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THE SECRETARY OF HEALTH AND HUMAN SERVICES
WASHINGTON. O C 20201

SEP 13 19%0

The Honorable Thomas S. Foley

Speaker of the House of
Representatives

Washington, D.C. 20515

Dear Mr. Speaker:

It is my pleasure to transmit to the Congress the 1990 Surgeon General's
Report on the health consequences of smoking as mandated by Section 8(a) of
the Public Health Cigarette Smoking Act of 1969 (Pub. L. 91-222). The report
was prepared by the Centers for Disease Control's Office on Smoking and Health.

This report, entitled The Health Benefits of Smoking Cessation, examines how
an individual's risk of smoking-related diseases declines after guitting
smoking. The evidence 1s overvhelming that smoking cessation has major and
immediate health benefits for men and women of all ages. Smoking cessation
increases overall life expectancy and reduces the risk of lung cancer, other
cancers, heart attack, stroke, and chronic lung disease such as emphysema.

The health benefits of smoking cessation far exceed any risks from the average
5-pound welght gain or any adverse psychological effects that may follow
quitting.

Cigarette smoking is the most important preventable cause of death in our
soclety. It is responsible for approximately 390,000 deaths each year in the
United States, or more than one of every six deaths. We must do all we can to
prevent young people from taking up this deadly addiction, and we must help
smokers quit. Given the enormous benefits of smoking cessation, and the fact
that good smoking cessation programs can achieve abstinence rates of 20 to 40
percent at one-year followup, these programs are likely to be extremely
cost-effective compared with other preventive or curative services.
Therefore, I would encourage health insurers to provide payment for smoking
cessation treatments that are shown to be effective. At a minimum, the
treatment of nicotine addiction should be considered as favorably by
third-party payors as treatment of alcoholism and illiclt drug addiction.

This report should help convince all smokers of the compelling need to quit
smoking.

Sincerely,

Louis W. Sullivan, M.D.
Secretary

Enclosure
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The Honorable Dan Quayle
President of the Senate
washington, D.C. 20515

Dear Mr. President:

It is my pleasure to transmit to the Congress the 1990 Surgeon General's
Report on the health consequences of smoking as mandated by Section 8(a) of
the Public Health Cigarette Smoking Act of 1969 (Pub. L. 91-222). The report
was prepared by the Centers for Disease Control's Office on Smoking and Health,

This report, entitled The Health Benefits of Smoking Cessation, examines how
an individual's risk of smoking-related diseases declines after quitting
smoking. The evidence is overwhelming that smoking cessation has major and
immediate health benefits for men and women of all ages., Smoking cessation
increases overall life expectancy and reduces the risk of lung cancer, other
cancers, heart attack, stroke, and chronic lung disease such as emphysema.

The health benefits of smoking cessation far exceed any risks from the average
S-pound weight gain or any adverse psychological effects that may follow
quitting.

Cigarette smoking 1s the most important preventable cause of death in our
soclety. It is responsible for approximately 390,000 deaths each year in the
United States, or more than one of every six deaths. We must do all we can to
prevent young people from taking up this deadly addiction, and we must help
smokers quit, Given the enormous benefits of smoking cessation, and the fact
that good smoking cessation programs can achieve abstinence rates of 20 to 40
percent at one-year followup, these programs are likely to be extremely
cost-effective compared with other preventive or curative services.
Therefore, 1 would encourage health Insurers to provide payment for smoking
cessation treatments that are shown to be effective, At a minimum, the
treatment of nicotine addiction should be considered as favorably by
third-party payors as treatment of alcoholism and illicit drug addiction.

This report should help convince all smokers of the compelling need to quit
smoking .

Sincerely,
- s )
ey Y /V,wﬁ(z/rm/(/

Louils W. Sullivan, M.D.
Secretary
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FOREWORD

More than 38 million Americans have quit smoking cigarettes. and nearly half of all
living adults who ever smoked have quit. Unfortunately, some 50 million Americans
continue to smoke cigarettes, despite the many health education programs and anti-
smoking campaigns that have been conducted during the past quarter century. despite
the declining social acceptability of smoking. and despite the consequences of smoking
to their health. . .

Twenty previous reports of the Surgeon General have reviewed the health effects of
smoking. Scientific data are now available on the consequences of smoking cessation
for most smoking-related diseases. Previous reports have considered some of these
data. but this Reporlvis the first to provide a comprehensive and unified review of this

" topic.
The major conclusions of this volume are:

1. Smoking cessation has major and immediate health benefits for men and women
of all ages. Benefits apply to persons with and without smoking-related disease.

2. Former smokers live longer than continuing smokers. For example, persons
who quit smoking before age 50 have one-half the risk of dying in the next 15
years compared with continuing smokers.

3. Smoking cessation decreases the risk of lung cancer, other cancers, heart attack,
stroke, and chronic lung disease.

4. Women who stop smoking before pregnancy or during the first 3 to 4 months
of pregnancy reduce their risk of having a low birthweight baby to that of
women who never smoked.

5. The health benefits of smoking cessation far exceed any risks from the average
S-pound (2.3-kg) weight gain or any adverse psychological effects that may
follow quitting.

With the long-standing evidence that smoking is extremely harmful to health and the
mounting evidence that smoking cessation confers major health benefits. we remain
faced with the task of developing effective strategies to curtail the use of tobacco. Two
broad categories of intervention are available: prevention of smoking initiation among
youth and smoking cessation. Resources for tobacco control are limited. and
policymakers must decide how best to allocate those resources to smoking prevention
and cessation.

The goal of public health is to intervene as early as possible to prevent disease.
disability. and premature death. From that stundpoint. preveation of smoking initiation



should be a mugor priority. More than 3.000 teenagers become regular smokers each
day in the United States. Because of the strength of nicotine addiction. some have
argued that public health efforts should focus on smoking prevention rather than
smoking cessation. However. this need not be an “either-or™ situation.

Public health practitioners have categorized interventions into primary. secondary,
and tertiary prevention. Primary prevention generally refers to the elimination of risk
factors for disease in asymptomatic persons. Secondary prevention is defined as the
early detection and treatment of disease. and is practiced using tools such as Pap smears
and blood pressure screening. Tertiary prevention consists of measures to reduce
impairment, disability. and suffering in people with existing disease.

Smoking cessation falls under the category of primary prevention as does the
prevention of smoking initiation. Smoking cessation meets the definition of primary
prevention by reducing the risk of morbidity and premature mortality in asymptomatic
people. In addition, parents who quit smoking reduce or climinate the risk ot passive-
smoking-related disease among their children and reduce the probability that their
children will become smokers. Thus, there should be no debate about the need for
smoking prevention versus cessation—both are important.

Public awareness of the health effects of smoking has increased substantially through
the years. Nevertheless, important gaps in public knowledge still exist. Some smokers
may have failed to quit because of a lack of appreciation of the health hazards of
smoking and the benefits of quitting. In the 1987 National Health Interview Survey of
Cancer Epidemiology and Control. respondents were asked whether smoking increases
the risk of various diseases (lung cancer. cancer of the mouth and throat. heart disease.
emphysema, and chronic bronchitis) and whether smoking cessation reduces the risk.
Thirty to forty percent of smokers either did not believe that smoking increases these
risks or did not believe that cessation reduces these risks. These proportions correspond
to 15 to 20 million smokers in the United States. Clearly. our efforts to educate the
public on the health hazards of smoking and the benefits of quitting are not yet complete.

As we continue and intensity our efforts to inform the public of these findings. we
must make available smoking cessation programs and services to those who need them.
Although 90 percent of former smokers quit without using smoking cessation programs.
counseling. or nicotine gum. smokers who do need this assistance should have it
available. We endorse the view expressed in the Preface to the 1988 Surgeon General's
Report that treatment of nicotine addiction should be considered at least as tavorably
by third-party payors as treatment of alcoholism and illicit drug addiction.  Good
smoking cessation treatments cun achieve abstinence rates of 20 to 40 percentat 1-year
tollowup. Those success rites. combined with the enormous health benefits of smoking
cessation. would likely make payvment for some smoking cessation treatments Cost-
beneficial. For example. rescarch by the Centers tor Disease Control suggests that a
smoking cessation program offered to all pregnant smokers could save 35 for every
dolar spent by preventing low birthweight-associated neonatal intensive care and
long-term care.



This Report should galvanize the health community to stress repeatedly at every
opportunity the value of smoking cessation to the 50 million Americans who continue
to smoke.

James O. Mason. M.D.. Dr.P.H. William L. Roper. M.D.

Assistant Secretary for Health Director
Public Health Service Centers for Disease Control
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PREFACE

This Report of the Surgeon General is the 21st Report of the U.S. Public Health
Service on the health consequences of smoking and the first issued during my tenure
as Surgeon General. Whereas previous reports have focused on the health effects of
smoking, this Report is devoted to the benefits of smoking cessation.

The public health impact of smoking is enormous. As documented in the 1989
Surgeon General's Report. an estimated 390,000 Americans die each year from diseases
caused by smoking. This toll includes 115.000 deaths from heart disease: 106,000 from
lung cancer: 31,600 from other cancers; 57.000 from chronic obstructive pulmonary
disease; 27,500 from stroke: and 52.900 from other conditions related to smoking.
More than one of every six deaths in the United States are caused by smoking. For
more than a decade the Public Health Service has identified cigarette smoking as the
most important preventable cause of death in our society.

It is clear, then, that the elimination of smoking would yield substantial benefits for
public health. What are the benefits, however, for the individual smoker who quits? A
large body of evidence has accumulated to address that question and derives from cohort
and case—control studies, cross-sectional surveys, and clinical trials. In studies of the
health effects of smoking cessation, persons classified as former smokers may include
some current smokers; this misclassification is likely to cause an underestimation of
the health benefits of quitting. Taken together. the evidence clearly indicates that
smoking cessation has major and immediate health benefits for men and women of all
ages.

Overall Benefits of Smoking Cessation

People who quit smoking live longer than those who continue to smoke. To what
extent is a smoker’s risk of premature death reduced after quitting smoking? The
answer depends on several factors, including the number of years of smoking, the
number of cigarettes smoked per day, and the presence or absence of disease at the time
of quitting. Data from the American Cancer Society’s Cancer Prevention Study Il
{CPS-II) were analyzed in this Report to estimate the risk of premature death in
ex-smokers versus current smokers. These data show, for example, that persons who
quit smoking before age 50 have one-half the risk of dying in the next 15 years compared
with continuing smokers.

Smoking cessation increases life expectancy because it reduces the risk of dying from
specific smoking-related diseases. One such disease is lung cancer, the most common
cause of cancer death in both men and women. The risk of dying from lung cancer is
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22 times higher among male smokers and 12 times higher among female smokers
compared with people who have never smoked. The risk of lung cancer declines steadily
in people who quit smoking: after 10 years of abstinence, the risk of lung cancer is about
30 to 50 percent of the risk for continuing smokers. Smoking cessation also reduces
the risk of cancers of the larynx. oral cavity. esophagus, pancreas. and urinary bladder.

Coronary heart disease (CHD) is the leading cause of death in the United States.
Smokers have about twice the risk of dying from CHD compared with lifetime
nonsmokers. This excess risk is reduced by about half among ex-smokers after only 1
year of smoking abstinence and declines gradually thereafter. After 15 years of
abstinence the risk of CHD is similar to that of persons who have never smoked.

Compared with lifetime nonsmokers. smokers have about twice the risk of dying from
stroke, the third leading cause of death in the United States. After quitting smoking.
the risk of stroke returns to the level of people who have never smoked; in some studies
this reduction in risk has occurred within 5 years. but in others as long as 15 years of
abstinence were required.

Cigarette smoking is the major cause of chronic obstructive pulmonary disease
(COPD). the ftifth leading cause of death in the United States. Smoking increases the
risk of COPD by accelerating the age-related decline in lung function. With sustained
abstinence from smoking. the rate of decline in lung function among former smokers
returns to that of never smokers, thus reducing the risk of developing COPD.

Influenza and pneumonia represent the sixth leading cause of death in the United
States. Cigarette smoking increases the risk of respiratory infections such as influenza.
pneumonia. and bronchitis. and smoking cessation reduces the risk.

Cigarette smoking is a major cause of peripheral artery occlusive disease. This
condition causes substantial mortality and morbidity: complications may include inter-
mittent claudication, tissue ischemia and gangrene. and ultimately. loss of limb.
Smoking cessation substantially reduces the risk of peripheral artery occlusive disease
compared with continued smoking.

The mortality rate from abdominal aortic aneurysm is two to five times higher in
current smokers than in never smokers. Former smokers have halt the excess risk of
dying from this condition relative to current smokers. :

About 20 milhon Americans currently have. or have had. an ulcer of the stomach or
duodenum. Smokers have an increased risk of developing gastric or duodenal ulcers.
and this increased risk is reduced by quitting smoking.

Benefits at All Ages

According to a 1989 Gallup survey. the proportion of smokers who say they would
like to give up smoking is lower for smokers aged 50 and older (57 percent) than for
smokers aged 18-29 (68 percent) and 30-49 (67 percent). Older smokers may be less
motivated 10 quit smoking because the highly motivated may have quit already at
younger ages. leaving a relatively “hard-core™ group of older smokers. But many
long-term smokers may lack motivation to quit for other reasons. Some may believe
they are no longer at risk of smoking-related diseases because they have already
survived smoking for many years. Others may believe that any damage that may have
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been caused by smoking is irreversible after decades of smoking. For similar reasons.
many physicians may be less likely to counsel their older patients to quit.

CPS-1I data were used to estimate the effects of quitting smoking at various ages on
the cumulative risk of death during a fixed interval after cessation. The results show
that the benefits of cessation extend to quitting at older ages. For example. a healthy
man aged 60-64 who smokes 1 pack of cigarettes or more per day reduces his risk of
dying during the next 1S years by 10 percent if he quits smoking.

These findings support the recommendations of the Surgeon General's 19388
Workshop on Health Promotion and Aging for the development and dissemination of
smoking cessation messages and interventions to older persons. | am pleased that a
coalition of organizations and agencies is now working toward unplementation of those
recommendations, including the Centers for Disease Controli the National Cancer
Institute: the National Heart, Lung. and Blood Institute: the Administration on Aging:
the Department of Veterans Affairs: the Office of Disease Prevention and Health
Promotion: the American Association of Retired Persons: and the Fox Chase Cancer
Center. The major message of this campaign will be that it is never too late to quit
smoking.

Two facts point to the urgent need for a strong smoking cessation campaign targeting
older Americans: (1) 7 million smokers are aged 60 or older: and (2) smoking is amajor
risk factor for 6 of the 14 leading causes of death among those aged 60 and older. and
is a complicating factor for 3 others.

Benefits for Smokers with Existing Disease

Many smokers who have already developed smoking-related disease or symptoms
may be less motivated to quit because of a belief that the damage is already done. For
the same reason, physicians may be less motivated to advise these patients to quit.
However, the evidence reviewed in this Report shows that smoking cessation vields
important health benefits to those who already suffer from smoking-refated illness.

Among persons with diagnosed CHD, smoking cessation markedly reduces the risk
of recurrent heart attack and cardiovascular death. In many studies. this reduction in
risk has been 50 percent or more. Smoking cessation is the most important intervention
in the management of peripheral artery occlusive disease: for patients with this condi-
tion, quitting smoking improves exercise tolerance, reduces the risk of amputation after
peripheral artery surgery. and increases overall survival. Patients with gastric and
duodenal ulcers who stop smoking improve their clinical course relative to smokers
who continue to smoke. Although the benefits of smoking cessation among siroke
patients have not been studied. it 1s reasonable to assume that quitting smoking reduces
the risk of recurrent stroke just as it reduces the risk of recurrence of other cardiovascular
events.

Even smokers who have already developed cancer may benefit from smoking
cessation. A few studies have shown that persons who stopped smoking after diagnosis
of cancer had a reduced risk of acquiring a second primary cancer compared with
persons who continued to smoke. Although relevant data are sparse. longer survival
might be expected among smokers with cancer or other serious illnesses it they stop
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smoking. Smoking cessation reduces the risk of respiratory infections such as
pneumonia. which are often the immediate causes of death in patients with an under-
lying chronic disease.

The important role of health care providers in counseling patients to quit smoking is
well recognized. Health care providers should give smoking cessation advice and
assistance to all patients who smoke. including those with existing illness.

Benefits for the Fetus

Maternal smoking is associated with several complications of pregnancy including
abruptio placentae. placenta previa, bleeding during pregnancy. premature and
prolonged rupture of the membranes. and preterm delivery. Maternal smoking retards
fetal growth. causes an average reduction in birthweight of 200 g. and doubles the risk
of having a low birthweight baby. Studies have shown a 25- to 50-percent higher rate
of fetal and infant deaths among women who smoke during pregnancy compared with
those who do not.

Women who stop smoking before becoming pregnant have infants of the same
birthweight as those born to women who have never smoked. The same benefit accrues
to women who quit smoking in the first 3 to 4 months of pregnancy and who remain
abstinent throughout the remainder of pregnancy. Women who quit smoking at later
stages of pregnancy, up to the 30th week of gestation. have infants with higher
birthweight than do women who smoke throughout pregnancy.

Smoking is probably the most important modifiable cause of poor pregnancy cutcome
among women in the United States. Recent estimates suggest that the elimination of
smoking during pregnancy could prevent about 3 percent of perinatal deaths. about 20
percent of low birthweight births, and about 8 percent of preterm deliveries in the United
States. In groups with a high prevalence of smoking (e.g.. women who have not
completed high school). the elimination of smoking during pregnancy could prevent
about 10 percent of perinatal deaths. about 35 percent of low birthweight births. and
about 15 percent of preterm deliveries.

The prevalence of smoking during pregnancy has declined over time but remains
unacceptably high.  Approximately 30 percent of U.S. women who are cigarette
smokers quit after recognition of pregnancy. and others quit later in pregnancy.
However, about 25 percent ot pregnant women in the United States smoke throughout
pregnancy. A shocking statistic is that halt of pregnant women who have not completed
high school smoke throughout pregnancy. Many women who do not quit smoking
during pregnancy reduce their daily cigarette consumption: however. reduced con-
sumption without quitting may have little or no benefit for birthweight. Of the women
who quit smoking during pregnancy. 70 percent resume smoking within | year of
delivery.

Initiatives have been launched in the public and private sectors to reduce smoking
during pregnancy. These programs should be expanded. and less educated pregnant
women should be a special target of these efforts. Strategies need to be developed o
address the problem ot relapse after delivery.
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Benefits for Infants and Children

As a pediatrician. T am particularly concerned about the effects of parental smoking
on infants and children. Evidence reviewed in the 1986 Surgeon General's Report, The
Health Consequences of Iinvoluntary Smoking. indicates that the children of parents
who smoke, compared with the children of nonsmoking parents. have an increased
frequency of respiratory infections such as pneumonia and bronchitis. Many studies
have found a dose—response relationship between respiratory iliness in children and
their level of tobacco smoke exposure.

Several studies have shown that children exposed to tobacco smoke in the home are
more likely to develop acute otitis media and persistent middle ear effusions. Middle
eur disease imposes a substantial burden on the health care system. Otitis media Is the
most frequent diagnosis made by physicians who care for children. The myringotomy-
and-tube procedure, used to treat otitis media in more than 1 million American children
each year, is the most common minor surgical operation performed under general
anesthesia.

The impact of smoking cessation during or after pregnancy on these associations has
not been studied. However. the dose~response relationship between parental smoking
and frequency of childhood respiratory infections suggests that smoking cessation
during pregnancy and abstinence after delivery would eliminate most or all of the excess
risk by eliminating most or all of the exposure.

If parents are unwilling to quit smoking for their own sake. I would urge them to quit
for the sake of their children. Passive-smoking-induced infections in infants and young
children can cause serious and even fatal illness. Moreover. children whose parents
smoke are much more likely to become smokers themselves.

Smoking Cessation and Weight Gain

The fear of postcessation weight gain may discourage many smokers from trying to
quit. The fear or occurrence of weight gain may precipitate relapse among many of
those who already have quit. Inthe 1936 Adult Use of Tobacco Survey. current smokers
who had tried to quit were asked to judge the importance of several possible reasons
tor their return to smoking. Twenty-seven percent reported that “actual weight gain™
was a “very important” or “somewhat important” reason why they resumed smoking:
22 percent said that “the possibility of gaining weight™ was an important reason for
their relapse. Forty-seven percent of current smokers and 48 percent of former smokers
agreed with the statement that “*smoking helps control weight.”

Fifteen studies involving a total of 20,000 persons were reviewed in this Report to
determine the likelihood of gaining weight and the average weight gain after quitting.
Although four-fifths of smokers who quit gained weight after cessation. the average
weight gain was only 5 pounds (2.3 kg). The average weight gain among subjects who
continued to smoke was | pound. Thus, smoking cessation produces a 4-pound greater
weight gain than that associated with continued smoking. This weight gain poses a
minimal health risk. Moreover, evidence suggests that this small weight gain is
accompanied by favorable changes in lipid profiles and in body fat distribution.



Smoking cessation programs and messages should emphasize that weight gain after
quitting is small on average.

Not only is the average postcessation weight gain small. but the risk of large weight
gain after quitting is extremely low. Less than 4 percent of those who quit smoking
gain more than 20 pounds. Nevertheless. special advice and assistance should be
available 10 the rare person who does gain considerable weight after quitting. For these
individuals, the health benefits of cessation still occur, and weight control programs
rather than smoking relapse should be implemented.

Increases in food intake and decreases in resting energy expenditure are largely
responsible for postcessation weight gain. Thus. dietary advice and exercise should be
helpful in preventing or reducing postcessation weight gain. Unfortunately. minor
weight control modifications to smoking cessation programs do not generally yield
beneficial effects in terms of reducing weight gain or increasing cessation rates. A few
studies have investigated pharmacologic approaches to postcessation weight control:
preliminary results are encouraging but more research is needed. High priority should
be given to the development and evaluation of etfective weight control programs that
can be targeted in a cost-eftective manner to those at greatest need of assistance.

Psychological and Behavioral Consequences of Smoking Cessation

Nicotine withdrawal symptoms include anxiety. irritability, frustration, anger. dif-
ficulty concentrating. increased appetite. and urges to smoke. With the possible
exception of urges to smoke and increased appetite. these effects soon disappear.
Nicotine withdrawal peaks in the first | to 2 days following cessation and subsides
rapidly during the following weeks. With long-term abstinence. former smokers are
likely to enjoy favorable psychological changes such as enhanced self-esteem and
increased sense of self-control.

Although most nicotine withdrawal symptoms are short-lived. they often exert a
strong influence on smokers’™ ability to quit and maintain abstinence. Nicotine
withdrawal may discourage many smokers from trying to quit and may precipitate
relapse among those who have recently quit. Inthe 1986 Adult Use of Tobacco Survey.
39 percent of current smokers reported that irritability was a “very important”™ or
“somewhat important” reason why they resumed smoking after a previous quit attempt.

Smokers and ex-smokers should be counseled that adverse psychological effects of
smoking subside rapidly over time. Smoking cessation materials and programs.
nicotine replacement. exercise. stress management. and dietary counseling can help
smokers cope with these svmptoms until they abate. ufter which favorable psychologi-
cal changes are likely to occur.

Support for a Causal Association Between Smoking and Disease

Tens of thousands of studies have documented the associations between cigarette
smoking and a large number of serious diseases. Itis safe to say that smoking represents
the most extensively documented cause of disease ever investigated in the history of
biomedical research.



Previous Surgeon General's reports, in particular the landmark 1964 Report of the
Surgeon General's Advisory Committee on Smoking and Health and the 1982 Surgeon
General’s Report on smoking and cancer, examined these associations with respect to
the epidemiologic criteria for causality. These criteria include the consistency. strength.
specificity. coherence, and temporal relationship of the association. Based on these
criteria. previous reports have recognized a causal association between smoking and
cancers of the lung. larynx, esophagus. and oral cavity: heart disease: stroke: peripheral
artery occlusive disease: chronic obstructive pulmonary disease: and intrauterine
growth retardation. This Surgeon General’s Report is the first to conclude that the
evidence is now sufficient to identify cigarette smoking as a cause of cancer of the
urinary bladder: the 1982 Report concluded that cigurette smoking is a contributing
factor in the development of bladder cancer.

The causal nature of most of these associations was well established long before
publication of this Report. Nevertheless. it is worth noting that the findings of this
Report add even more weight to the evidence that these associations are causal. The
criterion of coherence requires that descriptive epidemiologic findings on disease
occurrence correlate with measures of exposure to the suspected agent. Coherence
would predict that the increased risk of disease associated with an exposure would
diminish or disappear after cessation of exposure. As this Report shows in great detail.
the risks of most smoking-related diseases decrease after cessation and with increasing
duration of abstinence.

Evidence on the risk of disease after smoking cessation is especially important for
the understanding of smoking-and-disease associations of unclear causality. For ex-
ample, cigarette smoking is associated with cancer of the uterine cervix. but this
association is potentially confounded by unidentified factors (in particular by a sexually
transmitted etiologic agent). The evidence reviewed in this Report indicates that former
smokers experience a lower risk of cervical cancer than current smokers, even after
adjusting for the social correlates of smoking and risk of sexually acquired infections,
This diminution of risk after smoking cessation supports the hypothesis that smoking
is a contributing cause of cervical cancer.

Conclusion

The Comprehensive Smoking Education Act of 1984 (Public Law 98-474) requires
the rotation of four health warnings on cigarette packages and advertisements. One of
those warnings reads, “SURGEON GENERAL'S WARNING: Quitting Smoking
Now Greatly Reduces Serious Risks to Your Health.” The evidence reviewed in this
Report confirms and expands that advice.

The health benefits of quitting smoking are immediate and substantial. They far
exceed any risks from the average 5-pound weight gain or any adverse psychological
effects that may follow quitting. The benefits extend to men and women, to the young
and the old. to those who are sick and to those who are well. Smoking cessation
represents the single most important step that smokers can take to enhance the length
and quality of their lives.
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Public opinion polls tell us that most smokers want to quit. This Report provides
smokers with new and more powerful motivation to give up this self-destructive
behavior.

Antonia C. Novello. M.D.. M.P.H.
Surgeon General
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INTRODUCTION

The 1964 Report of the Surgeon General's Advisory Committee on Smoking and
Health (US PHS 1964) concluded that cigarette smoking is a cause of lung cancer and
laryngeal cancer in men, a probable cause of lung cancer in women, and the most
important cause of chronic bronchitis. Other diseases, including emphysema and
cardiovascular disease, also were found to be associated with cigarette smoking,
although the evidence available at that time was not viewed as sufficient to establish
the associations as causal. Even in 1964, however, the evidence for adverse health
consequences of cigarette smoking was sufficient for the Committee to conclude that
“cigarette smoking is a health hazard of sufficient importance in the United States to
warrant appropriate remedial action™ (US PHS 1964, p. 33).

Subsequent reports of the Surgeon General on smoking and health expanded and
strengthened the conclusions of the 1964 Report on active smoking and documented
the benefits of smoking cessation. (See US DHHS 1989 for review.) For some
diseases, such as cardiovascular disease, newerevidence warranted a determination that
associations with cigarette smoking were causal. Further associations of cigarette
smoking with disease were identified. and involuntary (passive) smoking was found to
be a cause of disease in nonsmokers (US DHHS 1986). Although cigarette smoking
has been investigated intensively since the 1950s. new associations of smoking with
adverse effects continue to be identified. For example. in a recent study smoking was
associated with cataracts (West et al. 1989).

Evidence substantiates cigarette smoking as a cause of disease in smokers and,
through involuntary smoking, in never smokers as well. This evidence has motivated
the implementation of diverse and far-reaching programs for smoking prevention and
cessation, The proportion of U.S. adults who smoke decreased substantially since the
1964 Report. In 1965, 29.6 percent of persons who had ever smoked had quit; by 1987,
this percentage had increased to 44.8, representing more than 38 million adults. As the
numbers of formerly smoking adults increased in the United States and other countries
(US DHHS 1989), epidemiologic and clinical studies provided increasingly extensive
information on the health benefits of smoking cessation. Thus, the 1964 Report noted
that former smokers had lower overall mortality rates and lower lung cancer risk than
current smokers, but the cited evidence was limited. Scientific data are now available
on the consequences of cessation for most smoking-related diseases. Major benefits
have been shown for overall mortality and for many specific diseases. Although past
reports have considered much of the evidence, these data have not received a com-
prehensive and unified review. This Report systematically reviews the findings on the
health benefits and consequences of cessation.

This Report includes a Foreword by the Assistant Secretary for Health and the
Director of the Centers for Disease Control, a Preface by the Surgeon General of the
U.S. Public Health Service, and the following chapters:

Chapter 1. Introduction, Overview, and Conclusions

Chapter 2. Assessing Smoking Cessation and Its Health Consequences



Chapter 3. Smoking Cessation and Overall Mortality and Morbidity
Chapter 4. Smoking Cessation and Respiratory Cancers

Chapter 5. Smoking Cessation and Nonrespiratory Cancers

Chapter 6. Smoking Cessation and Cardiovascular Disease

Chapter 7. Smoking Cessation and Nonmalignant Respiratory Diseases
Chapter 8. Smoking Cessation and Reproduction

Chapter 9. Smoking, Smoking Cessation, and Other Nonmalignant Diseases
Chapter 10. Smoking Cessation and Body Weight Change

Chapter 11. Psychological and Behavioral Consequences and Correlates of
Smoking Cessation

Volume Appendix. National Trends in Smoking Cessation

A key to acronyms and terms used throughout the Report is found at the end of the
volume.

Other publications of the Public Health Service have reviewed determinants of
smoking cessation and abstinence (US DHEW 1979: US DHHS 1980. 1988, and
methods of smoking cessation and relapse prevention (Schwartz 1987. US DHHS
1988); hence, these topics are not covered in this Report.

Beginning with the 1964 Report, the evidence on active smoking and disease has
been reviewed for causality to evaluate the associations ot smoking with disease. The
explicit criteria used in this evaluation include the consistency. strength, specificity,
temporal relationship, and coherence of the association (US PHS 1964: US DHHS
1989). These criteria have provided a consistent and etfective framework for examin-
ing the epidemiologic. clinical, and experimental data on active smoking. Although
the criteria cannot be applied in the same fashion to associations of smoking cessation
with changes in disease occurrence. the criteria of consistency. an appropriate temporal
relationship. and coherence must be maintained with evidence on smoking cessation
and health.

Thus, this Report examines data for consistency among investigations of the associa-
tions of cessation with disease occurrence and other outcomes. and considers the
biologic plausibility of the known or presumed associations in the context of the
mechanisms by which cigarette smoking is known or thought to cause disease. The
appropriate time sequence of cessation with its effect is evident: cessation must always
precede its presumed effect. In an observational study. this sequence may be reversed
by the tendency of persons with initial symptoms of a cigarette-related disease or with
frank disease to reduce cigarette consumption or to stop smoking (Chapter 2). The
findings of longitudinal studies among former smokers document high mortality rates
among short-term former smokers, which is consistent with reversal of the causal



sequence of cessation followed by reduced disease occurrence: that is. disease has
caused a change in exposure (Rogot and Murray 1980).

Cigarette smoke in its gaseous and particulate phases contains thousands of agents.
many of which can damage tissues and cause disease (US DHEW 1979: US DHHS
1986, 1989). The pathogenetic mechanisms by which cigarette smoking causes disease
are diverse. ranging from longer term processes. such as carcinogenesis. to shorter term
processes. such as interference with tissue oxygenation by carbon monoxide. Thus, the
biologic context in which the evidence on cessation is considered must be disease-
specific: a unified biologic framework for evaluating the evidence on cessition cannot
be offered.

Forexample. cigarette smoking causes emphysema. an irreversible destruction of the
gas-exchanging structure of the lung. and permanent oronly partially reversible damage
to the airways of the lung. Little improvement of fung function after cessation would
be anticipated for a long-term smoker with disabling chronic obstructive pulmonary
disease (COPD) and extensive irreversible damage to the lung. However. cessation
would benefit a smoker who has less extensive damage by slowing the rate of lung
function decline and thereby reducing the likelihood of clinically significant impair-
ment. By contrast with COPD. smoking cessation tollowing myocardial infarction has
both relatively immediate and longer term benetfits. The immediately decreased risk
of death in those who stop smoking in comparison with those who continue to smoke
may reflect a decrease of blood coagulability. improved tissue oxygenation. and less
predisposttion to cardiac arrhythmias after cessation.

The findings of studies on the health consequences of smoking cessation also provide
evidence relevant to determining the causality of associations of active smoking with
disease. A decline in disease incidence after cessation needs to be considered as a
positive indication of such a causal association. However. the pattern of changing risk
after cessation must be interpreted in the context of the mechanism of disease causation
by active smoking.

In interpreting individual studies on the consequences of smoking cessation. difficult
methodologic and conceptual issues must be considered. Chapter 2 addresses these
issues in depth. Because smoking cessation is a dynamic process, often involving
multiple relapses to active smoking. accurate characterization of the former smoker is
difficult and best accomplished by longitudinal observation. Misclassification of
cigarette smoking status may lead to biased estimates of the consequences of smoking
cessation. In observational studies and trials some subjects may report that they are
former smokers, even though they continue to smoke: the resulting misclassification
tends to result in underestimation of the benefits of cessation. Unraveling the conse-
quences of smoking cessation from the effects of other factors determining the occur-
rence of disease poses a substantial analytical challenge. In reviewing individual
reports on the consequences of smoking cessation, the approaches to these potential
methodologic issues were assessed (Chapter 2).



MAJOR CONCLUSIONS

More than 38 million Americans have quit smoking, and almost half of all living
adults in the United States who ever smoked have quit (Volume Appendix). Neverthe-
less. more than 50 million Americans continue to smoke. This Report reviews in detail
the health consequences of smoking cessation for those who have quit and for those
who will quit in the future. The following major volume conclusions summarize the
health consequences of smoking cessation for those who quit smoking in comparison
with those who continue to smoke:

1. Smoking cessation has major and immediate health benefits for men and
women of all ages. Benefits apply to persons with and without smoking-
related disease.

2. Former smokers live longer than continuing smokers. For example, persons
who quit smoking before age 50 have one-half the risk of dying in the next
15 years compared with continuing smokers.

3. Smoking cessation decreases the risk of lung cancer, other cancers, heart
attack, stroke, and chronic lung disease.

4. Women who stop smoking before pregnancy or during the first 3 to 4
months of pregnancy reduce their risk of having a low birthweight baby to
that of women who never smoked.

5. The health benefits of smoking cessation far exceed any risks from the
average 5-pound (2.3-kg) weight gain or any adverse psychological effects
that may follow quitting.

DEVELOPMENT OF THE REPORT

This Report was developed by the Office on Smoking and Health (OSH). Center for
Chronic Disease Prevention and Health Promotion. Centers for Disease Control, Public
Health Service of the U.S. Department of Health and Human Services, as part of the
Department’s responsibility under Public Law 91-222 to report new and current
information on smoking and health to the U.S. Congress.

The scientific content of this Report was produced through the efforts of more than
120 scientists in the fields of medicine. psychology. the biologic and social sciences,
and public health. Manuscripts for the Report. constituting drafts of chapters or sections
of chapters, were prepared by 26 scientists selected for their expertise in specific content
areas. An editorial team, including the Director of OSH. a medical psychologist with
the Uniformed Services University of the Health Sciences. and four non-Federal
experts, edited and consolidated the individual manuscripts into chapters. These draft
chapters were subjected to an intensive outside peer review. with each chapter reviewed
by an average of five individuals knowledgeable about the chapter’s subject matier.
Incorporating the reviewers™ comments. the editors revised the chapters and assembled
a draft of the complete Report. The draft Report was then submitted to 25 distinguished



scientists for their review and comment on the entirety of its contents. Simultaneously.
o inch o

the draft Renart was cubmitt
as supmitt
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s and agencies within the U.S. Public
m $ and agencies within th e U.D>. Fublic

Health Service for review. Comments from the senior scientific reviewers and the
agencies were then used to prepare the final draft of the Report. which was then
reviewed by the Office of the Assistant Secretary for Health and the Secretary,
Department of Health and Human Services.
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CHAPTER CONCLUSIONS

Chapter 2: Assessing Smoking Cessation and Its Health Consequences

. Most former smokers have cycled several times through the process of smoking

cessation and relapse before attaining long-term abstinence. Any static measure of
smoking status is thus a simplification of a dynamic process.

. In studies of the health effects of smoking cessation. persons classified as former

smokers may include some current smokers. Consequently, the health benefits of
smoking cessation are likely to be underestimated.

. In contexts other than intervention trials, self-reported smoking status at the time of

measurement and concurrent biochemical assessment are highly concordant. This
high concordance supports self-report as a valid measure of smoking status in
observational studies of the health effects of smoking cessation.

Chapter 3: Smoking Cessation and Overall Mortality and Morbidity

. Former smokers live longer than continuing smokers, and the benefits of quitting

extend to those who quit at older ages. For example, persons who quit smoking
before age 50 have one-half the risk of dying in the next 15 years compared with
continuing smokers.

Smoking cessation at all ages reduces the risk of premature death.

Among former smokers, the decline in risk of death compared with continuing
smokers begins shortly after quitting and continues for at least 10 to 15 years. After
10 to 15 years of abstinence, risk of all-cause mortality returns nearly to that of
persons who never smoked.

. Former smokers have better health status than current smokers as measured in a

variety of ways, including days of illness. number of health complaints, and
self-reported health status.
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Chapter 4: Smoking Cessation and Respiratory Cancers

. Smoking cessation reduces the risk of lung cancer compared with continued smok-

ing. For example. after 10 years of abstinence, the risk of lung cancer is about 30
to 50 percent of the risk in continuing smokers: with further abstinence. the risk
continues to decline.

. The reduced risk of lung cancer among former smokers 1s observed in males and

females, in smokers of filter and nonfilter cigarettes. and for all histologic types of
lung cancer.

Smoking cessation lowers the risk of laryngeal cancer compared with continued
smoking.

Smoking cessation reduces the severity and extent of premalignant histologic
changes in the epithelium of the larynx and lung.

Chapter 5: Smoking Cessation and Nonrespiratory Cancers

. Smoking cessation halves the risks for cancers of the oral cavity and esophagus.

compared with continued smoking. as soon as 5 years after cessation. with further
reduction over a longer period of abstinence.

. Smoking cessation reduces the risk of pancreatic cancer. compared with continued

smoking. although this reduction in risk may only be measurable after 10 years of
abstinence.

. Smoking is a cause of bladder cancer: cessation reduces risk by about 50 percent

after only a few vears. in comparison with continued smoking.

. The risk of cervical cancer is substantially lower among former smokers in com-

parison with continuing smokers. even in the first few years after cessation. This
finding supports the hypothesis that cigarette smoking is a contributing cause of
cervical cancer.

. Neither smoking nor smoking cessation are associated with the risk of cancer of the

breast.

Chapter 6: Smoking Cessation and Cardiovascular Disease

. Compared with continued smoking. smoking cessation substantially reduces risk of

coronary heart disease (CHD) among men and women of all ages.
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. The excess risk of CHD caused by smoking is reduced by about half after 1 year of

smoking abstinence and then declines gradually. After 15 years of abstinence, the
risk of CHD 1s similar to that of persons who have never smoked.

. Among persons with diagnosed CHD. smoking cessation markedly reduces the risk

of recurrent infarction and cardiovascular death. In many studies. this reduction in
risk of recurrence or premature death has been 50 percent or more.

. Smoking cessation substantially reduces the risk of peripheral artery occlusive

disease compared with continued smoking.

. Among patients with peripheral artery disease. smoking cessation improves exercise

tolerance, reduces the risk of amputation after peripheral artery surgery. and
increases overall survival.

. Smoking cessation reduces the risk of both ischemic stroke and subarachnoid

hemorrhage compared with continued smoking. After smoking cessation, the risk
of stroke returns to the level of never smokers; in some studies this has occurred
within 5 years, but in others as long as 15 years of abstinence were required.

Chapter 7: Smoking Cessation and Nonmalignant Respiratory Diseases

. Smoking cessation reduces rates of respiratory symptoms such as cough, sputum

production, and wheezing, and respiratory infections such as bronchitis and
pneumonia, compared with continued smoking.

. For persons without overt chronic obstructive pulmonary disease (COPD). smoking

cessation improves pulmonary function about 5 percent within a few months after
cessation,

Cigarette smoking accelerates the age-related decline in lung function that occurs
among never smokers. With sustained abstinence from smoking, the rate of decline
in pulmonary function among former smokers returns to that of never smokers.

. With sustained abstinence, the COPD mortality rates among former smokers decline

in comparison with continuing smokers.

Chapter 8: Smoking Cessation and Reproduction

. Women who stop smoking before becoming pregnant have infants of the same

birthweight as those born to never smokers.

. Pregnant smokers who stop smoking at any time up to the 30th week of gestation

have infants with higher birthweight than do women who smoke throughout
pregnancy. Quitting in the first 3 to 4 months of pregnancy and abstaining

11
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throughout the remainder of pregnancy protect the fetus from the adverse effects of
smoking on birthweight.

Evidence from two intervention trials suggests that reducing daily cigarette con-
sumption without quitting has little or no benefit for birthweight.

Recent estimates of the prevalence of smoking during pregnancy, combined with an
estimate of the relative risk of low birthweight outcome in smokers, suggest that 17
to 26 percent of low birthweight births could be prevented by eliminating smoking
during pregnancy: in groups with a high prevalence of smoking (e.g.. women with
less than a high school education). 29 to 42 percent of low birthweight births might
be prevented by elimination of cigarette smoking during pregnancy.

Approximately 30 percent of women who are cigarette smokers quit after recogni-
tion of pregnancy. with greater proportions quitting among married women and
especially among women with higher levels of educational attainment.

. Smoking causes women to have natural menopause 1 to 2 years early. Former
smokers have an age at natural menopause similar to that of never smokers.

Chapter 9: Smoking, Smoking Cessation, and Other Nonmalignant Diseases

. Smokers have an increased risk of development of both duodenal and gastric ulcer.
and this increased risk is reduced by smoking cessation.

Ulcer disease is more severe among smokers than among nonsmokers. Smokers are
less likely to experience healing of duodenal ulcers and are more likely to have
recurrences of both duodenal and gastric ulcers within specified timeframes. Most
ulcer medications fail to alter these tendencies.

Smokers with gastric or duodenal ulcers who stop smoking itmprove their clinical
course relative to smokers who continue to smoke.

The evidence that smoking increases the risk of osteoporotic fractures or decreases
bone mass is inconclusive. with many conflicing findings. Data on smoking
cessation are extremely limited at present.

There is evidence that smoking is associated with prominent facial skin wrinkling
in whites. particularly in the periorbital (“crow’s foot™) and perioral areas of the
face. The eftect of cessation on skin wrinkling is unstudied.

Chapter 10: Smoking Cessation and Body Weight Change

. Average weight gain after smoking cessation is only about 5 pounds (2.3 kg). This
weight gain poses a minimal health risk.
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. Approximately 80 percent of smokers who quit gain weight after cessation. but only

about 3.5 percent of those who quit smoking gain more than 20 pounds.

. Increases in food intake and decreases in resting energy expenditure are largely

responsible for postcessation weight gain.

Chapter 11: Psychological and Behavioral Consequences and Correlates of
Smoking Cessation

. Short-term consequences of smoking cessation include anxiety. irritability. frustra-

tion, anger, difficulty concentrating, increased appetite, and urges to smoke. With
the possible exception of urges to smoke and increased appetite. these effects soon
disappear.

. Smokers who abstain from smoking show short-term impairment of performance

on a variety of simple attention tasks, which improves with nicotine administration.
Memory, learning, and the performance of more complex tasks have not been
clearly shown to be impaired. Whether the self-reported improvement in attention
tasks upon nicotine administration 1s due entirely to relief of withdrawal effects or
is also due in part to enhancement of performance above the norm is unclear.

. Incomparison with current smokers, former smokers have a greater perceived ability

to achieve and maintain smoking abstinence (self-efficacy) and a greater perceived
control over personal circumstances (locus of control).

. Former smokers, compared with current smokers. practice more health-promoting

and disease-preventing behaviors.

Volume Appendix: National Trends in Smoking Cessation

. By 1987, more than 38 million Americans had quit smoking cigarettes. nearly half

of all living adults who ever smoked.

. The percentage of ever cigarette smokers who are former cigarette smokers (quit

ratio) has increased from 29.6 percent in 1965 to 44.8 percent in 1987 at an average
rate of 0.68 percentage points per year. The quit ratio has increased among men
and women, among blacks and whites, and among all age and education subgroups.
Between 1966 and 1987, the rate of increase in the quit ratio among college
graduates was twice the rate among high school dropouts.

About one-third of all former cigarette smokers who have maintained abstinence

for at least | year may eventually relapse. As the duration of abstinence increases.
relapse becomes less likely.

13
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Quitting activity, as measured by the proportion of people smoking at 12 months
before a survey who quit for at least | day during those 12 months, has increased
slightly over time. Between 1978 and 1987 this proportion increased from 27.8 to
31.6 percent.

Female smokers were more likely than male smokers to have quit smoking cigarettes
for at least |1 day during the previous year: however, there were no gender differ-
ences in the proportion abstinent for 1 to 4 years. Men were more likely than women
to have been abstinent for 5 years or more. These findings do not take into account
the use of tobacco products other than cigarettes.

Black smokers were more likely than white smokers to have quit for at least 1 day
during the previous year. Blacks, however, were less likely than whites to have
been abstinent for 1 year or more.

Younger smokers (aged 20 to 44) were more likely than older smokers to have quit
for at least | day during the previous year.

Smokers with less education tend to be less likely to have quit for at least 1 day
during the previous year compared with those having more education. In addition,
those with lower levels of education are less likely to have been abstinent for 1 year
or more.

In 1964, about three-fourths of all current smokers predicted that they would
“definitely” or “probably” be smoking in 5 years. In 1986, fewer than half of all
current smokers felt the same way. Moreover, while more than 20 percent of current
smokers in 1964 predicted that they would “definitely” be smoking in 5 years, only
about 7 percent of current smokers in 1986 so predicted.

Current smokers in 1987 were more than three times as likely as current smokers
in 1964 to report having received advice from a doctor to stop smoking.



References

ROGOT. E.. MURRAY. J.L. Smoking and causes of death among U.S. veterans: 16 years of
observation. Public Health Reports 95(3):213-222. May—June 1980.

SCHWARTZ. J.L. Review and Evaluation of Smoking Cessation Methods.: United Staies and
Canadu, [978—1985. U.S. Department of Health and Human Services. Public Health Service.
National Institutes of Health. NIH Publication No. 87-2940. April 1987.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES. The Health Consequences of
Smoking for Women. A Report of the Surgeon General. U.S. Department of Health and
Human Secvices, Public Health Service, Office of the Assistant Secretary for Health, Office
on Smoking and Health, 1980.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES. The Heualth Consequences of
hivoluntary Smoking. A Report of the Surgeon General. U.S. Department of Health and
Human Services. Public Health Service. Centers for Discase Control. DHHS Publication No.
(CDC) 87-8398. 1986.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES. The Health Consequences of
Smoking: Nicotine Addiction. A Report of the Surgeon General, 1988, U.S. Department of
Health and Human Services. Public Health Service. Centers for Disease Control. Center for
Health Promotion and Education, Office on Smoking and Health.  DHHS Publication No.
(CDC) 88-8406. 1988.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES. Reducing the Health Conse-
quences of Smoking: 25 Years of Progress. A Report of the Surgeon General. U.S.
Department of Health and Human Services. Public Health Service. Centers for Disease
Control. Center for Chronic Disease Prevention and Health Promotion. Office on Smoking
and Health. DHHS Publication No. (CDC) 89-8411. 1989.

U.S. DEPARTMENT OF HEALTH, EDUCATION. AND WELFARE. Smoking and Healil.
A Report of the Surgeon General. U.S. Department of Health, Education. and Welfare. Public
Health Service, Office of the Assistant Secretary for Health. Office on Smoking and Health.
DHEW Publication No. (PHS) 79-50066. 1979.

U.S. PUBLIC HEALTH SERVICE. Smoking and Health. Report of the Advisory Committec
1o the Surgeon General of the Public Health Service. U.S. Department of Health, Education,
and Welfare, Public Health Service. Center for Disease Control. PHS Publication No. 1103.
1964,

WEST, S.. MUNOZ. B.. EMMETT. E.A.. TAYLOR. HR. Cigarette smoking and risk of
nuclear cataracts. Archives of Opthalmology 107(8):1166—-1169, August 1989,



CHAPTER 2
ASSESSING SMOKING CESSATION AND ITS
HEALTH CONSEQUENCES
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INTRODUCTION

Smoking cessation is a dynamic process that begins with a decision to stop smoking
and ends with abstinence from cigarettes maintained over a long period of time.
Typically. initiation of regular cigarette smoking occurs at 4 young age. usually during
the teenage years (US DHHS 1989); cessation may be contemplated and initiated at
any age. The spectrum of factors motivating cessation is diverse: some smokers quit
before being adversely affected by cigarette smoking whereas others quit as a result of
developing smoking-related disease. Most attempts to quit are temporarily successful,
and most smokers attempting to quit return several times to regular smoking before
achieving long-term abstinence.

For the purpose of health research, smoking status (i.e.. never, former. or current
smoker) can be evaluated by using an inferview or questionnaire to query subjects about
their smoking behavior. However, self-reports may not fully characterize the process
of cessation in individual smokers, particularly if information is collected retrospec-
tively or cross-sectionally. Moreover, persons who are smoking may falsely report
themselves as former or never smokers. Biochemical markers. such as cotinine and
thiocyanate (SCN7) levels in body fluids. provide complementary measures of tobacco
product use.

However, reliance solely on biochemical markers of smoking also may lead to some
misclassification. For example, intake of some foods can result in high SCN™ levels
unrelated to smoking behavior. Individuals who accurately report being quitters may
fail to participate in the validation process and therefore may be misclassified as
continuing smokers if nonparticipants in biochemical testing are assumed to be smok-
ing. Because proper classification of smoking behavior is critical for conducting
research on the health consequences of smoking cessation and for evaluating the results
of such research, it is important to consider how smoking status is assessed.

The health consequences of smoking cessation have been studied using conventional
approaches of epidemiologic and clinical research: ecologic study. cross-sectional
study or survey, case—control study, cohort study, and intervention trial. Each design
has well-described advantages for studying causes of disease and preventive factors
among human populations (Kleinbaum, Kupper, Morgenstern 1982). In addition, each
design type is subject to the three types of bias potentially affecting any epidemiologic
study: selection bias, information bias, and confounding bias (Rothman 1986) (Chapter
2, Part II). Misclassification resulting from information bias is of particular concem in
studies of smoking cessation: misclassification is addressed in detail in this Chapter.

These conventional research designs have been used successfully to characterize the
adverse effects of active cigarette smoking and to amass the scientific information on
smoking cessation reviewed in this Report. For example, the evidence on smoking
cessation and mortality derives from cohort studies (Chapter 3); evidence on cancer
comes largely from case—control and cohort studies (Chapters 4 and 5); and information
on respiratory morbidity and mortality is based primarily on cross-sectional and cohort
studies (Chapter 7).

This Chapter establishes a methodologic framework for interpreting the evidence on
smoking cessation obtained from observation studies and intervention tnals. Part |



describes the process of smoking cessation and the methods used to assess smoking
behavior. Part Il reviews research methods used to study smoking cessation as well as
the potential Iimitations of data obtained from observational studies and intervention
trials including biases that may affect the results.

PART I. ASSESSING THE DYNAMIC PROCESS OF SMOKING
CESSATION

This Section describes the dynamic nature of smoking behavior. the various measures
of smoking status applied in observational and intervention studies. and the effect of
these measures on classification of smoking status.

The Process of Smoking Behavior Change

Smoking behavior in U.S. populations has been changing, and three-fourths of all
smokers have attempted to quit (Volume Appendix). The proportion of aduit former
smokers in the population is now about the same as the proportion of current smokers.
These population changes have provided opportunity to describe the consequences and.
thereby, the benefits of cessation.

Progressing from smoking to former smoking is a complex, dynamic process and not
a one-time event. Retrospective, cross-sectional. and longitudinal studies of how
people quit smoking on their own have demonstrated that smokers move through a
series of stages in their cessation efforts (DiClemente and Prochaska 1982: Lichtenstein
and Brown 1980: Prochaska and DiClemente 1983: Prochaska et al. {985: Rosen and
Shipley 1983). These stages have been labeled motivation and commitment. initial
change, and maintenance by Brownell and coworkers (1986); contemplating change.
decidingt change, short-term change. and long-term change by Hom (1976): motivation
and commitment. cessation and possible relapse. and maintenance by Marlatt and
Gordon (1985); precontemplation. contemplation, action, and maintenance and/or
relapse by Prochaska and DiClemente (1983): and initial decision, initial control, and
maintenance by Rosen and Shipley (1983).

The stage model of Prochaska and DiClemente (1983: Prochaska et al.. in press) has
generated the most research and is described in more detail below (Figure 1). Pre-
contemplation is a period in which smokers are not thinking about quitting smoking,
or at least not about quitting within the next 6 months. The basis for the 6-month
timeframe is the assumption that 6 months into the future is as far as most people plan
a specific behavior change. Contemplation is the period in which smokers seriously
consider quitting smoking within the next 6 months. Action is the period that begins
when actual cessation occurs and continues for 6 months after stopping smoking.
Maintenance is defined as the period beginning 6 months after cessation occurrence.
In all of the proposed stage models. differentiation is made between short-term
(generally up to 6 months) and long-term (generally 6 months and longer) change or
between initial cessation and maintenance of cessation. Maintenance continues until
relapse to regular smoking. or until a return to regular smoking is of minimalor no
concern and “termination” of the behavior occurs for the confirmed ex-smoker.
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FIGURE 1.—Cyclical model of the stages of change

SOURCE: Prochaska et al. (in press).

On any single cessation attempt (action stage), the majority of smokers relapse and
return to regular smoking. A National Heart. Lung. and Blood Institute consensus
conference defined relapse as at least one putt per day for 7 days and recommended
that this definition be applied uniformly (Shumaker and Grunberg 1986): however. this
definition is not used in all studies. Any return to smoking that is less than the criterion
for relapse is considered a “lapse™ or a “slip.” which may or may not cause a return 1o
regular smoking (Brownell et al. 1986: Marlatt, Curry. Gordon. 1988}

Although 75 to 80 percent of relapse occurs at 6 months and before (Hunt. Barnett.
Branch 1971: Hunt and Bespalec 1973: Hughes et al. 1981: Garvey. Heinold. Rosner
1989). individuals who maintain abstinence for 6 months continue 10 relapse by 12
months and beyond. For example, in a review ot 10 studies in which minimal or no
intervention occurred (i.e.. self-change studies). relapse rates at 12 months for smokers
who had previously maintained abstinence for at least 6 months ranged trom 7 10 33
percent (Cohen et al. 1989). Data from the Natonal Health and Nutrition Examination



Survey I (NHANES-I) Epidemiologic Followup Study demonstrate that even after |
year of prolonged abstinence. relapse continues to occur in about one-third of former
smokers. Relapse continues to occur at a much lower rate atter 2 years (Volume
Appendix). In the Multiple Risk Factor Intervention Trial (MRFIT). a multifactor
intensive intervention study. Ockene and cotleagues (1982) found that among smokers
who had stopped with the aid of intensive intervention. relapse continued to occur
throughout the 6 years of followup. However. relapse was at a much higher rate in the
first year than in years two through six. Kirscht and colleagues (1987) reported that 9.5
percent of adults who had been abstinent for 24 to | 19 monthsreported smoking again
in a followup survey. Even after 120 months. 2.3 percent of former smokers reported
smoking again.

Research would be simplified it the probability of remuining a former smoker were
100 percent after a prolonged period of abstinence. It this were the case. then there
would be no concern about future misclassitication of these confirmed former smokers.
However, the continuous nature of the relapse process and the curves that represent this
process indicate that the probability of maintained cessation will never be 100 percent.
The available data (Garvey. Heinold. Rosner 1989: Ockene et al. 1982: Cohen et al.
1989; Volume Appendix) suggest that for most research purposes. 24 months of
continuous abstinence can be used as a practical eriterion for categorizing individuals
as confirmed former smokers. However, use of this timeframe is often not feasible or
applicable in many research studies, and as a general guideline for interpreting out-
comes—the longer the duration of continuous abstinence. the greater the probability
that individuals will remain former smokers.

Cessation is a cyclical, not linear, process: smokers can enter or leave the process at
any point (Prochaska and DiClemente 1983: Prochaska et al.. in press) (Figure 1).
Research on self-change approaches to smoking cessation suggests that the average
smoker cycles three to four times through the stages before attaining long-term
continuous abstinence and becoming a confirmed former smoker (Prochaska and
DiClemente 1984, 1986: Marlatt. Curry, Gordon 1988; Schachter 1982). In a review
of self-change studies. Cohen and colleagues (1989) found that only 4.3 percent of the
participants in the reviewed studies shifted immediately from current smokers to former
smokers without experiencing any lapses or relapses. Most smokers who relapse return
to a point where they think about stopping again, that is, the contemplation stage. A
smaller proportion lose their motivation to change and regress back 1o the pre-
contemplation stage (Prochaska and DiClemente 1984).

In summary, because of the dynamic nature of change in smoking behavior. any
categorization of smoking status at a single point in time becomes a simplification. A
group of tormer smokers will include individuals who have stopped recently or who
have been abstinent for varying lengths of time: some will maintain abstinence. and
some will relapse. Knowledge of the dynamics of smoking cessation and its usual time
course can help investigators minimize misclassification by choosing the most ap-
propriate methods for assessing smoking behavior and the appropriate sampling pro-
cedures (e.g.. number of measurements made and time between repeated measures of
smoking status).



Behavioral Measures

Self-Report: Questionnaires and Interviews

For health research purposes, smoking status is usually assessed by using self-
administered questionnaires or interviews. However, other behavioral methods. sur-
rogate assessments, and nonbehavioral methods such as biochemical assessments are
also used as sources of smoking data. These other sources will be reviewed in
subsequent sections. (See also reviews by Pechacek, Fox et al. 1984 and Marsh et al.
1988.)

Questionnaires and interviews may include information concerning smoking at the
time of the assessment or concerning a complete or partial retrospective litetime history.
Assessment can be made once or serially over time, thus providing more valid data
regarding cessation and possible relapse. Information gathered from an interview or
questionnaire about smoking categorizes respondents as never. current, or former
smokers. Two standard items used in the National Health Interview Survey (Volume
Appendix) to classify smoking status are “Have you smoked at least 100 cigarettes in
your entire life?” and “Do you smoke cigarettes now?” Someone responding “yes™ to
the first question and "'no” to the second would be classified as a former smoker. Such
a broad definition for former smokers combines persons who experimented with
smoking enough to have smoked 100 cigarettes with individuals who may have smoked
during their entire adult life and quit in the week prior to being interviewed.

The commonly used item, "Have you smoked at least 100 cigarettes in your entire
life?” has an advantage of counting as never smokers those individuals who experi-
mented with I, 2, or quite a few cigarettes. Only those who have smoked at least 5
packs of cigarettes in their lifetime are counted as ever smokers. The arbitrariness of
this definition reflects the lack of accepted and standardized definitions for ever
smokers and never smokers. A definition of never smokers that requires only minimal
or no use of tobacco may result in many individuals with extremely low exposure to
cigarettes being classified as former smokers, which in general would not be biologi-
cally appropriate.

Another commonly used type of item, as in the Medical Research Council (MRC)
National Survey of Health and Development (Britten 1988), for defining ever smokers
is "Have you ever smoked as much as 1 cigarette a day for as long as 1 year?" This
item is used by the American Thoracic Society. Division of Lung Disease in its Adult
Respiratory questionnaire; however, two other choices are added— “or 20 packs of
cigarettes” or 12 ounces of tobacco™ (Ferris 1978). A comparable questions is “Have
you ever smoked at least 5 cigarettes per week. almost every week for at least | year?”
(Petitti, Friedman, Kahn 1981). These items that are used to classify ever smokers are
based on a combination of the amount of cigarettes smoked (e.g.. 365} and the duration
of smoking (e.g.. at least 6 or 12 months).

The particular question used to differentiate between ever smokers and never smokers
can directly affect categorization of individuals. For example. Petitti. Friedman. and
Kahn (1981) found that with a more specifically defined question such as "Have you
ever smoked at least S cigarettes per week almost every week forat least I vear?” which
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requires some period of “regular” smoking tor an individual to be classified as an ever
smoker. 128 of 252 individuals reported being never smokers. However. when assessed
concurrently with another questionnaire in which regufar smoking was not defined and
the respondent self-defined smoking. 7 percent tewer subjects (119 of 252) reported
being never smokers.

Thus, the use of more clearly detined questions. such as specitying 100 cigareties in
a lifetime. or 1 cigarette per day for 1 year, or 5 cigarettes per week for 1 year. will
reduce misclassification. However. some misclassification will still occur for those
individuals who smoked for relatively brief periods during their lives but cannot
accurately remember how long they smoked or accurately estimate the number of
cigarettes they smoked.

Attention also must be paid to defining current or former smokers. Some studies,
such as the Cancer Prevention Study I (CPS-I) (Hammond and Garfinkel 1969). define
current smokers as those who respond affirmatively to the question “Have you smoked
within the past year?" Other studies use smoking in the past 6 months as the guideline
for current smokers (Coultas et al. 1988). The criteria for questions identifying current
smokers can range from having smoked in the past year. to the past 6 months, to the
past week, or to an unspecified period. A few additional questions will enhance the
specificity of the definitions of current smokers and former smokers. These items. or
comparable ones. have been used in previous surveys. for example. the 1988 Baseline
Prevalence Survey for the Community Intervention Trial for Smoking Cessation.
funded by the National Cancer Institute: “At what age did you start smoking on a
regular basis?™, ~On the average. about how many cigarettes did you smoke per day
during the last 12 months you smoked?"": and for former smokers. "When did you quit
smoking cigarettes?” (recorded to exact date if possible). These items provide addi-
tional information for defining ever smokers. or stratifying by levels of exposure. and
for determining the period of abstinence.

The dynamic nature of smoking cessation highlights the importance of being aware
that any categorical definition of former smoker in relation to the health effects of
smoking cessation will include former smokers who have been abstinent for varying
periods of time. Optimally. questions on smoking history should ascertain the duration
of abstinence for former smokers. and it possible. abstinence periods should be treated
as continuous or categorized variables in an analysis, thus avoiding the problem of
treating former smokers as a single group. However, benetits of cessation are still
clearly observed in spite of the limitations ot using categorical data.

The most common minimum periods of abstinence used tor defining former smoking
status are 24 hours. 7 days. and 30 days. The National Interagency Council on Smoking
and Health (1974) recommended using a minimum of 7 days of abstinence for defining
cessation. However. because of the nature of smoking. using a short abstinence period
to define former smokers is not optimal in epidemiologic studies. The degree of
misclassification of former smokers will depend on the minimum duration of abstinence
used to define former smokers and the criterion used to consider determine relapse.

Many studies do not specify a minimum duration of ahstinence for individuals
classified as former smokers at a particular point in time. Data from such studies on
the association of smoking cessation with health and disease outcomes must be
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interpreted cautiously. For example, in the reports of the Whitehall Civil Servants
Study (Rose and Hamilton 1978; Rose et al. 1982). the criterion used to define
abstinence is not indicated. The only information provided is that the smokers reported
that “"they were then smoking no cigarettes at all” (Rose and Hamilton 1978).

Regardless of the criteria used to define abstinence. the methodology for assessing
smoking status, including questionnaire items, needs to be carefully described by
investigators. Optimally these items should enhance the process of obtaining informa-
tion regarding the duration of abstinence. making it possible to fully determine the
relationship of smoking cessation to health and disease outcomes. When reviewing
studies of the health effects f smoking, the definition of the former smoker must be
carefully assessed, and the effect of the definition on the findings must be carefully
examined.

Temporal and Frequency Issues

Studies vary according to whether smoking is assessed retrospectively or prospec-
tively and whether a single assessment or a series of assessments is used. The category
of never smokers can be assessed retrospectively. usually relying on a single assess-
ment. Requiring subjects to reconstruct more detailed smoking histories can be very
demanding. Nevertheless, simply classifying individuals as former smokers or current
smc s reveals very little about the amount of smoking exposure experienced. More
peri. .cnt questions regarding exposure include “How long have you been abstinent
from cigarettes?”; At what age did you start smoking?""; “How many cigarettes did
you smoke during different periods of your life?”; “How many times did you stop
smoking?”; and “How long did you remain abstinent during each of these occasions?”

A series of repeated assessments can result in inconsistencies such as some in-
dividuals reporting smoking at one assessment and later reporting that they never
smoked. In a followup study in England, for example, Britten (1988) found 1.296
participants aged 36 who claimed that they had never smoked. Of these. 242 (18.7
percent) previously had reported smoking less than 1 cigarette per day, and 102 (7.9
percent) previously had reported smoking at least | cigarette per day for at least | year.
Of the 102 who reported previously that they had been regular smokers, 93 percent
reported that the last time they had smoked was at least 10 years prior to the survey.

If the Britten study had used only one retrospective assessment of the subjects at age
36, 32.5 percent of the 1,296 subjects would have been classified as never smokers and
32.6 percent as former smokers. Assuming that reports at a young age were more
accurate because memory bias was less likely to occur, the serial assessment indicates
that a more accurate categorization would be 29.1 percent for never smokers and 36.5
percent for former smokers. Britten (1988) estimated that misclassification of this
magnitude, when applied to a study by Friedman and colleagues (1979). would result
in only a 5-percent increase from 2.41 to 2.53 in relative risks of death for former
smokers compared with never smokers.

Krall and colleagues (1989) found that of 87 middle-aged adults. 87 percent accurate-
ly recalled their smoking status of 20 years earlier, but only 71 percent accurately
recalled the amount that they had smoked. Furthermore. underestimation of the amount



smoked was twice as common for 20 years earlier (17 vs. 9 percent) and six times more
common for 32 years previously (37 vs. 6 percent). Persson and Norell (1989) found
that in a random sample of 9.394 individuals in Sweden. retrospective information
obtained 6 years later resulted in a strong tendency to overestimate previous cigarette
consumption among individuals who had increased their smoking (69 percent over-
estimated) and to underestimate among individuals who had decreased their smoking
{49 percent underestimated). Subjects with unchanged cigarette consumption showed
the highest levels of agreement (89 percent) between original and retrospective infor-
mation. Rather than reconstructing full smoking cessation histories that are subject to
biased reporting. many retrospective studies rely on more limited categorization such
as never, former, and current smokers.

Retrospective studies enable researchers to assess long periods of smoking abstinence
without the need to observe the subjects over a long period of time. as would be
necessary in prospective studies. Case—control studies, for example. can compare cases
with smoking-related diseases with controls with histories of being abstinent for 10 to
20 years: in a prospective study. it may be impractical or impossible to study health
consequences of cessation with more than 10 to 20 years of abstinence (Chapter 2, Part
II).

Prospective studies have the potential for more reliable and valid measures of
smoking status over time, especially when using a series of assessments, than do
retrospective studies. In intervention trials, for example, all subjects enter the trial as
current smokers. Following intensive intervention. subjects are identified as continuing
smokers or former smokers (abstinent). By assessing subjects at specified intervals
such as every 4 or 6 months over a series of vears. especially when paired with
biochemical verification (Chapter 2. see section on Biochemical Markers). researchers
can reduce the measurement bias and be more confident in the reliability and validity
of measures classifying continuing and former smokers and specifying length of
abstinence for former smokers. In MRFIT (Ockene et al. 1990) for example, a series
of 4-month followups over 6 years enabled researchers to classify participants into three
categories: persistent quitters (continuous abstainers since the initial intervention).
intermittent quitters (abstinent for periods of time since the initial intervention). and
continuous smokers (not abstinent during any of the followup periods). Such precision
in measurement is generally not possible or necessary in epidemiologic studies.

Prospective studies may use a single assessment to categorize current, former. and
never smokers. These studies then prospectively examine the categories to detect
differential rates of morbidity and mortality. Axs discussed above. the assumption that
individuals will not change their smoking status maybe a flaw with such single
assessments.

Improving Self-Report Measures

Ideally. assessments of smoking status need to include standardized questions to
determine smoking status. that is never. current. and former smokers. For example, to
be categorized as a never smoker. the necessary response would be “no™ to a standard
question such as. "Have you ever smoked at [east 1 cigarette per day for at least 1 year?”
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Whenever possible. questions should be used that allow continuous rather than
dichotomous scales for response. A question such as Do you smoke regularly?” results
in a dichotomous response scale. This scale provides much less information than does
a continuous scale. such as the question, “On the average. how many cigarettes do you
smoke per day?” which can range from 0 to 20. 40, 60. or more. Multiple questions
such as, “Have you smoked even a puff of a cigarette in the past 7 days?™: “"How many
cigarettes do you typically smoke each day?”: and “How many cigarettes do you
typically smoke each week?™ can be used to refine a category such as current smokers.
Inclusion of other indices. such as biochemical markers of smoking (e.g.. saliva cotinine
levels), can also be used to describe smoking status.

In a followup study. measures of smoking status optimally should be repeated over
multiple occasions, especially for dynamic categories like current smokers and former
smokers. which are open to change over time. Repeated measures over a series of
occasions provide further reliability and validity for assessments and also provide
greater statistical power for detecting differences between groups. Nevertheless.
studies with only a single or a few ussessments of smoking behavior have been
extremely informative.

Alternative Behavioral Measures

As a measure of smoking, self-report by questionnaires and interviews is the most
common. the least expensive. the easiest to use. and the most feasible in epidemiologic
studies (Frederiksen, Martin, Webster 1979: Pechacek. Fox et al. 1984). However.
other behavioral measures have also been used in clinical studies. Because these
measures are generally not used in large-scale epidemiologic studies. they will be
presented only briefly in this Chapter.

Self-monitoring by the smoker. a measure of smoking commonly used in intervention
studies. involves recording by paper. pencil, and mechanical counters each cigarette as
it is smoked. The monitoring itself may be a reactive measure and alter the behavior,
depending on the nature of the monitored behavior and mottvation (Abrams and Wilson
1979: Frederiksen. Martin. Webster 1979; Lipinski et al. 1973: McFall 1978: Orleans
and Shipley 1982). Itis an intrusive measure that is normally restricted to small studies
of high intensity. Other behavioral measures, such as direct observation. collecting and
counting cigarette butts (McFall 1978), and measuring their length (Auger. Wright.
Simpson 1972), are even more costly and intrusive and less appropriate for
epidemiologic and large intervention studies.

Alternative types ot behavioral reports tor validation of smoking status include
verification by an informant (Shipley 1981). by self-report measures using multiple
questions about smoking behavior or status as part of the same interview or question-
naire (see above). and by sampling on multiple occasions. Examples of the latter
usually involve long periods of time and often result in multiple sources of dis-
crepancy. (See Lee 1988 for summary.)
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Surrogate Assessments

In some circumstances researchers may need to obtain information from sources other
than the index subjects. With some study designs, for example a case—control study of
lung cancer, some subjects are unavailable to answer questions because of illness or
death. In cohort studies. or intervention studies with mortality endpoints, surrogate
interviews are sometimes required to assess smoking during the interval preceding
death.

Failure to obtain surrogate reports can cause considerable bias in some instances. In
a case—control study of oral cancer. Greenberg and coworkers (1986) obtained inter-
views with 112 cases (67.9 percent) and surrogate reports for 23 cases (13.9 percent).
Cases needing surrogate reports had more advanced stages of disease at the time of
diagnosis and were more likely to be black and less educated than cases interviewed in
person. Cigarette smoking and drinking hard liquor were more common among these
cases. Therefore, failure to include surrogate reports would have resulted in under-
estimates of the strength of association between cigarette exposure and hard liquor and
the risk of oropharyngeal cancer.

Pickle. Brown, and Blot (1983) found that siblings of index subjects provided the
most complete data about smoking in the subject’s family of origin and early life events.
Spouses and offspring supplied the most complete data about smoking history during
adult life. Incomplete data generally increased with the amount of detail requested. so
that there were considerably higher nonresponse rates for a detailed smoking history
(approximately 50 percent) than for the history of a broad smoking status, such as never
smoker (approximately 15 percent). Surrogates beyond a spouse or close relative
provided much higher nonresponse rates for almost all questions in all statuses.

McLaughlin and colleagues (1987) examined the reliability of retrospective surrogate
reports obtained 10 years after initial reports and compared these with retrospective
self-reports using data from the NHANES-I (Cornoni-Huntley et al. 1983). Correct
identification of previous smoking status was generally provided by most types of
surrogates, except siblings of male decedents. The combined level of agreement for all
surrogates ranged from 85 to 95 percent and was remarkably similar to that from
self-reports of living subjects. Thirty-five percent of the surrogates could not provide
data on when smoking began compared with 1 percent in self-reports. Surrogates who
responded tended to provide a later age for starting. Surrogates did. however, provide
estimates of years smoked that were comparable to the original reports. In this study.,
siblings and other surrogates provided less reliable reports than spouses. offspring, or
parents of subjects.

Lerchen and Samet (1986) interviewed widows of lung cancer patients who had
supplied their own smoking histories while alive. They found that of 77 wives of current
smokers, all supplied information about the cases’ cigarette smoking status (ever/never)
that was in perfect agreement with the information supplied by the cases themselves.
Sixty-six (86 percent) were able to supply complete responses about their husbands’
smoking behavior. For those who responded, however, mean values reported by cases
and their wives were not significantly different for age at which cases started smoking.
years smoked. or average number of cigarettes smoked per day. Wives tended to report
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20 cigarettes smoked daily even when their husbands smoked substantially more or
less. Pershagen and Axelson (1982) also reported perfect agreement regarding
smoker/nonsmoker status when information was obtained from a close relative (parent.
wife, or child) for 14 lung cancer cases compared with information that had previously
been obtained from the cases by the physician. Blot, Akiba. and Kato (1984) also
interviewed next of kin in a case—control study of lung cancer among atomic bomb
survivors who had previously provided information regarding their own smoking
behavior while they were alive. The investigators found that only 1 percent of
surrogates reported that a subject had never been a smoker while the subject reported
that he or she had smoked. suggesting that the identification of never smokers by next
of kin is very accurate. There was poorer agreement regarding those who smoked. with
13 percent of surrogates indicating that a subject had smoked while the subject had
reported never smoking.

Sandler and Shore (1986) examined the quality of data provided by adult offspring
on parents’ smoking and drinking. The data were from 518 cancer cases and 518
healthy controls aged 15 to 59. When possible, mothers provided data on their own
smoking and their husbands” smoking. Of 982 subjects who had lived with their natural
mother, 97 percent provided data on their mothers™ smoking status. Of those whose
mothers reported never having smoked cigarettes, 2.7 percent were reported as ever
having smoked by the adult child. Of those mothers who reported ever having smoked.
8.8 percent were reported as never smokers. Of those fathers reported by the mother
as never smokers, 17.2 percent were reported by subjects as ever smokers. Of those
tathers reported as ever having smoked cigarettes. 21.1 percent were reported as never
smokers by their adult children. Even with the quantity of cigarettes collapsed into
categories to include answers of less than 1 pack, 1 pack, and more than | pack. the
proportion of mothers and subjects whose responses exactly agreed was 82.0 percent
for mothers and 49.2 percent for fathers.

Humble, Samet, and Skipper (1984) interviewed 46 subject—spouse pairs, with 2
people in each of 38 of these pairs acting as the subject and as a surrogate for his/her
spouse, thus producing 84 total subject—surrogate pairs. For the 30 current or previous
cigarette smokers whose spouses gave complete smoking data regarding the subjects,
the subjects reported a mean use of 17.8 cigarettes per day compared with 14.3 reported
by their spouses. The difference was not significant.

Investigations indicate that useful information on smoking can be obtained in
epidemiologic investigations that must rely on surrogate information (McLaughtin et
al. 1987). Although greater misclassification occurs when surrogate reports are used
compared with self-reports, consideration of variables such as the relationship of the
informant, length of time he or she had known the case. the topic of the questions, and
complexity of the data gathered from the informant can add to the validity of the data
(Rogot and Reid 1975).

Nonbehavioral Measures

Methods other than self-report huve been used to assess smoking status.  Some
researchers have expressed concemn that self-report when used atone can be an in-
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accurate measure that underestimates the amount of cigarettes smoked (Haley and
Hoffmann 1985: Marsh et al. 198%; Warner 1978) because subjects often underreport
levels of cigarette consumption or misrepresent themselves as former smokers (Luepker
etal. 1989 Murray and Perry 1987: Windsor and Orleans 1986; Russell 1982: Stookey
et al. 1987). Underreporting also has been linked to “digit bias.” that is, subjects tend
to report in terms of multiples of ten and underestimate actual consumption (Pechacek,
Fox et al. 1984; Vogt 1977: US DHHS 1989).

Between 1974 and 1985, estimates of U.S. cigarette consumption based on self-report
accounted for only about 70 percent of consumption estimates based on cigarettes taxed
and sold (Hatziandreu et al. 1989). This ratio has remained relatively stable. Most of
this discrepancy is likely to be due to underreporting or a “rounding down ™ to the nearest
multiple of a half-pack of daily cigarette consumption (Kozlowski 1986). although
misreporting of smoking status may play a role as well.

Validation of self-reports with measures such as biochemical assessments represents
a possible means of decreasing misclassification due to misreporting (Luepker et al.
1989; Windsor and Orleans 1986). However. some researchers note that biochemical
validation techniques present ditferent problems that also cause misclassification. thus
favoring the use of self-report (Assaf et al. 1989: Crossen, Dougher. Belew 1984;
Hansen, Malotte, Fielding 1985; Hatziandreu et al. 1989: Kornitzer et al. 1983: Petitti.
Friedman. Kahn 1981). As noted above, sensitivity and specificity of the biochemical
measures are not perfect. In addition. the procurement of biochemical measures from
a large majority of self-reported quitters is not as feasible in large-scale intervention
trials or observational studies as it is in smoking studies of a smaller scale and a more
clinical nature. Subjects in the population samples do not have the same commitment
to studies that volunteers have to clinical studies. and the former are more likely to leave
the study area. which makes validation difficult (Ockene et al. 1989). Validation also
requires more personal contact than is generally emploved in observational or large-
scale field studies, and the additional contact may not be acceptable to the subjects or
teasible in the context of the study.

The section below on physiologic measures discusses methods other than behavioral
measures that have been used to assess cigarette smoke exposure. These measures are
then contrasted with self-report. and the varying needs for biochemical measurement
among different populations are considered.

Physiologic Measures

Smoking behavior has been assessed by measuring physiologic changes that result
from smoking (Pechacek. Fox et al. 1984). Smoking and smoke exposure are reflected
in a variety of acute and chronic physiologic measures primarily because of the strong
pharmacologic effects of nicotine. These effects include changes in heart rate, blood
pressure, hand tremor, and skin temperature. Each of these measures has a wide
variability under normal conditions and is affected by many factors other than smoking.
thus limiting usefulness as a measure ot smoking (Pechacek, Fox et al. 1984).



Biochemical Markers

Cigarette smoke i1s a complex mixture of chemicals, some of which are present in the
tobacco leaf and some of which result from chemical reactions during either the curing
process or smoking (US DHEW 1979; US DHHS 1986. 1989). Three chemical
constituents of tobacco smoke, carbon monoxide (CO). hydrogen cyvanide (HCN). and
nicotine. pass through cigarette filters and are present in inhaled tobacco smoke in
concentrations high enough to be absorbed and detected in persons who smoke. These
chemicals are measurable as intact compounds or as metabolic products.

Exposure to CO can be assessed in the blood as carboxyhemoglobin (COHb) or as
CO in expired alveolar air. Methods are available tor measuring cotinine. the primary
metabolite of nicotine, and SCN™. a metabolite of HCN. in urine. blood, and saliva.
Other measures, such as skin-surface sampling for nicotine (Nanji and Lawrence 1988)
are not as well established.

Extensive reviews of the literature on the use of biochemical markers as measures of
smoking status are provided by Benowitz (1983). Haley and colleagues (1986). Lee
(1988). Pechacek, Fox. and colleagues (1984). and Windsor and Orleans (1986).
Cummings and Richard (1988) supplied a review of optimal cutofts for the biochemical
measures discussed here. This Section is not intended to provide an indepth review of
the variability and biochemical rationale for these measures and will only provide an
overview of the use of biochemical assessments for smoking status.

Terminology

Sensitivity and specificity, characteristics of a test such as a biochemical assessment,
are measures of validity, the extent to which the test measures truth (Fletcher, Fletcher,
Wagner 1987). Typically. sensitivity and specificity are determined by comparing the
test results against a reference or “gold™ standard. For smoking, self-reported status
has most often been used as the standard for assessing biochemical markers. The
sensitivity of a biochemical test for smoking exposure is the proportion ot true smokers
who are classified as smokers by the biochemical test. The specificity of a biochemical
test tor smoking exposure is the proportion of true nonsmokers who are classified as
nonsmokers by the biochemical test. A test of 100-percent sensitivity and 100-percent
specificity would perfectly discriminate true smokers from true nonsmokers. However,
this degree of validity is not reached by any presently available biochemical marker.
In addition, the standard to which biochemical measures are compared. typically
self-reported smoking status, may be of limited validity, and thereby cause apparent
sensitivity and specificity to be reduced.

When continuous measures are used to test for smoking status, a cutpoint must be
chosen such that those individuals whose test value exceeds the cutpoint are classified
as smokers and those with values below the cutpoint are classified as nonsmokers
(Cummings and Richard 1988). The level at which the cutpoint is set determines the
sensitivity and specificity of the test. Lowering the cutpoint improves the sensitivity
at the expense of specificity. Raising it will improve specificity at the expense of
sensitivity (Cole and Morrison 1980; Browner, Newman, Cummings 1988}, Selecting



a cutpoint depends on the relative importance of mislabeling an actual smoker as a
nonsmoker with a very insensitive but specific test versus mislabeling an actual
nonsmoker as a smoker with a very sensitive but nonspecific test. This tradeoff between
sensitivity and specificity is discussed in more detail elsewhere (Fletcher. Fletcher,
Wagner 1987).

An important contextual issue concerns the validity with which the biochemical
measure classifies individuals, When the test is applied to a population of smokers and
nonsmokers. the proportion of the persons who test positive. that is. above the specitied
cutpoint, who are actually smokers becomes an important concern. This issue. distinct
from the question of what proportion of smokers are above the cutpoint. is the crucial
measure of how much misclassification occurs. This proportion, the positive predictive
value of a test, depends not only on specificity and sensitivity but aiso on the prevalence
of the condition in the population being tested (smoking in this example). The less
prevalent smoking is in the screened population the lower the positive predictive value
of a test (Browner, Newman, Cummings 1988).

The relative misclassification rates for smokers and nonsmokers. determined in part
by the estimated prevalence of smoking in the population to which the cutpoints are
applied, are particularly important in studies which use biochemical tests to verify
self-reported smoking cessation (Cummings and Richard 1988; Ruth and Neaton, in
press). For example. the pressure to quit smoking that is present in formal smoking
cess