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'~ SMOKING INFORMATION HAS REDUCED
TAR AND NICOTINE CONSUMPTION,
CONCLUDES FTC STAFF REPORT

The 1964 Surgeon General's Report and other publicity about
the dangers of cigarettes have resulted in substantially lower
per capita tar and nicotine consumption, concludes a Bureau of
Fconomics study released today by the Federal Trade Commission.

According to the study, average tar and nicotine consumption
would have exceeded current levels by as much as 80 percent if
consumers had not been alerted to the health hazards of smoking.

The study examines the nature and extent of consumer
reactions to information programs that stress the dangers of
cigarettes and provide data to help continuing smokers reduce
their tar and nicotine intake.

A key finding is that other researchers have overestimated
the impact of the anti-smoking commercials that ran from 1968-70.
The authors find no evidence that these counter-commercials were:
a uniquely powerful smoking deterrent. The report says that per
capita smoking fell steadily after 1964 at an annual rate of
about 3.5 percent. The authors conclude that "Contrary to prior
findings and predictions, no evidence could be found that this
decline in smoking intensified when the anti-smoking commericals
aired from 1968-70 or moderated when the counter-commercials were
withdrawn in 1971 .... Our results ... suggest that the
counter-commercials were not a uniquely powerful smoking
deterrent."

The study includes an estimate of the gain in average life
expectancy that can be attributed to ‘health disclosures. The
authors find that individuals who decided not to begin smoking
have gained approximately two years of life, while continuing
smokers have gained three months as a result of reductions in the
average tar and nicotine content of cigarettes.
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The report also examines the impact of health information on
the start and quit rates of consumers in specific age, income and

education groups.
educated consumers
up cigarettes.

Older adults (aged 46-55) and more highly
have exhibited the greatest resolve in giving
Confirming the findings of other studies, the

authors report that "... the Very young have not responded to

health warnings

start rates among young females (aged 12-16)

have actually increased from 1964-1975 .,

This report has not been reviewed or adopted by the FTC.
The views expressed are not necessarily those of the Commission
or any of its members. It was written by Richard A. Ippolito, R.
Dennis Murphy and Donald Sant.
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CHAPTER I
Introduction and Summary
Evidence linking cigarette smoking to lung and heart disease has been
mounting for several decades. Press coverage of | the cigaretté health con-

troversy intensified during the 1950'53,:L partially in response to articles

in Consumer Reports and Reader's Digest listing comparable laboratory measure-

ments of the tar and nicotine content of major cigarette brands. These tabu-
lations revealed that the tar and nicotine content of same filtered brands
exceeded that of many non-filtered brands, thereby largely contradicting
health claims for filtered cigarettes.

Suspicions concerning the health risks of smoking were generally con—

firmed in 1964 with the publication of the Surgeon General's Report on Smoking

and Health. Since that date, the federal goverrment has rejected outright
bans on cigarette sales as a policy response to these health concerns and has,
instead, initiated or encouraged informational programs that stress the dan-
gers of cigarettes and provide information to help continuing smokers reduce
their tar and nicotine intake. Health warnings were required on cigarette
packages in 1965 and were strengthened in tone in 1970, These warnings were
extended to print advertising in 1972. Since 1971, cigarette campanies have
participated in a woluntary plan to disclose the tar and nicotine content of
their brands in advertising, using the most recently published results of the

Federal Trade Commission's cigarette testing laboratory. Rublic service

1 For example, according to the Survey of Current Periodicals, an average

of eight cigarette health articles appeared in popular magazines in each year
from 1947 through 1953. From 1954 through 1963, this number increased to 24
per year. In the year of the first Reader's Digest report, 1957, 44 articles
were written. In 1964, the year in which the Surgeon General's Report was
published, a total of 57 smoking health articles appeared.




anti-smoking messages were aired heavily fram 1968 until cigarette television
and radio cammercials were banned in January 1971,

This report provides a detailed statistical examination of the nature and
extent of consumer reactions to these information programs and to the less
focused cigarette health pwlicity of the ,1950's. The study analyzes per
capita cigarette and tar and nicotine consumption data for the 50-year period
1925-1975 and explares individual smoking behavior in greater depth, relying
primarily on data collected by the National Center for Disease Control profil-
ing the lifetime smoking histories of 12,000 Americans. Of particular import-
ance, the study has been structured to identify both immediate and more
gradual consumer resporses and to estimate the long-run inpact of these
changes in smoking behavior on cigarette consumption and life expectancy.

The report emwploys a statistical model of consumer smoking behavior to
identify the key factors that have influenced smoking decisions over time and
among- individuals. These possible influences include economic factors, such
as cigarette prices and consumer income, a variety of demographic character-
istics, arnd, of cairse, cigarette health disclosures and attendant publicity.
Controlling for the independent effects of these smoking determinants allows
prediction of the path cigarette consumption and tar and nicotine intake would
have followed had consumers not been alerted during the past 25 years to the
dargers of smoking.

The report should not be construed as an assessment of the overall suc-
cess or failure of health disclosures and warnings as a public policy
approach. These information programs presumably are grounded on the belief
that consumers are willing and able to gauge the hazards of smoking and
determine for themselves whether or not the pleasures of smoking compensate

for the increased risk of disease and shortened life. Our results can reveal
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only whether consumers have changed their smoking habits once health infor-
mation 1s providéd, not whether the nature and magnitude of these changes are
in any sense consistent with rational, fully informed appraisals of the costs
and benefits of smoking.

Prior Research

Previous statistical studies of consumer response to cigarette health
disclosures have foaused exclusively on ;nnual movements-in the average numbex
of cigarettes purchased by adult Amer:i,«:@ns.2 These studies generally have
concluded that the Surgeon General's Report and the 1968-70 anti=smoking TV
and radio cammercials significantly reduced per capita cigarette consumption.
Kenne;ckx'Warrler estimates Fhat by 1975 per capita oconsumption would have
exceeded actual reported levels by 22 percent had public concern over the

3

safety of cigarettes not increased after 1964. Warner also oconcludes

that the anti-smoking commercials were responsible for over two-thirds of this
impact .4
An implication frequently drawn from these findings is that the advertis—

ing ban might actually have increased cigarette consunption since, under the

2 e in particular J. L. Hamilton, "The Demard for Cigarettes:
Advertising, The Health Scare, and the Cigarette Advertising Ban,"” Review of
Econanics and Statistics (November 1972), pp. 401-411; R. H, Miller, Factors
Affecting Cigarette Consumption, U.S. Department of Agricultuwre Economic
Research Service, 1974, and Kenneth E. Warner, "he Effects of the Anti-
Smoking Campaign on Cigarette Consumption," American Journal of Public Health
(July 1977), pp. 645-650.

3

Warner, p. 648,

4 Ipig.




temms of the Fairness Doctrine, the apparently effective counter cammercials
were largely withdrawn in 1971.°

These earlier research efforts suffer fram two serious limitations.
First, and most important, their sole reliance on per capita consumption data
obscures or ignores important alterations in smoking behavior. For any given
year, per person cigarette sales depend upon both the average number of
cigarettes smokers consume (hereafter identified as "smoking intensity") and
upon the proportion of adult Americans who smoke (the "participation rate").
The percentage of adults smoking depends 4in turn upon the rate at which young
adults decide to start smoking and the rate at which existing smokers suc-
cessfully quit the habit.

The ultimate benefits of health warnings and disclosures depend critical-
ly upon which of these camponents of aggregate consumption are affected. For
example, a permanent reduction in start rates would almost certainly confer
important health benefits, whereas an increase in quit rates might have only
trivial life-prolonging effects if quitters were primarily very light smokers
or ’had smoked so long and heavily that irreversible injury had already
occurred.

Information on these and other aspects of smoking behavior clearly cannot

be gleaned from aggregate data alone. In addition, these data cannot chart
the increasing popularity of low tar and nicotine cigarette brands. The per
capita sales figures thus completely mask what may be one of the most import-

ant market responses to public concern over the health risks of smoking.

> John Hamilton estimates that the deterrent effect of the ocounter
camercials was almost six times as powerful as the sales stimulus provided by
industry advertising. See Hamilton, p. 406.
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Prio: research efforts have also been hindered by a statistical methodo-
logy that confounds immediate and more gradual changes in smoking behavior.
In particular, the variable chosen to measure the effects of the 1964 Surgeon
General's Report has been specified in a manner that will distort the Report's
true relative impact on smoking behavior unless consumers reacted fully to its
findings almost J'.nstant;annem.lsly.6 However, as the previous discussion
indicated, movements in per capita consumption reflect a rather camplex inter—
play of adjustments in smoking intensity and start and quit rates. It is
unrealistic to issume that all such adjustments would ocaur, say, within one
year. Same potential quitters would need more time to break the habit com-
pletely or even to moderate their consumption. More significantly, adjust-
ments in start rates would almost certainly not have been confined to 1964.
Young adults approaching smoking age from 1964 to 1968 were exposed to
continuing publicity concerning the Report's findings. Since previous
researchers assigned no variales specifically to measure these aftereffects
of the Surgeon General's Report, cumulative reductions in per capita con-
sumption induced by falling start rates from 1965-67 may have been captured by
variables representing the 1968-70 anti-smoking cammercials. Thus, as will be
discussed shortly, the impact of these cammercials may have been overstated.

Summary of Results

The following discussion provides a synopsis of the study's principal
findings for readers who are not familiar with the statistical techniques

employed in multivariate regression analysis. Readers with a thorough

6 See Chapter II, pp 15-18, for a description of these épecification
problems.
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background in this area are referred to Chapter II, which presents a detailed
description of methodology and regression results.

Per Capita Consumption

The present study confirms many prior conclusions regarding the deter-
minants of per capita consumption during the past 50 years. Econamic factors
have clearly influenced the aggregate demand for cigarettes. All else equal,
consumption has been higher the lower the price of cigarettes and the greater
the average annual income of consumers. Per capita smoking has also exhibited
a seaular upward trend, independent o? strictly econamic influences, which
presumably reflects a host of social factors that have increased the
popularity of cigarettes.

Our results also affirm that health publicity and disclosures have
significantly affected per capita consumption since 1964 and may also have

lowered consumption in 1953, the year of the first Consumer Reports tar and

nicotine tabulations. However, since this first spate of cigarette health
controversy coincided with the close of the Korean War, part of the observed
decline in per capita smoking may have been a natural consequence of demcbil-
ization. Whatever the precise cause, the results suggest that per capita
sales in 1953 were approximately 17.6 percent below the level expected, given
prevailing price, income, and trend conditions. This adjustment did not
extend beyond 1953, however, as per capita sales resumed their pre-1953 growth
trend during the 10 years from 1954-63.

A different response pattern developed following publication of the
Surgeon General's Report in 1964. Our results indicate that consumers reacted
very gradually to the Repart's findings and ensuing publicity. Compared to

.. ‘ -
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levels that would have been attained absent new public concern over cigarette
health risks, per capita consumption fell at an annual rate of approximately
3.5 percent fram 1964-75. Contrary to prior findings and predictions, no
evidence could be found that this decline intensified when anti-smoking com-
mercials aired fram 1968-70 or moderated when the countercamercials were
withdrawn in 1971. This is.not to suggest that the anti-smoking messages were
totally ineffective, since’ the post-1964 decline in smoking might have
faltered in their absence or strengthened after 1971 had the counter
canmercials remained on the air. Further, there may, in fact, have been a
slight or even moderate change in smoking trend during the 1968-70 periocd
which the measurement technique could not detect. It is very difficult t
identify any but very large trend changes when only three years of data are
available. Nonetheless, our results do suggest that the counter commercials
were not a uniquely powerful smoking deterrent.

Figure 1 illustrates the adjustments in per capita smoking that have
occurred since the health risks of smoking were first widely publicized in
1964. 'The solid line on this graph charts actual per capita consumption
levels since 1945.7 The dashed line depicts an estimate of the path per
person smoking would have followed in the absence of health information. It
can be seen that by 1975 actual annual per capita consumption had fallen over
2,100 cigarettes (or 34 percent) below the projected level. This camparison

is subject to the strict caveat that the prediction of post-1963 cigarette

! The sharp but brief drop in per capita smoking in 1953 is clearly vis-
ible on this graph of actual sales. However, our projection of per capita
consumption absent health publicity does not incorporate the 1953 episode
because of our uncertainty over its cause.
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FIGURE 1

Actual and Predicted Per Capita Cigarette Consumption
Per Capita-
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sales may well be unrealistically high. iy number of social factors
unrelated to health concerns might eventually have moderated the increasing
popularity of cigarettes.

Per Capita Tar and Nicotine Intake

Not evident in Figure 1 is the additional decline in per capita tar and
nicotine consumption that accampanied the introduction of new low-tar brands
of cigarettes. This reduction in average tar and nicotine content began in
1953 and continued at a constant annual rate of about 0.9 percent until the

end of our observations in 197.%

Thus, when considered in conjunction
with the 1964-75 decline in per person cigarette sales, consumer and producer
reactions to health publicity had lowered per capita intake of tar and
nicotine 45 percent by 1975.

Participation Rate and Per Capita Smoking

As outlined previously, per capita smoking is determined jointly by the
participation rate and average smoking intensity. [ata collected by the

Milwaukee Journal and the National Center for Disease Control (CDC) permitted

us to determine which of these elements of smoking behavior has been most
affected by health disclosures. The results show a striking contrast between
reactions to the early health publicity of the 1950's and those of the period
since 1964. Virtually all of the decline in per capita consumption observed
in 1953 was due to a sudden reduction in the intensity of smokers' habits.

Precisely opposite reactions occurred after 1964. By 1974 the proportion of

8 This figure almost certainly understates post-1953 reductions, since
data were unavailable to trace anrual changes in nicotine content within
brands.




adults smoking was about 8 percentage points lower than it otherwise would
have been. .However, we found no evidence that health publicity affected tlie
average number of cigarettes consumed by continuing smokers.

Long-Run Impact

The smoking decisions of young adults will largely determine whether the
fall in the participation rate from 1964-75 proves to be a permanent or tem-
porary dewelopment. If recent trends reflect nothing more than decisions by
veteran smokers to break a life-long habit, the participation rate could
eventually revert to fomer levels. ILonger term reductions will ocaur only if
start rates fall or if there _is an increased tendency for new smokers to quit
soon after starting.

The 12,000 individual smoking profiles contained in the CIC data base
were probed to gauge the gereral impact of health infommation on start and
quit rates and to determine whether reactions to health warnings have varied
accordirg to age, sex, and other demographic ci'latrac:teristi%.9 The CDC
data reveal a general increase in quit rates since‘ 1964. Wwhile there is
evidence that older adults (aged 46~55) have exhibited the greatest resolve in
giving up cigarettes, quit rates among individuals aged 29 and younger have
also increased. Those adults who quit smoking within 10 years of their start
date were singled out for separate analysis on the premise that such
"tewporary” smokers may not suffer any permanent injury from cigarettes. We
estimate that about 12 percent of the individuals who started smoking after

1964 quit within 10 years strictly in response to health publicity.

9 See Apperdix A for a full description of the CDC data base.




‘Si%nificantly, the CDC smoking profiles disclose a general decline in
start rates érrong most age groups. However, the very young have not responded
to health warnings. Table 1 illustrates that start rates among young females
(aged 12-16) have actually increased from 1964-75. Start rates for very young
men also rose slightly during this period, although- the increases are not
statistically significant. Interestingly, these alterations in age and
sex-specific start rates had no net impact on the average starting age for
serious smokers, which remained virtually unchanged at 18.5 years.

Since virtually no one begins smoking past age 30, the long-term benefit
of health information can be assessed conveniently by estimating its cumula-
tive impact on the participation rate of 29-year-old adults. Again operating
on the assumption that "temporary" smokers do not sustain permanent ill’
effects fram cigarettes, individuals were classified as participating smokers
only if they had smoked for at least 10 years prior to their 30th birthday.
Thus defined, our regression results suggest that the participation rate at
age 29 would have been .479 by 1974 had consumers received no additional
health information after 1964. However, as a awmmulative result of annual
decreases in start rates among most age groups during the decade fram 1964-74,
the participation rate at age 29 was actually only .394, which represents a
gain of 8.5 percentage points in the proportion of adults who, for all intents

and purposes, can be considered nonsmokers.l0

10 See Chapter 1II, pp. 31-32, for ' a camwplete description of the
camputations used to derive the cumulative impact of reductions in age
specific start rates on the participation rate of 29-year-old adults in 1974,
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TABLE 1

Comparison of Start Rates by Age and Sex
for 1964 and 1975

Start Rates (Percent)*

Male Female

Age 1964 1975 1964 1975 :

12 14 .5 .5 1.9 3

13 2.6 3.0 1.6 3.0

14 4.8 5.2 2.3 3.7 '

15 7.1 7.5 3.2 4.6 ;
16 10.0 10.4 4.8 6.2

17 8.8 5.9 4.6 3.2

18 15.4 12.5 7.8 6.4

19 8.5 5.6 5.2 3.8

20 9.1 6.2 5.5 4;1

21 5.0 3.6 3.4 2.8 |
22 4.3 2.9 2.5 1.9 5
23 1.3 0.0 2.2 1.6 }
24 .6 0.0 1.3 7

25 4.7 3.8 2.4 2.2

26 1.0 Jd .6 .4

27 .4 0.0 .4 .2

28 .9 0.0 .6 4 |
29 .2 0.0 A4 .2 ?

* The start rate is defined as the rnumber of individuals in a given age and
Sex graup who started smoking in a given year, expressed as a percentage of
individuals in that group who were nonsmokers during the preceding year.
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The CDC data also allowed us to explore whether developments since 1964
have triggered any long-run adjustments in smoking intensity that are not yet
strong enough to measwre ditectly. In particular, the number of cigarettes a
typical smoker consumes would eventually fall if individuals who have begun
smoking since 1964 were smoking fewer cigarettes than were pre-1964 starters,
who may not have been able to moderate a well-entrenched habit. However,
analysis of CDC data shows clearly tnat wnile smoking intensity is influenced
by such demographic variables as age, income, education, and sex, a smoker's

starting date does mut affect smoking intensity. Nor is there any evidence

that post-1964 starters are choosing cigarette brands lower in tar and

nicotine than are earlier starters. ‘Thus the long-run benefits of health
information during the least three decades stem solely from a general
reduction in cigarette tar and nicotine content since 1953 and a fall in
participation rates beginning in 1964.

Impact on Life Expectancy

Our statistical results can be placed in better perspective by estimating

the gain in average life expectancy attributable to the measured decline in

participation rates and cigarette tar and nicotine content. If concern over -

the safety of cigarettes had not altered smoking behavior, the CDC data sug-
gest that a typical smoker today would be expected to begin smoking at 18.5
years of age and consume 21 cigarettes daily, each one of which would contain
an average of 1.5 mgs. of nicotine. Based upon calculations described in
Appendix C, this daily intake of 32 mgs. of nicotine would, if contimued for
life, shorten this representative smoker's life by approximately two years.
As previausly reported, health publicity has in fact lowered the propértion of
29—year-old adults who smoke by 8.5 percentage points. These nonsmokers
-13-

fres e




will presumably gain an added two years of life.ll Those who choose to
continue smoking for more than 10 years will consume 18 percent less tar and
nicotine because of the fall in average cigarette tar and nicotine content
since 1953, As explained in Appendix C, this reduced tar and nicotine content
(which is the equivalent of smoking five fewer pre-1953 cigarettes per day) on
average will lengthen a smoker's life by about three months. Expressed as a
weighted average of the 1life-prolonging effects of total abstinence and
reduced smoker intake of tar and nicotine, information concerning the dangers
of cigarette smcoking has thus added about .6 years to the lives of adult

Americans.

11 A more oonservative estimate would adjust this figure to reflect the
historical fact that approximately 17 percent of all smokers quit before age
50 for reasons not directly related to post-1953 health publicity. It could
be argued that 17 percent of those consumers who never started smoking or who
quit within 10 years in response to new health information would have quit in
any event and should not be included in the benefit calculations. Thus, if we
adopt the rather hervic assumption that none of these individuals would have
smoked long enough to suffer ill effects before finally quitting, only 7 per—
cent (0.83 X 8.5) of oonsumers age 29 would have gained two years of life
strictly by heeding health warnings.




CHAPTER II
Statistical Methodology and Detailed Results
This chapter describes the statistical models that were used to identify
the determinants of aggregate cigarette consumption and other smoking behavior
during the past 50 years and presents a technical analysis of the regression
results.

Per Capita Consumption

Let Ct represent the quantity of cigarettes consumed per adult (over
age 17) in the United States in year t. Absent health disclosures, C¢ Might
reasonably be expected to exhibit an upward secular trend and to be influenced
by levels of cigarette prices and consumer income. Presumably, the appearance
of new health information would also affect per capita consumption, but the
results might be sensitive to the particular model specification chosen.
Prior econametric studies of the determinants of per capita smoking have
chosen simple zero-one dummies to measure the independent effects of various
health disclosures, ‘For exanple, the impact of the Surgeon General's Report
generally has been measured by introducing a categorical variable, say Dggq
which assumes the value of zero for all years preceding 1964 and equals one
for 1964 and subsequent years.

Such a specification is appropriate if consumers assimilate new informa—

tion and adjust their smoking habits instantanecusly. If we ignore for the

moment the independent effects of prices and income on cigarette consumption,

such an instantaneocus reaction to the Surgeon General's Report can be repre-

sented graphically as follows:




FIGURE 1

Per' Capita
Consumption

1964 Time

A simple dummy that assumes the value of one beginning in 1964 will fully cap-
ture the sudden and permanent downward shift in per capita consumption. Since
consuners are assumed to reach their new smoking equilibrium immediately, the
coefficient for the secular trend variable should not be affected by the
episode.,

However, as discussed in Chapter I, there are strong a priori reasons for
assuming that consumers will, iQ fact, react to new cigarette health informa-

tion only gradually. One such response pattern is depicted in Figure 2.
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FIGURE 2

Per Capita
Consumption

1964 Time

Under these conditions, a simple categorical variable will track the mod~
eration in trend after 1964 only approximately and produce large unexplained
residuals over most of the post-1964 period. In particular, there is a danger
that any unexplained reductions in per capita consumption between 1964 and
1968 will be captured by the variable chosen to represent the 1968-70 anti~
smoking commercials, thereby distorting the true relative importance of the
Surgeon General's Report ard the later media campaign.

To overcome these difficulties, this Report employs the following more
generalized model of consumer smoking behavior which includes variables to
measure both sudden shifts in cigarette corsumption and changes in trend that

ref lect more gradual smoking adjustments:
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(1) C¢ = a + by B + bp¥¢ + b3Tys + bghs3 + bsTs3Ds3
+ bgDe4 + b7T64Dp4 + bgDeg + bgDy) .
where C¢ is the natural logarithm of cigarettes per adult, P, is the log
of the BLS retail cigarette price index deflated by the Comsumer Price Index,
Y, is the log of per capita income deflated by the CPI, T,5 is a time
counter (with a starting value of one in 1925) used to measure secular trend,
D53 is a zero-one dummy (equal to one in 1953 and subsequent years) that
represents the health publicity of the 1950's, Dg4r Dggr and D7) are
similarly constructed dummies representing the Surgeon General's Report, the
antismoking cammercials, and the 1971 advertising ban respectively, and T53
and T64 are time counters with starting values of one in 1953 and 1964
respectively. The coefficient by measures the permanent percentage change
in consumption after 1953 that was not due to a change in trend. ‘The
coefficients be, bg, amd by perform similar functions for their
respective information dummy variables. Any changes in trend that might have
occurred after 1953 and 1964 are measured by bg and b712.

Equation 1 of Table I summarizes the regression results obtained using
the Cochran-Orcutt iterative techniques. T statistics are shown in

parentheses.

12 Models incorporating lagged values for P and Y were also tested to
determine whether consumer responses to price and income have been gradual
rather than instantaneaus. While the results indicated that long-run
elasticities are in fact higher than the short-run elasticities generated by
equation (1), no single best lag structure ocould be indentified. In any
event, the more complex model specifications produced only minor changes in
the coefficients on the various health information variables reported in
equation 1 of Table I. Depending upon the lag structure chosen for P and Y,
the coefficient on Dg3 ranged between -.165 and -.181 and that on Te4Dg 4
from -.035 to -.039,

-18-




*uoT JETHAA0CO0INE J03 UOTIOBAI0D aaaje Nm ¥

*SOTISTIRIS 3} aIe sasoyyuaaed ut soanbrd

(oT° 1)
LT =4 €0° =M xx(6L°) 66° =¥

(L9z'8) (£8°%=)  (8¥1°-) (00€*~) (98°¢-) (66%°—) (629°1-) (z9°G-) (€1°5) e31deo

€1L” 0€8°~ 010"~ Z10° - G£0° -~ 870° - 010"~ LT~ zz0* aed SUT3IOOIN €
(c1°%)
G6G* =4 26°T =M1 (6€°) 86° =zd

(ssL°-) (88%°-) (sz0o°*~) (oLZ*) (9g2*) (6G8°) (gT9°€)- (z1°1T) (g1€*) 93391eb10

LZ0°~ 0£0° -~ S000° - £00° L000° 0To* 600° - z10° S000° a9d SUTIOOTN Z
(6L° 1)
19z* =4 G0°7 =M %«.Awh.v mm.HNm

(8LT°8) (659°%-)  (€60°-) (z8z°-) (¢6°¢-) (TL6°-) (960°~) (99°6-) «(8L°p)  uoTadUNsSucO

GeL® 118° - 900° - 110° - GE0° - ¥€0°~ ¥000°~ 9LT"- 120° e31ded asd 1

K 3 Tla 8% ¥9q¥ 91, 9% £Sq€ST, €Sq sy, oTqetaen uoTaenbd

-] Qe



The coefficients for trend and income elasticity are significant and of
the expected sign. The significant coefficient on P, , which measures price
elasticity, suggests that per capita smoking would fall v about 8 percent
given a 10 percent increase in cigarette prices., Thus, additional taxes on
cigarettes would reduce smoking should such a policy approach be considered
appropriate and necessary to supplement the impact of information programs,
The early health publicity of the 1950's apparently had no lasting impact on
trend, since the coefficient for T53053 is insignificantly different from
Zero, The highly significant coefficient on Dg3, however, indicates a
sudden fall in per capita smoking of about 17.6 percent that might either be

associated with the first Consumer Reports tar and nicotine camparison or with

the return to peace following the close of the Korean War in 1953,

Our results do not support the conventional wisdam that the 1968-70 anti-
smoking cammercials were the primary deterrent to snoking after 1964. Rather,
the significant, negative coefficient on Te4Dga and the insignificant
coefficients for Dgy, Dgg, and D;j suggest an annual moderation in trend
of about 3.5 percent beginning in 1964, which did not alter perceptively
during the period of the counter cammercials or when TV and radio cigarette
advertising was banned in 1971, ‘These findings do not preclude the pos—
sibility that per capita consumption might have reverted to its pre-1964
growth trend had these counter cammercials not aired. It is also possible
that a more elaborate model of consumer smoking behavior that included, say,
lagged advertising effects, might reveal that the antismoking cammercials were
a mere important influence on cigarette consumption than our results suggest.
How:ver, the strongest conclusion that can be drawn fram egquation lmis that
ue sombined effects of the Surgeon General's Report, media publicity, public
service announcements, and warning labels gradually reduced aggregate smoking
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o the extent that oy 1875 per capita cigarette consumption was about 34 per

cent lower than it would have been absent any new health information after

Nicotine Content Per Cigarette Smoked

As discussed in Chapter I, per capita consumption data provide a very.
incomplete measure Of consumer responses to smoking health publicity. 1In
particular, they canpletely ignore smoker substitutions toward what may prove
to be less harmful brands of cigarettes.

The relative harm associated with smoking a particﬁlar type of cigarette
is generally indexed by its tar or nicotine content. Since the simple cor-
relation between tar and nicotine content among existing brands and varieties
in 1975 was 0.92 (FIC, 1975), either might usefully index harm. Nicotine
content per cigarette was chosen for this Report.

Market shares for all except trivially important cigarette brands are
available from 1934-1975 (Maxwell Associates, 1975). Using 1975 FTC measures
of nicotine cont:ent,13 consumer substitution toward lower nicotine cigar—
ette brands can be measured by N = LiViNi' where t = 1934, ..., 1975,
N; = nicotine content of the ith brand,v and V; = market share of the ith

brand. This, Ny is the weighted average nicotine content per cigarette

consumed in year t.l4

13 Eighty-two brands were included in the sample. Ten additional brands
existed over the period but were eliminated from the sample because they had
disappeared prior to 1975.

14 Nicotine reductions within brands, which may also represent market
reactions to consumer nealth concerns, cannot be measured with available
data.
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Equation 2 of Table I presents the results of regressing Ni On the same
variables that were Lised to predict per capita consumption in BEquation 1., The
only significant coefficient is for Tg3Ds3. This indicates that cigarette
nicotine content began to fall in 1953 at a constant annual rate of about 0.9
percent and continued to decline at this rate until the end of our observa—
tions in 1975, |

Equation 3 details the cambined impact of reductions in per capita
smoking and average cigarette nicotine content on per capita nicotine intake.
Based upon the reported coefficient values for T53D53 and Tg4aDg4r it
is estimated that by 1975 consumers were on average consuming 45 percent less
nicotine than would have been true had concern over the safety of cigarettes
not increased after 1953,

Participation Rates

Per capita consumption measures incorporate changes in smoker intensity
rates and smoker participation rates. To separate these effects, data on
smoker participation were analyzed from two sources. First, as a result of an
effort coordinated by the Milwaukee Journal beginning in 1947, approximately
30 cities conducted annual marketing surveys that included questions to

determine the proportion of adults that smoked; the results were published

annually in the Consolidated Consumer Analysis (CCA) from 1947 to 1975;L°
a total of 370 city/time observations were available from this source.
Second, the Center for Disease Control (CIC) conducted a survey in 1975 that

reported the lifetime smoking histories of 12,000 individials. After making

15 The oonsolidation was not published after 1972 but many individual

newspapers continued the surveys; data were assembled from these sourees after
this period.
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i' minor modifications described in Appendix A, a cross sectiomr-time series data

set detailing smoking participation rates for ages 14 - 63 and years 1947-75

was constructed; a total of 1,309 age/time observations were generated fram

this source.

Te model chosen to estimate participation rates over time and among
1 individuals was structured to reveal how rapidly consumers have adjusted their
1 smoking behavior in response to new cigarette health disclosures and changes
in economic conditions. Specifically, it was hypothesized that the movement
to a new equilibrium smokirg participation rate could be represented by:

(2) Pjy = Pig-1 = 8(Pigx — Pig-1)

This equation says that for any class of people i, the change in the pro-

portion of people smoking, Pix = Pit-1s is only a fraction & of the

difference between Pjt*: the equilibrium proportion for this class of people
in year t, and the actual proportion Pji.j in year t-1. For the two data

sets, it was hypothesized further that the eguilibrium proportion Pjix could

{ be modeled by:
(3) Pty = Dby, + DbT + bybgz + b3Te3bg3 byDga *

bsTeal64 + PeDeg + P7P71 + Qitr

where Qi is a set of age variables for the CDC data set and a set of city

§

|

i variables for the CCA data set variables for the CCA data set. Price and
i

! income variables do not appear in (3) because mrobit analysis of the two data
sets found neither variable to influence an individual's likelihood of
smoking. (See Appendix B for canplete results.) This suggests that the
sensitivity of per capita consumption to price and incame which was reported
earlier in Table 1 is due entirely to intensity effects.

-23~



Substituting (3) in (2) permits investigation of two interesting response
characteristics. The parameter 6 reveals how quickly new equilibrium
participation rates are reached. The coefficients b3 and bg on the other
hand, tell us whether the desired changes in equilibrium rates themselves
occur only gradually. Hypothetically, health disclosures might have been
incorporated quickly into desired behavior but only gradually into actual
behavior. It is also possible that health information might have influenced
desired goals only gradually.

Least squares parameter estimates for the equation

(4) Pit = OPjt* + (1-8)Pj¢~]
appear in Table II1. Full parameter estimates appear in Appendix D.

The CCA and CDC data sets do not tell exactly the same story. The CCA
data give good evidence that both the Surgeon General's Report and the counter
advertisements were effective in reducing smoking rates. There is, however,
weak evidence fram the positive coefficient on TgyDgg that the impact of
the Surgeon General's. Report gradually diminished over time. The CDC data, on
the other hand, document only the gradual post-1964 reduction in the partici-
pation rate, with no significant evidence that any particular event was
immediately important. The CDC results indicate a faster response rate with
an estimate for 6 of 0.76 compared to the CCA estimate of 8 = 0.45,

The probable course of events during the 1950's is much clearer. Both
equations report unambiguously that the participation rate was totally
unaffected by health publicity during this period. We conclude, therefore,
that the precipitous fall in per capita consumption noted previously for the

year 1953 was due entirely tc a sudden decline in the intensity of smokers'

habits.
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TABLE II

coe «ca
Standard T Standard T
Variable Estimate Error Value Estimate Error Value
Intercept 24,18 4,225 5.72 25,31 2.482 10,20
Lagged proportion 24 .028 8.59 55 004 12,58
T (time index 1947=1,
(1 for years
after 52) 24 567 .43 1.21 .832 1.46
Dg3Tg3 (time index
1953=1,1954=2, etc) -.13 .194 -.65 -.03 .303 -.09
(1 for years
after 63) -.09 .640 -.15 ~5.12 873 ~5,86
Dg4aTga (time index
1964=1,1965=2, etc) -e52 .168 -3.10 40 .305 1.31
Dgg (1 for years
after 67) .36 .670 53 -2.85 1.176 ~2.42
1 (1 for years
after 70) -.52 591 -.89 -.70 1.243 -.56
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Lorng=Run Impact

The post-1964 changes in smoker participation rates presumably reflect an
acceleration of quit activity among established smokers and/or reduced start-
ing rates of potential smokers. Similarly, changes in smoking intensity are
jointly determined by the average consumption of new starters, persistent
smokers, and the previous consumption of quitters. To evaluate the long-run

impact of health information, particularly after 1964, it is necessary to

estimate the reactions of young consumers who have made the decision to smoke
or not to smoke within the new enviromment of concern over the safety of
cigarettes. If, for example, post-1964 disclosures have affected only the
smoking habits of established smokers, the long-run impact on consumer health
will be inconsequential.

The appearance of cigarette health infommation can affect the probability
that individuals will ever start smoking, the rate at which they subsequently

quit, the average start age, intensity, and the type of cigarette smoked.

g o A7 A

These variables will be examined using data provided in the CDC data base.

P

Start Rates
The start rate at age i in year t is the rumber of individuals that start |
smoking at age i in year t as a proportion of those that did not smoke at age i
i-l in year t-l. Ninety-five percent of smokers start smoking between the
ages 12 and 29. Hence, start rates were grouped by sex into four age cohorts
(12-16, 17-20, 21-24, and 25-29). The following equation was fitted for each
age cohort for‘males/females:
(5) Sjt = ajDgy + ayTgyDey + a3T + b;D; + e,
where S;t is the start rate for individuals of age i in year t, D; is a 3
zero—one dummy variable equal to one for individuals of age i, and the other
variables are as previously defined.

_26_
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The cambined effects of Dgar TgaDgq, and T are reported in the
second column of Table III. Thus, the coefficients reported in the table
measure the change fram the 1964 start rates as of 1974. After the appearance
of the Surgeon General's Report, start rates fell for males and females in all
age groups, except for ages 12-16, Thus, the youngest age cohort was
apparently unaffected by the provision of cigarette health information.
Indeed, start rates for young females appear to have risen slightly since
1964.

The coefficients in Table III that are statistically significant
represent approximately a one-third change over the corresponding mean start
rates for each graup during the period 1947 through 1963. As was true of
aggregate consumption and participation rates, start rates did not fall
suddenly after 1964, but rather declined gradually over the 1964-74 period.

Start rates alone, however, do not necessarily reflect the entire long-
run effect of information on smoking participation. The decision to smoke is
not irreversible. Some individuals who started smoking after 1964 may
subsequently quit as a result of the health disclosures, mary before any
significant adverse life expectancy effects occur.

Available data do not permit an analysis of quit rates for post-1964
starters compared to pre-1964 patterns over the entire life cycle. Most
individuals start smcking prior to age 25. Thus, post—-1964 starters are
typically less than 35 years of age in 1975. Even if data were available, the
life-saving benefits of quitting after smoking for significant periods of time
are difficult to estimate.l6 For these reasons, it was not possible to

estimate the benefits of acceleration in temporary smoking rates at all ages.

16 See Appendix C.
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On the other hand, if estimates are confined to an analysis of start rate
reactions, per se, the true impact of the disclosures may be seriously
underestimated. As a middle ground approach, then, we supplemented our prev-
ious estimates of start rate reactions with estimates of temporary smoking
rates of young consumers who quit smoking before 30 years of age and within 10
years of their start date. If young oconsumers start smoking after 1964 but
stop shortly thereafter as a delayed response to the disclosures, the health
benefits would likely be as large as if these individuals had not started in

the first place.

Temporary Smoking

A conditional quit rate Qitj is the number of individuals who quit
smoking permanently at age i in year t as a proportion of individuals who
started smoking at age i-;j in year t-j, where 1<3j <10; 13 <i <29. In the
CDC data base, a quitter is considered a former smoker if he has not resumed
the smoking habit as of the sample date, 1975. The possibility therefore
exists that some individuals counted as permanent quitters as of 1975 could,

in fact, be temporary quitters. But the data were easily adjusted to correct

for this bias .17

17 3,600 individuals in the CDC data base who had ever smoked reported
all periods of quitting over their lifetime. Analysis showed that during the
pre-1964 period most temporary quitters during ages 12-29 resumed smoking
within two years and all temporary quitters resumed within four years. Quits
during years after 1970 were, therefore, multiplied by the factor Ve =
O/Qcyr J=1975-t, where Qtj is _the proportion of quits in year t that
are still quits in year j," and Q¢ is the estimated proportion of guits in
year t that are permanent. Values of V¢ for males and females are
calculated directly fram the above sub~-sample,
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The qprditional quit rates were grouped by sex into the four start age
categories previously considered (12-16; 17-20; 21-24; 25-29). Each group was
then separated into two categories: those quitting within five years of
starting and those quitting within six to ten years of starting. Hence, for
these two groups and, for males ard females, the followirng eguation was
estimated for the period 1948-74:

(6) Qjrj = @ Dgg * tbyDj + o483 + ey
where D; is a zero-one dummy equal to one for the ith starting age, and Ey
is -a zero-one dummy equal to one for individuals who smoked j years before
quitting. The 1964 dummy variable equals one for individuals who started and
quit during or after 1964, and zero for individuals who started and quit
pbefore 1964; individuals who quit during or after 1964, but started before
1964, were eliminated fram the sample. Because of the sample characteristics,
time trends before or after 1964 were not determined.

The estimated coefficients on Dgy4 are reported in columns (3) and (4)
of Table III.18 The coefficients are significantly positive at least at
the five percent level (one tail test) in nine of fourteen instances. Thus,
while many young consumers may not always react initially to health informa-
tion, the evidence suggests that some do subsequently change their consumption
habits in the expected direction. Roughly speaking, the results suggest that
individuals who began smoking after 1964 exhibited subsequent quit rates that
were one to three percent higher than those exhibited by pre-1964 starters.

The acceleration in temporary smoking rates after 1964 suggests that

18 Full coefficient estimates are presented in Tables X=XIII of
Appendix E.
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TABLE III

Effect of the Surgeon General's Report and Ensuing
Publicity on Start Rates and Temporary Smoking

Start Rate Temporary Smoking Rates
Sex/Age (10 yr. effect) X <5 5¢X <10
(1) (2) (3) (4)
Male  12-16 .40 1.43 1.30
(1.614) (.648) (.484)
17-20 -2.95 1.91 1.11
(1.30) (.408) (.539)
21-24 -1.37 1.10 3.95
(.781) (.691) (1.73)
25-29 -.91 1.85
(.574) (1.43)
Pemale 12-16 1.46 1.19 .207
(.814) (.423) (1.36)
17-20 -1.44 3.13 1.64
(.632) (.471) (.573)
21-24 -.59 2.06 17
(.377) (.637) (.976)
(.241) (1.67)

Numbers in parenthesis are standard errors. X is the number of years of

smoking experience.
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approximately.,lZ percent of starters quit permanently within 10 years of their
start date as a direct result of the health disclosures.

Fran a health viewpoint, accelerations. in temporary smoking rates of
young starters are probably as important as reductions in start rates, per
se.l9 We will, therefore, summarize the long run impact of the post 1964
smoking-health publicity by camparing the smoking participation rate of 29-
year old individuals predicted by pre- and post—1964 estimates of start and
temporary smoking rates. For this purpose, estimates of time dependent
responses in start rates will be cumulated to include their 10 year effect;
further changes in responses after 1974 will be ignored.

Net Effects on Smoking Participation and Starting Ages

We will define the participation rate at age 29 as the proportion of
individuals that smoke at age 29, or have smoked for more than 10 years prior
to that age. This rate can be calculated from knowledge of start rates and
corditional quit rates over early adult life. To illustrate, suppose that no
one starts smoking beﬁore 12 years of age. Then for each 100 individuals who
enter their twelfth year, it is easily verified that, by the end of the ith
age, the proportion-of individuals who will smoke or will have smoked for 10
years of their life will pe

i-1 i-10
(7) Py = Pj_1 + 5(100 —_E _ Xg) 7 b Qi3 12< 3 < 30,
j=12 j=i-1
where S5; is the start rate at age i, Xj is the number of individuals that

start smoking at age j, and Qjj is the proportion of smokers that quit at

19 That is, cancer/heart diseases are caused by substantial and
persistent exposure to harmful agents for lengthy periods of time. Hence,
individuals who smoke for less then 10 years may not experience significant
reductions in their expected life.
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age i, given that they started at age j. Note that Xj is strictly a

functien of start rates; thus, X5 = S15 100, etc.

The parameters S5; and Qij have previcusly been estimated in the
regressions that support the results reported in able II. Substituting these
values in (7) allows us to estimate participation rates at age 29 for the
years 1964 and 1974, say Pg4q and P74 respectively.

The simple average of these calailations for males and females combined
is Pgq = 0.479 and P74 = 0.394. Since the start rate past age 30 is
virtually zero, the proportion of individuals who, for all intents and

20

purposes, will never smoke because of the disclosures is 8.5 percent.

Pre-1964 experience suggests that 83.5 percent of individuals who smoke at age
30 are still smoking at age 50.21 Hence, we can conclude very conserva-
tively that approximately 7 percent of potential consumers will save them

selves from the adverse health effects associated with a lifelong habit of

smoking.

20 Fecall that, for our purposes, individuals who smoke briefly prior to
30 years of age are counted as if they had never smoked.

21 mhis ratio represents the average experience of males in the CDC data

base for the period 1947-63. Male figures are used because their participa-
tion rate was stable over time for all ages over the period.
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Interestingly emough, the data also suggest that the average starting
age of serious smokers has not been significantly affected by the dis-
closures.22 But post-1964 starters will generally not consume as much
nicotine over their life as they would have absent the appearance of health
disclosures.

Intensity/Nicotine Content

Iong run health effects for persistent smokers will depend upon future
smokers' choice of intensity and type of cigarette smoked. Available data do
not pemit a direct examination of new gnokers' habits over time in these
dimensions. But enough data are available to allow a tolerable estimate of
nicotine consumption levels of future smokers. 1In particular, recall that,
using aggregate data, nicotine content per cigarette was estimated to have
fallen by .9 percent annually fram 195375, while no evidence was found that
health information had any lasting impact on smoking intensity. To test
whether these aggregate data on smoking intensity and nicotine contents
accurately reflect post-1964 starters' consumption habits, data on individuals
aged 21-35 in 1975 were analyzed.

It was postulated that smoking behavior in 1975 could be modeled by

(8) ny = ajxy + L biDij + & dejk + apDggq + ©

(9) Y4 = az¥y + L CiDij + & ggDyg + agDgg + €/

22 Average starting age for individuals smoking at age 29, smoking at
least 10 years prior to age 29, is calculated by

29 i+l0 i+10
A=l ixy (1- L jS)/LXi(l - & jS)l j < 30,
i=12 j=i+1 i =i+l

where all parameters are defined above (see text). Assuming no healtn dis—
closures, the average starting age equals 18,7 years old. Incorporating the
effects of health disclosures, A equals 18.4.
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where ny is the log of nicotine content per cigarette of the particular
brand smoked by the jth individual, Yy is the log of the number of ciga-
rettes smoked by the jth individual, X5 is rumber of years the jth indi-
vidual has smoked, Dij is a zero-one dummy variable equal to one for the ith
age cohort to which the ith individual belongs, Dy is a vector of zero-one
dumies that reflect sex, income and educational characteristics, and Dgg is
a zero-one dummy equal to e for individuals that started smoking during or
after 1964. Nicotine content was also added as an independent variable in the
intensity equation to test whether smokers of lower tar and nicotine cigaret-
tes have increased their consumption to compensate for any loss in taste or
stimilus that these brands might provide. Information on ny and yj ig
available for 1,801 21-35 year-old smokers in 1975 from the CDC data base.
Significant coefficients on the variable Dgg would indicate that post-1964
starters are systematically choosing levels of nicotine consumption that are
different fram those of pre-1964 starters.

The results, listed in Table IV, show that chosen intensity and nicotine
content levels are highly sensitive to smoking experience and various demo—
graphic variables. Compared to low income smokers, more affluent consumers
smoke more cigarettes but of lower average nicotine content. Holding incame

constant, college graduates smoke fewer and slightly lower nicotine cigarettes

than their less educated counterparts. However, the coefficients on Dg4 are

insignificant in both regressions. The data therefore suggest that post~1964
starters have chosen cigarette types and intensities that do not differ
significantly from aggregate smoking patterns. ‘ihus, using previous results,
we conclude that, as a result of cigarette health publicity, smokers-will -
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TABLE IV

Niocotine Consumption of Post 1964 Starters

Dependent Variable

Independent
Variables Intensity Nicotine
Do4 027 -,015
(.46)* (~.85)
Incane
$5,000 - 9,999 016 -.040
(.27) (2.26)
$10,000 - 14,999 .103 -.041
(1.69) (2.25)
$15,000 - 19,999 .103 -.051
(1.53) (2.52)
$20,000 + .154 -.078
(2.14) (3.63)
Education
College Grad. -.184 -,030
(3.18) (1.73)
Less than H.S. Grad.’ .047 035
(1.01) (2.50)
Nicotine Content -.017
(.21)
Male 1.34 .037
(3.75) (3.48)
X 425 .047
(7.67) (2.89)
Number of Observations 1801 1801
RZ .934 .992

Age dummy variables were included in the regressions and are reported in Table

XIV of Appendix E.
* Figures in parentheses are t statistics.
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choose cigarette types that are about 18 percent lower in nicotine content
than would otherwise have been the case. This estimate ignores any further !

changes that may have taken place after 1975. !
1

Trade-Off Between Consumption and Expected Life

But for the health disclosures, the typical smoker today would be
expected to start smoking at approximately 18.5 years,23 and would smoke
an average of 32 milligramns of nicotine per day.24 Available evidence sug- ;
gests that if such a smoking pattern continued for life, the typical smoker ;

would lose approximately two years of life (see Appendix C) .25 g

It was previously estimated that 8.5 percent of potential consumers
would, for all intents and purposes, never smoke because of health dis-
closures. But it was also noted that, had they smoked, approximately 17 ';
percent of these individuals would have quit prior to age 50 and, hence, would
not have incurred the full cost of smoking for life. To be conservative, we
will ignore the health benéfits to these individuals. This leaves approxi- '
mately 7 percent of potential consumers who might safely be labeled as life- :
long smokers but for the health disclosures. We have previously estimated
that the participation rate at age 29 absent health disclosures would have
been .479. At age 50 it would have been 83 percent of this figure, or about
.40.  Thus, about 17.5 percent (.07/.40) of potential smokers have traded

lifelong cigarette consumption for approximately two years of life.

23 See note 19 above.

24 Using 1975 FTC measures, the typical cigarette consumed prior to 1953
contained 1.5 mg. of nicotine. Average smoking intensity of 8,000 individuals
in the CD data base is approximately 21 cigarettes per day.

25 Using the equation in Appendix C, two years approximately ezguals -2.35
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Smokers aged 29 who continue to smoke for life, despite healtn warnings,
will also acc¢umulate some health benefits. In particular, previous estimates
suggested that post-1964 starters will consume approximately 18 percent less
nicotine because of reductions in cigarette nicotine content since 1953. On
balance, these individuals, who represent 82.5 percent of all potential
smokers (100-17.5), have traded 6.25 mgs. of daily nicotine consumption for
approximately .23 years of life.26 overall, potential smokers have
reduced their nicotine intake by approximately 32 percent27 to cut the
1ife shortening effects of smoking by .53 years, Or 27 percem:.28
Further Demographic Analysis

The scope of our study has been limited by the lack of a fully realistic
model of lifetime nicotine consumption. Such a model would incorporate life-
rime responses in the context of a cunulative harm function, and hence would
yield rich predictions regarding expected responses of individuals depending
upon age, expected length of life, and other factors. To suggest the impli-
cations that might arise from analysis of individual responses, consider the

hypothesis of fered by Schultz (1975) that disclosures such as we have been

26 Using the equation in Appendix €, an 18 percent reduction in nicotine
intake translates to approximately four cigarettes of pre-1953 nicotine
intensities; thus, (.058)(4) = 23,

27
percent Of potential smokers and an 18 percent reduction by the remaining 82.5
percent.

28 st is, 17.5 percent of potential smokers save two years of life and
82,5 percent save .23 years. Hence, the average saving is .53 years or
approximately 27 percent of the ‘expected 2 years of lost life associated with
lifelong smokirg.
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discussing will be assimilated more efficiently by more highly educated
individuals. This hypothesis can be tested using information provided in the
CDC data base. In particular, consider two randam samples of adults (25 or
older) who smoked in 1958 and 1963, respectively.

We wish to explain the five year probability of quitting in either sample
as a function of individuals' characteristics such as sex, age, income and
education. But, more importantly, we wish to determine (a) whether the
probability of quitting in the post 1964 period is higher compared to the
pre-1964 period, and (b) whether all individuals evinced the same change in
the probability of quitting after 1964. The samples were therefore combined,
and individuals in the post-1964 sample were identified by a zero—one dumny
variable (Dg4) equal to one.

The following relation was then estimated by probit analysis:

(10) ng = £ (Xi, Dgg¥i),
where Qij is the probability that the ith individual smoking in sample j,
i.e., in year t, will quit during years t thru t+4, and X; is a vector of
individual characteristics. The cooefficients on the vector of variables X
measure their influence on the decision to quit, absent the existence of the
1964 Report. The coefficients on the interaction terms (D64X) measure the
marginal effect of these variables on the probability of quitting, given the
appearance of the 1964 Report.

Column 1 in Table V lists the estimated pre~1964 coefficients on variaus
sex, age, income and education characteristics. Translating the meaning of

the probit coefficients, the value of the constant term suggests that, prior




Table V

Probit Analysis of the Probability of Quitting Cigarette Smoking

Coefficient
(Asynp. t-value)

Interaction terms:

Dg 4 Variable

Constant -1.31
(7.70)
Age
Less than 35 -.144
| (.88)
35-45 -.110
(.67)
46-55 .059
(.36)
% Incame
i
. Less than $5,000 .001
(.02)
More than $15,000 .220
(2.62)
g Education
(.19)
College Grad. 0065
(.10)
3 Female ~.251
(3.64)
Dg4 .454
(2.27)
Number of Observations 6457
| Mean Prob. of Quitting .101

-.333
(1.74)

-.312
(l.61)

-.364
(1.85)

.0001
(.04)

-.026
(.23)

-.067
(.68)

.249
(1.75)

-.068
(.74)
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Table V {(continued;

The coefficients represent the number of standard deviations from the midpoint
of the normal distribution. Thus, the constant term implied that a male over
55 years old who graduated high school, but not coollege, and who earned
$5,000-515,000, annually, exhibited a five-year probability of quitting prior
to 1964 that is represented by the area under the normal curve that lies to
the left of 1.31 standard deviations from the midpoint. This probability is
.095. Females with the same demographic characteristics exhibited a probabil-
ity of quitting equal to .06, which is the area under a normal curve to the
left of -1.31 -.251 standard deviations fram the midpoint, etc.

Qe
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The significant coefflcient on the dummy variable Dgy suggests that the

o

same propability of quitting rose oy 454 standard deviations oOr 9.9 per-
cent after the appearance of the Surgeon General’s Report. Interaction Lerms,
shown in column 2 of the table, summarize the differential impact of the
information by individual characteristics. These coefficients show that the
post-1964 effect was significantly smaller, put still positive, for younger
age groups, and significantly greater for individuals who possessed a college
degree.

An evaluation of these age results would require a full specification of
expected responses tO new information over lifetimes, given cumulative harm
from smoking. But the stronger reaction of more educated individuals (i.e.,
college graduates) is consistent with Schultz's hypothesis. Perhaps infor-
mation discldsure policies are more effective when goods are consumed
intensely by more educated individuals.

Conclusion

The results of this study mast be interpreted cautiously and, with
respect to the magnitude of the estimated consunption responses, somewhat
skeptically. As we have stressed previously, the report cannot by itself
establish the success Or failure of infommation disclosures as a public policy
approach. sSuch & Judgrent would rejuire that we know precisely now rational

consuers should react to cigarette health warnings. Further, reductions in

29 ye incone variable reflects an individual's family income in 1975,

Tt is, hence, only a proxy for relative incame position in 1959 or 1964.
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cigarette consumption attributable to these warnings may have been consider-
ably smaller than we have estimated. Since the catchall secular trend vari-
able playé such a praminent role in the estimating equations, unidentified
factors may have been responsible for at least part of the measured change in
trend after 1964.

Nevertheless, our results do seem powerful enough to reject the hypo-
thesis that health disclosures have had no impact on cigarette consumption.
In addition, it is clear that the disclosures have influenced start and quit
rates rather than smoking intensity, and that the resulting decline in smoking
participation has conferred important long-run health benefits. Finally, and
most surprisingly, the study casts some doubt on the popular belief that the

1968-71 counter commercials were a uniguely potent anti—snoking' influence.




Appendix A

Description of Cohort Data Base

In 1975, the Center for Disease Control (CDC) developed a data base on
12,000 individuals' lifetime smoking habits for a national sample of men
and women aged 21 and older. The age and date at which each individual
started smoking, if ewer, and the age and date each individual quit, if
ever, is provided for all sample partic:ipam:s.l "Hence, each individual
can be classified as a newer, current, or former smoker for each age and
year of his life. Using this data, smoking participation rates can be
determined, by age, to create a time series that accurately reflects
temporal changes in national patterns of smoking.2

Prior to this aggregation, however, the data must be adjusted because
smokers tend to die faster than nonsmokers. For example, to estimate the
proportion of 50-year-old men smoking in 1955, the information provided by
the 75year-old men must be used. But of the 50-year-old men living in
1955, fewer smokers than nonsmokers are alive in 1975. This biases upward
the probability of sampling 75-year—old men in 1975 who were nonsmdkers in
1955, The data were adjusted as tollows to account for this systematic

difference in death rates.

1 Periods during which individuals quit temporarily are not reported.
But of a sub-sample of 3,600 individuals who did report all quit periods
over their lifetimes, 9 percent quit smoking temporarily for an average of
four years. Hence, the average smoker quit smoking for .36 years over a
lifetime of smoking that exceeds 30 years.

2 Note that because the sample respordents are at least 21 years of
age in 1975, observations on smoking habits of, say, l6-year-olds, can only
be generated for years prior to 1971, Similarly, because respondents are
typically 75 years old or less, oobservations on smoking habits for 60-year-
olds can only be generated for years after 1959, Thus, a time series fram
cohort data cannot include all ages for the full time series.
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If the death rate for 74-year-old never smokers is d, and if the ratio
of the death rate of smokers to nonsmokers at this age is g, then one
75-year-old smoker in 1975 should be counted as 1/(l-dg) smokers at age 74
in 1974, and one nonsmoker should be counted as 1/(1-d) individuals in
1974. 1In general, a smoker at age i-l1 at year t-1 must be counted as

Xj-1,t-1 = Xit / 1-4;9;

smokers where g; is the relative mortality rate of smokers to nonsmokers
at age i (Dorn, 1958), and di is the mortality rate for (male-female)
never smckers at age i,l with a similar correction for nonsmokers.
Mortality statistics do not exhibit significantly lower death rates for
former cawpared to aurrent smokenfs»;2 hence, adjustments were made for
all former and current smokers in 1975. The death-adjusted data base was
then used to analyze the particulars of consumer responses to the 1964
Report.

Finally, it is noted that the CDC deliberately biased the sample to
include more "ever" smokers. While the randam probability of interviewing
an "ever" smoker is P, where is the true proportion of "ever" smokers in
the population, the sample increaéed this probability to fP/(fP + 1-P); for

males, £ = 1.56 and, for females, f = 1.93. Thus, to convert the canputed

1 di is eyual to Dj/(l+(gj~l)hj), where D; is the death rate
for smokers and nonsmokers in standard mortality tables, and h; is the
proportion of males/females that smoke at age i (HEW, 1956).

2 Theoretically, smokers who quit are assumed to increase their 1life
expectancy campared to nonquitters. But because of selectivity problems,
former smokers in general are not necessarily expected to live longer than
current smokers. More detail on this matter is provided in Appendix C.
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praportion of adults that smoke to reflect the actual level of participa-
tion, male/fem;le proportions were adjusted by the appropriate value of f.
To compute an wmbiased start rate (also utilized in the text), the
following adjustment was made. [Let Rjy be the number of individuals that
started smoking at age 1 in year t, and let Nj_j ¢-1 be the number of
individuals of age i-l in year t-1 who had not yet started smoking. Then
the start rate in a nonstratified sample is Ri¢/ Nj-1,t-1)s I &
stratified sample, it is easily shown that the unbiased start rate is equal
to Riy/[Nj-1,t-1 + (E-L)Ny] where b = [i+(1975-t), 1975] appropriately

adjusted for the different death rates.

—45-




Appendix B

~ Sensitivity of Smoking Participation to Price and Income

To test the sensitivity of the smoking decision to levels of price and
income, two data sets were employed. The CIC data base (see Appendix A)
reported incame levels for its survey respondents in 1975; the Dorn data

 base (see Appendix C) effectively reported average retail price facing each

consumer in its suwrwey in 1955.l In each case, an attempt was made to
explain the probability of smoking as a function of incame or price; other
independent variables were available in the CDC data base. Since older
individuals typically quit for various health reasons, the analysis was
performed for relatively young adults. The probit results, as well as
relevant sample information, are listed in Table VI.

While education, sex and age variables have a significant impact on
the probability of smoking, income and price exhibit no apparent effect.
The t-values on the price ‘and incane variables are insignificant at any
reasonable level of significance. These results are consistent with the
hypothesis that aggregate price and incame effects on per capita cigarette
consumption owe their existence solely to intensity effects. Herce,
participation rates are left unadjusted for price and incame effects in the

text.

1 In fact, the survey reports state of residence; average price sta-
tistics are then available fram the Tobacco Tax Council. Prices in 1955
vary between 18 and 29 cents per pack owing primarily to differential tax
rates across states,

|
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Probit Analysis of the Probability of Smoking Cigarettes

Table VI

CDC Data: 1975 Dorn Data: 1955
Independent
variable Coeff. Asymp, "t" Coeff. Asymp. "t"
Constant .007 .35 420 25,57
Incane (family)
Less than $5,000 .015 .26
$5,000 - 9,999 044 74
$10,000 - 14,999 -.095 1.44
more than $20,000 -.070 99
Price (per pack)
Less than 20 cents .005 .16
More than 24 cents .009 .20
Education
Not H.S. Grad. 322 6.04
College Grad. -.316 5.64
Age
Less than 25 -.097 1.98
25-29 -.053 1.16
Female -,210 5.53
Mean 44 .66
Age Limits 21-35 30-35
Number of Obs. 4555 10286
Log of Likelihood -3046 -6543
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Appendix C

Life Expectancy and Nicotine Intake

To evaluate the life-saving benefits of consumer substitutions away fram
nicotine intake, an estimate of the relation between cigarette smoking and age
of death was derived using data oollected for the Dorn study on same 200,000
(mostly) white male veterans holding U.S. life insurance policies in
1954.1 This study provides information for each individual regarding
intensity and duration of cigarette smoking and the age of death is provided
for all individuals who died during ensuing years.

For our purposes, the tape is particularly useful because it summarizes
individﬁals' smoking histories over a period in which most smokers consumed
similar (i.e., nonfiltered regular) cigarettes; hence, there tends to be a

“one-to-one correspondence between cigarettes smoked and nicotine consumed. To
maintain this correspondence, only individuals who died between 1954 and 1958
were included in the data pool. This choice resulted in an initial sample
size of over 15,000 deaths. But owing to a seriaus selectivity problem, and
because we were not interested in calaulating the short run benefits of quit-
2

ting, decadents who were former smokers were eliminated from the sample.

The sample was also purged of individuals who provided incamplete information

1 The medical literature has reported various results that relate the
probability of death to the activity of smoking. But because these proba-
bilities are lumped for wide age groups and because the effects of cigarette
smoking intensity and age started are not considered separately, it is not
generally possible to derive a continuous relation between smoking and age of
death from published data.

2 gsmokers that quit smoking are normally expected to enhance their life
expectancies. Hence, age stopped smoking is presumably a relevant determinant
of life expectancy for former smokers. But, many individuals who quit prior

to the 1964 Surgeon General's FReport, did so because smoking was noticeably
causing or aggravating health problems.
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on smoking habits. Thus, 11,007 decedents were included in the analysis. Of
these, approximately half were never smokers and half current smokers.
Smokers' lifespans were expected to be generally shorter than never

amokers, Among smokers, the 1ife-shortening effect of smoking was expected to

be greater for intense smokers and earlier starters. Thus, the following
equation was estimated:

A= Dby + byC + b3CI + byCs + BK + e.
A is the number of adult years lived by the decedent (i.e., A is actual years

minus 17), I is the number of cigarettes smoked in excess of 20 per day,l

S is the age at which a smoker began his habit minus 17, and C is a zero-one
dwnmy variable that equals one for smokers. Thus, the coefficient by is an
estimate of adult life expectancy for never smokers and b, is an estimate of
life iost for a smoker that starts the habit at age 17 and consumes 20 regular
nonfiltered cigarettes per day. The coefficients by and by measure the
1ife-shortening effects of consuming more than 20 cigarettes per day or start—
ing before age 17. When interpreting these coefficients, recall that most
male smokers begin smoking after age 12 and before age 30; hence the equation

cannot legitimately be extrapolated beyond these ages.

1 The intensity figure relevant at the time of the survey, 1954, was
averaged with each smoker's maximum swoking intensity over his life span. In
most cases, the two rates were identical. Each individual in the sample was
assumed to continue his 1954 smoking habit until the time of his death, one to
four years later.

Daily cigarette consumption is reported in five year categories: 10 or
less, 11-20, 21-40, and more than 40. To create a continuous intensity index,

these variables were set equal to 5, 15, 30 and 45.
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Finally‘, K, represents numerous zero-one dummy variables that account for
accidental deaths, and decedents' occupation and place of residence (by region
and city size). But other variables that are clearly relevant to age of
death, including alchohol consumption, weight-height ratios, family medical
histories, etc., were not available. Hence, much of the variation in age of
death was not explained by the model.

Various nonlinear equations were fitted to the data but were found
inferior to a simple linear fit. The linear equations were estimated using
ordinary least squares and the results are listed in Table VII. The signs on
all the smoking variables are correct and highly significant. Never smokers
in the sample enjoyed an adult life expectancy of 49.01 years (i.e., an
expected life of 48,96 + 17 = 65,96 years). An individual who smoked 20
cigarettes per day beginning at age 17 lost approximately 2.35 years of life.
The 95 percent confidence intervals fall roughly in the range 2-2.5 years. An
individual who started five years later generally saved approximately .6 years
of life and one that smoked 40 cigarettes per day expected to lose an

additional 1.16 years of life.




TABLE VII

amoking and Adult Life Expectancy
(t=value in parenthesis)

Intercept C Cs CI R2 n
48,96 -2.35 122 -.058 .067 11007
(80.37) (=10.30) (11.02) (-8.05)

Additional Parameter Estimates

Supporting Life Expectancy Equation
Accidental Death -4,00
(~10.28)
Professional .75
(3.53)
Managers -.30
(-1.38)
Clerical and Sales -.57
(-2.60)
Craftsmen -.14
(=.57)
Household workers -.80
(-1.89)
large city (over 100,000) .80
(.63)
Rural 02
(.08)
Male -~1.00
(-1.61)
CcT, ME, NH, RI, VT .62
(1.72)
NJ, NY, PA .07
(.42)
IL, IN, MI' OH’ WI -036
(=2.02)
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TABLE VII (Continued)

IA’ KS' MN,‘ m' NE, SD —019
(-.91)

DE, DC, FL, GA, MD, NC, .26
SC' VA' W (1'26)
AL, KY, MS .02
(.05)

AR' LA, OK, X -025
(-.97)

CO' ID, MI" NV, NM, [ﬂ', WY -.45




Apperdix D

Camplete Results for Regressions
Supporting Table IT

The questionnaire used to collect the CCA data was altered in 1955 and
1961, The variables Al and A2 were included to account for these changes.
Prior to 1955, the smoking participation rate could be estimated directly fram
responses to a question which asked simply whether or not survey respondents
smoked. Beginning in 1955, however, consumers were asked first whether they
smoked nonfilter cigarettes and, in a separate question, whether they smoked a
filter brand. We aggregated these two sets of responses to derive an overall
smoking participation rate and introduced the variable Al to adjust for any
double counting that would result if some respondents smoked both filter and
nonfilter cigarettes.

In 1961, the questionnaire was redesigned to ascertain actual purchase
behavior. Rather than asking consurers whether they considered themselves
smokers or nonsmokers, the new questionnaire asked whether respondents had
purchased any cigarettes for their own use during the preceding week. The
variable A2 should correct for any systematic response changes caused by this

shift in questionnaire orientation.
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TABLE VIII

CCA Data Set
Standard T
Variable Estimate Error Value
Intercept (Milwaukee) 25.31 2.482 10.20
Lagged Proportion 55 .004 12.58
t (time index 1947=1, 1948=2, etc) -.41 .269 -1.53
D53 (1 for years after 1952) 1.21 .832 1.46
D3 (time index 1953=1,1954=2, etc) -,03 .303 -.09
D64 (1 for years after 1963) -5.12 873 -5.86
D4 (time index 1954=1, 1955=2, etc) .40 .305 1.31
D68 (1 for years after 1967) -2.85 1.176 -2.42
D71 (1 for years after 1970) -.70 1.243 -.56
Al (1 for years after 1954) 3.27 .796 4,11
A2 (1 for years after 1960) 2.73 793 3.44
Omaha 11 779 .14
Philadelphia 1.32 2,061 .64
St. Paul ~-1.05 o125 -1.45
Columbus .82 .744 1.11
San Jose -.81 .925 .38
Seattle -1.50 790 -1.90
Birmingham -.61 1.662 -.37
Spokane ~-4.46 2.054 -2.17
Duluth-Superior -3,27 977 -3.35
WaShirgtOn, D.C. _1.14 10103 "'1003
Portland, ME 3.64 1.380 2.64
Cincinnati -.36 1.221 -.29
Honolulu 51 1.095 .46
Phoenix 22 .863 25
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Portland, OR
Newark, NJ
Chicago

Denver

Wichita
Providence
Pensacola

West Palm Beach

TABLE VIII (continued)

-2.18 1,182
1.006 1.347
1.51 1.460
-.96 .820

-1.80 1.109
3.05 1.000

-1.28 1.654

-3.05 1.462

55~
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1.03
-1.17
-1.62

3.05

=77
-2.08




© TABLE 1X

CIC Data Set
Standard T
Variable Estimate Error Value
Intercept (age 21) 24,18 4,225 5.72
Lagged proportion .24 .028 8.59
t (time index 1947=1,1948=2, etc) .19 .203 .92
D53 (1 for years after 52) .24 .567 .43
D3 (time index 1953=1,1954=2, etc) ~-.13 .194 -.65
D64 (1 for years after 63) -.09 .640 -.15
D4 (time index 1964=1,1965=2, etc) -.52 .168 -3.10
D68 (1 for years after 67) .36 .670 .53
D71 (1 for years after 70) -.52 .591 -.89
Price (real price of cigarettes) .005 .005 1.08
Inc. (Real income per capita) .009 .024 .37
Age 12 -31.23 1.627 -19.19
13 -29.79 1.535 -19.41
15 -24,79 1.361 -18.21
16 -20.38 1.253 -16.26
17 -16.51 1.159 ~-14.24
19 -5.63 .982 -5.73
20 -1.90 951 -2,00
22 1.46 941 1.55
23 2.30 .944 2,44
24 , ' 2.92 946 3.09
25 4,16 .955 4,36
26 4.37 953 4,59
27 4,05 .953 4.24
28 4,22 953 4.43

29 3.97 .952 4.17




Variable

Age 30
31
32
33
34
35
36
37
38

.39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

TABLE IX (Continued)

Estimate
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-1.65
-2.33
-3.14
-3.57
-4,35
-4.75
-5.27
-6.32
-6.58
-7.0%
-8.03
-8.68
-9.40
-9.99
-10.38
-10,75
-11.59
~12.25
-12.85
-13.39
-14.78
-15.62
-16.15
-16.40
-16.96
-17.25
-17.37

-5

Standard
Error

.955
950
.949
.948
.946
.948
.944
942
.941
.940
.940
.940
. 940
.941
.943
944
.948
952
.964
977
.990
1.010
1.026
1.044
1.066
1.086
1.111
1.135
1.159
1.184
1.214
1.256
1.293
1.336
1.387
1.439
1.49%
1.562
1.638
1.737
1.853

T
Value
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-1.75
-2.47
-3.31
-3.75
-4.51
-4.86
-5.32
-6.27
-6.41
-6.78
~-7.52
-8.00
-8.47
-8.80
-8.96
-9,07
-9.55
-9.75
-9.94
-10.02
-10.66
-10.85
-10.80
-10.50
-10.35
-9.93
-9.38




Appendix E

Full Parameter Estimates for Table III

TABLE X
Males 12 - 16 Females 12 - 16
X ¢5 5<X 10 X <5 5<X ¢10
D4 1.43 1.30 1.19 2.07
(.65)* (.48) (.42) (1.36)
(.85) (.60) {.62) (1.96)
Dj3 .64 .91 -.98 31
{.86) {(.61) (.57) (1.73)
Dy 4 -.34 1.75 .09 -.16
D5 17 1.60 -.46 .17
(.82) (.58) {.54) (1.62)
Dig A2 1.84 1.05 -.66
(.81) (.58) (.54) (1.62)
Ey 1.16 .69
(.85) (.57)
E3 1.12 .86
(.86) (.57)
E4 .39 1.42
(.88) (.59)
Es .54 1.31
(.89) {.60)
(.58) (1.66)
Eg -.58 -.11
(.61) (1.74)
E9 -1.30 2.37
(.64) (1.85)
E10 -1.20 2.55
(.68) (2.00)

* Standard errors in parentheses.




TABLE XI

Males 12 - 16

Females 12 -16

~59-

X<5 5<X<10 X<5 5<X<10
D17 .63 1.04 .95 .82
(+55) (.62) (.64) (.66)
Dig 1.29 .54 1.27 1.05
(.55) (.62) (.64) (.66)
l)lg 1085 .94 1088 1.00
(.55) (.62) (.63) (.66)
(.55) (.62) (.63) (.66)
E2 008 -014
(.58) (.67)
Eq -.01 -.88
(.60) (.69)
Eq .01 -.72
(.61) (.71)
Es -2.82, .30
(.63) (.73)
E" -o26 066
(.66) (.70)
Eg .94 .66
(.68) (.73)
E9 ".10 .39
(.72) (.77)
(.78) (.83)




TABLE XII

Males 21 - 24 Females 21 - 24
X <5 5<X <10 X <5 5<X <10
De4 1.10 3.95 2.06 .17
(.69) (1.73) (.64) {.98)
Doy 1.49 -.34 1.01 50
(.91) (1.57) (.85) (.90)
Do2 1.04 -.47 21 .03
(.91) (1.80) (.86) (1.05)
Dy3 .56 -1.51 1.13 -1.08
(.96) (2.15) (.86) (1.13)
D24 -066 7054 "'ols -005
(.99) (2.76) (.89) (1.40)
E2 -|04 '73
(.99) (.91)
E3 -.91 -.21
(1.01) (.94)
Ey 1.28 -.74
(1.04) (.96)
(1.08) (.99)




TABLE XIII

Males 25 - 28

Females 25 - 28

Dg4

D25

D26

D27

D28

E3

Eq

1.85
(1.43)

1.36
(1.39)

_1024
(1.83)

3.48
(2.55)

-2,97
(2.24)

4.33
(1.78)

-1.60
(1.99)

-1.09
(2.18)
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Al
(1.67)

-cl7
(1.61)

"'1079
(2.13)

3.20
(2.50)

3.90
(2.53)

2.23
(2.01)

4.66
(2.26)

1.09
(2.58)




TABLE XIV
Coefficients on Age Variables
for Table IV
Intensity Nicotine

Age 21 1.91 2,38
(.24)% (.05)

22 1.88 2.39
(.25) (.05)

23 1.66 2.41
(.25) (.05)

24 1.89 2.38
(.25) (.05)

25 1.67 2.38
(.26) (.05)

26 1.81 2.35
(.25) (.05)

27 1.66 2.35
(.25) (.05)

28 1.64 2.35
(.25) (.05)

29 1.77 2.38
(.26) (.05)

30 l.61 2,38
(.26) (.05)

31 1.50 2.36
(.26) (.05)

32 1.59 2.35
(.26) (.05)

33 1.63 2.34
(.26) (.05)

34 1.47 2,37
(.26) (.05)

35 1.51 2,38
(2.6) (.05)

* Stardard Errors in Parenthesis.
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