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ARTICLE INFO  ABSTRACT 
 
 

Introduction: The collective health needs to include accessibility to PHC services, especially due 
to the demographic changes that influence the demand at this healthcare level. Objective: To 
access the geographical accessibility to BHU using the public bus lines, by health regions, the 
general population and the elderly according different age groups. Method: The population 
survey, and the number of stops and bus lines were carried out using secondary data, provided by 
official websites. The geographic access dimension expressed by calculating the accessibility 
indexes and chance ratios, by health region, both for general population and for elderly, who were 
stratified into age groups. Results: Seven health regions assessed, in which general population 
accessibility indexes ranged from 0,434 to 4,287. When accessibility indexes were observed 
specifically for elderly people over 80 years old, we observed a ratio of up to 214,692 times lower 
than the rest of the population in their region. Conclusion: The principle of healthcare equity 
compromised in Distrito Federal, once differences are observed in bus transportation 
opportunities regarding the places of healthcare offer in Basic Health Units, in advance of 
chronological age and in the geographic accessibility indexes for this population. 
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INTRODUCTION 
 
The access to healthcare services is present in the countries’ priority 
agenda is a complex and multidimensional topic that has the 
geographic accessibility as one of these dimensions (1).  
Geographical accessibility in health is considered a fundamental 
element and one of the great challenges for Brazilian public health 
system, considering the diversity of a country with continental 
dimensions (2).Geographical disparities associated with socio-
economic inequalities affect health access in different levels of care, 
especially to the Primary Health Care (PHC) (3). Geographical 
accessibility is intrinsically associated with mobility, whether in the 
spatial layout of roads, in the public transport organization or in the 
urban landscape, through the contribution of collective consumption, 
such as those related to public health services (4, 5). Furthermore, 
mobility restrictions may negatively or positively impact on PHC 

 
 
access, especially in the elderly population characterized by frailties 
associated with age and comorbidities, whose treatment is primarily 
performed at this healthcare level(3).Thus, healthcare access barriers, 
especially for this age population, can be aggravated by urban spatial 
conditions (6). Indicators of geographical accessibility have been 
reported in the scientific literature as a strategy to obtain clear, logical 
and coherent information, being representative parameters of a 
phenomenon to be assessed (7, 8). In Brazil, the application of such 
indicators is highlighted after the recent PHC restructuring associated 
with the implementation of the Family Health Strategy (FHS) 
territorialization guideline by Health Regions (HR)(9), and the 
allocation of teams in basic health units (BHU) (9). This action is 
emphasized in relation to the understanding of the geographical 
accessibility impact on PHC services access, as well as on 
universalization the Unified Health System (SUS) fundamental 
principle (10). This research aimed to access the geographical 

ISSN: 2230-9926 
 

International Journal of Development Research 
Vol. 11, Issue, 02, pp. 44730-44734, February, 2021 

 

https://doi.org/10.37118/ijdr.21188.02.2021 

 

Article History: 
 

Received xxxxxx, 2019 
Received in revised form  
xxxxxxxx, 2019 
Accepted xxxxxxxxx, 2019 
Published online xxxxx, 2019 
 

Available online at http://www.journalijdr.com 

 

Citation: Aline Gomes Oliveira, Leonardo Costa Pereira, Dhianey de Almeida Neves, Frederico Santos de Santana, Kerolyn Ramos Garcia, Marina 
Morato Stival and Margô Gomes de Oliveira Karnikowski. 2021. “Index of Accessibility to Health Regions: an equity indicator for the elderly population”, 
international journal of development research, 11, (02), 44730-44734. 

 

         RESEARCH ARTICLE                       OPEN ACCESS 

Article History: 
 

Received 17th December, 2020 
Received in revised form  
19th December, 2020 
Accepted 06th January, 2021 
Published online 28th February, 2021 

 
Key Words: 
 

Accessibility Indicators, Primary Health 
Care Units, Health Care Institutions, 
Elderly Care. 
 
 
 
 
 
 

*Corresponding author:  
Aline Gomes Oliveira 



accessibility to BHU using the public bus lines, by health regions, the 
general population and the elderly according different age groups. 
 

METHODS 
 
The analytical and cross-sectional study that was performed 
according with the diagram showed in Figure 1. The data used to 
stratify the population by age and by Administrative Region(AR) 
were obtained from the projections and estimates for Brazilian 
population and Federation Units reported by the Brazilian Institute of 
Geography and Statistics (IGBE)(11).  
 

 
Legend: BHU - Basic Health Unit; Ia - Geographic Accessibility Index; RC - 
Reason of Chance; N/HR - Number of Health Regions 
 

Figure 1. Study execution diagram 
 
Distrito Federal, the place where the research performed, is one of the 
27 autonomous federative units in Brazil, where the country capital is 
located, and comprises 33 Administrative Regions – ARs. These ARs 
- initially known as satellite cities- are characterized by the highest 
rate of economic and social inequality in Brazil, with basic 
infrastructure, security, education and health deficiencies(12–15).  
For identifying ARs by Health Regions (HR), the District Health Plan 
2020-2023 - PDSDF 2020/2023 (Federal District) was used. (Health 
Department of the Federal District, 2019). The distribution of AR's by 
HR is described in Chart 1. For calculating populations by HR, the 
population of each AR that constitutes the HR was used. Then, 
demographic filters were applied to characterize the age groups by 
HR, as detailed in the procedures section. We used georeferencing 
data from the citizen information system (SIC/SESDF/2020) to locate 
the BHU.  The bus lines location and their stop points were obtained 
by the Geocentric Reference System for las Americas 2000- SIRGAS 
2000/UTM, zone 23 South (16). 

 
Procedures: Three groups were stratified by elderly and HR 
demographics, as follows: GA1 (60 to 69 years), GA2 (70 to 79 
years) and GA3 (aged 80 years or older), according to IBGE 
predictability (11). For this investigation, the geographical 
accessibility concept was considered as proposed by Donabedian (18) 
and referenced by other authors (19,20).  To determine the geographic 
accessibility index (Ia) to PHC, we related the location of BHUs from 
each HR in Distrito Federal, distributed in all seven HR, with the 
population of these areas. A buffer of 1 km was stipulated around 
BHU, via Google Maps, to identify bus stop points and their active 
lines. The relationship between stop points by bus lines was carried 
out by the product between number of active stops and the number of 
bus lines divided by 100.  

 
Also, geometric means were calculated to identify the relationship 
between the number of stops and bus lines per health region, as 
follows: 
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Analysis: To determine the final product of Ia, we considered a 
number of BHU, multiplied by the stop points and bus lines 
geometric means, proportionalized by the each HR population, 
multiplied by 100 (10).  
 

Where:  
 

Ia= Accessibility index 
nº BHU= Number of Basic Health Units 
���������� = Geometric Mean of stop points within the 1km BHU radius 

���������� = Geometric Mean of bus lines within the 1km BHU radius 
HRPi = Health Region Populationi 
 

I� = �
(�º��� ∗ ���� ∗ ����������	)
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The same procedure for calculating Ia was performed for each elderly 
age group, taking into account their respective HR and demographic 
frequency. To determine the Chance Ratio (CR), we calculated how 
many times the population of each HR had a chance to geographic 
access to the BHU, compared with the age ranges of elderly in each 
HR. Thus, the result was the Ia ratio of the HR total population and 
the elderly population of the same region. For better visual response 
to the resulting value, the same procedure of the Ia calculation was 
applied, multiplying by 100. Like Ia, the CR was performed for each 
age group of elderly, taking into account their respective HR and 
demographic frequency. 
 

Where: 
 

CRi= Chance Ratioi 
IaTRi = Total Accessibility Index by Region i 
IaFi = Age Group Accessibility Index i 
 

��� = 	 �
�����

����
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This study complies with the ethical precepts established by the 
parameters outlined in Resolution 510/2016 of the National Council 
of Health (NCH). 
 

RESULTS 
 
From the Distrito Federal’s population, i.e., 3,052,546 people in 2020, 
51.9% were women and 48.1% were men (12). In this context, the 
elderly reaches the number of 346,221 persons, representing 11.3% of 
the Distrito Federal total population. Demographic pyramid for this 
reality represented in Figure 2. The elderly was distributed differently 
in the 33 Federal District's ARs, which comprises the seven HR, 
where there are 152 BHU located in the different HR (Table 1). For 
geographic access by public bus transportation, the seven HR have 
2,261 stop points and 5470 active bus lines within a radius of 1km per 
BHU, whose relationship between them detailed by HR (Table 1). 
Four BH- located in the ARs of Brazlândia, Fern, Lago Sul and Fecal- 
were excluded from the study because they were inactive during the 
data-gathering period. 87 bus stop points were also excluded for 
analysis because they did not have active bus lines. The most of 
elderly lives in Southwest region (25.4%), followed by those living in 
the Central (21%), West (15.5%) and South-Central (12%) regions. 
The East, North and South regions do not exceed 12% each, being 
respectively 6%; 11.2% and 8.8%. The Central HR is a home for a 
large part of elderly people over 70 years (45.89%), of which 15.61% 
are long-term persons.  
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Chart 1. Distribution of Administrative Regions by Health Regions. Source: Author - (*) RA 32 - Sol Nascente/Pôr do Sol, created 
by the Law 6.359/2019, was counted in RA 9 - Ceilândia. (**) RA 33 – Arniqueira, created by the Law 6.391/2019, was counted in 

RA 20 – ÁguasClaras 
 

Health Region Administrative Region Health Region Administrative Region 

CENTRAL RA1 - Brasília (Asa Norte) SOUTHWEST RA3 - Taguatinga  
 RA1 - Brasília (Asa Sul)   RA12 - Samambaia 
 RA11 – Cruzeiro  RA15 - Recanto das Emas 
 RA16 - Lago Sul   RA 20 - Águas Claras (**) 
 RA18 - Lago Norte  RA 30 - Vicente Pires  
 RA 22 - Sudoeste/Octogonal SOUTH RA2 - Gama  
 RA 23 - Varjão   RA13 - Santa Maria  
SOUTH CENTRAL RA8 - N. Bandeirante  EAST RA7 – Paranoá 
 RA10 - Guará   RA14 - São Sebastião 
 RA17 - R. Fundo I   RA 27- Jd. Botânico  
 RA19 –Candangolândia  RA 28 - Itapoã 
 RA 21- R. Fundo II NORTH RA5 - Sobradinho I 
 RA 24 - Park Way  RA 6 - Planaltina 
 RA 25 - SCIA (Estrut.)*  RA 26 - Sobradinho II  
 RA 29 - S.I.A*   RA 31 - Fercal 
WEST RA4 - Brazlândia   
 RA9 - Ceilândia (**)   

 

 

 
Figure 2. Distrito Federal demographic distribution planned for 2020, data based on the last census[11] 

 
Table 1. Geographic Accessibility Index (Ia) to the Basic Health Units for elderly and the  

total population in Distrito Federal by Health Region 
 

HR Population 
(N=3.052.546) 

Elderly 
(N=345.221) 

n.of BHU 
(N=152) 

LSBL Population Ia Elderly 
Ia 

Central 392.698 72.560 9 7,37 2,029 0,375 
South-Central 380.797 41.696 18 4,93 4,287 0,469 
East 313.563 20.946 24 0,42 0,434 0,029 
North 355.006 38.928 28 1,27 0,935 0,103 
West 507.851 53.658 22 8,81 3,677 0,389 
Southwest 829.672 87.872 33 4,43 3,544 0,375 
South 272.959 30.561 18 1,88 2,233 0,250 

                        Legend: HR - Health Region; BHU - Basic Health Unit; LSBL - List of stop points and bus lines; Ia - Accessibility Index.   

 

Table 2. The chance ratio of the different age groups regarding the Distrito Federal general population and BHU geographic access 
by health region in relation to the elderly, stratified by age group 

 
HR 60 to 69 years   

(n=204.089) 
Ia CR 70 to 79 years 

(n=99.777) 
Ia CR + than 80 years 

(n=42.355) 
Ia CR 

Central 39259 0,203 10,003 21971 0,114 17,873 11330 0,059 34,660 
South Central 24261 0,273 15,696 12394 0,140 30,724 5041 0,057 75,540 
East 13932 0,019 22,507 5506 0,008 56,949 1508 0,002 207,933 
North 23779 0,063 14,929 10713 0,028 33,138 4436 0,012 80,028 
West 30122 0,218 16,860 16727 0,121 30,361 6809 0,049 74,585 
Southwest 54994 0,235 15,087 23711 0,101 34,991 9167 0,039 90,506 
South 17742 0,145 15,385 8755 0,072 31,177 4064 0,033 67,165 
FD Total 204089 0,165 15,781 99777 0,083 33,601 42355 0,035 90,059 

Legend: HR - Health Region; Ia- Accessibility Index; CR – Chance Ratio of the general population with geographic access regarding  
the number of elderly into the health regions. 
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The East HRhas, within its elderly population, the majority (66.51%) 
of the youngest (60-69 years old). The geographic accessibility 
indexes in the seven Distrito Federal health regions showed a 
variation of 6.95 between the maximum and minimum points (Table 
1).When comparing the total population’s Ia with the elderly’s, an 
average variation of -2.164±1,302 points was observed. Regarding the 
ratio of inhabitants per BHU in each HR, we perceived that the 
highest values are found in the Central and Southwest regions (43,633 
inhabitants/BHU and 25141.58hab/BHU, respectively), with a 
descending representativeness in the other regions(West 23084.14 
inhabitants/ BHU, Centro South 21155.39 hab/ BHU, South 15164.39 
hab/BHU, East 13065.13 and North 12678.79 hab/ BHU). This study 
verified the relationship specifically for each age group of elderly in 
each Health Region, as shown in Table 2. In this analysis, we found 
an exponential reduction in the Chance Ratio (CR) to the geographic 
access of elderly to BHU (CR = >69years =15.78±3.68; >79years = 
33.60±11.69 and <80years = 90.06±54.83), where the more life 
decades advance the RC increases (almost three times) compared with 
the elderly under 70 years. In general, the elderly population has a 
46.48 lower chance ratio than the younger population in the Distrito 
Federal. 
 

DISCUSSION 
 
The equity of the Distrito Federal population in health access is 
compromised due to the differences observed in this study, including 
territorial distribution and public transportation supply. In fact, the 
relationship between urban accessibility indicators and primary health 
services, showed here, highlights the inequalities for general 
population and, in particular, for elderly. In addition, when we verify 
the public transport offer by bus, the lowest lines per stop 
relationships are those found in the East, North and South regions, 
which directly impacts on accessibility rates. These health regions are 
composed of administrative regions with socioeconomic conditions 
lower than the rest of the Distrito Federal regions (21–23). A similar 
reality observed in the cities of São Paulo and Recife (24.25), which 
implies a greater accessibility for regions close to metropolitan center 
and more favorable socioeconomic conditions, being the lowest rates 
consequently found in peripheral and poor regions (26). The Basic 
Health Units are important points of PHC, as they potentiate the 
capacity of solving health issues and prevent the diseases worsening, 
especially the chronic ones (16). Moreover, geographic access to 
these units represents a relevant indicator for the health system 
effectiveness evaluation. In this sense, regardless of personal and/or 
social disadvantages, transportation provides the access means to 
essential opportunities for people (27–29), which was not a reality 
found in a few Distrito Federal health regions. 
 
About the elderly, they are into the age group with the highest 
demand health services use, therefore, a higher frequency of health 
systems use due to chronic comorbidities, such as hypertension, 
diabetes, arthritis and others (30–32). Thus, the displacement of 
elderly to PHC services has repercussions on their healthy and active 
aging, as recommended by the WHO(17). However, we observed that 
about 90,000 elderly individuals living in the Eastern, North and 
South health regions have these opportunities for essential services 
access compromised in relation to the other regions. This fact may be 
related with the absence of articulation between public health policies 
and urban mobility, repercussions on the urban centers planning and 
management and interfering in the health access opportunities. A 
similar reality was reported for the state of Santa Catarina, where the 
results indicated the heterogeneity in the health network distribution 
and its respective accessibility (7). The relevance of transport system 
and other systems that represent the urban policies is to prioritize 
public and public transport, and to valorize the most fragile users’ 
needs, the social inclusion, the traffic management and the 
investments minimization (18). The research reveals that the scenario, 
regarding access to PHC, worsens when aging evolution observed. 
The decline between the chance ratios, when compared to the 60-69 
to 70-79 ranges is greater in the West, Southwest and Center-South 
regions, from 70-79 to 80-89 in West, Southwest and Center-South, 
and from 80-89 to 90 or more in Southwest, Central and East.  

All health regions affected, with the worsening of access to bus 
transport with the users advancing age. In addition, these demises by 
bus- transport mean that most popularizes the connection to services 
(35)- indicate that this part of population will either be excluded or 
will become a burden to their families. The East region, for example, 
presents, among the four age groups, the worst chance ratios and this 
ratio is 207,933 times lower for elderly aged ninety years or more- the 
most fragile- than for an individual in the general population. For 
elderly, especially the poorest, once that three of the Administrative 
Regions into this health region have low per capita income (21.23), 
any difficulties posed to access may represent the interruption or 
discontinuity of healthcare (36,37). Similar to the East region reality, 
the Southwest and North regions have respectively the worst chance 
ratios. Thus, we understand the severity of results among the elderly, 
since deficiencies in urban mobility are directly related with social 
exclusion, denoting that correlation acts as the cause and consequence 
of exclusion (38,39). There is also the important impact on the quality 
of life of this population (19–21).  The urban mobility difficulties, 
impacted by geographical impediments to PHC, negatively affect 
social interaction, the individuals well-being and the city’s economic 
development, which are social health determinants (22). Associated 
with these factors and by the extent of the negative consequences to 
the society’s health, especially to the long-term persons- population 
group with the fastest growing- and also the number of the other 
elderly affected by capacity loss in all domains (physical, 
mental/emotional and social autonomy). Highlight the attention that 
should be given to the situation by public authorities, society and 
family by distributing the compensatory responsibilities among 
entities (23–26).  Thus, equality in access to health services is not 
enough, once social inequalities are perceived in the differences in 
health status, form and when to arrive at services, requiring 
differentiated treatment according to the social follow-ups (27). 
 
Geographic accessibility, by buses as public transportation, is one of 
the factors that can contribute to reduce these inequities to health 
access, considering equity as the result and application of financial 
resources. From this perspective, expanding access to primary health 
care by public transportation might be benefic to the health system, 
since it could avoid the elderly’s access to the other healthcare levels, 
which would reduce burden to these individuals’ health and to the 
SUS.  (27, 28).  The present study emphasizes the representative 
merit of its sample, once Brasília, the country capital and located in 
the Federal District, is the fourth most populous city in Brazil and has 
the second highest GDP per capita among the Brazilian states’ 
capitals and with health indexes above most other Brazilian states (17, 
50,51). 
 

CONCLUSION 
 
Based on these study findings, we observed that the accessibility to 
BHU by bus as a transportation mean into the health regions of the 
Brazilian capital is not equitable a reality similar to that found in 
other Brazilian metropolises, perhaps in other parts of the world. This 
Distrito Federal reality is really worse in the population over 60 years 
old, with progressive reduction of the access opportunity among 
individuals over 80 years. A greater strengthening between science 
areas, public policies, planning and operation is necessary, expanding 
the articulation between the epistemological and theoretical-practical 
fields and the ethical-political health positioning, especially for those 
elderly whose needs reflect dependence, dissociating longevity from a 
mere social burden and intensifying the dignity of aging with health 
access. We suggest that further researches gather traffic data, 
including those on the frequency of health services used by patients, 
especially by the elderly. In this context, we also suggest the need to 
evaluate the access and transportation conditions itself, considering 
the perceptions of these variables from elderly's perspective.    
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