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Abstract 

Objective: Traumatic brain injury (TBI) is a global public health problem that has been 

underreported in developing countries. The objective of this study is to determine the incidence, 

mortality and geographical distribution of traumatic brain injury in Ecuador.  

Methods: An epidemiological population-based analytical study of TBI in Ecuador was 

conducted.  Hospital discharges records for men and women with a diagnosis of TBI from all 

age groups (0 to 110 years) were included from 2004-2016. Data was obtained from the 

Ministry of Public Health’s national databases retrieved from the National Institute of Census 

and Statistics (INEC). Variables studied included sociodemographic data, overall incidence, 

mortality rate, case fatality rate and the risk of TBI.  

Results: A total of 124,576 hospital admissions were reported, and 5,264 deaths from 2004 to 

2016 due to TBI. The TBI-related hospital discharge rate was 70.68/100,000. The sex and age-

specific rate for men was 90.1/100,000 and 64.1/100,000 in women. Rates were higher among 

Mestizos (195.6/100,000) followed by Indigenous (61.4/100,000) and Afro-Americans 

(14.2/100,000). The case fatality rates were higher among men over 65 years old.  

Conclusion: This is the first epidemiological study of the socio-demographic distribution of 

traumatic brain injury in Ecuador. This study shows that young men are almost 4 times more 

likely to be hospitalized due to TBI than women. Fatalities due to TBI are less likely to occur 

among younger subpopulations, increasing significantly among the elderly. The national 

incidence rate decreased from 2011, suggesting that alcohol regulation might have played a 

role in this reduction. 
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Background 

Traumatic brain injury (TBI) is caused by any external force that might result in clinical and 

functional impairments in cognition(1). This type of injury has become a global health problem, 

affecting up to 69 million people per year worldwide(2,3). The sequelae of TBI range from 

mild and self-limited to chronic and potentially long-lasting disabilities(4–9). The World 

Health Organization estimates that motor vehicle injuries, the leading cause of injury for TBI, 

will be the 7th cause of mortality worldwide by 2030 (10). In spite of this, TBI has been deemed 

a “silent epidemic” and thought to be an underappreciated public health problem (11,12).   

The global incidence of TBI is estimated to be 40 to 939 per 100,000, varying substantially 

between regions (2, 4 , 6 ,13–15). Recent studies in Europe revealed a crude incidence rate for 

all ages ranging from 47,3 to 849 per 100,000 across different countries and populations (14). 

The crude mortality rate ranged from 3.3 to 24.4 per 100,000 population per year, being the 

most common mechanisms of injury, traffic accidents and falls(14–16). The TBI 

hospitalization incidence rate in the US is 93.8 per 100,000 population (17). TBI incidence for 

Asia, region predominantly composed of low and middle-income countries (LMICs), has been 

noted to be 344 per 100,000 (18). Estimates of incidence for LIMC are scarce, but thought to 

be higher than in developed regions, which have stricter road safety regulations (8,19). The 

burden of TBI is also considered to be much higher in LMICs, with higher odds of death after 

severe TBI, higher levels of years lost to disability, and fewer resources to appropriately 

manage this condition throughout the lifespan (4,20,21). 

Despite the geographical location, alcohol is one of the most important risk factors associated 

with TBI (22,23). In several studies the link between alcohol consumption, blood alcohol levels 

and alcohol intoxication have been associated with higher risk of TBI (23–27). Approximately 

50% of the patients who had a TBI were under the influence of alcohol at the time of injury 

and at least 50% to 66% of all the admitted cases of TBI had alcoholaemia, yetthe rate of 



   

 

   

 

alcohol-screening is not higher than 50% for those reaching the hospital (27–30) The lack of 

these type of epidemiological data of TBI in Latin America is evident and there is a need to 

prioritize and coordinate funds for the generation of appropriate evidence (31,32). The aim of 

this study is to gather epidemiological data of TBI in Ecuador, capturing sociodemographic 

variables, time trends, and geographic distribution.  

 

Methodology: 

Study design and population 

The present study is a country-wide population-based analysis of the epidemiology of TBI in 

Ecuador from 2004 to 2016. Data on discharge diagnosis of TBI, morbidity and mortality 

associated with TBI were obtained from the Minister of Public Health records in relationship 

with the number of hospital discharges from every single center accredited in Ecuador. The 

information is published throughout the National Institute of Census and Statistics (INEC) 

using International Classification of Diseases 10th Revision (ICD-10) codes for TBI (S06).  

Ecuador is located in South America, bordering with Colombia to the North, Peru to the 

South/East and the Pacific Ocean to the west. The country is divided into 4 geographical 

regions: 1) the coastal region, 2) the highlands or sierra region, 3) the amazon region and 4) 

the insular region (Galapagos Islands). The population of Ecuador in 2016 is estimated to be 

16,528,730 inhabitants based on the latest available census data from 2010 (33). 

Data sources and description  

All registered cases of TBI coded as S06 according to the ICD-10 were retrieved from INEC. 

The dataset included all the registered hospital discharges due to TBI from 2004-2016 that 

comes from every clinic and hospital accredited in Ecuador in a yearly basis. The ICD-10 four 

digit classification was also included and encompasses the following diagnosis: S06.0- 

Concussion, S06.1- Traumatic cerebral edema, S06.2- Diffuse traumatic brain injury, S06.3- 

Focal traumatic brain injury, S06.4- Epidural hemorrhage, S06.5- Traumatic subdural 



   

 

   

 

hemorrhage, S06.6- Traumatic subarachnoid hemorrhage, S06.8- Other specified intracranial 

injuries, and S06.9- Unspecified intracranial injury.  

Dataset included anonymized continues and categorical data on age, sex, educational 

attainment, type and length of hospitalization, civil status, ethnicity, type of medical attention 

(private or public) and place of register (urban or rural). A combined dataset of the last 16 years 

of available information was created with all the cases coming from the 24 provinces and the 

223 cantons (cantons are political subdivision of a province) in the country. The overall 

incidence, mortality, fatality rate, and relative risk were computed according to the entire 

population at risk by year, sex, province and canton according to the 2010 Census (33,34). The 

population at risk was calculated using the number of people living in that specific area during 

that year who would be exposed to the same risk factors as the reported cases, including 

information from ethnicity according to the 2010 National Census. The entire dataset is readily 

available as comma-separated values (CSV) or dBase database file (DBF) format in the public 

INEC’s domain: http://www.ecuadorencifras.gob.ec/estadisticas-de-camas-y-egresos-

hospitalarios-bases-de-datos/.  

Ethical aspects 

The analysis did not involve direct access to data of individual patients and all the information 

available is anonymized. According to the international good clinical and research practices 

and in accordance with the Ecuadorian law, ethical approval by an ethics committee and 

informed consent were not required. 

Data analysis  

The variables analyzed in the study were: sex, age, ethnicity, month, and year of the hospital 

admission. Information about the type of medical attention received (public vs. private); 

location, and the days of hospitalization were included. The incidence and mortality rates were 

sex and age-standardized using projection data by canton and province using the projections 

http://www.ecuadorencifras.gob.ec/estadisticas-de-camas-y-egresos-hospitalarios-bases-de-datos/
http://www.ecuadorencifras.gob.ec/estadisticas-de-camas-y-egresos-hospitalarios-bases-de-datos/


   

 

   

 

available at the INEC’s 2010 Census (33). Incidence was calculated by dividing the number of 

new cases per year, by the total population at risk during each year.  

The incidence and mortality rates were computed by age, sex, geographic location and their 

corresponding population. For age analysis, all cases were distributed in 17 age categories by 

every 5 years of age. General linear models (GLM) were used to assess the association of the 

occurrence of TBI with variables such as sex, age, ethnicity and geographical location. The 

appropriate GLM were chosen based on the data distribution analysis using the function 

“fitdist” of the “fitdistrplus” package in R(35). The proportion test with the “Bonferroni” 

correction for multiple comparisons was used to assess the differences in proportions of 

mortalilty by ethinicity.  

All statistical analysis accepted significance with a p-value <0.05. Calculations were completed 

using the IBM Corp. Released 2014. IBM SPSS Statistics for Windows, Version 24.0. Armonk, 

NY: and R Core Team software 2018 version 3.5.1.  Cartography was generated using QGIS 

Development Team 2.8. 

 

Results: 

There were 124,576 hospital admissions and 5,264 deaths due to TBI between 2004 to 2016. 

Men accounted for 59 % (N = 87,195) of the overall cases with an incidence rate of 87.1 per 

100,000 while women accounted for 41 % (N = 37,381) representing 37.5 per 100,000. 

Age and sex analysis.  

The mean age was 32 (SD +/- 23 years) in men and 30 (SD+/- 27 years) in women. Relative 

risks and 95% confidence intervals were computed for all the age groups using women cases 

as the reference. The RR was significantly higher for men in every group, however, the 

likelihood of TBI among men 15 to 45 years old was 3.8 times higher than in women (Figure 

1).  

 



   

 

   

 

Figure 1  

 

The presence of TBI among groups show a significant difference among men and women after 

adjusting for age and sex in all age groups (CI: -70.35 to -48.64 p < 0.0001).  

 

Social variables  

TBI is more predominant in urban areas (84% - N = 13,785) over rural areas (16% - N = 2702). 

The majority of cases of TBI occurred among Mestizos 91% (N = 21,123), Afro-Ecuadorians 

1% (N = 154), indigenous 3% (N = 646), and other ethnicities 5% (N = 1,185). We calculated 

the cases by the population at risk using the total number of people in Ecuador according to the 

2010 census data (33). The results show the proportions among ethnicities (Table 1). 

 

Table 1 

 

Incidence rates  

The overall sex-specific adjusted incidence rate was 90.1/100,000 for men and 64.1/100,000 

in women (Figure 2). The annual mean incidence was lower in women with 37.5 cases [36.12 

- 38.99] 95% CI per 100,000 persons versus 88.3 cases [86.11 - 90.50] 95% CI per 100,000 

persons in men (Table 2). 

 

Table 2 

 

Mortality and Case Fatality Rates 

The annual mortality rate ranged from 2.11 to 3.35 per 100,000 persons at risk between 2004 

to 2016. Furthermore, women had a significantly lower mortality than men in this period 

(Figure 3). 



   

 

   

 

Figure 3 

 

The overall distribution of TBI and the case fatality rates varied significantly by age group. For 

instance, younger populations (0-49 years old) accounted for more than 74.9% of the total 

number of cases registered, nevertheless, their mortality does not exceed 3% in average. In 

children younger than four, the cumulative percentage of cases reached 11.8% for boys and 

20.4% for girls, nevertheless, mortality was low in both groups (1%). On the other hand, 

although only 25.1% of the total number of cases occurred in the patients older than 65 years 

old, their mortality account for more than 45% of the total number of deaths reported (Figure 

3).  

The association between mortality and age was assessed using a Pearson's correlation analysis. 

The age groups with greater proportion of TBI are correlated with lower fatality rates in men 

(r = -0.747 [-0.8940 to -0.4549], R2 = 0.5581) and women (r= -0.5988 [-0.8232 to -0.2126], R2 

0.3585).  

Medical Attention  

The majority of patients with TBI were diagnosed and treated in the public health system (67 

%; N = 83,850), followed by private for profit (31.5%; N = 39,238) and private for non-profit 

institutions (1.19%; N = 1,488). The average hospital length of stay (LOS) was 4 days among 

women and 6 in men,with a range of 1 to 1,214 days of hospitalizations. In total from 2004 to 

2016, the LOS represented more than 498, 304 days.   

The majority of cases of TBI were evaluated and treated in General Hospitals (42%), General 

Clinics (27%), Specialized Hospitals (11%), Local small hospitals (11%) and others (9%). 

When mortality was analyzed by type of hospital; sub-specialized hospitals (level III) have the 

higher mortality with 8% followed by general hospitals (level II) with 6% and basic centers 

and clinics (level I) with 3%. Patients admitted into general clinical wards within the hospital 



   

 

   

 

had a higher risk of death when compared to those admitted to a department of neurology, 

neurosurgery or internal medicine (RR = 1.27 [1.07 to 1.40], p = 0.0028). The months with the 

highest admission due to TBI were August, October and December, however, the differences 

among months were not statistically significant (p > 0.05). 

Type of lesion  

The majority of patients with TBI had a diagnosis of unspecified intra-cranial injury (S06.9) at 

admission. The worst prognosis was seen in men with intracranial injury with prolonged coma 

(S06.7) and among women with traumatic cerebral edema (S06.1) (Table 3). 

Table 3 

 

Geodemographic distribution  

Trends by province  

The provinces with the highest TBI incidence rate per 100,000 reported according to the place 

of residence in Ecuador are Zamora Chinchipe (122/100,000), Tungurahua (107/100,000), 

Pastaza (100/100,000), Cañar (100/100,000), and Azuay (97/100,000). The provinces with the 

highest rates of mortality are Tungurahua (4.3/100,000), Cañar (3.9/100,000), Pichincha 

(3.8/100,000), Azuay (3.8/100,000), and Chimborazo (3.7/100,000) (Figure 4).  

 

Figure 4 

 

Trends by cantons  

The cantons with the highest incidence rate of TBI are Zamora (182/100,000), Azogues 

(156/100,000), Ambato (146/100,000), Loja (143/100,000), Santiago (141/100,000), and 

Cuenca (127/100,000). The mortality rate per canton showed that Limón Indanza has the 

highest rate of TBI (68/100,00), followed by Penipe (57 /100,00), Sucumbíos (54/100,00), San 

Fernando (48/100,00), Chila (41/100,00), and Chunchi (39/100,00) (Table 3 and Figure 5). 



   

 

   

 

 

Figure 5 

 

Discussion 

 

This is the first study that reports epidemiological data, including geographical distribution and 

yearly trends of TBI in Ecuador. The incidence of TBI in Ecuador is 77.4 per 100,000, which 

is lower that world estimates (13). However, results are similar to data from Brazil (65.7 per 

100,000), the only other country in the region with comparable data. There was an overall 

decrease in the incidence of TBI in Ecuador over the last 13 years (Figure 2). The incidence of 

TBI peaked in 2011 and then decreased significantly in the following years. The steady increase 

in TBI-related hospital-admissions previous 2011 might respond to several factors. One of the 

most likely elements associated with this trend might be the role of an increasingly high number 

of motorbikes entering the automotive park in Ecuador and the associated higher risk of road 

traffic accidents reported in the country (36).   

On the other hand, the decrease  seen after 2011 may be related to a national campaign that 

regulated alcohol consumption in Ecuador in 2010, which limited the sales and raised taxes of 

alcoholic beverages (37). The law prohibited the sale of alcohol after midnight on weekdays, 

after 2 am on Saturdays, and forbid sales of alcohol on Sundays (38). That law might have 

played a role limiting alcohol consumption (37,39). The impact of taxation and alcohol bans 

on TBI has been recently studied. In one recent publication, Posti et.al. in 2019 reported that 

increasing alcohol related tax of all beverage types were associated with decreased incidence 

rate of TBI-related death in both men and women (22). This study found that the overall alcohol 

consumption has decreased in similar way as the incidence rate of fatal TBI in Finland (22).  

In terms of mortality, TBI related fatalities vary greatly between regions of the world, with 

some studies estimating 17.1 per 100,000 in USA, 11.7 per 100,000 in Europe, and 13 per 



   

 

   

 

100,000 in China, although regional comparisons might be hampered by methodological 

variability and data availability in low middle income countries (4,40).  

When adjusting for sex and age, mortality increased significantly among young and elderly 

men, this results are consistent with other regional studies (41). Men are at greater risk for TBI 

than women in Ecuador. TBI rates were higher for younger individuals, and mortality was 

significantly higher in individuals > 65 years old.  

In Ecuador level III sub-specialty care centers receive most of the severely injured patients. 

This might be the reason behind higher mortality rates found in those type of hospitals (42,43). 

One unanticipated finding was that patients who were admitted through a non-specialized 

clinical ward had a 27% higher chance of dying when compared to those wards specialized in 

neurological care (neurology, neurosurgery or internal medicine). The possible reason of these 

trends might be linked to the exposure to a different standard of care like the one provided by 

properly trained nurses and physicians (44,45). 

The higher incidence of TBI in the highland’s region of Ecuador (as shown in figure 4) may be 

due to differences in driving conditions in mountainous regions. There is evidence of higher 

risk of motor vehicle accidents in mountainous vs. non- mountainous regions in other parts of 

the world (46). In addition, mountainous regions and irregular geographical terrain like the 

conditions found in the highlands and the Amazonian regions of Ecuador have also been 

previously associated with injury severity in motor vehicle accidents, which might lead to a 

higher likelihood of TBI and subsequent hospitalization (47).  

TBI is more frequent in poorer provinces and in those with higher composition of Indigenous 

population. According to the Basic Unsatisfied Needs Database from INEC, Zamora 

Chinchipe, Tungurahua, and Pastaza has an average of 80%, 75% and 78.5%  of people living 

in poverty among the rural areas, being these three provinces those with higher incidence rate 

of TBI per every 100,000 people (Zamora Chinchipe 121, Tungurahua 106 and  Pastaza 



   

 

   

 

99)(48). This relationship have been explored in Australia, where they found that the overall 

incidence of TBI higher among natives (166/100,000) compared to an incidence in the non-

Indigenous population of (86/100,000)(49). This association probably respond to a reduced 

educational attainment, higher incidence of binge drinking and poorly controlled motorways 

among the native communities from the Amazon and the highlands of Ecuador (50–52). 

The cost related to TBI in Ecuador have never been reported, nevertheless, using the National 

Fee-For-Services Chart and the LOS reported in our study (498,304), we estimated that at least 

USD $160,663,761 millions were spent in basic medical care only. These costs included one 

single basic visit to the ER, at least one CT-scan and the basic cost of one day of hospitalization 

($300 USD per day) in a general medicine ward (53). Using data from other countries, 

researchers have estimated that a mild to moderate TBI can cost from $28,000 up to $120,000 

USD per patient in loss of productivity, rehabilitation, medical procedures and physical and 

emotional sequelae (54). Extrapolating our results we can hypostatize that a minimum of 3.4 

billions USD have been spent in Ecuador from 2004 to 2016 in direct and indirect TBI’s costs 

(54–56). 

Directions for Future Research 

In Ecuador is urgent to explore the use of well-known policies as a mechanism to change risky 

behaviors throughout the subsequent years. The addition of consumption taxes, the 

implementation of alcohol minimum unit prices (MUP), the total or partial ban of alcohol 

expenditure and the reduction of alcohol related marketing are valid options that have been 

explored elsewhere (57–59). A further step to decrease the burden of TBI in Ecuador will be 

explore the link between road traffic accidents, civil violence and sport related injuries in the 

country.  

Limitations 

The main limitation of this type of analysis is the lack of individual’s data concerning the cause 

of TBI and the presence of co-founder variables like alcohol or drug consumption. Another 



   

 

   

 

important fact to consider is that just clinically diagnosed TBI cases were included. Possible 

cases of TBI that resulted in instant deaths (like those cause by gunfire, jumping from heights 

or car accidents) and never reached a hospital were not available. Also, in some cases patients 

hospitalized for polytrauma may have a comorbid TBI that is not identified, particularly in 

cases of mild TBI. Additionally, TBI-related mortality data is likely underestimated, given that 

patients that perish without going through the hospital system were not captured in this study. 

Accurate diagnosis coding was not possible since the majority of cases (over 80%) were coded 

as unspecified brain injuries. In addition, data on TBI severity and disability after the injury is 

missing from the study. Lastly, in Ecuador, as in most of the Latin-American countries, there 

is no specialized TBI data registry and the only data available correspond to death certificates 

and hospital discharges as mentioned in previous reports (60). The use of nationwide secondary 

data could lead to information bias, particularly relevant for the validity of the cause of TBI. 

Finally, this work used population projections and retro-projections from, INEC’s Census, 

which may not be an exact representation of the population growth between 2004 to 2016. 

In spite of these limitations, this study represents the first systematic epidemiological effort to 

quantify the magnitude of TBI in Ecuador based on national health statistics. This study will 

provide the foundation for the implementation of evidence based public health policies to 

address prevention, treatment and rehabilitation programs for TBI. The development of 

national registry for TBI, would help gather more accurate data in Ecuador.  

Conclusions 

This is the first epidemiological study of the socio-demographic distribution of traumatic brain 

injury in Ecuador. This study shows that young men are almost 4 times more likely to be 

hospitalized due to TBI than women. The majority of TBI cases occurred in urban area, in the 

provinces within the mountainous regions and were mostly treated in public hospitals. Fatalities 

due to TBI are less likely to occur among younger subpopulations, increasing significantly 



   

 

   

 

among the elderly. The national incidence rate decreased from 2011, suggesting that alcohol 

regulation might have played a role in this reduction. It is important to mention that admitting 

patients through non-specialized clinical wards might be associated with higher mortality when 

compared to those patients admitted to specialized wards.  

This study provides epidemiological data of TBI that will allow physicians, hospital directors, 

public health professionals and policy makers and others to better understand TBI and establish 

proper guidelines for prevention, treatment and rehabilitation of TBI in Ecuador. 
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Figure Legends: 

 
Figure 1 Relative Risk of TBI among age groups. Females were used as a reference group.  

Figure 2 Traumatic Brain Injury 2004-2016 by gender. 

 
Figure 3 Case fatality rate (%) among age groups versus the number of cases per group from 2004-2016. Men are represented 

with black filled circles and women in empty circles. 

 
Figure 4 TBI Incidence rate /100,000 by province from 2004-2016 

 
Figure 5 TBI Incidence rate /100,000 by canton from 2004-2016 

 

 


