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Abstract Chagas disease (CD) is recognized by
the World Health Organization as one of the thir-
teen most neglected tropical diseases in the world.
Self-perceived health is considered a better predic-
tor of mortality than objective measures of health
status, and the context in which one lives influ-
ences this predictor. This study aimed to evaluate
the prevalence and individual and contextual fac-
tors associated with poor self-rated health among
CD patients from an endemic region in Brazil. It
is a multilevel cross-sectional study. The individu-
al data come from a cross-section of a cohort study
named SaMi-Trop. Contextual data was collected
from publicly accessible institutional information
systems and platforms. The dependent variable
was self-perceived health. The analysis was per-
formed using multilevel binary logistic regression.
The study included 1,513 patients with CD, where
335 (22.1%) had Poor self-rated health. This
study revealed the influence of the organization/
offer of the Brazilian public health service and of
individual characteristics on the self-perceived
health of patients with CD.

Key words Chagas disease, Self-rated health,
Health status, Epidemiologic studies, Multilevel
analysis

Resumo A Doenga de Chagas (DC) é reconhe-
cida pela Organizagdo Mundial da Saiide como
uma das treze doengas tropicais mais negligencia-
das do mundo. A autopercep¢io de satide é consi-
derada um melhor preditor de mortalidade do que
medidas objetivas do estado de satide, e o contexto
em que se vive influencia esse preditor. O objetivo
deste estudo foi avaliar a prevaléncia e os fatores
individuais e contextuais associados a pior auto-
percepgio em satide de pacientes com DC de uma
regido endémica do Brasil. E um estudo transversal
multinivel. Os dados individuais vém de um corte
transversal de um estudo de coorte denominado
SaMi-Trop. Os dados contextuais foram coletados
a partir de plataformas e sistemas de informagoes
institucionais acessiveis ao puiblico. A varidvel de-
pendente foi a autopercep¢do de savide. A andlise
foi realizada por meio de regressdo logistica bi-
ndria multinivel. Participaram do estudo 1.513
pacientes com DC, sendo 335 (22,1%) com pior
autopercepgdo de satide. Este estudo revelou a in-
fluéncia da organizagio/oferta do servigo piiblico
de satide brasileiro e de caracteristicas individuais
na autopercep¢io de satide de pacientes com DC.
Palavras-chave Doenga de Chagas, Autoavalia-
¢do da saiide, Nivel de saiide, Estudos epidemiold-
gicos, Andlise multinivel
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Introduction

Recognized by the World Health Organization
(WHO) as one of the thirteen most neglected
tropical diseases in the world!, Chagas disease
(CD) is an infectious disease that represents a se-
rious public health problem in Latin America. In
Brazil, CD is considered one of the main medical
and social problems?. The initial stage of infec-
tion with Trypanosoma cruzi, the main transmit-
ter of CD, lasts from 4 to 8 weeks and is generally
asymptomatic. About 60 to 70% of patients do
not develop a clinically visible disease. However,
the remaining patients (30 to 40%) develop one
of the chronic forms of the disease (cardiac, di-
gestive, or cardio-digestive) that persists during
the life of the host’.

Self-perception of health is an important
indicator used in social epidemiology. It is con-
sidered a better predictor of mortality than ob-
jective measures of health status*’, since it con-
sistently predicts functional decline?, in addition
to influencing the frequency of seeking health
care and the acceptance of treatment plans®. CD
in its chronic form negatively impacts patients’
self-perceived health’, however there are few
studies that investigate this topic in CD.

It is known that information related to the
context in which patients live has an influence
on their health conditions, as well as on their
self-perception®®'2. The use of multilevel models
which simultaneously include context variables
(social structure to which the individual belongs)
in addition to conventional individual vari-
ables', has been an important tool in scientific
investigations, as it overcomes some limitations
of traditional epidemiology when considering
distinct hierarchical levels in the analyses. These
models consider that attributes at the individual
level may not be sufficient to explain the process
of illness, since within the context there are cul-
tural and geographical factors that can affect in-
dividuals directly or indirectly.

Although the contextual influence on
self-perceived health is recognized®, studies with
this approach are scarce. In addition, no previous
multilevel studies were found that investigated
self-perceived health among CD patients. Thus,
this study aimed to assess the prevalence and in-
dividual and contextual factors associated with
poor self-rated health among patients with CD
from an endemic region in Brazil.

Methods

Ethical approval was obtained from the relevant
ethic committee (CEP/USP - 042/2012, UN-
IMONTES 2.474.172 ¢ CONEP 179.685). All
subjects agreed to participate to this study and
signed the informed consent form prior to the
beginning of the study.

This is a cross-sectional study with multilevel
analysis that considered individual and contex-
tual information. The individual data came from
a cross-section (follow-up) in a cohort study
named SaMi-Trop (Research on Biomarkers in
Neglected Tropical Diseases in Sao Paulo/Minas
Gerais). SaMi-Trop is a multicenter study which
involves the involvement of four Brazilian pub-
lic universities". The study was carried out in 21
municipalities selected for showing a high prev-
alence of CD. These municipalities belong to two
macro-regions of the state of Minas Gerais en-
demic to CD: the northern region of Minas and
the Vale do Jequitinhonha region. The contextual
data used were extracted from the official data-
base of the Brazilian government, and were col-
lected at the municipal level.

The SaMi-Trop methodology has been pre-
sented in detail in previous publications'¢. To
date, two evaluations have been carried out, the
baseline and the first follow-up. The baseline was
composed of 2,157 individuals. Follow-up was
carried out two years later, and it was possible to
collect information for 1,709 individuals, being
those initially included in the cohort (79%). A
total of 196 individuals were excluded (150 for
not having a positive serology for the anti-T. cruzi
antibody and 46 for not having valid information
for the dependent variable adopted (Figure 1).
The analyses of the present study were conduct-
ed with data from the first follow-up interview.

Baseline data collection was carried out be-
tween 2013/2014. The first follow-up visit took
place between 2015/2016 where interviews were
conducted with patients, with collection of pe-
ripheral blood, ECG and echocardiogram exams.

Contextual data collection was conducted
for the social, economic, demographic, epidemi-
ological, and health services characterization of
the 21 municipalities included in the SaMi-Trop.
Chart 1 presents these variables, the year adopt-
ed as a reference for the collection (available data
that was the closest to the year of the cohort fol-
low-up 2015/2016), its source, its concept, and
the way the information was categorized to con-
duct the analysis.



Baseline

n=2,157
145 deaths
Losses:
303 not found and/or refusal to
participate

Follow-up

n=1,709

Excluded from the analysis:
150 with negative serology

46 with no information for the
dependent variable adopted

Participants eligible
for this study
n=1,513

Figure 1. Flowchart of eligible, lost and excluded CD
patients of the study. SaMi-Trop Project, Minas Gerais.

Source: Authors.

The variables Municipal Human Develop-
ment Index (MHDI) and SUS Performance
Index (IDSUS) were collected, categorized ac-
cording to national standard and subsequently
dichotomized. The other contextual variables
were collected in numerical form and later di-
chotomized using the 25" or 75" percentile as the
cutoff point, depending on whether the variable
represented a negative (low values indicated bet-
ter situation) or positive (high values indicated
better situation). The objective was to separate
25% of the better-off municipalities vs. 75% of
the municipalities in the worst situation, since in
general the municipalities included had similar
profiles, and for the most part, were precarious
(Chart 1).

The organization of variables in this study
followed the conceptual theoretical model of An-
dersen and Davidson'’, which considers “self-per-
ception of health” as an outcome of interest. Fol-
lowing this model, the dependent variable was
self-perception of health, constructed from the
participant’s self-report during the interview af-

Chart 1. Contextual variables collected from publicly accessible institutional information systems and platforms,
according to the year, source, concept, and cut-off point adopted for categorizing the variable.

Contextual | Year of Cut off point
. . Source Concept
variables | collection adopted
1. Total 2010 Atlas of Human | Number of people residing in the 75t
population Developmentin | municipality. percentile=31,003
Brazil' inhabitants.
2.% of 2010 Atlas of Human | Percentage of people residing in the area | 25%
the rural Development in | outside urban limits. percentile=33.11%
population Brazil!
3. Municipal |2010 Atlas of Human | Geometric average of the indices of the | Categorized by
Human Development in dimensions Income, Education and international
Development Brazil' Longevity, with equal weights. This standard and
Index varies from 0 to 1, with higher values dichotomized as
(MHDI) indicating a better situation. low (<0,550) vs.
high (>0,700) /
medium (0,551-
0,699)
4. Gini index |2010 Atlas of Human | Measures the degree of inequality in the |25
Development in | distribution of household income per percentile=0.4642
Brazil! capita. Its value ranges from 0, when
there is no inequality, to 1 when the
inequality is maximum.
5. Average 2015 IBGE? Average wage of formal workers, 75" percentile=1.7
wage of measured in number of minimum minimum wages
formal wages.
workers
6. llliteracy | 2010 DATASUS? Percentage of illiterates in the 25t

rate

population of the municipality

percentile=17.1%

it continues
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Chart 1. Contextual variables collected from publicly accessible institutional information systems and platforms,
according to the year, source, concept, and cut-off point adopted for categorizing the variable.

Contextual | Year of Source Concept Cut off point
variables | collection adopted
7.% of the | 2010 Atlas of Human | Percentage of the population of the 25t
population Development in | municipality with access to running percentile=85.4%
with running Brazil' water
water
8.% of the |2010 Atlas of Human | Percentage of the population of the 25t
population Development in | municipality with access to adequate percentile=49.5%
with Brazil' sewerage
adequate
sewerage
9.% of the | 2010 Atlas of Human | Percentage of the population of the 25t
population Development in | municipality with access to electricity percentile=98.8%
with Brazil'
electricity
10. SUS 2010 Performance Assesses the municipal performance Categorized by
Performance Index of the of the SUS* regarding: universality of national standard
Index Public Health access, integrality, equality, resolvability | and dichotomized
(IDSUS) System* and equity of care, decentralization with |as 0.500-0.599
a single command by management level, | (low) vs. 0.600-
tripartite responsibility, regionalization | 0.699/0.700-0.799
and hierarchy of the health service (high/medium)
network.
11. Total 2016 SIOPS - Public Measures the dimension of total public | 75 percentile=R$
health Health Budget health expenditure per inhabitant 610.72
expenditure Information
per System®
inhabitant
12. Number |2017 CNES - Number of doctors per thousand 75" percentile=0.79
of doctors National Health | inhabitants present in the municipality
per thousand Establishment hired by the SUS
inhabitants Register®
13. % of the | 2017 Department of Proportion of population of the 75t
population Primary Care municipality with health insurance percentile=3.03%
with health - Ministry of
insurance Health’
14. FHS 2017 Department of Percentage of coverage of the population | 75%
coverage Primary Care of the municipality by teams of the percentile=100%
- Ministry of family health strategy (FHS).
Health’

*SUS=Sistema Unico de Satde (Brazilian Public Health System). 'http://www.atlasbrasil.org.br/2013/pt/o_atlas/idhm/. *http://
www.censo2010.ibge.gov.br/sinopse/index.php?uf=31&dados=0. *http://www2.datasus.gov.br/DATASUS/index.php?area=02.
*http://idsus.saude.gov.br/mapas.html. *http://siops-asp.datasus.gov.br/CGI/deftohtm.exe?SIOPS/serhist/municipio/indicMG.def.
‘http://cnes.datasus.gov.br/. "http://sisaps.saude.gov.br/notatecnica/frmListaMunic.php.

Source: Authors.

ter being asked: “How would you rate your health
today?”, with a Likert scale as the answer options
being adopted, and later dichotomized as “Poor”
(bad and very bad) vs. “Good” (good, very good,
and average). The dichotomization adopted al-
lowed us to investigate the negative self-percep-
tion, which reflects the most critical condition

of health and quality of life, and thus, fulfill the
objective of the work.

The independent variables were also grouped
as suggested by the theoretical model adopted?’
(Figure 2). The model has three blocks, the first
block consisting of contextual variables, and the
second and third blocks consisting of variables
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Contextual Characteristics

Predisposing Characteristics

Demographic/Social/Beliefs
1. Population size
2. % rural population
3. MHDI
4. Illiteracy rate
5. % of the population with
running water
6. % of the population with
adequate sewerage
7. Gini Index
8. % of the population with
electricity
9. Average wage of formal
workers

Enabling Factors
Health Policy/Financing/
Organization

1. IDSUS
2.% Population with health
insurance
3. FHS coverage
4. Number of doctors per
thousand inhabitants.
5. Total health expenditure
per inhabitant.

>

Individual Characteristics Health Behavior Results
Predisposing Characteristics

Demographic/Social/Beliefs ||  Personal Health |
1. Gender Practices Poor self-rated
2. Age 1. Physical activity health
3. Color 2. Alcohol
4. Marital Status 3. Smoker
5. Literacy A Y

Health Care Processes
Enabling Factors 1. Understanding the
Financing/Organization health situation and

1. Income treatment of CD
2. Distance from the health
unit Use of Health
3. Health service used Services

4. Frequency of access to
exams

5. Frequency of access to
medicines

6. FHS medical monitoring
7. Monitoring by the FHS
8. Specialist medical
monitoring

Need
Perceived/Evaluated
1. Diabetes
2. Hypertension
3. Obesity (BMI)
4. Use of benznidazole
5. Functional class
6. QRS wave duration
7. NT-pro BNP categorized
by age

1. Time since the last
CD consultation

Figure 2. Theoretical model adopted.

Source: Authors.

measured at the individual level: individual char-
acteristics and health-related behavior. The in-
formation on the last two levels came from the
first follow-up interview of the SaMi-Trop proj-
ect.

In the 1% block, contextual characteristics
related to the municipalities were included con-
sidering the variables presented in Chart 1, sub-
grouped into 1) Predisposing Characteristics,
and 2) Enabling Factors.

The 2™ block (individual characteristics)
considered three subgroups: 1) Predisposing
Characteristics: gender (female, male), age (up
to 60 years, 60 years or more), self-declared skin
color (white, black, brown and others (indige-
nous and yellow)), marital status (stable union,
without stable union), literacy (no, yes); 2) En-
abling Factors: income (up to 1 minimum wage,
above 1 minimum wage), dichotomized consid-
ering the value of the minimum wage in force at
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the time of data collection (R$ 724 - U$ 304.20),
distance of residence from the Basic Heath Unit
(BHU) (over 100 km, from 6 to 99 km, from 0
to 5 km), type of health service most frequent-
ly used to treat CD (none, public, private/health
insurance), frequency of access to exams (rarely/
never, regularly/frequently, always), frequency
of access to medications (rarely/never, regular-
ly/frequently, always), monitoring by the FHS
(not monitored, irregularly monitored, regu-
larly monitored), specialist medical monitoring
(not monitored, irregularly monitored, regularly
monitored); and 3) Perceived/Evaluated Needs:
self-report of diabetes diagnosis (yes, no), self-re-
port of arterial hypertension diagnosis (yes, no),
body mass index (BMI) (overweight, normal
weight), previous use of Benznidazole (BZN)
(no; yes), functional class (with limitations -
Classes II, III and IV, without limitations - Class
I)'8. BMI was calculated from weight and height
measurements using the formula: BMI=Weight
(kg)/(Height)? (m), individuals with normal
weight were those with up to 24.9 kg/m2, and
overweight those above that value®. The dura-
tion of the QRS complex (greater than or equal
to 120 m/s, up to 119 m/s) and the age-adjust-
ed NT-pro BNP? (changed, not changed) were
collected from ECG and blood tests, respectively.
NT-pro BNP levels are quantitative plasma bio-
markers of heart failure, and The QRS complex is
the combination of three of the graphical deflec-
tions seen on a electrocardiogram of corresponds
to the ventricle depolarization. These variables,
with this cut-off point, reflect worse health con-
ditions, with symptoms that affect the quality of
daily life?*?!.

The 3" block (health behavior) considered
three subgroups: 1) Personal Health Practices:
physical activity practice (no, yes); alcohol (fre-
quent use of alcohol, infrequent use of alco-
hol), and smoking (smoker, non-smoker). The
practice of physical activity was considered as
answered (yes or no). Alcohol was measured by
the question “How many times in the last thirty
days, did you consume alcohol?”, the answer op-
tions were: did not consume, consumed less than
once a week, consumed 1 to 2 times per week,
consumed 3 to 5 times a week, and consumed
every day. The answers to this question were
dichotomized and grouped into two categories:
infrequent use (did not consume/consumed less
than once a week/consumed 1 to 2 times a week)
vs. frequent use (consumed 3 to 5 times a week/
consumed every day). Smoking was assessed by
the question: “Which of the following phrases

best defines your habits in relation to cigarette
use?”, with the answer options being: I have never
smoked, I have smoked, but I don’t smoke any-
more, or I currently smoke. Smokers were consid-
ered to be those who smoked at the time of data
collection and ex-smokers and those who had
never smoked were grouped in the non-smoking
category; 2) Health Care Processes: understand-
ing the health situation and treatment of CD, as
assessed by the question “Do you consider that
you understand your health situation and the
care you should take during your treatment for
Chagas disease?” (I don’t understand enough, I
understand reasonably, I understand well); and
3) Use of Health Services: time since the last con-
sultation for CD, measured by the question “How
long has it been since your last medical consulta-
tion related to Chagas disease?”, the answer being
numerical and subsequently dichotomized into
more than one year vs. a year or less.

Initially, a descriptive analysis of all variables
was conducted. Simple (n) and relative (%) fre-
quencies were estimated for each category of
variables. For the age variable, the mean and its
standard deviation were also estimated. In addi-
tion, the description of contextual variables ac-
cording to self-rated health was presented.

Subsequently, bivariate analyzes were con-
ducted between the investigated outcome and
the individual variables. For this, Pearson’s Chi-
square test was used. In the multiple analysis,
multilevel binary logistic regression was adopt-
ed, so that the variables were introduced into the
model by levels of grouping (3 levels), according
to the theoretical model adopted. Initially, all
contextual variables (1% level) were introduced
and the model was adjusted to a significance level
of 5%, following the backward manual modeling
technique. Subsequently, maintaining the vari-
ables of the first level, the individual variables
(2" level) were introduced from the screening
obtained by the bivariate analysis (variables with
p value<0.20). The model was adjusted again.
Finally, there was the introduction of individual
health behavior variables (3™ level) also screened
by bivariate analysis and a new model adjustment
was performed. The multilevel analysis used the
fixed effects model (intercept model) to estimate
the fit between the outcome and the contextual
and individual explanatory variables with the
mixed coefficients and logit function to obtain
the odds ratios (OR) and confidence interval
measures (CI) 95%. The model was adjusted to
each level introduced in a hierarchical manner,
with only variables with statistical significance



remaining. The deviance statistic represented by
“-2 loglikelihood”, was the indicator used to as-
sess the fit quality measure, making it possible to
compare the likelihood functions. The analyzes
were performed using Predictive Analytics Soft-
Ware (PASW/SPSS)® version 18.0 for Windows®
and STATA, version 17 (StatCorp, College Sta-
tion, Texas, USA)®, statistical software.

Results

The Descriptive and bivariate analysis of con-
textual characteristics and their association with
self-rated health in patients with Chagas disease
is shown in Table 1.

Of the 1,513 CD patients participating in this
study, 335 (22.1% 95%CI=20.0-24.2) showed
poor self-rated health. The average age of the
participants was 59.9 (£12.2) years, the major-
ity were female (67.9%), brown (59.1%), and
with a monthly income up to one minimum
wage (53%). Among the municipalities studied,
the poor self-rated health ranged from 6.7% to
57.1%. The distribution of CD patients accord-
ing to individual characteristics and health be-
haviors is shown in Table 2.

In the bivariate analysis, the individual vari-
ables screened to compose the initial multiple
model (p<0.20) were: gender, age, literacy, fam-
ily income, distance from the BHU, health ser-
vice used, frequency of tests, frequency of access
to medication, medical monitoring by the FHS,
specialist monitoring, diabetes mellitus, hyper-
tension, use of BZN in the last 2 years, functional
class, NT-pro BNP, physical activity, smoking,
understanding of CD, and time since the last CD
visit (Table 2).

The final adjusted multiple model revealed
that among the contextual characteristics, there
was less odds of poor self-rated health among
those who lived in municipalities with a smaller
population when compared to those who lived in
municipalities with a larger population (OR=0.6;
95%CI=0.3-0.9), and a greater odds among those
who lived in municipalities with a higher illitera-
cy rate when compared to those who lived in mu-
nicipalities with a lower illiteracy rate (OR=1.5;
95%CI=1.0-2.4) and. among those who lived
in municipalities with fewer doctors per thou-
sand inhabitants when compared to those who
lived in municipalities with a higher doctors per
thousand inhabitants (OR=1.5; 95%CI=1.0-
2.4). Among the variables of the second level,
there were greater odds of poor self-rated health

among those with limitations in functional class
when compared to those without limitations in
functional class (OR=2.0; 95%CI=1.4-2.7), with
a changed level of NT-pro BNP adjusted for age
when compared to those not changed (OR=1.9;
95%CI=1.2-2.9), who reported arterial hyper-
tension when compared to those without arteri-
al hypertension (OR=1.5; 95%CI=1.0-2.1), who
had an income below one minimum wage when
compared to those income above one minimum
wage (OR=1.5; 95%CI=1.1-2.0), who lived more
than 100 km from the BHU when compared
to those who lived 0 to 5 km from the BHU
(OR=2.5; 95%CI=1.3-4.5), and among those
who reported having irregular FHS monitoring
when compared to those without reported having
regularly FHS monitoring (OR=1.7; 95%CI=1.1-
2.6). Among the variables of the third level, great-
er odds of poor self-rated health were observed
among those who did not practice physical activ-
ity when compared to those that practice phys-
ical activity (OR=1.8; 95%CI=1.2-2.7) and who
smoked when compared to those that did not
smoke (OR=2.6; 95%CI=1.4-4.7) (Table 3).

Discussion

This study showed a prevalence of poor self-rated
health of more than 22% among the individu-
als with CD investigated, being associated with
contextual variables such as population size, illit-
eracy rate, and number of doctors per thousand
inhabitants; and with the individual variables in-
come, distance from the BHU, FHS monitoring,
arterial hypertension, functional class, NT-pro
BNP level, physical activity and smoking.

The high prevalence of poor self-rated health
among individuals with CD may be associated
with the greater severity of CD in the chronic
cardiac form*. Studies point to a wide variation
in the prevalence of poor self-rated health among
different populations”*2. Among patients with
arterial hypertension, a prevalence of 10.4%%
was found, among the elderly, 13.5%*, and
among patients with CD a prevalence of 32.8%".
The dependent variable, determined by means
of a simple question, represents an indicator
considered robust and consistent for predicting
mortality and functional decline**.

Despite the recognized relevance of this indi-
cator in chronic diseases**, there is a gap in the
literature regarding the assessment of self-per-
ceived health in patients with chronic CD, espe-
cially considering characteristics of the context
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where they live. To date, no previous studies have
been identified that have performed a multi-
level assessment related to self-perceived health
among patients with CD, making comparisons

of this nature impossible. The only study iden-
tified regarding self-perceived health among CD
patients was conducted considering only the in-
dividual level’, not considering the context where

Table 1. Descriptive analysis of contextual characteristics and their relation with self-rated health in patients with

Chagas disease (CD) (n=1,513).

Descriptive Bivariate
Contextual variables n n Self-rated health
municipalities individuals Poor n (%) 95%CI

Total population

<31,003 inhabitants 16 902 196 (21.7%) 19.6-23.77

>31,003 inhabitants 5 611 139 (22.7%)  20.58-24.81
% of the rural population

<33.11% 5 529 104 (19.7%)  17.69-21.70

>33.12% 16 984 231(23.5%) 21.36-25.63
Municipal Human Development Index. (MHDI)

Low 4 1,256 61 (23.7%) 21.55-25.84

High/medium 17 257 274 (21.8%) 19.71-23.88
Gini index

<0.4642 5 229 286 (22.3%)  20.20-24.39

>0.4643 16 1,284 49 (21.4%) 19.71-23.88
Average wage of formal workers

<1.7 minimum wages 12 780 172 (22.1%)  20.00-14.19

>1.8 minimum wages 9 733 163 (22.2%)  20.10-24.19
Illiteracy rate

<17.1% 5 667 139 (20.8%) 18.75-22.84

>17.2% 16 846 196 (23.2%) 21.07-25.32
% of the population with running water

<85.4% 16 1,136 254 (22.4%)  20.29-24.50

>85.5% 5 377 81(21.5%) 19.42-23.57
% of the population with adequate sewerage

<49.5% 16 1,100 263 (23.9%) 21.75-26.04

>49.6% 5 413 72 (17.4%) 15.48-19.31
% of the population with electricity

<98.8% 16 1,209 274 (22.7%)  20.58-24.81

>98.8% 5 304 61(20.1%) 18.08-22.11
SUS Performance Index (IDSUS)

0.500-0.599 7 604 152 (25.2%) 23.01-27.38

0.600-0.799 14 909 183 (20.1%) 18.08-22.11
Total health expenditure per inhabitant

<R$ 610.72 16 1,142 269 (23.6%) 21.65-25.94

>R$ 610.73 5 371 66 (17.8%) 15.87-19.72
Number of doctors per thousand inhabitants

<0.79 16 1,100 262 (23.8%) 21.65-25.94

>0.80 5 413 73 (17.7%) 15.87-19.72
% of the population with health insurance

<3.03% 16 978 225(23%) 20.87-25.12

>3.04% 5 535 110 (20.6%) 18.56-22.63
FHS coverage

<99% 4 587 202 (21.8%) 19.71-23.88

100% 17 926 133 (22.7%)  20.58-24.81

Source: Authors.



the individuals lived. It is already known that the
context determines the occurrence and worsen-
ing of CD, considering that most patients live in
a situation of social vulnerability, with unfavor-

able sociodemographic, economic, and life con-
ditions. In addition, many patients live in remote
regions and have difficulty accessing specialized
health services'®?"%.

Table 2. Descriptive and bivariate analysis of individual characteristics and health behavior and their association
with self-rated health in patients with Chagas disease (CD) (n=1,513).

Descriptive Bivariate
Characteristics Self-rated health P-value
n Poor n (%) 95%CI
Individual
Gender
Female 1,028 241 (23.4%) 21.2-25.5 0.076
Male 485 94 (19.4%) 17.4-21.39
Age
60 years or older 667 137 (20.5%) 18.46-22.53 0.183
Up to 60 years 846 198 (23.4%) 21.26-25.53
Self-reported skin color*
White 321 236 (73.5%) 71.27-75.72 0.424
Brown 891 650 (73%) 70.76-75.23
Black 270 209 (77.4%) 75.29-79.50
Others 26 21 (80.8%) 78.81-82.78
Marital status*
Single. widowed or divorced 526 116 (22.1%) 20.00-24.19 0.956
Married or cohabiting 983 218 (22.2%) 20.10-24.29
Literacy*
No 645 157 (24.3%) 22.13-26.46 0.076
Yes 863 177 (20.5%) 18.46-22.53
Family income*
Up to R$ 727.00 800 200 (25%) 22.81-27.18 0.004
Above R$ 728.00 709 134 (18.9%) 16.92-20.87
Distance from the Health Unit*
Over 100 km 61 27 (44.3%) 41.79-46.80  <0.001
6 to 99 km 322 71 (22%) 19.91-24.08
0 to 5 km 736 151 (20.5%) 18.46-22.53
Health service used*
None 132 39 (29.5%) 27.02-31.79 0.090
Public 1,013 214 (21.1%) 19.04-23.15
Private/health insurance 368 82 (22.3%) 20.20-24.39
Examination frequency*
Rarely or never 758 190 (25.1%) 22.91-27.28 0.004
Regularly/frequently 648 132 (20.4%) 18.36-22.43
Always 107 13 (12.1%) 10.45-13.74
Frequency of access to medicines*
Rarely or never 665 153 (23%) 20.87-25.12 0.056
Regularly/frequently 421 97 (23%) 20.87-25.12
Always 317 53 (16.7%) 14.82-18.57
Medical monitoring by the FHS*
Not monitored 675 138 (20.4%) 18.36-22.43  <0.001
Monitored irregularly 435 123 (28.3%) 26.03-30.56
Monitored regularly 349 56 (16%) 14.15-17.84

it continues
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Table 2. Descriptive and bivariate analysis of individual characteristics and health behavior and their association
with self-rated health in patients with Chagas disease (CD) (n=1,513).

Descriptive Bivariate
Characteristics Self-rated health P-value
n Poor n (%) 95%CI
Monitoring by specialist *
Not monitored 905 184 (20.3%) 18.27-22.32 0.092
Monitored irregularly 304 80 (26.3%) 24.08-28.51
Monitored regularly 237 52 (21.9%) 19.81-23.98
Diabetes mellitus
Yes 176 47 (26.7%) 24.47-28.92 0.121
No 1,337 288 (21.5%) 19.42-23.57
Arterial hypertension
Yes 982 233 (23.7%) 21.55-25.84 0.043
No 531 102 (19.2%) 17.21-21.18
BMI*
Overweight 796 174 (21.9%) 19.81-23.98 0.802
Normal weight 692 155 (22.4%) 20.29-24.50
Benznidazole use in the last 2 years*
No 1,403 303 (21.6%) 19.52-23.67 0.152
Yes 93 26 (28%) 25.73-30.26
Functional class*
With limitations 629 179 (28.5%) 26.22-30.77  <0.001
No limitations 870 151(17.4%) 15.48-19.31
QRS wave duration*
Greater than or equal to 120 m/s 590 137 (23.2%) 21.07-25.32 0.516
Upto 119 m/s 886 193 (21.8%) 19.71-23.88
NT-pro BNP level*
Changed 178 61 (34.3%) 31.90-36.69  <0.001
Not changed 1,277 255 (20%) 17.98-22.01
Health behavior
Physical activity
No 1,153 287 (24.9%) 22.72-27.07  <0.001
Yes 360 48 (13.3%) 11.58-15.01
Alcohol*
Frequent alcohol use 29 5(17.2%) 15.29-19.10 0.524
Infrequent alcohol use 1,482 329 (22.2%) 20.10-24.29
Smoking*
Smoker 89 33 (37.1%) 34.66-39.53  <0.001
Never smoked or ex-smoker 1,423 301 (21.2%) 19.14-23.25
Understanding CD*
Do not understand enough 707 200 (28.3%) 26.03-30.56  <0.001
Reasonable understanding 473 67 (14.2) 12.44-15.95
Understands well 193 21 (10.9%) 9.32-12.47
Time since the last CD consultation*
More than a year 272 43 (15.8%) 13.96-17.63 0.003
One year or less 881 215 (24.4%) 22.23-26.56

*Variation of the number of 1,513 due to loss of information.

Source: Authors.



Table 3. Final model of the Hierarchical Multilevel Logistic Regression Analysis of the factors associated with the
self-rated health of the patient with Chagas disease. Minas Gerais, Brazil.

. Gross OR Gross Adjusted OR
Models Variables (95%ClI) P-value (}95 %ClI) P-value
Model 1 Population
Contextual Larger population 1 1
Characteristics Smaller population 0.333 (0.141-0.786)  0.012  0.600 (0.379-0.949)  0.029
Illiteracy rate
Lower illiteracy rate 1 1
Higher illiteracy rate 4.871 (1.506-15.751)  0.008 1.558 (1.004-2.417) 0.048
Number of doctors per
thousand inhabitants
Higher number of doctors 1 1
Lower number of doctors 1.388 (0.878-2.194) 0.160 1.512(1.004-2.417) 0.019
Deviance (-2log Log likelihood )=1.586
Model 2 Income
Contextual Greater than one wage 1 1
Characteristics Less than/lower one wage 1.401 (0.984-1.995)  0.055 1.523 (1.158-2.003)  0.003
Individual. _ Distance from the BHU
Characteristics 0t 5 km 1 1
610 99 km 1.0032 (0.705-1.509)  0.733 1.050 (0.736-1.496)  0.787
Above 100 km 2.482 (1.286-4.791)  0.005 2.529 (1.394-4.590)  0.002
FHS monitoring
Regularly 1 1
Irregularly 1.612 (1.012-2.568)  0.038 1.752 (1.148-2.674)  0.009
Not monitored 1.367 (0.835-2.238)  0.210 1.368 (0.901-2.079)  0.141
Arterial hypertension
Absent 1 1
Present 1.504 (1.022-2.215)  0.031 1.500 (1.057-2.131)  0.023
Functional class
Without limitations 1 1
With limitations 1.861(1.331-2.601) <0.001 2.000 (1.468-2.725) <0.001
NT-pro BNP level
Not changed 1 1
Changed 1.985(1.244-3.165)  0.003 1.911 (1.256-2.906)  0.002
Deviance (-2log Log likelihood )=1.017
Model 3 Physical activity practice
Contextual Yes 1 1
Characteristics No 1.863 (1.205-2.882)  0.002 1.853 (1.231-2.789)  0.003
Individual Smoking
Characteristics
No 1 1
Health Vs
Behaviors 3.303 (1.564-5.766)  0.002 2.621 (1.461-4.702)  0.001

Deviance (-2log Log likelihood )=996.725

Source: Authors.

In our study, individuals with CD who lived
in cities with a smaller population were less like-
ly to report poor self-rated health. In Brazil, the
expansion of primary health care (PHC) through
the FHS has increased and facilitated access to
scheduling appointments and exams, especially

in smaller municipalities®, where residents and
health workers know each other and maintain
greater proximity. It is believed that in smaller
municipalities, the humanization of assistance is
facilitated due to the closer relationship between
health workers and the reality experienced by the
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user, which favors the construction of friendly
and trusting relationships based on welcoming,
bonding, listening, and dialogue®. It is known
that health services with such characteristics
bring greater satisfaction to their users®. Satisfac-
tion with health services is associated with great-
er positive self-perception of health®. A previous
study found that health services in rural areas
were better evaluated than those in urban areas™.
Possibly in smaller municipalities and in rural
and remote areas, there is greater resignation to
the health conditions experienced, increasing
positive self-perception®.

The higher illiteracy rate was another con-
textual variable that remained in the final model
associated with poor self-rated health among CD
patients. It is already agreed that the level of ed-
ucation is one of the definers of the conduct that
the individual takes within the health-disease
process®. Health is influenced by educational lev-
el, with lower education associated with greater
population illness®. Previous studies, including a
systematic review, have pointed out the influence
of schooling on the self-perception of health of
other populations®**. However, no studies have
been identified that evaluated this relationship
between patients with CD.

In this study, individuals with CD who
lived in municipalities with fewer doctors per
thousand inhabitants had greater odds of poor
self-rated health. The WHO does not recom-
mend or establish adequate rates of doctors per
number of inhabitants, as this parameter de-
pends on regional, socioeconomic, cultural, and
epidemiological factors. Thus, there would be lit-
tle point in establishing a generalized “ideal rate”
for all countries®. Despite this, this indicator has
been used due to the lack of any other that con-
siders the complexity of care models*'. Brazil still
has one of the lowest rates of doctors per inhabi-
tants in the world, and in January 2018 the coun-
try had 2.18 doctors per thousand inhabitants,
while the average number for countries included
in the Organization for Economic Cooperation
and Development (OECD) is of 3.4 doctors per
thousand inhabitants, reaching up to 5.1 doctors
per thousand inhabitants in countries such as
Norway*%. The municipalities where the partici-
pants of this study lived had an average of 0.68
(£0.383) doctors per thousand inhabitants, and
when categorized according to the percentile
proposed in the study, the municipalities in the
category “lesser number of doctors” had less than
0.79 doctors per thousand inhabitants, thus be-
ing well below the national average. The existence

of a referral doctor for a given community indi-
cates the possibility of establishing a bond, and
consequently, strengthening PHC attributes such
as longitudinality and coordination of care®.
Access and continuity of the PHC service is as-
sociated with better self-perceived health®. This
association shows that the simple quantitative —
the presence and permanence of doctors in the
municipality — influence the self-perception of
health among patients with CD.

The individual variables that reflect living
conditions associated with poor self-rated health
of patients with CD were income, distance from
home to the BHU, and monitoring by the FHS.
The distribution of income within a society is a
health predictor*, and this relationship between
the lowest income and the worst self-perception
of health is already known'%>,

The greater distance between the home of pa-
tients with CD and the BHU suggests issues re-
lated to access to PHC services. Previous studies
have already found that access to health services
is influenced by distance**. Users who most fre-
quent the BHU are those who live in its vicin-
ity, which facilitates the link between patients
and service*, which can influence self-perceived
health.

Likewise, FHS monitoring was also associat-
ed with the outcome. This variable also reflects
access to health services. There were greater odds
of poor self-rated health among patients with CD
who report irregular monitoring by the FHS. The
FHS represents the “gateway” of SUS, the current
public health model in force in Brazil, for access
to PHCY. The difficulty in accessing health ser-
vices is associated with poor self-rated health.
Previous studies have identified such an associa-
tion among the elderly* and in the general pop-
ulation®.

Although the influence of variables that re-
flect health conditions on self-perception is
already established in the literature***-!, our
study confirmed this finding, but innovated
when considering markers of CD severity. No
previous studies have been identified that have
assessed the relationship between such markers
and self-perceived health. Regarding the pres-
ence of systemic arterial hypertension, other
studies have already shown its association with
poor self-rated health?**°. The limited functional
class and the altered NT-pro BNP level negatively
influenced self-perceived health among CD pa-
tients. This finding corroborates the robustness
of the dependent variable as a health predictor.
The most advanced functional class is associated
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extent of symptoms of heart failure, common in
CD. The levels of NT-pro BNP are also accurate
discriminators of the diagnosis of heart failure,
powerful predictors of death, and assist in the
risk stratification of patients®*, a frequent sit-
uation due to CD. It has been verified that the
functional class with limitations and the altered
NT-pro BNP level were associated with a worse
cardiac prognosis in CD, increasing the odds of
pacemaker implantation, atrial fibrillation and/
or death in two years of monitoring®.

The health behavior variables that were asso-
ciated with poor self-rated health of CD patients
were physical inactivity and smoking, a category
most strongly associated with the outcome. The
adoption of healthier lifestyles suggests great-
er self-care in health, and consequently, better
self-perception of one’s own health. Other stud-
ies have also found that poor self-rated health is
strongly associated with physical inactivity®>*, as
well as smoking>*.

Regarding the limitations, in addition to the
cross-sectional design that does not allow estab-
lishing causal relationships, there is a limitation
regarding the extrapolation of the results to oth-
er populations with CD, who live in different
contexts to those portrayed in this investigation.
However, it has already been observed that pop-
ulations with CD generally have a similar epide-
miological profile*. On the other hand, the large
sample size of patients with CD and who live in
endemic areas of small municipalities is a strong
point of our study, as it portrays scenarios com-
monly overlooked in the investigations. In addi-
tion, the results were reliably measured, reflect-
ing the patients’ social and clinical conditions, as
well as their parasitological status. Even though

with worse health conditions

some of the information collected came from
self-reporting, which can lead to measurement
bias, high accuracy of self-reported questions for
chronic conditions has already been verified™.
Self-perceived health proved to be an important
indicator to be used in health planning and clini-
cal evaluation. This indicator was sensitive to the
contextual and individual conditions of patients
with CD and deserves to be considered in global
assessments of these individuals.

This self-perception was influenced by the
context where individuals lived, even after ad-
justment for important individual markers. The
odds of poor self-rated health were lower among
residents of municipalities with a smaller popu-
lation size. On the other hand, the odds of poor
self-rated health were greater among residents
of municipalities with higher illiteracy rates and
with a lower ratio of doctors per inhabitant. At
the individual level, the poor self-rated health
among patients with CD was influenced by so-
ciodemographic issues, access to health services,
clinical/laboratory issues, and behaviors. Thus,
we observe the influence of the organization/of-
fer of the Brazilian public health service and of
individual characteristics in the self-perception
of health of patients with CD.

Our findings also corroborate the robust-
ness of the dependent variable as a predictor of
health conditions, since important clinical and
laboratory markers related to the severity of CD
remained in the final model. Despite its simplic-
ity of measurement, self-perception of health
proved to be a sensitive indicator of health status
in CD, deserving greater recognition both among
scientific studies and in the conduct of clinical
practices, which may favor not only the imple-
mentation of care, but also its management.
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