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Modelling youth pregnancy in continental Portugal through geographically

weighted regression
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Abstract

Youth pregnancy, a global public health problem with impor-
tant social, educational and economic impact, has mostly been
studied in the least developed countries. However, this condition
also affects the industrialized countries. This article presents a
youth pregnancy study at the municipality level in continental
Portugal based on geographically weighted regression. The results
indicate that youth pregnancy rates can be explained by several
variables: 1) proportion (%) of social security beneficiaries; ii)
number of households without amentities; iii) the rate of those pre-
maturely leaving school; iv) the unemployment rates of youths
and females, ceteris paribus. In addition, it was found that the
beneficiaries of social security had a higher impact on youth preg-
nancy in the southern part of the country, and in the Centre too;
that households without amenities had a higher impact along the
central coast and in the South; that rates of those leaving school
prematurely had a higher influence in the North and the Interior
than in the rest of the country; and that youth and female unem-
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ployment rates were more widespread in the Centre, particularly
along the coast. Overall, the model identified a strong association
of explanatory variables with youth pregnancy rates in the country
as a whole, except in the Porto metropolitan area. These findings
may help health planners to define policies to mitigate this impor-
tant social problem.

Introduction

Youth pregnancy is an important social problem that changes
the lifestyle of both parents and the family structure in general.
Having babies when young was previously considered normal,
even the best time to be pregnant, but nowadays it has become
regarded as too uncommon, i.e. an entirely disproportionate struc-
ture in the population as a whole, particularly in developed soci-
eties (Martinez et al., 2011).

Social disadvantage and exclusion are contributing factors to
young parenthood (Harden er al., 2006). Researchers connect
greater teenage pregnancy rates with households having socioeco-
nomic troubles and with low education levels (Araujo Pedrosa et
al., 2011; Coelho et al., 2013). Behind the raised risk for youth
pregnancy incidence there is often deprivation, particularly with
respect to economy, educational situation (school failure), literacy
and employment (Araujo Pedrosa et al., 2011). Adolescents in
perinatal circumstances are underserved and marginalized, which
reinforces the significant role of gender equality with regard to
adolescent childbearing (Siegel and Brandon, 2014; Decker et al.,
2016). Disrupted family structure is another consistently related
risk factor for early childbearing (Imamura et al., 2007) following
from the fact that homeless young women belong to a distin-
guished population peculiarly exposed to this risk (Thompson et
al., 2008). Besides, pregnant teens experience increased levels of
partner violence with abandonment or unstable home environ-
ments leading to higher use of tobacco, alcohol and drugs com-
pared to other teens (Leftwich and Alves, 2017). Exposure to illic-
it drugs and alcohol during teenage years has been shown to be
connected with the involvement in unsafe sex and early pregnancy
(Odgers et al., 2008). At the individual level, dislike of school,
emotional instability and personal expectations of adolescent par-
enthood are among the factors provoking a higher individual vul-
nerability, often ending in adolescent pregnancy (Araujo Pedrosa
et al., 2011). Female adolescents coming from high-risk groups
have an increased risk of becoming teenage mothers
(Christoffersen and Azhar, 2008), while teenagers living in com-
munities characterized by better economical and social services
and opportunities are more likely to delay childbearing (Shoff and
Yang, 2012).

Youth pregnancy is considered a public health problem due to
the associated negative effects and complications. While the
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mother can experience maternal depression, hypertensive disor-
ders of pregnancy, abortion or preterm delivery, the child may be
affected by birth trauma, such as infant/perinatal mortality and
preeclampsia, often resulting in impaired neurocognitive develop-
ment (Baker et al., 2007; Azevedo et al., 2015; Leftwich and
Alves, 2017). The new-born’s predisposition to infections and
other effects associated with low birth weight can result in serious
complications with regard to her/his future development (Martinez
et al.,2011). According to the World Health Organization (WHO),
pregnancy and childbirth problems are commonly the primary
cause of death among 15-19 olds in a global perspective (WHO,
2014). Those most susceptible to early pregnancy are adolescents,
who are less ready to nourish, educate and raise a child (WHO,
2005). In addition, children of teenage mothers are more likely to
become teenage parents themselves (Cook and Cameron, 2015).
Yet, the relationship between an older sister’s teenage pregnancy
and a younger sister’s teenage pregnancy is stronger than that
between a mother’s teenage childbearing and a younger daughter’s
teenage pregnancy (Wall-Wieler et al., 2016). Pregnant adoles-
cents are also at an increased risk having another child (Siegel and
Brandon, 2014). Depression, abortion, lower education and lack of
contraceptive use have been pointed out as the major causes
(Maravilla et al., 2017), while there is no evidence that those fac-
tors are different from the first pregnancy (Rowlands, 2010).
Importantly, the fertility rate among poor adolescents is much
higher than in adolescents with better economic conditions (Singh
et al., 2001; ChildTrends, 2016). It is generally assumed that most
of youth pregnancies are unintentional and that they therefore can
lead to child maltreatment (Guterman, 2015; Leftwich and Alves,
2017). On the other hand, the desire for pregnancy suggests a high-
er risk for subsequent pregnancy confirming the link between ado-
lescent pregnancy desire and pregnancy over time (Sipsma et al.,
2011). This attests that childbirth can also be planned and wanted
by adolescents (WHO, 2014). Nevertheless, during the last 20
years, adolescent abortion and youth pregnancy rates have
declined considerably due to increased use of contraception as well
as decreased and late initiation of sexual activities. Part of the
explanation is the that access to family planning services and com-
prehensive sexual health education programmes have been effec-
tive strategies (Darroch and Singh, 1999; Kohler et al., 2008;
Washington State Department of Health, 2014; Lindberg et al.,
2016; Singh et al., 2018). Bangladesh stands for the greatest
change, where the rate of unintentional pregnancy has decreased
from 31.5% to 19.7% in the period 1996/97-2011 (Decker et al.,
2016). However, the struggle against this problem is not over
(Mendes et al., 2014). According to the United Nations
Populations Fund (UNFPA, 2013), Africa holds the topmost youth
fecundity rates and faces major economic, social and political dif-
ficulties. Furthermore, adolescent pregnancy and child marriage
are connected in West and Central Africa (Fenn et al., 2015), while
in Latin American countries, e.g., Colombia, education is pointed
out as the main subject to tackle teenage pregnancy (Daniels,
2015). In Russia, more than half of youth pregnancies are inter-
rupted (Panova et al., 2016), while the United States (US) has non-
random, high clusters of elevated teenage birth rates (Amin et al.,
2017) underlining that knowledge gaps and misinformation about
birth control methods persist, even in the US (Shartzer et al.,
2016).

Progress in at least six of the Millennium Development Goals
— now replaced by the Sustainable Development Goals (SDGs) —
were directly and negatively affected by youth pregnancies
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(UNFPA, 2013). Even so, improvements are being made in lower
and middle-income countries. One of those enhancements includes
governmental programs enabling pregnant girls to continue their
education after having given birth, a measure frequently taken on
by several nations (UNICEF, 2004; CCITWG, 2009; Nkosha ef al.,
2013; Birungi et al., 2015). Likewise, some other encouraging out-
comes are found around the globe, e.g., in Ukraine, where access
to contraception has reduced abortions by 2/3 (UNFPA, 2013); in
Kenya, where free school uniforms increased enrolments and low-
ered pregnancy rates by 17 per cent (UNFPA, 2013); or India,
where a programme aiming at higher contraception use specifical-
ly targeting young married women was similarly successful
(UNFPA, 2013). With regard to the European Union, applying a
joint initiative to reduce teenage pregnancy is expected to provide
Member States with a common measurement framework and com-
mon targets (Fronteira et al., 2009).

Existing research highlights the socioeconomic status and
behavioural variables correlated with pregnancy at school age
(Berry et al., 2000; Shoff and Yang, 2012; Shoff ez al., 2012). Yet,
the analysis of this phenomenon needs to be extended to a geo-
graphic level to be better understood. The lack of a spatial dimen-
sion in youth pregnancy studies is concerning because certain
aspects are ignored, such as the fact that adolescents living in dis-
favoured regions have fewer opportunities, which may lead to a
lower incentive to prevent the birth of a child (Shoff and Yang,
2012). This is supported by the suggestion that distance to family
planning clinics matters with respect to attenuating risky sexual
activities among older adolescents (Bersamin et al, 2011).
Therefore, the characteristics of certain places may influence
behaviour, values and attitudes, which ensure that populations
should be considered within a geographical context (Roza and
Martinez, 2015). Despite some risk factors that cannot be con-
trolled or modified, others must be processed to reduce the vulner-
ability of exposure in this regard (Blake and Bentov, 2001).

In continental Portugal, the geographical dimension of health
is well promoted and implemented. The contribution from geogra-
phers and geographical information systems specialists to health
scientific research is increasing and significant progress has
already been achieved (Santana et al., 2014). Suicide, diabetes,
cancer and premature births have been studied applying spatial
analysis (Miranda et al., 2014; Santana et al., 2014, 2015; Costa et
al., 2015; Roquette et al., 2017). In this context, it is worthwhile to
highlight the GeoHealthS project, which aims to evaluate the
health of the Portuguese population over the last 20 years through
the construction, application and availability of a population
health index at the municipal level. However, major actual ecolog-
ical and statistical studies about youth pregnancy in Portugal do
not include spatial analysis, which is vital to obtain geospatial
knowledge (Singh and Darroch, 2000; Figueiredo et al., 2005,
2006a, 2006b; Aratjo-Pedrosa et al., 2011; Fonseca et al., 2012;
Figueiredo et al., 2014; Mendes and Castelo-Branco, 2014; Pires
et al., 2014; Fonseca and Almeida Santos, 2015).

In the year 2000, Portugal was identified as part of a western
European cluster with the moderate rate of 20-34 births per 1000
women aged 15-19 (Singh and Darroch, 2000). Despite the exis-
tence of legal instruments related to sexual education and youth
pregnancy, local non-governmental organizations, schools, institu-
tions and associations, such as the Family Planning Association
maintain an active role dealing with youth pregnancy issues.

This study aims to model the spatial patterns of youth pregnan-
cies in continental Portugal in the period 2010-2015 using geo-
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graphically weighted regression (GWR). Specifically, it aims to
answer the following questions: i) what are the factors and rela-
tionships that may explain youth pregnancy rates? and ii) how do
they vary across space? Based on the literature concerned with this
area of research, we introduce the hypothesis that youth pregnancy
rates may be associated with geographical aspects of the economic,
social and educational conditions. A better understanding of youth
pregnancy with regard to geographical distribution may contribute
to the design of more effective preventive strategies that could mit-
igate its occurrence.

Materials and Methods

Study area and data

The study area comprises continental Portugal, adopting the
municipality (concelho) as the statistical unit. There are 278
municipalities in the study region with 10,047,621 inhabitants
according to the census 2011 (INE, 2011). This analysis focuses on
the mainland Portugal for two reasons. First, we believe that the
two autonomous regions of Portugal — the islands of Madeira and
Azores — represent a different and specific actuality concerning
youth pregnancy. Thus, taking geography into consideration, they
would be better studied separately. Second, GWR uses a kernel
density approach that places different weights on the various
observations and the results are sensitive to the bandwidth of this
weighting function. Including only the municipalities of the main-
land would better fit the adaptive kernel rather than including dis-
tant municipalities, such as those located in Madeira and Azores.

The dependent variable corresponds to the youth pregnancy
rates for each municipality. We used the number of live births by
mothers aged from 15 to 19 years old recorded in continental
Portugal in the period 2010-2015, divided by the geometrical mean
of women with the same age and in the same period. To obtain the
rate, those values were multiplied by 100. We also considered the
municipality where the mother lives, not the municipality where
the birth took place. The independent variables were selected
according to four criteria: i) potential ability to explain youth preg-
nancy rates; ii) compatibility to previous literature; iii) data avail-
ability; and iv) data redundancy. Accordingly, three major groups
of independent variables were studied: demographic; socioeco-
nomic; and geographic parameters. A total of 35 potential explana-
tory variables (detailed in the Appendix) were taken into account.
Practically, all of them were gathered from the Portuguese
National Statistics Institute and PORDATA websites. The latter is
the contemporary Portuguese database of official and certified
statistics. Two additional potential geographic predictor variables
were included: area representing the expanse of each municipality
in m?, and distance to nearest district capital. The collected data
were averaged for the available range of years for each variable,
i.e. from the Census 2011 to the latest available year (2015). Value
0 was excluded in all averages to avoid bias.

Statistical approach

The methodological framework included four phases: i)
Exploratory spatial data analysis; ii) Ordinary Least Squares
(OLS) and GWR modelling; iii) Data pre-processing and model
implementation; and iv) Model performance assessment.
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Exploratory spatial data analysis
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An hotspot analysis was performed using the Getis-Ord Gi*
statistics (Longley and Batty, 1996) to understand if either high or
low values of the dependent variable clustered spatially (Mitchell,
2005). The conceptualization of spatial relationships was deter-
mined using a fixed Euclidean distance band of 30,753 m, which
was the value of the maximum peak of spatial autocorrelation. The
false discovery rate, which considers spatial dependence and local
isolation of multiple tests, was applied with a 95% confidence
level. This procedure potentially reduces the critical P-value
thresholds to account for multiple testing and spatial dependency
(ESRI, 2017). With the same parameters, we ran a cluster and out-
lier analysis according to Anselin (1995). As a final step at this
stage, we also selected the variables bearing a linear correlation
with the dependent variable, excluding those that did not behave in
this way.

Ordinary least squares and geographically weighted regression
modelling

OLS estimates the unknown parameters in a linear regression
model minimizing the sum of the squares of the differences
between the observed number of youth pregnancy rates and those
predicted by a linear function of a set of explanatory variables.
GWR extends the OLS approach by incorporating spatial depen-
dence through a kernel bandwidth (Brunsdon ef al., 1998). GWR
is very sensitive with regard to the kernel bandwidth, i.e. a small
bandwidth generally generates localized estimations (Su et al.,
2014). The GWR was modelled with the same predictors used in
the final OLS. As the points of the municipalities were not regular-
ly clustered, an adaptive kernel using a near-Gaussian weighting
function was selected based on the corrected Akaike Information
Criterion (AICc) (Akaike, 1974; ESRI, 2017).

Data pre-processing and model implementation

For ease of comparison and interpretation, a log2 transforma-
tion was applied to all variables (Manikandan, 2010). We evaluat-
ed multiple possible combinations of candidate explanatory vari-
ables looking for the model that could best explain youth pregnan-
cy in the study context without disrupting OLS/GWR assumptions.
The following variables were statistically significant for the global
regression model: 1) distance to the nearest district capital; ii) illit-
eracy rate; iii) rate of prematurely leaving school; iv) youth and
female unemployment rate; v) number of households without
amenities; vi) number of family planning appointments; and vii)
abortion rate. The variance inflation factor (VIF) was determined
to assess multicollinearity among the different variables — only
variables with a VIF<1.08 were kept. A stepwise procedure was
used to enter the remaining variables for OLS using the T-test
statistic (SAS Institute, 2010) to find the estimated coefficients.
Only the variables that passed these criteria were later used as
input variables for the GWR. The Joint Wald statistic (Wald,
1943), Koenker statistic (Koenker, 1981) and Jarque-Bera statistic
(Jarque and Bera, 1980, 1987) were used to test the pertinence of
using GWR, i.e. the significance and stationarity of the global
model (Ivajnsi¢ et al., 2014; Su et al., 2014). The OLS and GWR
were implemented using ESRI ArcGIS 10.6 software (ESRI,
2017).

Model comparison

The AICc and adjusted R? were used to describe model perfor-
mance. A low AICc and a high adjusted R? value indicate preferen-
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tial model performance (Fotheringham et al., 2002). The signifi-
cance of the comparisons was carried out through the computation
of the F-test (Fotheringham et al., 2002). The Moran’s / was deter-
mined to assess the existence of spatial autocorrelation of the
model residuals, i.e. if significant spatial autocorrelation is found,
the randomly distributed assumption has been violated
(Fotheringham et al., 2002).

Results

In the referenced period, a total of 17,091 births by teenage
mothers were recorded in continental Portugal (Figure 1). The
average number of such births per municipality was 61 between
year 2010 and 2015. Alcoutim in the Algarve region was the only
municipality with no such births at all, while Lisbon municipality
had the highest value with 1,232 births, although nearby Sintra had
a higher population of youths (10-19). Despite the large range of
values, 75% of the municipalities had about 60 births on average.
In general, the metropolitan areas and some municipalities in the
South showed the highest density of births by teenage mothers. A
total of 112 municipalities had at least one birth by a mother aged
from 10 to 14, corresponding to 291 births by mothers of that age
(Figure 2). The dependent variable is mapped in Figure 3, which
shows that the highest concentration of values was located in the

Mother ages 10-19
Births:

I 307 - 1232
I 74 - 306
[ ]16-73

[ Jo-1s5

Classification: geometrical interval Statistic source: Pordata

Carlographic source: CAGP 2016

interior of the country, and from the Centre to the South. The cap-
ital’s metropolitan area showed a high youth pregnancy rates with
the exception of two municipalities. The same can be said for the
Algarve region, in the South. Low rates were seen in some loca-
tions in the North and the Centre. With the conceptual spatial rela-
tionship set as a fixed distance band of 30,753 m, the Local
Moran’s [ statistic spotted positive spatial autocorrelation with
low-value clusters in the central region. High-value clusters were
observed in the Lisbon metropolitan area and in several other
administrative units located in the Alentejo region (Figure 4).
Another municipality with dissimilar values with regard to its
neighbouring territories was identified north of Lisbon on the
country’s border to Spain. Finally, the Getis-Ord Gi* method iden-
tified both coldspots and hotspots (Figure 5). Not surprisingly,
those clusters were formed at the same locations shown by the pre-
vious analysis. Nonetheless, Getis-Ord Gi* mapped a new
coldspot in the North.

The variables of the highest explicatory value with respect to
the increase of youth pregnancy rates in continental Portugal were
Social Security beneficiaries, households without amenities, those
leaving school prematurely and youth and female unemployment,
ceteris paribus. These predictors exhibited neither global nor local
multicollinearity. Other independent variables, such as the abortion
rate, were strong candidates, but could not be confirmed as predic-
tor variables as they all failed when the Jacque-Bera statistic was

Mother ages 10-14
Births:

-2
-5

(R

CJo

Classification: manual

0 25 50Km
L]

Map Scale

1:2 200 000

Statistic source: Pordata
Cartographic source: CAOP 2016

Figure 1. Births by mothers aged 10-19 years.

Figure 2. Births by mothers aged 10-14 years.
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applied. In the global context, the model confirms the regression
assumptions (Table 1), except for the spatial autocorrelation resid-
uals. This is an essential requirement when developing a spatial
model. Before considering the local regression, it is fundamental to
access the global regression statistic as it is robust and allow access
to the model’s performance, significance, stationarity, multi-
collinearity and bias. It can also verify if the independent variables
are statistically significant. The OLS model explained 40% of the
total variance in youth pregnancy rates. After confirming nonsta-
tionarity in the relationship among variables through the Koenker
statistic, we upgraded to the GWR tool which deals precisely with
this issue.

A single equation was computed for each municipality of con-
tinental Portugal. Table 2 shows the principal statistical outcomes
from the GWR modelling process. Those results confirm that the
local GWR approach is preferable to the global OLS model (Table
2). The obtained model explained 55% of births by teenage preg-
nancy rates variability (adjusted R?), which is an acceptable value
considering the research field. The AICc value here was lower than
the global regression model and 74 neighbours were used for each
local estimation. The effective number of the parameters amounted
to 56, the residual squares value was 64 and the estimated standard
deviation was 0.53.

The GWR models the residuals-areas where over- and under-
estimated predictions occurred with a random distribution pattern,
as shown by the Global Moran’s [ statistic (P-value=0.25). The
residuals were mostly small, which indicates good prediction. In

Youth pregnancy
Rates (%)

s 25
B 47 -84
[]ao-48

[ Joo-38

Classification: geometrical interval

Map Scale
1:2 200 000

Statistic source: Pordata
Cartographic source: CAOP 2016

Table 1. Ordinary least squares diagnostics and results.

R 0.4120 -
Adjusted R? 0.4034 -
Akaike Information Criterion 5282750 -
Joint Wald 163.5644 0.0000
Jarque-Bera 4.1870 0.1232
Koenker 17.9209 0.0012
Globan Moran’s / 0.2620 0.0000
Intercept -2.2840 -2.8098*
Social Security beneficiaries 0.2303 3.3675*
Households without amenities 0.1170 6.2320*
School leaving rate 0.2375 3.6351*
Youth and female unemployment rate (.7111 4.3183*

*P=<0.01.

Table 2. Geographically weighted regression diagnostics and
results.

R 0.6376 -
Adjusted R? 0.5475 -
Akaike Information Criterion 486.5426 -
Globan Moran’s / 0.0389 0.255

Spatial autocorrelation
Youth pregnancy rates
I High-High Cluster
I Low-Low Cluster
|: QOutlier

E Not Significant

Map Scale
1:2 200 000

Statistic source: Pordata
=" Cartographic source: CAQOP 2016

Figure 3. Youth pregnancy rates.

Figure 4. Local spatial autocorrelation of youth pregnancies.
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spite of a pattern increasing from the geographical South to North,
there was no evidence of local multicollinearity among the predic-
tors since the condition number values were <15.

The local R* (Figure 6) was stronger for the Centre and the
South, indicating that the data fit better in those regions, and weak-
er in the North, where the data did not fit as well. The amplitude of
values, ranging from 0.06 to 0.73, is noteworthy. To better under-
stand the regional variation, we mapped the independent variable
coefficients (Figure 7). The areas with a strong relationship
between the independent variable and youth pregnancy rates are
shown in red. The darker the shade, the stronger the association.
The geographical distribution of the variables Social Security ben-
eficiaries and households without amenities are somewhat similar
in showing a strong association in the South. However, the latter
shows a separate area on the middle of the west coast, repeated just
slightly further south by the variable youth and female unemploy-
ment that does not have any further strong relationships. The vari-
able concerning those leaving school prematurely is completely
different, with strong associations only in the North. The maps
illustrate the geographical fluctuation of the various relationships
and visualizes where changing the independent variables would
have the most effect on youth pregnancy rates, and where each
variable is important.

The variation of the coefficients variables also shows the
strength of the spatial patterns. The Social Security beneficiaries
had a big impact in a large portion of the territory, specifically in

Hotspot analysis
Youth pregnancy rates _
I Hot Spat - 99% Confidence

‘ 0 25 50Km
[ Hot Spot - 95% Confidence :
I cold Spot - 95% Confidence 'ﬁ *f Vap Scale
[ Nt Signifcant K3 & f
[~ 4 2} Statistic source: Pordata
t- Cartographic source: CAQP 2018

Figure 5. Youth pregnancy hotspot analysis.
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the central South, while a strong negative relationship was found
in the interior of the northern region. The coefficient of households
without amenities was higher in the Centre and in the South with a
lower impact in the rest of the country. It is important to notice that
this is the only explanatory variable from the model that did not
keep a negative relationship with the dependent variable. Leaving
school prematurely had the strongest effect on youth pregnancy
rates in the North and in the interior of continental Portugal.
Finally, youth and female unemployment had a durable impact
along the central western coast, but it was possible to verify a
medium impact of this variable across all regions of the study area.
This notwithstanding, a strong negative relationship was found in
some of the municipalities located in the South.

Discussion

This study highlights an important health topic in Portugal by
bringing in spatial variation as a fundamental factor to understand
the distribution of youth pregnancy. Although we identified clus-
ters in various places, they were particularly prominent in several
municipalities located in the Lisbon metropolitan area and in the
South of Portugal. Special attention should be taken as youth preg-
nancy rates were stronger in these areas due to the geographical
features as pointed by the regression results and by inspecting area
coefficients. Health authorities, social security, private social soli-

GWR
Local R*

Il o57-073
I 0.39-056
[ 0.22-0.38
[ Jooe-021

Classification: geometrical interval

Figure 6. Geographically weighted regression (GWR) local R’.

[page 133]



darity institutions, schools and local authorities should define
interventions and target efforts to tackle the problem, for instance,
by implementing strategic and directional programmes where they
would have the greatest impact.

Transitioning from global to local regression, allowing the

Social Security beneficiaries

Coefficient
— High : 0.87393 0 25 50Km

Map Scale

el e -0.153895 1:2 200 000

School leavers

Coefficient
— High : 0.511013

B ow:-0.0287975

@‘

relationships varying across space, improved the results and con-
sequently also the model. For example, GWR diagnosed a lower
AlICc and a higher adjusted R?% which confirms that a local
approach is indeed suitable to study this phenomenon. Although
not as robust as GWR, OLS was essential in identifying the vari-

~z

Houses without conditions
Coefficient
o High : 0.178307

Map Scale

B Low 00218795 1.2 200 000

Youth & female unemployment,

Coefficient
- High : 1.85322

B ow:-0574716

Figure 7. Geographically weighted refression coefficients. (A) Social security beneficiaries; (B) houses without conditions; (C) school

leavers; (D) youth and female unemployment.
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ables explaining youth pregnancy rates, as well validating the
model. It is important to notice that 3 out of the 4 variables intro-
duced showed a positive association in some areas and a negative
one in others. The relationships between youth pregnancy rates and
all independent variables investigated were non-stationary and sta-
tistically significant. Social Security beneficiaries and Households
without amenities appeared to better explain the high rates in the
municipalities located in the Lisbon metropolitan area and in the
South. The model gave the school leaving rate as the strongest
cause for the high rates of youth pregnancy in the interior Centre
and North. Equally, reducing youth and female unemployment
rates would possibly also reduce youth pregnancy rates in almost
all the regions. To improve and prevent teenage childbearing,
investing in educational programmes as well as motivating and
supporting students at school would be important measures.
Likewise, reducing social and economic disparities and assuring
good household conditions would also affect the rates positively as
predicted by the model. As reflected by GWR, implementing cer-
tain measures in certain municipalities would be fundamental to
avoid teenage pregnancy. Specifically, the risk of high teenage
pregnancy rates are enhanced in areas with few social opportuni-
ties, less employment opportunities for females (and for young-
sters in general), where families are economically disadvantaged
and where dwellings do not include basic and indispensable
amenities. Prevention programs targeting teenagers must be pre-
cise in admitting their needs, and they should also implement
racial, ethnic, cultural and, most of all, regional differences (Berry
et al., 2000; Santelli ez al., 2000).

The GeoHealthS project, mentioned in the introduction, evalu-
ates the status of health in the Portuguese population in the last 20
years using key indicators. At first sight, we noticed that the neona-
tal mortality of babies with low weight occurred in municipalities
with higher than average youth pregnancy rates. If the data could
be further disaggregated, e.g., using the parish level, or collected
from additional sources, such as non-governmental organizations,
the analysis results could be reinforced. The same applies for
important indicators that could not be measured for this study, such
as the average wedding age, the rate of babies born extramaritally,
ethnicity, material deprivation, access to health care, rate of single-
parents, distance to family planning clinics/programmes, drugs
and/or alcohol abuse as well as contraceptive use. Creating indexes
such as female and socioeconomic disadvantage could be benefit
the analysis. Additionally, we did not consider variables reflecting
individual attitudes, which could be determinants of teenage sexual
health, including pregnancy (Haldre et al., 2009). The local R? low
values in the northern region may indicate that an important vari-
able could be missing from the regression model. GWR can also
be used to predict the impact that changes in the explanatory vari-
ables values might have on reducing youth pregnancy rates.
Finally, the study excluded the Portuguese islands, which in the
case of Azores, could have had an important impact on the results
as youth pregnancy is common in this area (Pedrosa, 2009).
Recognizing the first law of geography introduced by Waldo
Tobler that everything is related to everything else, but near things
are more related than distant things (Tobler, 1970), it would be
interesting to further study those regions, but that would best be
done separately.

GWR weaknesses are well documented in previous studies.
For instance, potential problems may arise as the coefficients can
demonstrate strong positive spatial autocorrelations (Griffith,
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2008), or they can be correlated even when there is no collinearity
among variables (Wheeler and Tiefelsdorf, 2005; Griffith, 2008).
In fact, it is unclear which tests can reliably diagnose model prob-
lems. This notwithstanding, we followed a methodological path
that can be useful to others wanting to implement GWR to study
health spatial problems. The results further suggest a notable
social, demographic and economic imbalance that connects and
explains youth pregnancy rates in the country as suggested by our
model. GWR is an exploratory technique that enables the under-
standing of these relationships and how they vary across continen-
tal Portugal. Although the results obtained are statistically sound,
the relevance of this kind of modelling requires special attention
and care to avoid the misinterpretation of false spatial patterns
(Wheeler and Tiefelsdorf, 2005). Thus, additional research is need-
ed to complement our findings.

Conclusions

In this study, we underline that social, economic and geograph-
ic conditions are directly associated with adolescent parenthood
rates in the country. Using GWR, we present the first national
study for youth pregnancy patterns in continental Portugal at the
municipality level. Local regression allowed us to identify, mea-
sure and interpret spatial patterns and relationships among geo-
graphically changing variables that can be hidden or unknown. We
found that teenage pregnancies rates can be explained by variables,
such as Social Security beneficiaries; the number of households
without amenities; the rate of pupils leaving school prematurely; as
well as youth and female unemployment rates, ceteris paribus. It
was also found that Social Security beneficiaries have a high
impact in the Centre and South of the country; that households
without amenities have a stronger impact in the middle of the west
coast and in the South than elsewhere; that the influence of the rate
of leaving school prematurely is particularly deep along the north-
ern border with Spain; and that youth and female unemployment
rates are particularly noticeable in the Centre. Hence, we not only
identified which factors may contribute to higher youth pregnancy
rates, but also showed why some factors are more important than
others in certain locations, as suggested by the coefficient maps.
Our findings may offer meaningful information on where and how
to focus to reduce teenage pregnancy rates. Different interventions
to prevent and reduce those rates may be then taken in different
areas. In the same way that Pires et al. recognized the importance
to attend to the regional heterogeneity (Pires et al., 2013), our
study reinforces the crucial need to approach youth pregnancy
attending the spatial diversity and features that may influence
higher rates, as revealed by the model. Even if GWR provided
helpful information by taking into account the spatial heterogene-
ity of the relationships between youth pregnancy rates and the
explanatory variables, there were certain unexplained variations
that should be investigated. Thus, our investigation should be use-
ful to identify, report and understand the national context and
progress towards SDG number 3, in particular target 3.7, i.e. by
2030, ensure universal access to sexual and reproductive health-
care services, including for family planning, information and edu-
cation, and the integration of reproductive health into national
strategies and programmes (United Nations General Assembly,
2015).
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