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RESUMO

Introducédo: Nas ultimas décadas, a populagéo global de idosos (individuos com 60
anos de idade ou mais) tem crescido significativamente. No entanto, € importante
ressaltar que uma sociedade com maior expectativa de vida ndo implica
necessariamente em um contexto que proporcione envelhecimento saudavel e livre
de acometimento por mdultiplas doengas crbnicas ndo transmissiveis. Objetivo:
estimar a prevaléncia de multimorbidade na populagéo idosa brasileira e analisar sua
associacdo com os fatores socioecondmicos individuais e contextuais. Métodos:
Trata-se de um estudo observacional do tipo transversal com dados provenientes da
segunda edi¢cdo da Pesquisa Nacional de Saude, realizada em 2019. Foram utilizadas
as informa¢des dos individuos de 60 anos ou mais de ambos 0s sexos, que
responderam ao questionario individual, totalizando 22.728 individuos na amostra
final. O ponto de corte para definir a multimorbidade foi de =2 doencgas crénicas.
Resultados: Os fatores individuais associados com uma maior chance de
multimorbidade na populagdo idosa foram: sexo feminino, idade avancada, estar
casado, poucos anos de estudo, inatividade fisica e nédo-tabagismo. Foi observado
que, entre os idosos que vivem em éareas com IDH elevado, a chance de
multimorbidade foi 24% maior. Conclusdo: Os achados indicam que idosos
residentes em areas mais desenvolvidas tém mais chance de serem diagnosticado
com multiplas doengas crénicas ndo transmissiveis. Por esse motivo, mesmo com
niveis elevados de diagndstico médico, se faz necessario que politicas de prevencao
primaria sejam implementadas nestes locais para garantir a qualidade de vida da

populacao idosa residente.

Palavras-chave: Idoso; Multimorbidade; Doenca Crénica; Ambiente Social.



ABSTRACT

Introduction: In recent years, a significant increase in the global elderly population
(individuals aged 60 years or older) can be noticed. However, it is important to
emphasize that a society with a longer life expectancy does not necessarily mean a
context that provides healthy aging or free multiple non-communicable chronic
diseases ambient. Objective: To estimate the frequency of multimorbidity in the
Brazilian elderly population and measure its association with individual and contextual
socioeconomic factors in the urban context. Methods: This is an observational cross-
sectional study that uses data from the second edition of the Brazilian National Health
Survey conducted in 2019. Information from individuals aged 60 years and older of
both sexes who responded to the individual questionnaire was used, totaling 22,728
individuals in the final sample. The cutoff point to define multimorbidity was =2 chronic
diseases. Results: The individual factors associated with higher odds of multimorbidity
in the elderly population were: female gender, older age, being married, less years of
education, physical inactivity, and non-smoking. It was observed that among older
adults living in areas with high HDI, the odds of multimorbidity were 24% higher.
Conclusion: The findings indicate that elderly individuals residing in more developed
areas have higher odds of being diagnosed with multiple chronic non-communicable
diseases. Therefore, even with high levels of medical diagnosis, it is necessary to
implement primary prevention policies in these locations to ensure the quality of life for

the resident elderly population.

Keywords: Aged; Multimorbidity; Chronic disease; Social Environment.
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ABSTRACT

This cross-sectional study aimed to investigate the prevalence of
multimorbidity in Brazilian elderly and its association with individual and contextual
factors with data from 2019 National Health Survey. Individual factors associated with
greater odds of multimorbidity were: female gender, advanced age, being married,
lower educational level, physical inactivity, and non-smoking status. It was observed
that among elderly living in more developed areas, the odds of multimorbidity were
24% higher. These findings imply that despite the presence of enhanced diagnostic
and treatment resources in more developed areas, there remains a need for preventive

programs to promote healthier aging.

KEYWORDS: Aged. Multimorbidity. Chronic disease. Social Environment.

1.1 INTRODUCTION

In recent years, a significant increase in the global elderly population
(individuals aged 60 years or older) can be noticed. According to global estimates, the
number of older individuals is projected to double by 2050, reaching approximately 2
billion individuals. It is noteworthy that about four out of five of these will live in middle-
income countries (World Health Organization, 2015). In Brazil, this process has been
even more accentuated, with estimates indicating that the proportion will increase from
the actual 11.7% to 29.3% of the population by 2050 (United Nations and Department
of Economic and Social Affairs, 2015). The aging process of the Brazilian population
began in the 1960s, driven by increased life expectancy and improved basic health
conditions (Camargos et al., 2019), despite significant inequalities, mainly in the
environmental and socioeconomic contexts, which are inherent to the different
geographic regions of the country (Ramos et al., 1987).

However, it is important to emphasize that a society with a longer life
expectancy does not necessarily represent a context that provides healthy aging or
free of multiple non-communicable chronic diseases (NCD). Age is a fundamental
factor in this scope, since the prevalence of health problems tends to increase, in
addition to getting worse with advancing age and, therefore, multimorbidity (2 or more
simultaneous NCD) becomes progressively more present and impacts the quality of

life (Zimmer and Amornsirisomboon, 2001).
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According to World Health Organization (WHO) (2015), the health level of the
elderly is directly influenced by three main factors: the individual's intrinsic capacity
(both mental and physical); the characteristics of the surrounding environment, and the
interaction between them.

It is widely acknowledged that the factors related to the place where the elder
lived reflect the position of these individuals in society and are influenced by historical
and social construction, which results in inequalities. Contextual factors affect health
events, regardless of individual characteristics, in addition to being able to modify how
individual characteristics influence the health of populations (Diaz-Perera et al., 2013).
Socioeconomic status is the reflection of a macrostructure that is responsible for
determining the economic and political characteristics, the general living conditions of
the population, and the basic principles of social organization (Santos et al., 2010).

With regard to individual characteristics, prior research has shown that women
are more susceptible to multimorbidity when compared to men, possibly due to
inherent biological and hormonal differences (Violan et al., 2014). Furthermore,
unhealthy lifestyle habits including obesity, physical inactivity, and excessive alcohol
consumption were also associated with a higher risk of multimorbidity development
(France et al., 2012; Mounce et al., 2018).

The presence of multimorbidity is correlated with other factors that negatively
affect the quality of life, such as physical and mental disabilities, premature mortality,
and greater relative use of health system resources (Costa et al., 2012). Caring for
individuals with multimorbidity is complex and costly both for the health system and for
the patient and his family when compared to those who have only one NCD (Sallis et
al., 2008).

Given this scenario, when considering the challenges arising from the rapid
demographic and epidemiological transition that has occurred in recent years, in
addition to fact that health and lifestyle habits are not randomly distributed among
regions and populations, understanding the occurrence and patterns of multimorbidity
in the country may be relevant for the management of financial and human resources
in the nationwide Unified Health System.

In this sense, identifying and understanding contextual and individual
differences around the prevalence of multimorbidity helps policymakers to prioritize
and promote health actions and interventions related to the management of

multimorbidity (Nunes et al., 2017).
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Thus, the aim of the present study was to investigate the prevalence of
multimorbidity in Brazilian elderly and its association with individual and contextual
socioeconomic factors in urban context based on data from the 2019 National Health
Survey (Pesquisa Nacional de Saude [PNS]).

1.2 METHODS

A cross-sectional observational study was conducted, following the steps
recommended by the STROBE protocol (Strengthening the Reporting of Observational
Studies in Epidemiology). The data used was derived from the second edition of the
PNS, carried outin 2019 by Instituto Brasileiro de Geografia e Estatistica in partnership
with the Ministry of Health.

The 2019 PNS is a population-based survey with individuals aged 15 or over,
living in permanent private households in Brazil (Stopa et al., 2020). The population
located in special census tracts were excluded from the research sample, namely:
subnormal clusters; barracks, military bases, etc.; accommodation, camps, etc.;
vessels, boats, ships, etc.; indigenous villages; penitentiaries, penal colonies, prisons,
jails, etc.; asylums, orphanages, convents, hospitals, etc.; and rural settlements
(Souza-Junior et al., 2015; Stopa et al., 2020).

The 2019 PNS sample consisted of conglomerates in three stages of selection:
(1) selection of primary sample units (PSU) consisting of census tracts or sets of
sectors; (2) selection of households in each census tract drawn; (3) and finally, in the
third stage, in each household, a resident aged 15 years or older was randomly
selected by simple random sampling (Souza-Junior et al., 2015; Stopa et al., 2020).

The sampled total of PSU was 8,036; that of households was 108,525, with a
final sample of 94,114 with interviews carried out. The non-response rate was 6.4%
(Stopa et al., 2020).

In the present study, information was used from individuals aged 60 or over of
both sexes, who answered the individual questionnaire for the selected resident, thus,
the final sample of this study was 22,728 individuals. More information on the 2019

PNS methodology can be accessed in a previous publication (Stopa et al., 2020).

1.2.1 Outcome Variable
The outcome variable was multimorbidity, which was evaluated considering 14
morbidities within the list questioned in the survey. Of these, 11 morbidities were
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identified in the “Module Q - Chronic Diseases” through the following question: “Has a
doctor ever diagnosed you with...”. Such diseases are high blood pressure; diabetes;
hypercholesterolemia; heart problems; cerebrovascular accidents; asthma; arthritis or
rheumatism; work-related muscle-skeletal disorders; lung diseases; chronic kidney
disease and cancer. Among women, episodes of hypertension and diabetes during
pregnancy were excluded.

In cases of depression or other mental illnesses, the question was: “Has any
doctor or mental health professional (psychiatrist or psychologist) ever diagnosed you
with...”. To identify spinal column problems, the question was: “Do you have any
chronic spinal column problems, such as chronic back or neck pain, low back pain,
sciatica, vertebrae, or disc problems?” As suggested by WHO (2016), the cutoff point

to define multimorbidity was =2 chronic diseases.

1.2.2 Exploratory variables at the individual level

To analyze the associations between the outcome and individual exposure
variables in the present study, studies in the literature (Bento, 2020; Francisco et al.,
2018; Freedman et al., 2011) that identified complexity of the variables associated with
the presence of multimorbidity in elderly were considered, and the most frequently
associated were sociodemographic characteristics (age and sex), precarious
socioeconomic conditions, unhealthy lifestyle, among others (Andrade et al., 2022;
Carvalho et al., 2017; Jantsch et al., 2018; Pabayo et al., 2015).

Thus, the variables investigated in this research are presented below. The
sociodemographic variables measured included gender (male and female); age range
(60 to 69, 70 to 79, and 80 years or older), race/skin color (white and black/brown);
education (no education, or incomplete primary education: 0-8 years; complete primary
or incomplete secondary: 8-12 years; complete secondary or incomplete higher
education: 212 years; complete higher education); per capita family income, classified
in minimum wages (MW), considering the MW to be approximately US$253 in 2019
(up to 1 MW: US$0-US$253, more than 1 to 3 MW: US$253-US$759, more than 3
MW: 2US$759); marital status (married, divorced/single or widowed).

The selected health-related behaviors were: sufficient leisure-time physical
activity (yes and no). Those who performed 150 weekly minutes of exercises with light
or moderate intensity, or 75 minutes weekly of vigorous intensity, regardless of the
number of days of practice per week were considered active (Bull et al., 2020); current
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smoker (yes and no); excessive alcohol consumption, which is defined as the weekly
consumption of 15 or more alcoholic drinks for men and 8 or more for women (Centers

for Disease Control and Prevention, 2022).

1.2.3 Contextual exploratory variables

To assess the contextual level, considered as aggregation by Federation Units
(FU), the Municipal Human Development Index (MHDI) was used, made available by
the Atlas of Human Development in Brazil (United Nations Development Programme,
2021). The data were incorporated into the PNS database to carry out the analyses.
The Brazilian FU were chosen because they represent the maximum level of
aggregation that the PNS data allowed, maintaining the entire sample.

The MHDI is a summary measure of long-term progress, considering three
basic components related to human development (education, income, and longevity),
and ranges from 0 to 1, with higher values indicating better human development in the
municipality (United Nations Development Programme, 2021). This index represents
a methodological adjustment to the Human Development Index (HDI), considering the
same three dimensions: health, education, and income, but adapting to the availability
of national indicators. In this study, the 2021 MHDI — the last available update of the
index — of the 27 FU in Brazil was considered, and calculated by extracting a geometric
mean: the cube root of the multiplication of the HDI longevity, HDI education, and HDI
income, considering the database of the Continuous National Household Sample
Survey (Instituto de Pesquisa Econdomica Aplicada, 2022). For this calculation, the
three components have the same weight. The MHDI was categorized according to its
tertiles, meaning that the first tertile corresponds to the FU that present the lowest
MHDI and the third tertile to the highest.

1.2.4 Data analysis

Descriptive statistics were calculated for individual and contextual variables.
Multilevel Logistic Regression with random intercepts was fitted to investigate the
association between multimorbidity and contextual characteristics, represented by the
FU MHDI, with the individuals as the first level and the FU of residence as the second
level. The empty model was tested (with random intercept and without covariates) to

estimate the proportion of the total variance of multimorbidity that can be attributed to
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the differences between the FU context (MHDI) (level 2). The effects of level 2 (FU) on
the outcome were determined by calculating the intraclass correlation (ICC). Second,
mixed-effects multilevel models were created. The variables were gradually included
in the multivariable regression models (Victora et al., 1997), which were three in total.
First, unadjusted associations of multimorbidity and MHDI were tested (Model 1).
Second, demographic variables (sex, age, and marital status) were included, followed
by socioeconomic (schooling), and lifestyle and health status variables (leisure time
physical activity and smoking status) (Model 2), to analyze the association among
individual characteristics and the outcome. Following, the final adjusted model was
performed, in which the association of outcome and contextual factor were tested
controlling for the individual variables (Model 3). All analyses were performed in Stata
14.0 software, and sample weightings and sampling design were taken into account in
all analyses. Results are expressed as odds ratios (OR) or prevalence ratios (PR) with
their respective 95% confidence intervals (95%CI) and p-values <0.05 were
considered indicative of statistical significance.

The PNS was approved by the National Research Ethics Commission
(process No. 3.529.376, of August 23, 2019). All respondents signed a free and
informed consent statement form. The PNS 2019 database and questionnaire modules
are available for public access and use on the survey website

(https://www.pns.icict.fiocruz.br).

1.3 RESULTS

The final sample of the study comprised 22,728 elderly people. The overall
prevalence of multimorbidity among the elderly was 58.12% (95%CI 57.00-59.23). The
FU where older adults had the highest prevalence of multimorbidity were Rio Grande
do Sul (63.50%), Minas Gerais (60.33%), and Goias (59.85%) (p< 0.001) (data not
shown). Table 1 presents the individual and contextual characteristics of the
participants, considering the sample weights. Most of the sample consisted of women
(56.68%) and self-declared white individuals (51.45%). The mean age was 70.05 years
(SD=8.08), ranging from 60 to 112 completed years. Approximately half of the
respondents were married. As for education, most of elderly had no education or had
only completed elementary school (63.27%), while 11.30% had completed higher
education. The per capita household income of 42.67% of the studied population was

between 1 and 3 MW. As for healthy behaviors, approximately 4 out of 5 seniors were
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classified as physically inactive in their leisure time, 88.56% denied current smoking,

and alcohol consumption was considered normal in about half of the sample.

Tabela 1 — Sociodemographic and economic characteristics of Brazilian elderly.
National Health Survey Brazil, 2019 (n= 22728).

Variables n (%) 95%CI
Individual Level
Sex 22728
Male 10193 43.32 42.25, 44.39
Female 12535 56.68 55.60, 57.74
Age range (in years) 22728
60-69 12555 56.30 55.21, 57.39
70-79 7157 30.14 29.17, 31.13
>80 3016 13.56 18.82, 14.33
Ethnicity 22357
White 9901 51.45 50.27, 52.61
Brown/black 12456 48.55 47.38, 49.72
Marital status 22728
Married 9946 50.65 49.55, 51.76
Divorced/single 6698 24.30 23.40, 25.22
Widower 6084 25.05 24.14, 25.99
Education level 22728
No education/incomplete primary 14987 63.27 62.09, 64.44
education
Complete primary/incomplete 2011 9.53 8.88, 10.21
secondary education
Complete secondary/incomplete higher 3322 15.90 15.05, 16.78
education
Complete higher education 2408 11.30 10.52,12.13
Per capita family income (in MW) 22725
<1 10250 41.73 40.56, 42,92
1-3 8904 42.67 41.55, 43.79
>3 3571 15.60 14.68, 16,55
Leisure physical activity 22728
Insufficiently active 18517 80.54 79.60, 81.44
Physically active 4211 19.46 18.56, 20.40
Current smoking 22728
Yes 2680 11.44 10.76, 12.14
No 20048 88.56 87.86, 89.23
Alcohol consumption 3755
Normal 3119 83.97 81.84, 85.82
High 636 16.03 14.18, 18.06
Multimorbidity 21725
<2 NCD 9682 41.88 40.77, 43.00
=2 NCD 12043 58.12 57.00, 59.23
Contextual Level
MHDI tertile 22728
1 (lower) 7703 23.91 23.15, 24.69

2 (middle) 7359 26.89  26.10, 27.70
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3 (higher) 7666 49.20  48.18,50.22
Fonte: elaborado pelos autores
Legenda: 95CI1%: 95% confidence interval; MHDI: Municipal Human Development Index; MW: minimal
wages; NCD: Noncommunicable Diseases

The mean number of simultaneous morbidities was 3.13 (SD=1.30). The most
reported morbidities were high blood pressure (56.42%), spinal column problems
(31.06%), and hypercholesterolemia (27.97%) (Table 2). Table 3 describes the
prevalence of the outcome according to the individual characteristics and context of
the participants. The following were associated with a higher prevalence of
multimorbidity: female gender, age greater than 70 years, widowhood, few or no years
of study, low income, physical inactivity, and non-smoking. No significant associations
were found with alcohol consumption or skin color. As for the contextual
characteristics, represented by the MHDI, it was observed that there was a higher
prevalence of the outcome in those elderly individuals who lived in FU with higher
MHDI tertiles.

Tabela 2 — Individual prevalence of morbidities in Brazilian elderly. National Health
Survey Brazil, 2019 (n=21725).

Noncommunicable Disease (%) 95%CI
High blood pressure 56.42 55.35, 57.48
Spinal column problem 31.06 29.97, 32.18
Hypercholesterolemia 27.97 26.92, 29.04
Diabetes 20.84 19.95, 21.75
Arthritis/rheumatism 18.17 17.24,19.12
Heart problem 13.15 12.41, 13.92
Depression 11.82 11.10, 15.57
Cancer 6.78 6.23, 7.38
Cerebrovascular accident 5.60 5.14, 6.10
Other mental diseases 4.68 4.21,5.20
Asthma 4.56 4.10, 5.06
Other lung diseases 2.90 2.50, 3.36
Chronic kidney disease 2.55 2.23,2.92
Work-related muscle-skeletal disorder 2.21 1.83, 2.66

Fonte: elaborado pelos autores
Legenda: 95%Cl: 95% confidence interval

Table 4 shows the results of the multilevel analysis. Significant variability in
multimorbidity was found between Brazilian FU in the null model (Model 1), so the
variation explained by the difference between FU for the outcome was approximately
1.0% (ICC=0.007, p<0.001). A positive association was identified between
multimorbidity and the MHDI of the FU. There was a reduction in the intraclass
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correlation value when the contextual variable was inserted into the model. There were
subsequent minor changes in this measure when the model with only individual
variables was analyzed (Model 2) and the final model (Model 3), where individual and

contextual variables were considered.

Tabela 3 — Prevalence of multimorbidity according to individual characteristics and
context in Brazilian elderly. National Health Survey Brazil, 2019 (n= 21725).

Variables Prevalence of p-

multimorbidity% (95%Cl) value”

Individual Level

Sex 0.00
Male 49.06 (47.42, 50.70)

Female 64.86 (63.37, 66.31)

Age range (in years) 0.00
60-69 55.42 (53.91, 56.92)

70-79 61.66 (59.76, 63.52)
>80 61.48 (58.57, 64,31)

Ethnicity 0.9930
White 58.00 (56.39, 59.58)

Brown/black 57.99 (56.43, 59.53)

Marital status 0.00
Married 56.72 (55.15, 58.27)
Divorced/single 55.66 (53.53, 57.78)

Widower 63.30 (61.19, 65.35)

Education level 0.00
No education/incomplete primary 60.15 (58.81, 61.48)
education
Complete primary/incomplete 55.70 (52.20, 59.15)
secondary education
Complete secondary/incomplete 55.72 (52.94, 58.47)
higher education
Complete higher education 52.47 (49.02, 55.90)

Per capita family income (in MW) 0.0234
<1 58.87 (57.19, 60.53)

1-3 58.71 (56.99, 60.41)
>3 54.56 (51.68, 57.41)

Leisure physical activity 0.0012
Insufficiently active 59.07 (57.82, 60.32)

Physically active 54.25 (51.62, 56.86)

Current smoking 0.00
Yes 49.59 (46.33, 52.85)

No 59.16 (57.99, 60.33)

Alcohol consumption 0.5972
Normal 49.88 (46.94, 52.83)

High 47.84 (40.85, 54.91)
Contextual Level 0.00
MHDI tertile

1 (lower)

54.85 (52.79, 56.89)
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2 (middle) 55.79 (54.06, 57.51)
3 (higher) 60.93 (59.13, 62.70)
Fonte: elaborado pelos autores
Legenda: * p<0,001;
**p<0,05;
95Cl%: 95% confidence interval; MHDI: Municipal Human Development Index; MW: minimal wage;

Finally, considering the final multilevel model (Model 3), the individual
variables associated with greater odds of multimorbidity in the elderly population were:
female gender (OR: 2.01, 95%CI 1.89 — 2.13) and older age (OR: 1.25, 95%CI 1.18 —
1.33 and PR: 1.14, 95%CI 1.05 — 1.25). On the other hand, the odds of multimorbidity
were lower in those individuals who were single or divorced (OR: 0.85, 95%CI 0.79 —
0.91), in those with more education (OR: 0.86, 95%CI 0.78 — 0.95; PR: 0.91, 95%ClI
0.85 — 0.99 and PR: 0.88, 95%CI 0.81 — 0.97), in physically active elderly (OR: 0.92,
95%CIl 0.86 — 0.99) and in smokers (OR: 0.73, 95%CI 0.66 — 0.80). As regard the
association between contextual variables and multimorbidity, it was observed that
among elderly who lived in the upper terciles of MHDI, the odds of multimorbidity were
24% higher (95%CI 1.07-1.44) when compared to those who lived in FU with lower
MHDI.

When evaluating the fit of the models, a reduction in the Akaike’s Information
Criteria (AIC) and Bayesian Information Criteria (BIC) values was observed after the
inclusion of the contextual level variables, indicating an improvement in the fit of the

model.

Tabela 4 — Association between characteristics of the context (MHDI) and
multimorbidity in elderly residents of Brazilian Federation Units. National Health
Survey Brazil, 2019.

Empty Model 1" Model 2™ Model 3™
model  OR (95%CIl) OR (95%CIl) OR (95%ClI)

Variable

Individual level

Sex
Male 1 1
Female 2,04 2,01

(1,92-2,16) (1,89-2,13)
Age range (in years)

60-69 1 1

70-79 1,24 1,25
(1,15-1,34) (1,18 -1,33)

>80 1,40 1,14

(1,32-1,50) (1,05-1,25)
Marital status
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Married 1 1

Divorced/single 0,83 0,85
(0,78-0,89) (0,79-0,91)

Widower 0,95 0,97

(0,88-1,03) (0,90 -1,05)
Education level

No education/incomplete 1 1

primary education

Complete 0,88 0,86

primary/incomplete (0,80-0,97) (0,78 -0,95)

secondary education

Complete 0,93 0,91

secondary/incomplete (0,86 -1,01) (0,85-0,99)

higher education

Complete higher 0,89 0,88

education (0,81-0,98) (0,81-0,97)
Leisure physical activity

Insufficiently active 1 1

Physically active 0,93 0,92

(0,86 -0,99) (0,86 -0,99)
Current smoking
No 1 1
Yes 0,73 0,73
(0,67 -0,80) (0,66 —0,80)
Contextual Level

MHDI tertile
1 (lower) 1 1
2 (middle) 1,07 1,08
(0,94 — 1,23) (0,93 -1,24)
3 (higher) 1,23 1,24
(1,06 —1,41) (1,07 — 1,44)
Variance components
Level 2 variance 0,02 0,02 0,03 0,02
(95%Cl)
ICC% 0,007 0,005 0,008 0,006
AlIC 29.781,1 29.778,2 28.997,29 28.994,35
BIC 29.797,1 29.810,15 29.093,13 29.106,16

Fonte: elaborado pelos autores

Legenda: "Model 1 includes only the contextual level variables;

" Model 2 includes only the individual level variables (age range, ethnicity, marital status and education
level);

" Model 3 includes both contextual and individual variables.

OR: Odds Ratio; CI95%: 95% Confidence Interval; AIC: Akaike’s Information Criteria; BIC: Bayesian
Information Criteria; ICC: Intraclass correlation; MHDI: Municipal Human Development Index

1.4 DISCUSSION

Contextual correlates associated with multimorbidity have not been
extensively studied in older adults, especially in low and middle-income countries
(Machado et al., 2013; Nunes et al., 2015; Romano et al., 2021). This study revealed



28

that individual and contextual factors were associated with multimorbidity among
elderly living in Brazilian FU. Regarding the contextual factors, higher tertiles of MHDI
by the FU were associated with a higher prevalence of multimorbidity.

In the present study, the prevalence of multimorbidity in Brazilian elderly was
considerable and follows the average of other low and middle-income countries such
as China, India, Ghana, Mexico, Russia, and South Africa (58.4%) (Romano et al.,
2021), since about 3 out of 5 individuals of this group present the condition. Compared
to the previous edition of the PNS, carried outin 2013, the prevalence (56.5%) showed
a slight increase (Andrade et al., 2022).

Concerning individual characteristics, a positive association between
multimorbidity and female gender has been identified. The higher prevalence of
multimorbidity among females in this study suggests a greater sensitivity among them
toward their health condition and can be attributed to their greater demand for health
services, resulting in increased exposure to receiving diagnoses for multiple chronic
diseases (Pache et al., 2015). According to previous studies that analyzed data from
2019 PNS, 80,6% of Brazilian women had a medical appointment in the 12 months
before the interview, against 66,6% among men (Palmeira et al., 2022). Furthermore,
according to WHO (2022), compared to women, men are more likely to die prematurely
due to NCD, which consequently contributes to a higher prevalence of chronic
diseases among women. This finding showed potential gender disparities in healthcare
utilization and disease burden (Perelman et al., 2012).

Regarding marital status, divorced and single individuals were less likely to
have multimorbidity. Although the mechanism is still poorly understood, it is assumed
that it includes cultural assessment and its impact on NCD development and diagnosis.
A possible reason for this is that married older adults access more health services due
to their partner's encouragement and, for this reason, are more commonly diagnosed
(Amiresmaili et al., 2019).

The prevalence of multimorbidity was also related to age increasing. This
association meets the biological logic that the human aging process leads to physical,
cardiometabolic, and mental changes (Ministério da Saude Brasil and Secretaria de
Atencdo a Saude, 2006). Similar findings related to specific morbidities have been
proposed in other population-based studies in Brazil (Guimardes and Andrade, 2020;
Szwarcwald et al., 2022).
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Regarding health behaviors, physical activity was related to lower odds of
multimorbidity, reaffirming the protective character of this practice in respect of
biological risk factors for NCD, such as obesity, inflammation, sarcopenia, and
decreased cardiorespiratory capacity (Diez Roux, 2003). Contrary to expectations,
smokers showed lower odds of presenting the outcome. Significant and inverse
associations between smoking and morbidity were also verified in other studies with
the Brazilian elderly (Costa et al., 2009; Keomma et al., 2022). The main explanation
described is based on the lower life expectancy of this subgroup since active smoking
is the main risk factor for mortality from NCD (Oberg et al., 2011). Another partial
explanation is that when the diagnosis of an NCD is confirmed, the individual tends to
seek the health service more and is encouraged to stop smoking (Costa et al., 2009).

Relating to socioeconomic characteristics at the individual level, both a lower
level of education and low income have been associated with multimorbidity. A meta-
analysis conducted by Pathirana and Jackson (2018) revealed a 64% increased
likelihood of multimorbidity among individuals with lower educational attainment
compared to those with higher levels of education. Better socioeconomic indicators are
indicative of reduced challenges in identifying health needs, enhanced access to
medical services, care, and treatment, as well as greater availability of health-related
information. Consequently, individuals with better socioeconomic status are more likely
to adopt healthy practices and behaviors. (Magrini and Martini, 2012).

Based on a multilevel analysis, our findings indicated a positive association
between residing in FU belonging to the highest tertiles of the MHDI and higher odds
of multimorbidity among the elderly population in Brazil. This observation is consistent
with previous research that has examined specific NCD (Bento, 2020; Francisco et al.,
2018). This result provides further evidence of the relationship between contextual
factors, especially socioeconomic characteristics, and multimorbidity. However, it is
important to note that the complex nature of this relationship necessitates a
comprehensive understanding of the underlying mechanisms.

Several potential explanations can be considered to elucidate the observed
association between MHDI and multimorbidity. One plausible explanation is the
presence of a survival bias. It is conceivable that individuals residing in areas with
higher MHDI scores may have better access to healthcare resources, leading to
improved disease management and longer survival rates. Consequently, these

individuals would have a greater opportunity to accumulate multiple chronic conditions



30

over time, thus contributing to the higher prevalence of multimorbidity in these areas
(Bento, 2020).

Furthermore, it is essential to acknowledge the multifactorial nature of
multimorbidity. The development and progression of multiple chronic conditions are
influenced by various individual, social, and environmental factors. Contextual
socioeconomic characteristics captured by the MHDI, such as education, income, and
living conditions, can shape the health behaviors, access to healthcare, and overall
well-being of individuals. Therefore, it is plausible that areas with higher MHDI scores
are more likely to exhibit a convergence of factors that increase longevity among older
adults, and consequently, as discussed before, the odds of developing multiple chronic
conditions (Szwarcwald et al., 2022).

An important additional factor that is interconnected within the relationship
between multimorbidity and MHDI is the unequal access to medical diagnostic
resources across various contexts in Brazil. This disparity arises from the fact that
diagnosis of morbidity relies on ensuring adequate access to healthcare, particularly
primary care, and the comprehensive utilization of medical services (Barros et al.,
2011). Data from the 2013 PNS conducted in Brazil, show that individuals residing in
the Southeast and South regions, which have significantly higher MHDI, exhibited
greater rates of healthcare service accessibility in comparison to residents of other
regions (Stopa et al., 2017).

Providing appropriate care for elderly people with multimorbidity represent a
significant challenge for healthcare systems, especially in middle-income countries that
experience fast population aging. In Brazil, despite the presence of a public health
system that emphasizes comprehensive care as one of its fundamental principles, with
a strong focus on primary healthcare, there remains an observable inclination towards
a model centered on medical diagnosis and treatment, rather than primary prevention
of illnesses and health promotion. This approach may contribute to the high prevalence
of individuals affected by multimorbidity (Rzewuska et al., 2017). Some measures,
such as: monitoring areas with more susceptible populations, expansion of primary
care policies, and the implementation of preventive programs relative to morbidities,
can have a positive impact on quality of life and minimize functional limitations, in
addition to minimizing the costs related to repetitive hospitalizations and other

complications resulting from multimorbidity.
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This study is one of the few conducted in Brazil that investigated the
association between multimorbidity and contextual characteristics, represented by the
Municipal Human Development Index, in the elderly population, showing significant
associations between these factors. These results are important for several reasons:
older adults represent the fastest-growing age group, particularly in middle-income
countries such as Brazil, and tend to have a higher prevalence of multimorbidity in
comparison to younger individuals. Additionally, this target population is more
susceptible to the context in which they living.

Some limitations must be considered when interpreting the results of this
study. First, the use of a cross-sectional design limits the identification of a causal link
between individual and contextual variables and multimorbidity but indicates the
magnitude of associations, which may bring new approaches to development of the
study area. Second, the use of self-reported measures may overestimate prevalence
of the outcome. Also, in this study, the total variance of multimorbidity was not
substantially explained by the contextual level, but it is emphasized that there was a
statistically significant association between contextual factors and multimorbidity, even

after considering individual characteristics.

1.5 CONCLUSIONS

The findings of the present study indicate that both individual and contextual
characteristics are significantly associated with multimorbidity among elderly
population in Brazil. In terms of contextual factors, the research reveals that older
adults residing in areas with higher MHDI were more likely to present multimorbidity.
This study opposes the currently prevailing approach focused on older adults with a
single noncommunicable disease, which currently dominates the majority of healthcare
guidelines in Brazil. The results underscore the tendency of the Brazilian national
healthcare system to prioritize a model of attention centered on medical diagnosis and
treatment, rather than placing greater emphasis on primary prevention and health
promotion. In order to address the healthcare needs of the diverse Brazilian population
facing prevalent multimorbidity, several interventions hold potential to positively impact
guality of life and mitigate functional limitations. These include the implementation of a
preventive programs aimed at specific morbidities, expansion of primary care policies

and monitoring regions with higher contextual vulnerability.
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2 CONCLUSOES E CONSIDERACOES FINAIS

Este estudo se opbe a abordagem predominante focada em idosos com uma
Unica doenca ndo transmissivel, que atualmente domina a maioria das diretrizes de
saude no Brasil. Nossos achados demonstram que o sistema de saude nacional
brasileiro apresenta uma tendéncia para um modelo centrado no diagnostico médico
e tratamento, em vez de priorizar a prevencado primaria e a promoc¢ao da saude. A fim
de atender as necessidades de saude da diversa populagdo brasileira que enfrenta
uma alta prevaléncia de multimorbidade, algumas intervencdes tém o potencial de
influenciar positivamente a qualidade de vida e mitigar limitacfes funcionais, como:
monitorar areas com maior vulnerabilidade, expandir as politicas de atencéo primaria

e estabelecer programas preventivos direcionados as morbidades especificas.
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technical support on submissions, please visit our Support Center.

NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process,

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the referesing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referses to evaluate your manuscript. It should contain high enough quality
figures for referesing. If you prefer to do so, you may still provide all or seme of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

Referances

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, authoris) name(s), journal title/
book title, chapter titlefarticle title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The refersnce style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Intreduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
yeur initial submission for peer review purposes.

Diivide the article into clearly defined sections.

Figures and tables embedded in text

Please ensure the figures and the tables induded in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should
be placed directly below the figure or table.

Peaer review

This journal operates a double anonymized review process. All contributions will be initially assessed
by the editor for switability for the journal. Papers deemed suitable are then typically sent to a
minimum of twe independent expert reviewers to assess the scientific quality of the paper. The Editor
is responsible for the final decision regarding acceptance or rejection of articles. The Editor's decision
iz final, Editors are not invelved in decdsions about papers which they have written themsalves or have
been written by family members or colleagues or which relate to preducts or services in which the
editor has an interest. Any such submission is subject to all of the journal's uswal procedures, with
peer review handled independenty of the relevant editor and their research groups. More information
on types of peer review,

Double anonymized review

This journal uses double anonymized review, which means the identities of the authors are concealed
from the reviewers, and vice versa. More information is available on our website. To facilitate this,
please include the following separately:

Title page (with author details): This should include the title, authors’ names, affiliations,
acknowledgements and any Declaration of Interest statement, and a complete address for the
corresponding author including an e-mail address.
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Anonymized manuscript {no author details): The main body of the paper (including the references,
figures, tables and any acknowledgements) should not include any identifying information, such as
the authors' names or affiliations.

REVISED SUBMISSIONS

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the "spell-check' and 'grammar-check’
functions of your word processon

LaTeX

You are recommended to use the latest Elsevier article class to prepare your manuscript and BibTeX
to generate your bibliography.

Our Guidelines has full details.

Article structure

Essential title page information

= Title. Condze and informative. Titkes are often uwsed in information-retrieval systems. Awoid
abbreviations and formulae where possible.

= Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author

= Corresponding author. Clearly indicate who will handle comrespondence at all stages of referesing
and publication, also post-publication. This respensibility includes answering any future gueries about
Methodolegy and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

* Presant/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address’ (or 'Permanent address") may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Optimizing the title and abstract of an article for your audience

In order to increase the exposure of your article, we suggest the following:

=The tithe of your article must be clear and descriptive, using keywords that are relevant to the subject
area, and would most likely be used in an online search.

»The abstract must also contain keywords and common phrases for the subject area, perhaps using
wording from the title. These carefully chosen keywords and phrases can also be emphasised in
the text, however please do this with caution as some search engines can reject overly repetitive
webpages.

Highlights

Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of
your research as well as new methods that were used during the study {if any}. Please have a lock
at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use "Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point}.

Abstract

A concise and factual abstract of about 100 words is required. The abstract should state briefly the
purpese of the research, the principal results and major conclusions. An abstract is often presented
separately from the article, so it must be able to stand alone. For this reason, References should
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be avoided, but if essential, then cite the author(s) and year(s). Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first mention in the
abstract itself.

Keywords

Immediately after the abstract, provide a maximum of & keywords, using American spelling and
avoiding general and plural terms and multiple concepts [aveid, for example, "and’, "of’). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible, These keywords
will be used for indexing purposes.

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This werk was supported by the Mational Institutes of Health [grant numbers oo, yyyy]:
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaza).

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other rescurces available to a wniversity, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, itis recommended to include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors,

Footnotes

Footnotes should be used sparingly. Mumber them consecutively throughout the article. Many word
processors build footnotes inte the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Artwork

Electronic artwork

General points

= Make sure you use uniform lettering and sizing of your original artwork.

= Preferred fonts: Aral (or Helvetica), Times New Roman (or Times), Symbel, Courier.

= Mumber the illustrations according to their sequence in the text.

= Use a logical naming convention for your artwork files.

= Indicate per figure if it is a single, 1.5 or 2-column ftting image.

= For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

= Please note that individual figure files larger than 10 MB must be provided in separate source files.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application wsed, when your electronic artwork is finalized, please 'save as' or
conwvert the images to one of the following formats (note the reselution requirements for line drawings,
halftones, and line/halftene combinations given below):

EPS [or PDF): Vector drawings. Embed the font or save the text as 'graphics’.

TIFF {or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF {or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped linefhalf-tone {color or grayscale): 2 minimum of 500 dpi
is required.

Please do not:

= Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
= Supply files that are too low in resolution.

= Submit graphics that are disproportionately large for the content.
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Color artwork

Please make sure that artwork files are in an acceptable format (TIFF {or JPEG), EPS (or PDF) or
MS Office files) and with the correct resolution. If, together with your accepted artidle, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color anline {e.g.. ScienceDirect and other sites) in addition to color repreduction in print, Further
information on the preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself] and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references ated in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text, Ifthese
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either "Unpublished resules’ or
"Personal communication’, Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to the
sources cited. In order to allow us to create links to abstracting and indexing services, such as Scopus,
Crossref and PubMed, please ensure that data provided in the references are correct. Please note that
incomrect surnames, journal/book titles, publication year and pagination may prevent link creation.
When copying references, please be careful as they may already contain errors. Use of the DOI is
highly encouraged.

A DOL is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an artide not yet in an issue is: VanDecar 1.C., Russo R.M.,,
James DLE., Ambeh W.B., Franke M. (2003). Aseizsmic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/20011B0002324,
Please note the format of such citations should be in the same style as all other references in the paper.

Web referances

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and induding a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset titde, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

Preprint references

Where a preprint has subsequently become available as a peer-reviewed publication, the formal
publication should be used as the reference. If there are preprints that are central to your work or that
cover crucial developments in the topic, but are not yet formally published, these may be referenced.
Preprints should be clearly marked as such, for example by induding the word preprint, or the name
of the preprint server, as part of the reference. The preprint DOI should also be provided.
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References in 2 special issue
Please ensure that the words 'this issue' are added to any references in the list [and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These indude all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and biblicgraphies
will be automatically formatted in the joumnal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
referance manzgement software, please ensure that you remove all field codes before submitting
the electronic manuscript. More informatien on how to remove field codes from different reference
management software.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author{s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly enceuraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the auther to correct. If you do wish to format the references
yourself they should be armanged according to the following examples:

Reference Style

For Health & Place the Harvard system is to be used: authors' names [(no initials} and dates [and
specific pages, only in the case of quotations) are given in the main body of the text, e.g. (Phillips,
1990, p, 40). References are listed alphabetically at the end of the paper, double spaced and conform
to current journzl style:

For journals: Macintyre, 5., Maclver, 5., Sooman, A., 1993, Area, class and health: should we be
focusing on places or people? Journal of Social Policy 22, 213-234,

For books: Jones, K., Moon, G., 1387. Health, Diszase and Sedety. RKP, London.

For Chapters of edited Books: Laws, G., Dear, M., 1988, Coping in the community: a review of
factors and influencing the lives of deinstitutionalized ex-psychiatric patients. In: Smith, C., Giggs, J.
(Eds), Location and Stigma. Unwin Hyman, London, pp. 83-102.

Other publications: Where there iz doubt include bibliographical details.

Video

Elsevier accepts video material and animation sequences to support and enhance your scentific
research. Authors who have video or animation files that they wish to submit with their articke are
strengly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and neting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
imzage. These will be used instead of standard icons and will persenalize the link to your video data. For
maore detailed instructions please visit our video instruction pages., Note: since vides and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Data visualization

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research, Follow the instructions here to find ocut about available data
visualization options and how to include them with your article.

52



Supplementary material

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online}. Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track Changes' option
in Microsoft Office files as these will appear in the published version,

Research data

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibilicy and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References” section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you hawve made your research data available in a data repesitory, you can link your artide directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your darasets to your artide. When availakle, you can directly link
your datasat to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
articlke on SdenceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: wmxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Research Elements
This journal enables you to publish research objects related to your original research - such as dats,
methods, protocols, software and hardware - as an additional paper in a2 Research Elements journal.

Research Elements is a suite of peer-reviewed, open access journals which make your research objects
findable, accessible and reusable. Articles place research objects into context by providing detailad
descriptions of objects and their application, and linking to the associated original research articles.
Research Elements articles can be prepared by you, or by cne of your collaborators.

During submission, you will be alerted to the opportunity to prepare and submit 3 manuscript to one
of the Research Elements journals.

Mare information can be found on the Research Elements page.

Data statement

To foster transparency, we require you to state the availability of your data in your submission if
your data is unavailable to access or unsuitable to post, This may also be a requirement of your
funding body or institution. You will have the cpportunity to provide a data statement during the
submission process, The statement will appear with your published article on ScienceDirect. For more
information, visit the Data Statement page..

Checklist
* Have you told readers, at the outset, what they might gain by reading your paper?

53



* Have you made the aim of your waork clear?
* Have you explained the significance of your contribution?

* Have you set your work in the appropriate context by giving sufficient background (including a
complete set of relevant references) to your work?

* Have you addressed the question of practicality and usefulness?

* Have you identified future developments that may result frem you work?
» Have you structured you papers in a clear and logical fashion?

* Have you provided an abstract and keywords?

Submission checklist

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item. Ensure that the
following items are present:

One author has been designated as the corresponding author with contact details: E-mail address
Full postal address All necessary files have been uploaded, and contain: Keywords All figure captions
All tables (including title, description, footnotes) Further considerations Manuscript has been ‘spell-
checked' and 'grammar-checked’ Files submitted for review have had all identifying information
removed (see review policy above), whether in the file text, the file name or the file properties. All
references mentioned in the Reference list are cited in the text, and vice versa Permission has been
obtained for use of copyrighted material from other sources (including the Internet)

Printed version of figures (if applicable) in color ar black-and-white
Indicate dearly whether or net color or black-and-white in print is required.

For any further information please wvisit cur Support Center”

AFTER ACCEPTANCE

Online proof correction

To ensure a fast publication procass of the article, we kindly ask authors to provide us with their proof
corrections within two days. Corresponding authers will receive an e-mail with a link to our online
proofing system, allowing annotation and correction of proofs online. The environment is similar to
MS Word: in addition to editing text, you can also comment on figuresftables and answer questions
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type yvour corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the POF version. All instructions
for proofing will be given in the e-mail we send to authors, induding alternative methods to the online
version and PDF

We will do ewverything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is selely your responsibility.

Offprints

The comrespanding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the artidle on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which i sent once the article is

accepted for publication. Corresponding authors whe hawve published their article gold open access
do not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you nesd. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.

& Copyright 2018 Elsevier | hitps:/ fwww.sseviencom
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