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Medical Exchanges

Secretary of Health, Education, and
Welfare Joseph Califano’s efforts to de-
crease the supply of physicians may
have even further repercussions than
suggested in R. Jeffrey Smith’s article
(News and Comment, 16 Feb., p. 630)
because the asserted oversupply of phy-
sicians is being used as an argument to
further discourage foreign medical study
by Americans and will doubtless serve as
an argument for further increasing the
stringency of visa issuance to physicians
from other countries. As with most ef-
forts to artificially limit people’s choice
of occupation, there is a serious chance
of throwing out the baby with the
bath water. The baby in this case is the
mass of physicians from Europe and
elsewhere who are as fully qualified as
American physicians who would come to
the United States for residencies, re-
search, or other training but who will be
unable to do so because of visa and li-
censing difficulties. American medicine
has benefited enormously from nonimmi-
grant medical exchanges; at one time it
was even modish for Americans to train
abroad. The vigilantes of medicine who
would eliminate those underqualified
physicians who hope to reap the profits
of fee system medicine may also serve to
isolate American medicine from the free
exchanges of skills and information that
have been so important to all concerned
in the past. I have no doubt that medical
care can only benefit from carefully scru-
tinizing each practitioner, but with the
understanding that other countries have
succeeded in producing physicians as
qualified as our own.

CeciL H. Fox
Department of Pathology,
Karolinska Institutet,
Karolinska Sjukuset,
S-104 01 Stockholm, Sweden

“Low-Risk”’ Cigarettes:
The Debate Continues

In her article of 1 September 1978
(News and Comment, p. 795),"Jean L.
Marx quotes briefly from our previous
letter to Science regarding Gio B. Gori’s
article (17 Dec. 1976, p. 1243) on ‘‘low-
risk cigarettes.”’ A later article (/) builds
on the erroneous statistical foundation of
the first and includes a misleading table
of “‘critical levels’’ for low tar and nico-
tine cigarettes.

Gori’s fundamental conceptual error is

equating a (incorrectly computed) lack of
statistical significance with the absence
of a substantive effect. This is stated by
Goriand Lynch (/, p. 1256): *‘The inabil-
ity to verify this reduced risk might lead
to its being considered socially toler-
able.”” By their analysis the risk to the
smoker of ‘‘critical levels’’ of cigarettes
may be up to 100 percent greater than the
risk to the nonsmoker.

In the Science article the statistical
methodology to which we objected is
contained in reference 45. We set forth
here some of the methodological errors
we believe were made in the handling of
Harold A. Kahn’s data (2) relating the
relative risks of cancer of the lung and
bronchus to the number of cigarettes
smoked per day.

1) The expression for R (Gori’s equa-
tion 2) refers to the risk to a smoker of X
cigarettes per day relative to the non-
smoker (0 per day), that is, R is the ‘‘rel-
ative risk.”” His equation 2 gives
R = 1.388 when X = 0. This says that
the risk of a person who smokes zero
cigarettes per day (surely a nonsmoker)
is 38.8 percent greater than the risk to a
nonsmoker! Anyone capable of doing
arithmetic should be disturbed by this re-
sult and should look with suspicion upon
any conclusions drawn from an equation
which yields such an answer.

2) In fitting his equation, Gori (3)
graphs the relative risk for smokers of
one to nine cigarettes per day versus ten,
rather than the traditional class interval
midpoint—five. He similarly graphs oth-
er points at the upper boundary of the in-
terval of cigarette usage. That is, his
graphing technique says that the average
number of cigarettes consumed per day
by persons who consume one to nine
cigarettes per day is ten. This has the ef-
fect of greatly underestimating the risk of
smoking any given number of cigarettes,
that is, underestimating the slope of the
dose-response curve.

3) Gori fits a quadratic equation to
these data where a straight line is appro-
priate (that is, the quadratic coefficient in
his equation is not significantly different
from zero and hence should not be in-
cluded). This inflates the variability of
the interpolated values of the relative
risk thereby increasing the estimate of
number of cigarettes which may be
smoked without a ‘‘significant’’ effect. In
fact, for the properly fitted straight line
and the correct *‘significance’” computa-
tions, any number of cigarettes, however
small, will yield a *‘significant’’ increase
in cancer risk. The true ‘‘critical’’ daily
number of cigarettes is zero.

The straight line that best fits these
data has the equation R =1 + 0.53 X,
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where X is the number of cigarettes
smoked per day. (When X =0, R =1,
which is what the relative risk to a non-
smoker must be.) This yields the follow-
ing interpolated increases in risk associ-
ated with various values of daily ciga-
rette usage.

Daily Increase in risk
cigarette compared to that of
usage a nonsmoker (%)
2 106
1 k 53
0.2 11
0.1 5

That is, smoking two cigarettes per day
is associated with an estimated increase
in cancer risk of 106 percent, one ciga-
rette per day with a 53 percent increase,
and so forth. Gori states in his article
that for these data ‘‘the critical value lies
between 1 and 2 cigarettes per day.”
Marx reports that ‘‘Gori says he redid
the analysis in accordance with the sug-
gestions of Gart and Schneiderman and
did not find enough difference in the re-
sults to warrant changing his con-
clusions.”” We find it conceivable that
someone might assert that between a 50
to 100 percent increase of cancer is ‘‘tol-
erable’”” or ‘‘acceptable,” even though
we think these increases are very large
and not acceptable to us.

Quite apart from the subjective judg-
ment of what is ‘‘tolerable’’ or ‘‘accept-
able,”” we think it important to under-
stand how the estimates were developed
and how erroneous techniques lead to
untenable conclusions.

Joun J. GART
3406 Kenilworth Drive,
Chevy Chase, Maryland 20015
MARVIN A. SCHNEIDERMAN
6503 East Halbert Street,
Bethesda, Maryland 20034

References and Notes

1. G. B. Goriand C. J. Lynch, J. Am. Med. Assoc.
240, 1255 (15 September 1978).

2. H. A. Kahn, in Epidemiological Approaches to
the Study of Cancer and Other Chronic Dis-
eases, W. Haenszel, Ed. (Monogr. No. 19, Na-
tional Cancer Institute, Rockville, Md., 1966),
pp.1-125.

3. Gori gives the intervals of cigarette usage as 1 to
10, 11 to 20, 20 to 39, and > 40. The original
study (2, pp. 55-57) gives 1 to 9, 10 to 20, 21 to
39, and > 39.

Gart and Schneiderman address two
separate articles, one by me published in
Science, and the other in the Journal
of the American Medical Association
(JAMA) written with Cornelius J. Lynch
).

1) They object to equation 2 of the Sci-
ence article, which applies to mortality
from lung cancer. They contend that the
risk to a nonsmoker is 1, whereas this
equation gives a higher estimated value.
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However, a risk of 1 is valid for respon-
dents who never smoked. In surveys of
U.S. populations, those who report a ze-
ro cigarette consumption at any given
time include ex-smokers, pipe and cigar
smokers, and occasional cigarette
smokers. Epidemiological data consist-
ently show that ex-smokers, for ex-
ample, have relative risks in excess of 1
for as long as 15 years after cessation,
even though they report zero cigarette
use during this time.

Therefore, estimates of risk in excess
of 1 dare a more plausible reflection of
true conditions than a statistically im-
posed prejudice.

Moreover, equation 2 refers to an iso-
lated lung cancer study and is given only
as a procedural example. It is worth not-
ing that the use of only epidemiological
data on lung cancer would have resulted
in higher critical values than those esti-
mated in the conclusions of the Science
article. For those conclusions, the more
conservative data referring to overall
mortality were used. The estimated risks
for zero cigarette consumption in the
equations fitted to these studies ranged
from 0.95 to 1.06. Values such as these
should be viewed as underestimates of
reality, because the four studies ana-
lyzed (giving over 3 million person-years
of experience, almost 50,000 deaths) in-
cluded a large portion of former cigarette
smokers (2) with an ascertained residual
risk of 1.4 to 1.5.

2) Gart and Schneiderman object to
the choice of the upper boundary of the
reported cigarette use interval, as con-
trasted to using a ‘‘traditional class inter-
val midpoint.”” The midpoint is used
when additional information is not avail-
able, a practice sometimes referred to as
the ‘‘equal distribution of ignorance.”
For tobacco use, however, additional
epidemiological information is available.
In particular, mean rates of reported
tobacco use do not coincide with mid-
points of class intervals but usually lie
between the 80th and 95th percentiles of
the intervals. A review of more than
30,000 respondents of epidemiological
studies sponsored by the National Can-
cer Institute gives a typical frequency
distribution of respondents to questions
about cigarette use as exemplified in the
figure below and indicates that most re-
spondents regard multiple points of five
as modes rather than upper boundaries.
(Interval means are displayed within the
triangles.) It is also well known that re-
spondents to cigarette use question-
naires have an understandable tendency
to significantly underreport their con-
sumption (3). For these reasons, the up-
per boundary is a more realistic statistic
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Announcing the 4th

AAAS
Colloquium on

R&D Policy
19-20 June 1979

Mayflower Hotel
Washington, D.C.

This highly successful
colloquium, sponsored by the
AAAS Committee on Science,
Engineering, and Public Policy,
will convene again this June in
Washington, D.C. Leaders in
Government, industry, and the
scientific and technical com-
munity will address issues of

® Federal R&D « R&D issues in the
FY 1980 budget « outlook for FY
1981 ¢ problems in the
budgetary process;

® Industry R&D -+ its impact on
the economy * emerging federal
policies on innovation;

® International Aspects of R&D -« the
role of R&D in international
cooperation and
assistance « R&D and U.S.
foreign policy;

® Science and Basic Research ¢
impact of federal R&D policies
and practices on universities and
academic science ¢ public
accountability vs. excessive
paperwork ¢ basic and
long-term research in industry.

RESEARCH ¢¢ DEVELOPMENT:
AAAS REPORT IV by Willis
H. Shapley and Don 1. Phillips
will be available in book form
for the June 1979 Colloquium.
Registrants will also receive the
published proceedings of the
conference.

To receive detailed program and
registration information, please
send your name and address to

R&D Colloquium
AAAS Office of Public Sector
Programs
1776 Massachusetts Ave., N.W.
Washington, D.C. 20036

Copies of the preceding AAAS R&D
Reports (FY’'77, FY’'78, & FY’79) are
available at $5.00 each (AAAS
Members, $4.50). Corresponding
colloquium proceedings (FY’76, FY’'77,
& FY’'78) are $5.00 each (AAAS
Members, $4.50). Please write to
AAAS Sales Dept. for ordering
information.
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than the midpoint for the purposes used.
Instead of underestimating the risk, as
Gart and Schneiderman contend, the use
of upper boundaries gives a conservative
overestimation of the risk.

3) Objection has been raised to the use
of quadratic coefficients in the Science
article’s analysis, even when some of
them are not significantly different from
zero. It should be noted that there is no
preferred statistical criterion for select-
ing which terms to include in a regres-
sion equation. For the equations in the
Science article, the corrected coefficient
of determination, and not significance,
was the criterion used. This provides a
close fit between reported and estimated
data by reducing standard errors.

4) Gart and Schneiderman contend that
the JAMA article ‘“‘builds on the er-
roneous statistical foundation of the
Science article. In light of the preceding
remarks, I believe that the Science ar-
ticle is not only statistically valid, but
more important, is epidemiologically val-
id, as it addresses epidemiological reali-
ties of which Gart and Schneiderman
may not be aware. The JAMA article
uses only one statistic from the Science
article—the average critical value of
2. By this is meant that a daily consumption
of cigarettes having toxic yields equivalent
to two of the average cigarettes sold in the
United States during the late 1950’s would
not elevate the smoker’s observable risk to
mortality significantly above that of the
average nonsmoker. Independent of the
Science article, this critical value would

be valid because the four studies upon
which it is based had a 0.3 nonresponse
bias that results in overestimating the
risks 2, p. 116). This bias is larger than
the difference in risk between that of
nonsmokers and that of two-cigarettes-a-
day smokers. Thus it alone would pre-
clude inferring a significant difference in
risk between nonsmokers and two-ciga-
rettes-a-day smokers. Consequently, the
JAMA article could stand on its own
merits independent of the statistical
foundation of the Science article.

I believe the Science and JAMA arti-
cles combined present a realistic proce-
dure for gradually reducing the levels of
hazard and addiction for the millions of
smokers who persist in their habit de-
spite its known health consequences.
Our conclusions were, and still are, that
although this would not eliminate the
risk to the smoker, it has the potential of
reducing the current epidemic of dis-
eases associated with smoking to a con-
siderably less serious public health prob-
lem.

Grio B. Gor1l
National Cancer Institute,
National Institutes of Health,
Bethesda, Maryland 20205
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