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Abstract

Background: Providing sufficient numbers of human resources for health is essential for effective and accessible
health services. Between 2013 and 2018, the Brazilian Ministry of Health implemented the Programa Mais Médicos
(PMM) (More Doctors Programme) to increase the supply of primary care doctors in underserved areas of the country.
This study investigated the association between PMM and infant health outcomes and assessed if heterogeneity in
the impact of PMM varied by municipal socio-economic factors and health indicators.

Methods: An ecological longitudinal (panel) study design was employed to analyse data from 5565 Brazilian munici-
palities over a 12-year period between 2007 and 2018. A differences-in-differences approach was implemented using

longitudinal fixed effect regression models to compare infant health outcomes in municipalities receiving a PMM doc-
tor with those that did not receive a PMM doctor. The impact of PMM was assessed on aggregate and in municipality

subgroups.

Results: On aggregate, the PMM was not significantly associated with changes in infant or neonatal mortality, but
the PMM was associated with reductions in infant mortality rate (IMR) (of —0.21; 95% Cl: —0.38, — 0.03) in municipali-
ties with highest IMR prior to the programme’s implementation (where (IMR) > 25.2 infant deaths per 1000 live births).
The PMM was also associated with an increase in the proportion of expectant mothers receiving seven or more
prenatal care visits but only in municipalities with a lower IMR at baseline and high density of non-PMM doctors and
community health workers before the PMM.

Conclusions: The PMM was associated with reduced infant mortality in municipalities with the highest infant mortal-
ity rate prior to the programme. This suggests effectiveness of the PMM was limited only to the areas of greatest need.
New programmes to improve the equitable provision of human resources for health should employ comprehensive
targeting approaches balancing health needs and socio-economic factors to maximize effectiveness.

Keywords: Human resources for health, Brazil, Infant health, Maternal, newborn and child health, Primary care,
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Background

An appropriate distribution of skilled human resources
for health (HRH) is central to ensuring health systems
meet population health needs and can improve health
outcomes [1]. Effective and accessible health services,
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universal health coverage (UHC) [2] and the health-
related Sustainable Development Goals (SDGs) all
require trained and appropriately allocated HRH [3].
Globally, infant mortality remains a major challenge in
many nations—over 25% of countries are not predicted
to reach child-health SDG targets by 2030 [4]. By 2030
the WHO estimates the global needs-based shortage of
healthcare workers will be above 14.5 million, of which
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nearly all will be required in low-and middle-income
countries (LMICs) [3].

Brazil is an important country for studying HRH poli-
cies and infant health. The infant mortality rate (IMR)
in 2019 was 12.4 per 1000 live births—above the aver-
age in upper middle-income and high-income countries
(11.3 and 4.3 per 1000 live births respectively) [5]. How-
ever, this average conceals large geographical inequali-
ties where northern states in Brazil such as Amap4 and
Maranhio have rates exceeding 20 infant deaths per 1000
live births. There have also been major health system
strengthening efforts in Brazil including the Estratégia de
Satide da Familia (ESF) (Family Health Strategy) which is
a primary care service covering over 60% of the popula-
tion [6]. The ESF includes multidisciplinary family health
teams—consisting of a doctor, a nurse, a nurse assistant
and community health workers (CHWs)—deployed to
a defined local population [7]. Evidence demonstrates
expansion of the ESF has been associated with reductions
in adult [8] and infant mortality [9, 10], with one extra
ESF doctor per 10,000 population associated with 7.08
fewer infant deaths per 10,000 live births [10]. However,
ESF expansion has been constrained by the challenge of
recruiting doctors to rural and underserved areas where
there are poorer career prospects and working conditions
[11].

To address HRH shortages in the ESE, the Brazilian gov-
ernment introduced the Programa Mais Médicos (PMM)
(More Doctors Programme) in 2013. The initiative con-
sisted of three strands: (i) an increase in the ‘emergency’
provision of doctors for primary care; (ii) reforms to
increase the number of medical school places and pri-
mary care residency positions; and (iii) funds to improve
and refurbish infrastructure in primary care facilities
[11]. The emergency provision of doctors initially aimed
to recruit Brazilian doctors to fill over 18,000 vacancies in
underserved areas through higher salaries and training,
but many posts remained unfilled [12]. Consequently,
the Pan American Health Organisation (PAHO) facili-
tated an agreement between Cuba and Brazil to employ
Cuban doctors in underserved areas. Within two years,
the Brazilian Ministry of Health had positioned 17,625
predominantly Cuban doctors in underserved communi-
ties [11, 13]. It was initially planned PMM doctors would
be allocated to municipalities based on federally-set cri-
teria for prioritisation. These were: municipalities with
20% or more of the population living in extreme poverty;
100 municipalities with a population over 80,000 and the
lowest income per capita; municipalities containing areas
of extreme poverty; and municipalities with low human
development index scores [14]. However, the prioritisa-
tion criteria was not adhered to well, and many non-cri-
teria municipalities also received PMM doctors [14, 15].
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Existing evaluations of the PMM have shown primary
care coverage has increased [11], continuity and com-
prehensiveness of care have improved [16], hospitalisa-
tions for ambulatory care sensitive conditions (ACSC)
have declined [13], and the programme has led to reduc-
tions in amenable adult mortality [14]. There is conflict-
ing evidence on the PMM and child health outcomes
as some studies have found the PMM was not associ-
ated with changes in IMR, infant birthweight or prena-
tal care appointments on average [17, 18]. However, one
study found reductions in infant deaths in municipali-
ties which did not have a doctor prior to the programme
[19]. Another study found the PMM resulted in a shift in
prenatal care provision from nurses to doctors without
affecting infant health outcomes, and suggested nurses
may be adequate substitutes for doctors in infant health-
care provision [18]. Despite this evidence, there has been
little exploration of the heterogenous impacts of the
PMM on maternal and infant health outcomes.

Given the large inequalities in healthcare services and
population health across Brazil, understanding pro-
gramme heterogeneity is crucial for informing policy-
makers and promoting efficient resource allocation [13].
This study assessed the association of the PMM on infant
health outcomes, exploring whether the impact of the
PMM varied by municipal socio-economic and health
system characteristics. Models were adjusted for a range
of socio-economic and health indicators that could con-
found the relationship between PMM and infant health
outcomes. Additionally, the analytical strategy adjusts
for time trends and time-invariant differences between
municipalities. This allows the associations between
PMM introduction and changes in infant health out-
comes to be clearly identified.

Methods

Study design

A longitudinal (panel) study design was used to assess the
association of PMM introduction and infant outcomes in
Brazilian municipalities. The municipality was the unit
of analysis with the dataset containing 5565 municipali-
ties (out of a total of 5570 municipalities) with annual
observations between 2007 and 2018. The application of
doubly-robust inverse probability of treatment weight-
ing with regression adjustment (IPTW-RA) adjusted for
potential differences between PMM receiving and non-
PMM receiving municipalities [20] (Additional file 1:
Appendix S1).

Data sources and variables

This study used collated data from the following web-
sites of Brazilian government agencies and publicly avail-
able sources: the Brazilian Ministry of Health DATASUS
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website; the Instituto Brasileiro de Geografia e Estatistica
(IBGE) (Brazilian Institute for Geography and Statistics);
the Ministério do Desenvolvimento Social e Combate
a Fome) (MDS) (Ministry of Social Development and
Fight Against Hunger); and the Sistema de Informacdes
sobre Orcamentos Publicos em Satde (SIOPS) (Informa-
tion System for Public Health Budget) (Additional file 1:
Appendix S2). All variables were obtained at the munic-
ipal level for each year between 2007 and 2018. Where
data was not available annually (municipal socio-eco-
nomic factors), linear interpolation was used for missing
years.

The two primary outcome variables of interest con-
sisted of municipal level IMR (deaths of infants under
1 year of age per 1000 live births), and neonatal mortality
rate (NMR) (deaths of infants in first 28 days of life per
1000 live births).

An analytical framework (Additional file 1: Appen-
dix S3) was developed to identify determinants of infant
mortality and aid the selection of secondary outcomes
and control variables. Seven intermediate outcomes were
selected to reflect three pathways that influence infant
health: (i) pre-delivery factors; (ii) delivery factors; and
(iii) infant factors. Pre-delivery factors were captured
with: the proportion of births with no prenatal care visits
(%); the proportion of births with one to three prenatal
care visits (%); the proportion of births with four to seven
prenatal care visits (%); and the proportion of births with
seven or more prenatal care visits (%). Hospital births
were not analysed due to the high prevalence of hospi-
tal delivery in Brazil (in the 12-year period between 2007
and 2018, 97.6% of births in Brazil occurred in hospital).
Infant factors were the proportion of newborns with very
low birthweight (<1500 g) (%); the proportion of new-
borns with low birth weight (<2500 g) (%); and the num-
ber of infants hospitalised per 1000 live births.

The variable of interest was the density of PMM doc-
tors per 1000 population in a municipality. This specifica-
tion was chosen as it was superior to a binary treatment
variable (denoting PMM uptake) as it allowed changes in
PMM provision over time by municipality to be captured.

Regression models also included time-varying con-
founders to serve as proxies of socio-economic and
health service that may be associated with infant health
outcomes [13, 17, 18]. All variables measured in BRL
were adjusted for inflation in the period between 2007
and 2018. These were: GDP per capita (Brazilian Real;
BRL); income per capita (BRL); Gini index; proportion of
households without adequate sanitation (%); proportion
of households without electricity (%); proportion of pop-
ulation living in urban areas (%); proportion of the popu-
lation with per capita income under 0.25 of the minimum
wage (%); municipal illiteracy rate (aged 15 and below)
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(%); Bolsa Familia stipend per capita (BRL); municipal
health spending per capita (BRL); private health insur-
ance plan coverage (%); hospital bed density (beds per
1000 people); nurse density (nurses per 1000 people);
mean mother’s age at birth; proportion of births to moth-
ers with less than three years of education (%); propor-
tion of births to mothers with four to seven years of
education (%); proportion of births to mothers with eight
to eleven years of education (%); and proportion of births
to mothers with more than twelve years of education (%).
Models also included municipal and year fixed effects.

Statistical analysis

A differences-in-differences empirical strategy was used
to explore the association between PMM implementa-
tion and infant health outcomes over time. The approach
compares outcomes in participating municipalities
(treatments) and non-participating municipalities (con-
trols) before and after PMM implementation. IPTW-RA
was used to balance treated and control municipalities on
observed characteristics to reduce potential biases from
unobserved selection bias [20]. This robust approach has
been widely used to analyse the associated impact of the
PMM on health outcomes [21].

Longitudinal regression models with a fixed effects
specification were used to implement the differences-in-
differences strategy. The fixed effect specification adjusts
for municipal fixed effects (e.g. all time-invariant differ-
ences between municipalities) allowing only the asso-
ciated changes within-municipalities over time to be
estimated. Time (year) fixed effects were also included
in the models to account for time trends and potential
shocks. Fixed effects models are considered an effective
way to address the hierarchical structure of panel data
[13, 17, 18] and are an established tool for programme
evaluations, including those assessing the impact of
PMM [13, 17, 18].

Data analysis occurred in several stages. First, the data
was presented descriptively including the mean, standard
deviation and mean change for each variable between
2007 and 2018 presented by PMM receiving and non-
PMM receiving municipalities. Secondly, the data was
explored visually with maps showing the distribution
of municipalities in which PMM doctors were intro-
duced and graphs demonstrating parallel trends in IMR
and NMR prior to PMM introduction. Thirdly, adjusted
fixed effects regression models investigated the asso-
ciation between PMM introduction on each of the two
primary outcome variables and the seven intermediate
outcome variables. The association between the PMM
and IMR and NMR for each of the years following PMM
introduction was also investigated with dummy vari-
ables for each year post-PMM implementation. Separate
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regression models were undertaken for each variable sep-
arately adjusting for confounders, and time and year fixed
effects. All models employed weighting from IPTW-RA.
Finally, heterogeneity in the association between PMM
and outcomes was assessed by municipal socio-economic
and healthcare characteristics. Municipalities were strati-
fied by: urbanisation rates; poverty rates; IMR at baseline
(2007); non-PMM public primary care doctor density
prior to the PMM; nurse density prior to the PMM; CHW
density prior to the PMM; and programme prioritisation.
The association between the PMM and IMR and NMR
for the year-by-year specification was also stratified by
municipalities with the highest IMR at baseline.

Results

Of the 5565 Brazilian municipalities examined, 4660
received PMM doctors between 2013 and 2018. (Fig. 1).
Over the 12-year study period, there was a decrease in
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the mean municipal IMR from 16.48 in 2007 to 12.41 in
2018 (24.7% relative decrease), whilst the mean municipal
NMR decreased from 11.13 to 8.78 over the same period
(21.1% relative decrease) (Table 1; Fig. 2a and b). There
was a general improvement in socio-economic charac-
teristics across municipalities during the 12-year period,
including an increase in GDP per capita (BRL 9172.81 in
2007 to BRL 23,165.27 in 2018), and an increase in
municipal health spending per capita (BRL 270.02 in
2007 to BRL 378.62 in 2018). The means in socio-eco-
nomic and health service provision characteristics of
municipalities were similar for both PMM receiving and
non-PMM receiving municipalities (Additional file 1:
Appendix S4). Trends in mean rates of IMR and NMR
in PMM receiving and non-PMM receiving municipali-
ties between 2007 and 2018 illustrated parallel trends in
the periods before PMM introduction (Additional file 1:
Appendix S5, S6).

[:] No Mais Médicos doctor
- Received Mais Médicos doctor

Fig. 1 Allocation of PMM doctors in Brazilian municipalities, 2013-2018
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Table 1 Descriptive statistics for outcome variables and confounders
Mean 2007 Mean 2018 Mean change (%) Mean SD
Population 33,072.34 37,456.95 13.26 35,526.03 209,427.40
GDP per capita (BRL) 917281 23,165.27 152.54 16,260.59 18,818.06
Income per capita (BRL) 44713 617.66 38.14 53238 268.23
Gini coefficient 0.51 0.45 —11.76 048 0.08
Households with no electricity (%) 599 044 —92.65 2.09 567
Households with inadequate sanitation (%) 1045 7.58 — 2746 8.65 1332
Urbanisation rate (%) 62.76 66.31 5.66 64.60 22.16
llliteracy rate (15 4+ years) (%) 17.82 11.73 —34.18 14.77 9.54
Population with per capita income under 0.25 mini- 2849 11.20 —60.69 19.28 17.88
mum wage (%)

Bolsa Familia stipend per capita (BRL) 72.17 219.89 204.68 156.34 132.05
Health expenditure per capita (BRL) 270.02 839.11 31043 53536 31471
Private health insurance plans per capita 0.06 0.08 3333 0.08 0.13
Hospital beds per 1000 population 1.93 1.55 —19.69 1.71 2.08
Nurses per 1000 population 043 0.90 109.30 0.66 0.37
Births with low birthweight (%) 7.36 7.91 747 7.69 341
Births with very low birthweight (%) 0.94 1.10 17.02 1.03 121
Infants hospitalised per 1000 live births 206.18 197.45 —4.23 190.64 118.63
Neonatal mortality rate (NMR) 11.13 8.78 —21.11 9.77 11.27
Infant mortality rate (IMR) 16.48 1241 —2470 14.09 13.68
Mean municipal mother’s age 24.80 2635 6.25 2546 149
Mothers with 0 to 3 years education (%) 13.80 3.05 —77.90 7.60 7.76
Mothers with 4 to 7 years education (%) 36.38 18.02 —5047 27.34 11.34
Mothers with 8 to 11 years education (%) 3547 62.06 74.96 50.12 14.69
Mothers with more than 12 years education (%) 11.14 15.31 3743 12,61 797
No prenatal care (%) 143 1.32 —7.69 1.71 3.21
1-3 prenatal care visits (%) 746 4.29 —4249 593 6.13
4-6 prenatal care visits (%) 34.74 20.14 —42.03 27.20 15.08
7 or more prenatal care visits (%) 55.02 73.99 3448 64.48 20.27

Sources: Brazilian Ministry of Health DATASUS website; Brazilian Institute for Geography and Statistics (IBGE); Ministry of Social Development and Fight Against
Hunger (MDS); Information System for Public Health Budget (SIOPS); Mean refers to the average over the 12-year period between 2007 and 2018

In adjusted IPTW-RA panel regression models there
was no significant association in changes in the density of
PMM doctors and IMR or NMR (Table 2). Furthermore,
there was no association between the PMM and IMR or
NMR when the effect was tested for each year following
PMM introduction (Additional file 1: Appendix S7). For
intermediate outcomes there were no significant associa-
tions except for low birthweight births where a one unit
increase in the number of doctors per 1000 population
was associated with a very small 0.03 (95% CI: 0.00,0.05)
percentage point increase in the proportion of infants
with a low birthweight (Additional file 1: Appendix S8,
S9).

Municipalities were stratified by their urbanisation rate
to explore potential heterogeneity. The PMM was not
associated with changes primary or intermediate out-
comes in any grouping of municipalities by urbanisation
(Additional file 1: Appendix S10). Similarly, there were

predominantly non-significant associations from PMM
expansion when municipalities were stratified by poverty
rates (Additional file 1: Appendix S11). However, in low-
poverty municipalities (less than 3.69% of the population
lived in poverty) a one unit increase in PMM doctors per
1000 was associated with an increase of 1.64 infant hos-
pitalisations (95% CI: 0.08,3.21) per 1000 live births, and
a 0.08 percentage point decrease (95% CI: —0.01, —0.14)
in the proportion of infants born with low birthweight.
Municipalities were stratified by baseline (2007) IMR
into quintiles (Table 3). Most outcomes were non-sig-
nificant across the strata, however a one unit increase in
PMM doctors per 1000 was associated with a decrease
in the IMR (of —0.21; 95% CIL: —0.38, —0.03) in munici-
palities with the highest IMR at baseline (Q5; IMR > 25.2).
In municipalities with highest IMR at baseline, a one
unit increase in PMM doctors per 1000 was associated
with a decrease in the IMR immediately following PMM
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Fig. 2 a, b Infant mortality rate in Brazilian municipalities, 2007 and 2018

Table 2 Effect of PMM density on infant mortality rate and neonatal mortality rate

IMR 95% ClI NMR 95% ClI

PMM density per 1000 population —0.01 —0.11,0.09 —0.01 —0.09,0.08
GDP per capita (BRL) —0.00* —0.00,—0.00 —0.00 —0.00,0.00
Income per capita (BRL) 0.00 —0.00,0.01 0.00 —0.00,0.01
Gini coefficient —3.09 —10.12,3.94 —257 —8333.19
Households with inadequate sanitation (%) —0.02 —0.05,0.02 —0—-0.02 —0.05,0.01
Households with no electricity (%) —0.01 —0.07,0.05 —-0.02 —0.07,003
Urbanisation rate (%) 0.03 —0.01,0.07 0.01 —0.02,0.04
llliteracy rate (15 + years) (%) 0.03 —0.13,0.19 0.01 —0.11,0.14
Population with per capita income under 0.25 minimum wage ~ 0.06* 0.01,0.11 04 —0.00,0.09

(%)
Bolsa Familia stipend per capita (BRL) 0.00* 0.00,0.01 0.00 —0.00,0.00
Health expenditure per capita (BRL) 0.00** 0.00,0.00 0.00 —0.00,0.00
Private health insurance plans per capita 0.30 —120,1.79 —001 —155153
Hospital beds per 1000 population 0.12 —0.05,0.29 0.08 —0.05,0.22
Nurses per 1000 population —041 —1.19,0.38 —0.60 —1.24,0.03
Mean municipal mother’s age 0.21 —0.04,047 0.08 —0.15,0.31
Births to women with 0-3 years of education 0.04 —0.00,0.08 0.01 —0-0.02,0.05
Births to women with 4-7 years of education 0.02 —0.01,004 0.02 —0.01,0.05
Births to women with 8-11 years of education —0.01 —0.03,0.02 —0.00 —0.02,0.02
Births to women with 12 or more years of education —0.03 —0.07,0.01 —0.02 —0.06,0.02
N (municipalities) 5565 5565
N (observations) 66,778 66,778

*p<0.05, ** p<0.01, *** p<0.001. All models applied inverse probability of treatment weighting with regression adjustment (IPTW-RA). Primary outcome variables:
infant mortality rate (IMR) and neonatal mortality rate (NMR). Intermediate outcome variables: infants hospitalised per 1000 live births; seven or more prenatal care
visits; and proportion of infants born with a low birthweight (<2500 g). Models adjusted for GDP per capita (BRL), income per capita (BRL), Gini coefficient, proportion
of households with inadequate sanitation (%), proportion of households with no electricity (%), proportion of population living in urban areas (%), proportion of
population illiterate above the age of 15 (%), proportion of the population with per capita income under 0.25 minimum wage (%), Bolsa Familia stipend (BRL), private
health insurance plans per capita, heath expenditure per capita (BRL), hospital beds per 1000 population, nurses per 1000 population, mean municipal mother’s age,
proportion of mothers with zero to three years of education (%), proportion of mothers with four to seven years of education (%), proportion of mothers with eight to
eleven years of education (%), proportion of mothers with more than twelve years of education (%), and municipality and time fixed effects
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introduction (—0.61; 95% CI: —0.99, — 0.24) and one year
after PMM introduction (—0.31; 95%CI: —0.58, —0.05).
However, significant associations were not found after
two years post introduction (Additional file 1: Appen-
dix S12). Municipalities with lower IMR at baseline saw
increases in the proportion of births with mothers receiv-
ing seven or more prenatal care visits, specifically in
municipalities with 0 IMR per 1000 live births (0.09; 95%
CI: 0.01,0.17) and 1.9-12.2 deaths per 1000 live births
(0.60; 95% CI: 0.13,1.08).

Municipalities were also stratified by HRH densities
prior to the PMM. Generally, most outcomes and strata
of HRH were non-significant suggesting little evidence
of heterogenous associations between the PMM and
infant health outcomes across municipality subgroups by
HRH densities (Additional file 1: Appendix S13-S15). For
municipalities with the highest densities of non-PMM
doctors and community health workers prior to the pro-
gramme, the PMM was associated with small increases in
the proportion of births with mothers receiving seven or
more prenatal care visits. Additionally, when heterogene-
ity in the impact of PMM was explored by programme
prioritisation criteria, there were not significant associa-
tions for IMR and NMR.

Discussion

This study found the PMM was not associated with a
reduction in IMR or NMR on average, however there
were small associated reductions in IMR in municipali-
ties with high IMR prior the programme. There appeared
to be little effect of the PMM on other outcomes or
across socio-economic strata of municipalities, including
programme prioritisation criteria.

The general absence of an impact of the PMM on
aggregate corroborates previous studies on the PMM [17,
18], yet is in contrast to evidence from the ESF in Brazil
[10] that shows primary care doctor density is inversely
associated with infant mortality. There are multiple rea-
sons that could explain the lack of association. Firstly, the
health impacts of the PMM may take longer to be real-
ized. The PMM was implemented in 2013, and only five
years of post-implementation data are used in this analy-
sis. Furthermore, the additional number of doctors pro-
vided may have been too small to substantially impact
infant health outcomes. Secondly, there is evidence that
the PMM doctors were allocated to non-priority munici-
palities likely limiting their effectiveness and potential to
reduce IMR [14, 15]. Many PMM doctors were allocated
to areas with already low levels of IMR or where there
were higher levels of non-PMM primary care doctors
working. Diminishing returns from increasing doctor
density may have also reduced the effectiveness of PMM
doctors in decreasing IMR [10]. Thirdly, PMM doctors
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may have been limited in their ability to improve infant
health given the large roles other health professionals
(such as nurses and community health workers) play in
the Brazilian health system and also the reliance on hos-
pitals for birth.

This study found a lack of association between the
PMM and infant health outcomes across strata when
stratifying by municipal socio-economic characteristics
including poverty and urbanisation. This suggests despite
poor targeting of PMM doctors to priority municipalities
[14, 15], the relationship between the PMM and IMR was
not substantially affected by municipal socio-economic
factors other than infant mortality. This is generally
supported by other studies which report no association
between PMM and infant mortality in municipality sub-
groups of mother’s education, mother’s age and marital
status [18]. However, it does appear that baseline IMR
is a determinant of the relationship between the PMM
and IMR as there were IMR reductions associated with
the PMM in municipalities with the highest IMR at base-
line. This finding corroborates the results of research
on the ESF [9] which found IMR reductions from ESF
expansion were greatest in municipalities with the high-
est IMR. This finding suggests that PMM doctors may
deliver health benefits where underlying health outcomes
are poor and also programmes such as the PMM can
contribute to improvements in health inequalities when
targeting is based on health indicators rather than socio-
economic factors.

The PMM was not associated with changes in prenatal
care outcomes in most models. The PMM was associated
with an increase in the proportion of expectant moth-
ers receiving over seven prenatal care visits but only in
municipalities with the lowest IMR at baseline and the
highest density of CHWs and non-PMM doctors in 2012.
This finding indicates wealthier municipalities with a
higher density of HRH prior to the programme may have
more effectively integrated PMM doctors to local health
services, allowing nurses and CHWs to focus on prenatal
care provision. Therefore, the PMM can introduce minor
improvements to services and processes, but in areas that
are considered least in need of new doctors.

This study has several limitations. First, the data
collated from the Brazilian Ministry of Health and
publicly available sources may have administrative
errors—including possible underreporting of infant
deaths in some municipalities. However, the data was
collated from established sources which have been used
for several evaluations of the PMM programme [13, 17,
18]. Additionally, statistical approaches employing time
and municipal fixed effects would have likely accounted
for some sources of bias. Second, the absence of adequate
reporting systems for maternal and health outcomes
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in some municipalities prior to PMM may have skewed
findings. Evidence demonstrates the expansion of health
services in Brazil has reduced under-reporting and there-
fore expansion of health professionals could be associ-
ated with increases in mortality rates [22]. This may have
masked some of the associations between the PMM and
reductions in IMR. Third, although the data includes the
entire five-year period of PMM implementation (2013—
2018), the programme may have long-term impacts on
infant health beyond 2018 which cannot be measured
with this data. Fourth, the ecological design of the study
restricts causal inference and prevents the exploration of
heterogeneity within municipalities. Fifthly, there may
have been systematic differences between PMM- recipi-
ent and non-recipient municipalities that could have
biased the findings, although the use of IPTW-RA aimed
to minimize these biases and represent the most robust
method for observational studies.

The impact of the PMM in municipalities with high
IMR at baseline indicates that HRH programmes can
deliver improvements where the health needs are the
greatest. There are wider policy implications from this
work. More comprehensive targeting arrangements
are necessary to maximize the health gains of scarce
resources—both in Brazil and in other settings. This
includes up-to-date data on health outcomes and socio-
economic characteristics of local populations. Evidence
indicates the effectiveness of the PMM was diluted due
to inappropriate targeting of PMM doctors to the most
needed areas [14]. The results from this study also sug-
gest that the targeting criteria that were in place were of
limited benefit as no effect of the PMM was found when
stratifying by criteria. Policymakers may need to balance
different and conflicting health gains from different sub-
populations (e.g. infant health gains versus morbidity
improvements in older populations) when distributing
resources. Additionally, PMM doctors were often allo-
cated to the most deprived regions within municipalities
[14], implying that municipal-level health metrics and
impact studies (including this one) are of only limited
value for effective resource targeting. More detailed anal-
yses on the sub-populations within municipalities most
benefitting from the PMM is necessary to understand the
complexity of the impact of PMM on a localised level.

In August 2019, President Jair Bolsonaro announced
the creation of the Médicos pelo Brasil (Doctors for Bra-
zil) Program, to replace the PMM. However as of March
2021, the new program has not yet been implemented
and longer-term strategies to address the lack of pri-
mary care doctors in underserved areas are absent. Fur-
thermore, the increased pressure on Brazil’s healthcare
system due to COVID-19 led the federal government to
publish new calls for PMM doctors in 2020, including in
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non-priority municipalities. Under the original PMM,
there was a planned expansion of 15,000 extra medi-
cal schools places to train primary care doctors, who,
in 2021 would be filling unserved positions in primary
care. However, these extra places were not fully expanded
and coupled with the expansion of PMM positions into
non-priority municipalities, the challenges in the provi-
sion and distribution of primary care doctors in Brazil
remain. Tackling the ongoing lack of doctors and their
inappropriate distribution is key for further strengthen-
ing the health system, providing access to high-quality
care, and tackling the large social inequalities that exist
in the country.

Conclusion

The PMM was associated with limited improvements in
infant health, with only some small reductions in infant
deaths in the areas with the highest infant mortality
rates. Health gains can be achieved with the expansion of
health professionals in the most vulnerable areas indicat-
ing comprehensive and robust targeting approaches are
necessary for maximizing health gains.
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