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Abstract 

Background:  More than 15 million children are born preterm annually. While preterm survival rates have increased 
in high-income countries. Low- and middle-income countries, like Brazil, continue to battle high neonatal mortality 
rates due to a lack of adequate postnatal care. Globally, neonatal mortality is higher for preterm infants compared to 
those born at term. Our study aims to map and analyze the spatial, socioeconomic, and health coverage determinants 
related to preterm birth in Brazil in order to understand how spatial variations in demographics and access to primary 
care may affect preterm birth occurrences. 

Methods:  Using publicly available national-level data from the Brazilian health system for 2008–2017, we conducted 
an ecological study to visualize the spatial distributions of preterm birth along with socioeconomic status, the struc-
ture of health services, and primary care work process, each consisting of multiple variables reduced via principal 
component analysis. Regression models were created to determine predictive effects of numeric and spatial variation 
of these scores on preterm birth rates.

Results:  In Brazil, preterm birth rates increased from 2008–2017, with small and rural municipalities frequently 
exhibiting higher rates than urban areas. Scores in socioeconomic status and work process were significant predictors 
of preterm birth rates, without taking into account spatial adjustment, with more positive scores in socioeconomic 
status predicting higher preterm birth rates (coefficient 0.001145) and higher scores in work process predicting lower 
preterm birth rates (coefficient -0.002416). Geographically weighted regression showed socioeconomic status to be a 
more significant predictor in the North, with the work process indicators being most significant in the Northeast.

Conclusions:  Results support that primary care work process indicators are more significant in estimating pre-
term birth rates than physical structures available for care. These results emphasize the importance of ensuring the 
presence of the minimum human resources needed, especially in the most deprived areas of Brazil. The association 
between social determinants of health and preterm birth rates raises questions regarding the importance of policies 
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Background
More than 15 million children are born preterm, defined 
as birth prior to 37 completed weeks of gestation [1, 2], 
each year. Though preterm survival rates have increased 
in high-income countries, low- and middle-income coun-
tries (LMICs) like Brazil still see high rates of neonatal 
mortality that is often attributed to a lack of adequate 
postnatal care [3]. Preterm birth (PTB) in LMICs is a 
growing global public health concern, and  among other 
causes is associated with a lower quality of prenatal pre-
ventative care [4]. Brazil ranks among countries with the 
highest number of PTB [2]. Data from the National Live 
Births System (SINASC) in Brazil showed that in 2017 
the rate of PTB was 11 per 100 live births [5], a higher 
rate than other Latin American and Caribbean countries 
[3].

Regional differences in health outcomes in Brazil are a 
well-known issue, including those regarding the surgical 
workforce for children [6], microcephaly and Zika virus 
[7], and cardiac diagnostic testing [8]. PTB appears to 
show similar spatial variability: while overall rates of PTB 
in Brazil increased from 6.5% in 2004 to 10.9% in 2017, 
the distribution of PTB was not balanced across the five 
official regions: North, Northeast, Center-West, South-
east, and South [9, 10].

To reduce regional disparities in healthcare, Brazil has 
advanced the implementation of a Universal Health Cov-
erage (UHC) program, the SUS (Sistema Único de Saúde). 
Created in 1990, the SUS is  the national  public  health 
system and provides decentralized UHC services through 
networks of clinics and healthcare facilities [11]. The 
Brazilian SUS and social security structures have sev-
eral information systems that systematically collect data 
from the population in areas including healthcare utili-
zation, healthcare quality, and social vulnerability. As 
part of SUS, the Family Health Strategy is a community-
based program providing primary health care (PHC) 
services through Family Health Teams composed of at 
least  family physicians, nurses, nursing technicians,  and 
community health agents [12]. Evidence suggests that 
improvements in PHC resources in Brazil have the 
potential to reduce PTB rates [13], and that UHC can 
improve life expectancy at birth [14] and ensure health-
care services required to children’s growth [15].

Health conditions (e.g., maternal diabetes, pregnancy 
history), sociodemographic factors (e.g., low education 

and socioeconomic status), health habits (e.g., stress 
and work habits) and health care infrastructure (e.g., 
quality of care, number of prenatal care visits) are 
well-known predictors of PTB worldwide [10, 16–23]. 
Regional inequalities exist in Brazil in regards to soci-
oeconomic status [24], healthcare services [25], and 
healthy life expectancy [26]. Several studies have ana-
lyzed factors related to PTB in Brazil including socio-
demographics and availability of prenatal care [27–29], 
however none have utilized a geographic information 
systems (GIS) approach to geospatially map the rates 
and locations of these factors in association with PTB.

GIS approaches have been shown to be a promising 
research strategy to understand social and geographic 
determinants of health [30, 31]. Analyzing the effect of 
predictors over the spatial distributions of PTB may be 
a useful approach to uncover spatially-dependent risk 
and protective factors for PTB in Brazil. The use of 
GIS-based approaches may generate insights capable of 
improving maternal and child health across the munici-
palities. There is a lack of studies using sophisticated 
geospatial modeling techniques, such as geographi-
cally weighted regression (GWR), to better understand 
the spatial PTB risk, as well as the potential impact of 
socio-demographic determinants on prematurity. Our 
study aims to map and analyze the spatial, socioeco-
nomic, and the health coverage determinants related to 
PTB in Brazil in order to understand how spatial vari-
ations in demographics and access to quality primary 
care may affect PTB occurrences.

Methods
Study design
We conducted a longitudinal, ecological study based on 
regularly collected Brazil health system data following 
the Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) protocol [32]. The data 
analyzed regarding PTB in Brazil ranged from 2008 
through 2017. The following variables were considered: 
PTB rates, socioeconomic data, physical structure of 
primary care facilities, and healthcare work process. 
The structure and work process of health services were 
initially collected by each health facility. Socioeco-
nomic data was collected at the municipality level. The 
overall unit of analysis was at municipality level.

dedicated to foster equity in the accessibility of healthcare services, and improve income as protective proxies for 
preterm birth.

Keywords:  Brazil, Preterm birth, Child health, Maternal health, Primary health care or Primary health care
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Study population, data sources and variables assessed
Three groups of variables were considered to estimate 
PTB risk: data regarding PTB characteristics; data con-
cerning the quality of primary care, measured through 
the availability of physical structure to offer care, as 
well as the work process performed by the primary care 
teams; and social determinants of health, considered as 
confounders to explain the municipality-level PTB rates. 
Combining data from multiple health information sys-
tems with social determinants of health data, we exam-
ined the impact of socio-demographics on PTB rates in 
Brazil using a geospatial approach.

The Brazilian Ministry of Health (MoH), by Live Births 
Information System (SINASC), is responsible for sharing 
all information collected regarding the epidemiological 
information of live birth outcomes in the country [5, 33]. 
We used this system to retrieve data about week of birth, 
prenatal care, newborn weight, Apgar score, mother’s age 
at birth date, municipality of birth, and type of delivery 
rate of PTB from 2008 to 2017.

The National Program for Improving Primary Care 
Access and Quality (PMAQ) is a monitoring survey con-
ducted biannually to evaluate the quality of the health 
care teams [34]. This survey provided data on infrastruc-
ture of health services as well as PHC work processes in 
Brazil. Within the PMAQ, the “structure of health ser-
vices” refers to static structures and “work process” rep-
resents dynamic activities, among the activities included 
in this Program there are the territorialization and sani-
tary accountability, accessibility, reception and preferen-
tial gateway, longitudinal care, comprehensive network 
care management, and so on. The PMAQ was based 
on Donabedian’s structure—process—outcome model, 
with embedded strategies for qualification, monitoring, 
and evaluation of health teams that is linked to a finan-
cial incentive for municipalities that meet set standards 
of access and quality [35]. The program is organized into 
biennial cycles developed in continuous and complemen-
tary phases [36]. According to the Brazil MoH, PMAQ 
data consisted of 17,202 teams across 3,944 munici-
palities (in 2012–2013) and 29,778 teams across 5,040 
municipalities (in 2013–2014). The data corresponding to 
the first (2012) and second (2014) PMAQ cycles (https://​
aps.​saude.​gov.​br/​ape/​pmaq) were considered in the anal-
ysis of this manuscript.

Data for social determinants came from the 2010 cen-
sus in Brazil, most recent information available. To assess 
the impact of these indicators in the PTB rates, we evalu-
ated data regarding average life expectancy (years), rate 
of under 1 year old mortality by 1,000 live birth, rate of 
under 5  year old mortality by 1,000 live birth, % of the 
population in the municipality without formal education, 
% of the population in the municipality with 8 or less 

years of education, GINI index of the municipality (a syn-
thetic indicator that captures the level of inequality for a 
given variable and population), % of the population in the 
municipality categorized as living in poverty, and average 
per capita income within municipality.

To evaluate the aforementioned predictors affecting 
the PTB rates, we used data from 29,178,429 live births 
distributed across the 5,562 Brazilian municipalities, 
between the years of 2007 and 2017. The raw indica-
tors analyzed were grouped according to the structure 
described in the supplementary material.

Data analysis‑analytical approach
Spatial distribution and autocorrelation
In order to analyze the predictive relationships between 
PTB and health coverage determinants, we first aimed 
to understand PTB distribution in Brazil. We mapped 
the average spatial distributions of PTB rates (number of 
PTB/100 births) across two time periods, 2008–2012 and 
2013–2017, to reduce possible nonspecific and irregular 
variations which can lead to misunderstandings of the 
results. We performed spatial autocorrelation to visu-
alize clusters of PTB for both time periods across Bra-
zil municipalities. Spatial autocorrelation measures the 
presence of dispersion or clustering in a region through 
Moran’s I (Index). The Moran’s I index assumes a posi-
tive or negative value varying between -1 and 1, with 
a value of zero representing the hypothesis of spatial 
interdependence [37]. However, since a negative global 
Moran’s I value may not necessarily indicate the absence 
of spatial correlation on a local level [38], local indicators 
of spatial association (LISA) were applied by calculating 
and evaluating the significance of each city’s Moran’s I at 
alpha = 0.05, to find de clusters with high rates of PTB. 
The clusters are visualized on choropleth maps and char-
acterized as follows: high-high (a city with a high PTB 
rate is close to others that also exhibit high PTB rates), 
high-low (a city with a high PTB rate is adjacent to others 
that have low PTB rates), low–high (a city with a low PTB 
rate is adjacent to others that have high PTB rates), low-
low (cities with low PTB rates adjacent to others that also 
have low PTB rates) and NS (no significance, in which 
cities with high PTB rates are surrounded by cities with 
both high and low PTB rates).

Predictive modeling
We built a GWR model, aggregating data from socioeco-
nomic status, structure of health services, and primary 
care work process seeking to forecast the PTB rate for 
each Brazilian municipality. To assess the spatial effect of 
social determinants on PTB rates, we performed an addi-
tional analytical step split into two approaches. The first 
analytical approach aimed to reduce the dimensionality 

https://aps.saude.gov.br/ape/pmaq
https://aps.saude.gov.br/ape/pmaq
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of the predictors through principal component analysis 
(PCA) to meet the statistical requirements of GWR anal-
ysis. This first step generated factors summarizing the 
raw indicators selected for the analysis. These resulting 
factors were used as proxies of the predictors concerning 
socioeconomic status and the structure and work pro-
cess of primary care services. The second analytical step 
used the GWR model to estimate the levels of PTB rates 
in the Brazilian municipalities. The predictors considered 
for GWR analysis came from the factors resulting from 
dimensionality reduction.

1.	 First analytical step-  PCA for dimensionality reduc-
tion.

Since each domain (socioeconomic status, primary care 
work process, and structure of health services) consists of 
multiple variables, it is important to avoid using variables 
that are highly correlated due to multicollinearity issues. 
The use of several variables with overlapping variance 
can artificially inflate the portion of variance explained 
by each, thus creating a validity problem. The main strat-
egy to overcome this is using dimensionality reduction 
approaches. Therefore, we used PCA on the indicators 
concerning socioeconomic status, structure of health ser-
vices, and primary care work process to obtain a smaller, 
non-overlapping, number of factors representing each 
of the predictors. PCA is an orthogonal linear transfor-
mation [39] such that the largest eigenvalues (principal 
components) can be used to reconstruct a large amount 
of the variance of the original data [40]. The appropriate 
number of variables to retain for each domain was deter-
mined using component loadings and Scree plots (cre-
ated to display total variation in each domain explained 
by each component). One factor was retained for each 
one of the three dimensions considered in the present 
study. The three factors were considered as predictors to 
generate a spatially weighted regression model aiming to 
forecast the PTB rate by municipality.

2.	 Second analytical step- GWR models considering the 
factors representing health determinants and their 
impact on PTB rates.

To understand associations between PTB and factors 
from the three health coverage domains, we adopted an 
approach based on spatially weighted regression mod-
els. The spatial dependency highlights the situations in 
which the local of the occurrence of a phenomenon can 
be at least partially explained by the geospatial perspec-
tive. To verify if the observed behavior regarding the PTB 
distribution over the Brazilian territory is modulated by 
the spatial dimension, we first ran a regression model 

using the Ordinary Least Square (OLS) approach with-
out weighting the model for the spatial dimension. The 
OLS regression model minimizes the sum of square dif-
ferences between predicted and observed values, leading 
to model parameter estimates without geographic repre-
sentation [41].

The residuals of the regression model represent the 
magnitude of the distance between the forecasted values 
and the actual ones. Coefficients of the model must be 
statistically significant, without heteroscedasticity, and 
residuals normally distributed without spatial autocorre-
lation [42]. If the residuals of the OLS model are spatially 
correlated, this suggests the presence of spatial depend-
ency of the object being studied. Thus, residuals from 
the initial OLS model were analyzed for spatial self-cor-
relation using Moran’s I to evaluate the amount of PTB 
that could be explained by the spatial perspective. Once 
spatial dependency is observed, the best suitable model 
to forecast the variation in PTB rates is a GWR model. 
Since the residuals from the OLS predictive PTB analysis 
showed a strong spatial self-correlation, we used GWR to 
identify possible local associations and demonstrate the 
spatial effect of the multivariate model. GWR is a spatial 
analysis technique that takes non-stationary variables 
like environmental characteristics into account, to model 
predictive relationships [43].

GWR models use multivariate regression to evaluate 
associations between potential predictors and an out-
come measure, weighting the results by the locality of 
occurrence [44]. The GWR model tested the PTB rate 
by municipality as the outcome measure, and the PCA 
factors regarding the socioeconomic status, structure of 
health services, and primary care work process as pre-
dictors. All analyses were performed using RStudio [45].  
PCA was conducted using the psych package in R. The 
spatial self-correlation and OLS model were processed 
using GeoDa software 1.10.0.8 (Spatial Analysis Labo-
ratory, Urbana, IL) [46], and the GWR model by GWR 
4.0 [47]. Choropleth maps were created using QGIS 2.14 
software [48].

Results
Spatial distribution of PTB and spatial autocorrelation
Between the first (2008–2012) and second (2013–2017) 
ranges of years, we saw an increase in PTB rate across 
the majority of municipalities nationwide. From 2008 to 
2012, PTB was highest in the North, South and South-
east portion of the country. Between 2013 and 2017, 
PTB rates were at least 5–9.9% across all cities, with 
more cities in the North reporting rates higher than 15%. 
During the 2013–2017 time period, nearly all regions 
of the country reported an increase in their PTB rate 
(Fig. 1A, B).
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Fig. 1  Distribution of preterm birth rate (per 100 births) by Brazilian municipalities (top) and spatial autocorrelation (bottom) across two-time 
frames. The plot of each time frame reflects an average rate over that time period. Data were extracted from the National Register of Live Births in 
Brazil via the SINASC from 2008–2017- Autocorrelation was conducted via the local indicators for spatial association (LISA) spatial cluster analysis, 
measuring spatial association within adjacent cities within each administrative region
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In the 2013–2017 time period, the analysis of spatial 
correlation of the raw PTB rates, when compared to the 
2008–2012 results, showed a larger number of high-
high clusters and fewer low-low clusters (Fig. 1C,D). We 
observed fewer areas of “no significance” in the second 
time period (especially in the North portion of the coun-
try), indicating more similar PTB rates between adjacent 
municipalities. The number of municipalities catego-
rized as a high-high cluster reflects an increasing trend in 
terms of PTB occurrence in the second period analyzed.

PCA dimensionality reduction and GWR analysis
The PCA loads attributed to the variables regarding soci-
oeconomic status, structure of health services, and pri-
mary care work process are significantly different across 
the five regions of Brazil. (Tables  1, 2 and 3). The load-
ings coefficients represent a linear combination predict-
ing a variable by the (standardized) components. Higher 
loadings coefficients identify which variables have the 
largest effect on each component resulting from the PCA 
analysis. Loadings close to -1 or 1 indicate that the vari-
able strongly influences the component. A positive value 
represents a direct association between the variable con-
sidered and the principal component representing the 
dimension reduced, and the negative value represents the 
opposite.

Dimensionality reduction through PCA for the groups 
of variables described in Tables 1, 2 and 3 established the 
following components as most important to explain the 
total variance of the dimensions assessed: i. For socioeco-
nomic status, the percentage of population living in pov-
erty, life expectancy, HDI index, and formal education 
were most important; ii. Tetanus/diphtheria and hepati-
tis B vaccine availability were the most important for the 
structure of health services; and  iii.  Offering guidance 
for the tetanus vaccine, nursing consultations, and regis-
tering pregnant medical data (work process) were most 
important for the primary care work process.

Scree plots showing variance of each component load-
ings can be examined in Fig. 2. The PCA scores regarding 
socioeconomic status were more positive in the North 
and Northeast part of the country. For the work process, 
positive values were observed in the Northeast region of 
Brazil (Fig. 3).

The factor loadings obtained were used as predictors 
to perform a GWR analysis. Scores in both socioeco-
nomic status and work process were significant predic-
tors of PTB rates, without taking into account spatial 
adjustment (OLS model), with socioeconomic status 
directly related to PTB rates (t value higher than 1.96), 
and maternal primary care work process was inversely 
related to PTB rates (t value lower than -1.96) (Table 4). 
By analyzing the GWR output, it was possible to 

observe that socioeconomic status is a more significant 
predictor in the North, with the work process most sig-
nificant in the Northeast. The structure of health ser-
vices does not appear to be a significant predictor of 
PTB across any region of Brazil (Fig. 3).

Figure 4 represents the statistical significance and the 
coefficients obtained by the GWR analysis. The maps 
on the right side reflect the municipalities in which 
the PCA predictors selected were significantly associ-
ated with the PTB rates and the directionality of the 
association. Positive values represent a trend in which 
an increase in the predictors is directly related to the 
outcome, and negative values are flagging the opposite 
trend. The maps on the left side are highlighting the 
magnitude of the observed PCA coefficients to estimate 
the PTB rate. The coefficients in the left side represent 
the intensity of association between the predictors and 
the outcome, and should be considered as relevant only 
for the significant areas flagged in the maps of the right 
side.

The GWR coefficients regarding the socioeco-
nomic status were correlated negatively to PTB in the 
North, Midwest, and in portions of the Southeast and 
South regions. The orange areas highlighted as -1.96 
in Fig.  4-B calls attention to municipalities presenting 
opposite trends between the PTB rate and socioeco-
nomic status. The brown group of municipalities high-
lights areas in which an increase in the socioeconomic 
status is associated also with an increase in the PTB 
rates.

In terms of the structure of health services, shown 
in panel D of Fig. 4, a larger number of municipalities 
present opposite trends between availability of primary 
care physical structure and PTB rates (orange areas). 
Only a few municipalities registered a direct spatial 
association between primary care structure and the lev-
els of PTB rates.

The analysis of the primary care work process fol-
lowed the general trends observed in the other 2 
domains. Large extensions of the North and Midwest 
regions exhibited a negative association between the 
work process and the PTB rates. The regions presenting 
scattered municipalities categorized as having a direct 
association between the primary care work process 
and the PTB levels could be observed in the North and 
South regions of the country.

Discussion
The global increase in PTB rates over the past two dec-
ades is important for clinicians, researchers, and health 
policy makers. Understanding which factors affect PTB 
is an important element in understanding this phenom-
enon and fostering coordinated actions to tackle this 
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challenge. Considering there is a lack of studies using a 
geospatial approach to characterize PTB rates, we per-
formed a novel ecological study aiming to estimate PTB 
rates in Brazil using social determinants and PHC char-
acteristics as predictors.

Our findings indicate increasing PTB rates across all 
regions of Brazil from 2008–2017. As PTB remains a risk 
factor for under-5 mortality and future morbidity [49], 
regional trends in PTB must continue to be monitored. 
Results from the GWR indicate that socioeconomic 

Fig. 2  Scree plots and variance statistics across loadings for all three domains. Label: PC = principal component, FA = factor analysis, SS = sum of 
squares, cumulative var = cumulative variance, proportion var = proportion variance

Fig. 3  Distributions of socioeconomic status, structure of health services, and work process scores across Brazilian municipalities. Higher scores 
in socioeconomic status represent less positive and worse situations, while higher scores in the structure of health services and work process 
represent more availability of structure and work process
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status and PHC services can be used as proxies to esti-
mate the level of PTB rates in some regions of Brazil. The 
results obtained highlight the presence of regional dis-
parities in factors positively or negatively associated with 
PTB. The impact of the social determinants of health and 
primary care quality were not the same nationwide. Our 
geospatial analysis highlights priority regions for combat-
ing high rates of PTB through targeted health policies 
and interventions.

Our findings regarding socioeconomic impact on 
PTB obtained in the OLS analysis are aligned with some 
literature on the direct relationships between maternal 
socio-demographics and PTB in Brazil [27, 28, 50, 51]. 
Our results demonstrated that primary care services 
availability may be important to reduce the PTB, espe-
cially in the most deprived regions, as observed in the 
North region of Brazil. For some municipalities, the 
primary care service is the only available health ser-
vice within a 3- or 4-h distance. Our findings delineate 
existing regional disparities of birth health outcomes in 
Brazil [9, 10, 52], with the higher socioeconomic status 
in the South regions, and primary care service acces-
sibility of the Northeast, being protective against PTB. 
The association between social determinants of health 
and PTB level raises questions regarding the impor-
tance of policies dedicated to foster equity in health-
care service accessibility, and income improvements as 
protective proxies for PTB.

Policy-makers and public health officials in Brazil 
may consider expanding existing research on health 
services [53–55] and exploring why certain health ser-
vices are underused. Further research is also warranted 
into the availability and use of valuable health services, 
as PCA suggested eight variables (four from socioeco-
nomic status, one from the structure of health services, 
and three from primary care work process) to be most 
reflective of the variance of each of these domains. 

Our study demonstrated that the primary care work 
process may provide a better means to estimate PTB 
rates, rather than the physical health system compo-
nents. Indeed, the ability of health professionals to offer 
care is more strongly linked to reported PTB levels 
than is the regional distribution of equipment or sup-
plies. These results emphasize the importance of ensur-
ing the presence of sufficient clinical staff and human 
resources, especially in the most resource-limited areas 
of the country.

This study has a few important limitations. First, 
despite the advantage of using a geographically weighted 
regression model, the presence of other geographic bar-
riers to healthcare access or spatial predictors, such as 
exposure to pollutants, may have impacted the variance 
of the outcome measure. Second, due to the limited avail-
ability of data regarding other factors potentially associ-
ated with PTB, our results only took into consideration 
some of the potential predictors associated with our out-
come measure. Lastly, the use of secondary data regard-
ing administrative records in our analysis inserts the 
potential for selection bias due to inadequate registering 
of events. To combat the risk of ecological fallacy due to 
the nature of this study, our analysis of data by munici-
pality takes into account the impact of inequality at intra-
state and municipal levels.

Conclusions
Our findings support that primary care work process 
indicators are more significant in estimating PTB rates 
than physical structures available for care. These results 
emphasize the importance of ensuring the presence of 
the minimum human resources needed, especially in the 
most deprived areas of Brazil. The association between 
social determinants of health and PTB rates raises ques-
tions regarding the importance of policies dedicated to 
foster equity in the accessibility of healthcare services, 

Table 4  Comparison of the OLS and GWR multivariate spatial regression models

Label: OLS ordinary least squares, GWR​ Geographically weighted regression, SD standard deviation, AIC Akaike information criterion, Moran I Moran’s Index

Variable OLS Model (Global Model) GWR Model 
(Local 
Model)Coefficient SD t p

Constant 12,157 0.02153 564.57 0.00000 -

Socioeconomic status 0.001145 0.00034 3.34 0.00082 -

Structure of health services -0.002534 0.00658 -0.38 0.70038 -

Maternal primary care work process -0.002416 0.00096 -2.50 0.01213 -

AIC 21,059 17,345

Adjusted R2 0.003 0,580

Sum of residual squares 14,334,02 4427,55

Moran I (residual) 0,689 0,265
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Fig. 4  Coefficients and significance factors from GWR model of socioeconomic status, structure of health services, and work process scores 
predicting PTB across Brazilian municipalities
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and improve income as protective proxies for preterm 
birth. So, further on this topic should investigate the 
impact of social determinants of health at the individual 
level and the impact on birth outcomes.
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