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Abstract: Background: Rapid urbanization coupled with evolving threats from both communicable
and non-communicable diseases underscore the vulnerability of urban healthcare systems. Building
resilient healthcare systems and increasing access to socioeconomic resources is key for achieving
sustainable development goals (SDGs). The city of Maputo (Mozambique) provides a helpful case
study for the analysis of this situation. Methods: This investigation analyzes household survey
data to determine the predictors of consistent household medical care access (SDG 3) in Maputo.
Using those identified predictors, the study identifies key segments of households in Maputo that
are vulnerable to disease given their inconsistent access to medical care. Results: The results indicate
that households with inconsistent medical care access (SDG 3) also suffer from severe food insecurity
(SDG 2) and inconsistent access to a cash income (SDG 8), water (SDG 6), and electricity (SDG
7). Conclusions: This study identifies challenges to the achievement of SDG 3 in Maputo, where
households that are likely to need medical care under the strain of impoverished living conditions
are also the least likely to have consistent access to needed medical care.
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1. Introduction

Human settlements have become increasingly urban, and this transition is likely
to accelerate in Asia and Africa [1–3]. These Global South regions currently have the
most population and urban growth [4]. Despite the economies of scale associated with
urbanization [5], many cities in the Global South have become host to sprawling informal
settlements and widespread poverty [6,7]. Limited urban planning and governance in
many growing secondary cities have hampered the potential of urbanization to translate
into improved socio-economic well-being [2,8,9]. As a result, urban growth in Africa has
coincided with hunger and malnutrition and the potential for longwave epidemiological
hazards [10,11]. Urbanizing societies undergo transitions in health and disease patterns;
however, cities in the Global South are facing epidemiological hazards which are evolving
rapidly under the strain of monumental transitions [12]

Cities, by virtue of being home to numerous people and socioeconomic activities, are
vulnerable to widespread impact of diseases. At the time of writing, the world is facing
the unprecedented challenge of containing the Covid-19 virus. The Covid-19 pandemic
has tellingly unveiled the fragility of urban health and wellbeing. For instance, recent
studies from the city of Maputo show that households with chronically ill members also
experienced food insecurity, as well as inconsistent access to electricity, water, cash income,
and medical care [13]. Cities provide critical spaces for jointly addressing socioeconomic
and health system vulnerabilities because of the population sizes and demographics [14].
As a result, Mozambique (specifically its capital, Maputo) provides a fertile case study for
investigating the vulnerability of urban households to infectious diseases.

It has long been observed that the epidemiological vulnerability profile of humanity
has shifted from predominantly communicable to noncommunicable diseases [15]. This
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epidemiological transition also mimicked a dietary shift towards sugars and saturated
fats, known as the nutrition transition [16]. Among many developing countries, diseases
stemming from both under-nutrition and over-consumption have become prevalent [17].
Likewise, under the strain of antimicrobial resistance, infectious diseases are resurging
alongside non-communicable diseases [18]. While these transitions conceptually drive an
understanding of human development, they are imperfectly suited to support sustainable
development in cities of the Global South, where both ends of these transitions have become
prevalent. Hence, there is a growing appreciation for the socio-economic factors that might
shape the characteristics of both challenges [19–21].

Socio-economic factors are important in shaping these transitions whilst highlighting
a third momentous transition. The rapid urbanization that has defined the current urban
transition has strained social services in many cities around the world [22,23]. The urgency
of these challenges is underscored by the 2015 sustainable development goals (SDGs)
which comprise 17 interlinked goals for addressing sustainability challenges together as an
“indivisible whole” [24]. Specifically, SDG 3 on health and well-being has 13 targets aimed
at reducing mortality and morbidity, and strengthening the capacity of countries to manage
health risks in connection with other SDGs [25]. This SDG aligns with calls for a new
urban agenda that promotes sustainable cities and provision of necessary infrastructure
and equitable access for all [4,23]. Ensuring the health and well-being of all people in
society amidst these transitions is key for sustainable development [25].

The city of Maputo, which has experienced rapid population growth in recent decades,
provides a revealing case study of this discussion [26,27]. Maputo’s rapid growth has been
accompanied by informal growth and a strained system of physical infrastructure [28]
(Barros et al., 2014). In many cases, access to electricity (SDG 7), in Maputo is obstructed
by the limited extent of the electrical grid, the limited financial capacity of households,
and broader bureaucratic delays [29]. Similarly, water access (SDG 6) is often negotiated
through a combination of public and private sources, mostly using boreholes [30,31]. The
limited accessibility of these resources has also coincided with shocks to household income
sources (SDG 8) and food security (SDG 2). A 2008 household survey found that only 43%
of surveyed households had access to full-time employment, with most household income
stemming from informal or casual sources [32]. Raimundo et al. [32], found that just under
a third of surveyed households in Maputo were food secure.

In addition to these socio-economic challenges, households in Maputo have a chal-
lenging epidemiological profile. A 2007-2008 national mortality survey [33] found that
HIV/AIDS held a mortality rate (per 100,000) of 336.2 and a malaria mortality rate of 132.5.
Furthermore, circulatory diseases accounted for a mortality rate of 106.6. A 2006 study
also found that traffic hazards had a sizable impact on mortality in Maputo, with 43.7%
of injury deaths arising from traffic accidents [34] Together these mortality characteristics
highlight the epidemiological stresses that are borne by households in Maputo and the
need for consistent access to medical care.

The healthcare system in Maputo, however, does not necessarily support expedient
access for those who need it most. The city’s healthcare system is two-tiered, comprising
a public and a private care system for households in the city [35]. Households unable
to afford access to the private healthcare clinics in the city can face long wait times and
hampered access. The structure of this system underlines the importance of out-of-pocket
healthcare expenses. Such costs have the potential to drive households deeper into poverty
under times of stress [36]. Thus, the accessibility of healthcare, and the socio-economic
characteristics of resource deprivation can be mutually reinforcing. This research highlights
a perfect storm for households in the city facing strains arising from both communicable
and noncommunicable diseases.

Given this context, household access to medical care seems to be a pivotal step in the
pursuit of urban sustainable development and broader community wellbeing in Maputo.
That access, however, also appears to be contingent upon household socio-economic
characteristics which, in of themselves, limit household resilience under the strain of
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communicable and non-communicable diseases. As a result, sustainable development must
approach this network of interactions in order to chart mutually reinforcing sustainability
activities under suitable local conditions [24,37]. This investigation assesses the extent to
which measures of household food insecurity (SDG 2) and limited resource access (SDGs 6,
7, and 8) share a predictive relationship with the consistency of household access to medical
care (SDG 8) among sampled households in Maputo. This objective provides insight into
the potential network of interactions that links these diverse variables together. Using those
identified measures, the investigation then identifies sampled households in the city of
Maputo that are particularly vulnerable given the inconsistency of their access to medical
care. This objective will identify subsets of the sampled households with inconsistent
medical care access.

2. Materials and Methods
2.1. Research Objectives

This Investigation will seek to achieve the following research objectives:

1. Define the relationship between severe food insecurity and inconsistent resource
access in predicting the consistency of household access to medical care among the
sampled households;

2. Determine the subsets of the sampled households vulnerable to inconsistent medical
care access according to food insecurity severity and resource access inconsistency.

2.2. Sample

The household sample under investigation was taken from a Hungry Cities Partner-
ship (HCP) survey of Maputo, Mozambique in October 2014. In this survey, 19 wards were
randomly selected across the city of Maputo. Within each randomly selected ward, a team
of trained enumerators used systematic sampling to select 2071 households for the survey.
The sample sizes were distributed across the randomly selected wards using approximate
proportionate allocation according to the most recently available census. When a household
was approached for the survey, informed consent to participate in the study was requested
from one adult in the household who could confirm that they were knowledgeable about
the characteristics and food consumption habits of the household. This HCP survey main-
tained a memorandum of understanding with the institutional partner in Maputo, Eduardo
Mondlane University, and was given ethics clearance by Queen’s University.

2.3. Variables

The survey instrument administered in this survey of Maputo included data on the
severity of household food insecurity, the consistency of household medical care access in
the last year as well as the consistency with which households access other key resources
in the last year. The severity with which households experienced food insecurity (relating
to SDG 2) was measured using the Household Food Insecurity Access Scale (HFIAS) [38].
This scale measures the frequency and severity of food access challenges that a given
household experiences in the previous 4 weeks. The scale measures social, economic, and
physical dimensions of food access challenges (ranging in severity) across nine Likert scale
questions. The nine Likert scale questions included in the HFIAS are provided below:

1. “In the past four weeks, did you worry that your household would not have enough food?
2. In the past four weeks, were you or any household member not able to eat the kinds

of foods you preferred because of a lack of resources?
3. In the past four weeks, did you or any household member have to eat a limited variety

of foods due to a lack of resources?
4. In the past four weeks, did you or any household member have to eat some foods

that you really did not want to eat because of a lack of resources to obtain other types
of food?

5. In the past four weeks, did you or any household member have to eat a smaller meal
than you felt you needed because there was not enough food?
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6. In the past four weeks, did you or any household member have to eat fewer meals in
a day because there was not enough food?

7. In the past four weeks, was there ever no food to eat of any kind in your household
because of lack of resources to get food?

8. In the past four weeks, did you or any household member go to sleep at night hungry
because there was not enough food?

9. In the past four weeks, did you or any household member go a whole day and night
without eating anything because there was not enough food?” [38], p. 5.

Each question is paired with ranked optional answers ranging from no (never) to
often (more than 10 times in the previous 4 weeks). The results of the scale can be scored
using a scoring algorithm to categorize households according to four categories: food
secure, mildly food insecure, moderately food insecure, and severely food insecure. For
the purposes of this investigation, this variable has been transformed into a binary variable
indicating whether a household was categorized as severely food insecure.

The survey instrument also provided a measure of the consistency of household access
to medicine or medical care in the previous year. Households were asked how many times,
if any, they went without access to medical care over the past year. This variable was
collapsed to provide a comparison of whether households maintained consistent access
to medical care in the previous year. In a similar fashion, the survey also gathered data
on SDGs 8, 6, and 7 respectively on the consistency of household access to a cash income,
enough clean water for home use, and electricity in the home. Each of these variables were
collapsed to a binary variable representing whether a household maintained consistent
access to each resource in the previous year (Table 1).

Table 1. Variable Descriptions.

Variable Values

Medical Care Access Consistent Access Inconsistent/No Access

Cash Income Access Consistent Access Inconsistent/No Access

Electricity Access Consistent Access Inconsistent/No Access

Water Access Consistent Access Inconsistent/No Access

Severe Food Insecurity Not Severely Food Insecure Severely Food Insecure

The variables included in this investigation were binned for two primary reasons.
First, given the survey scales relied upon this investigation (predominantly Likert-scale)
and the recall of the survey participants, the binning of the variables likely increased
accuracy of the categories. Second, the variable binning aided in the interpretation of the
investigation results and allowed for a comparison of unadjusted and adjusted odds ratios.
Similarly, the binned variables aided the interpretation of the decision tree designed in
this investigation.

2.4. Analysis

Objective one was achieved through the calculation of odds ratios. Odds ratios
calculate the change in odds associated with a change from one category to another across
two binary variables. In other words, the calculation reveals the change in the odds of a
household having inconsistent medical care access given that the household is severely
food insecure. The p values for the odds ratio calculations were determined using Pearson
Chi-Square Tests. Given the limited number of survey clusters represented in the sampling
strategy, it was determined that multi-level modelling may have provided unreliable
standard errors in this investigation. Future research should evaluate the findings from
this investigation using alternative sampling strategies.

Objective two was achieved using a chi-square automatic interaction detection (CHAID)
decision tree. Using the identified predictive variables identified in research objective one,
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this analysis identified the percentage of households with consistent access to medical
care across subsets of the sample (as determined by the independent variables in this
investigation). To achieve this aim, the CHAID decision tree splits the sample into subsets
using the variable with the highest chi-square value in a cross-tabulation. The tree then
splits the sample according to that variable and then repeats the same process within
each subset of the identified variable. This process was continued until less than 10% of
the sample was represented in the final parent nodes or less than 5% of the sample was
represented in the final child nodes (to avoid over-fitting). The frequency of consistent
medical care access was then calculated in each of the nodes identified by the CHAID
decision tree. Only households with complete data sets for both the independent and
dependent variables were included in this analysis. This analysis was carried out while
including the ward of residence for each sampled household in order to identify any
potential spatial patterns in the sample sub-setting.

2.5. Limitations

This survey data was collected in 2014 and there is limited new survey data collection
that would support the analysis carried out in this investigation. That said, other re-
searchers have more recently indicated that the challenges discussed here around resource
access have continued to be a challenge in the city [39,40]. This investigation provides a
fascinating case study into the inter-relationships among multiple SDGs and the authors
continue to encourage efforts to collect recent and reliable survey data in Maputo to further
explore the findings from this investigation. While the household survey underpinning this
investigation was designed to be as representative as possible, the limited availability of
recent census data (and the logistical constraints hampering true simple random sampling)
limit the extent to which the survey findings can be taken as representative of the Maputo
population. That said, this investigation does give insight into the potential barriers and
challenges that households in Maputo may face when debilitated by illness. Furthermore,
the analyses provided in this investigation relied upon binned variables. The decision to
bin these variables was taken considering the benefits from trading limited precision for
bolstered accuracy in respondent recall. That said, the binning may have masked more
nuanced thresholds in these variables. Future research will be needed to investigate that
nuance in greater detail. Finally, given the design of this investigation, none of the analyses
presented here should be interpreted as causal in nature. Instead, this is a retrospective
review of the predictive relationships linking household resource access and food insecurity
with the consistency of medical care access.

3. Results
3.1. Research Objective One

The sampled households in Maputo demonstrated considerable heterogeneity in the
consistency of their access to medical care across the variables under investigation (Table 2).
For example, half of the sampled households that reported inconsistent access to a cash
income in the last year also reported inconsistent access to medical care. Similarly, half
the sampled households that were severely food insecure according to the HFIAS also
had inconsistent access to medical care in the previous year. Interestingly, at least 85% of
the sampled households that maintained consistent access to water, electricity, or a cash
income in the last year also maintained consistent access to medical care. Almost 90% of
the sampled households that were not severely food insecure also maintained consistent
medical care access.
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Table 2. Cross-Tabulation of the Consistency of Household Medical Care Access by Household Food
Security and Resource Access.

Medical Care Access

Consistent
Access

Inconsistent/
No Access Total

Row % Row % n Row %

Severe Food
Insecurity

Not Severely
Food Insecure 87.8% 12.2% 1259 100%

Severely Food
Insecure 55.8% 44.2% 780 100%

Cash Income
Access

Consistent
Access 88.5% 11.5% 1369 100%

Inconsistent/No
Access 49.5% 50.5% 677 100%

Electricity
Access

Consistent
Access 89.5% 10.5% 976 100%

Inconsistent/No
Access 62.7% 37.3% 1061 100%

Water Access

Consistent
Access 85.2% 14.8% 1350 100%

Inconsistent/No
Access 56.9% 43.1% 692 100%

As would be expected from the previous cross-tabulation, household food insecurity
and resource access were associated with a significant change in the odds of inconsistent
medical care access among the sampled households (Table 3). As an example, without
controlling for any other variables, severe food insecurity was associated with a five-fold
increase in the odds of inconsistent household medical care access among the sampled
households. Sampled households with inconsistent access to a cash income in the previous
year had almost eight times the odds of also having inconsistent medical care access over
the previous year. Inconsistent access to water also quadrupled the odds of inconsistent
medical care access while inconsistent electricity access led to a five-fold increase in the
odds of inconsistent medical care access among the sampled households. Each of these
bivariate calculations were made independent of any other variable.

Table 3. Changes in the Odds of Inconsistent Household Medical Care Access by Household Food
Insecurity and Inconsistent Resource Access.

Variable O.R. C.I. Lower C.I. Upper X2

Severe Food Insecurity 5.691 4.567 7.091 266.799 **
Inconsistent Cash Income Access 7.881 6.297 9.863 374.56 **

Inconsistent Electricity Access 5.103 4.014 6.486 198.748 **
Inconsistent Water Access 4.349 3.516 5.379 197.978 **

** p < 0.01, O.R.: Odds Ratio, C.I.: 95% Confidence Interval.

3.2. Research Objective Two

The CHAID decision tree was constructed using only those sampled households
with complete data for all variables included in this investigation (Figure 1). The CHAID
decision tree built from these variables was 80.55% accurate in categorizing the sampled
households according to medical care access. As would be expected from Table 3, cash
income access was the best independent variable for categorizing households according to
medical care access. Among those households with consistent cash access, the data was
then split according to severe food insecurity and then electricity access. Among those
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households with inconsistent cash access, the data was then split according to water access
and then the severity of food insecurity.
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Figure 1. CHAID Decision Tree Categorizing Sampled Households According to Medical Care Access (n = 2010).

The CHAID decision tree appears to have been effective in identifying the subsets
of the sampled households according to the inconsistency of medical care access in the
last year. The CHAID decision tree indicated that almost 65% of the sampled households
with inconsistent access to a cash income and inconsistent access to water in the last year
had inconsistent medical care access as well. At the same time, almost 96% of the sampled
households that were not severely food insecure (and with consistent access to a cash
income and electricity in the past year) maintained consistent access to medical care in the
past year.

It is important to note that the ward of residence for each household was not included
in the final CHAID decision tree, despite the inclusion of this variable as an independent
variable in the model building process. This finding indicates that the ward of residence
variable was deemed to be a less significant predictor for categorizing the sampled house-
holds by the learning algorithm (based on a chi-square analysis) when compared to the
other independent variables on the consistency of household resource access and the sever-
ity of household food insecurity. That said, if the decision tree were to continue growing
beyond the stopping rules, it is possible that the ward of residence would be included in
the tree. However, given the sample size used in this investigation, it would be difficult to
assess the reliability of these findings for such small subset sample sizes.
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4. Discussion

The findings from this investigation indicate that the sampled severely food insecure
households, or households with inconsistent access water (SDG 6), electricity (SDG 7),
or a cash income (SDG 8), were also more likely to have inconsistent medical care access
(SDG 3) in the previous year in the city of Maputo. As an example, almost 65% of the
surveyed households with inconsistent access to a cash income and water also reported
having inconsistent access to medical care in the previous year. These findings are sig-
nificant because they suggest that households in Maputo that are the most vulnerable to
disease impacts (due to food insecurity and limited resource access) are also likely to have
inconsistent access to medical care when inflicted by those infectious diseases. In other
words, this investigation reveals a compounded vulnerability carried by such households
when working toward the achievement of the SDGs. Furthermore, the findings seem to
indicate that these relationships may not be better explained by the spatial distribution of
households across the city (as measured by the ward of residence for each household).

Future research will be needed to clarify these research findings according to spatial
and temporal dimensions. The limited influence of spatial disaggregation on the research
findings is intriguing and may provide a springboard into future investigations into the
spatial characteristics of the network effects identified here. Multilevel modelling may
provide insight into the spatial impact of urban informality on the relationships identified
here. This technique was not applied in this investigation due to concerns around the
limited sample size of wards included [41]. Longitudinal research will also help to clarify
whether the compounding vulnerability observed in these findings might evolve over time;
in other words, whether the relationships highlighted by the CHAID decision tree describe
a progression of vulnerability (where households fall into poverty by losing consistent
access to an increasing number of resources).

The results of this investigation highlight some of the potential reasons that may
underlie the network of relationships linking the SDGs. The network effects of these rela-
tionships may be underpinned by a broader compounding vulnerability. For households
struggling the most with inconsistent access to medical care, the challenge appears to be
buried in a host of other challenges stemming from food insecurity and infrastructure
access. On the other hand, the subset of the sampled households with the highest rates of
consistent medical care access also appeared to maintain consistent access to infrastructure
and maintain food security. The achievement of SDG 3, therefore, appears to be associated
with challenges stemming from other SDGs.

These findings give insight into some of the challenges underpinning an effective
response to the spread of infectious diseases within the city of Maputo. If many of the
households within the city are not able to maintain consistent access to essential resources,
or maintain food security, they also will have a limited capacity to ensure healthy living.
Furthermore, challenges to household medical care access reflect the urbanization and
epidemiological transition challenges faced by municipal authorities. The irony of the
situation is that households with the least capacity to access resources related to SDG 6, 7,
and 8 also have the most inconsistent access to needed medical care SDG3.
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