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Health data and its management
• Most healthcare data has been traditionally static—paper files, x-ray films,
and scripts (Analogue);
• Healthcare has entered the digital age late compared to financial sector, for
example;
• Healthcare professionals are different from engineers and ICT professionals
in particular;
• Evidence in ICT for health does not lend itself to the healthcare profession
“clinical trials” approach, for example;
• Healthcare is about life and death for and individual and a population which
means more cautious approach to data management.;
• Health data management is not formally taught in most health science
schools.

Terminology
• Big data,
• Data revolution,
• Data explosion,
• Open data,
• Open data commons,
• Data science and data scientist,
• Data analytics.

Data, information, knowledge, wisdom
• A collection of data is
not information;
• A collection of
information is not
knowledge;
• A collection of
knowledge is not
wisdom;
• A collection of wisdom
is not truth.

Big data can be described as:
• Complex;
• No unified structures;
• Multiple sources from decentralized (distributed) data
sources;
• Multiple types of data;
• Unorganized and changing all the time;
• Resulting from a combination of big transaction data, big
interaction data and big data processing.

The difference between big data and (large)
databases
• Large databases have been employing the traditional well-established
format for data capturing, processing, storage, sharing, visualization,
merge and purge where data are well defined, structured, following a
specific data model, standard reporting, well defined set of operators
usually registered and has defined target users, etc.
• Example of these are:
• The Global Health Observatory (GHO). The GHO database provides access to an interactive
repository of health statistics. Users are able to display data for selected indicators, health
topics, countries and regions, and download the customized tables in Excel format
(http://www.who.int/gho/about/en/);
• The (US) National Cancer Data Base (NCDB) is a nationwide oncology outcomes database
that currently collects information on approximately 70% of all new invasive cancer diagnoses
in the United States each year (https://www.facs.org/quality-programs/cancer/ncdb).

Characteristics of ‘Big’ Data
• The original 3 Vs
 Volume (size of databases and their multiplicity)
 Variety (structured, unstructured, numbers, text)
 Velocity (real time and continuous collection)
• The additional 3 Vs
 Veracity (Quality) (ability to triangulate with multiple sources)
 Volality (ability to keep time-series data)
 Validity (primary source of data collection)

 The final V
 Value

Sources of big data in healthcare
• Clinical information systems
•
•
•
•

•
•
•
•
•
•
•
•

Electronic health records (EHRs)
Health information exchanges
Patient registries
Patient portals

Claims data from payers
Research studies
Genetic datasets
Public records
Web searches
Social media
Devices, sensors and other wearables
Financial transactions.

Big data in healthcare
• By definition, big data in healthcare refers to electronic health data sets so
large and complex that they are difficult (or impossible) to manage with
traditional software and/or hardware; nor can they be easily managed with
traditional or common data management tools and methods.
• Big data in healthcare is overwhelming not only because of its volume but
also because of the diversity of data types and the speed at which it must be
managed.
Source: Frost & Sullivan: Drowning in Big Data? Reducing Information Technology Complexities and Costs for Healthcare
Organizations. http://www.emc.com/collateral/analyst-reports/frost-sullivan-reducing-information-technology-complexities-ar.pdf,

• Structured vs. unstructured health data. It is estimated that 80% of medical
data is unstructured and is clinically relevant;
• Data resides in multiple places like individual EMRs, lab and imaging
systems, physician notes, medical correspondence, claims etc.;

Patient-centered vs. disease-centered
approach driven by big data
Disease-centered

Patient-centered

• Decision-making is centered
around the clinical expertise and
data from medical evidence and
various tests;

• Patients actively participate in
their own care and receive
services focused on individual
needs and preferences, informed
by advice and oversight from
healthcare providers.

Universal Health Coverage
Integration through data

Target 3.8: Universal Health Coverage
An integrated approach
• Approved by the UN General Assembly in September 2015;
• 17 goals, 169 targets;
• UHC: all people receiving the services they need without incurring financial
ruin; strong equity emphasis (2012 UN General Assembly resolution);
• Focus on social determinants of health;
• Must simultaneously monitor coverage of interventions and financial
protection:
• Tracer interventions (some are in specific targets, others can be added): e.g. family
planning, antenatal care, skilled attendance at birth, immunization, ART, TB treatment,
hypertension treatment, diabetes treatment etc.
• Financial protection indicator: people incurring catastrophic expenditure / due to health
expenses.

• UHC is the place to promote and monitor an integrated health agenda;
equity is hardwired into UHC and the SDG; country-specificity central;

United Nations Sustainable Goals 2030

Sustainable Development Goal 3 and its targets
SDG 3: Ensure healthy lives and promote well-being for all at all ages

3.4: Reduce mortality from NCD
and promote mental health

3.2: End preventable newborn
and child deaths

3.5: Strengthen prevention and
treatment of substance abuse

3.3: End the epidemics of HIV,
TB, malaria and NTD
and combat hepatitis,
waterborne and other
communicable diseases
3.7: Ensure universal access to
sexual and reproductive
health-care services

3.6: Halve global deaths and
injuries from road traffic
accidents
3.9: Reduce deaths and illnesses
from hazardous chemicals and
air, water and soil pollution and
contamination

SDG3 means of Implementation targets

3.1: Reduce maternal
mortality

New SDG 3 targets

MDG unfinished and expanded agenda

Target 3.8: Achieve universal health coverage, including financial risk protection,
access to quality essential health-care services, medicines and vaccines for all
3.a: Strengthen implementation of
framework convention on tobacco
control
3.b: Provide access to medicines
and vaccines for all, support R&D
of vaccines and medicines for all
3.c: Increase health financing and
health workforce in developing
countries
3.d: Strengthen capacity for early
warning, risk reduction and
management of health risks

Interactions with economic, other social and environmental SDGs
and SDG 17 on means of implementation

Health is linked to many other SDGs and
targets (examples)
Goal 1: End poverty
Target 1.3: Implement social
protection systems for all

Health

Goal 4: Ensure inclusive and equitable
education ………..
Target 4.2: ensure access to early
childhood development, care and preprimary education …
Goal 5: Achieve gender equality and empower all
women and girls
Target 5.2: end all forms of violence against all
women and girls ….

Goal 6: Ensure availability and
sustainable management of
water and sanitation for all
Target 6.1: achieve universal
and equitable access to safe
and affordable drinking water

Goal 2: End hunger, achieve food
security and improved nutrition
Target 2.2: end malnutrition, achieve
targets for reductions child stunting
and wasting
Goal 16: Promote peaceful and inclusive societies
for sustainable development, ……..
Target 16.1: reduce all forms of violence and
related death rates everywhere

Other goals and targets e.g. 10 (inequality), 11 (cities), 13 (climate change)

Big data for healthcare systems
• Collaborate to improve care and outcomes. Healthcare is never
provided by one sector or agency: public, private, military, charities,
United Nations, etc. Data in these systems is fragmented, not
coordinated, duplicate and incomplete. Big data analysis cane help;
• Increase access to healthcare using a combination of themes and tools
including GIS mapping of population density, migration and people’s
movement, environmental factors (water supply, sanitation, air
pollution, traffic, deforestation, natural disasters, etc.);
• Build sustainable healthcare systems: better governance and
leadership, manage costs, improve HR performance, equitable access
to medications, pharmaceutical products, complete, timely and secure
information.

EFPIA: Outcomes-driven sustainable healthcare
http://www.efpia.eu/topics/innovation/outcomes

Big Data for public health
1) Knowledge discovery allows health researchers and then decision makers
to create knowledge and evidence from data sets of different times,
sources, types and formats;
2) Disease prediction using patterns and models based on data sets related to
humans, animals, materials and environment;
3) Big Data is a tool that will enable finding patterns that help in analysis to
spot trends and take corrective steps in global health;
4) Using the tools of public health informatics, medical informatics,
bioinformatics and medical imaging to integrate different types of data
(patient/personal, public, diseases, molecular);
4) Integrated approach for health data management (web, mHealth, health
records, smart cards, database management systems) applying open
standards for interoperability.

Public health: disease prevention
• Public health is mainly concerned with “disease” prevention for both the
individual and the population;
• Two steps required to achieve maximum prevention:
• Research in the public health field under consideration aiming to identify risk factors, which is
basically intensive data collection and analysis;
• Interventions to improve the conditions leading to this risk and introduce improvements in
public health.

• Active and smart linkage between the health conditions and the identified risk
factors through big data analysis (correlation and not causation relationship).
• Social determinates of health: life style, education, poverty, water supply,
sanitation, politics, policies, etc. have direct impact on health conditions;
• The complex interplay of biological and non-biological factors (Genome and
exposome).

Psychological Language on Twitter Predicts
County-Level Heart Disease Mortality

They concluded that “Capturing community psychological
characteristics through social media is feasible, and these
characteristics are strong markers of cardiovascular
mortality at the community level.”

Genetic Epidemiology and the Future of Disease
Prevention and Public Health
(M. Khoury http://epirev.oxfordjournals.org/content/19/1/175.full.pdf+html)

• The Impact of genetic epidemiology on the future of public health:
1) Will provide data on the public health Impact of human genes and their Interaction
with preventable risk factors on disease morbidity, mortality, and disability in
various populations;
2) Will provide data to guide health policy guidelines on the appropriate use of
genetic testing in disease prevention and public health programs;
3) Will provide data to evaluate the Impact of population-based prevention programs
that reduce morbidity and disability associated with disease genes
4) Will provide data on the laboratory quality of genetic testing;
5) Will become increasingly needed In core training programs In epidemiology and
public health;
6) Will provide core quantitative disease genetic risk information In integrated and
online genetics Information systems used by medical and public health
professionals and the public.

Healthcare: diagnosis
• Aims to determine which disease or condition explains a person's
symptoms and signs. Healthcare professional(s) collects data that is
required for diagnosis and to understand better the condition from
history (asking questions and referring to the health/medical
record) and physical examination of the person seeking healthcare
(using medical expertise, equipment, devices and diagnostics);
• Data collection, analysis and making a decision making are central to
the process;
• Computer-assisted diagnosis (data processing) can be done by
providing the computer with symptoms to allow the computer to
identify the problem and diagnosis based on models already stored in
its programmes.

Data helps in diagnosis of diseases
• The existing evidence;

• Existing experience;
• Gene mapping;
• Age-related data;

• Diagnostics and devices;
• Image and ultrasound processing, analysis and identification of “irregularities”;
• Disease and personal history;

• Family history;
• etc.

Predictive analytics increase the accuracy of
diagnoses
• Seven ways predictive analytics can improve healthcare:
Linda A. Winters-Miner,
https://www.elsevier.com/connect/seven-ways-predictive-analytics-can-improve-healthcare

1) Predictive analytics increase the accuracy of diagnoses.
2) Predictive analytics will help preventive medicine and public health.
3) Predictive analytics provides physicians with answers they are seeking for
individual patients.
4) Predictive analytics can provide employers and hospitals with predictions
concerning insurance product costs.
5) Predictive analytics allow researchers to develop prediction models that do not
require thousands of cases and that can become more accurate over time.
6) Pharmaceutical companies can use predictive analytics to best meet the needs of the
public for medications.
7) Patients have the potential benefit of better outcomes due to predictive analytics.

IBM Watson
• Described as the “physicians’ diagnosis and treatment assistant
supercharged with Big Data and analytics”;
• A compilation of 21 supercomputer subsystems, is the first of a new
class of industry-specific analytical platforms and decision support
systems that use deep content analysis, evidence-based reasoning
and natural language processing to support faster and more precise
diagnostics and clinical decision making;
• Watson takes in data from patient history, family history,
symptoms and test findings and produces a list of disease
suggestions ranked by confidence, to assist the physician in
diagnosis and treatment.

Case study: Big data improves cardiology
diagnoses by 17%
• Used an associative memory engine to crunch enormous datasets for
more accurate diagnoses, utilizing 10,000 attributes collected from 90
metrics in six different locations of the heart;
• Was able to find patterns and pinpoint disease states more quickly and
accurately than even the most highly-trained physician;
• The study discovered a discrimination of 90% between the two
datasets and without any human intervention. This meant that the
highly complex analyses that were done produced a discrimination
which exceeded human ability to diagnose the two conditions.
Source: http://healthitanalytics.com/news/case-study-big-data-improves-cardiology-diagnoses-by-17

Case study: Using big data to identify cancers
• Researchers at Case Western Reserve University and colleagues used
“big data” analytics to predict if a patient is suffering from aggressive
triple-negative breast cancer, slower-moving cancers or non-cancerous
lesions with 95 percent accuracy.
Source: Shannon C and others. Computerized Image Analysis for Identifying Triple-Negative Breast Cancers
and Differentiating Them from Other Molecular Subtypes of Breast Cancer on Dynamic Contrast-enhanced MR
Images: A Feasibility Study. Radiology (2014), V. 272, N. 1.
http://pubs.rsna.org/doi/full/10.1148/radiol.14121031?queryID=48%2F1089655.&

Big data: yes. Harm: No.
• Primum non nocere is the Latin phrase that means "first, do no harm“ as
the basic healthcare/medical principle;
• Ethical considerations and policies have to be developed and respected:
• The original purpose for which data was collected and stored. The risk of (unethical)
reuse;
• Informed consent as to the extent of knowledge and awareness of the individual to the
reason why personal data is being collected and how it will be used;
• Data substantiation to ensure high quality, timely and secure for the purpose to be
used;
• Ownership of data as to who owns the data: individual, institution, state;
• Accessibility to by whom and for what purpose;
• Accountability to both ethical and legal bodies.
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