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Abstract
Objectives  To identify and measure the place-specific 
determinants that are associated with adverse maternal and 
perinatal outcomes in the southern region of Mozambique.
Design  Retrospective cohort study. Choice of variables 
informed by literature and Delphi consensus.
Setting  Study conducted during the baseline phase of a 
community level intervention for pre-eclampsia that was 
led by community health workers.
Participants  A household census identified 50 493 
households that were home to 80 483 women of 
reproductive age (age 12–49 years). Of these women, 14 617 
had been pregnant in the 12 months prior to the census, of 
which 9172 (61.6%) had completed their pregnancies.
Primary and secondary outcome measures  A combined 
fetal, maternal and neonatal outcome was calculated for 
all women with completed pregnancies.
Results  A total of six variables were statistically 
significant (p≤0.05) in explaining the combined outcome. 
These included: geographic isolation, flood proneness, 
access to an improved latrine, average age of reproductive 
age woman, family support and fertility rates. The 
performance of the ordinary least squares model was an 
adjusted R2=0.69. Three of the variables (isolation, latrine 
score and family support) showed significant geographic 
variability in their effect on rates of adverse outcome. 
Accounting for this modest non-stationary effect through 
geographically weighted regression increased the adjusted 
R2 to 0.71.
Conclusions  The community exploration was successful 
in identifying context-specific determinants of maternal 
health. The results highlight the need for designing 
targeted interventions that address the place-specific 
social determinants of maternal health in the study area. 
The geographic process of identifying and measuring 
these determinants, therefore, has implications for 
multisectoral collaboration.
Trial registration number  NCT01911494.

Introduction  
Improving maternal health has been a global 
health priority for the past four decades. As 

global attention shifts from surviving preg-
nancy and childbirth to ensuring that women 
thrive throughout their life course,1 2 much 
remains to be done to lessen the harmful 
consequences of pregnancy and childbirth. 
Maternal deaths are only a small portion of 
the global maternal burden of ill  health; 
it is estimated that for each death, nearly 
20 additional women suffer from life-long 
disabilities as a result of severe pregnancy-re-
lated morbidity.3 4 In line with that, Sustain-
able Development Goal 3 aims to improve 
maternal care and focuses on life-long 

Strengths and limitations of the study

►► This study’s methods draw from the value to mixing 
methods and validates the importance of variables 
through first seeking community perspectives, fol-
lowed by expert opinion through a Delphi consensus 
and lastly a rigorous and thorough process of select-
ing the most important statistical variables.

►► Small area analyses are implemented to granu-
ralise the data and reveal patterns that are normal-
ly masked in national averages to elucidate more 
locally specified linkages between health outcomes 
and associated determinants.

►► The key statistical association that have been un-
covered in this research, particularly those from 
the geographically weighted regression, are specif-
ic to this region of Mozambique and may need to 
be validated before generalising to other settings. 
Some of the variables that are significantly related 
with the combined outcome (eg, latrine score) may 
be a symptom of a deeper socioeconomic problem 
that this research did not have data and evidence 
to elucidate.

►► All maps were created using data generated from 
the study. Methods of creating the neighbourhood 
boundaries have been published in a separate 
manuscript.
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well-being for women and children, particularly in low-in-
come and middle-income countries where the maternal 
mortality rate is up to 14 times more prevalent than in 
high-income countries.5 

The known risk factors leading to maternal and peri-
natal death and morbidity exist both at the level of the 
individual women and at the level of her community. 
Some of these factors, although experienced at the indi-
vidual level, are a function (at least in part) of the broader 
sociocultural environment, making it hard to separate the 
two. Individual-level factors include maternal age,6 level 
of education for women and their partners,7 contracep-
tive use,8 birth spacing,9 marital status, social standing, 
self-esteem and psychosocial stress.10 Environmental and 
community-level factors that elevate the risk for adverse 
pregnancy outcomes include physical isolation from 
health facilities,11 living in war zones,12 13 natural disas-
ters14 and religion13 15 among others.

Maternal Mortality Ratio (MMR) estimates in Mozam-
bique vary from approximately 250 to 408 deaths per 
100 000 live births16–18 and is among the top 20 countries 
with the highest MMRs globally. There has been approx-
imately 50% reduction in MMR from 541/100  000 live 
births since 1990, largely due to falling rates of maternal 
death resulting from direct (as opposed to indirect) 
obstetric causes.16 In contrast, there has been a relative 
increase in maternal deaths from indirect causes (such as 
HIV and malaria) over the same period, as fewer obstetric 
interventions address these conditions.

Previous studies conducted in Mozambique have docu-
mented some of the determinants of maternal health 
in the country. In Southern Mozambique, women who 
suffered severe maternal morbidities reported that lack 
of money for transportation and poor road infrastruc-
ture and long distances to health facilities caused delays 
in reaching health facilities, when they sought emer-
gency pregnancy-related care.17 19 Flooding can isolate 
communities from obstetric care for months at a time.20 A 
cultural acceptance of the male decision maker’s absence 
from matters concerning the woman’s pregnancy may 
contribute to increasing the vulnerability of pregnant 
women21 who may not be empowered to make decisions 
concerning their pregnancies.19 Prevailing misconcep-
tions around the causes of pregnancy-related illness22 are 
likely to influence women’s choices to access care.

Emerging global maternal health strategies acknowl-
edge the broad nature of the associated determinants of 
health and call for multisectoral approaches to comple-
ment health system enablers for improving maternal, 
fetal and child health along the continuum of care.1 23 
These strategies mirror the aim of the Sustainable Devel-
opment Goals (SDGs) to ‘draw on contributions from 
indigenous peoples, civil society, the private sector and 
other stakeholders, in line with national circumstances, 
policies and priorities’.2 Further to that, the SDGs call for 
greater measurement of disaggregate subnational trends 
in life-course health outcomes and associated determi-
nants.2 This drive to understand the granular population 

health trends and associated determinants will likely help 
to better elucidate the place-specific nature of these asso-
ciations with maternal and perinatal health outcomes.

The aim of this study was to identify and measure the 
community specific determinants that are associated with 
maternal and perinatal ill health in the southern region 
of Mozambique. In line with the recommendations from 
the SDGs, the study sought to gain a local understanding 
of these determinants and how their associations with 
adverse maternal outcomes varied geographically.

Methods
Study setting
The study was conducted as part of the feasibility study 
for the Community-Level Interventions in Pre-Eclampsia 
Trial (CLIP) in 2014 in Mozambique. CLIP was a commu-
nity-based cluster randomised controlled trial aimed at 
reducing all-cause maternal and perinatal mortality and 
morbidity in the study region. CLIP was led by the Univer-
sity of British Columbia, in partnership with the Centro 
de Investigação em Saúde de Manhiça in Mozambique. 
The feasibility study for CLIP was conducted in 36 admin-
istrative regions termed localities within two provinces in 
the southern part of the country.

Study design
There were four core aspects of this project that are 
summarised in figure 1: (1) gathering data on commu-
nity perspectives of the determinants of maternal health, 
(2) prioritising variables through a Delphi consensus, (3) 
collecting primary empirical data on the variables and 
(4) conducting spatial and statistical analyses to explore 
the association of these variables with adverse maternal 
outcomes.

Community perspectives on the determinants of maternal health
Ten focus groups discussions (FGDs) were conducted 
in 4 of the 12 clusters in the CLIP study area: Messano, 
3  de Fevereiro, Ilha Josina+Calanga and Chongoene. 
These FGDs involved pregnant women, women of repro-
ductive age, matrons (local birth attendants), male part-
ners, community leaders and community-based health 
workers. Using purposive sampling combined with snow-
ball sampling techniques, participants for the FGDs were 
recruited with the assistance of community gatekeepers. 
The FGDs covered topics regarding the sociocultural, 
environmental and economic factors thought to be 
related to adverse maternal events.

Semistructured interviews were conducted with the 
chiefs in all 12 administrative posts in the study region 
to better understand the historical context (eg, civil 
wars, natural disasters, foreign aid and microfinance) of 
the communities and how these could impact maternal 
health.

The FGDs and interviews were conducted in a local 
language (Changana) following a guide of open-ended 
questions reflecting the topics, were audio-recorded, 
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transcribed and translated verbatim into Portuguese 
before a final translation into English.

The full details concerning data collection, coding of the 
data and thematic analysis have been previously published.24

Prioritising variables
A Delphi consensus meeting by teleconference was 
conducted to prioritise the variables for statistical analysis. 
The Delphi technique helps with ‘achieving convergence 
of opinion concerning real-world knowledge solicited 
from experts within certain topic areas’.25 The panel of 17 
experts had a range of relevant backgrounds, including 
obstetrics (n=2), epidemiology (n=2), demography 
(n=2), health geography (n=1), environmental health 
(n=1), spatial statistics (n=1), health equity (n=1), health 
systems research (n=1), medical anthropology (n=4) and 
mobile health (n=2). A structured questionnaire that had 
been designed based on an extensive literature review was 
used as a guide for the Delphi process during the telecon-
ference. The same questionnaire was sent to members of 
the Delphi group that could not make the call. Consensus 
was reached after the first round as many of the variables 
tabled before the experts were backed by literature.

Participants and data sources
The context-specific variables identified for consideration 
of their association with a combined maternal and peri-
natal adverse outcome were collected through a house-
hold census conducted as part of the CLIP feasibility 
study.26 The census included information on all women 

who had been pregnant in the 12 months prior to the 
census, as well as women of reproductive age who had 
died. Data collected included individual-level variables 
(eg, age, education and pregnancy history), as well as 
community characteristics (eg, availability of the house-
hold head and community support initiatives). All reports 
of maternal, fetal or perinatal deaths were followed  up 
with verbal autopsy27 to classify the cause.

The census identified 50 493 households that were home 
to 80 483 women of reproductive age (age 12–49 years). 
Of these women, 14 617 had been pregnant in the 12 
months prior to the census, of which 9172 (61.6%) had 
completed their pregnancies. For the mother, there were 
18 deaths (204.6 MMR) of which the verbal autopsy iden-
tified that 38% were from direct  causes and 62% from 
indirect causes. For the baby, there were 288 (3.0%) 
miscarriages, 466 (4.9%) stillbirths and 8796 (92.1%) 
live births, of which there were 117 neonatal deaths. A full 
description of the health and sociodemographic profile 
of the women of reproductive age in the study area has 
been published.26

In addition, we collected five geographical variables using 
geographical information systems. There were three travel 
times to (1): primary health facilities, (2) secondary health 
facilities and (3) tertiary health facilities, using mixed trans-
port modes for public transport and ambulances. Walking 
times to the nearest main road  (4) were calculated to 
measure the degree to which communities were geographi-
cally isolated. Finally, an indicator for flood proneness (5) was 

Figure 1  Design overview.
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designed based on flood and precipitation records from the 
previous year.28 These variables and other community-level 
estimates for the variables captured in the census were calcu-
lated for each locality in the study area as described in table 1. 
Both the census and geographical data were aggregated into 
community-level averages at the locality level for each of the 
chosen variables, as ethical approval did not allow to analyse 
the location data at the level of the individual woman.

Statistical methods and variables
The primary outcome for this study was a combined 
maternal and perinatal outcome that included maternal, 
fetal and neonatal deaths. The denominator was the 
total  number of live  births. A composite outcome was 

chosen as powering the study for maternal death alone 
would have required a prohibitively large sample size. 
There is clinical plausibility in combining the three 
outcomes as both fetal and early neonatal outcomes are 
related to the woman’s condition during the antenatal and 
intrapartum periods, while her environment and socio-
cultural circumstances have an impact on late neonatal 
outcomes.29 30 Furthermore, a significant proportion of 
miscarriages are related to placental dysfunction, as are 
stillbirths and neonatal deaths.31 32

The spatial statistics module within ArcGIS software33 
was used for exploratory regression to further prioritise 
variables and to create the global ordinary least squares 

Table 1  Community level variables potentially associated with the rates of adverse maternal outcomes

Community-level variable
Description (variables calculated for reproductive age women with 
completed pregnancies)

Census variables

 � 1. Age of reproductive age woman Average age of reproductive age woman.

 � 2. Household head’s education Average number of years that household heads (man or woman) have spent 
in school (no schooling=0; at least primary=7; at least secondary=12; at least a 
degree=16; graduate=18, postgrad=20).

 � 3. Household head’s availability Percentage of households where the household head lives in the house.

 � 4. Water source score Percentage of households that have an improved water source.

 � 5. Latrine score Percentage of households that have an improved latrine.

 � 6. Private transportation score Percentage of reproductive age women who live in a house where someone 
owns a private car.

 � 7. Reproductive age women’s education Average number of years that reproductive age women have spent in 
school (no schooling=0, grade 5=5, grade 7=7, grade 10=10, grade 12=12, 
bachelors=16, graduate=18, postgrad=20).

 � 8. Fertility rate Average number of children born to each woman in the community that had a 
completed pregnancy.

 � 9. Reproductive age women’s marital status 
score

Percentage of reproductive age women in a marital union (monogamous or 
polygamous) relative to total with completed pregnancies.

 � 10. Reproductive age women’s 
unemployment rate

Proportion of reproductive age women that do not work compared with total 
reproductive age women with a completed pregnancy.

 � 11. Family support Percentage of reproductive age women that would receive financial, transport 
and emotional help from family or neighbours for a pregnancy-related need.

 � 12. Community group support Percentage of reproductive age women that would receive financial, transport 
and emotional help from a community-based group for a pregnancy-related 
need.

 � 13. Financial autonomy in pregnancy Percentage households where the reproductive age woman is empowered to 
make financial decisions concerning her pregnancy.

Geospatial variables

 � 14. Access to primary health facilities Average travel time to the nearest primary health facility, using public 
transport.

 � 15. Access to secondary health facilities Average travel time to the nearest secondary health facility, using a mix of 
public transport and an ambulance.

 � 16. Access to tertiary health facilities Average travel time to the nearest tertiary health facility, using a mix of public 
transport and an ambulance.

 � 17. Isolation Average walking time to the nearest main road.

 � 18. Flood proneness The difference between the road quality indicator (RoQI) score on a typical day 
in the dry season and on the worst day in the wet season. RoQI scores range 
between 0 and 100 and are a function of the quality of roads in a community.
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(OLS) regression model. The exploratory regression 
exercise evaluated different combinations of our explan-
atory variables for their fit for an OLS model and how 
these explained trends in our outcome variable. This 
method implements the exploration by screening vari-
ables in a forward stepwise sequence, exploring how 
different combinations of variables fit and perform in the 
regression model. Using criteria that assessed p values 
significance, multicollinearity measured by the variance 
inflation factor (VIF), normality of residuals and clus-
tering of residuals in space (table  2), we selected the 
variables that best explained the outcome and met the 
criteria of a well-specified regression model and explored 
these through a more rigorous OLS modelling exercise.

Global regression model
The performance of the OLS models chosen from the 
exploratory regression were assessed based on the magni-
tude of the adjusted R2 values. In addition, we checked 
for significance of p values for the model coefficients. 
Multicollinearity between different variables in a model 
was checked using the lower VIF threshold of five. The 
Koenker statistic (p<0.01) was used to check if the rela-
tionships being modelled were consistent (either due to 
non-stationarity or heteroskadisticity), while the Wald 
statistic was used to assess overall model significance. 
The Jarque Bera test (p<0.01) was used to check if model 
predictions were biased (ie, if the model residuals were 
normally distributed). The model that performed best 
and met these criteria was selected for further analysis to 
create a locally specified model.

Local regression model
The geographically weighted regression (GWR) technique 
was used to develop a second model, which extended the 
output from OLS, to explore spatial non-stationarity of 
effect of the variables. This allowed for the new model 
to account for spatial structure in estimating local rather 
than global model parameters.34 35 We foresee this to be 
an important step to creating interventions that are locally 
specific and an important part of more precisely targeting 

interventions. As part of the modelling process, the spatial 
weights based on the geographic proximity of observa-
tion are applied to give more weight to values that were 
closer together. GWR4 software36 was used for this part of 
the project. The geographic variability test was conducted 
to assess if there was significant non-stationarity in the 
coefficients after applying GWR. This test compares the 
geographically varying parameters with those in the fixed 
global model, where a negative difference (abbreviated 
‘DIFF OF CRITERION’ in GWR4), indicates significant 
variation in parameter estimates across space.36 We also 
assessed the performance of the GWR model using the 
newly calculated values of the adjusted R2.

Patient and public involvement
Previous research24 that elicited community perceptions 
of risk factors related to adverse maternal outcomes from 
women, their male counterparts and community leaders 
in the study area informed the choice for some of the 
variables. This study used FGDs and in-depth interviews 
and has been published through other avenues. The 
same results have also been disseminated through an 
outreach workshop to the ministry of health in Mozam-
bique. Further research that has received recent funding 
will communicate the identified risk factors through the 
use of a mobile app.

Results
Community perspectives and choice of variables
The full list of community-level variables that were consid-
ered is presented in table  1. These variables, gathered 
from the results of focus group discussions, semistruc-
tured interviews and the Delphi consensus, represent the 
local perspectives, expert views and a priori study knowl-
edge. The community perspectives that informed some 
of our choice variables are reported in full separately.19 24

Statistical analysis
Descriptive statistics
The geographic pattern for the rates of the combined 
adverse maternal and perinatal outcome is shown in 
figure  2, where the clusters of Ilha Josina+Calanga, 
Mazivila and Chissano had the localities with the highest 
rates of the combined outcome.

For women with completed pregnancies, communi-
ty-level scores for census and geographical variables are 
summarised in table 3. The average age of women with 
complete pregnancies was 26. Ninety-one per  cent of 
households reported that the head of household lived 
in the household. There was large variability in the 
percentage of households with an improved water source, 
with the lowest locality level score being 11.9%, while the 
highest was 99%. The number of households with an 
improved toilet facility was very low, with the best locality 
level score for this variable being 31.6%. An average of 
5.6% of all households reported owning a private vehicle. 
Most women reported being in a marital union (70.9%). 

Table 2  Criteria for variable selection prior to regression 
modelling

Criteria Description Threshold

Coefficient p value The CI required for p 
values of coefficients.

<0.05

Variance inflation 
factor

Measures redundancy 
of multicollinearity 
between the explanatory 
variables.

<7.5

Jarque Bera 
p value

Measures whether the 
model residuals are 
normally distributed.

>0.1

Spatial 
autocorrelation 
p value.

Check for spatial 
clustering of model 
residuals.

>0.1
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Figure 2  Geographic pattern for the rates of the combined adverse outcomes.

Table 3  Summary statistics

Community level variable Min Max Mean SD

Census variables

 � 1. Average age of reproductive age women (years) 24.30 28.00 26.36 0.90

 � 2. Household head’s education (years) 3.60 7.30 5.47 0.88

 � 3. Household head’s availability (proportion) 0.80 1.00 0.91 0.07

 � 4. Water source score (%) 11.90 99.00 54.68 25.97

 � 5. Latrine score (%) 0.00 31.60 15.48 8.35

 � 6. Private transportation score (%) 0.00 12.30 5.57 3.05

 � 7. Reproductive age women’s education (years) 3.80 7.20 5.29 0.95

 � 8. Fertility rate (no. per woman) 2.40 3.80 2.89 0.29

 � 9. Reproductive age women’s marital status score (%) 52.40 88.90 70.85 8.47

 � 10. Reproductive age women’s unemployment rate 
(proportion)

0.00 0.40 0.11 0.10

 � 11. Family support (%) 61.30 100.00 85.61 10.46

 � 12. Community support (%) 0.00 17.30 3.59 3.86

 � 13. Financial autonomy in pregnancy (%) 0.00 45.90 22.15 8.43

Geospatial variables

 � 14. Access to primary health facilities (hours) 0.18 1.75 0.61 0.36

 � 15. Access to secondary health facilities (hours) 0.29 2.80 1.20 0.54

 � 16. Access to tertiary health facilities (hours) 0.97 4.32 2.08 0.74

 � 17. Isolation (travel time to nearest main road in hours) 0.10 2.01 0.54 0.42

 � 18. Flood proneness (%) 5.61 8.27 6.75 0.67

Rate of adverse outcomes per live birth
(maternal+neonatal+ miscarriages+stillbirths)

0.01 0.21 0.10 0.05
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The reported rates of unemployment were surprisingly 
low (mean 11%), given how this was perceived as an 
important risk factors in the focus group discussions. 
The proportion of women who indicated that they would 
receive either financial, transport or emotional help from 
family or a neighbour in the event of a pregnancy-related 
need was 85.6%, while only 3.6% would receive the same 
from community groups. Twenty-two per cent of house-
holds indicated that the woman was empowered to make 
financial decisions concerning her pregnancy.

The average travel time to the primary health facilities 
was 0.6 hours using public transport. For women who 
were referred to secondary facilities, this was calculated 
to take an average of 1.2 hours, assuming that they used 
public transport to primary facilities and an ambulance to 
secondary facilities. For tertiary facilities, it was calculated 
to take and average of 2.1 hours using the same combina-
tion of transport modes. The most isolated communities 
required women to walk 2.0 hours to the nearest main 
road, while the closest were less than 6 min (0.1 hours) 
away. The ease of travel through communities reduced by 
an average of 6.8% because of flooding and precipitation 
during the 12 months prior to the household census.

Global model
Through exploratory regression, we identified six vari-
ables that met prespecified criteria for inclusion in the 
model (online  supplementary file 1). The resulting 
OLS model is illustrated in table 4. The adjusted R2 was 
0.69 (online supplementary file 2). A full record of the 
diagnosis for the OLS is provided as online supplemen-
tary material. The graduated colour classification maps 
describing the magnitude of the variables across the study 
area is presented in figure 3.

The OLS model shows that as the degree of isolation 
increases, there is an effect of increasing rates of adverse 
outcomes (p≤0.05). There is significantly more isolation 
in the western region of the study area, particularly for the 
Magude, Ilha Josina and Calanga clusters, making women 
in these areas more vulnerable to the effect of isolation.

Communities that were shown to have more fragile and 
flood prone road infrastructure during the year prior to 
data collection were also shown to have elevated rates 
of the adverse outcome (p≤0.01). Regions in the Ilha 
Josina+Calanga, Mazivila and Chaimite clusters were the 
most affected by flooding and precipitation.

Higher rates of availability of an improved latrine 
are associated with lower rates of the adverse outcome 
(p≤0.001). Regions in the Ilha Josina+Calanga, Magude 
and Chaimite clusters had the lowest rates of improved 
latrines, while 3 de Fevereiro and Chongoene had the 
highest rates.

Family support emerged as an important character-
istic in reducing the rates of adverse outcomes (p≤0.05). 
Although the levels of family support are relatively high 
for all localities (mean 85.6%), there is a north–south 
divide between the communities that have higher and 
lower rates of family support with Maluana+Maciana, Ilha 
Josina+Calanga and 3 de Fevereiro having the highest 
rates while Mazivila, Chissano and the northern region of 
Magude have lower rates.

Average age of women with a completed pregnancy was 
positively associated with rates of the adverse outcome 
(p≤0.001), while fertility rates are negatively associated 
with the rates of adverse outcomes (p≤0.001).  A closer 
look at the age aggregated data for age and fertility 
rates (figure 4) reveals a bidirectional trend in the both 
relationships with the combined outcome. Rates of the 
combined outcome are relatively higher for the younger 
ages of 12 years old and decrease until age 20 years, where 
they begin to rise until age 49 years. A similar pattern exists 
for fertility rates with women who have lowest fertility 
rates experiencing higher rates of adverse outcomes that 
decline until fertility rates of approximately 2.2 before 
rising again for higher fertility rates.

Local model
The GWR model indicated that the effect on the combined 
outcome was geographically non-stationary for three of the 
six variables (isolation, latrine score and family support) 

Table 4  OLS model

Variable Coefficient SE t-Statistic VIF

Intercept −0.194483 0.19802 −0.98214 –

Isolation (hours) 0.033353* 0.01464 2.27805 2.06598

Flood proneness (%) 0.023936** 0.00754 3.17587 1.35311

Latrine score (%) −0.003094*** 0.00072 −4.28457 1.92347

Family support (%) −0.001274* 0.00051 −2.48055 1.52648

Age of reproductive age 
woman (years) 0.034653*** 0.00826 4.19544 2.93335

Fertility rate (no. of children) −0.222607*** 0.02942 −7.56575 3.90853

*P≤0.05; **p≤0.01; ***p≤0.001.
Multiple R2=0.75; adj R2=0.69.
OLS, ordinary least squares; VIF, variance inflation factor.
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as indicated by the negative DIFF OF CRITERION values 
in table  5 (online  supplementary file 3). There was no 
non-stationarity for the effect of flood proneness, age of 
the woman and fertility rate. The performance of the local 

model improved modestly from the global model to an 
adjusted R2 value of 0.71, explaining a further 2% of the 
variability in the outcome. A graduated colour classification 
was used to describe the magnitude of the effect in each of 

Figure 3  Geographic patterns in values for the model variables.
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the localities. The transcripts of the GWR results are avail-
able as supplementary material.

The general direction of the effect in the global model 
is preserved in the local model (figure 5). Isolation has 
a general effect of increasing risk for adverse outcomes 
across the entire study area. However, the effect is more 
pronounced by a factor of approximately 53% in the 
western region of Magude compared with the east in 
Chongoene. A similar pattern is observed for the effect 
of flood proneness on the combined outcome, with the 
western regions of the study area being at greater risk, 
though the magnitude of the differential effect is much 
smaller (8%). This is also even though the same areas in 
the west had lower level of proneness to floods (figure 3).

Proportion of household with an improved latrine was 
associated with decreasing the adverse outcomes for all 
regions under study, although this effect is greatest in 
magnitude for the eastern region of the study area by a 
factor of about 12%. Family support has a greater effect 
of reducing the rates of adverse outcomes in the eastern 
regions by a factor of about 45%. Average woman’s age 
had an effect of increasing the outcome by up to 15% 
more in the west than the east. The variability in the asso-
ciation of fertility rates to the rates of adverse outcomes 

was also non-stationary with the highest effect 5% more 
than the lowest.

Discussion
This study has explored the place-specific factors that 
are associated with rates of adverse maternal and peri-
natal outcomes. Information gathered through FGDs 
and semistructured interviews enabled us to measure 
the context-specific determinants that were thought to 
be related to adverse maternal and perinatal outcomes. 
Some of the variables from the FGDs and interviews 
were indeed significantly associated with the rates of 
our combined outcome and include family support, 
geographic isolation and access to an improved latrine 
facility. Other noteworthy variables include flood prone-
ness, average age of reproductive age women with 
completed pregnancy and fertility rates. The effect and 
the magnitude of the effect of these determinants of the 
outcome varied between communities though the direc-
tion of the effect was largely constant.

Fertility rates were the only variable where the direc-
tion of the effect is contrary to common expectation. 
However, fertility rate was the most significant variable 
both in the global model (p≤0.001) and as a single 
variable in the exploratory regression, so the observed 
pattern is unlikely a result of effect modification. Instead, 
it is possible that there are other pervasive factors at play. 
The graph for fertility rates plotted against the rates of 
adverse outcomes (figure  4) indicated that adolescent 
women with completed pregnancies also have lower 
fertility rates but tend have high rates of the adverse 
outcome.26 37 This trend could have possibly skewed the 
direction of the effect of this variable. This pattern would 
be possible as the most completed pregnancies (61%) 
were from women with fertility rates less than 2.2; there-
fore, community-level averages would naturally carry 
more weight from these women’s records.

This is the first time that the place-specific socio-
cultural and environmental factors related to adverse 
maternal outcomes have been explored in this region 
of Mozambique. Similar methods have been used in the 
USA.38 However, most of these studies emphasise health 
systems-related variables and how they relate to adverse 
maternal outcomes. This project’s approach of going into 
communities to meet with local stakeholders is aligned 
with upcoming strategies within the SDGs for improving 
maternal health (United Nations, 2015). Core to these 
new global health strategies is an emphasis on multisec-
toral interventions that broadly consult multiple local 
stakeholders to understand the context-specific factors 
that may be related to population level health trends. The 
value of geographical techniques to these new strategies 
is demonstrated in two ways in this project.

First, we used Geographical Information Systems (GIS) 
to design new indicators for some of the context-specific 
variables perceived to be related to adverse maternal 
outcomes. Our measure of isolation for example (distance 

Figure 4  Age and fertility rates compared with adverse 
outcomes. The classic J shape graph for both.

Table 5  Results of the geographic variability test

Variable Diff of criterion

Intercept 0.176197

Isolation −1.224025

Flood proneness 0.530483

Latrine score −0.156581

Family support −2.551618

Age of reproductive age woman 0.073263

Fertility rate 0.190761
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Figure 5  Geographic variation of beta coefficients.
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from highway) was designed based on local knowledge 
from the FGDs and interviews and implemented in a 
GIS. Other GIS variables on access to care were gener-
ated based on an understanding from the FGDs and 
relevant literature that most women would either walk or 
use public transport to primary facilities and be driven to 
higher level facilities.39–41

Second, the use of geographically explicit techniques, 
such as GWR, enhances the ability to elucidate the spatial 
structure of the determinants of health and is in line 
with a drive within global health (expressed through the 
SDGs) to measure more granular subnational trends in 
health.2 Evidence from the local regression model devel-
oped for this project highlights that different determi-
nants matter to different extents in different places. This 
understanding is valuable, particularly for designing and 
targeting population-level interventions for improving 
maternal and child health because it allows for action 
in specific places to be informed by what is known to 
elevate risk the most. This is critical for achieving impact 
and improving health in a resource limited settings like 
Mozambique.42 43

A key limitation for this study is that the results can only 
be applied at the population level and should not be used 
to predict outcomes at the individual woman level. This 
phenomenon is termed ecological fallacy44 and is a key 
drawback for conducting population-level studies like 
this one. Furthermore, this project created a combined 
outcome for maternal, fetal and neonatal outcomes. The 
implication for this is that the results may not mirror the 
actual associations with any of the three outcomes in the 
combined outcome if considered separately. However, the 
observed patterns address more broadly, an approach to 
improving maternal health along the continuum of care 
that includes thinking about fetal, newborn and child 
survival together.5 Furthermore, the combined outcome 
better captures the true impact on families, as tragedies 
of death of mothers, fetuses and infants do not happen 
in isolation.

Conclusions
The geographic perspective contributes to new strategies 
for improving global maternal and perinatal health by 
providing the tools required to understand local contexts 
and associated determinants. It also helps to elucidate 
the geographic structure of associations between these 
determinants and adverse maternal and perinatal health 
outcomes. This is crucially important for targeting inter-
ventions and can help to operationalise some of the key 
strategies within the new SDG. While the patterns that 
characterise the findings of this project are specific to the 
region of Southern Mozambique and may not be transfer-
able to other settings, this research design could certainly 
be translated to help with understanding the local factors 
that elevate risk for adverse maternal and perinatal 
outcomes. It was outside the purview of this research to 
explore how this evidence could be translated into action 

on these community-specific social determinants, and 
future work should address this knowledge gap .
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