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Abstract

Introduction. The preventive services of health are very important like investment in the health of the
people. If the secondary preventive services are examined to face the cervical cancer (CCU) in Peru, its
access and demands are not equitable. In this article, the determining factors of the demand of services
of Pap smear screening (services PAP) are identified and measured. Methods. One studied to a
population of women of 30 to 49 years, with data of the Demographic Survey and of Family Health
(ENDES) of years 2016 to 2019. Alogistic model was used to explore the relationship between demand
of services PAP and variables of decision, socioeconomics and of health of the people. The
predictability of the model based on the machine learning was examined. Results. The factors with the
greatest probability of demand PAP services were having hypertension (OR =4.76; 95% Cl: 4.03 - 5.66)
and belonging to the “richest” socioeconomic stratum (OR = 3.39, 95% CI: 2.96 - 3.87). On the contrary,
with less probability of demand they were, living in small cities (OR = 0.27; 95% CI: 0.24-0.30), in
Villages (OR = 0.26; 95% CI: 0.23-0.30) and in the High Andean Saw. (OR = 0.46, 95% CI: 0.41-0.51).
Conclusions. The structural factors, living conditions and place of residence are the main determinants
of the demand for PAP preventive services in Peru, which implies greater efforts in health policy and the
need to coordinate with other sectors.
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Introduccion. Los servicios de salud preventivos son muy importantes como inversion en la salud de
las personas. Si se examinan los servicios preventivos secundarios para hacer frente al cancer cérvico
uterino (CCU) en el Peru, su acceso y demanda son inequitativos. En este articulo, se identifican y
miden los factores determinantes de la demanda de servicios de Tamizaje de Papanicolaou (servicios
PAP). Métodos. Se estudié a una poblacién de mujeres de 30 a 49 afios, con datos de la Encuesta
Demografica y de Salud Familiar (ENDES) de los afios 2016 a 2019. Se utilizé un modelo logistico para
explorar la relacion entre demanda de servicios PAP y variables de decision, socioeconomicas y de
salud de las personas. Se examiné la predictibilidad del modelo en base al aprendizaje automatico.
Resultados. Los factores con mayor probabilidad de demandar los servicios PAP fueron, tener
hipertension (OR = 4.76; IC del 95%: 4.03 — 5.66) y pertenecer al estrato socioeconémico “mas rico”
(OR=3.39, IC del 95%: 2.96 — 3.87). Por el contrario, vivir en ciudades pequefas (OR = 0.27; IC del
95%: 0.24-0.30), en Pueblos (OR = 0.26; IC del 95%: 0.23-0.30) y en la Sierra Altoandina (OR = 0.46;
IC del 95%: 0.41-0.51) tenian menos probabilidades de demanda. Conclusiones. Los factores
estructurales condiciones de vida y lugar de residencia son los principales determinantes de la
demanda de servicios preventivos PAP en el Perd, lo cual implica mayores esfuerzos en la politica de
saludy la necesidad de articular con otros sectores.
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Introduccion

The CCU is a public health problem in the world, in
developed countries it has receded, but it is still a disease
more linked to less developed countries (1).

In Peruin 2020, 4,270 new cases of CCU were diagnosed
(6.1% of all new cases of cancer). It is the second most
common cancer in women and the fifth most common of
all cancers in the country; mortality reached 2,288
women, it ranks fourth in number of deaths from cancer

).

The CCU is a preventable disease; it can also be cured if
caught early and treated properly (3), the primary care
strategy is essential to prevent it (4). It was sought to
answer the question, what factors associated with the
characteristics of women determine the demand for
preventive health services through Papanicolaou

Screening (PAP services) in Peru?

Grossman's demand approach was used(5), who argues
that health can be seen as a lasting social capital that
produces a healthy time output. Thus, people inherit an
initial stock of health that depreciates with age and can
increase with investment.

The health is a consumer property that is desired because
it makes people feel good (it gives satisfaction and
usefulness), it gives rise to the primary demand for health
services(6), (7). The health as a capital property increases
the number of healthy days available to work and
generate income, giving rise to the demand for preventive
health services.

Material and methods

The research design is non-experimental and
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retrospective, national in scope; It has a multivariate
analysis method based on a logistic regression model, it
seeks to explain what characteristics of women help to
have a better probability of demanding PAP preventive
services. The research has been conducted respecting
ethics, with respect for people, information and readers.

The population of study has been women between 30 and
49 years of age, the Demographic and Family Health
Survey (ENDES) was used from 2016 to 2019 (8). The
sample includes only women who answered having or not
been examined by means of the papanicolaou test,
reaching 6,580, 6,704, 7,262 and 9,224 women for the
years 2016, 2017,2018 and 2019, respectively.

The modeling of the demand for preventive services (PAP)
was based on Rotarou & Sakellariou(9), who examine the
barriers that affect the rates of use of preventive health
services and organize the variables through the
characteristics of the people.

Likewise, health as people's capital requires investment,
this can be observed in the association between
socioeconomic factors and the use of PAP Screening(10),
but the investment decision is often overshadowed by
other factors(11), and demand factors based on social
conditions and knowledge prevail (12) and education (13).

The model is expressed in the following equation:
y =f(xi, xj, xk, x1, ..., xn) (1)

Donde:

y: demand for preventive services through Pap Smear
Screening (PAP)

xi: Vector of variables of consciousness and decision of
people, i=1,2,3...,n

xj: Vector of socioeconomic structural variables, j =1,2,3
e n

xk: Vector of "intermediate" structural variables derived
from people's health and risk conditions, k=1,2,3...,n

In the binary Logit model, the demand for preventive
screening services (PAP) will be the dependent variable
(y)that can take two values (1 = demand, 0 =no demand).

The model establishes the following relationship between
the probability of the event occurring, given that the person
presents the values (characteristics)
X1=x,,X2=X,,...,Xp=X,

PriY=1[X,,X,,....X,)=1/(1+exp(-0-B,X,-BX,-...-B,X,)) (2)

Where is the conditional probability, that is, the probability
that the person demands PAP services given the factors
PrY=11x) Pr(Y=1 |X;,X,, ..., X,), Xi,Xa,- -0, X,

The independent variables grouped into decision
variables: knowledge of cancer and CCU prevention, and
education; in structural variables, belonging to a socio-
economic condition, ethnic group, region and zone, type of
city or population where they live; and in risk variables and
health condition, having diseases: obesity, hypertension
and diabetes; age of initiation of sexual intercourse,

number of children, age of the person, marital status and
number of household members. Variables, given their
characteristics, values or attributes, are categorical or
numerical (See Supplementary Annex).

The Machine learning was used(14) in order to predict the
result for a new case, a model is "trained" with a Data Set
and then the results are "tested" with another. Thus,
information from 2016, 2017 and 2018 was integrated,
forming an enriched Data Set, and it was assumed that the
people interviewed do not repeat themselves in some
year; With this Data Set, the model was “trained” and the
results were “tested” with the 2019 DB.

In an analysis with training and testing, the results
identified only 2% of the “minority class” (who do not
demand PAP services), and this “minority class” was
oversampled to balance the BD(15). The statistical
independence of the categorical variables and the
correlation of the numerical variables were then examined.
Finally, the “training” Logit model explains the
determinants of PAP demand. The results of the "test"
model are synthesized in a Confusion Matrix that in turn
allows to identify the metrics of accuracy, precision,
sensitivity and specificity, allowing to analyze if the model
is predictive.

The R environment was used to run the model and
oversampling was done with Python and R.

Results

The results found in the study (See Table 1) show that most
of the variables are explanatory (they have statistical
significance), they stand out in the vector of reasoning and
awareness, more knowledge of the CCU and greater
education; they have a positive meaning, that is, more
probability of demand.

In the vector of structural variables, it is examined that
being in depressed socioeconomic conditions, cultural
barriers (belonging to a certain ethnic group) and the fact
of living in regions and zones of less development, define
lower probabilities of demand for PAP services.

In the vector of variables related to the health condition or
risk of women, they indicate that having hypertension or
diabetes would lead to a greater probability of demand; the
same would happen if they are older or have a greater
number of children.

Among the findings of the marginal probability of
demanding PAP preventive services (Table 2), the
variables with the greatest marginal effect stand out, with
the other variables remaining constant, the fact of living in
a town or in a small city decreases the probability of PAP
demandin 32.2% and 31.7% respectively.

The health condition of women such as hypertension and
diabetes, lead to an increase in the probability of demand
for PAP services.
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Table 1. Results of the Papanicolaou Screening Preventive Health Services Demand Model

Estimate Pr(>|z|)
(Intercept) 10.1 0.8833
Knowledge of the CCU 0.3116 < 2e-16 ***
Higher education 0.5115 < 2e-16 ***
Postgraduate education 0.8446 < 2e-16 ***
Wealth Index: Poor 0.6908 < 2e-16 ***
Wealth Index: Medium 0.9408 < 2e-16 ***
Wealth Index: Rich 1.1475 < 2e-16 ***
Wealth Index: Richest 1.2206 < 2e-16 ***
Mother tongue: Quechua / Aymara 0.0099 0.7006
Mother tongue: Other native languages other than Quechua and Aymara -0.716 2.94e-05 ***
Mother tongue: Other foreign languages 1.549 0.0163 *
Place of Residence: Urban -10.19 0.8822
Natural Region- Ceja de Selva -0.4701 1.69e-06 ***
Natural Region: Jungle - Amazonian Foothills and Low Jungle -0.3484 < 2e-16 ***
Natural Region: High Forest 0.1343 0.0383 *
Natural Region: Sierra High Andean Zone -0.7797 < 2e-16 ***
Natural Region: Sierra - Bajo Andean Zone 0.5073 2.03e-14 ***
Natural Region: Sierra - Mesoandina Zone 0.1858 1.33e-07 ***
Live in a small town -1.315 < 2e-16 ***
Lives in a town -1.338 < 2e-16 ***
Live in the field -11.07 0.8722
Hypertension 1.561 < 2e-16 ***
Diabetes 1.148 6.15e-13 ***
Normal weight -0.8616 0.0161 *
Overweight -0.6844 0.0557 .
Obesity -0.6132 0.0867 .
Age in years 0.0205 2.03e-15 ***
Number of children 0.1714 < 2e-16 ***
Age of First Sexual Relationship -0.0175 1.67e-06 ***
Marital status: Widowed, divorced, separated -0.121 9.82e-05 ***
Number of Household Members -0.0005 0.9536

Signif. codes: 0"**'0.001"™*'0.01™0.05".'0.1""1

* Results of the model applied with ENDES Training Data 2016, 2017 and 2018 and with Oversampling.
** Pr(>|z|) is the so-called p-value, that is, the error probability of accepting H1 as true. It is obtained from the Wald statistic z = Estimate /
Std E. The p-value corresponds to the z statistic. The smaller the p-value, the more significant the estimate.

There is a gradient of greater probability due to the fact of
belonging to a greater segment of living condition (wealth),
the person identified in the segment of “richest” increases
their probability of demand for PAP services by 26.0%.

If the woman lives in the Sierra - High Andean Zone or in
the Ceja de Selva, the probability of demand for PAP
services decreases by 19.2% and 11.7% respectively.
Likewise, having a native mother tongue different from
Quechua and Aymara reduces their probability of
requesting the services studied by 17.7%.

Having knowledge about the CCU or higher education or
postgraduate education increases the probability of PAP
demand,in7.6%, 12.5% and 19.1%.

The Table 2 also shows the Odds Ratio, results of the
regression analysis adjusted by the model, with constant
variables, Peruvian women with postgraduate education
have 2.33 (95% CI:2.09 -2.60) times the probability of
demanding PAP than women with basic education.

In the structural variables, the population's living
conditions stand out, thus the fact of belonging to the
“richest” stratum implies an increase of 3.39 (95% Cl: 2.97
-3.88) times in the probability of demanding PAP services
compared to women from the very poor stratum.

Likewise, women belonging to an ethnic group whose
mother tongue is different from Quechua and Aymara (OR
=0.49,95% Cl: 0.36 - 0.67) are 51% less likely to demand
PAP services than women whose mother tongue is the
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Table 2. Marginal Effects and Odds Ratio adjusted to the logistic regression model (with 95% CI) for the demand
for preventive health services for Papanicolaou Screening *

dF/dx ** Odds Ratio IC (95%)

Knowledge of the CCU
Higher education
Postgraduate education
Wealth Index: Poor
Wealth Index: Medium
Wealth Index: Rich
Wealth Index: Richest

Mother tongue: Other native languages other than Quechua and Aymara

Natural Region: Selva - Ceja de Selva

Natural Region: Jungle - Amazonian Piedmont and Low Jungle

Natural Region: Sierra - High Andean Zone
Natural Region: Sierra - Bajo Andean Zone
Natural Region: Sierra - Mesoandina Zone
Live in a small town

Lives in a town

Hypertension

Diabetes

Age in years

Number of children

Age of First Sexual Relationship

Marital status: Widowed, divorced, separated

7.70% 1.37  (1.30-1.44)
12.50% 1.67  (1.56-1.78)
19.10% 233 (2.09 -2.60)
16.30% 1.99  (1.83-2.17)
21.50% 256  (2.31-2.84)
25.10% 3.15  (2.81-3.53)
26.00% 3.39  (2.97-3.88)
17.70% 0.49  (0.35-0.68)
-11.70% 0.62  (0.51-0.76)
-8.60% 0.71  (0.66-0.76)
-19.20% 0.46  (0.41-0.51)
11.80% 1.66  (1.46 -1.66)
4.50% 1.2 (1.12 -1.20)
-31.70% 0.27  (0.24-0.30)
-32.20% 0.26  (0.23-0.30)
28.90% 476  (4.03-5.66)
23.80% 315  (2.33-4.35)
0.50% 1.02  (1.02-1.03)
4.20% 119 (1.16-1.21)
-0.40% 0.98  (0.98-0.99)
-3.00% 0.89  (0.83-0.94)

*Results from the ENDES Training Database 2016, 2017 and 2018 and with Oversampling.

** Expressed as a percentage of variation.
Spanish.

Women residing in a small city or in a town (OR = 0.27,
95% CI: 0.24 -0.30) and (OR = 0.26, 95% CI: 0.23 -0.30)
have, respectively, 73% and 74% less probability of
demand the PAP services that women residing in the
capital of the Department.

Meanwhile, if a woman has hypertension or diabetes, the
probability of demanding PAP services increases to 4.76
(95% CI: 4.03 - 5.66) and 3.15 (95% CI: 2.33 - 4.35) times
the probability of demand of women who do not have
hypertension or diabetes, respectively.

Finally, the results of the "training" model were "tested"
with the BD ENDES 2019; the Confusion Matrix and the
metrics (Table 3) show that the accuracy of the model is
66.1%, itrefers to how close the result of a measurementis
to the true value, it measures the frequency with which the
classifier makes a correct prediction; After examining the
precision (86.6%), it indicates that the model is reliable in
terms of identifying the women who requested PAP
services.

The sensitivity (69.3%) is the ability of the model to
discriminate those who sue from those who do not. The
specificity, the ability to detect a non-demanding woman, is
moderate (51.7%); and having medium sensitivity and
specificity, it will result in a balanced accuracy (average

accuracy) of 60.52%; that is, the model manages to predict
the cases correctly in 60.52%, confirming the moderate
predictability that the model has.

Table 3. Confusion matrix and metrics. Result of the
model “test” with BD ENDES 2019

Confusion Matrix

1 0
1 TP: 5229 FN: 811
0 FP: 2315 TN: 869
Metrics
Orden indicator Test BD 2019
1 accuracy 0.6611
2 precision 0.86573
3 sensitivity 0.69313
4 specificity 0.51726
5 prevalence 0.81787
6 balanced accuracy 0.6052

Where TP = true positives, FN = false negatives, FN = false positives and
TN =true negatives

Discusion

The results indicate that the proposed variables explain
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being determining factors of the demand for PAP services
in Peru; Certain characteristics such as knowledge,
education, socioeconomic status, the place where the
person lives, being of a certain ethnic group, having
hypertension or obesity, define the demand.

They show the inequality that exists in Peru and in the
demand for PAP services, belonging to the "richest"
segment has the advantage of increasing the probability of
demanding PAP services by 3.4 times the probability of
women belonging to the " very poor"; and those who reside
in a town have a probability of demand 74% less than
women who live in the capital city of the Department;
inequality that is also observed in relation to educational
levels.

Examining the explanatory variables, with respect to
knowledge, the results coincide with what was found by
the study on the detection of CCU in Australia(12), which
indicates awareness as a determining factor that is related
to knowledge of cervical screening and other factors such
as culture and language; and consistent with studies on
the knowledge and use of preventive services in the United
States(16), and in Ethiopia (17), thus denoting the
importance of knowing the health problem to demand
services and the role of information and communication to
improve demand.

The Education, is important in the theory of human capital
and in the demand for health and health services(18), (5), it
plays a relevant role in the demand for preventive health
thatimplies investing in health to achieve gains on healthy
days. According to the results found, higher education
leads to a greater probability of demand in Peru, this is
consistent with the findings of various studies around the
world(13), (19),(20) and particularly in Latin America (21).

Uniting education with structural variables, the results
found in Italy are consistent with the results found in this
study, it was found that the lowest educational level and
the occupational class are strongly associated with the
underutilization of screening, and as in Peru , these
preventive services are funded by the State(10).

The role of living conditions (being richer) leads to a
greater demand, coincides with what was found in
India(22), and Latin America on determinants of
health(23), although in Chile the probabilities are slightly
higher to carry out preventive examinations than the
poorest people(9); It already implies an important
challenge to face, since it is a structural variable that
implies solutions that go beyond health policies, and an
opportunity to integrate it with other types of public actions.
Likewise, belonging to a social group (ethnic group) with a
Peruvian native language other than Quechua or Aymara -
in Peru there are 47 native languages including Quechua
and Aymara(24)-, implies being in a population group with
more barriers and little integration to the benefits achieved
by society; thus this population, according to the estimated
results, has a higher probability of no demand.

The results of the study regarding ethnicity are consistent
with what was found in Great Britain (12), where Asian
women were much less likely to be aware of Pap smears

relative to all other ethnic groups, due to not speaking
English, resulting in very low chances of detection. Ethnic
minorities also found low participation in the detection of
CCuU in the United States(25) and the same in Australia
(12). Also in Kenya(26), they conclude with respect to
ethnic groups, which have certain behaviors and culture
that lead to not demanding health services. Which implies
the need to improve health actions in terms of
interculturality and social inclusion.

The variables referring to the place where Peruvian
women live indicate that living in economically depressed
areas, more geographically complex and further from the
city leads to lower demand, coinciding with regional and
territorial integration inequalities, with limited access to
markets, including health services. The results of rurality
and less development associated with lower PAP demand
are consistent with those found in Zimbabwe(27) , USA
(25) and Cameroon (28). And in them, subjective criteria
for non-demand should not be set aside.

Having chronic diseases such as hypertension or
diabetes, coincides with what was found in Great Britain,
where a greater probability of demanding PAP services
would be associated with the fact that the visits they make
to the doctor for their health problems, who would play a
role in referring to a demand PAP services(29).

The research found that the probability of demand
increases with age, which is consistent with that found in
Great Britain (29), where the demand increases when the
population is in the age groups recommended for the PAP
test. On the other hand, the fact that women are divorced
or widowed or separated implies a high probability of not
requesting PAP services, a result similar to that found in
India(30), that being married and with more years of
marriage leads to greater use of the PAP service.

Examined the application of machine learning. Regarding
the results of the model “test” with the 2019 DB, they are
very limited to predict the PAP demand, despite the
increase in specificity with the Oversampling from 2% to
51.7%, that is, the inclusion in the DB of more women not
demanding PAP services; The model has a moderate
predictability, this means that the model is limited in
building a machine learning process that allows
forecasting PAP demand in the future.

However, the methodology made it possible to explain and
measure the specific weight of the determinants of the
demand for PAP services; the precision indicator refers to
the existence of security of the variables incorporated in
the study (the determinants factors) and their theoretical
confirmation.

The limitations of the research are related to not having
additional information to the ENDES, a survey that has a
wealth of information on the population, and there is no
more information on the context; such as the health
system (the capabilities of the health facility, the proximity
or distance in which the facility is located, the limitations
and quality of the offer, among others), the working and
cultural conditions and subjective perceptions (fears,
shame, myths and beliefs) of women in Peruvian diversity.
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Finally, in methodological terms, all the studies examined
proposed a series of econometric models to identify the
associations and relationships that exist between the
population and the demand for preventive health services,
including PAP services; the innovation of this research has
beeninthe use of machine learning.

Conclusions

The structural variables are the most important in shaping
the demand for secondary preventive services such as
PAP screening, having more education and living
conditions determine a greater probability of demand, and
the opposite occurs with the population living in less
integrated places and regions. to economic well-being.
This implies a greater effort by health policies to integrate
and articulate with other sectors.
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