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Abstract : Background: High relative risk of developing a disease relative to exposure is not equivalent
to high disease contraction rate. For example, smoking significantly increases the risk of lung cancer
development relative to a non-smoker, but the absolute risk is still low. A new measure is needed to
cancel out these apparent differences.

Methods: We assume that the magnitudes of a promoting factor and a preventive factor, p and g¢;
0<p<lI, 0<g<lI, relative to a disease can be modified by exposure. Since the magnitude contracting the
disease without a preventive factor is evaluated to bel%q, the magnitude of contracting it is represented
as px ﬁ =4/ (a+b) ; a and b represent the number of affected subjects and the number of non-affected
subjects, and since the magnitude of not contracting the disease without a promoting factor is evaluated
to be ﬁ, the magnitude of not contracting it is represented as gx ﬁ =b/ (a+b) . Hence, p=a*/ (a’+ab+
b*) and q=b*/ (a’+ab+6%).

Results: The method is applied for referenced data to analyze the relationship between lung cancer
and smoking among men and among women. Since ¢ is extremely larger than p, the magnitude of a
preventive factor is even larger than that of a promoting factor. This is the reason why the morbidity

of lung cancer of smokers is still very low. The high ratio of pmen to pwomen and the low ratio of gmen to
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gwomen suggest that men are more liable to be affected by smoking than women.

Conclusions: This new measure could be a better global measure of epidemiological risk.
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Introduction

Relative risk is defined as the ratio of the probability
of a disease occurring in a group exposed to a pathogen,
to its probability of occurring in a non-exposed group.
Relative risk is used as a variable in many cohort
studies. Sobue et al. reported that the relative risk
of lung cancer in current smokers to that in non-
smokers was 4.1 for men (Table 1)¥. However, such
a high relative risk may appear to be incompatible
with the fact that 99.007% of smokers did not contract
lung cancer. This is because a relative risk of 4.1
signifies that smoking quadruples the morbidity of
lung cancer from 0.24% (in non-smokers) to 0.99% (in
smokers), which is still very low. Hence, one could
postulate existence of preventive factors leading to low

susceptibility to lung cancer that counteract presence

of factors quantified traditionally by relative risk. This
report examines whether the magnitudes of these two

factors can be estimated.

Methods

Model formulation

There are likely multiple preventive factors as well
as multiple promoting factors relative to a disease. To
keep the model simple, we assume that just one of each
of these two types of factors is involved. We assume
that the magnitudes of these factors can be modified
by exposure. Consider the example in Table 1. The
magnitude of a promoting factor which can be modified
by smoking is represented by p, the magnitude of a
preventive factor which can be modified by smoking is
represented by ¢, the magnitude of a promoting factor
without smoking is represented 7, and the magnitude of
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Table 1.
Men Lung cancer (+) Lung cancer (—) Total
Current smokers 231 [a] 23036 [b] 23267 [a+b]
Non-smokers 26 [c] 10813 [d] 10839 [c+d]
Total 257 [a+c] 33849 [b+d] 34106 [a+b+c+d]

Relationship between smoking and lung cancer in men. The data is cited from Sobue et al.”.

Table 2.
Women Lung cancer (+) Lung cancer (—) Total
Current smokers 16 [a] 2827 [b] 2843 [a+b]
Non-smokers 78 [c] 44702 [d] 44780 [c+d]
Total 94 [a+c] 47529 [b+d] 47623 [a+b+c+d]

Relationship between smoking and lung cancer in women. The data is cited from Sobue et al.”.

a preventive factor without smoking is represented by s.
These magnitudes are assumed to be between 0 and 1.
Since the magnitude of contracting lung cancer without
a preventive factor among current smokers is evaluated
to be %q, the magnitude of contracting lung cancer by
smoking is represented as px ﬁ =a/ (a+b) ; and since
the magnitude of not contracting lung cancer without a
promoting factor among current smokers is evaluated
to be ﬁ, the magnitude of not contracting lung cancer
among current smokers is represented as g X ﬁ =b/
(a+b). Hence, p=a*/ (a*+ab+b*) and q=b*/ (a*+ab+b*).
Since a=0 and b=0, 0<p<I and 0<g<I. These findings
satisfy the assumptions that p and ¢ are between 0 and
1. Similarly, the magnitude of contracting lung cancer
without smoking is represented as r X %: =¢/ (c+d)
and the magnitude of non-contracting without smoking
is represented as s X 7= =d/ (¢+d). Hence, r=c*/
(*+cd+d?) and s=d*/ (*+cd+d?) . Similarly, 0<r<I and

0<s<1. These findings satisfy the assumptions that r

and s are between 0 and 1.

Results

First, the method is applied to analyze the relationship
between lung cancer and smoking among men. From
Table 1, p=0.0000995, ¢=0.9899732, »=0.0000058, and
5=0.9975955. The ratio of p to r, p/r, gauges risk of
contracting lung cancer by increasing the magnitude of
the promoting factor with smoking. The magnitude of
the promoting factor would be increased to be 17.3 (=p/
r) times with smoking. The ratio of q to s, q/s, gauges
risk of contracting lung cancer by decreasing the
magnitude of the preventive factor with smoking. The
magnitude of the preventive factor would be decreased

to be 0.992 (=g/s) times with smoking. Since ¢ is

extremely larger than p and s is also extremely larger
than », the magnitude of a preventive factor is even
larger than that of a promoting factor without smoking
as well as with smoking.

Second, the method is applied to analyze the
relationship between lung cancer and smoking among
women. Sobue et al. also reported the results for women
(Table 2)?. From Table 2, p=0.0000319, 4=0.9943405,
7=0.000003, and s=0.9982551. The magnitude of the
promoting factor would be increased to be 10.5 (:p/r)
times with smoking. The magnitude of the preventive
factor would be decreased to be 0.996 (=¢4/s) times
with smoking. Since ¢ is extremely larger than p and
s 1s also extremely larger than r, the magnitude of a
preventive factor is even larger than that of a promoting
factor without smoking as well as with smoking.

Third, the relationship between lung cancer and
smoking among men is compared with that among
women. The ratio of pmen to pwomen is 3.1, indicating that
the magnitude of a promoting factor of male smokers
would be 3.1 times as likely as that of female smokers
to develop lung cancer. The finding that gwomen is larger
than gmen suggests that the magnitude of a preventive
factor of female smokers is larger than that of male
smokers; the finding that 7men is larger than rwomen
suggests that the magnitude of a promoting factor of
male non-smokers is larger than that of female non-
smokers; and the finding that swomen is larger than smen
suggests that the magnitude of a preventive factor of
female non-smokers is larger than that of male non-

smokers.

Discussion

Relative risk is used frequently to examine whether
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a suspected exposure causes a disease for which the
morbidity is very low. Hence, even if the relative risk is
10 times higher in exposed subjects than in non-exposed
subjects, only a small number of subjects contract the
disease from exposure, and the greater part of the
subjects do not contract it in spite of exposure. Although
relative risk is useful, it is considered to be insufficient
when taken on its own. Indeed, it may be even more
useful to postulate additional existence of a preventive
factor associated with low susceptibility to a disease and
calculate its effects, as our analysis now allows. Since ¢
is rather larger than p and s is rather larger than r, the
magnitude of a preventive factor is even larger than
that of a promoting factor without smoking as well as
with smoking. This is the reason why the morbidity of
lung cancer of smokers is still very low.

Wakai et al. reported that the relative risk of lung
cancer for women was less than half of that for men,
and surmised that women smoked a smaller amount®”.
On the other hand, Fontham et al. have suggested
that women are more susceptible to the carcinogenic
compounds of smoking”. Freedman et al. suggested
that women were not more susceptible than men to the
carcinogenic effects of cigarette smoking in the lung®.
There are many controversies on the relationship
between female hormones and lung cancer. The ratio of
Ppmen t0 pwomen is 3.1, indicating that the magnitude of a
promoting factor of male smokers would be 3.1 times as
likely as that of female smokers to develop lung cancer.

The finding that gwomen is larger than gmen suggests
that the magnitude of a preventive factor of female
smokers is larger than that of male smokers. These
findings suggest that female hormones may protect
against lung cancer. It has been first found, calculating
both the magnitude of a promoting factor and that of a
preventive factor. The suggestion that female hormones
are preventive against smoking induced lung cancer is a
case in point.
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