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Abstract

A recent paper showed that for people who follow all five healthy
lifestyle recommendations, the risk of Alzheimer disease is only 40% of
the risk for those who do not follow any of these recommendations, and
that for people two or three of these recommendations, the risk is 63%
of the not-followers risk. In this paper, we show that a relation between
the two numbers — namely, that 0.40 is the square of 0.63 — can be
naturally explained by a simple model.

Mathematics Subject Classification: 92C50 94A17

Keywords: Alzheimer disease, Laplace Indeterminacy Principle, Maxi-
mum Entropy approach

1 Formulation of the Problem

A recently discovered empirical dependence. A recent paper [1] analyzed
the effect of the following five healthy lifestyle factors on the risk of Alzheimer
disease:

e non-smoking,
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e physical activity — at least 150 minutes per week of moderate-to-vigorous
intensity physical activity,

e light to moderate alcohol consumption,

e heathy diet — as measured by belonging to the upper 40% in terms of
healthy eating, and

e engagement in late-life cognitive activities — also as measured by belong-
ing to the upper 40% in terms of such activities.

The main conclusion is that these factors drastically decrease the risk of
Alzhemier disease in comparison with participants who do not have any of
these factors. Specifically:

e for participants that had all five healthy lifestyle factors, the risk was
40% of the risk of no-factors folks — i.e., the proportion of fully-healthy-
lifestyle folks who got this disease was 2.5 time smaller than among those
who did not have a healthy lifestyle at all; and

e for participants that had two to three healthy lifestyle factors, the risk
was 63% of the risk of those who did not have a healthy lifestyle at all.

How can we explain this empirical dependence? A natural question is
how can we explain these empirical results.

What we do in this paper. In this paper, we provide a possible partial
explanation of these results. Namely, while we cannot explain neither of the
two empirical percentages, we use simple ideas to explain the relation between
the two risk reduction numbers.

2 Possible Explanation

Towards a simple model: first idea. Most probably, each of the five
factors ¢ decreases the risk of the Alzheimer disease: i.e., as a result of this
factor, the proportion of people with this factor who get this disease is smaller
by some multiplicative constant ¢; that the proportion of Alzheimer patients
among people who do not have a single factor.

We do not know how exactly each of the five factors affects the risk of
getting Alzheimer disease. Thus, we have no reason to assign different value
¢; to different factors. In such situations, a natural idea is to assign the same
value to all the factors. This idea — going back to ancient times — was first ex-
plicitly formulated by Laplace and is, thus, known the Laplace Indeterminacy
Principle; see, e.g., [2]. Not only it makes sense, in its modern general form
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of Maximum Entropy Method this principle has led to many successful data
processing techniques [2].

This principle is mostly applied to probabilities — and it is when applied to
probabilities, this principle has been most empirically successful. Good news is
that in our case, the factors ¢; can also be interpreted as probabilities: namely,
as a probability that a person who would have gotten the Alzheimer disease
if he or she did not lead a healthy lifestyle will still get this disease if he/she
follows the i-th factor.

By applying Laplace Indeterminacy Principle, we select a model in which
for all five factors listed above, this probability is the same. We will denote
this common probability by ¢, i.e., we have ¢c; = ... =¢5 = c.

Towards a simple model: second idea. What if a person has several
factors? Fir example, we know the probability ¢; that a person will still have
this bad luck (i.e., Alzheimer disease) in the presence of the first factor, and we
know the probability c, that a person will still have this disease in the presence
of the second factor. What is the probability that this person get the disease
if he/she has both factors — i.e., what is the probability that this person will
have both bad lucks?

It is well known that the probability of two events both occurring is not
uniquely determined by the probability of each event: the results may be
different depending on how related are these events. In our case, we do not have
any information about the relation between different factors. So, a reasonable
idea is again to use the Laplace Indeterminacy Principle — or, to be more
precise, the Maximum Entropy approach. According to this approach, if we
know the probabilities of two events, and we have no information about the
relation between these events, we assume that these events are statistically
independent — i.e., that the probability of these two events both occurring is
equal to the product of the probabilities.

Resulting model. In our case, this means that if a person has two factors,
his/her risk is equal to ¢ - ¢ = ¢* of the risk of those who have no factors.
Similarly, if a person has f factors, then this person’s risk is equal to ¢/ of the
risk of those who have no factors.

This simple model indeed explains the relation between empirical
values. From the empirical study, we know two numbers:

e the risk decrease of 0.40 corresponding to the case when all five factors
are present, and

e the risk decrease of 0.63 corresponding to the case when only two to three
factors are present.

Let us compare these numbers with the predictions of our simple model.
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For the case of all five factors, according to our model, the corresponding
decrease in risk is equal to ¢®. So, to match our model with the empirical data,
we must have ¢® ~ 0.40.

To describe the case of 2 or 3 factors, it makes sense to use the intermediate
value f = 2.5, and estimate the resulting decrease in risk as ¢*>®°. So, comparing
this estimate with the empirical data, we should have ¢*° ~ 0.63.

How are these two estimates for a parameter ¢ compatible? Actually, they
are perfectly compatible: It is easy to see that, in general, ¢® = (¢*°)?. And in
our case, 0,632 = 0.3979, i.e., with the 2-digit accuracy, 0.63% is exactly 0.40
— so we have a perfect match with our simple model.

Let us summarize what exactly we explained and what we did not
explain. We did not explain the value 0.40, and we did not explain the value
0.63, but we did explain the fact that the square of the second value is exactly
equal to the first value!

What other conclusions can we make from our simple model. From
¢ ~ 0.40, we conclude that ¢ ~ 0.83. Thus, we can conclude the following:

e that for participants with one healthy lifestyle factor, the percent of
Alzheimer diseases will be approximately 83% of the percentage among
those who do not have any factors;

e that for participants with two healthy lifestyle factors, the percent of
Alzheimer diseases will be approximately 69% of the percentage among
those who do not have any factors;

e that for participants with three healthy lifestyle factors, the percent of
Alzheimer diseases will be approximately 57% of the percentage among
those who do not have any factors;

e that for participants with four healthy lifestyle factors, the percent of
Alzheimer diseases will be approximately 47% of the percentage among
those who do not have any factors.
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