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ABSTRACT
Introduction  Multimorbidity (MM), defined as two 
or more chronic diseases in an individual, is linked to 
adverse outcomes. MM is increasing in sub-Saharan 
Africa due to rapidly advancing epidemiological and social 
transitions. The Multimorbidity in Africa: Digital Innovation, 
Visualisation and Application Research Hub (MADIVA) 
aims to address MM by developing data science solutions 
informed by stakeholder engagement.
Methods and analysis  MADIVA uses complex, 
individual-level datasets from research centres in rural 
Bushbuckridge, South Africa and urban Nairobi, Kenya. 
These datasets will be harmonised, linked and curated, 
and then used to develop MM risk prediction models, 
novel data science methods and interactive dashboards 
for research and clinical use. Pilot projects and mentorship 
programmes will support data science capacity 
development.
Ethics and dissemination  Ethics approval has been 
granted. Dissemination will occur through scientific 
meetings and publications. MADIVA is committed to 
making data FAIR: findable, accessible, interoperable and 
reusable.

INTRODUCTION
Multimorbidity (MM), the presence of ≥2 
chronic health conditions in an individual, 
is increasing in Sub-Saharan African (SSA) 
countries.1 2 The rise in MM is driven by 

ageing populations, rising obesity levels and 
risk factors related to urbanisation.2 3 MM is 
associated with premature mortality, lower 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Data science methods, like machine learning, have 
been developed for a range of healthcare applica-
tions, from risk and prognosis prediction to diagno-
sis; however, limited knowledge is available about 
the use of these methods to tackle the challenges 
that MM presents in sub-Saharan Africa (SSA).

WHAT THIS STUDY ADDS
	⇒ This study aims to develop and apply data science 
methods to gain a deeper understanding of MM in 
SSA using integrated datasets from multiple sourc-
es and provide clinically relevant and actionable 
insights.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Data integration will provide insights into demo-
graphic, health and behavioural trends in different 
communities and enable richer predictive models 
for disease, while enhancing understanding of inter-
vention pathways.

	⇒ Data curated by Multimorbidity in Africa: Digital 
Innovation, Visualisation and Application will be 
made available for ongoing research endeavours.
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quality of life and increased use of healthcare services.4 
This reduces productivity and increases healthcare costs 
for the state and affected individuals, adversely affecting 
the economy.1 5

Managing MM is complex, partly because clinical 
guidelines and primary healthcare systems address 
chronic conditions in isolation. This results in competing 
treatment priorities and complex management regimens, 
which can be burdensome for patients and increase the 
risk of adverse drug events and poor adherence.4 In SSA, 
MM management is further complicated by fragmented 
healthcare services and scarcity of systematic healthcare 
data collection and retrieval systems, especially at outpa-
tient and community levels.6 7 The use of technology to 
tackle healthcare challenges is in its infancy.8 We hypoth-
esise that well-integrated datasets, innovative data science 
analyses, visualisation and dissemination of information 
among stakeholders will enable significant change in the 
care of individuals with MM (figure 1).

To this end, we have initiated the Multimorbidity in Africa: 
Digital Innovation, Visualisation and Application Research 
Hub (MADIVA). MADIVA has access to rich longitudinal 
population datasets from the Health and Demographic 
Surveillance Systems (HDSS), clinical and laboratory 
records, ultrasound images and genomic data from two 
study sites: Bushbuckridge, South Africa and Nairobi, 
Kenya (table 1). MADIVA aims to: (1) curate, harmonise 
and build integrated datasets from both sites; (2) use 
data science techniques to develop MM risk and stratifi-
cation models; (3) develop and implement data science 
methods, including human computer interaction (HCI) 
tools such as clinic and researcher dashboards to assist 
in the discovery of disease patterns and management of 
patients with MM and (4) strengthen capacity for inte-
grated data science in healthcare in SSA.

METHODS
MADIVA is led from the University of the Witwatersrand 
(Wits), Johannesburg, South Africa with collaborators 
from the African Population and Health Research Center 
(APHRC) in Nairobi, Kenya; IBM Research Africa in 
Johannesburg and Nairobi; the South African Popu-
lation Research Infrastructure Network hosted by the 
South African Medical Research Council (SAMRC) and 
the Vanderbilt University Medical Center in Nashville, 
USA. The multidisciplinary team includes professionals 

with expertise in genetics, public health, bioinformatics, 
health economics, computing, law and clinical medicine.

Data sources
MADIVA will primarily use data generated at two sites 
(table 1). The SAMRC/Wits Rural Public Health and Health 
Transitions Research Unit is an HDSS in the Agincourt-
Bushbuckridge subdistrict, Mpumalanga Province, South 
Africa comprising 31 contiguous villages, ~117 000 indi-
viduals undergoing rapid transition from primarily infant-
maternal and infectious diseases to non-communicable 
conditions.9 APHRC runs the Nairobi Urban Health and 
Demographic Surveillance System, an urban-based HDSS 
covering two high-density informal settlements, Koro-
gocho and Viwandani, in Nairobi (~90 000 individuals).10 
More detail can be found in online supplemental mate-
rial 1.

MADIVA cores and projects
MADIVA is organised into cores and projects (figure 2).

The Data Management and Analysis Core (DMAC)
The Data Management and Analysis Core (DMAC), 
alongside Project 1, is responsible for integrating and 
harmonising the longitudinal population-based datasets 
containing demographic and socioeconomic information 
with risk and morbidity surveys, clinic patient registries 
and verbal autopsy (VA) data (structured interviews with 
family or carers to determine cause-specific mortality11). 
Data linkage within and across the two study sites uses 
both deterministic and probabilistic methods (see online 
supplemental materials).

Projects 1 and 2 use the integrated data to achieve 
their objectives with technical and development support 
provided by the DMAC. The DMAC has developed docu-
mentation and a data management plan to ensure repro-
ducibility and transparency.

Project 1: data integration and visualisation
HCI tools: Project 1 and the DMAC are leading dataset inte-
gration and the design of dashboards to facilitate HCI. 
Using participatory design, key stakeholders—clinicians, 
public health officials and policymakers—are engaged to 
gather feedback and refine the tools. This process allows 
the development/validation of dashboards to ensure 
usability and alignment with stakeholder needs.

Clinic dashboards: integrated individual-level health 
information will be displayed for healthcare practitioners. 
Dashboards will provide aggregated data aimed at opera-
tional managers to assist in planning. A risk management 
stream will be developed to identify and manage errors 
that may impact on patient care.

Researcher dashboards: enable researchers, internal and 
external to MADIVA, to access MADIVA’s integrated 
data, facilitating the generation of hypotheses for further 
studies.

Costing of MM: these will be estimated through a 
worksheet-based model. Inputs come from data collected 
at primary healthcare facilities and public data (eg, 

Figure 1  Action diagram of the Multimorbidity in Africa: 
Digital Innovation, Visualisation and Application process.
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standard treatment guidelines and official population 
data12). The first model will estimate the cost of managing 
MM from a public healthcare perspective, considering 
only direct costs such as medication, investigations and 
health worker wages. A second model will estimate MM 
cost from a societal perspective (including indirect costs 

like transport and lost productivity). This study will 
assist policy makers with resource allocation and priority 
setting.

Biomedical text processing: MADIVA will use a knowledge-
based natural language processing approach to extract 
cause of death information from VA reports, leveraging 

Table 1  Secondary data* sources used in MADIVA

Project

Agincourt-Bushbuckridge, South Africa14 Nairobi, Kenya

Data collected
Data 
frequency Data volume Data collected Data frequency Data volume

Health and socio-
demographic 
surveys9 10

Demographic and 
social factors, 
health behaviours, 
medical history and 
exposures

Annually since 
1992

~22 000 
households, 
~1 17 000 
individuals, 31 
villages

Demographic and 
social factors, 
health behaviours, 
medical history and 
exposures

Began 2002 
with two to three 
rounds per year

33 462 households, 
88 974 individuals

Verbal autopsy Deaths 
registered

93% of deaths 
from 1992 to 
2020

Verbal autopsy Deaths registered ~85% of deaths 
from 2002 to 2020

NCD surveys 2002, 2007, 
2014, 2015, 
2018, 2020

2000–5000 
participants

NCD surveys 2008, 2010, 2012, 
2014

2000–5000 
participants

African Research 
on Kidney 
Disease15

Chronic kidney 
disease prevalence 
and risk factors in 
Africans

2018–2019 2021 adults

Genotype data 630 
participants

Africa Wits-
INDEPTH study 
of genomic and 
environmental 
factors for 
cardiometabolic 
risk16 17

Demographic and 
social factors, 
health behaviours, 
medical history 
and exposures, 
anthropometric 
measurements, 
biomarkers

2015/2016 
and 
2020/2021

~2500 adults 
aged 40–70 
years

Demographic and 
social factors, 
health behaviours, 
medical history 
and exposures, 
anthropometric 
measurements, 
biomarkers

2015/2016 and 
2020/2021

~2100 adults aged 
40–60 years

Whole genome 
sequencing

100 
participants

Whole genome 
sequencing

Gut microbiome 2020/2021 533 
participants

Gut microbiome 2020/2021 237

Health facility 
records

Health data 
collected during 
illness and follow-
up

2014–ongoing Eight public 
health facilities, 
two district 
hospitals, 
~1.5 million 
clinic visits 
from ~95 000 
patients

Health data collected 
during illness and 
follow-up. Clinic-
based studies 
for hypertension, 
diabetes, mental 
health, epilepsy

Three public health 
facilities and 31 
private health 
facilities

Health and 
Ageing in Africa: 
A Longitudinal 
Study of an 
INDEPTH 
Community in 
South Africa14

Demographic and 
social factors, 
health behaviours, 
social networks, 
anthropometric 
measurements, 
biomarkers, 
cognition, mental 
health and self-
reported health

2014, 2015,
2018, 2019,
2021, 2022

5059 adults 
over 40 years

*All data used in MADIVA is in digital format.
MADIVA, Multimorbidity in Africa: Digital Innovation, Visualisation and Application; NCD, non-communicable disease.
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external medical knowledge bases. Other approaches, 
including the use of Large Language Models, may also 
be used.

Project 2: public precision health
Project 2 applies data-driven discovery to individual-
level health-related data to predict outcomes. First, 
automatic stratification (AS) will be used to detect anom-
alous patterns and identify population subsets with an 
over-representation of individuals with specific health 
outcomes, including MM.13 By scanning multiple risk 
factors, AS identifies the combination of features asso-
ciated with these outcomes. Second, machine learning 
models will be applied and assessed for the development 
of risk-prediction algorithms.

These studies begin with understanding strengths and 
limitations of the data, followed by a decision-making 
process involving domain experts - clinicians and scien-
tists- to identify and include relevant features. Models will 
be built up from a limited number of demographic and 
clinical variables and some models will include genetic 
data, such as polygenic scores. Emphasis is placed on 
the explainability of outcomes at population and indi-
vidual levels. Project 2 will further explore scientifically 
sound and ethically justifiable ways of communicating 
results to stakeholders and individuals through commu-
nity and stakeholder engagement. The results of these 

models could be used in the dashboards and feedback to 
clinicians.

The Training, Capacity Development and Pilot Project Core 
(Training Core)
The Training Core’s primary role is to develop the 
MADIVA team—especially early career researchers—
and stakeholders. The Core’s training mandate is being 
met through workshops and teaching on data science, 
healthcare, genetics and innovation across MADIVA. The 
Training Core runs a mentorship programme to support 
trainees and early career researchers working within the 
MADIVA project.

The Training Core will assist the projects in transitioning 
from basic science to translational work through capacity 
building and sourcing appropriate training and linkages. 
The Vanderbilt University Medical Center and Vander-
bilt Institute for Clinical and Translational Research are 
formal partners providing considerable assistance.

The Training Core supports pilot projects in order to 
extend MADIVA’s work beyond its immediate scope and 
supporting early career researchers from SSA. Currently, 
MADIVA has three pilot projects—in Burkina Faso at 
the Clinical Research Unit of Nanoro and two in South 
Africa at the University of Limpopo and the Africa Health 
Research Institute in KwaZulu-Natal.

Figure 2  Project structure of the Multimorbidity in Africa: Digital Innovation, Visualisation and Application (MADIVA) 
consortium.
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The Training Core has developed a Data Sharing Policy 
to guide data storage, management, exportability, owner-
ship and sharing (see online supplemental materials).

OUTPUTS
Outputs from MADIVA will be disseminated through 
publications and presentations. Outputs include (see 
figure 2 for detail):

	► Interactive researcher and clinic-level dashboards 
enabling key stakeholders to explore and use these 
datasets.

	► Research resources (data/metadata—see online 
supplemental materials for availability).

	► Costing models.
	► Biomedical text processing.
	► Risk prediction models and related results.
	► Novel data science tools for automated stratification 

of MM.
	► Policies and protocols to facilitate research practices 

in large collaborative studies.
Evaluation of the impact of the work will be a focus of 

the last 2 years of the grant.
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