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The Chronic Diseases Require Nonlinear 
Mathematical Description

Introduction

‘Chronic’ means ‘slow’ and the onset of chronic diseases under 
prolonged stress is a slow process. However, not only is the onset of 
chronic diseases slow, the healing of chronic diseases is slow process. 
The only way to cure a chronic disease is with acupuncture, but it 
requires a long series of (14 to 20) daily acupuncture treatments M 
Kuman [1]. Strong or prolonged stressors lead to chronic diseases. 
Prolonged stressor is either a stressor with long duration or 
different stressors acting through relatively short time intervals. 
Since the body responds to different stressors in the same way-it 
mobilizes for response to the stressor-this allows accumulation of 
the nonspecific impacts of different stressors. Selye [2] was called 
the Father of Stress because he spent 40 years of his life studding 
stress. He is also the Godfather of stress because he borrowed the 
name stress from engineering and first applied it to psychological 
stress. He found that the same stress causes chronic disease of 
different organs in different individuals.

Selye [2] explained this on p. 61 of his book Stress in Health 
and Disease in the following way: “... stress might hit one or another 
organ selectively, depending upon an inherited (or acquired) 
predisposition, which made this the weakest part of the body” [3]. 
Stress delays the due biorhythms because the body needs to stop its 
habitual work and mobilize for respond to the stressor. For periodic 
reactions, these delays are called phase shifts. Thus, stressors cause 
phase shifts (delays) in the biorhythms of the body. If strong or  

 
prolong stress causes chronic disease of the genetically inherited 
weak organ first, this is because the energy of this organ is low and 
as a result its biorhythms are more weakly integrated than in the 
other organs. 

Just as the gradual pull of a thread leads to a break up at the 
weakest place where the tension accumulates, the delays or phase 
shifts caused by prolonged stressors accumulate in the genetically 
inherited weak organ, which does not have enough energy to 
propel them. After a while, the functioning of the genetically weak 
organ would collapse and the organ would suffer chronic disease. 
Thus, the genetically inherited weak organ, being the weakest, is 
the first to break down under prolonged stress. The weaker the 
biorhythm integration of the genetically inherited weak organ, 
the easier stress will destroy its biorhythm synchrony. When the 
stress surpasses the level, which the weak organ can tolerate, called 
ultimate stress, its existing order of biorhythms cannot be sustained 
any more. Then the genetically inherited weak organ would try to 
evolve to a new equilibrium state with a new type of biorhythm 
order with more weakly integrated biorhythms, which would be 
better adapted to stressors. However, since its biorhythms are more 
weakly integrated, its functioning would be even more sluggish and 
the organ will mal-function or suffer chronic disease. 

Pathology starts when the body fails to compensate for a 
critically large phase shift caused by strong stressor or accumulated 
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Abstract

Our body is organized in space (in tissue specific organs) and in time. Since stress creates delays because the body needs to stop its work and 
mobilize for response to the stressor, stress would influence the organization in time. Since the periodic reactions in an organ called biorhythms exhibit 
extreme flexibility and adaptability, they must be nonlinearly connected. However, regardless how flexible and adaptable the system of biorhythms is, 
the genetically inherited weak organ with lowest integration among its biorhythms would be the first to fail to adapt under strong or prolonged stress. 
This would result in mal-adaptation manifested as chronic disease. Thus, only nonlinear mathematics can describe the onset of chronic diseases. In a 
young body, the biorhythms are strongly integrated and the so-called ‘potential curve’ in their nonlinear mathematical description is expected to be a 
‘potential strong spring’. However, to better adapt to stressors with aging the body lowers the energy of integration among its biorhythms. This makes 
the organs’ system of biorhythms more flexible and adaptable, but leaves it more vulnerable to biorhythm disintegration by stress, which leads to 
chronic diseases. For this reason, the so-called ‘potential curve’ in the nonlinear mathematical description for the elderly is expected to be a ‘potential 
weak spring’. Since the weak spring fails more easily under stress, chronic diseases are more frequent among elderly. 
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prolonged stress. Unstable, desynchronized, or disintegrated 
biorhythms are specific for pathology [3]. Since the chronic 
diseases result from strong or prolonged stress, which dragged the 
organ too far from equilibrium, according to the non-equilibrium 
theory, each chronic disease is a stable far-from-equilibrium state. 
The critically large phase shift, beyond which the organ loses 
stability and with time drifts to a state of pathology or chronic 
disease, is called bifurcation point. Bifurcation point is defined 
in the non-equilibrium theory as a point at which a new solution 
branches (Figure 1), which in our case is the state of pathology or 
stress-induced chronic disease. With aging, the life stress wear out 
the body and makes all its biorhythms less and less integrated. The 
less integrated biorhythms in the elderly explain why elderly are 
more frequently victims of chronic diseases and are more sensitive 
to noise, light, drugs, and so on [3]. Statistics shows that after age 
70, 85% of the elderly suffer one or more chronic diseases [4]. 
These features of the elderly are finding their natural explanation 
with the offered here ‘potential weak spring’ reflecting the weaker 
integration of the biorhythms in the elderly. The weakened 
biorhythm integration helps the elderly to adapt better to stressors 
[5], but makes them more frequent victims of chronic diseases.

Figure 1: Bifurcation is the appearance of two possible 
solutions.

Nonlinear Mathematical Approach

The body is a complicated system, which depends on many 
ever-changing parameters-internal and external. Its mathematical 
description will be a complicated high dimensional problem. 
Fortunately, for a very wide class of high dimensional problems 
the bifurcations take place in two-dimensional space [6]. In these 
cases, using the projection method one can transform the high 
dimensional problem into a low dimensional problem. Each chronic 
disease would be a new solution for the body, which bifurcates 
from the state of health when the body reaches the critical level 
of ultimate stress, which the genetically inherited weak organ can 
tolerate. If so, one can describe the transfer health - disease with a 
two dimensional equation.

Let function u describes the state of the genetically inherited 

weak organ. At this level we are not going to specify the type of this 
function. In the one-, two-dimensional, etc. cases the evolution of 
the system with time t will be described by the equation

du/dt = F(u, E, t)                                                     (2.1)

Where F is a nonlinear operator or function, u describes the 
state of the system, E-its energy. E is the energy of integration of 
the biorhythms in the genetically inherited weak organ [7]. E is a 
genetically inherited value, which decreases with aging because 
strong or prolonged stressors gradually consume it. While strong 
or prolonged stressors through creating large delays disintegrate 
the system of biorhythms of the genetically inherited weak organ, 
which leads to pathology or chronic disease of this organ, mild 
stressors stimulate or add energy to it. Such mild stressors are the 
acupuncture treatments, which recharge the organ energetically 
and bring it back to the state of health. They add to the organ the 
energy consumed by the stressors and in this way they cure the 
stress-induced pathology called chronic disease [8]. 

In the one-dimensional case u(t) is scalar, F(u,E,t)-scalar 
function. In the two-dimensional case u(t) is vector, F(u,E,t)-vector 
function, etc. Let us consider the autonom case, i.e. the case when F 
does not depend directly on t. Then

u’ = F(u(E,t), E(t))                                                     (2.2)

In this particular case the solution of the equation is harmonic 
with a period T

u(E,t) = u(E, t+T)                                                       (2.3)

Let the state u(E, t) be influenced by a perturbation v (a weak 
stressor). Then the evolution equation will be

d(u + v)/dt = F(E(t), u(E, t) + v(t)                                 (2.4)

The solution of this evolution equation is periodic or harmonic 
(with a period T) u(E,t)+v(t)=u(E, t+T*)+v(t+T*); T*=nT(n=1,2,...); 
At v→0 the solution u+v is named sub-harmonic (sub-harmonic 
frequencies are observed in plants, animals and people [3] and 
could find their natural explanation here). If v→0 at t→∞ , the 
solution u(E,∞) is called asymptotically stable. In the corresponding 
functional space (u,E), the solution u(E,t) may bifurcate at the 
critical point (Ec,tc), which means the solution u(E,t) gives origin of 
two branches u1(E,t) and u2(E,t) (Figure1). At the critical point Ec in 
a critical moment tc: u1(Ec,tc) = u2(Ec,tc).

Let us try to write in a more concrete form the equation of 
evolution. Let us expand F in a Taylor’s row around the point u0, 
which is influenced by a perturbation v

u = u0+v;  v = u-u0                                          (2.5)

F(E(t), u0 + v) = F(E,u0) + Fu(E,u0|v) + (1/2)Fuu(E,u0|v|v) + (1/6) 
Fuuu(E,u0|v|v|v) + ... 	                                                                   (2.6)

In the simplest one-dimensional case, when u(t) is scalar, and 
F(u,E,t) scalar function [6], the evolution equation will be

v’ = -dV(E,u0+v)/dv = F(E,u0+v) = F(E,u0)+Fu(E,u0|v)+(1/2)
Fuu(E,u0|v|v)+(1/6)Fuuu(E,u0|v|v|v)+...
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Hence

V = F(E,u0)v+(1/2)Fu(E,u0)v2+(1/6)Fuu(E, u0)v3 ...            (2.7)

We will consider V as a ‘potential’, because this mechanical 
interpretation is useful and more visual, regardless of the fact that 
according to the non-equilibrium theory far-from-equilibrium 
systems cannot be described in terms of a potential [8,9].

When the perturbation v is small, we can retain only the linear 
term

V’ = Fu(E(t), u(E,t))v                                        (2.8)

Then the solution will be V=V0 exp Fu(E,u)t. The condition for 
solution stability is Fu<0. When |F| is large (far from zero), the 
solution (the ‘potential’) is stable. When |F| is small (near zero) the 
solution (the ‘potential’) is unstable [9].

Let Fu = -a                                                     (2.9)

When the parameter a is large, the ‘potential’ V is steep, V has 
the shape given in Figure 2a and the solution is stable. System, 
described by such ‘potential’, can be driven out of equilibrium with 
difficulties. This is a ‘potential strong spring’.

Figure 2a: The potential strong spring of the young people.

Young people suffer fewer chronic diseases. “The resistance 
remains high through the early twenties and to some extent in 
the thirties” [5]. The higher resistance of young people to chronic 
diseases [7] will be described with a ‘potential strong spring’ 
of type 2a. The higher resistance of young people to chronic 
diseases means that their biorhythms are more strongly integrated 
(potential strong spring). For that reason, prolonged stress will 
not desynchronize them easily because the strong binding forces 
among the biorhythms will easily bring the system back to norm. 
Acupuncture clinical practice shows that even when strong or 
prolonged stressors drive a young person to a state of chronic 
disease (far-from-equilibrium state), the cure of this chronic 
disease is easier. This is because young systems of biorhythms 
return back to norm relatively easy (their potential is a stronger 
spring than that of the elderly). 

When the parameter ‘a’ is negative but small, the ‘potential’ V 
has the shape given on Figure 2b. This is a ‘potential weak spring’. A 
system described by such potential is easily driven out of equilibrium 
(state of health) and it returns back (to the state of health) slowly 
and with difficulties. This means that not only is easier to become 
chronically sick with aging, the cure is more difficult. A ‘potential 
curve’ of the type ‘weak spring’ (Figure 2b) will best describe the 
increased vulnerability of elderly to chronic diseases and their slow 
and difficult cure. Potential “weak spring” means that in the elderly 
the biorhythms are more weakly integrated. This helps the elderly 
to adapt to stressors easily, but strong or prolonged stress would 
disintegrate the biorhythms of their genetically inherited weak 
organ more easily, which lead to chronic disease of the weak organ.

Figure 2b: The potential weak spring of the elderly.

As said, the system of biorhythms in the elderly become 
more weakly integrated. This makes the elderly better adapted 
to stressors, but stressors would more easily disintegrate their 
weakly integrated biorhythms (Figure 2b) and they would suffer 
more chronic diseases. Adequate mathematical description of these 
age-related changes requires the parameter a to be made function 
of the time -a(t). The dependence a(t) would reflect the decreased-
by-stress energy of biorhythm integration E(t) with aging, which 
would also explain their increased sensitivity to moderate changes 
in light, temperature, noise level, and small doses of drugs. 

a(t) = -Fu(E(t), u(E(t), t))

“Some day an understanding of the biorhythm organization may 
become an important part of medicine for the aged and may offer 
insight into the extreme sensitivity of older people to moderate 
alterations in light, temperature, noise level, more sensitive to small 
doses of drugs, and slight changes in schedule” [3].

Let Fu = a ; Fuu/2 = c; Fuuu/6 = b;                                        (2.10)

and let the ‘potential’ be

V(v) = (a/2)v2+(b/4)v4                                                     (2.11)

Then 

v’ = -av-bv3                                                                   (2.12)

When 

V(v) = (a/2)v2+cv +( b/4)v4                                                   (2.13)

then
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v’ = -av-c-bv3                                                      (2.14)

At c>0 and b>0, when a changes gradually from positive to 
negative, the ‘potential’ curve changes from the curve types in 
Figure 2 to the curve type in the Figure 3 [9].

Figure 3: Bifurcation or the appearance of chronic disease 
as a second possible stable state beside the state of health 
when the level of stress endurance is reached.

In other words, after the bifurcation, when the chronic disease 
is already onset, the ‘potential curve’ will have the shape on Figure 
3. The new equilibrium stable state of chronic disease has deeper 
minimum because some energy has been lost to mobilize for 
respond to the stressors-fight or flight, adapt or resist. The shift to 
this state is caused by changes in a(t) and c.

Conclusion 

This article claims that the increased number of chronic 
diseases with aging could be mathematically described only with 
nonlinear mathematics. In attempt to adapt better to stressors, 
with aging the life stress lowers the body energy and the energy of 
integration of the biorhythms of the organs. This makes the system 
of biorhythms more flexible and adaptable to stressors, but more 
sensitive to noise, light, etc. 

In its attempt to adapt better to stressors, the elderly body 
reshapes its ‘potential curve’ from the ‘potential strong spring’ 

specific for young people (Figure 2a), into a ‘potential weak spring’ 
specific for the elderly (Figure 2b). However, this makes the elderly 
more vulnerable to biorhythm disintegration by stress, which leads 
to more frequent chronic diseases among the elderly. 

The genetically inherited weak organ has lower energy and 
more sluggish functioning than the other organs and its biorhythms 
are more weakly integrated. Under stress, which causes delays, the 
biorhythms of the weak organ are further disintegrated until the 
whole organization collapses. The weak organ shifts to a new stable 
equilibrium state with a new type of biorhythm order with weaker 
integration among its biorhythms. In this new equilibrium state, the 
biorhythms are so weakly integrated that the weak organ is barely 
functioning. This is the state of chronic disease, which is presented 
on Figure 3 by a deeper minimum because some energy has been 
lost in the mobilization reactions for response to the stressors. 
This explains why under stress the functioning of the genetically 
inherited weak organ collapses first and the organ suffers chronic 
disease first.
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