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Abstract

The academic landscape has witnessed an overwhelming surge in published research, with over 64 million scholarly articles
added since 1996 and a growth rate of over 22% in the last five years (2018-2022). This rapid expansion of data represents a vast
repository of knowledge, yet it also poses significant challenges in synthesizing and extracting meaningful insights. Traditional
methods like systematic reviews, while valuable, often capture only afraction of the available information due to methodological
congtraints. In contrast, the rise of digital tools such as interactive dashboards offers a more dynamic and comprehensive
approach to data integration. These tools enable the visualization, analysis, and dissemination of large datasets in an accessible
format, expanding their reach and utility. Digital epidemiology, by leveraging such advancements, is poised to transform medical

research, offering innovative solutions for data synthesis and contributing to more informed, evidence-based outcomes in
healthcare.
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Abstract

The academic landscape has witnessed an overwhelming surge in published research, with over 64
million scholarly articles added since 1996 and a growth rate of over 22% in the last five years
(2018-2022). This rapid expansion of data represents a vast repository of knowledge, yet it also
poses significant challenges in synthesizing and extracting meaningful insights. Traditional methods
like systematic reviews, while valuable, often capture only a fraction of the available information due
to methodological constraints. In contrast, the rise of digital tools such as interactive dashboards
offers a more dynamic and comprehensive approach to data integration. These tools enable the
visualization, analysis, and dissemination of large datasets in an accessible format, expanding their
reach and utility. Digital epidemiology, by leveraging such advancements, is poised to transform
medical research, offering innovative solutions for data synthesis and contributing to more informed,

evidence-based outcomes in healthcare.
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Background:

Digital epidemiology is set to revolutionize medical research by transforming data collection,
presentation, storage, and analysis methods, leading to more meaningful outcomes. The foundations
for digital epidemiology were laid down in the early 2000s with the rise in user-generated content on
the internet as well as the rising trend of data digitalization. The advent of web 2.0 technologies led
to a rapid increase in user interaction and content creation which prompted early applications of
digital epidemiology such as Google Flu trends and social media monitoring models. With recent
revolutions in the digital landscape, the scope of digital epidemiology has expanded from merely
monitoring infectious diseases, to a broad range of health issues such as disease forecasting, early

warning system, research project management, co-occurrence and environmental health.
What is Digital Epidemiology?

Broadly, digital epidemiology has been defined as epidemiology that employs digital methods for
collection and analysis of data '. A more specific definition, however, identifies it as epidemiology
based on data generated outside the traditional public health system 2. The two definitions differ in
their scope, nevertheless, they highlight two important defining features of digital epidemiology —

the source of the data, and the methods employed in its collection, representation and analysis.

I.  Digital sources of data: The strength of digital epidemiology lies in its ability to extract
epidemiological information from non-conventional sources such as social media, search
engines, mobile applications etc. User-generated content in social media websites can be

9-12

78 as well as public sentiment **?

analysed to track disease spread *°, health behaviour
whereas health related searches on the internet may indicate emerging health issues or disease

315, However, it is important to note that data from these sources lack threat

outbreaks
validation and cross-verification, often leading to population and information biases *°.

II.  Digital methods in epidemiology: The rapid increase in digital data coincides with
advancements in computing power, machine learning and artificial intelligence. These
advancements have enabled rapid and efficient extraction, presentation and analysis of large
amounts of data, thereby igniting the interest of researchers to glean what information may be
available in the treasure trove of digital data. Hence, we have seen a significant upsurge in the
use of digital technologies in health research in the past decade such as the use of machine

13,17,18

learning for big data and language analysis , applying Al image recognition techniques
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19,20

for vector/parasite identification , as well as the use of digital dashboards for

dissemination of health information %,

Transforming public health surveillance through digital epidemiology

Traditional public health surveillance relies heavily on data from health centres, paper-based surveys

and disease registries which undergo rigorous validation, and provide fairly specific and reliable

information for public health decision making. However, these approaches suffer from delays due to

time taken for data collection, are costly and resource intensive, have limited scope and coverage,

and only provide a snapshot of the health status at particular points of time. Collating

epidemiological data from digital sources has the potential to transform these traditional

epidemiological approaches, offering numerous benefits that can significantly improve public health

surveillance:

II.

I1I.

Real-Time & Cost-Effective data collection/analysis: Online surveys, social media, online
search trends, and health-related dashboards, can provide continuous streams of data that can
be analysed to detect emerging health threats in real-time. For instance, Google Flu Trends**
can track influenza activity weeks ahead of traditional surveillance systems. Digital disease
dashboards were also used extensively during the Covid-19 pandemic, to track and visualize
cases, deaths, recoveries, and other relevant data in real-time*°. Bluetooth and GPS based
contact tracing apps were used to provide alerts to individuals who have been in close

proximity to a person diagnosed with COVID-19 in several countries >

. These apps also
assisted in determining whether medical care was necessary or if self-isolation based on
symptoms and contact history was sufficient ****, Therefore, digital epidemiology can reduce
the need for extensive fieldwork and data collection efforts and minimize the resources
required for manual data processing and interpretation.

Enhanced surveillance and early warning: Digital epidemiology enables the development
of more sophisticated surveillance systems that can provide early warnings about potential
disease outbreaks. By analysing data from multiple sources, a public health official can
identify patterns and anomalies that may indicate the onset of an epidemic. For example,
platforms like HealthMap* aggregate data from various online sources to provide real-time
information on emerging health threats globally.

Enhanced information dissemination: Online databases and portals can provide access to

vast amounts of health data, enabling researchers to conduct large-scale epidemiological

studies and share findings quickly®. Digital epidemiology also empowers individuals by
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providing them with the tools and information needed to monitor their own health and

contribute to public health efforts.

Limitations of Internet Data used in Digital Epidemiology

Despite the strong potential of digital data derived from social media activity, internet searches etc.
in transforming epidemiology, they suffer from some inherent flaws. Such datasets lack standardized
control for validation and cross-verification which can often lead to lower accuracy and inconsistent
conclusions. User-generated content can be fraught with internal biases of the users and may lead to
misinformation, over-exaggeration or misrepresentation of information, thereby leading to false
conclusions. At the same time, these datasets suffer from significant population bias and are not
representative of the general population. For example, a vast majority of the users on social
networking websites lie within a particular demographic based on their age and their socio-economic
status. Factors such as the geographic location and internet access can also perpetuate inequalities in
health outcomes in such datasets. Finally, while such data can be useful for interpreting the

population concerns, attitudes and behaviour, their clinical relevance is often limited.
Health-Research Dashboards: The next step in Digital Epidemiology

In the realm of academic research, the influx of scholarly articles is staggering, with millions being
added annually. An estimate suggests that over 64 million academic papers have been published
since 1996, showcasing a cumulative growth of over 22% in the last five years alone (2018-2022),
with a notable surge observed in 2021 (7.62%). China, the United States, India, the United Kingdom,
and Germany collectively contributed to approximately 60% of the total published articles in 2022.
The proliferation of academic journals has also witnessed a substantial rise. In 2010, there were
approximately 24,552 journals worldwide, a number that has more than doubled to over 46,736 by
2020*. This exponential growth underscores the vast reservoir of information available, akin to an
ever-expanding ocean. There is an urgent imperative to effectively harness this information for
scientific analysis and clinical decision-making. As compared to the other non-conventional sources
of data for digital epidemiology (social media, internet searches etc.), these provide a significantly

more reliable and validated form of information.

The COVID-19 pandemic encouraged the use of digital dashboards for disseminating health
information®* "%, By integrating epidemiological & statistical methods into a digital interface,
these dashboards can swiftly deliver tailored information to users, be it researchers or medical

practitioners unfamiliar with complex methodologies. This approach enables data retrieval in various
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formats, including time series graphs and charts, geospatial heat maps, real-time metrics as numerical

indicators, and other interactive visuals . However, the potential of a dashboard extends far beyond

mere data retrieval. It facilitates proactive disease forecasting, enabling timely interventions, early

outbreak detection, and continuous monitoring of population health trends. In recent years, the

advent of digital epidemiology has marked a paradigm shift in public health surveillance and

research methodologies, promising a future where data-driven insights drive actionable interventions

for the benefit of society.

These dashboards can prove pivotal in enhancing our comprehension of disease dynamics as well as

support their surveillance and control in a number of ways:

II.

Enhancing accessibility of Systematic Review data: Systematic reviews are rigorous and
complex methods for synthesizing or summarizing all research information on specific topics.
Systematic reviews are considered the highest level of evidence and can be instrumental in
policy-making or clinical decision-making. However, their reach to end users, such as
program personnel and healthcare professionals, is often limited, likely due to complex
methodologies, passive or non-interactive presentation of data, and fragmented information.
A research dashboard can help overcome these barriers by presenting relevant information on
prominent research questions within a disease domain from all systematic reviews available
in an interactive and user-friendly manner. This can significantly enhance the accessibility
and retrieval of data in systematic reviews according to the specific objectives and needs of

the user.

Integrating all disease associated information: Integrating all related data about a
particular disease is crucial for gaining a comprehensive understanding of its dynamics. For
instance, malaria, a vector-borne disease, is influenced by various factors such as vector
distribution (e.g., different species of Anopheles), ecological conditions (e.g., rainfall,
humidity, temperature), malaria control activities (e.g., distribution of LLINs, frequency of
IRS, mass surveys, treatment policies), drug resistance, and comorbidities (e.g., malnutrition).
Such data can be extracted from research papers, reports, and public health surveys data and
may be integrated in a health research dashboard to provide a comprehensive picture of
malaria transmission. Such a holistic understanding of the disease and its related factors
would be crucial for more effective decision-making and strategic planning for malaria

control and prevention efforts*.
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III.

IV.

Collating data from public health surveys: Many countries conduct periodic health surveys
for various needs such as resource allocation, policy formation, identification of health
trends, and planning. For example, in India, multiple surveys such as the National Family
Health Survey (NFHS), District Level Household and Facility Survey (DLHS), Annual
Health Survey (AHS), Global Adult Tobacco Survey (GATS), Clinical, Anthropometric, and
Biochemical (CAB) Survey, and National Mental Health Survey (NMHS) are regularly
conducted to meet diverse requirements. These surveys are rich in information and can be
utilized in different contexts to enhance medical research. However, a significant barrier is
the lack of awareness among researchers, especially medical and biomedical scientists,
regarding the complex methodologies of these surveys. This includes understanding sampling
weights, identifiers, merging different datasets, and identifying variables of interest among
hundreds of variables. By utilizing digital dashboards, this vast amount of information can be
summarized and presented to end users, enabling them to effectively use the data for better
research outcomes*>*,

Enhanced data collection and real-time monitoring: Field based or patient data in medical
research is often collected as paper-based Case Report Forms (CRF) which is then digitized
manually. This process is highly time-consuming and inefficient, leading to significant delays
in data presentation and analysis. Furthermore, in studies that require data collection over
several months or years, with multiple follow-ups, conventional methods of data collection
can become particularly cumbersome. With increased access to technology, it has become
significantly easier to directly capture such data in digital forms using mobile hand-held
devices. Such digital forms can be directly linked to the health research dashboard to
facilitate real-time data entry and monitoring. Real-time data capture not only streamlines the
data collection process but also enhances the ability to monitor study progress and make

timely adjustments, ultimately leading to more accurate and actionable research outcomes.

Platforms for designing digital epidemiology dashboards

In the past, dashboards were developed using high-level programming languages such as HTML,

CSS, JavaScript, and C. Today, however, there are many platforms available that streamline the

dashboard development process, including Tableau, Power BI, Google Looker Studio (formerly

Google Data Studio), R Shiny and Microsoft Excel®*™®, Tableau, Power BI, and Google Looker
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Studio are prominent business intelligence and data visualization tools that enable users to explore

and analyze data in depth to draw meaningful conclusions.

These platforms support a wide range of data sources, including Excel, CSV, text files, Google
Sheets, SQL Server, MySQL, PostgreSQL, Oracle, Google BigQuery, Snowflake, Amazon Redshift,
and Microsoft Azure. Although primarily designed for business analytics, these tools can also be

effectively used for health analytics, leveraging their robust data visualization and analysis features.

R Shiny is specialized frameworks used to develop customized web applications for study data.
Recognized as leading tools in medical data analysis, R offer an extensive range of techniques and
tools. These range from simple tabulations to highly advanced statistical and machine learning
methods. Working with R Shiny can be challenging, but it provides unparalleled flexibility and
options. Users can leverage numerous libraries to perform countless operations on their data, making

these tools invaluable for sophisticated data analysis and visualization.

Conclusion

The volume of research material has increased exponentially in the last couple of days, however, its
translation into decision-making and policy formation is still relatively limited, likely due to
difficulty in accessing and interpreting this data. The present commentary explores how digital
dashboards may be used to make information this information for accessible and comprehensible for
policy makers as well as researchers. Research based health information dashboards can compile
highly reliable and detailed health information for utilization by public health systems, that would
otherwise require vast amounts of resources and efforts to collect. As we advance towards more
intelligent and effective disease surveillance, monitoring and control, such systems can be
instrumental in developing the knowledge base and analysis to facilitate better disease control and

mitigation.
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