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Abstract 

Background: Globally, road traffic injury (RTI) is predicted to become the fifth leading 

cause of mortality by 2030. In addition to the burden of RTI, multimorbidity (MM) is 

increasingly becoming a health concern across all age groups. If MM is left unaddressed, 

individuals suffering from RTI will most likely experience delayed recovery and poorer 

health outcomes. Thus, there is a need to examine the association between RTI and MM 

in order to inform post-injury care practices. 

Methods: This study is a cross-sectional analysis of the 2013 Brazilian National Health 

Survey (Pesquisa Nacional de Saúde in Portuguese). 60,202 individuals, aged 18 and 

above, were included in this study. Univariate and bivariate analyses were used to 

explore the relationship between demographic variables, chronic diseases, MM and RTI. 

Network analysis was used to identify multimorbidity patterns.   

Results:  Out of those who had experienced RTI (n=1910), 16.50% have reported having 

a multimorbid condition. Binge drinking behavior, depression and sociodemographic 

variables age, education level and gender were one of the direct nodes that connected 

RTI to other morbidities. Within the road traffic injured population, three main 

multimorbid communities were identified, which were the cardio-metabolic, physical-

mental and respiratory morbidities.  
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Conclusions: Binge drinking behavior was a key predictor of RTI and a potential 

mediator in the association between RTI and other morbidities. Depression was also an 

important health condition linking cardio-metabolic and physical-mental morbidities in 

individuals who have experienced an RTI. Given that the temporal association between 

RTI and MM could not be established in this study, additional studies are needed to 

further assess the direction of the association between RTI and MM.  
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1. Introduction  

1.1 Global burden of road traffic injury and multimorbidity 

Globally, road traffic injury is the eighth leading cause of death for all age groups 

(1). It has also been estimated that road traffic injury will become the fifth leading cause 

of mortality by 2030 (2,3). According to the World Health Organization (WHO), 

approximately 1.35 million people die each year as a result of road traffic crashes, with 

93% of the fatalities occurring in low and middle-income countries (4). In addition to 

road traffic injury, multimorbidity has also been a growing concern worldwide (5).  

Multimorbidity, or the coexistence of two or more health problems where one health 

problem is not necessarily more central than the others, most likely results from 

increased longevity achieved through medical advances and increased exposure to risk 

factors (6–8). Examples of risk factors associated with multimorbidity include: tobacco 

use, physical inactivity, use of alcohol and unhealthy diet (9).  Prevalence estimates of 

multimorbidity can vary from 3% to over 90% depending on the setting, data sources 

and sample characteristics (9). Although prevalence estimates of multimorbidity vary 

greatly, especially across different age groups, several studies confirm that the 

prevalence of multimorbidity has been rising for all age groups (5,9,10). While 

multimorbidity and road traffic injury appear to be distinct and unrelated, they often co-

occur, thus leading to increased health expenditure and utilization and worse health 

outcomes (10–13).  
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1.2 Epidemiologic association between road traffic injury and 
multimorbidity 

The epidemiologic association between road traffic injury and multimorbidity is 

complex and not well understood.  However, studies on road traffic injury and 

multimorbidity suggest that they are influenced by similar social determinants of health, 

particularly socioeconomic status, gender and age. While people of low socioeconomic 

status, males and young adults (aged 15-29 years) are more likely to be involved in road 

traffic crashes (1,3), people of low socioeconomic status, females and older adults are 

more likely to have multimorbid conditions (5).  

Besides sharing similar social determinants of health, albeit with different 

associations, road traffic injury and multimorbidity are also affected by behavioral and 

modifiable risk factors. Although most behavioral and modifiable risk factors for 

multimorbidity and road traffic injury differ, with the exception of alcohol use, their 

common underlying social determinants of health and modifiable nature of their 

behavioral risk factors suggest that they can co-occur in individuals and/or patients. For 

example, some studies have found that having health conditions before road traffic 

crashes could be predictive of mortality after serious injury (11,12). This suggest that in 

the association between road traffic injury and the outcome death (or disability), 

multimorbidity can act as an effect measure modifier, where the effect of RTI on 

mortality differs by the presence and absence of multimorbidity(see figure 1). Other 

studies reveal that multimorbid conditions are also associated with increased risk of 
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being involved in a road traffic crash (10,13). This also suggests that, under certain 

circumstances, multimorbidity could be a third variable influencing the risk of being 

involved in road traffic crash. Given that that chronic conditions that constitute 

multimorbidity can lead to death (or disability), multimorbidity’s additional impact on 

the risk of being involved in a road traffic injury suggests that it could be a confounder 

in the association between RTI and death (or disability). Furthermore, there is also 

evidence suggesting that multimorbidity can result from post-road traffic injury 

outcomes such as trauma. Although there are no studies directly describing the 

relationship between multimorbidity(MM) and road traffic injury(RTI) with MM as an 

outcome of RTI, there are several studies that show that having injury is associated with 

increased risk of mental illness (14), alcohol abuse (15), and can impact lifestyle habits 

which contribute to chronic medical diseases (16). Such studies portraying 

multimorbidity as a potential outcome of injuries, particularly RTI, suggest that 

multimorbidity can also play a role as a mediator in the relationship between RTI and 

the outcome death (or disability).  

While it has never been statistically confirmed that multimorbidity is an effect 

modifier or confounder or even a mediator in the relationship between RTI and the 

outcome death, it is clear that the relationship between RTI and MM is complex. Figure 1 

shows three different causal diagrams describing the potential relationships between 

RTI and MM.  Given that the relationship between RTI and MM is complex and not well 
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understood, novel and robust approaches are needed when studying these health 

problems jointly.  

 
 

 
 

Figure 1: Causal diagrams showing potential roles of multimorbidity in the 

relationship between road traffic injury and death (or disability) 
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1.3 Multimorbidity, its patterns and implications for injury care 

The terms multimorbidity and comorbidity are often used interchangeably in the 

literature. While they are conceptually similar and related, comorbidity is often defined 

in relation to a specific index condition (6). Unlike comorbidity, the term multimorbidity 

is used to the refer to the coexistence of multiple chronic or acute diseases and medical 

conditions within one individual without any reference to an index condition (6). While 

there is no global estimate of the burden of multimorbidity, country estimates of the 

burden of multimorbidity reveal that it has increasingly become the norm, rather than 

the exception. In the Netherlands, Uijen and colleagues assessed the burden of 

multimorbidity and found out that the prevalence of three chronic conditions increased 

by approximately  60% between 1985 and 2005 (5,9). Barnett and colleagues reported the 

prevalence of multimorbid conditions to be 23.2% in Scotland based on data collected 

from a cross-sectional study (17). Findings from Barnett and colleagues also reveal that 

while the prevalence of multimorbidity increased with age, particularly individuals 65 

years and older, the absolute number of people with multimorbidity was higher in those 

younger than 65 years old (17). 

Besides the studies estimating the prevalence of MM, other studies have looked 

at patterns of MM in order to understand nonrandom associations of diseases that give 

rise to multimorbidity (18). Understanding such patterns of multimorbidity are key to 

move from single-disease oriented care models to patient-oriented prevention models 
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(18). In a systematic review on multimorbidity patterns with 14 studies included, studies 

reported varying patterns (18). These studies also used a variety of analytical tools to 

analyze these patterns, which included exploratory factor analysis, agglomerative 

hierarchical cluster, ratio observed/expected, and cluster analysis (18). Out of all these 

analytical methods, cluster analysis was the most commonly used statistical method 

used and resulted in 4-10 patterns. Studies that used factor analysis often identified 3-6 

patterns. In this systematic review, the first group of patterns in most studies were 

described as: “metabolic, cardiopulmonary, cardiovascular and metabolic disorders, 

cardiac disease and obesity, cardiometabolic, and/or cardiovascular/metabolic” (18). 

Additional group of diseases included: mental health related diseases and 

musculoskeletal-related disorders (18).  

Although research on multimorbidity has been growing, research studies 

investigating the burden of multimorbidity and RTI jointly are scant. Out of the few 

studies that have studied road traffic injury and multimorbidity (or multimorbid 

conditions) jointly, it is clear that these two health conditions are linked. Regardless of 

the chronological relationship between multimorbidity and RTI, their co-occurrence has 

been associated with increased length of hospital stay, delayed recovery and additional 

health complications (11). In an attempt to address additional health complications after 

acute injury, an injury care model has been developed in recent years. This injury care 

model, called “the five domains of health management”, which includes 



 

 7 

multimorbidity/comorbidity as a key domain, was developed to inform health 

management of those suffering from acute injury. This model, which emerges out of the 

need for comprehensive care for injury patients, recognizes that complications after 

severe injury can arise from problems related to their physical function, mental health, 

substance abuse, pain and comorbidities(including HIV) (19). Although the attention given to 

multimorbidity and injury has been limited, this injury care model demonstrates that 

additional research and attention given to multimorbidity/comorbidities can help 

improve post-hospital injury care outcomes.  

While there is evidence that the burden of MM has been increasing worldwide, it 

is important to note that most epidemiological studies on multimorbidity come from 

high income countries. However, Brazil is one of the few low-and-middle income 

countries where the threat of multimorbidity has been studied and confirmed.  

1.4 The Brazilian context: country estimates and the health 

system  

This thesis focuses on Brazil, a middle-income country where the burden of 

multimorbidity and road traffic injury warrants attention. According to the Pan-

American Health Organization, Brazil has the third highest rate of road traffic deaths 

(per 100,000 population) in the Americas (20). This high rate in road traffic deaths has 

been associated with an increase in motorization rates of cars and motorcycles (21). The 

effect of this rapid motorization has been linked to increased traffic congestion, pollution 

and injuries and deaths caused by road traffic crashes (21). While Brazil currently has 
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one of the highest burdens of RTI in the Americas, road traffic injury trends have 

fluctuated over the years. Between 1998 and 2000 (after implementation of the Brazilian 

Traffic Code in 1998), there was a brief reduction of RTI in Brazil (22).  However, this 

short term reduction of RTI in Brazil was followed by an upward trend from 2003 and 

2012 (21). Contributing factors that influenced the upward trend from 2003 to 2012 

include: an increase in household income and rapid increase of motorization rates of 

cars and motorcycles (21). Besides the Brazilian Traffic Code of 1998, other government-

led initiatives such as the “dry laws” in 2008 have been implemented to curb road traffic 

deaths (21). These “dry laws”, which reduced legal blood alcohol levels among drivers 

from 0.06g/L to 0.02g/L, had led to a reduction of RTI and fatalities between 2008 and 

2009 (21).   

In addition to RTI, multimorbidity is a growing public health concern in Brazil. 

Based on a recent study by Rzewuska and colleagues, the prevalence of multimorbidity 

is about 24.2% based on data from the 2013 national health survey (Pesquisa Nacional de 

Saúde in Portuguese or PNS) (22). Another study based on a population based survey in 

a medium-sized city in the south of Brazil, called Bage, estimated the prevalence of 

multimorbidity (2 or more health conditions) in older individuals to be 81.3% (23). On 

the other hand, another study that did not solely focus on older adults showed that the 

prevalence of multimorbidity in the city of Pelotas was 29.1%(24). Besides descriptive 

studies analyzing the prevalence of multimorbidity in Brazil, other studies have also 
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looked at patterns of multimorbidity. The study by Rzewuska and colleagues identified 

three groups of multimorbid conditions, which were cardio-metabolic, musculoskeletal-

mental and respiratory disorders (22). 

While RTI and MM, independently and jointly, present a great challenge to the 

health of the Brazilians; it is also important to note the burden they both place on the 

Brazilian health system. If not controlled and addressed, these distinct and related 

health problems (RTI and MM) will inevitably increase health care utilization and health 

care costs.  

The current health system in Brazil is made up of a complex network of 

complementary and competitive service providers and purchasers, which form a public-

private mix mainly financed by private funds (25). Brazil’s health system has three sub-

sectors: the public sector called the Sistema Único de Saúde or SUS in Portuguese, in 

which services are financed and provided by the government; the private (for profit and 

non-profit) subsector (where services are financed in various ways with public or 

private funds) and the private health insurance subsector, which offers different health 

insurance plans. Out of all these subsectors, the SUS or Brazil’s public health system, is 

the most used and most accessible. The SUS was designed to provide universal access, 

comprehensive primary health care and health promotion and prevention services. 

Although SUS’s greatest strength is in providing basic primary health care, the provision 
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of secondary care is problematic since the limited secondary care services are 

preferentially given to individuals with private health plans (25). 

Furthermore, the SUS is highly dependent on contracts with the private sector, 

especially for diagnostic and therapeutic support services (25). This challenge in 

provision of secondary care services is particularly relevant in this study since 

individuals with multimorbid conditions who cannot access diagnostic services might 

not be aware of the potential chronic diseases they might have. On the other hand, 

challenges in accessing therapeutic services can also negatively impact the health 

outcomes of individuals who need additional therapeutic care after experiencing serious 

injury.  

Given that multimorbidity and road traffic injuries are current threats to Brazil’s 

health care system, it is critical to better understand the relationship between road traffic 

injury and multimorbidity within the Brazilian context. In addition, to prevent increased 

cost from hospitalizations, delayed recovery and poor health outcomes after 

experiencing a road traffic injury, it is important to identify patterns of health conditions 

associated with road traffic injury in order to identify which health conditions need to be 

prioritized for post-hospital injury care.   

This thesis, therefore, focused on describing the burden of road traffic injury and 

multimorbidity in Brazil and identifying the patterns of multimorbid conditions 

associated with road traffic injury. 
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The aims of this study were three-fold:  

Aim 1: Estimate the prevalence of multimorbidity in road traffic injured-population in 

Brazil  

o Hypothesis: prevalence of MM in road traffic injured population will be higher 

compared to the prevalence of MM in non-road traffic injured population  

Aim 2: Describe sociodemographic risk factors and multimorbidity indicators and their 

association with road traffic injury in Brazil 

o Hypothesis: age, gender, regions, race, education and multimorbidity will be key 

predictors of having experienced road traffic injury 

Aim 3: Identify patterns of multimorbidity conditions associated with road traffic injury 

in Brazil 

o Hypothesis: Certain multimorbid conditions will cluster differently for those who 

suffer RTI compared to those who do not 
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2. Methods 

 This study is a cross-sectional analysis of the 2013 Brazilian National Health 

Survey (Portuguese: “Pesquisa Nacional de Saúde or PNS) and it seeks to understand 

the association between road traffic injury and multimorbidity. PNS is a national 

household-based survey in Brazil conducted by the Ministry of Health and the Brazilian 

Institute of Geography and Statistics (IBGE) (26,27). The survey, which occurs every five 

years,  is part of the Integrated Household Surveys (SIPD) conducted by the Ministry of 

Health and IBGE and it generates data on the health situation, lifestyle, and use of health 

services of the population (22,27).  

2.1 Setting 

The data used in this study was collected in Brazil from August 2013-February 

2014. Brazil is a middle-income country in South America with a population of over 208 

million people(28). It is the fifth-largest country by size and the fifth most-populous 

country in the world (29). The Brazilian government grouped the country’s states into 

five main large geographic and statistical units called the Major Regions, which include:  

North, Northeast, Central-West (or Midwest), Southeast and the South (see Figure 2 

below).  



 

 13 

 

Figure 2: Map of Brazil and its five main geographic regions1 

Using population-based data from a country as big as Brazil to study 

multimorbidity adds additional information to the growing literature on multimorbidity 

within Brazil and will be a great addition to the very scant literature on multimorbidity 

in LMICs. Similarly, additional research on road traffic injury in Brazil is also beneficial 

given that road traffic injury remains a major public health concern in the country.  

                                                      

 1 Figure 1 was created using qGIS version 2.18.12 
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2.2 Participants 

PNS is a comprehensive national household survey, which included a 

representative sample of individuals aged 18 years or older (21). It used a multi-stage 

cluster sampling and the cluster sampling was conducted in three stages. In stage one of 

the sampling process, census sectors or set of sectors formed the primary sampling units 

(PSU) (22). During stage two, households were selected, and for stage three of the 

sampling process, an adult resident (aged 18 years or older) for each household was 

selected. Participants were selected using simple random sampling at each stage; and 

the probability of selecting each individual aged 18 years and older within a household 

was weighted by household, and adjusted by non-response rate, sex and age calibration 

by the total population (21).  

Factors that influenced the calculation of the necessary sample size of the PNS 

sample included: a desirable level of precision for estimates of proportions with 95% 

confidence (95% CI); the effect of the sampling plan given a multi-stage cluster sampling 

strategy, number of households selected per PSU and proportions of households with 

people in the age group and/or sex of interest. The estimated sample size was around 

80,000 households based on a prediction of 20% non-response rate (26).  

At the end of fieldwork, 81,167 households were visited, of which 69,994 of these 

households were occupied (26).  About 64,348 households participated in interviews, 

which resulted in 79% response rate, and 60,202 individuals answered individual 
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questionnaires (26). Based on a description of PNS survey development by Damacena et 

al. 2015, the distances between every city with less than 80,000 habitants and greatly 

populated cities (80,000 or more inhabitants) selected in the sample were calculated 

through geographic coordinates from the center of the cities in each state. The 

probability of selection was proportional to the inverse of this distance (26). 

2.3 Procedures 

Data collection was organized, coordinated and conducted by the Brazilian 

Institute of Geography and Statistics (IBGE). The Ministry of Health contributed by 

guiding the design of the PNS survey questionnaire and providing field personnel 

training. All study interviewers, supervisors, and coordinators of PNS were trained to 

understand the entire survey process. The PNS survey was developed mostly by 

technical representatives from Brazil’s Ministry of Health and was revised based on 

revisions from Brazilian researchers and managers (26). The PNS survey consisted of 

three questionnaires: the household questionnaire, a questionnaire related to all 

residents of the household and the individual questionnaire answered by adult residents 

aged 18 or older (22). The household questionnaire and the questionnaire related to all 

the household residents were answered by one of the household residents who knew the 

socioeconomic situation and health of all its residents. Besides the questionnaires, the 

PNS survey also included the collection of physical measurements and biological 

samples.  
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Furthermore, interviews were conducted using handheld computers (personal 

digital assistant or PDAs), which were programmed to automatically perform the skips 

in the questionnaire (22). All PNS datasets are available on the IBGE’s website. Ethical 

approval to use data from this Brazilian National Health Survey was provided by the 

National Commission for Ethics in Research (CONEP) (No. 10853812.7.0000.0008) and 

complied with Resolution of the National Health Council No. 466 of December 12, 2012.  

2.4 Measures 

This cross-sectional analysis used measures from the PNS survey questionnaire, 

particularly questions found in modules B, C, D, O, P and Q (see Appendix for original 

survey instrument with modules B, C, D, O, P and Q). Physical and laboratory measures 

collected during the PNS data collection phase were not included in this study.  

The main measures of interest include “having experienced road traffic injury 

(RTI)” and “having a multimorbid condition (MM)”. For the purposes of this study, 

having experienced road traffic injury was based on responses from question 9 in 

module O of the PNS questionnaire, which states “In the past 12 months, have you been 

involved in any road traffic accident in which you have sustained personal injury?”. 

Those who responded “yes “were coded as 1 and those who replied “no” were recoded 

as “0”.  

In addition, multimorbidity (or having multimorbid condition) was defined as 

having two or chronic conditions based on responses from module Q in the PNS 
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questionnaire. In this study, 19 chronic conditions were identified. These 19 chronic 

conditions found in the PNS questionnaire included the following: hypertension, 

chronic spinal problem, type 2 diabetes, arthritis/rheumatism, heart attack, heart failure, 

angina, stroke, asthma, depression, musculoskeletal disorder related to work, cancer, 

chronic obstructive pulmonary disorder (COPD), chronic bronchitis, emphysema, 

chronic kidney failure (or chronic renal insufficiency), bipolar disorder, obsessive-

compulsive disorder(OCD) and schizophrenia. The question asked for chronic spinal 

problem was asked in the following manner: “Do you have any chronic spinal problems, 

such as chronic back or neck pain, low back pain, sciatic pain, or vertebral or disc 

problems?”, while the remaining 18 chronic diseases included in this study were asked 

in the following manner: “Has a doctor ever given you the diagnosis of [...]?”.  If a 

respondent answered “yes” to having two or more of these chronic conditions, s/he 

would be counted having a multimorbid condition.  

Moreover, the variable “binge drinking behavior” was used given that use of 

alcohol is both a predictor of multimorbidity and road traffic injury. This variable, 

“binge drinking behavior” was derived from question 32 of module P in the PNS 

questionnaire. The question used to derive the variable “binge drinking behavior” was 

asked in the following manner: “In the last 30 days, did you consume 5 or more doses of 

alcoholic beverage in one occasion, if male?” or “In the last 30 days, did you consume 4 

or more doses of alcoholic beverage in one occasion, if female?”. In the analysis, “binge 
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drinking behavior” is names “Alcohol”. The variables for MM, RTI, chronic conditions 

and binge drinking behavior were all coded as binary variables.  

Additional sociodemographic variables were derived from the PNS 

questionnaire to further describe their association with RTI in the Brazilian population. 

These sociodemographic variables include: age, gender, education level and 

race/ethnicity (which serve as proxies for socioeconomic status), regions and primary 

health coverage. In this study, age was recoded as a categorical variable (18-24, 25-44, 45-

64, 65-84 or  85); gender/sex was coded as a dichotomous variable (male/female); 

education level was recoded as a categorical variable (no schooling, elementary 

education/equivalent, secondary education/equivalent or post-secondary 

education/equivalent); country regions were recoded as categorical variables (North, 

Northeast, Midwest, South or Southeast); and race/ethnicity was coded as a categorical 

variable (Black, White, Parda, Yellow-skinned, and Indigenous). Here, Parda is an 

ethnic/skin color category used by the Brazilian Institute of Geography and Statistics 

(IBGE) in Brazilian censuses that commonly refers to Brazilians of mixed ethnic 

ancestries (and it is typically a mixture of white Brazilian, Afro-Brazilian and Native 

Brazilian). Meanwhile, yellow-skinned refers to Brazilians of East Asian descent.  

Last but not least, primary health coverage was derived from question 3 of 

module B of the PNS questionnaire, which states “In the last 12 months, how often was 

your home visited by a community agent or a member of the family health team?” The 
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variable was recoded as a dichotomous variable where 1 was assigned to those who had 

received a visit from the family health team once or more than once and 0 was assigned 

to those who responded that they had never received a visit from member of the family 

health team.  

2.5 Analysis 

2.5.1 Aim 1: Estimate the prevalence of multimorbidity in road traffic-
injured population in Brazil 

Data was analyzed using the software R, version 3.5.2. Bivariate analyses of 

multimorbidity and road traffic injury were performed to estimate the prevalence of 

multimorbidity in the road traffic-injured population in Brazil. The proportion of people 

with multimorbid conditions who have experienced a road traffic injury was also 

compared to the proportion of people with multimorbid conditions who have not 

experienced a road traffic injury using a chi square test of independence.  

2.5.2 Aim 2: Describe sociodemographic risk factors and 
multimorbidity indicators and their association with road traffic injury 
in Brazil 

Univariate and bivariate analyses were performed to describe sociodemographic 

risk factors and multimorbidity indicators and their association with road traffic injury 

in Brazil. A chi-square analysis was also used to determine if there were any significant 

associations between these sociodemographic variables, multimorbidity indicators and 

road traffic injury (  = 0.05).  
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2.5.3 Aim 3: Identify patterns of multimorbid conditions associated 
with road traffic injury in Brazil 

Regression analyses and network analyses were performed to determine the 

patterns of association between multimorbid conditions (groups of two or more chronic 

diseases) and road traffic injury.  

 For regression analyses, univariate and multivariable logistic regressions were 

performed to identify chronic diseases associated RTI, while adjusting for demographic 

variables. Collinearity was assessed between variables using the variance inflation factor 

(VIF) and correlation coefficients. The final logistic model used was chosen based on 

Akaike information criterion (AIC) values. In this final model, one chronic disease in 

each group of highly correlated chronic diseases (correlation coefficient > 0.50) was 

selected to be added in the final model.  Demographic variables included in the final 

model were variables whose association with RTI appeared to be significant in the 

univariate logistic regression.   

In addition to regression analyses, network analysis was used to understand the 

complex interactions between coexisting morbidities within the entire PNS sample, and 

within populations who have and have not experienced road traffic injury. As an 

analytical method, network analysis computes multiple associations between two 

variables while simultaneously conditioning on all other variables available in the 

network model. Out of 60,202 observations, 6,486 rows of observation were excluded 
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resulting in 10.77% of missing data. Given that a complete matrix had to be created for 

the network model to be built, values were imputed for rows with missing data. 

Network models are made up of nodes (circles, representing each morbidity in 

the model) and edges (lines that connect the nodes). These edges or lines that connect 

one node to another represent the statistical association that exist between morbidities 

included in the network. These statistical associations between pairs of morbidities, 

represented by edges, are measured as mean beta coefficient of logistic regressions 

between nodes. While the color of edges indicates the direction of the statistical 

association between two nodes (green color denoting a positive association and red color 

denoting a negative association), the thickness of the edges represents the strength of the 

statistical association between two nodes. In addition, the size of nodes represents the 

prevalence of each morbidity within a network.  

In this study, weighted undirected network graphs were constructed using 

dichotomous indicators for each morbidity in our study. These networks were estimated 

using the Ising equation using the Mixed Graphics Model approach (30). The selection of 

the penalized model was made based on the extended criterion of Bayesian information 

(31). Network models were constructed for the entire sample population and two other 

sets of network models were constructed for PNS respondents who had experienced RTI 

within one year before the PNS survey was administered and PNS respondents who had 

not experienced RTI within one year before the PNS survey was administered.  
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For the general sample network model, the Shortest Path Length (SPL) was 

extracted as a descriptive metric of the network and represented in the network 

structure using the “flow” packet in R. SPL is used to indicate which nodes are directly 

and indirectly associated with RTI. Besides determining SPL for the general sample, a 

community analysis was performed to identify underlying groups or clusters of 

morbidities. Community analyses are applied to complex networks in which groups of 

variables (morbidities) are densely interconnected with each other, but less connected to 

the general network (32). To perform the community analysis, the Walktrap algorithm, 

which is suitable for weighted networks, was used (32). With random initial starting 

points, a limited number (usually three or four) of  steps or “walks” are performed 

between nodes in a way that they are grouped into high density subgroups. Besides the 

community analysis, the accuracy of the network models was tested using the 

predictability algorithm that calculates the accuracy of the network models in predicting 

each node within the network.  

Another measure of centrality used in this study was the centrality metric of 

“expected influence”. This metric evaluates the magnitude with which each node 

influences the nodes around it; this tells us how important each node is important in the 

behavior of the network. The values presented on a Z score scale ranges from positive to 

negative values. The higher the value, the greater the influence of that node on other 
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nodes in the network. All network analyses were performed using the qgraph and 

igraph packages in R.  
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3. Results 

3.1 Aim 1: Estimate the prevalence of multimorbidity in road 

traffic-injured population in Brazil 

60,202 individuals responded to the individual questionnaire of the PNS survey. 

About 56.94% (n=34,282) were female and about 43.06% (n=25,920) were males. The 

average age of PNS respondents was 43.31 years old. Of the 60, 202 individuals who 

responded to the individual questionnaire, 1910 individuals (3.17%) had experienced a 

road traffic injury in the last twelve months prior to being administered the PNS survey. 

From this same sample of 60,202 individuals, 20.34% (n=12,244) had being diagnosed 

with two or more chronic diseases. Of the 1,910 individuals who had experienced a road 

traffic injury, 315 individuals (16.50%) had been diagnosed with having two or more 

chronic diseases (or have a multimorbid condition). On the other hand, out of the 58,292 

participants who had not experienced a road traffic injury, 11,929 individuals (20.46%) 

had been diagnosed with having two or more chronic diseases (or have a multimorbid 

condition). Based on the chi square test of independence, there was a significant 

difference between the proportion of individuals with multimorbid conditons in the 

road traffic injured population and the proportion of individuals with multimorbid 

conditions in the non-road traffic injured population ( squared statistic = 17.765, p 

value  0.0001).  
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3.2 Aim 2: Describe sociodemographic risk factors and 
multimorbidity indicators and their association with road traffic 

injury in Brazil 

Sociodemographic risk factors and binge drinking behavior were described using 

results from bivariate analyses reported in columns 3 and 4 of table 1 below. Bivariate 

associations between these sociodemographic, binge drinking behavior and RTI were 

also assessed using univariate logistic regression and chi square test of independence, 

with RTI being the primary outcome of interest. Based on findings reported in table 1, 

female respondents had 0.43 odds (95% CI:0.39, 0.47) of having experienced a road 

traffic injury compared to male respondents. Similar to gender, age was also an 

important predictor of road traffic injury, with individuals aged 18-24 having a 5.80 

(95% CI: 4.54, 7.51) higher odds of having experienced an RTI compared to individuals 

aged 65-84 years old. In addition, individuals aged 25-44 and 45-64 have 3.95 (95% CI: 

3.13, 5.07] and 1.94 (95% CI: 1.52,2.53) higher odds, respectively, of being involved in RTI 

compared to those aged 65-84. However, although not highly significant, those aged 85 

years old and older appear to have lower odds (OR: 0.618, 95% CI: 0.19, 1.50) compared 

to those aged 65-84.  

Based on these preliminary univariate and bivariate analyses, Brazilians who 

identified as “Parda” appeared to have higher odds of having experienced a road traffic 

injury (OR: 1.25; 95% CI: 1.13,1.38) compared to white Brazilians. It is also important to 
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note that those who identify as Parda constituted almost half of the total sample (49.02%, 

n = 29,512).  

Furthermore, when looking at the proportions of RTI across education levels, those who 

experienced RTI the least were those with no schooling and those with at least post-

secondary education or the equivalent (10.94% and 18.27%, respectively). Those with at 

least a secondary education/equivalent had greatest odds (OR: 1.72; CI: 1.48, 2:02) of 

experiencing an RTI compared to those without any schooling. Similarly, regions 

appeared to be an important predictor of having experienced RTI. Compared to the 

southern region of Brazil, individuals from the Northeast (OR: 1.23, CI: 1.05, 1.46), 

Midwest (OR: 1.44; CI: 1.20 1.74) and the North (OR: 1.65; CI: 1.39, 1.94) had higher odds 

of having experienced an RTI.  

Unlike regions and other variables, the association between primary health 

coverage and RTI was not significant. Although the association between primary health 

coverage and RTI was not significant, it is important to note that that out of 60,202 

respondents of the PNS survey, 46.32% (n= 27,883) reported not having primary health 

care coverage. However, given that the question used as a proxy for primary health 

coverage asks whether the respondent has received the visit of a member of the family 

health teams in their community, this finding truly suggests that 46.42% of respondents 

have never received the visit of member of the family health team in their community.     

Last but not least, out of all the variables included in table 1, binge drinking behavior 
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was the variable with the strongest association with having experienced RTI. Based on 

the results from the univariate logistic regression, those who reported engaging in binge 

drinking behavior had 2.39 higher odds of having experienced RTI compared to those 

who reported that they do not engage in binge drinking behavior.  

 
Table 1: RTI across sociodemographic and lifestyle characteristics 

Variables n [%] % 

without 

RTI 

% with RTI Crude 

Odds 

Ratios 

P value 

Gender*2      

Male 25,920[43.06] 42.40 63.04 REF <0.0001 

Female 34,282[56.94] 57.60 36.96 0.43 

[0.39, 0.47] 

Age*      

18-24 7,823 [13.00] 12.67 23.04 5.80  

[4.54,7.51] 

<0.0001 

25-44 26,740 [44.42] 44.08 54.61 3.95 

[3.13, 5.07] 

45-64 17,927[29.78] 30.15 18.37 1.94 

[1.52, 2.53] 

65-84 7,079 [11.76] 12.02 3.77 REF 

85 633 [1.05] 1.08 0.21 0.618 

[0.19, 1.50] 

Race*      

White 24,106 [40.04] 40.20 35.34 REF 0.0006 

Black 5631 [9.35) 9.36 9.32 1.13  

[0.96, 1.34] 

Yellow-

skinned 

533 [0.89) 0.88 0.94 1.21  

[0.74, 1.89] 

Parda 29,512 [49.02] 48.87 53.61 1.25 

[1.13,1.38] 

Indigenous 417 [0.69] 0.69 0.79 1.29 

                                                      

2 Star indicates variables that have a significant association with RTI ( p <0.05) 
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[0.74, 2.10] 

Education*      

No schooling 9,434 [15.67] 15.82 10.94 REF <0.0001 

Elementary/ 

equivalent 

20,537[34.11] 34.17 32.51 1.37 

[1.17, 1.61] 

Secondary/ 

equivalent 

19,438 [32.29] 32.09 38.27 1.72 

[1.48, 2.02] 

Post-

Secondary/ 

equivalent 

10,793 [17.92] 17.92 18.27 1.47 

[1.24, 1.76] 

Region*     <0.0001 

North 12,536 [20.82] 20.59 27.85 1.65 

[1.39, 1.94] 

Northeast 18,305[30.41] 30.39 30.94 1.23 

[1.05, 1.46] 

Midwest 7,519 [12.49] 12.42 14.76 1.44 

[1.20, 1.74] 

Southeast 14,294 [23.74] 23.99 16.07 0.81  

[0.68, 0.97] 

South 7,548 [12.54] 12.61 10.37 REF 

Primary 

Health 

Coverage 

     

Yes 32,319 [53.68%] 53.70 53.70 0.97 

[0.89, 1.07] 

0.6792 

No 27,883 [46.32%] 46.30 46.80 REF 

Binge 

drinking 

behavior* 

     

Yes 8,104 [15.09] 14.64 70.90 2.39 

[2.15, 2.67] 

<0.0001 

No 45,612 [84.91] 85.36 29.10 REF 

 

 

Furthermore, the distribution of the burden of RTI across 19 chronic diseases was 

assessed using bivariate analyses reported in columns 3 and 4 of table 2 below. Bivariate 

associations between these chronic diseases and RTI were also assessed using univariate 
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logistic regression and the chi square test of independence, with RTI being the primary 

outcome of interest. The association between multimorbidity and RTI was also assessed. 

Out of all the chronic diseases, hypertension (20.76%, n = 60,202), chronic spinal 

problems (17.60%, n = 60,202) and depression (7.03%, n = 60,202) were the most 

prevalent chronic diseases in the total sample. Based on these preliminary findings, 

hypertension, type 2 diabetes, stroke, arthritis/rheumatism, and cancer were inversely 

associated with RTI. Similarly, the variable multimorbidity, which has a prevalence of 

20.34% in the sample population, is also inversely associated with having experienced a 

road traffic injury (i.e. those who have multimorbid conditions are less likely to have 

experienced an RTI in the last 12 months prior to the administration of the PNS survey).  

Table 2: Associations between chronic diseases, multimorbidity and RTI 

Variables n [%] % without 

RTI 

% with RTI Crude 

Odds Ratio  

P-value 

Hypertension* 12,500 [20.76] 21.00 13.61 0.59  

[0.52, 0.68] 

<0.0001 

Type 2 diabetes* 3636 

[6.04] 

6.09 4.45 0.71 

[0.57, 0.89] 

0.0035 

Heart attack 672 

[1.12] 

1.13 0.79 0.69 

[0.40, 1.12] 

0.1977 

Angina 393 

[0.65] 

0.66 0.42 0.63 

[0.29, 1.19] 

0.2518 

Stroke* 966 

[1.60] 

1.64 0.63 0.38 

[0.20, 0.64] 

0.0007 

Heart failure 669 

[1.11] 

1.11 1.10 0.99 

[0.62, 1.50] 

1 

Asthma 2,620 

[4.35] 

 4.31  5.50 1.29  

[1.05, 1.57] 

 0.0148 

Arthritis & 

Rheumatism* 

3,976 

[6.60] 

 6.96  4.66 0.68 

[0.55, 0.84] 

 0.0006 
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Musculo-skeletal 

disorder due to 

work 

1,149 [1.91]  1.90  2.04 1.07  

[0.77, 1.46] 

 0.728 

Depression  4,235 [7.03]  7.01  7.80 1.12 

 [0.94, 1.33] 

 0.1986 

Schizophrenia  140  

[0.23] 

 0.24  0.10 0.44 

[0.07, 1.39] 

 0.3486 

Bipolar disorder 233 

[0.39] 

 0.39  0.26 0.67 

[0.24, 1.46] 

 0.4785 

Obsessive- 

compulsive 

disorder (OCD) 

112 

[0.19] 

 0.19  0.10 0.55 

[0.09, 1.75] 

 0.5698 

Chronic 

obstructive 

pulmonary 

diseases (COPD) 

934 

[1.55] 

1.54 1.78 1.15 

[0.80, 1.60] 

0.4668 

 Emphysema  227 

[0.38] 

 0.38  0.26 0.69 

[0.24, 1.50] 

 0.5185 

Chronic 

Bronchitis  

474 

[0.79] 

 0.78  0.94 1.21 

[0.72, 1.87] 

 0.5172 

Cancer * 1023 

[1.70] 

 1.73  0.89 0.511 

[0.30, 0.80] 

 0.007 

Chronic kidney 

failure  

839 

[1.39] 

 1.38  1.73 1.25  

[0.87, 1.75] 

 0.2434 

Chronic spinal 

problems 

10,578 

[17.60] 

17.53 18.90 1.09 

[0.97, 1.23] 

0.1282 

Multimorbidity* 

 

12,244 [20.34]  20.46  16.50 0.77 

[0.68, 0.87] 

<0.0001 

 

3.3 Aim 3: Identify patterns of multimorbid conditions associated 
with road traffic injury in Brazil 

Regression analyses and network analyses were performed to identify patterns 

of multimorbid conditions associated with road traffic injury. Table 3 below show 

results from the final logistic model used for the regression analysis. Prior to selecting 

this finals model, three models were developed and assessed using AIC values, VIF 
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values and correlation coefficients. Model 1 included all sociodemographic variables, 

binge drinking behavior and chronic diseases, while model 2 only included chronic 

diseases. Model 3 included only sociodemographic variables that appeared to be 

significant in table 1 as well as chronic diseases with the least correlation coefficients 

with other diseases (if groups of chronic diseases were highly correlated, one of those 

diseases was selected to be included in the final model). Out of all these models, model 3 

was selected as it had the smallest AIC value3. Based on the final model, being female 

and living in the southern regions of Brazil was still associated with lower odds of 

having experienced an RTI compared to being male and living in the North of Brazil. 

Compared to being 18-24, individuals aged 45 years and older had significantly lower 

odds of having experienced an RTI. While age, region and gender remained strong risk 

factors for RTI, results from the final multivariable logistic regression show that 

race/ethnicity and education level did not seem to be strong predictors of RTI. 

Furthermore, based on the final multivariable model, hypertension (HTN), 

stroke, depression, chronic kidney failure and chronic spinal problems appear to be 

associated with having experienced RTI. Binge drinking behavior also remained a strong 

predictor of RTI (Adjusted OR: 1.63; 95% CI:1.45, 1.82). While chronic spinal problem 

(Adjusted OR: 1.32; 95% CI: 1.16, 1.51) and depression (Adjusted OR: 1.60; 95% CI: 1.32, 

                                                      

3 AIC value for model 1 = 14,120 

AIC value for model 2 = 16,860 

AIC value for model 3 (final model) = 14,119 
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1.93) were positively associated with having experienced RTI, stroke was negatively 

associated with having experienced RTI (OR:0.55; CI: 0.27, 0.99). HTN, on the other 

hand, appeared to have a weak positive association with having experienced RTI 

(Adjusted OR: 1.03; CI: 1.08, 1.75). Moreover, although chronic kidney failure appears to 

have a strong positive association with RTI, its large confidence interval suggest that this 

estimate might not be precise (Adjusted OR: 1.52; 95% CI: 1.02, 2.17).  

Table 3: Final multivariable model 

Variables*4 Adjusted Odds Ratios 95% CI 

Gender (REF = Male) *   

Female 0.45 0.40, 0.50 

Age (REF: 18-24) *   

25-44 0.69 0.61, 0.78 

45-64 0.35 0.30, 0.42 

65-84 0.21 0.16, 0.28 

85 0.15 0.05, 037 

Regions [REF = North] *   

North East 0.79 0.69, 0.90 

Midwest 0.92 0.79, 1.08 

                                                      

4 Starred variables are variables whose confidence interval do not include 1 
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South East 0.55 0.47, 0.64 

South 0.60 0.49, 0.73 

Race/Ethnicity White = REF]   

Black 1.01 0.84, 1.21 

Yellow 1.09 0.62, 1.78 

Parda 1.02 0.91, 1.14 

Indigenous  1.06 0.59, 1.77 

Education   

Elementary/equivalent 1.17 0.99, 1.40 

Secondary/equivalent 1.25 1.05, 1.49 

Post-Secondary/equivalent 1.22 1.00, 1.48 

Alcohol * 1.63 1.45, 1.82 

Hypertension* 1.03 1.08, 1.75 

Heart failure 1.51 0.91, 2.36 

Stroke* 0.55 0.27, 0.99 

Arthritis/Rheumatism 1.14 0.89, 1.43 

Musculo-skeletal disorder -work 1.26 0.88, 1.75 

Depression* 1.60 1.32, 1.93 

COPD 1.24 0.82, 1.80 
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Cancer 0.94 0.54, 1.53 

Chronic Kidney Failure* 1.52 1.02, 2.17 

Chronic Spinal Problems* 1.32 1.16, 1.51 

 

In addition to findings from the regression analysis, network analysis was used 

further identify patterns of multimorbid conditions associated with RTI while taking 

into account the possible interactions between all morbidities included in the network. 

In all the network models built for this study, 16 out of the 19 chronic diseases were 

included in the network (obsessive compulsive disorder, schizophrenia, and bipolar 

disorder were excluded because they had no edges connecting them to any of the 

morbidities within a network). Age, gender and education were also included in all the 

models.  

Within network model 1(figure 3 below), which included the entire sample (n = 

60,202), hypertension, chronic spinal problems and binge drinking behavior are the most 

prevalent health conditons. Their prevalences were 20.8%, 17.60% and 15.70%, 

respectively. This network model 1 also provides information on the flow of the 

network, which shows how nodes are directly or indirectly linked to our main node of 

interest (RTI), groups morbidities into three community of multimorbid conditions 

using community analysis and assesses how well the network predicts each 

morbidity/node included in the model. The flow of association in network model 1 
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moves from right to left, with the nodes on the left having a more direct link to RTI. In 

network model 1, there are three layers of variables linked to RTI. The closest layer of 

variables includes all the sociodemographic variables (age, education level and gender), 

alcohol, asthma, chronic spinal problems and depression. Given that these variables are 

the closest to RTI, they appear to have a more direct link to RTI compared to other 

morbidities included in the network. Based on their position, they also appear to be 

mediators between RTI and other morbidities. Depression, for example, appear to be a 

mediator between RTI and hypertension, while chronic spinal problem serves as a 

mediator between RTI and arthritis/rheumatism. Alcohol, on the other hand, acts as 

mediator between RTI and several other morbidities such as chronic bronchitis and 

others. Moreover, based on the network, we also find that certain mediators interact 

with each other. For example, age and alcohol are closely linked, while depression and 

alcohol are also closely linked.  

Based on the community analysis, three communities or morbidities have been 

identified. Community one (in orange) shows a group of cardio-metabolic morbidities 

(which includes diseases such as hypertension, stroke and type 2 diabetes. Community 

two (in blue) shows a group of physical and mental morbidities (which includes diseases 

such as arthritis/rheumatism and depression). Here, physical and mental morbidities are 

made up of diseases that affect the physical and mental function of individuals without 

being directly cardio-metabolic activities. Moreover, community three (in green) consists 
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of a mixture of respiratory morbidities (which includes diseases such as chronic 

bronchitis, asthma and emphysema). RTI and most of its mediators (except asthma) 

were also embedded within the physical-mental multimorbid community. This could 

suggest that within the larger population, RTI is closely linked to physical/mental health 

condition such as depression and chronic spinal problems.  

In addition to the community analysis, the predictability of the network models 

shows that the model has a strong ability to predict RTI as well as most other 

morbidities included in network model 1. However, the accuracy of the model in 

predicting hypertension and risky alcohol is slightly lower compared to its ability to 

predict RTI and other morbidities in the network. This measure of predictability is 

marked by the ring surrounding each node. The more the ring is filled with a non-white 

color, the higher the accuracy of the model in predicting a particular node.  
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Figure 3: Network model 1 in sample population 



 

 38 

Furthermore, a graph of expected influence was built to determine which nodes 

have the strongest influence in nodes surrounding them. Based on figure 4, COPD had 

the strongest influence on nodes surrounding it, thus it considerably plays an important 

role in the behavior of the entire network. This strong influence of COPD is also visible 

in figure 3, with COPD having very thick edges connected to its surrounding nodes. On 

the other hand, age had the second strongest expected influence within the network. 

Unlike COPD and age, binge drinking behavior had the smallest influence on the 

variables surrounding it.  

 

 

Figure 4: Centrality plot of expected influence in network model 1 

              

Y axis: 1= HTN, 2 = type 2 diabetes,  3 = arthritis/rheumatism, 4 = chron-kidfailure, 5 = COPD, 6 

= depression, 7 = heart attack, 8 = stroke, 9 = spinal problem, 10 = angina, 11 = asthma, 12 = 

Musculo-skeletal disorder related to work(MSKD_work), 13 = empysema, 14 = cancer, 15 = 

chronic bronchitis, 16 = RTI, 17 = heart failure, 18 = binge drinking behavior, 19 = gender, 20 = 

educ, 21 = agecat 
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Furthermore, network models were also built for individuals who reported 

experiencing an RTI in the last 12 months prior to the administration of the PNS survey 

(network model 2a) and for individuals who reported they had not experienced an RTI 

in the last 12 months prior to the administration of the PNS survey (network model 2b). 

Although the “flow” function could not be computed since our main variable of interest, 

“RTI”, was excluded from the network matrix, community analysis and the assessment 

of the network model’s predictability were embedded within these network models.  

Network model 2a (figure 5) show that there are three main groups of 

multimorbid communities and six isolated morbidities in the group of individuals who 

have experienced RTI.  The three main groups were similar to the communities formed 

in model 1 and these were cardio-metabolic morbidities, physical-mental morbidities 

and respiratory. Cardio-metabolic morbidities included hypertension, diabetes, and 

heart attack; physical-mental morbidities included arthritis/rheumatism, chronic kidney 

failure, depression, spinal problem, and alcohol; and respiratory morbidities included 

COPD, emphysema, and chronic bronchitis. Unlike network model 1, the cardio-

metabolic multimorbid group in model 2a has fewer chronic diseases and does not 

include angina, heart failure and stroke. While all morbidities in model 1 fell into one of 

the three multimorbid groups identified, some morbidities in model 2a were isolated 

from other overall network. These isolated morbidities include: angina, asthma, cancer, 

heart failure, musculo-skeletal disorder related to work (MSKD_work), and stroke. 
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Based on the finding from this stratified model, we can infer that the morbidities within 

the three main communities of multimorbid conditions commonly appear together in 

individuals with RTI, while isolated morbidities might occur at random within 

individuals who have experienced a road traffic injury. Moreover, within model 2a, 

binge drinking behavior (named “Alcohol” in the model), hypertension and chronic 

spinal problems were the three most prevalent health conditions in individuals who 

have experienced RTI. Their prevalences were 30.60%, 18.90% and 13.6%, respectively. 

As demonstrated in this model, gender (labelled as “sex” in figure 5”) serve as linking 

node (or potential mediator) between alcohol and other physical-mental multimorbid 

conditions, while age and education appear to link cardio-metabolic morbidities, 

particularly hypertension and diabetes. On the other hand, depression appears to be a 

linking node (or mediator) connecting the cardio-metabolic community and the 

physical-mental community of multimorbid conditons. This finding on depression’s role 

in the network could suggest that within groups of individuals who have experienced a 

road traffic injury, having a physical-mental morbidity post an RTI can increase one’s 

chance of developing depression, which can later increase one’s chance of also 

developing one or more cardio-metabolic morbidities.  
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Figure 5: Network model 2a 

 

Similar to network model 2a, hypertension, chronic spinal problem and binge 

drinking behavior remained the most prevalent health conditions in network model 2b 

(figure 6). Their prevalences were 21%, 17.50%, and 15.2%, respectively. Compared to 

model 2a, network model 2b maintains three groups/communities of morbidities similar 

to the network model 1 of the general sample. However, the three communities/groups 

of morbidities for people who have not experienced RTI are much more heterogenous 

and complex. For example, the first community labelled “complex multimorbid” 
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community, included cardio-metabolic diseases such as hypertension and diabetes and 

physical-mental morbidities such as depression and chronic spinal problem. The second 

community includes morbidities such as chronic kidney failure and additional cardio-

metabolic morbidities such as heart failure, heart attack and angina. Given that this 

second community includes a variety of morbidities, with some clinically related and 

others clinically unrelated, it has been labelled “other” as it represents another complex 

group of multimorbid conditions. Besides the communities labelled “complex” and 

“other”, the third group of multimorbid conditions remains the respiratory morbidities. 

These respiratory morbidities are so closely linked together that they have remained 

closely linked in all three network models (model 1, model 2a and model 2b).  

Furthermore, unlike model 1 where binge drinking behavior is associated with 

RTI and other physical morbidities, alcohol is closely linked to a group cardio-metabolic 

morbidities in model 2b. While the community analyses clearly show differences in 

patterns of multimorbid conditons across strata of RTI, the ability of each model 

(network model 2a and network model 2b) in predicting nodes within their network is 

comparable. While both models can predict nodes within their networks with great 

accuracy, their accuracy in predicting hypertension, chronic spinal problem, and binge 

drinking behavior diminishes. This drop in predictability might be related to the high 

prevalence of hypertension, chronic spinal problem and binge drinking behavior in both 

model 2a and model 2b. As demonstrated by figure 6, education level, age and gender 
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(labelled “sex” in the model) continue to serve as linking nodes (or potential mediators) 

between different multimorbid conditons.  

  

 

Figure 6: Network model 2b 

Furthermore, based on figures 7 and 8 below, the node with the greatest 

influence on the network has not changed. COPD remains the nodes with the greatest 

influence on the behavior of the network.  Within the centrality plot of expected 

influence for model 2a (figure 7), chronic bronchitis is the second morbidity with the 



 

 44 

strongest influence on nodes surrounding it. However, based on the centrality plot of 

expected influence for model 2b (figure 8), similar to the centrality plot for network 

model 1, age is the second node with the greatest influence on nodes surrounding it. 

 

Figure 7: Centrality plot of expected influence in network model 2a 
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Figure 8: Centrality plot of expected influence in network model 2b
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4. Discussion 

This cross-sectional analysis sought to describe the burden of road traffic injury 

and multimorbidity in Brazil and identify the patterns of multimorbid conditions 

associated with road traffic injury in Brazil. 

4.1 Aim 1: Estimate the prevalence of multimorbidity in road 

traffic injured population in Brazil 

This is one of the few studies that has jointly explored the association between 

multimorbidity and road traffic injury, particularly in Brazil. Previous studies describing 

the burden of multimorbidity and the burden of RTI in Brazil, have usually explored 

these health conditons separately. For example, Rzewuska et al. published a study on 

the epidemiology of multimorbidity within the Brazilian general population and solely 

focused on multimorbidity, while Morais Neto et al. published a study solely focusing 

on the regional disparities in road traffic injuries and its determinants (21,22). Similar to 

this thesis research study, both studies used data from the 2013 Brazilian National 

Health Survey; however, unlike this thesis research study, multimorbidity and road 

traffic injury were not studied jointly. In the study by Morais et al., the overall 

prevalence of RTI was estimated to be 3.10%, while the overall prevalence of RTI in this 

thesis was estimated to be 3.17%. With regards to multimorbidity, Rzewuska reports a 

multimorbidity prevalence of 24.2%, while this thesis research study estimates the 

overall prevalence of multimorbidity to be 20.34%. Although the prevalence estimates 

from this thesis study slightly differ from the prevalence estimates in Morais Neto et 
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al.’s and Rzewuska et al.’s studies, perhaps due to minor variations in sample sizes and 

coding of multimorbidity, the results are comparable thus suggesting their reliability. 

Given that there have not yet been previous studies that have jointly looked at 

multimorbidity and road traffic injury in Brazil, the findings from this thesis study 

shows that prevalence of multimorbidity within road-traffic injured individuals (16.50%) 

is lower compared to the prevalence of multimorbidity in non-road traffic injured 

inviduals (20.46%). Although the prevalence of multimorbidity among RTI-injured 

sample of the PNS survey is smaller compared to the prevalence of multimorbidity 

among the non-RTI sample of the PNS survey, it remains nonetheless a rising threat that 

warrants attention.  

4.2 Aim 2: Describe sociodemographic risk factors and 
multimorbidity indicators and their association with road traffic 

injury and multimorbidity in Brazil 

Moreover, findings from this thesis research study confirms associations between 

RTI and its well-known RTI risk factors in Brazil. These well-known risk factors for RTI 

include age, gender, alcohol and regions. A study by Reichenheim et al., which explored 

the determinants of road traffic injury in Brazil had, similarly, identified that road traffic 

injury were more common in males and those who consumed alcohol, particularly 

before driving (33). Reichenheim and colleagues also determined that motorcycle deaths 

and car-related were more common in young adults aged (aged 29-39 years). Similar to 

findings in this thesis study, the age group with the highest proportion of RTI were 
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those aged 25-44 years old (54.61%). While Reichenheim and colleagues do not fully 

discuss the association between Brazilian regions and RTI, the study by Morais Neto et 

al. highlights that there are important differences in RTI rates when comparing Brazilian 

regions. Based on findings from Morais Neto et al., the North, Midwest and Northeast 

regions of Brazil have the highest proportions of RTI compared to the South and 

Southeast of Brazil. While multiple factors affect these regional disparities in RTI in 

Brazil, findings from other studies show that there is a higher prevalence of binge 

drinking behavior and driving under influence in the Northeast and Central-West (or 

Midwest) regions of Brazil (21). It is also important to note that compared to the 

southern and southeastern regions, unemployment rate is high in Northeast regions of 

Brazil, while  most of the economic and agricultural production occurs in the southern 

regions of Brazil (29). 

Although the association between race/ethnicity, a proxy variable for 

socioeconomic level, was not significant in the final multivariable model in this thesis 

study, previous studies have shown that among motorcyclists, those who described 

themselves as black had a greater risk of RTI compared with white users (21). In 

previous studies, the association between education level, which served as another 

proxy variable for socioeconomic status, and RTI status depended on whether the 

individual was a motorcyclist or a car/van driver. For car/drivers, elementary-education 
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or lower was protective against RTI; however, for motorcyclist, individuals with 

elementary-education or lower had a greater risk of an RTI (21).  

Furthermore, hypertension (HTN) and chronic spinal columns have been also 

been associated with increased odds of RTI. However, unlike sociodemographic risk 

factors and binge drinking behavior, there have not been studies that have shown HTN 

and chronic spinal problems as predictors of RTI. However, there have been studies that 

have shown RTI resulting in spinal cord injuries as well as other psychiatric morbidities 

(14,33). Additional findings from show that those having multimorbid conditions have a 

lower odd of experiencing an RTI compared to those without multimorbid condition. 

This might be due to the fact those having multimorbidity, who are usually older, are 

more likely to be careful when driving and/or are least likely to drive. However, this 

finding should be interpreted with caution since it could have been biased by survivor 

bias. This means that some participants not included in this study who suffered from 

multimorbidity and experienced a road traffic injury may have died, and those included 

in this study are only participants who have survived both multimorbidity and road 

traffic injury.  

4.3 Aim 3: Identify patterns of multimorbid conditions associated 

with road traffic injury in Brazil 

Based on the network models constructed in this thesis study, three main 

multimorbid communities were identified: cardio-metabolic morbidities, respiratory 

morbidities and a physical-mental morbidities. Although named differently, these 
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community of multimorbid conditions identified in this study are comparable to clusters 

of multimorbid conditions identified in other studies. For example, the study by 

Rzewuska et al., which used factor analysis to identify patterns of multimorbidity, 

identified three main cluster or groups of morbidities, namely: “cardio-metabolic”, 

“musculoskeletal -mental” and “respiratory” disorders. Out of the three communities of 

multimorbid health conditons, the “musculoskeletal-mental” slightly differs in name 

from the “physical-mental”, however they both include diseases that affect individual’s 

physical and mental functionality. Although three main communities emerged in all 

three network models, the three network models built in this study differed in various 

ways.  

For network model 1 built using the entire sample (n = 60,202), the flow function 

help understand how different morbidities associate with RTI through intermediate 

nodes or linking nodes. The first set of linking nodes includes sociodemographic 

variables, such as age an education level, binge drinking behavior, chronic spinal 

problems and depression. As previously mentioned, these linking nodes (or potential 

mediators) are the main nodes connecting RTI to most chronic diseases based on the 

data collected from the PNS survey. While there is no study that has used network 

analysis to identify patterns of MM as it relates to RTI, findings such as the one from 

network model is a step forward in identifying which health conditons and risk factors 

should be targeted for prevention 
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For those who had experienced RTI, there were three main communities, with six 

isolated health conditions. These three main communities were: cardio-metabolic 

morbidities, physical-mental morbidities, and respiratory morbidities. Although these 

three main communities are similar to the ones from network model 1, each community 

in the network model for those have experienced RTI (network model 2a) appeared to 

be much more specific with fewer variables. For example, the cardio-metabolic 

community in network model 2a did not include heart failure, stroke, and angina, which 

used to part of the cardio-metabolic community in network model 1. This finding may 

suggest that fewer cardio-metabolic morbidities and physical-mental morbidities are 

prominent in people who have experienced RTI compared to the set of cardio-metabolic 

and physical-mental morbidities affecting the general population.  

Based on network models 1 and 2a, it appears that binge drinking behavior and 

depression as well as other sociodemographic variables (age, education and gender) are 

all important linking nodes (or potential mediators) connecting RTI to other 

multimorbid conditions. Although there is already existing literature that identifies 

binge drinking behavior, age, gender and socioeconomic status as strong predictors for 

RTI, there is hardly any information on health conditions and factors that serve as 

mediators (particularly alcohol and depression) in the association between RTI and 

other multimorbid conditions.  
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4.4 Implications for policy and future research   

Road traffic injury and multimorbidity are important public health concerns in 

Brazil. Although the prevalence of multimorbidity within road traffic injured population 

in PNS (16.50%) is smaller compared to the prevalence of multimorbidity in non-road 

traffic injured population in PNS, the anticipated rise in the burden of road traffic 

injuries and multimorbidity suggests that the prevalence of multimorbidity within road 

traffic injured population will also certainly increases. If immediate action is not taken to 

address the burden of these public health problems, those experiencing both 

multimorbid conditions and RTI will mostly likely have delayed recovery, increased 

length in hospitals stays, and poorer health outcomes. On the other hand, health systems 

will bear higher health care costs and increased on work load on limited health 

professionals.  

One of the avenues to address this negative effect of the double burden of RTI 

and MM is to raise awareness of multimorbidity and improve policies and approaches 

surrounding transitions of care. In a World Health Organization (WHO) technical series 

on safer primary care, Mercer and colleagues propose that raising awareness among 

policy-makers and health care providers that MM is the norm and not the exception 

among people is a practical solution to start addressing its burden and determinants 

(34). In addition to raising the awareness of the growing threat of MM, Mercer and 

colleagues share that it is important to reframe health care as an investment rather than 
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an expense. Given the increasing prevalence of MM across all age groups, reframing 

provision of preventive and secondary care services health care as an investment can 

reduce health complications and costs caused by multimorbidity.  

Besides raising awareness and reframing health care as an investment, it is 

important to invest in transitions of care interventions to ensure that patients (or injured 

patients) who transition from hospital care setting to their homes can recover faster and 

avoid engaging in risky behaviors that lead to MM (19). According to Toomey et al., 

upon discharge from an acute injury hospitalization, adult injury patients can have a 

complex array of complications across the five domains of health management, which 

include physical function, mental health, substance abuse, pain and comorbidities. 

Given that these five domains of health management interact with each other, adopting 

a holistic approach to care that considers these domains when providing care to injury 

patients can help improve patient outcomes.  

Based on the findings from this study, improving diagnostic and therapeutic 

services for prevalent health problems such as hypertension, chronic spinal problems,  

binge drinking behavior and depression can serve as a first step in the prevention of 

multimorbiditiy within the Brazilian population. In addition, offering services to 

address (or prevent) binge drinking behavior and depression, can potentially help in the 

prevention of MM in Brazilians affected by a road traffic injury.  
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4.5 Implications for further research 

Further studies should be done to further clarify the epidemiologic relationship 

between multimorbidity and road traffic injuries. Given that this thesis study adds to the 

growing body of evidence on the burden of MM, particularly in those affected by road 

traffic injury, alternative study designs should be used to establish the temporal 

relationship between multimorbid conditions and when they occur in individuals who 

experience RTI. Furthermore, a mediation analysis can be done to confirm whether 

alcohol and depression truly act as mediators when looking at the association between 

RTI and MM.  

4.6 Study limitations and strengths 

Although some descriptive statistics can be generalizable given the large sample 

size used in this study, study limitations should be taken into when interpreting 

statistical associations in reported in this study. These study limitations include: cross-

sectional biases, information bias that results in exposure misclassification and survivor 

bias. 

Biases inherent to the cross-sectional nature of this study include incidence-

prevalence bias and temporal bias. The incidence-prevalence bias occurs in cross-

sectional studies such as this one because we use prevalent cases to calculate our 

measures of association, while the real goal is to use incident cases and calculate risk. 

Although incidence-prevalence bias is inherent to cross-sectional studies, the fact that 
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the main outcome of interest in this study (RTI) had a prevalence below 10%, the odds 

and odds ratios in this study can be interpreted as risk and risk ratios. Although 

incidence-prevalence bias is not a huge threat to validity in this study, temporal bias 

limits this study’s ability to fully establish the epidemiological relationship between RTI 

and MM. While epidemiological relationship between RTI and MM could not be 

confirmed by this study, associations between multimorbid conditons and RTI could 

still be investigated using network analysis. This was possible since this study used an 

undirected network graph, which does not require directionality to map patterns of 

associations between nodes. 

Furthermore, the validity of this study is affected by recall bias, a type of 

information bias. Given that all the data used in this study were self-reported, it is 

plausible some may not have correctly answered certain questions. This form of 

information would have resulted in exposure misclassification. In addition, there were 

also issues related to exposure ascertainment. For example, given that the classification 

of race/ethnicity in Brazil is complex, getting consistent and reliable results on who 

counts as Black vs Parda can be hard and prone to subjectivity. Inconsistent results from 

this variable may have distorted the true associations between race/ethnicity and RTI.   

Last but not least, this study was also affected by a type of selection bias called 

“survivor bias”. Given that this study focuses on health conditions (MM and RTI) that 

could result in death, it naturally fails to include participants who may not have 
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survived till the day of the time of data collection. It is possibly due to this survivor bias 

that multimorbidity and diseases such as stroke had lower odds of RTI (table 2).  

Strengths of this study include a large sample size and the use of network 

analysis to identify patterns of multimorbid conditons associated with RTI. Unlike 

models previously used in the existing literature such as factor or cluster analysis, 

network analysis takes into account the interaction of variables (or nodes) and expands 

analytical possibilities by providing information on communities available in the 

network, the flow between morbidities as well as a network’s ability to accurately 

predict each node within that network.  
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5. Conclusion 

This study shows that there is evidence that multimorbidity and RTI can-co-ccur in the 

same individuals. It also reveals that three main communities of multimorbid conditions 

are prominent within the sample of Brazilians surveyed using PNS. These communities 

were the cardio-metabolic morbidities, physical-mental morbidities and respiratory 

morbidities. Sociodemographic variables such age, education, and gender were 

confirmed as important risk factors for RTI. In addition, binge drinking behavior and 

depression were identified as key predictors of RTI and potential mediators in the 

association between RTI and other multimorbid conditons. Research findings from this 

study supports the need for more holistic injury care that takes into consideration 

multimorbidity. Given that this study had several limitations inherent in its design 

further studies should be conducted to better understand the epidemiological 

association between RTI and multimorbidity, as well as the role of alcohol and 

depression as potential mediators within the RTI and multimorbidity relationship.    
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Appendix : PNS Survey Questionnaire (Portuguese) 
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