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Objective: To evaluate the prevalence of multimorbidity and sociodemographic and residential factors associated with this condition
among adults living in Brumadinho, Minas Gerais. Methods: Cross-sectional study with baseline data from the Brumadinho Health
Project, conducted in 2021 and comprising 2,777 individuals aged 18 years and over. The outcome variable was multimorbidity,
defined by the existence of two or more of 20 chronic diseases. The exploratory variables were sex, age group, educational level,
skin color and area of residence according to the dam failure. The association between exploratory variables and multimorbidity
was assessed by logistic regression. Results: The prevalence of multimorbidity was 53.8% (95%Cl 50.6-56.9). A greater chance of
multimorbidity was found among women (adjusted OR=2.5; 95%CI 1.9-3.2), in participants aged between 40 and 59 (adjusted OR=2.8;
95%Cl 1.8-4.3) or 60 years and older (adjusted OR=7.9; 95%Cl 4.7-13.4) and in residents of the areas that were directly affected by the
dam failure (adjusted OR=1.6; 95%Cl 1.3-2.0). Conclusion: The burden of multimorbidity on the population of Brumadinho requires
effective preventive measures and actions to the whole population, but mainly to the most vulnerable groups, that is, women, middle-
aged and older individuals, and those directly affected by the dam failure, in addition to a timely provision of health care to reverse
this situation.

Keywords: Multimorbidity. Chronic disease. Man-made disasters. Socioeconomic factors. Mining. Cohort.

CORRESPONDING AUTHOR: Mary Anne Nascimento-Souza. Avenida Augusto de Lima, 1.715, Barro Preto, CEP: 30190-002, Belo Horizonte (MG), Brazil.
E-mail: maryannemoc@yahoo.com.br

CONFLICT OF INTERESTS: nothing to declare.

HOW TO CITE THIS ARTICLE: Nascimento-Souza MA, Firmo JOA, Souza Junior PRB, et al. Sociodemographic and residential factors associated with multimorbity: results
of Brumadinho Health Project. Rev Bras Epidemiol. 2022; 25:e220006.supl.2. https:/doi.org/10.1590/1980-549720220006.supl.2

This is an open article distributed under the CC-BY 4.0 license, which allows copying and redistribution of the material in any format and for any purpose as long as
the original authorship and publication credits are maintained.

Received on: 06/24/2022
Reviewed on: 08/18/2022
Accepted on: 08/18/2022

epidemio. Multimorbidity: results of Brumadinho Health Project. Rev Bras Epidemiol. 2022; 25:6220006.supl.2 1


https://doi.org/10.1590/XXXXXX
http://www.scielo.br/rbepid
https://orcid.org/0000-0002-3525-6554
https://orcid.org/0000-0001-5330-476X
https://orcid.org/0000-0002-8142-4790
https://orcid.org/0000-0001-9431-2280
mailto:maryannemoc@yahoo.com.br
https://doi.org/10.1590/XXXXXX

www.scielo.br/rbepid

INTRODUCTION

Chronic non-communicable diseases (NCDs), namely
cardiovascular diseases, cancer, chronic respiratory dis-
eases and diabetes, are global threats and major chal-
lenges for Public Health'. The simultaneous occurrence
of two or more chronic diseases in the same individual is
frequent, and becomes a condition referred to multimor-
bidity2. This health outcome is highly prevalent in the world
population® and is associated with higher risk of mortality,
functional decline and poor quality of life, in addition to dif-
ficulty in adequate handling by health services*.

The health impacts of a disaster can be immediate or long-
term®. As for long-term, previous studies conducted in pop-
ulations affected by different types of disasters showed an
increase in the incidence of cardiovascular® and cerebrovascu-
lar diseases, psychological problems, and other chronic condi-
tions®. Also, individuals with NCDs are particularly vulnerable
to disasters. In addition to issues related to the circumstances
of the disaster, these individuals may experience worsening of
their chronic conditions due to interruption of medical treat-
ment, lack of access to medication, among others’.

On January 25, 2019, in Brumadinho, a municipality in the
Metropolitan Region of Belo Horizonte, Minas Gerais, Brazil,
the tailings dam at the mine Cérrego do Feijao burst, under
the responsibility of mining company Vale S.A. It reached a
considerable territorial extension, caused dozens of deaths
and left several missing people®. Seeking to monitor the ef-
fects of this disaster on the health of this population, the
Brumadinho Health Project®—a prospective cohort study—is
ongoing in this municipality. It aims to produce information
on the health-related conditions of this population, including
chronic diseases, to help the health service to offer better
care to residents, thus minimizing the impacts of the disaster.

Previous studies have shown that sociodemographic
factors are determinants of multimorbidity'. However, to
the best of our knowledge, few authors' have evaluated
the influence of these factors on multimorbidity in a pop-
ulation affected by disasters so far. Understanding the oc-
currence, determinants and impacts of multimorbidity in
the population of Brumadinho can be useful for the devel-
opment of effective strategies by the health services, early
identification of the most vulnerable groups, and preven-
tion of future health conditions, thus ensuring better qual-
ity of life for this population.

In this context, the objective of this article was to evalu-
ate the prevalence of multimorbidity, as well as sociodemo-
graphic and residential factors associated with this condi-
tion among adults living in Brumadinho, Minas Gerais.

METHODS

Source of Data
This is a cross-sectional study carried our based on the
Brumadinho Health Project, a study conducted in the city of
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Brumadinho, a Brazilian municipality in the state of Minas
Gerais with estimated population of 41,208 inhabitants
in 20212, The Brumadinho Health Project is coordinated
by the Oswaldo Cruz Foundation in Minas Gerais (Fiocruz
Minas) and Universidade Federal do Rio de Janeiro (UFR)); it
was approved by the Research Ethics Committee of Fiocruz
Minas (20814719.5.0000.5091) and all participants signed a
free and informed consent form®.

The baseline sample of the study was designed to rep-
resent the population aged 12 years or older residing in
the municipality of Brumadinho. The sample was also de-
signed to obtain information in three different estimation
domains, according to area of residence versus dam failure:
1. Estimation of the population “not directly affected” by

the dam failure or mining activity;

2. People “directly affected” by the rupture of the tailings
dam at the mine Cérrego do Feijdo; and
3. People who “lived in areas with mining activity”.

The sampling plan considered the stratification of the
population surveyed by census sector, as established in
2019 by the Brazilian Institute of Geography and Statistics
(IBGE). All households in regions affected by the disaster
or with mining activity (Census) were included, as well as
a random sample of families residing in sectors consid-
ered to be not directly affected. The sample from the area
not directly affected included seven households (prima-
ry sampling units) selected by simple inverse sampling in
each of the 107 sampled census tracts. For each selected
household, both in the census and sampling regions, all
residents aged 12 years or older who consented to partic-
ipate in the research were interviewed. Between June and
November 2021, a total of 3,080 people were interviewed,
and all participants aged 18 or over were considered for
the present analysis.

More details about the research are to be found on
the webpage of the project (http://www.minas.fiocruz.br/
saudebrumadinho/), in the article on its methodology®.

Variables and Procedures for Data Collection

Multimorbidity, the outcome variable of this analysis,
was defined as the presence of two or more chronic dis-
eases?. Conditions included were: high blood pressure or
hypertension, diabetes, high cholesterol, history of heart
attack, angina, heart failure, stroke, asthma or asthmatic
bronchitis, lung disease (chronic bronchitis, emphysema,
or chronic obstructive pulmonary disease), pneumonia,
arthritis, or rheumatism, chronic back problem (back pain,
neck pain, low back pain, sciatic nerve pain, spinal or spi-
nal disc problems), cancer, chronic kidney failure, gastritis
or ulcer, thyroid disease or problems, liver disease (except
hepatitis), depression, psychiatric problems (schizophre-
nia, bipolar disorder, psychosis, panic disorder or obses-
sive-compulsive disorder), and anxiety or sleep disorder.
The presence or absence of these diseases was evaluated
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through the answers to the following question: “Has a doc-
tor ever said that you have...".

Exploratory variables were selected based on the lit-
erature' and included: gender (male, female), age group
(18-24, 25-39, 40-59, 60 or older), self-reported skin col-
or (white, black, brown, yellow or indigenous), educational
level (incomplete elementary school, complete elementa-
ry school, complete elementary school Il, complete high
school, higher education or more) and area of residence,
which was evaluated based on three estimation domains
(not directly affected, directly affected and mining region).

Statistical analysis

First, the variables included in this study were described
for the total sample analyzed, along with a comparison of
their percentage distribution between individuals who had
multimorbidity or not, using Pearson’s chi-square test with
Rao-Scott correction. Subsequently, the mean number of
associated diseases was calculated for each morbidity.
Then, logistic regression models were adjusted for each
variable and for the set of exploratory variables included in
the study in order to obtain the estimate Odds Ratio (OR)
and respective 95% confidence intervals (95%Cl).

The goodness of fit of the logistic regression model was
evaluated by the Hosmer-Lemeshow test for complex sam-
ples'. However, given the randomness of this test in rela-
tion to the number of groups into which the sample was
divided to compare the number of successful results and
estimated results by the model, a sensitivity analysis was
put in place to verify the impact of changing these groups
on the test result.

All variables with a p<0.05 in the adjusted analysis were
considered to be associated with the outcome. The Stata®
software, version 14.0 (StataCorp LLC, CollegeStation, TX)
was used for statistical analyses, considering the weight of
the sample and the effect of the sample design.

RESULTS

A total of 2,777 adults participated in this study (99.0%
of the total number of adult participants in the Brumadin-
ho Health Project); all of them had complete information
for the variables of interest. In this sample, the prevalence
of multimorbidity was 53.8% (95%Cl 50.6-56.9%).

Table 1 shows the distribution of the study participants’
characteristics for the total population and per multimor-
bidity status. The sample was mainly composed of women
(57.2%), people aged between 40 and 59 years (36.2%), with
self-reported brown skin color (44.1%), with high school ed-
ucation (29.1%) and residents in an area not considered to
be directly affected by the dam failure (95.5%). Multimor-
bidity was significantly associated (p<0.05) with sex, age
group, education, and area of residence.

On average, subjects had 2.2 morbidities. Anxiety or
sleep disorder (33.6%), arterial hypertension (30.0%) and
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Table 1. Distribution of  sociodemographic
characteristics and area of residence of the total study
population according to presence of multimorbidity.
Brumadinho Health Project (MG), 2021.

Multimorbidity
Variables Total p-value*
No ‘ Yes
Sex
Male 42.8 53.4 33.7
<0.001
Female 57.2 46.6 66.3
Age range (years)
18-24 11.5 16.8 6.9
25-39 21.8 29.3 15.3
<0.001
40-59 36.2 37.0 35.4
60 and over 30.6 16.9 423
Self-reported skin color
White 43.0 40.3 45.3
Black 11.8 11.5 12.1
0.242
Brown 441 47.2 41.4
Yellow or indigenous 1.1 0.9 1.2
Education
Incomplete Elementary 1.1 33 13.0
School |
Complete Elementary 26.0 246 27.1
School |
<0.001
Complete Elementary 163 20.3 12.9
School Il
Complete High School 29.1 31.8 26.8
Higher education 17.5 14.4 20.2
Area of residence
Not directly affected 95.5 95.7 95.4
Directly affected 2.9 2.6 3.1 0.019
Mining region 1.6 1.8 1.4

*Chi-square test with Rao-Scott correction. Values expressed in
percentages.

high cholesterol (23.0%) were the most common condi-
tions, while chronic renal failure (2.8%), stroke (2.2%) and
angina pectoris (1.6%) were less frequent. The mean as-
sociated morbidities ranged from 2.8 (for anxiety or sleep
disorder and arterial hypertension) to 5.4 (for angina pec-
toris) (Table 2).

In the sensitivity analysis of the Hosmer-Lemeshow
test, it was found that changing the number of groups
had little impact on the general fit of the model. Thus, the
number of groups established in the default of the statis-
tical software was considered (g=10), and the p-value of
the Hosmer-Lemeshow test for the adjusted model was
0.881 (Table 3).

Crude and adjusted analyses of the association of so-
ciodemographic and residential characteristics with the
presence of multimorbidity are shown in Table 3. In the
crude analysis, the variables sex, age group, education
and area of residence were significantly associated with
multimorbidity. After adjusting the model with all vari-
ables, women had 2.5 (95%Cl 1.9-3.2) times the chance
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Table 2. Prevalence of morbidities and mean of associated
diseases. Brumadinho Health Project (MG), 2021.

Prevalence of | Average of
Morbidities morbidity associated
% (95%Cl) diseases
Anxiety or sleep disorder 33.6 (30.5-36.8) 2.8
Arterial hypertension 30.0 (27.2-32.9) 2.8
High cholesterol 23.0(20.6-25.7) 33
Depression 22.6 (19.9-25) 3.3
Chronic back problem* 21.2 (18.4-24.2) 3.2
Gastritis or ulcer 15.9 (13.7-18.4) 34
Pneumonia 9.8 (8.2-11.6) 33
Diabetes 9.8 (8.3-11.6) 33
Thyroid disease or problem 9.2(7.5-11.4) 35
Psychiatric problemst 7.9 (6.2-9.9) 4.2
Asthma or asthmatic bronchitis 7.2 (5.8-8.9) 3.5
Arthritis or rheumatism 7.0 (5.4-9.0) 4.8
Cancer 3.7 (2.7-5.0) 34
Lung diseases¥ 3.5(2.5-4.9) 3.7
Liver disease (except hepatitis) 3.4 (2.5-4.6) 4.3
Heart failure 3.2(2.3-4.3) 4.9
heart attack 3.2(2.1-4.8) 4.8
Chronic kidney failure 2.8 (2.0-3.8) 4.5
Stroke 2.2(1.5-3.3) 4.6
Angina 1.6 (1.0-2.5) 5.4

95%Cl: 95% confidence interval. *Includes back pain, neck pain, low
back pain, sciatic nerve pain, problems in the vertebrae or vertebral
discs; TIncludes schizophrenia, bipolar disorder, psychosis, panic
disorder, or obsessive-compulsive disorder; fIncludes chronic
bronchitis, emphysema, or chronic obstructive pulmonary disease.

of having multimorbidity when compared to men. Re-
garding age groups, participants aged between 40 and 59
or aged 60 years or older had, respectively, 2.8 (95%Cl
1.8-4.3) and 7.9 (95%Cl 4.7-13,4) times the chance of
having multimorbidity when compared to participants
aged 18 to 24 years. Finally, multimorbidity occurred in
a 60.0% frequency (OR_, .,=1.6; 95%Cl 1.3-2.0), being
higher among respondents living in areas directly affect-
ed by the dam failure versus those residing in areas not
directly affected.

DISCUSSION

The results of this study show a high percentage of
adults with two or more chronic diseases, being more com-
mon among women, among the elderly and among people
living in areas directly affected by the dam failure.

A meta-analysis of large epidemiological studies has
shown that the prevalence of multimorbidity can vary con-
siderably between studies (from 15.3 to 93.1%)'%. A recent
study reported that the combined global prevalence of
multimorbidity obtained from community studies conduct-
ed in low-, middle- and high-income countries was 33.1%'>,
which is lower than in the population participating in the
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Table 3. Crude and adjusted analysis of associations
between sociodemographic characteristics, area of
residence and multimorbidity. Brumadinho Health
Project (MG), 2021.

Multimorbidity*
Variables Crude OR | Adjusted OR
(95%Cl) (95%Cl)

Sex

Male 1.0 1.0

Female 2.3(1.8-2.9) | 2.5(1.9-3.2)
Age range (years)

18-24 1.00 1.0

25-39 1.3(0.8-2.0) | 1.4(0.9-2.2)

40-59 2.3(1.5-3.5) 2.8(1.8-4.3)

60 and over 6.1(3.9-9.5) | 7.9(4.7-13.4)
Self-reported skin color

White 1.0 1.0

Black 0.9(0.6-1.4) | 1.1(0.7-1.8)

Brown 0.8(0.6-1.0) | 1.1(0.8-1.1)

Yellow or indigenous 1.1 (0.4-3.0) 1.5 (0.5-4.0)
Education

Incomplete Elementary School | 1.0 1.0

Complete Elementary School | 0.7 (0.5-1.1) 1.1 (0.7-1.6)

Complete Elementary School Il 0.5(0.3-0.7) | 1.0(0.7-1.5)

Complete High School 0.6 (0.4-0.8) 1.4 (0.9-2.1)

Higher education 1.0 (0.7-1.5) 1.2 (0.8-1.9)
Area of residence

Not directly affected 1.0 1.0

Directly affected 1.2(1.1-1.5) | 1.6(1.3-2.0)

Mining region 0.8 (0.6-1.1) 1.0 (0.8-1.3)

OR (95%Cl): crude and adjusted odds ratio (95% confidence interval)
for all variables listed. p-value from Hosmer-Lemeshow test for the
adjusted model 0.881. *Two or more chronic diseases among 20
morbidities assessed.

Brumadinho Health Project (53.8 %). A study that analyzed,
in 2013, data obtained by the Surveillance System of Risk
and Protection Factors for Non-Communicable Chronic
Diseases (Vigitel) showed a 18.2% prevalence (95%Cl 17.5-
18.9) of multimorbidity among Brazilians aged 18 years
and over, evaluated as presence of two or more out of five
chronic conditions’.

The lack of consensus on an operational definition of
multimorbidity'” results in a wide range of prevalence
estimates and in a difficulty in comparing results be-
tween different populations. Among the factors that in-
fluence differences between prevalence values and that
could explain the higher prevalence of multimorbidity
for the population of Brumadinho are the list of diag-
noses considered and the cut-off point used to define
multimorbidity'®. Regarding the number of conditions,
a systematic review of studies on the prevalence of mul-
timorbidity in the general population reported that the
prevalence of this outcome was considerably underes-
timated for studies using a list of less than 12 chronic
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conditions. However, there was less variation in studies
that used 12 conditions or more’s.

The high prevalence of multimorbidity reported in this
study may also stem from the way the outcome was de-
fined in relation to the cut-off point. Higher prevalence
values of multimorbidity were verified in a meta-analy-
sis when the authors used the definition of two or more
chronic diseases versus three or more™. In line with the
findings of this meta-analysis, the prevalence of multi-
morbidity was 35.0% (95%Cl 32.5-38.1) for the popula-
tion of Brumadinho, when considering the cutoff point of
three diseases. However, the significance and direction
of the associations originally observed were maintained
(data not shown).

It should also be noted that Brumadinho is 100.0% cov-
ered by the Family Health Strategy (FHS)'°. The influence
of good access to health services on the diagnosis of some
health conditions have been previously demonstrated
by some authors®. In this way, universal coverage by the
FHS can favor access to health services and the diagnosis
of chronic conditions, mainly because they come from a
self-reported medical diagnosis, contributing to a higher
prevalence of multimorbidity in the population studied.

The higher occurrence of multimorbidity among wom-
en has already been verified previously™. This may be due
to the fact that women are more careful with their health,
and to issues related to gender inequalities existing in our
society?’. Women tend to seek health services more of-
ten, whether for preventive care or specific reproductive
health issues?'??, so they are, consequently, more likely to
receive a medical diagnosis of chronic diseases. This re-
sult is corroborated by data presented in a recent study
conducted with the Brazilian population that compared,
based on information from the 2013 and 2019 editions
of the National Health Survey (PNS), the patterns of use
of health services. The authors found higher prevalence
of search for health care, either for prevention or due to
health problems, by women? in the last two weeks prior
to the survey.

Regarding age, a systematic review that wanted to
check the determinants of multimorbidity in Primary Care
patients found that almost all observational studies includ-
ed reported an association between multimorbidity and
age, which shows that this is a well-established determi-
nant in the literature'®. Therefore, the Brumadinho Health
Project also corroborate previous studies??, which demon-
strate that additional years of life are an opportunity to
acquire other chronic diseases'. Also, the results showed
that, although multimorbidity is considered a health prob-
lem among the elderly, a substantial number of young and
middle-aged people are also affected? ?. Early occurrence
of multimorbidity can prolong the time spent with health
problems as people age?4; thus, middle age is an important
moment for prevention of chronic diseases, in which suc-
cessful aging is aimed?.
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Previous studies have shown a higher incidence of
chronic diseases after the occurrence of disasters. For ex-
ample, a systematic review with meta-analysis found an
increase in all-cause, myocardial infarction, and stroke
mortality rates in the first month and up to three years
after an earthquake in high-income countries?”. Anoth-
er study highlighted the increase in rates of psychological
distress and psychiatric disorders after natural disasters?.
It shows the need for monitoring a wide range of physical
and mental health outcomes in populations affected by di-
sasters. In this study, residents in areas directly affected
by the dam failure had a higher chance of presenting with
multimorbidity when compared to the analyzed areas.
However, although a growing number of studies demon-
strate long-term effects of disasters on health, it should
be noted that our findings here does not allow us to infer
whether this profile of greater chance of multimorbidity
among people affected precedes or is a consequence of
the disaster. However, it illustrates the greater vulnerabili-
ty of this population, which needs a different look in terms
of health care actions, since the burden of disease is great-
er for them.

Our study has some limitations that must be con-
sidered. First, measuring multimorbidity based on a list
of self-reported diseases, as well as the lack of concept
standardization and operationalization of this con-
struct made it difficult to compare results with other
populations. A future standardization of multimorbid-
ity will allow comparison between studies conducted
with different populations, as well as a better assess-
ment of consistency of results obtained. Despite these
limitations, this was the first population-based study
conducted in Brazil to assess multimorbidity in a pop-
ulation affected by a major disaster. Monitoring health
conditions of this population is an important baseline
for future longitudinal analyses to assess the impact of
multiple diseases in relation to health outcomes and
health services.

The Brumadinho Health Project showed a high prev-
alence of multimorbidity in the population studied, a
condition influenced by sociodemographic and residen-
tial factors. Proper long-term management of multiple
chronic diseases is one of the greatest health-related
challenges faced by patients, health professionals and
the society as a whole, as it funds public health services.
It should be noted that, in the face of a disaster, these
challenges can be greater given the possible overload of
local health services.

Thus, the impact of NCDs on the population of Bru-
madinho requires effective preventive measures and ac-
tions to the whole population, but mainly among the most
vulnerable groups, namely women, middle-aged and elder-
ly individuals, as well as those directly affected by the dis-
ruption of the dam, in addition to timely provision of health
care to minimize this situation.
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Objetivo: Avaliar a prevaléncia de multimorbidade e os fatores sociodemograficos e de drea de residéncia associados a essa
condi¢do entre adultos residentes em Brumadinho, Minas Gerais. Métodos: Estudo transversal realizado a partir dos dados da linha
de base do Projeto Saude Brumadinho, que foi conduzida no ano de 2021 e incluiu 2.777 individuos com 18 anos ou mais. A variavel
desfecho foi a multimorbidade, definida pela existéncia de duas ou mais entre 20 doengas cronicas. As variaveis exploratoérias foram
sexo, faixa etdria, escolaridade, cor da pele e area de residéncia. A associagdo entre as variaveis exploratorias e a multimorbidade
foi avaliada pela regressdo logistica. Resultados: A prevaléncia de multimorbidade foi de 53,8% (IC95% 50,6-56,9). Maior chance de
multimorbidade foi encontrada entre as mulheres (ORaJustadOZZ’S; IC95% 1,9-3,2), nos participantes com idade entre 40 e 59 (ORajumdor
2,8;1C95% 1,8-4,3) ou com 60 anos ou mais (OR

pelo rompimento da barragem (OR

Justado— 7197 1C95% 4,7-13,4) e nos residentes em areas que foram diretamente atingidas
=1,6; 1C95% 1,3-2,0). Conclusao: A elevada carga de multimorbidade sobre a populagdo de
Brumadinho requer medidas preventivas eficazes e acdes no ambito populacional, mas principalmente entre aqueles grupos mais
vulneraveis, ou seja, mulheres, individuos de meia-idade e idosos bem como aqueles diretamente atingidos pelo rompimento da
barragem, além de oferta oportuna de cuidados de salde, de modo a reverter esse quadro apresentado.

Palavras-chave: Multimorbidade. Doenga cronica. Desastres provocados pelo homem. Fatores socioecondmicos. Mineragdo. Coorte.
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