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Abstract

Context Studies that analyze the temporal trend and spatial clustering of medical education indicators are scarce,
especially in developing countries such as Brazil. This analysis is essential to subsidize more equitable policies

for the medical workforce in the states and regions of Brazil. Thus, this study aimed to analyze the temporal trend
and identify spatial clusters of medical education indicators in Brazil disaggregated by public and private education,
states, and regions.

Methods A time-series ecological study was conducted using data from the Higher Education Census of the Ministry
of Education from 2010 to 2021. The study analyzed vacancy density indicators of active and former students/100,000
population, disaggregated by public and private education, 27 states, and 5 regions in Brazil. Prais-Winsten regres-
sion was used for trend analyses of indicators. Hot Spot Analysis (Getis-Ord Gi*) was used to identify spatial clusters

of indicators.

Results The number of medical schools increased by 102.2% between 2010 and 2021. A total of 366 medical schools
offered 54,870 vacancies at the end of 2021. Vacancy density and active and former students increased significantly
in the period, but this increase was greater in private institutions. Most states and regions showed an increasing

trend in the indicators, with higher increase percentages in private than in public schools. Hot spot spaces changed
over time, concentrated in the southeast, center-west, and north at the end of 2021. Medical education remains une-
ven in Brazil, with a low provision in regions with low socioeconomic development, academic structure, and health
services, represented by regions in the north and northeast.

Conclusions There is a growing trend in medical education indicators in Brazil, especially in the private sector. Spatial
clusters were found predominantly in the southeast, center-west, and north. These results indicate the need for more
equitable medical education planning between the regions.
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Background

Medical education has undergone a significant vacancy
expansion process in Brazil, especially in the private edu-
cation sector. This expansion is influenced by multiple
factors, especially political decisions and scenarios, the
current economic model, and public health and educa-
tion policies [1]. These factors have defined the trend,
expansion, and geographic distribution of medical edu-
cation in the country [1, 2]. This phenomenon of medi-
cal education expansion has followed a global trend
observed in emerging economies, which have increased
the number of medical schools due to workforce shortage
and the increased demand for health care by the popula-
tion caused, above all, by aging and epidemiological and
nutritional transition [3-5].

The number of medical courses and vacancies began to
grow in Brazil in the 1960s, with the creation of 35 medi-
cal schools. This expansion intensified in the twenty-first
century. At the end of 2020, there were 328 active medi-
cal courses, totaling 35,480 authorized vacancies for
admission [6]. This recent growth process is related to
Law number 12,871/2013, which created the More Doc-
tors Program (in Portuguese, Programa Mais Médicos
[PMM]) [7]. On December 18, 2019, Law number 13,958
renamed the program to More Doctors for the Brazil
Program (in Portuguese, Programa Mais Médicos pelo
Brasil) [8], now called Ministry of Health’s Doctors Pro-
vision Program—More Doctors for Brazil Project (in Por-
tuguese—Programa de Provisdo de Médicos do Ministério
da Savide—Projeto Mais Médicos para o Brasil). The main
objective of the PMM is to assure health services access
for the population, especially in more socioeconomi-
cally vulnerable areas with poor access to health services
[7, 8]. As a result of medical workforce concentration in
capitals and metropolitan regions and the structural defi-
ciency in socioeconomically more vulnerable regions,
the PMM significantly expanded the number of vacan-
cies in medical courses and medical residency programs
[9, 10]. Medicine courses are maintained, predominantly,
by private institutions and medical residency programs
by public funds [9, 10]. The PMM was also responsible
for some changes in medical education, including its ori-
entation towards primary health care. Thus, the program
proposes a theoretical-practical curriculum focused on
primary health care. This aimed at training physicians
referred to primary care. In addition, it allowed, even in
its first version of the Program in 2013, that professionals
from other countries began to provide care in Brazil to
meet the supply of doctors in needy areas, predominantly
Cubans who entered through an agreement between
Cuba and Brazil, organized by the Pan American Health
Organization (PAHO) [9, 11, 12]. This expansion was also
related to the higher education growth in Brazil, which
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multiplied the number of schools and vacancies in under-
graduate health courses in general [2].

Other initiatives to attract and retain physicians in
more vulnerable regions also contributed to this medical
education expansion in the country. Some programs are
highlighted, including the Unified Health System Interior
Growth Program (in Portuguese, Programa de Interiori-
zagdo do Sistema Unico de Saiide [PISUS]) (1993) [13],
the Health Work Growth in Interior Cities Program (in
Portuguese, Programa de Interioriza¢do do Trabalho
em Satide [PITS]) (2001) [14], the Support Program to
Restructure and Expand Federal Universities (in Portu-
guese, Programa de Apoio d Reestruturagdo e Expansdo
das Universidades Federais [REUNI]) (2007) [15], the
Program for the Valorization of Primary Care Profession-
als (in Portuguese, Programa de Valorizacdo dos Profis-
sionais da Aten¢do Bdsica [PROVAB]) (2011) [16], and
the National Policy for the Expansion of Medical Schools
of Federal Higher Education Institutions (2013) [17], in
addition to policies such as an increase of government
incentives in education for the public funding of schol-
arships and tuition fees in private schools [6]. All these
programs and policies contributed to expanding medical
education in the country.

However, despite programs and policies to expand
medical education, some studies show a shortage of these
professionals, especially in less socioeconomically devel-
oped regions and in PHC [18]. A previous study showed
deficits and inequalities in the ratio of physicians to the
population between Brazilian regions in 2020, especially
in the north and northeast, which have a lower level
of socioeconomic development, academic infrastruc-
ture, and healthcare network [10]. Regions in the south,
southeast, and center-west, which have higher develop-
ment levels, had ratios of physicians/1,000 population of
3.15, 2.68, and 2.74, respectively. However, in the north-
east and north, these ratios were 1.30 and 1.69 physi-
cians/1,000 population, respectively [10]. This scenario
indicates that inequalities persist even with expansion
programs and policies to attract and retain physicians
in less developed regions. Following the global scenario,
these data suggest that Brazil has issues related to actions
to influence the homogeneous distribution, establish-
ment, supply, and training of physicians [11].

Previous studies analyzed the distribution of indicators
such as vacancy density and former medical students in
Brazil, including differences between the public and pri-
vate sectors. For example, a study reported 241 medi-
cal schools in 2014, totaling 20,340 vacancies, showing
that private HEIs (in Portuguese, Instituicées de Ensino
Superior [IES]) were responsible for more than half of
the medical student enrollments in the country (54.0%).
Most vacancies and enrollments were concentrated in
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the southeast region, the most developed in the coun-
try [11]. A study conducted in 2020 showed that most of
the 35,480 vacancies were in private institution courses
(74.1%), an increase of almost 20.0% compared to 2014. It
also showed that most vacancies were provided in regions
with high and very high human development indices
(HDI), being concentrated in the southeast region, which
has approximately the total number of vacancies, a result
similar to that found in the 2020 medical demography
study [6, 10]. Another observational study showed that
19,519 new vacancies were created in medical courses in
Brazil from 2010 to 2018, an increase of 120.2%. Simul-
taneously, the medical workforce increased in the labor
market and the Unified Health System (in Portuguese,
Sistema Unico de Saiide [SUS]). The study also showed
that some policies, such as the PMM and the expan-
sion of federal medical schools, reduced medical educa-
tion access inequalities and supplied physicians to cities
with smaller populations, lower Gross Domestic Prod-
uct (GDP) per capita, and a lower ratio of physicians per
population [19].

Despite previous studies [6, 10, 11, 19], there is a gap
in the literature about the temporal trend of indicators,
including vacancy and former students densities, espe-
cially in a recent period (2021). Trend analyses disag-
gregated by public and private education and states and
regions are limited in Brazil. Although previous studies
showed a concentration of courses and vacancies in the
southeast and south, no studies found in the literature
analyzed spatial clusters of indicators, including those
disaggregated by public and private institutions [6, 10,
11]. These assessments, added to the present study, are
essential for analyzing concentrations and deficits in
physician provision and training in Brazil. The analyses
proposed in this study can help direct policies and pro-
grams to distribute, supply, and train physicians in Brazil,
allowing the health workforce to be planned according to
the needs and characteristics of each region. The present
study also adds data that can help strengthen the World
Health Organization’s (WHO) global strategy on human
resources for health, Workforce 2030 [20], by identify-
ing the states and regions with the lowest medical educa-
tion supply in Brazil. It also helps systems move toward
universal health coverage to achieve several Sustainable
Development Goals (SDGs) [21]. Thus, this study aimed
to analyze the temporal trend and identify spatial clusters
of medical education indicators in Brazil disaggregated
by public and private education, states, and regions.

Methods

An ecological time-series study analyzed trends in
vacancy and active and former students densities in med-
ical courses disaggregated by public and private teaching,

Page 3 of 21

states, and regions. We also analyzed the spatial clusters
of these indicators.

The study was conducted using data from 2010-2021.
Data from all Brazilian states were included. The coun-
try had an estimated population of 221 million people
in 2021, distributed in 5,570 cities. Of these cities, 67.7%
have a low population (less than 20,000 people). Cit-
ies are grouped into 26 states and the Federal District,
which are grouped into 5 major regions, that is, center-
west, northeast, north, southeast, and south (Fig. 1),
which have different demographic and socioeconomic
characteristics and health service structures, among
other aspects [22]. Regions in the northeast and north
have the lowest GDP per capita, physicians per popula-
tion ratio, and the number of health institutions, while
the southeast has the highest level of socioeconomic
development and health service infrastructure. Brazil
has a territorial extension of 8,510,345.540 km[2] and a
population density of 26.0 people/km[2]. The GDP per
capita is BRL 35,935.74, the illiteracy rate in 15-year-old
or older people is 6.6%, and the HDI is 0.754, ranking 87
in the development ranking of 191 countries according
to the latest available data [22, 23].

We used microdata from the Higher Education Census
by the Anisio Teixeira National Institute of Educational
Studies and Research (in Portuguese, Instituto Nacional
de Estudos e Pesquisas Educacionais Anisio Teixeira
[INEP]) of the Brazilian Ministry of Education as the
main data source [24, 25].

The Higher Education Census is an annual survey that
uses higher education institutions (HEIs), courses, stu-
dents, and professors as sources of information. The
population includes HEIs registered in the Ministry of
Education computerized system with at least one active
course with at least one student in the year of the Higher
Education Census. It encompasses several programs,
including the medical course. The census is mandatory
for all public and private HEIs. Only institutions with no
students linked to the HEI in the reference year are not
obliged to answer the census. The legal representative
of the HEI is responsible for appointing the institutional
researcher, the person who will provide information to
the Ministry of Education. Data collection has under-
gone methodological changes in recent years, with data
now being collected through an online system. The insti-
tutional researcher inserts multiple data, such as HEIs,
courses, professors, and students, among others. All peo-
ple completing the census are duly trained on the proce-
dures and fields to be filled out. Other methodological
details can be consulted in a previous publication [25].

The following variables were extracted from the
microdata: (i) the number of medical schools, (ii) the
total number of vacancies in medical courses, (iii) the
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Fig. 1 Study scenarios. Abbreviations: AC=Acre; AL = Alagoas; AP =Amapa; AM = Amazonas; BA =Bahia; CE = Ceard; DF = Distrito Federal;
ES=Espirito Santo; GO = Goids; MA=Maranh&o; MT =Mato Grosso; MS=Mato Grosso do Sul; MG=Minas Gerais; PA=Pard; PB=Paraiba;
PE =Pernambuco; Pl=Piaui; PR=Parang; RJ=Rio de Janeiro; RN =Rio Grande do Norte; RO=Ronddnia; RR=Roraima; RS=Rio Grande do Sul;

SC=Santa Catarina; SE=Sergipe; SP=Sao Paulo; TO=Tocantins

number of students enrolled in medical courses, (iv)
the number of former students from medical courses,
(v) types of institution (public or private), and (vii) the
cities, states, and regions where medical schools are
located. We used the criteria of the 1996 Law of Edu-
cational Guidelines and Bases (in Portuguese, Lei de
Diretrizes e Bases da Educagdo [LDB]) to define public
and private institutions [26], with public institutions
defined as the ones created, incorporated, maintained,
and managed by public authorities, irrespective of
whether federal, state, or municipal. Public institu-
tions can be directly managed by the government or
indirectly by foundations or autonomous public enti-
ties [11]. Private institutions are those maintained and
managed by individuals or legal entities governed by
private law [26]. As defined by Scheffer et al. [11], the
terms “medical school” and “medical course” refer to
autonomous structures that provide undergraduate
medical education, and such terms were used in this
study.

Resident population data were extracted from the 2010
demographic census and 2011-2021 intercensal projec-
tions by the Brazilian Institute of Geography and Statistics
(in Portuguese, Instituto Brasileiro de Geografia e Estatis-
tica [IBGE]) [27].

From the extracted variables, the following indicators
were analyzed:

Total number of vacancies

(i)Vacancy density = x 100,000

Total resident population

Total ber of lled student
(ii) Enrolled student density = ota’ number o enrofled students

n " x 100,000
Total resident population

. Total number of former students
(iii) Former students density =

Total resident population * 100,000
These indicators were disaggregated by public or pri-
vate institutions, states, regions, and Brazil.
Trends analysis were analyzed using R version 4.3.1,
with interface RStudio [28]. The analysis units of the
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trend study consisted of the time-series years (2010—
2021). We used the Prais-Winsten linear regression
model with robust variance adjusted for Durbin-Watson
autocorrelation [29] to assess the trend of indicators
disaggregated by public and private institutions, states,
and regions. Three indicators were included as depend-
ent variables (Y): (i) vacancy density/100,000 population,
(ii) density of enrolled students/100,000 population, and
(iii) density of former students/100,000 population. A log
base 10 transformation was performed before inclusion
in the regression models to reduce the heterogeneity of
the residual variance, thus, contributing to the tempo-
ral trend determination [29]. The year was included as
an independent variable (X). The Prais-Winsten regres-
sion equation is defined by Log(Y,) = Bo + B1 + e, being
Log(Y,) the dependent variables, By the intercept or
regression constant, B the line slope, and e; the random
error; “t” estimates the times of the dataset {tI, ..., t12}
[29], in case t1=2010 and t12=2021.

Regression results were used to calculate the annual
percentage variation (APV) and its 95% confidence inter-
vals (95% CI). The APV was calculated using the follow-
ing formula:

VPA = (1 + 10)" x 100,

B1 being the line slope obtained in the regression equa-
tion. The APV 95% CI was calculated by the formula:

1C95% = (1 + 10®1 £EP)y 4 100,

1 being the line slope, t is the value in which the Student
t distribution has 11 degrees of freedom at a two-tailed
95% CI, and SE is the standard error.

Trends were classified as increasing when the APV was
positive, and the p-value was significant, or decreasing
when the APV was negative, and the p-value was signifi-
cant or stationary, with positive or negative APV, and the
p-value was not significant. A significance level of 0.05%
was adopted (p-value < 0.05) from the statistic t [29].

Finally, a spatial analysis of the medical teaching indica-
tors was performed. The unit of analysis was cities in Bra-
zil (n=5,570). Only the series extremes (2010 and 2021)
were considered in the analysis. This approach shows the
evolution of spatial clusters at the beginning and end of
the analytical period. Hot Spot Analysis (Getis-Ord Gi*)
[30] was used to identify spatial clusters of indicators.
This analysis identifies two types of clusters: Hot Spots
as areas of high indicator magnitude and Cold Spots as
areas of low magnitude. Contiguity edges were used
to conceptualize spatial relationships. The z-score was
used to identify significant hot/cold spots. The z-score
classified cities as hot or cold areas, with a significance
level of 90% (p-value <0.10), 95% (p-value <0.05), or 99%
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(p-value<0.01) [30, 31]. Details of the Hot Spot Analysis
methodology were previously published [30]. Geospatial
Hot Spot Analysis (Getis-Ord Gi*) was performed using
ArcGIS 10.3 [32].

The study project was approved by the Research Ethics
Committee of the Federal University of Goias, 4,675,978/
2021. The data did not identify individuals or personal
data; thus, written consent was waived.

Results

Between 2010-2021, the number of medical schools
increased from 181 to 366 (A: 102.2%). In 2010, medi-
cal schools provided a total of 16,583 vacancies, which
increased to 54,870 vacancies in 2021 (A: 230.88%).
Vacancy density/100,000 population ranged between
7.60-22.78 during this period (A: 199.74%). The den-
sity of active students increased from 41.65-82.53
students/100,000 population (A: 98.15%). The den-
sity of former students increased from 5.94—10.57 stu-
dents/100,000 population (A: 77.95%) (Table 1).

Between 2010 and 2021, the number of medical
schools increased from 75-134 (A: 78.76%) (Table 2),
while private schools increased from 98 to 218 (122.45%)
(Table 3). Public schools increased vacancies during the
period from 6,642 to 12,033 (81.16%) (Table 2), while
private schools increased the same from 9,941 to 42,837
(330.91%) (Table 3). There was a higher percentage of
variation between these two years for vacancy density for
private schools (A: 289.91%, 4.56 to 17.78/100,000 popu-
lation) (Table 3) compared to public schools (A: 63.93%,
3.05 to 5.00/100,000 population) (Table 2). Private
schools showed a greater increase in the density of active
students (A: 130.00%, 26.00 to 59.80 students/100,000
population) (Table 3) compared to public schools (A:
45.24%, 15.65 to 22.73 students/100,000 population)
(Table 2). Private schools also showed a greater increase
in the density of former students (A: 109.40%, 3.19 to
6.68/100,000 population) (Table 3) compared to pub-
lic schools (A: 16.00%, 2.75 to 3.19/100,000 population)
(Table 2).

Considering public and private schools (all schools),
the mean and median of medical schools were 267 and
264 schools/year, respectively. The mean and median of
vacancies in the period were 32,918 and 31,897 vacan-
cies/year, respectively. The mean and median of active
students were 125,586 and 114,599 students/year, respec-
tively. The mean and median of former students were
17,992 and 16,959 students/year, respectively (data not
shown in tables and/or figures).

As for public schools, the mean and median were 105
and 107 courses/year, respectively. The mean and median
of vacancies were 9,276 and 9,487 vacancies/year, respec-
tively. The mean and median of active students were
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41,937 and 39,525, respectively. The mean and median
of former students were 6,553 and 6,061 students,
respectively.

As for private schools, the mean and median were
151 and 146 courses/year, respectively. The mean and
median of vacancies were 23,642 and 22,410 vacancies/
year, respectively. The mean and median of active stu-
dents were 85,649 and 75,174, respectively. The mean
and median of former students were 11,439 and 10,993,
respectively (data not shown in tables and/or figures).

The evolution of the indicators showed a greater medi-
cal education provision growth in private institutions. In
all the years analyzed, private institutions provided the
most vacancies and active and former students (Fig. 2).

In 2010, the southeast accounted for more than half
of the number of vacancies (51.19%), active students
(50.98%), and former students (55.1%), followed by the
northeast, south, north, and Central-west. In 2021, the
southeast increased the number of vacancies (55.24%),
active students (63.65%), and former students (70.56%),
followed by the northeast, south, north, and Central-west.
The Southeast region is the most populous, so a higher
proportion of these indicators is expected in this region
when compared to the others (data not presented in tables
and/or figures). When analyzing the vacancy density,
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in 2021, it appears that the highest densities are in the
Central-West region (30.28 vacancies/100,000 inhabit-
ants), followed by the Southeast (26.40 vacancies/100,000
inhabitants), South (26.34 vacancies/100 thousand inhab-
itants), Northeast (26.04 vacancies/100,000 inhabitants)
and North (8.81 vacancies/100 thousand inhabitants).
The pattern for density of active students was as follows:
Southeast (102.29 active students/100,000 inhabitants),
Central-West (99.59 active students/100,000 inhabit-
ants), South (93.69 active students/100,000 inhabitants),
Northeast (88.86 active students/ 100,000 inhabitants)
and North (30.22 active students/100,000 inhabitants).
For the density of former students, the following results
are found between regions: Central-West (13.08 former
students/100,000 inhabitants), Southeast (12.66 former
students/100,000 inhabitants), South (10.77 former stu-
dents/100,000 inhabitants), Northeast (10.09 former
students/ 100,000 inhabitants) and North (3.36 former
students/100,000 inhabitants) (Table 1).

In public schools, the southeast accounted for 36.73%,
37.34%, and 41.13% of the vacancies, active students, and
former students, respectively. The second region with
the highest contribution was the northeast, with 26.74%,
25.62%, and 24.11% of the vacancies, active students,
and former students, respectively. The others were, in
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Fig. 2 Temporal trend of medical education indicators in Brazil by public and private institutions, 2010-2021
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decreasing order, the south, north, and center-west. In
2021, the southeast accounted for 32.30%, 34.60%, and
37.37%, and the northeast accounted for 22.09%, 24.06%,
and 22.49%, of the vacancies, active students, and former
students, respectively. The other participating regions
this year were, in order, the south, north, and center-west
(data not shown in tables and/or figures). When analyz-
ing the vacancy density for public schools, in 2021, it
appears that the highest densities are in the Central-West
region (15.19 vacancies/100,000 inhabitants), followed by
the South (5.25 vacancies/100,000 inhabitants), North-
east (5.10 vacancies/100 thousand inhabitants), South-
east (4.34 vacancies/100,000 inhabitants) and North (2.60
vacancies/100 thousand inhabitants). The pattern for
density of active students was as follows: Central-West
(50.27 active students/100,000 inhabitants), South (26.17
active students/100,000 inhabitants), Northeast (25.31
active students/100,000 inhabitants), Southeast (25.31
active students/ 100,000 inhabitants) and North (12.06
active students/100,000 inhabitants). For the density of
former students, the following results are found between
regions: Central-West (6.43 former students/100,000
inhabitants), South (3.60 former students/100,000
inhabitants), Northeast (3.32 former students/100,000
inhabitants), Southeast (3.20 former students/ 100,000
inhabitants) and North (1.75 former students/100,000
inhabitants) (Table 2).

In private schools, the Northeast accounted for
60.77%, 59.20%, and 67.20% of the vacancies, active stu-
dents, and former students, respectively. The second
region with the highest contribution was the Northeast,
with 15.91%, 16.58%, and 8.88% of the vacancies, active
students, and former students, respectively. The others
were, in decreasing order, the south, north, and center-
west. In 2021, the southeast accounted for 46.17%,
50.50%, and 52.73%, and the northeast accounted for
25.43%, 22.96%, and 21.93%, of the vacancies, active
students, and former students, respectively. This year,
the south, north, and center-west participated con-
secutively. There is a greater proportion of private
vacancies in the southeast, but there is a more equi-
table distribution in the other regions in 2021 (data
not shown in tables and/or figures). When analyz-
ing the vacancy density for private schools, in 2021, it
appears that the highest densities are in the Southeast
region (22.06 vacancies/100,000 inhabitants), followed
by the Northeast (20.93 vacancies/100,000 inhabit-
ants), South (21.0 vacancies/100 thousand inhabitants),
Central-West (15.09 vacancies/100,000 inhabitants)
and North (6.21 vacancies/100 thousand inhabitants).
The pattern for density of active students was as fol-
lows: Southeast (81.15 active students/100,000 inhabit-
ants), South (67.53 active students/100,000 inhabitants),
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Northeast (63.55 active students/100,000 inhabitants),
Central-West (49.33 active students/ 100,000 inhabit-
ants) and North (18.15 active students/100,000 inhabit-
ants). For the density of former students, the following
results are found between regions: Southeast (9.47 for-
mer students/100,000 inhabitants), South (7.16 former
students/100,000 inhabitants), Northeast (6.78 former
students/100,000 inhabitants), Central-West (6.65 for-
mer students/ 100,000 inhabitants) and North (1.51 for-
mer students/100,000 inhabitants) (Table 3).

There was a growing trend in vacancy density per
100,000 population in Brazil (APV: 29.3%; 95% CI: 23.8—
35.0%). This occurred in public and private schools.
However, the percentage increase was higher for pri-
vate schools (APV: 37.6%; CI95%: 30.6—44.7%) than
public ones (APV: 12.5%; 95% CIL: 9.8—-15.2%). Medical
schools, regardless of type, showed an increasing trend in
all 5 regions and the 26 states, except in Espirito Santo,
which showed a stationary trend. As for public schools,
all 5 regions and 17 (62.96%) of the 27 states showed an
increasing trend, 7 states (25.92%) showed a stationary
trend, and 3 (11.12%) a decreasing trend, represented
by the states of Amazonas and Rondénia (north) and
Espirito Santo (southeast). As for private schools, all
5 regions and 24 (88.88%) states showed an increasing
trend, with 3 states showing a stationary trend (11.12%).
No state showed a decreasing vacancy density in private
schools (Table 4), like the results found for former stu-
dent density (Table 5).

Vacancy density, regardless of the type, showed an
increasing trend in Brazil (AVP: 15.5%; 95% CI: 10.9—
20.3). An increasing trend was also verified for public and
private schools. Of the total, 24 (88.88%) states showed
an increasing trend and 3 (11.12%) remained stationary.
As for public institutions, 6 were stationary, 4 decreas-
ing, and 17 increasing. Only the North presented a sta-
tionary trend, while the four other regions showed an
increase. As for private institutions, 5 states showed
a stationary trend, and 20 presented a growing trend.
Two states (Amapd and Roraima) do not provide private
education. All five regions showed an increasing trend
(Table 5). Similar results, in general, were found for the
density of former students (Table 6).

Figures 3, 4, and 5 show the vacancy density hot spots
and active and former students density indicators in Bra-
zil in 2010 and 2021, respectively. Cold Spots were not
found for any analyzed indicator. The analyses were strat-
ified by public and private institutions.

In 2010, most vacancy density hot spots were con-
centrated in Minas Gerais, Sdo Paulo, and Rio de
Janeiro (southeast), regardless of the type of school.
In 2021, vacancy density showed a spatial distribution
in the center-west, more specifically in Goids, and
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Table 4 Trend analysis of vacancy density/100,000 population by region, state, and type of institution (public or private) in the period

2010-2021
Total Public Private
Region/State APV (%) LL UL p-value Trend APV (%) LL UL p-value Trend APV (%) LL UL p-value Trend
Center-West 387 305 474 <0001 1 45.8 384 536 <0001 1 34.5 250 446 <0001 1
Federal District 17.7 138 218 <0001 1 -1.2 -25 02 0.085 — 29.8 227 374 <0001 *
Goids 613 497 738 <0001 1 84.3 441 1357 <0001 1 411 26 624 <0001 1
Mato Grosso 25.2 172 337 <0001 1 236 4.1 468 0.022 1 358 144 613 0.003 1
Mato Grossodo Sul 314 200 440 <0001 1 237 75 423 0008 1 372 208 559 <0001 1
Northeast 355 300 412 <0001 1 86 52 122 0001 1 520 439 607 <0001 1
Alagoas 40.8 249 586 <0001 1 10.9 83 13.7 <0001 * 736 398 1156 <0001 *
Bahia 60.0 479 731 <0001 1 139 -07 306 0063 - 80.5 553 1098 <0001 1
Ceard 19.1 107 281 <0001 1 14 -22 51 0.420 - 310 170 466 <0001 1
Maranhéao 317 244 395 <0001 1 244 129 369 0001 1 380 293 473 <0001 1
Paraiba 254 186 326 <0001 1 0.2 36 41 0917 - 39.8 278 530 <0001 1
Pernambuco 40.3 367 439 <0001 1 549 158 1070 0.008 1 785 678 898 <0001 1
Piauf 374 248 512 <0001 1 16.7 109 228 <0001 * -12.2 -437 369 0531 -
Rio Grande do Norte 264 147 394 <0001 * 16.8 95 247 <0001 1 337 123 591  0.004 1
Sergipe 218 149 290 <0001 1 8.1 05 163 0041 1 410 312 514 <0001 7
North 29.5 260 119 <0001 1 9.2 46 136 0.001 1 49.8 337 219 <0001 *
Acre 64.9 453 873 <0001 1 16.2 34 307 0018 1 130.2 872 1832 <0001 *
Amazonas 174 111 241 <0001 1 -3.0 59 -01 0046 | 450 179 783 0003 1
Amapa 12.8 4.1 22.2 0.008 1 12.8 4.1 222 0.008 1 - - - - -
Para 27.2 185 366 <0001 1 -1.7 -84 54 0600 - 65.7 498 832 <0001 1
Rondonia 353 194 533 <0001 1 -4.0 -71 -09 0020 | 41.7 236 624 <0001 1
Roraima 258 151 376 <0001 1 258 151 376 <0001 1 - - - - -
Tocantins 221 142 305 <0001 1 -27.1 -507 76 0.108 - 329 209 462 <0001 1
Southeast 25.2 18.1 327 <0001 * 83 4.1 126 0.001 1 30.5 221 394 <0001 1
Espirito Santo -12.2 -322 136 0290 - -2.5 36 -15 <0001 -13.1 -345 153 0298 -
Minas Gerais 194 155 235 <0001 1 10.8 43 177 0.004 1 24.1 190 293 <0001 1
Rio de Janeiro 215 113 327 0.001 i 03 -34 40 0875 - 273 139 423 0001 1
Séo Paulo 338 258 158 <0001 1 11.7 48 16.1  0.003 t 404 322 156 <0001 1
South 286 262 310 <0001 1 74 38 11.0  0.001 1 399 378 420 <0001 1
Parana 357 336 378 <0001 1 9.8 75 122 <0001 1 49.7 449 546 <0001 1
Rio Grande do Sul 174 117 233 <0001 1 7.0 4.5 9.5 <0001 * 27.1 193 354 <0001 1
Santa Catarina 285 227 346 <0001 1 6.8 -93 258 03% - 352 273 436 039% -
Brazil 293 238 350 <0001 1 12.5 9.8 152 <0001 1 375 306 447 <0001 1

APV annual percentage variation, LL lower limit, UL upper limit

some states in the north. Public schools also showed
a spatial distribution of hot spots from 2010 to 2021
in the center-west (specifically Goids) and north (spe-
cifically Tocantins). Private schools had the hot spots
concentrated in the southeast in 2010, with greater
spatial distribution in the north and center-west in
2021 (Fig. 3).

The density of active students showed a greater num-
ber of hot spots in the center-west and northeast in
2021 with greater maintenance in the southeast. This
pattern was similar in public schools, with a hot spot
increase in the center-west and north. As for private

schools, the hot spots remained the same in the south-
east (more specifically in Minas Gerais) between 2010
and 2021. New hot spots appeared in private schools in
the center-west and north (Fig. 4).

Former students density hot spots with 99% signifi-
cance were concentrated in the southeast and center-
west in 2021. Public schools showed greater spatial
distribution of this indicator between 2010 and 2021,
with a higher hot spot concentration in the center-west
and southeast. Private schools had the largest number
of hot spots also concentrated in the southeast and
center-west (Fig. 5).
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Table 5 Trend analysis of active student density/100,000 population by region, state, and type of institution (public or private) in the

period 2010-2021

Total Public Private
Region/State APV (%) LL UL p-value Trend APV (%) LL UL p-value Trend APV (%) LL UL p-value Trend
Center-West 245 193 300 <0001 1 295 193 406 <0001 1 20.8 179 238 <0001 1
Federal District 10.0 65 136 <0001 1 -1.0 -25 05 0.769 - 17.8 117 242 <0001 1
Goias 46.3 420 507 <0001 1 585 298 934 <0001 1 35.0 240 469 <0001 1
Mato Grosso 15.0 93 209 <0001 * 28.7 104 50.1 0.005 1 72 -0.1 150 0.054 -
Mato Grossodo Sul 165 105 229 <0001 1 18.6 93 287 0001 1 131 59 207 0.002 1
Northeast 19.8 156 243 <0001 1 79 50 108 <0001 1 282 233 333 <0001 *
Alagoas 337 242 439 0.001 1 6.2 1.8 108 0.011 1 154.9 1100 2093 <0001 1
Bahia 31.7 214 430 <0001 1 17.7 124 232 <0001 1 414 267 578 <0001 1
Ceard 114 98 131 <0001 1 2.0 -30 73 0405 - 179 139 220 <0001 *
Maranhao 21.1 156 268 <0001 1 183 129 241 <0001 1 242 143 351 <0001 1
Paraiba 15.6 125 187 <0001 1 -3.8 -81 07 0.091 - 241 213 270 <0001 *
Pernambuco 245 198 295 <0001 1 5.1 34 69 <0001 1 574 501 652 <0001 1
Piaui 17.0 105 239 <0001 1 139 113 167 <0001 1 193 102 292 0001 1
Rio Grande do Norte 16.7 13.1 204 <0001 * 155 115 196 <0001 1 19.3 127 264 0.001 1
Sergipe 234 192 277 <0001 1 6.5 34 96 0001 1 80.7 547 1112 <0001 1
North 119 3.0 182 0.014 t 2.0 06 116 0.122 - 19.1 7.5 206  0.004 1
Acre 384 293 481 <0001 1 120 55 18.8 0.002 1 167.6 1236 2203 <0001 1
Amazonas 24 -34 87 0391 - -8.0 -143 -1.1 0.029 0 193 07 413 0045 -
Amapad 564 26.1 940 0.001 1 564 26.1 940 0.001 1 - - - -
Para 12.2 86 159 <0001 1 -4.7 -87 -06 0031 { 444 376 516 <0001 1
Rondonia 7.3 =21 177 0123 - -93 -154 -28 0011 ! 9.7 08 214 0071 —
Roraima 18.6 117 259 <0001 * 18.6 117 259 <0001 1 - - - - -
Tocantins 43 -41 134 0293 - 22 -27 73 0357 - 54 -6.1 183 0339 -
Southeast 129 84 176 <0001 1 6.7 4.1 94 <0001 1t 15.0 9.5 208 <0001 1
Espirito Santo 6.3 1.7 112 0012 1 -29 -49  -09 00M ¥ 8.0 23 140 0011 1
Minas Gerais 129 96 162 <0001 1 104 8.6 122 <0001 1 14.1 9.7 187 <0001 1
Rio de Janeiro 35 -16 90 0.164 - 04 -07 16 043 - 4.5 23 118 0183 -
Séo Paulo 206 145 147 <0001 1 84 2.8 14.8 0.008 1 248 184 148 <0001 *
South 15.8 117 200 <0001 1 5.6 14 10.0 0.015 1 225 181 270 <0001 1
Parand 229 200 259 <0001 1 94 74 114 <0001 1 316 29.7 335 <0001 1
Rio Grande do Sul 1.1 71 129 <0001 1 34 22 47 <0001 7 17.6 109 247 <0001 1
Santa Catarina 129 63 200 0001 1 5.8 -12.7 282 0535 - 155 96 217 <0001 1
Brazil 155 109 203 <0001 1 8.7 46 13.0 0.001 1 19.2 137 248 <0001 1

APV annual percentage variation, LL lower limit, UL upper limit

Discussion

This study analyzed the trend of medical education
supply indicators disaggregated by public and pri-
vate education, states, and regions. The number of
programs, vacancies, and active and former students
increased during the period, especially in private insti-
tutions. There was a growing trend in the density of
vacancies and active and former students in all five
regions and most states in Brazil. At the end of 2021,
most vacancies and active and former students were
still concentrated in the southeast. Medical education

remains uneven in Brazil, with low medical education
provisions in regions with lower socioeconomic devel-
opment, academic structure, and health services, rep-
resented by the north and northeast. Hot Spot Analysis
identified vacancy density and active and former stu-
dents hot spots predominantly in the southeast, center-
west, and north. Despite the importance and relevance
of disaggregated analyses by state and region and the
evaluation of spatial clusters for these indicators, there
is a lack of recent literature on such topics. This study
aggregates these data.
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Table 6 Trend analysis of former students density/100,000 population by region, state, and type of institution (public or private) in the

period 2010-2021

Total Public Private
Region/State APV (%) LL UL p-value Trend APV (%) LL UL p-value Trend APV (%) LL UL p-value Trend
Center-West 18.5 66  31.5 0.005 t 17.8 14 368 0037 t 182 68 308 0.005 1
Federal District 35 55 134 - — -43 -131 53 0334 - 83 -44 228 0189 -
Goias 456 315 613 <0001 1 294 46 601 0024 1 50.2 384 630 <0001 1
Mato Grosso 15.1 -2.5 358 0.091 - 471 330 627 <0001 * 1.7 -174 251 0864 -
Mato Grossodo Sul ~ 10.6 -09 234 0072 - 103 -54 285 0.189 265 -57 697 0.108 -
Northeast 17.5 105 249 <0001 1 57 08 108 0028 t 321 146 521 0.002 t
Alagoas 18.1 -7.5 508 0.164 - 0.8 -30 46 0669 - 457 -10.1 1363 0117 -
Bahia 24.1 83 422 0006 1 56 -22 140 - 435 104 865 0013 i
Ceard 124 6.3 18.8 0.001 t 43 -21 112 0174 - 26.0 6.2 495 0014 1
Maranhao 13.0 33 235 0013 1 194 25 391 0028 i 09 96 127 0856 -
Paraiba 18.1 9.2 278 <0001 1 1.0 -83 11.1 0830 - 30.2 173 446 <0001 1
Pernambuco 153 94 215 <0001 1 0.7 -68 88 0844 - 353 211 511 <0001 f
Piauf 6.3 -34 169 0019 - -4 -168 106 0532 - 137 -0.1 291 0051 -
Rio Grande do Norte  24.2 54 463 0.016 1 14.9 18 296 0.030 1 30.0 1.0 672 0045 T
Sergipe 26.8 183 360 <0001 1 11.8 43 200 0013 1 404 238 593 <0001 1
North 6.7 0.1 16.1 0.049 t 39 1.0 11.9 0.013 t 135 -48 298 0145 -
Acre 8.0 -24.1 537 0642 — 03 -204 264 0979 43.6 -8.8 126.1 0110 -
Amazonas -34 -147 94 0552 - 24 -64 120 0579 - -133 -332 125 0254 -
Amapd -36.7 -558 -93 0.038 i 248 98 727 0.164 - - - - - -
Para 4.7 08 87 0024 1 -7.8 -149 0.1 0050 - 214 78 368 0.005 1
Rondonia 0.6 -73 225 0338 -6.3 -11.8 -06 0.036 ! 10.1 -80 318 0267 -
Roraima 10.6 -19.0 509 0495 - 305 -68 827 0112 - - - - - -
Tocantins 11.0 -02 234 0057 - 23.0 -66 620 0.129 - 46 -22 118 0173 -
Southeast 6.9 2.8 112 <0001 1 2.0 -40 84 0486 — 8.7 4.1 136  0.002 1
Espirito Santo 85 50 121 <0001 1t -0.3 -81 82 0943 - 10.6 36 181 0.007 1
Minas Gerais 9.9 55 144 <0001 1 7.8 4.7 110 <0001 1 11.0 46 178 0.003 1
Rio de Janeiro -1.5 43 13 0238 - 02 -50 56 0934 - -23 -57 12 0175 -
Séo Paulo 10.8 24 178 0.017 1 -0.5 -87 186 0.898 -1 15.3 8.7 155 <0001 1
South 87 4.6 129 0.001 1 22 -35 83 0486 - 132 7.9 188 <0001 *
Parana 15.7 114 201 <0001 1 4.0 1.1 70 0011 - 25.0 199 303 <0001 1
Rio Grande do Sul 5.0 0.5 9.8 0033 1 22 -28 75 0354 - 84 2.8 142 0.007 1
Santa Catarina 52 06 101 0033 1 39 -135 249 0654 - 8.0 -39 214 0177 -
Brazil 10.1 56 149 0.001 1 40 -1.5 105 0134 - 13.8 73 206 <0001 1

APV annual percentage variation, LL lower limit, UL upper limit

There was a growing trend in medical education indi-
cators in the public and private sectors, but this increase
was greater in private institutions. This result corrobo-
rates those of previous studies showing that private HEIs
provide the largest number of medical schools and the
highest percentage of medical vacancies and enrollments
in almost all Brazilian states [11]. This research corrobo-
rates other studies, showing the privatization of higher
education in the country [2, 6, 19]. In Brazil, a study
showed a simultaneous change in the number of public
schools in relation to private schools over time. Most

schools were publicly funded until 2006 when private
funding began to prevail and continued with an increas-
ing trend in the following years [33].

Multiple inter-sectoral programs and policies in the
fields of health and education have affected medical edu-
cation over time, boosting the growth of medical educa-
tion in Brazil [34]. Some of these programs and policies
increased the number of vacancies in the public sector
and others in the private sector.

In the healthcare sector, the PISUS (1993) aimed at
promoting health and retaining physicians and other
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Fig. 3 Vacancy density hot spot in undergraduate medical programs in Brazil, 2010 and 2021

health professionals in the interior, with an adequate
physical structure for professional performance and pay-
ment for production through the transfer of resources by
the Brazilian Ministry of Health [13, 35]. This program
reached 398 cities between 1993-1994 [36]. Another
program was the PITS (2001), which encouraged the

allocation of qualified health professionals to cities with
smaller medical workforces and far from capitals and
large urban centers, also working to expand PHC cov-
erage in the country [14, 35]. In the operating period
(2001-2004), 300 cities were covered [36]. In 2007, Tel-
ehealth was implemented, a strategy of the Ministry of
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Health National Policy for Permanent Education (in
Portuguese, Politica Nacional de Educacdo Permanente
do Ministério da Saide), aimed at the training and
development of human resources in health and PHC
qualification and management. Telehealth has currently
integrated teaching and practice through tele-assistance

and tele-education. It has been used to increase the
retention of professionals in remote and more vulner-
able areas [37, 38]. In 2011, PROVAB was instituted to
provide PHC teams with health professionals in remote
and more vulnerable areas [39]. The professionals
received a federal government grant, supervision, and
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the opportunity to participate in a PHC specialization
program. At the end of the year, physicians received a
10% score on their grades in medical residency programs
[16]. In 2015, PROVAB was integrated into the PMM
[35]. The actions of previous programs and policies were
aimed at strengthening the SUS health workforce.

The expansion of HEIs and vacancies in medical pro-
grams increased the number of vacancies and schol-
arships in medical residency programs. In 2009, the
Ministries of Health and Education established the
National Program to Support the Training of Special-
ist Doctors in Strategic Areas (in Portuguese, Programa



Guimaraes et al. BMC Health Services Research (2023) 23:882

Nacional de Apoio & Formacdo de Médicos Especialis-
tas em Areas Estratégicas [Pré-Residéncia]), intending
to promote scholarships, training specialists in priority
areas, and open new medical residency programs consid-
ering SUS regional needs [40]. In line with the previous
policy, in 2021, the Ministry launched the National Plan
for Strengthening Health Residencies, that is, a set of
strategic actions to promote the appreciation and qualifi-
cation of residents, faculty, and managers, contributing to
the qualified training of health professionals, institution-
ally supporting these programs, and expanding the num-
ber of residency programs in health with grants financed
by the Ministry of Health in priority regions (center-west,
northeast, and north) [41]. This program and plan are
in operation and were responsible for promoting vacan-
cies in residency programs in public and private institu-
tions, increasing the number of health graduate program
vacancies in Brazil.

One of the health programs that contributed the
most to the expansion of higher education was the
PMM, implemented in 2013. This program expanded
medical education in the private sector [11]. The PMM
increased vacancies and expanded the number of
trained medical professionals, especially in the private
sector, seeking alternatives for allocating physicians
to interior cities in order to increase the fixation and
homogeneity of workforce spatial distribution in Brazil
[42]. This program was also responsible for expanding
residency programs in family and community medicine
to strengthen PHC. It brought over 14,000 foreign phy-
sicians in a short time and created 11,400 new vacan-
cies in medical schools over 3-5 years [19]. Evidence
shows that the PMM has significantly expanded medi-
cal education in Brazil, especially in the private sector,
including a more decentralized provision of programs
in smaller cities and outside the capitals and metropoli-
tan regions [11, 43].

Simultaneously, other educational policies contrib-
uted to the expansion of medical education in Brazil. In
2001, the Ministry of Health implemented the Student
Financing Fund (in Portuguese, Fundo de Financiamento
Estudantil) to fund students in undergraduate medical
programs in private universities. It also amortized the
loans of physicians working in PHC teams in areas with
a low number of physicians. This strategy expanded the
medical workforce in Brazil [35, 44]. The University for
All Program (in Portuguese, Programa Universidade para
Todos [PROUNI]) was created in 2004 to provide partial
or full scholarships for undergraduate courses in private
institutions [45]. These programs increased the access
of medical students to higher education in the private
sector. These policies, driven by government incentives,
also increased the number of large corporate groups and
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conglomerates to provide private medical education,
exploring this sector from a marketing point of view [46].

In 2007, REUNI was instituted to expand access and
permanence in undergraduate courses, reducing drop-
out rates and idle vacancies and increasing admission
vacancies in federal public universities [15]. In 2013, the
National Policy for the Expansion of Medical Schools
in Federal HEIs (in Portuguese, Politica Nacional de
Expansdo das Escolas Médicas das Instituicoes Federais
de Educagdo Superior) (2013) created medical programs
and expanded vacancies in existing undergraduate pro-
grams in federal public universities. In 2022 alone, this
policy provided 2,016 vacancies in medical programs,
all in priority regions and cities outside of the capitals
and metropolitan regions [17, 47]. The REUNI and the
National Policy for the Expansion of Medical Schools of
Federal HEIs increased the provision of medical educa-
tion in federal universities but not enough to match the
number of vacancies in private education institutions
[11]. Also, limited financial resources, growing demand
for health professionals and business opportunities for
big players educational groups, favor this difference
in growth between the number of public and private
schools [10]. Furthermore, it appears that the density
of vacancies per 100,000 inhabitants for public schools
is almost unchanged and has only followed, to a certain
extent, population growth, unlike the density of vacan-
cies per 100,000 inhabitants in private schools. It should
be noted that it is up to the public sector to guarantee a
human resources training policy to improve the health of
the population throughout the national territory. In fact,
the present study shows inequalities between regions in
the indicators of medical education supply in the country.
These results increase inequalities in medical education,
becoming increasingly distant from meeting the popu-
lation’s health needs, especially in the most vulnerable
regions such as the North and Northeast.

The phenomenon of medical education privatization,
with a greater number of vacancies in private courses,
can be seen as a limiting factor in reducing inequalities.
Despite the improvements generated by higher education
financing programs (FIES and PROUNI), the high invest-
ment required to pay medical school fees or financing
installments reduces the chances of lower-income stu-
dents enrolling in medical programs. In addition, most
private courses are located in large urban centers [11],
hindering the improvement of health access, especially in
PHC, and the number of physicians in more vulnerable
areas. These factors increase the probability of persistent
inequalities in the labor force in the regions as people
trained in capitals and urban centers tend to maintain
their employment relationship in the same place they
graduated from [48]. The results of this study show that
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only part of the vacancies is provided by public institu-
tions. This indicates that some public policies to increase
access to public higher education can be improved. Com-
prehensive actions focusing on the equitable distribution
of vacancies in public and private institutions are essen-
tial for reversing inequalities [49].

This debate on the expansion of vacancies must be
implemented by evaluating the quality of the education
provided through accreditation systems. These systems
ensure that recently graduated physicians are ready to con-
tinue their education or start their professional practice. In
2020, data from the World Directory of Medical Schools
showed that only 49% of countries had access to under-
graduate accreditation with specific medical standards
[4]. Brazil has two accreditation systems [4]. The first one
is the National Higher Education Assessment System (in
Portuguese, Sistema Nacional de Avaliagdo de Educagdo
Superior [SINAES]) of the Ministry of Education, which
evaluates institutions, programs, and student performance
considering evaluative aspects such as teaching quality,
research, extension, social responsibility, management,
and the faculty. The data are used to guide educational
institutions and support public policies [50]. The second
one is the Accreditation System for Medical Courses in
Brazil (in Portuguese, Sistema de Acreditagdo dos Cursos
de Medicina no Brasil [SAEME]), created by the Federal
Council of Medicine in 2016 as a strategy for qualifying
medical training in the country. It is an evaluation process
based on a set of quality indicators, identifying education
weaknesses and areas of excellence [51]. INEP data showed
that most medical programs in the country are classified
as medium quality (grade 3), on a 1-5 scale. In addition,
no medical school in Brazil obtained the maximum grade
over three consecutive evaluations [9].

This study showed spatial inequalities in the distribu-
tion of vacancies and active and former students between
regions in public and private institutions. In 2021, most
hot spots were found in the southeast, northern, and
center-west. This result ratifies the unequal provision of
medical education and workforce in Brazil. This imbal-
anced medical workforce and poor spatial distribution
affect several countries. In addition, the lack of profes-
sionals in regions with greater vulnerability, such as rural
and poor areas, is a worldwide problem, including in
Brazil [20]. This imbalance reduces access to health ser-
vices and the universal coverage of health care, as estab-
lished by Target 3.8 of SDG 3 (Health and Well-being)
[21, 35]. Evidence shows that the poor geographic distri-
bution of PHC professionals and specialists is primarily
caused by the growing demand for professionals due to
the increased number of health institutions, especially in
PHC, a low number of new physicians from medical pro-
grams compared to existing demand and growing needs,
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and a low level of development in the cities, worse living
conditions, low-quality medical residency programs and
practice scenarios compared to capitals, and poor work-
ing conditions, among other factors [35]. For example, in
Brazil, small cities have a ratio of 0.63 physicians/1,000
population, which is almost five times lower than that
found in cities with more than 500,000 population. These
cities have the lowest socioeconomic development levels
and, therefore, the lowest access to and coverage of health
services. Medical demography data from 2020 show that
the regions in the center-west and southeast have rates of
2.74, and the south has 3.15 physicians/1,000 population,
respectively. However, the northeast and north presented
ratios of 1.69 and 1.30 physicians/1,000 population,
respectively [10].

This study presented some limitations. We cannot
rule out the underestimation or overestimation of the
indicators due to variable recording failures. However,
everyone filling in the information underwent rigorous
training. Only total vacancies were analyzed, but not new
vacancy density trends in the year, as these data were
separated in the database only after 2014. Therefore, the
analysis of new vacancies in medical programs is another
limitation. Trends did not undergo sensitivity analysis by
types of evaluation concept, which could contribute to
understanding whether the expansion of medical educa-
tion was taking place in better or lesser quality programs.
However, this study has strong points, which include its
national coverage, disaggregation by public and private
institutions and states and regions, and the spatial analy-
sis of hot spots in the distribution of medical education.

Conclusions

In conclusion, indicators of medical education provision
increased in Brazil, especially in the private sector. How-
ever, this provision remains low in less developed regions.
Hot spots were found in the southeast, center-west, and
north in 2021. The results show inequities in the provi-
sion of medical education in Brazil, despite its temporal
increase. These inequalities and imbalances in the supply
of medical education between public and private institu-
tions, the evidenced regional inequalities and the slow
pace of expansion of vacancies in the public sector com-
promise public health policies, weakening the SUS, espe-
cially for not being able to train enough doctors for areas
priorities, such as Primary Health Care and operating in
more vulnerable areas. The data from this study may sup-
port medical workforce planning policies in Brazil. The
expansion of vacancies in the public and private sectors
must consider program quality, geographic distribution,
medical workforce inequalities, regional health needs,
and access to health services by the population, among
other aspects. The expansion of vacancies in public
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institutions is essential to ensure equity between pub-
lic and private education, training doctors for the SUS
and should be the target of public policies. Finally, new
studies must be carried out, especially those that inves-
tigate the reasons for the low expansion of vacancies in
the public sector, the impact of training, mainly private,
on the quality of medical training, in addition to analyzes
that investigate the contextual determinants of the supply
of vacancies in the sectors public and private (for exam-
ple: per capita income, development index, academic
structure, attractiveness indicators, among others).
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