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Abstract

Objective: Describes the economic effects on bio-psychosocial homeostasis from a three-dimensional analysis of the joint
interaction of biological, psychological and economic-social comorbidities, in order to know the probabilities of occurrence of
these conditions simultaneously. Method: It is a cross-sectional study and random quota sampling. 353 men and women over
20 years of age participated, and answered a 27 questions application (bio-psycho-economic-social), the data was analyzed
three-dimensionally in order to know the probability of occurrence of the variables studied and their possible location in the
probabilistic unit cube. Results: Based on the unit cube proposal, it can be observed that in the block of people with incomes
from 2200 to 6600 pesos in the group of men there is a probability of 12.9 per 1000 inhabitants of presenting debt problems,
overweight and severe depression, while in the case of women, the probability is 2.08 per 1000 inhabitants. Conclusions:
There is a priority axis that determines the change of the remaining variables, in this case it is the economic axis the one that
determines the biological and psychological conditions.

Keywords: Multifactorial analysis. Economic vulnerability. Debt and Health.
Resumen

Obijetivo: Describir los efectos econdmicos en la homeostasis biopsicosocial a partir de un analisis tridimensional de la inte-
raccion conjunta de la comorbilidad bioldgica, psicoldgica y econdmico-social, con la finalidad de conocer las probabilidades
de ocurrencia a partir de estas condiciones de forma simultanea. Método: Estudio transversal y muestreo aleatorio por cuotas.
Participaron 353 hombres y mujeres mayores de 20 afios que contestaron un cuestionario con 27 preguntas (biopsicosocia-
les-econdmicas). Se analizaron los datos tridimensionalmente con la finalidad de conocer la probabilidad de ocurrencia de las
variables estudiadas y su posible localizacion en el cubo unitario probabilistico. Resultados: Con base en la propuesta del
cubo unitario se obtiene que, en las personas con ingresos de 2200 a 6600 pesos, en los hombres existe una probabilidad
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de 12.9 por cada 1000 habitantes de presentar deudas, sobrepeso y depresion grave; en las mujeres, la probabilidad es de
2.08 por cada 1000 habitantes. Conclusiones: Existe un eje prioritario que determina el cambio de las variables restantes,
en este caso el eje econdmico que determina las condiciones bioldgicas y psicoldgicas.

Palabras clave: Analisis multifactoriales. Vulnerabilidad econdmica. Deudas y salud.

“No man ever steps in the same river twice,
for it's not the same river and he's not the same man.
Heraclitus

”

Introduction

The World Bank defines prover as the inability to
ready a minimum level of life, that is, to have access
to a standard of nutrition and other very basic needs’.
In 2018, it stated that approximately 50% of the total
people who live in poverty is comprised by children,
and that women represent the majority of poor people
in most regions of the world. It also reported that
more than 40% live in economies affected by fragility,
conflicts, and violence, and this figure is expected to
increase to 67% in the next decade. Furthermore, it
is estimated that many people who had overcome
extreme poverty may revert to it as a consequence
of the COVID-19 pandemic (between 88 and 115
million people). It suggests that the new poor will
possibly live in overpopulated urban areas and they
will be employed in informal services and manufac-
turing activities?.

In Mexico, according to the Consejo Naciona de
Evaluacion de la Politica de Desarrollo Social (CONE-
VAL; National Committee for the Evaluation of Social
Development Policy), in 2018 the population with inco-
me below the poverty line was 48.8% (61.1 million
people), the population with income lower than the
extreme poverty line was 16.8% (21 millions), and re-
garding the population that is in poverty was 41.9%
(52.4 millions), while the population in a situation of
extreme poverty was 7.4% (9.3 millions). In terms of
vulnerable population by income, it was reported to be
6.9% (8.6 millions), vulnerable population due to social
deficit (educational lag, lack of access to healthcare
services, to social security, foods, quality, basic housing
services and spaces) was 29.3% (36.7 millions), and
population that is not poor and not vulnerable was
21.9% (21.9 millions)®.

According to the World Health Organization (WHO),
poor health is both a cause and a consequence of
poverty. It has stated that sickness can reduce family

economy, learning capacity, productivity, and quality
of life, and this, in turn, creates or perpetuates poverty*.
The Secretaria de Desarrollo Social in Mexico stated
that the main cause of malnourishment in the popula-
tion is the poor intake of food that provide energy and
micronutrients (vitamins and minerals), related to poor
eating habits, low income, and supply issues in rural
areas. It states that, for a few years, Mexico has su-
ffered a transformation in nutritional and food aspects
characterized by the abandonment of traditional diets
based on high consumption of cereal and root vege-
tables, and the adoption of diets high in energy, fat,
and simple sugars; additionally, physical activity due
to changes to the occupational structure and easier
access to transportation, among other factors, increa-
sing the number of overweight people and chronic
conditions related to nutrition, such as hypertension,
diabetes mellitus, and ischemic cardiopathy. An
approximate daily per capita of 3100 kcal has been
estimated, well above the required average, and, in
addition, it has been reported that population with
higher income, and possibly with intense work days
and prolonged commute, tends to consume food out
of the home, which implies higher consumption of
foods rich in macronutrients® (energy provision, car-
bohydrates, fat, and protein)®. Regarding the con-
sumption of beverages, in 2008, it was reported that
the poorer a household, the higher the expenditure on
these products, that is, 5.4% of households with food
poverty, and 3% in households with no poverty, which
shows that the eating habits of the population do not
exclusively depend on income or the nutritional con-
tent of food, but other attributes are taken into ac-
count, such as taste and smell. A consequence of this
transformation is the increase in the levels of obesity,
where a phenomenon known as “double load house-
holds” (malnourished children and obese mothers)
has starting to emerge as a consequence of seden-
tary lifestyle and higher consumption of fats and su-
gars®. On the other hand, the Encuesta Nacional de
Ingresos y Gastos en los Hogares (National Survey
for Household Income and Expenses) in 2008, states
that the ratio of women in poverty situations is higher
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than that of men; 44.5% (24.4 millions) of women lived
in multidimensional poverty (education, health, work,
social security, housing, and general level of life)".
The CONEVAL has reported that participation in labor
matters is higher in men than in women, and it is
common for women who develop any subordinate
work to lack contracts; it has also been seen a higher
proportion of women who work but do not get paid or
compensated. In connection to this, it is stated that
the financial income of households comes primarily
from men, who received approximately two thirds
(65%) of household incomes, and lastly, that women
who work receive lower incomes than men in practi-
cally all levels of education; and the salary differences
between men and women is more evident in popula-
tion with higher training?.

Currently, dynamic models are known and applied
for the analysis and interpretation of economic, social,
and biological phenomena. We can state that the pro-
bability of occurrence of identical events is impossible
in time and space, and this is supported by the classic
physical principle that two subjects cannot occupy the
same space at the same time. Considering this pro-
perty, it would be ideal to create, design, and imple-
ment multivariate measurement strategies that are
independent for every subject and event. Based on
this, it can be considered that each subject is a pro-
duct of their environment, and even in parallel histo-
ries, such as in the case of siblings or even twins, it
is expected for any type of evaluation to be the same.
Dynamic systems are complex systems that are sub-
ject to great modifications based on minimal changes,
as expertly exemplified by Lorenz® with the “butterfly
effect,” where minimal variations in the initial stages
of a dynamic system generate great changes with
time. In this way, it can be said that, in dynamic sys-
tems, external variables not only interact with the ele-
ments immersed in the system, but also with the
relationships between them. It is known that some
systems operate in a linear manner, as their actions
can be predicted by the information regarding their
starting point and their operating rules; however, many
systems that are apparently deterministic, may result
in extremely chaotic and unpredictable systems due
to the complexity of the interaction and modification
of their variables throughout time.

Chaos theory has two starting points regarding dy-
namic systems: the first one emphasized the hidden
order that exists in a system called a chaotic system,
and the second one refers to the spontaneous self-re-
gulation and self-control processes®. The contribution

of Lorenz® to the knowledge of complex systems and
the condition that they can be chaotic is very impor-
tant. Lorenz® discovered, among other things, the es-
sential characteristics of systems that help us better
understand what we know as chaos; furthermore, he
described the so-called strange attractors, which are
famously exemplified as the “butterfly effect,” as a
minimal variation in the initial conditions of a system,
which may result in a completely unexpected effect,
equivalent to the idea that “when this insect bats its
wings in the Amazon, it could cause a storm a month
later in Chicago.” These statements are based on the
existence of several attractors in a specific system,
which gradually generate more changes on the initial
conditions: in this way, each system is liable to certain
attractors, as is the case of the large amount of va-
riables that exist in the environment, that in turn, di-
rectly and indirectly affect the system'®,

It is a priority to remember that reductionism is a
school of thought based on the statement that “the
whole is the sum of the parts;” thus, all factual element
can be fragmented and studied in each of its parts wi-
thout losing the content of its initial structure and func-
tion. It is hard to find any other system of objective
reality in which this idea has been applied as intensely
as the human body: the reduction of the system studied
to simpler parts (systems, tissues, cells, protein com-
pounds, molecules, atoms, etc.) that can be analyzed,
which has been the medical paradigm for millennia.
Isaac Newtown, the father of linearity, states in his third
law that “for every action, there is an equal and oppo-
site reaction,” which mean that there is one single
cause for one single effect. Chaos theory breaks this
linearity paradigm and Newtonian physics'.

The key element in chaos theory is based on the fact
that a large amount of independent variable will result
in one single dependent variable, that is, there are
many caused for a single effect to occur®'* Economist
face this phenomenon almost everyday when analyzing
economic trends. Since all complex systems behave in
the same manner, these concepts can and should be
applied to health sciences. In this way, we can state
that, in dynamic systems, “small changes in the initial
conditions of the system can generate great changes
in the final result,” and, in the same way, in the super-
ficial forms of its evolution, it is possible for them to
follow different routes, such as self-organization, syn-
chronization, unpredictability of final effect and small
changes on initial conditions, as well as the existence
of simplicity in some levels; in this way, chaos exists in
other forms in fundamental concepts of complexity™.



Several time and space properties in complex systems
arise spontaneously from interactions that occur in the
system in question, which have a longitudinal impact
throughout time, generating unexpected effects or pro-
perties on a particular system; these properties have
been labeled as “emerging processes.”

The WHO defines health as “a state of complete
physical, mental and social well-being and not merely
the absence of disease or infirmity.” Therefore, the
interaction of biopsychological and economic elements
is decisive in homeostasis, in such a way that, the
vulnerability of one of them is a cause for imbalance
of the other two. This definition of illness was issued
in the Preamble to the Constitution of the World Health
Organization, adopted by the International Sanitary
Conference, held in New York from June 19 to July 22,
1946, and signed on July 22, 1946 by the representa-
tives of 61 States', becoming effective on April 7,
1948. The definition has not been modified since then.

While reviewing the hypotheses on which Riemann's
geometry (1826-1866) is based, it is worth noting that:
“If, in one concept whose determinations constitute a
continuous variety, we go from one determination to
another, in a defined manner, the determinations trave-
led are one unidimensional variety whose essential cha-
racteristic is that only a continuous progression is
possible in it from one point in two directions, forward or
backward. Now, if we picture that this variety is transfor-
med once more into a completely different one, that is
once more defined, in such a way that each point is
transformed into a certain point in the other, the totality
of the determinations thus obtained form a two-dimen-
sional variety. Similarly, we obtained a three-dimensional
variety if we think of a two-dimensional variety transfor-
ming into a completely different one in a defined manner,
and it is easy to imagine how to continue this construct.
If, instead of thinking of this concept as subject to de-
terminations, we consider its object as a variable, this
construct can be designated as the composition of a
variability of n + 1 dimensions from a variability of “n”
dimensions and a variability of one dimension™"’.

When considering the arguments of the chaos
theory combined with the concepts for the pondera-
tion of three-dimensional scales based on the defini-
tion of the WHO, simultaneous three-dimensional
measurements can be generated to evaluate the pro-
bability of occurrence of certain event in a pathologi-
cal process in a sample of subjects.

The purpose of this work is to describe the econo-
mic effects on the biopsychological homeostasis using
a three-dimensional analysis of the interaction of
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biological, psychological, social, and economic co-
morbidity with the purpose of understanding the pro-
babilities of occurrence based on these conditions in
a simultaneous manner.

Method

Cross-sectional study and random quota sampling.
The study included 353 men and women over 20 years
of age who were economically active and who agreed
to answer a survey in the streets of Mexico City. The
protocol was not subject to any research and ethics
committee as it is a cross-sectional, descriptive study
with no clinical or surgical complications.

Measurement instrument

A questionnaire with 10 questions was created and
the Hamilton test was added for depression. The first
five questions were financial and included information
regarding monthly income, dependents, type of housing,
employment status, and financial debts; based on these
questions, it was determined whether the participants
had debt. The next five questions were biological and
structured with the purpose of determining if body wei-
ght was healthy, normal, or overweight, and if they had
chronic conditions or not. In order to evaluate the emo-
tional factor (psychological) the short version of Hamil-
ton's depression test with 17 questions was used with
the purpose of obtaining an intensity and severity mea-
surement for depression.

Application of the measurement
instrument

In order to perform the quota sampling, it was esta-
blished that each one will include 10 participants, that
is, intervals of 10 subjects were interviewed as they
walked through an avenue in Mexico City; when a can-
didate refused to participate, the stable quota establi-
shed in the samples started over. The interviewer was
a medicine intern, who removed any participant that
showed any pattern to consider that their answers were
not truthful.

Proposed statistics instrument

Based on the article by Arch-Tirado et al.’ titled
“Uncertainty, dynamic systems, principles of quantum
mechanics and their relationship to the health-disease
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process (analysis proposal),” the three-dimensional
unit cube (bio-psycho-economic-social) was used
starting from the axis (x, y, z) with the following con-
ditions: the origin of the cube is (0,0,0), the limits by
axis (1,1,1), and the unit in each axis is 0.1, in this
manner, the areas by plane are limited by the axis
(X, y) (x, 2) and (y, z), and the total product of the
planes (x)(y), (x)(z) and (y)(z) independently, with a
total of 100 squares of 0.12. Furthermore, for the analy-
sis of cubic areas, the result of product of the three
axes (x) (y) (z) is observed, which is equal to 1000
cubes with an area of 0.1%. The axes are categorized
in the following manner: x = psychological axis, y =
biological axis, and z = economic and social axis, and
they are all influenced by the environment and the
moment in history of the subjects analyzed.

In order to weight the axes, the statistical depen-
dency principle was used based on the sample size,
calculating the likelihood of occurrence for an event
based on its comorbidities by axis; in this manner, the
higher the number of comorbidity, the value tends to
zero by the probabilistic intersections principle, and
vice versa, the lower the comorbidity number, the
value tends to 1, so that it is A n B closer to 1 than
AN Bn C, and so forth, untilit An B C......... N X
tends to 0, and in this way the probabilistic space by
axis is 0<(x, y, z)<1, as the case may be.

Tenets of the probabilistic unit cube

— No point is static: there can be movements in
seconds, minutes, hours, etc., according to the
environment and the manipulation of the varia-
bles depending on the moment when the measu-
rement is taken.

— Pivot axis and tie effect: the axis where the va-
riable is manipulated will impact the two other
axes, with a strength proportional to the impact
of the variable of the axis in question.

— The larger the number of intersections, the value
tends to 0, and when one intersection is removed,
the point moves towards 1, where the speed of
the change is proportional to the value of the
proportion of the interaction in question.

— Dynamic axes must be adapted to specific cases,
evaluating the macro and micro-environments.

— Points by specific area will have a fractal
behavior.

— The distance between 0 and 1 is infinite (property
of actual numbers).

— There are three-dimensional probabilistic con-
centration areas, which delimit and facilitate the
analysis of the sample studied (Fig. 1).

Data analysis

For the analysis, subjects interviewed were grouped
according to their monthly income, that is, income lower
than 2200 pesos, from 2200 to 6600 pesos, from 6600
to 13,320 pesos, from 13,320 to 20,000 pesos, from
20,000 to 26,640 pesos, from 26,640 to 33,300 pesos,
from 33,300 to 40,000 pesos, from 40,000 to 50,000
pesos, and higher than 50,000 pesos. The proportion of
subject was calculated for each income range, and de-
cisions trees were built with the purpose of evaluating
the conditional probability and statistical dependency for
each branch. Finally, the probabilities obtained per va-
riable were multiplied (biological, psychological, and
economic-social), multiplying the results by 1000 with
the purpose of determining the probability of occurrence
of the three variables simultaneously, and their possible
location on the probabilistic unit cube.

Results

The study was comprised on 353 subjects, 175 ma-
les (49.6%) and 178 women (50.4%), with an average
age of 37.87 + 10.1 years (mean =+ standard deviation).
Regarding the debts manifested by the subjects inter-
viewed, the average monthly debt amount was
7,016.81 + 15,617.48 pesos. The average salary per-
centage used to pay debts was 19.82 + 25.2%. Regar-
ding body weight, 3 subjects (0.8%) had low weight,
116 (32.9%) normal weight, 142 (40.2%) overweight,
73 (20.7%) type | obesity, 13 (3.7%) type Il obesity, and
6 (1.7%) type lll obesity, where the trend was overwei-
ght. Regarding income, 16 subjects (4.53%) stated ha-
ving income lower than 2220 pesos, 120 (33.99%)
between 2220 and 6660 pesos, 108 (30.59%) 6660-
13,320 pesos, 35 (9.91%) 13,320-20,000 pesos,
26 (7.36%) 20,000-26,640 pesos, 23 (6.51%) 26,640-
33,300 pesos, 6 (1.69%) 33,300-40,000 pesos, 8 (2.3%)
40,000-50,000 pesos, and 11 (3.1%) income higher
than 50,000 pesos, where the trend is from 2200 to
6600 pesos. On the other hand, 22.7% (n = 80) of the
sample said they were smokers, 47% (n = 166) drank
alcohol, 2% (n = 7) used drugs, 10.5% (n = 37) had
diabetes, 11.04% (n = 39) had arterial hypertension,
and 1.4% (n = 5) had cardiopathies.
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Figure 1. Probabilistic unit cube. It can be seen that, when values tend
(0,0,0) there is higher risk, which results from the higher number of
comorbidity; and in the opposite case, when the value tends to (1,1,1),
when the health status is complete. (Figure created by the authors and
previously published').

Three-dimensional analysis based on the
treediagram

Of the 353 subjects interviewed 16 made less than
® _o.0453 (4.53%), 10

) 353
of which were women and 6 men.

Using a decision tree construction based on the
frequency of the variables of debt, overweight, dia-
betes mellitus, and depression, a table was built
with the conditional probability calculations for each
event in relation to the previous one, as well as the
joint probability of all variables analyzed. It was
found that the highest occurrence probability in this
group of monthly income is 0.3112, that is, 31.1%
probability of being a woman, with no debt, normal
weight, no diabetes, and no depression. In terms
of men in this group, 50% had debt, compared to
women (40%) (Table 1).

When calculating the joint probability of the three
axes (bio-psycho-economic-social) regarding the
occurrence probability considering undesired co-
morbidity, 33.33% (0.3333) of men were overweight,
16.66% (0.1666) had severe depression, and 50%
(0.5) had debt; in this way, ANBNC = 0.027638, ba-
sed on the proposal of the unit cube. This result is
multiplied times 1,000 in order to obtain a probability
of 27.7328, that is, the probability that, 28 men per
1000 inhabitants are at risk of presenting these three
conditions together. In women, the incidence of
overweight was 20% (0.2), severe depression, 10%
(0.1), and debt, 40% (0.4); in this way, ANBNC =
0.008, and multiplied times 1000 based on the
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proposal of the unit cube, we obtain the probability
that 8 out of 1000 women are at risk for these three
characteristics together.

Regarding income between 2200 and 6600 pesos
per month, 120 subject were identified, that is
%703399 33.99%, out of which 61 were women and
59 men, as in the previous case.

The dependency probability with the variables stu-
died was calculated by construction a tree diagram,
finding that, the larger the sample size, the nodes and
branches increase significantly; thus, in order to ob-
tain the probabilistic intersections, the product of each
node must be calculated in relation to the length of
the tree as follows:

Proportion (Gender) (Weight) (Diabetes) (Depres-
sion) = final Intersection.

For men:

R1 = (0.4916)(0.4915)(0.2068)(0.66)(0.5) = 0.01648

= (0.4916)(0.4915)(0.2068)(0.66)(0.5) = 0.01648
RS (0.4916)(0.4915)(0.2068)(0.33)(1) = 0.01648
R4 = (0.4916)(0.4915)0.7931)(0.95)(0.36) = 0.06553

R5 = (0.4916)(0.4915)(0.7931)(0.95)(0.27) = 0.04915
R6 = (0.4916)(0.4915)(0.7931)(0.95)(0.18) = 0.03276
R7 = (0.4916)(0.4915)(0.7931)(0.95)(0.18) = 0.03276
R8 = (0.4916)(0.4915)(0.7931)(0.04)(1) = 0.00766
R9 = (0.4916)(0.5084)(0.166)((0.6)(1) = 0.02489
R10 = (0.4916)(0.5084)(0.166)(0.4)(1) = 0.01659
0.01659

1
1) =
R12 = (0.4916)(0.5084)(0.833)(0.76)(0.78) = 0.12341*
R13 = (0.4916)(0.5084)(0.833)(0.76)(0.05) = 0.00791
R14 = (0.4916)(0.5084)(0.833)(0.76)(0.15) = 0.02373
R15 = (0.4916)(0.5084)(0.833)(0.24)(0.33) =
R16 = (0.4916)(0.5084)(0.833)(0.24)(0.16) =
R17 = (0.4916)(0.5084)(0.833)(0.24)(0.16) =
R18 = (0.4916)(0.5084)(0.833)(0.24)(0.33) =
Y0.49936
In this manner, consider the highest (*) value obtai-
ned, it is established that, in the group of subjects with
monthly income between 2200 and 6600 pesos, there
is a probability of 0.12341 for men, with no debt,
overweight, no diabetes, and no depression. Among
the men in this group, 49.15% had debt, compared to
40.98% of women.
For women:

) ) =

R11 = (0.4916)(0.5084)(0.166)(0.4)(1)
(0.76)(0.

0.

0.

0.01648
0.00799
0.00799
0.01648

R19 = (0.5083)(0.4098)(0.24)(0.83)(0.2) = 0.00829
R20 = (0.5083)(0.4098)(0.24)(0.83)(0.2) = 0.00829
R21 = (0.5083)(0.4098)(0.24)(0.83)0.4) = 0.01659
R22 = (0.5083)(0.4098)(0.24)(0.83)(0.2) = 0.00829
R23 = (0.5083)(0.4098)(0.24)((0.16)(1) = 0.00799
R24 = (0.5083)(0.4098)(0.76)(0.89)(0.47) = 0.06622
R25 = (0.5083)(0.4098)(0.76)(0.89)(0.29) = 0.04085
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Table 1. Income lower than 2200 pesos

Men ANB....NN
R1 n=6(0.375) WD(n=3)=05 NW (n=1)=0.33 W/oDb (n=1) =1 MDp (n=1) =1 0.061875
R2 OW (n=2)=0.66 WDb (n=1) =05 SDp(n=1)=1 0.061875
R3 W/oDb (n =1) =0.5 MDp (n=1) =1 0.061875
R4 WD (n=3)=05 NW (n=1)=0.33 W/oDb (n=1) =1 WDp (n=1)=1 0.061875
R5 OW (n=2)=0.66 W/oDb (n=1) = 0.5 W/oDp (n=1) =1 0.061875
R6 WDb (n=1)=05 W/oDp (n=1) =1 0.061875
Women

R7 n=10(0625) WD(n=4)=04 NW (2) =0.5 WDb (1) = MDp (1) = 0.0625
R8 W/oDb (1) = W/oDp (1) = 0.0625
R9 OW (2) =05 W/oDb (2) =1 W/oDp (1) =0.5 0.0625
R10 WDp (1) =0.5 0.0625
R11 W/oD (n=6)=0.6 NW (n=6)=1 WDb (n=1)=0.16 W/oDp (1) = 1 0.06
R12 W/oDb (n =5) =0.83 W/oDp (5) = 0.31125
> 16 0.9925

WD: with debt; WDb: with diabetes; WDp: with depression; SDp: severe depression; MDp: mild depression; MDp: moderate depression; NW: normal weight; W/oD: without debt; W/oDb:

without diabetes; W/oDp: without depression; OW: overweight

R26 = (0.5083)(0.4098)(0.76)(0.89)(0.17) = 0.02395
R27 = (0.5083)(0.4098)(0.76)(0.89)(0.05) = 0.00704
R28 = (0.5083)(0.4098)(0.76)(0.1)(0.5) = 0.00791
R29 = (0.5083)(0.4098)(0.76)(0.1)(0.5) = 0.00791
R30 = (0.5083)(0.5901)(0.22)(0.87)(0.57) = 0.03272
R31 = (0.5083)(0.5901)(0.22)(0.87)(0.14) = 0.00803
R32 = (0.5083)(0.5901)(0.22)(0.87)(0.14) = 0.00803
R33 = (0.5083)(0.5901)(0.22)(0.87)(0.14) = 0.00803
R34 = (0.5083)(0.5901)(0.22)(0.12)(1) = 0.00791
R35 = (0.5083)(0.5901)(0.77)(0.82)(0.43) = 0.08143*
R36 = (0.5083)(0.5901)(0.77)(0.82)(0.08) = 0.01515
R37 = (0.5083)(0.5901)(0.77)(0.82)0.17) = 0.03219
R38 = (0.5083)(0.5901)(0.77)(0.82)(0.3) = 0.05681
R39 = (0.5083)(0.5901)(0.77)(0.17)0.6) = 0.02355
R40 = (0.5083)(0.5901)(0.77)(0.17)(0.4) = 0.0157

Y0.49288

Considering the group with the same income and
the highest (*) value obtained, it is established that
there is a probability of 0.08143 for women, no debt,
overweight, no diabetes, and no depression.

In terms of the highest occurrence probability, for the
group with an income range between 2200 and 6600
pesos per month, in case of men, it was found that
29/59 have debt, 23/59 are overweight, and 4/59 have
severe depression, therefore A n B n C = (0.3898)
(0.0677)(0.4915) = 0.01297 x 1000 = 12.97, which

means that 12.97 men per 1000 inhabitants are at risk.
For the sample size, 59/353 = 0.1671 or 16.71%.

In women, the highest occurrence probability was
25/61 with debt, 19/61 overweight, and 1/61 with
severe depression, so that A n B n C = (0.3114)(0.0163)
(0.4098) = 0.00208 x 1000 = 2.08, which means that
2.08 women per 1000 inhabitants are at risk. For the
sample size, 61/353 = 0.1728 or 17.28%.

Using the same methodology, when analyzing the
group with an income range between 6600 to 13,320
pesos, it was found that the sample was comprised of
108 (30.59%) subjects, of which 40 (37.035%) were
men and 68 (62.96%) were women. When considering
the highest occurrence probability, it was found that
the most relevant intersections were in men with this
range of income, with debt, overweight, and with
depression, so that An Bn Cn D =0.0339, and in
this way (0.0339)(1000) = 33.9; that is, there is an
estimated 33.9% of men per 1000 at risk for this joint
comorbidity. For women with the same conditions, the
estimation is 22.6 per 1000.

For the income range between 13,320 to 20,000
pesos, the sample was comprised of 35 (9.91%)
participants, of which 18 (51.42%) were men, and 17
(48.57%) were women. The most representative re-
sults for this group were income within this range,



make, with debt, overweight, and with depression,
then ANBNCND = 0.0226, in such a way that there
is an estimated 22.6 men per 1000 at risk for this
joint comorbidity. For women with the same condi-
tions, the estimation was 5.6 per 1000.

For the range of income between 20,000 to 26,640
pesos, the sample was comprised of 26 (7.36%) par-
ticipants, 11 (42.3%) were men, and 15 (57.69%) were
women. The most representative results show that 9
(81.81%) men and 11 (73.33%) women had debt; given
the sample size in this income range, the comorbidity
estimation is not representative.

In the income range from 26,640 to 33,300 pesos,
the sample was comprised of 23 (6.51%) partici-
pants, of which 16 (69.56%) were men, and 7 (30.43%)
were women. In this group, 13 (81.25%) men and 5
(71.42%) women had debt; as in the previous income
range, the data does not support an estimate per 1000
inhabitants.

In the income range between 33,300 to 40,000 pe-
sos, the sample was comprised of 6 (1.69%) partici-
pants, all men with debt. For the income range between
40,000 and 50,000 pesos, the sample was comprised
of 8 (2.26%) men, all with debt. Lastly, for those with
income higher than 50,000 pesos, the sample was
comprised of 11 (3.11%) participants, all men with debt.

With the data observed, we can see a trend of value
lower than the mean, which reflects income inequality
in Mexico.

Discussion

The results of this work describe the effects of debt on
the biopsychosocial balance. The average monthly debt
payment is 7016.81 + 1561.48 pesos, with a average per-
centage in relation to the accrued salary of 19.82 + 25.2%;
in this manner, the confidence interval of 95% of the pro-
portions with these values is 0.1567 < p < 0.2397, that is,
from 15.67% to 23.97% in relation to the total sample
studied, where the distribution of the intervals is biased
to the left, as 69.11% of subjects make less than 13,320
pesos per month. Thus, in this group, debt repayment
may even take up 100% of total income.

67.1% of the sample studied was overweight, or had
some type of obesity as the result of low income,
possibly due to the low cost of highly caloric and
low-protein diets. In the sample studied, 10.5% had
diabetes and 11.04% detected arterial hypertension.

Based on the established ranges and the three-
dimensional analysis, it can be seen that, starting a the
income range of 2200 to 2600 pesos, debt increases,

E. Arch-Tirado et al. Biopsychosocial effect of debts

and consequently, so does the comorbidity. In this ran-
ge, 49.15% of men and 40.98% of women had debt.
Among them, 79.31% of men and 76% of women were
overweight.

The proposed analysis allows us to evaluate three
variables that occur at the same time. The most re-
presentative studies were for the range of 2200 to
6600 pesos, obtaining a probability that 12.97 out of
1000 inhabitants are men with debt, overweight, and
with severe depression, and for women with the
same conditions, the probability is 2.08 out of 1000
inhabitants. It is worth noting the vulnerability of the
male gender in this range. For the range between
6600 and 13,320 pesos, for males, there was a pro-
bability of 33.9 subjects out of 1000 to have this joint
comorbidity; for women with the same conditions,
the estimation is 22.6 out of 1000. According to the
sample size, these two intervals are the most repre-
sentative. It is worth mentioning that the population
in the range of 6600 and 13,320 pesos is the most
vulnerable, possibly increased due to the erroneous
perception of credit cards that are considered as
salary extensions, and thus increasing in a non-pro-
portional way to the accrued income.

Conclusions

Multivariate analysis models must be used simulta-
neously, such as the one proposed in this work.

There is a priority axis that determines the change
in the remaining variables, in this case the economic
axis, which determines biological and psychological
variables.

There are no statics in the measurements. If this
three-dimensional model was placed on an arrow of
time, changes in the studied variables would be seen,
even in very short periods of time, and this is why the
stochastic and chaos theory in this type of analysis.

Mathematical and statistical model that break the
linearity paradigm must be generated and validated.
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