:.:... -A-.-.-%-.-.%-l. ..... .:.,. -..'-'-'-"'-............ .....................................
.................. m.-:-:-. -l.-:-:-:-:-:"-%.`-.-:-.--. ----.-.---- '---' --- ..... ............. .................... ....

.::::. .:.:.:.:.% ............... ...... ......:-::,- -...::.:: :.:.,- ...... .................. ..............:--. .. ........... :.,. :.:.:.:.:.:.:-:.:.:.:- .-. ...................................-...............::-::.::::::-,.,.. ...... ....... ...-...............
.......... :.:-:-,.:,'"'..,..,.,.,.,..,.,.","",,.,-.,.:..........

:.,.: :.:.::.:.:.:.:.:..... ............ ............................... :.,. ...............................
.............. .'C.'.'.'.'.'......:.:.:.:.,.:.:.:.:.:.:.:.:.:.:.:..

............ ...-C......-........C.'.-.'.'.-.-.-............................................ :;, -:: :.:.:. ::::::::::::,. :.:. .:....... ................................ ..................... ....:.:... ::; M.M.M..
........... ..................... -............ .,......... .. .............. .... ... ................

-................. .............:-:.:.:-:.:.:.:.:.:.:.:.. -...... ........................ ... ....... ... ................................................... .....-:-:-:-: .:.: .: :. ............C............... .........:::::
.................... .: .: .:.:.:...:.:.: ........ .......... ..:.:.:.:.-.,-:-:-: .:.:.;:,-.-.'.-.-.-.'.-.-.'.%...........:..............-:-:-:-:-:-:-:-:-:-:-:-:::.,:-........................::.,.:-:.:.,.:.:.;.:.: :.:.:.:-:.:.!.:.:.:.:.:..:......I:::j: ::::.:..I, :.:... ..........:.........

..c............... .. .........................A.................:.:.:.:.:.:.:.:.:.:-:..,.:.:.:.:.:.:.--- .:..... ......
.:.:. X-:-:-:-X-:-................ ..................:. .......................................%.:.:.,::::::::;:;::::,- :....-965-..-- 11.1-we.......................%: :..

.:.:.:.:............::,-:::::::::::::::::::::::-, ........ ......... ......
.....C.. ............... .:........ .:.:...:.:.:.:.:-:.:.!...............:.:.:.:C:........ ......... ..................e :::-....... :-;-:-:-:-;- .........-- ...............:.:: ...................:............................................................... ......... ..:.... ..:.:.:.:.:-:.:.:.:-: ..'e.....................'.'.'.'... ..-........-:-:-:-X-:-:-:-:-:--:-:-:-:-:-:-:-:-:-X-:-:-, .-.-.-.%-.-..%-..................:. ...:e...:

.......I.W.....'...'...p....... ......... -.-.-.-.-.-.-.-.-.-.-.....:........... .'.'C.'.'.'.'.'.-.'. .... .:.............
.:-:.....-................. ...:.:....:................"......................M.M.M.. V.................. ...

.:.:. ...........V. ..%...........%..-..%-.-.-.-.-.-........ ":''.:..,
--.........'..-.:.:.:.:.:.:.:.. .'.'.'.'.-C.'.-.-.'.'.'.'.'.'.-.-.'.'.-.'.'...'.-.. ...'C.'.'.'.-.'.'.'.'.'.'.'.'.'.'.'.'.'.-.-.'.-.-.-...................:.:.:.:.:.:.:.::.:...................................................................... ...... '.'.'.-.'.-.'.-.-.-.-.-.-.,-.-.....:-.;-;...:.;m:.;.:-:.,..,.:.:.:.:.:.:.:.:.:....'.'.'.'.'.'.. ..:.;.:....:: .:.:.:.:.:.:.:.:.:-,::C .....:.:.:.:.:.:.:.:.:.:.:-:.:.:.:-............ .-:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:: ..........C ..........................:'.'.'.'.'.'.'Z.'.....................

...:.:.....:..... ....... '.'.'.-.-.-.-.-.-.'.-.-..'.-.-.-.'.-.-.:e .-:.:.,-,.,.,.,..........'.-.-.-............:: -.'.'.-.'.'.-.-.-..-.-.-.-.-.............::... :.:::::::::::::::::::::::::::: .:.:....... .-:- ... .:...........-.......-............:-....................:.. :.:.: .:.:.:-:.:.:.:.:.:.:.:., .......................... :::.......................:..................................:.................. :.:-:.:.:::: ......".%....l-l.%'.........%................................... ................................:.:-:.:.:.:-:.:.:..,.,-,.,.,
..'.'.'.'.'.'.'.'.'.'.'.'.'.'....: ....................-.'.'.'.-.-.'......................................... ............................ .............. ................ ........................

:.:...............:.:j:::....................:.:.:.:...:.:-:...:-:-:.:.:-:-:.:.:-:-...
-:.............................. ....... ......'.'.'.'.:::::.:::::: .-.-.'.-.-.-.-............................:...................

.:.:.:.:... :::::::::,.
...:.:.:-:.;. ... :.:.:.:.:-: ,.,.,-'.... ::::: .:::::.:.:: ::

..... ..... ......:.:... ... ......... ...... :::::::::::::::::::::::::: ................... .........:...::-,.....................
.:..:.........:.:...:...:.:. .:.:. .:.:.........:.:.:.:.:. :.:.:.:-:.:.,- '.............. ..........................................................

..................... ..........:. .............. ............... ....................................... :.:. ...:.:.:.::.:.:.::.:.:....:........ ..................... ... .........
....................-.:.:.:.::.:.... ,.:.:.:..:..- ....."........................ .............-::......................

::.P.......'..,.............. :;C:,:::::::::::::::.",,.: ,.:::.:.,.,..,......N.:. :.:.:.:.:...:................-.........-.::::::,. :::.........::..............................I.... ..............%... ....:la,..:::...::.
...... ........%.................::.:.:::::::: ::,:: .............. ....................................................::::...:: .::.. ". '.'.'.'..c....'C.'.'..e......C........... ..... ..: ..................... -:....................... .........................

.......................................... ...:....................... ..... ... .... ..........................
......................... ................ ................................ ...................... ................................... .......................

........................................ ....................... ..............,..................-........ .........:.............. ............ ............................................... .......................:.: .,. -,...
........... .: .:.:.:.,.:.:.:.:...

......... ....................... ........ ................................................
........'..............-................................................

.......... :.:.::
...'............ -:: .....................................:.:.;.:.:.:.. ..................-.....................................................::.:.:.:.:::.:::.:.,.

...............c...... '.'.'.'.'.'.-.'.'.-.'.'.''.-.-.......................................... ........... ................::::::.:.:.................... ..e......c. ........................................:.:.: ......... ... ............................................................... ..-.-...-.-
-:: -.... .................................... .. ... .......................

............... -:-:::,., ......... .. ................................-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.
................................................- -................................................... .............................

.-.-.-.-.-.-.-......:.................
'.'.'...-.-..'.................... "'.'' .:.:.:.:.:.--.':..'-:................................... :.:.::.;.:.:.:.:.::.:.:.:::.:.::::............................................................................::....-.:...---

..........-.'.'.-.-.-.-...............%........... ::::: :::::::::::::.:.::::.:.::......-------............................................-:.:. .................... ................X. ..............:.........
................... :: :::,-:::,- ......................

.......... .............. ...:::::::.:::::.::::::::-........:.:.:.:.. "."'-".""".".'.,.:.:- ...................................... ..-Y :-.::::::.:: -'-'-
.. ...................... ...................................................... :.:.:.:.:.:.:.:.:.:.:.:...:.:.:.:.:.:.:.:.:...C..................-.. .:::::................. ...................
:........................................... .............. ........'.......,...........: ............%......-.-..'.-.-...................

:i:.:'..:.:.:.:::.:e..:.:.:.:.:.:.:.:.:.:.:.:.:.:.:..,::::..-.':.:-'.-!-;-*!.-."",..,-.,:.:. .......'.'.-.'.'.-.'.-.-..%.........:...::::::...................... :- .......................: .....-
............:.. ..., ..!..,: ...............-.....................

.:!::!.......

consumption peaked), and 1979 through
1988 (a period of declining consumption).

Results
Cigarette consumption declined by

an average of 3.0 packs per capita in the
248 observations with a tax increase. In
contrast, cigarette consumption rose by
0.6 packs per capita in the 1288 observa-
tions with no tax increase (Table 1). Strat-
ification of the change in cigarette con-
sumption by the size of tax increase
yielded a clear dose-response relation-
ship: the larger the increase in taxes, the
larger the decrease in consumption (Table
1).

Regressing the size of tax increase on
the change in cigarette consumption, we
found that for each 1-cent increase in cig-
arette taxes, sales fell by 0.75 packs per
capita (about 0.6%). Performing a sepa-
rate regression on the data for each of the
three time periods, we found that while in
each period the effect of tax on sales was
consistent and dose related, it appears that
a given size of tax increase had less effect
in recent years (sales fell by 0.85, 0.78, and
0.48 pack per penny tax increase for the
time periods 1955 through 1964, 1965
through 1978, and 1979 through 1988, re-
spectively).

No consistent relationship was found
between the enactment of state clean in-
door air acts and changes in cigarette con-
sumption.

Diwussion
Our results are consistent with the

econometric literature on cigarettes, in
which estimated price elasticity for ciga-
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rettes (the percentage change in sales as a
result of a 1% change in price) has ranged
from -0.14 to -1.44 depending on the
methods used and the populations stud-
ied. Reviewing this literature, the surgeon
general's 1989 report used -0.47 as an
estimate of the price elasticity for the gen-
eral population.7 In our study, using a
rough conversion from our tax-response
format to an elasticity format, we found an
elasticity of -0.49 (in this case the elas-
ticity representing a sales decline of0.49%
for every 1% of cigarette price that the tax
increase accounted for).

Despite the strong and consistent re-
lationship observed, it could be argued
that changing public opinion regarding
smoking precedes and causes both a tax
increase and a decrease in cigarette sales.
This hypothesis seems unlikely, as we
found the same relationship between tax
increases and declines in cigarette sales
even in the first period of the analysis,
1955 through 1964, a period before the sur-
geon general's first report and a timewhen
little antismoking sentiment existed. Ad-
ditionally, the enactment of a clean indoor
air act, a similar legislative event that
would seemingly also reflect such an un-
derlying public opinion shift, was not
found to be related to changes in cigarette
consumption.

Other studies4'5 have found some ev-
idence for a relationship between enact-
ment of a state clean indoor air act and
reductions in cigarette consumption. We
conclude, from our analysis, that if ciga-
rette consumption declines occurred at
the time ofenactment of state clean indoor
air acts, they were small compared with
those seen with tax increases. Alterna-
tively, state clean indoor air acts may have
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a delayed and more gradual effect on cig-
arette consumption, and may therefore
have escaped our detection.

While our approach is conceptually
easy to understand, it is limited in that we
were not able to control for potential bi-
ases, such as state-to-state differences in
sales or price trends, or to examine two
effects simultaneously, such as the inter-
action of taxes and clean indoor air acts.
To evaluate whether these limitations
were an important factor in our results, we
did a second analysis, using a longitudinal
model,15.16 in which we were able to con-
trol for state-specific trends over time and
to examine the role of multiple variables
simultaneously. The results of this second
analysis were essentially the same as the
first analysis. Restricting the analysis to 21
states reported to have little or no problem
with bootlegging'7 (cigarettes purchased
in one state and consumed in another) also
did not change the results.

We have used an epidemiologic ap-
proach to evaluate the effect of a state-
based public health intervention-the en-
actment of cigarette excise tax increases.
Our results provide further evidence that
state tax increases are effective in reduc-
ing smoking and that the larger the tax
increase, the larger the drop in cigarette
smoking. []
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Intrud ion
A major public health concern in de-

veloped countries is the increasing gap in
smoking prevalence between educational
groups.' In the United States, Canada, and
Norway, smoking in the least educated
groups is approximately twice as prevalent
as in the most educated groups, and the
rate of decline in smoking behavior is three
to nine times lower.2 Evidence indicates
that those who are less educated obtain in-
formation from visual media (such as tele-
vision) more often than thosewho aremore
educated.3 If one barrier to less educated
people changing their smoking behavior is
the lack of access to motivational informa-
tion,4 use of a mass media-led antismoking
campaign may reduce smoking prevalence
overall without widening the gap between
educational groups.

During the 1980s, mass media-led
antismoking campaigns were conducted in
two Australian capital cities, Sydney and
Melbourne.5'6 The Sydney campaign be-
gan in mid-1983, 1 year before the start of
the Melbourne campaign. Using Mel-
bourne as a control, Sydney showed a
marked decline of 2.5% in smoking prev-
alence, a decline attnbutable to the cam-
paign in the first year.7 Subsequent results
showed a similar decline in Melbourne in
its first campaign year, and a continued de-

cline over the next 4 years for men in each
city.8 Among adults, the decline in preva-
lence was primarily owed to quitting.7

During the years in which such cam-
paigns were run, more than two thirds of
the communities in both cities recalled
television advertisements depicting the
health consequences of smoking.8 In this
paper, we investigate whether the effects
of this campaign differed by educational
level.

MethMods
A subset of the large Australian da-

tabase was used for this study, which fol-
lowed a "before-after" design.8 Members
of the "before" group (n = 12 851), aged
25 to 54, were interviewed in Sydney and
Melbourne over a year starting in mid-
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