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Big data holds great promise to help unravel insights to bridge the gap in human understanding. There 
has	 to	 be	 an	 emphasis	 on	 the	 quality	 of	 the	 data	 points	 being	 collected	 to	 ensure	meaningful	 analysis.	
India	has	made	significant	 strides	 to	 lay	down	a	strong	 framework	 through	 the	National	Digital	Health	
Blueprint	and	the	National	Health	Stack	for	the	future.	There	is	a	need	to	focus	on	the	first	important	step	
of	collection	of	a	“good	quality”	data	point	through	the	implementation	of	electronic	medical	records	by	
the health care providers. In India, 60 million individuals move below the poverty line every year because 
of	the	expenses	related	to	unforeseen	illness	that	adversely	affects	the	individual’s	welfare	and	the	nation’s	
economic growth. With an out-of-pocket expense rate currently at 70% and the government’s health budget 
at a mere 1.3% of its GDP (gross domestic product), data-driven decisions are the need of the hour for policy 
making	and	to	ensure	equitable,	efficient,	and	excellent	delivery	of	health	care.	There	is	a	huge	potential	
to harness the power of big data to generate insights to address the four big challenges of health care in 
India	–	availability,	accessibility,	affordability,	and	acceptability.
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As Good as the Data Point
Data is the new oil, or is it? The world today is currently 
navigating through the Fourth Industrial Revolution where 
the barrier between man and machine is dissolving.[1] Data 
are being generated exponentially on who we were, who we 
are, and where we need to be. A data point is a discrete unit 
of information. It is generated from various sources such as 
the	 internet,	financial	 sector,	 health	 care,	mobile	data,	 and	
others.[2] The magnitude of data produced by humans every 
day	is	2.5	quintillion	bytes;	about	1.72	MB	of	data	is	created	
every second by every person, and an astonishing 90% of the 
world’s data has been created in the past 2 years alone.[3] Big 
data is a term that describes a large volume of data that may be 
analyzed computationally to reveal trends, associations, and 
patterns	 in	 the	area	of	 interest.	There	are	 specific	attributes	
to	 big	data	 that	 are	more	popularly	 known	 as	 the	 5	 “V”s	
and	are	defined	as	volume,	velocity,	 veracity,	 variety,	 and	
value [Fig. 1].[4] Volume is characterized by the sheer number 
of records or transactions being generated with time. Velocity 
is characterized by real-time creation or streaming of data at a 
constant rate. Veracity is characterized by trustworthiness and 
authenticity of the data being generated. Variety is characterized 
by structured, unstructured, and multimodal data sets. Value is 
finally	dependent	on	all	of	the	above	attributes	and	provides	
insights to drive growth and impact. Health care data generated 
in	ophthalmology	encompasses	all	the	five	specific	attributes	of	
big data. The sheer volume of the number of patients examined, 

the velocity of provision of eye care services both outpatient 
and surgical, the standardized recording of visual outcomes, 
intensive	generation	of	different	data	points	pertaining	to	text,	
images, and video make ophthalmology an area with high 
potential to generate value through big data. However, it is not 
just enough to be able to generate data; the mandate should be 
to	generate	“good	quality”	data	in	health	care.

As Good as Our Weakest Link
It	 is	 important	 to	define	data	quality	 to	 ensure	value	 in	 its	
analysis.	The	five	characteristics	of	data	quality	are	accuracy,	
completeness,	consistency,	uniqueness,	and	timeliness.[5] Data 
Accuracy ensures	that	the	information	that	is	being	inputted	
into the database is correct and acceptable for future analysis. 
Completeness ensures a comprehensive collection of the 
information. Consistency ensures the uniformity in which the 
data are generated either in structured, semistructured, or 
unstructured formats. Uniqueness ensures whether the data 
captured are relevant for analysis. Timeliness ensures that the 
data are up-to-date and can be used for real-time reporting. 
In just 8 years, the estimated worldwide digital health care 
data grew from 50 petabytes in 2012 to 2,500 petabytes of data 
in 2020.[6] Health care information system have evolved as an 
institutional backbone running its entire operations and clinical 
processes.[7]	Health	care	data	are	unique	in	the	fact	that	they	are	
complex and relational and comprise various formats including 
text,	images,	and	media.	The	data	quality	in	health	care	is	of	
paramount	importance	to	create	best	practice	patterns,	ensure	
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Figure 1: The 5 “V”s of big data

continuous	quality	 improvement,	 and	deliver	personalized	
medicine to patients. User input variance is an important 
factor to be considered in health care data, and the use of 
structured clinical examination forms using electronic medical 
records	 (EMR)	 can	greatly	 enhance	 the	quality	 of	 the	data	
set.[8]	Outcomes	in	health	care	are	varied	across	the	different	
disciplines that range from an immediate improvement 
in visual outcome post–cataract surgery compared with a 
prolonged rehabilitation and recovery in an orthopedic surgery. 
It is important to understand that documentation of health 
care outcomes is a function of time, and not all disciplines are 
similar. Research is a snapshot in time and evolves with the 
growing experience of delivering patient care and reporting the 
same. Data visualization tools allow the creation of real-time 
data pipelines from EMR to capture trends in disease burden, 
disease progression, and treatment outcomes that present the 
most current insights beyond the duration of the study.[9,10] 
The	creation	of	“continuous	healthcare	data	pipelines” from 
EMR	is	a	reality	and	must	become	the	norm	to	benefit	from	
the latest insights from the analysis of big data sets. Does size 
matter?	Calculation	of	the	sample	size	in	the	early	stages	of	a	
study	is	a	crucial	step	that	affects	the	efficiency	of	the	research	
being performed.[11] The H-K-M-B-T pipeline [Fig. 2] aims 
to put things in perspective. Sample sizes that have been in 

the range of hundreds and thousands are evolving into the 
millions today.[12]	Notable	verticals	such	as	finance	and	social	
media around the world have moved into analyzing billions 
and trillions of data points to generate meaningful insights 
to customize service delivery. Health care, unfortunately, is 
lagging behind, and we must explore if the revelation of new 
insights	are	different	in	the	realm	of	the	million,	billion,	and	
trillion data points. This is a path that must be taken into the 
unknown with each new discovery adding to the existing body 
of knowledge. There is a huge opportunity to bridge the gap 
in human understanding about various diseases. The ability 
of	discovering	patterns	 in	big	data	 that	 are	beyond	human	
comprehension poses the most exciting aspect of research 
using	these	large	data	sets.	These	unseen	patterns	can	help	in	
clinical decision support, disease surveillance, and population 
health management.[13] The common ending for big data or 
traditional sampling-based inference is that as the sample 
size grows larger, the insights get stronger, and the longer the 
real‑time	follow‑up,	the	results	are	closer	to	clinical	significance	
and relevance. Big data science is an important inevitable 
complementary to evidence-based medicine. There is a need to 
generate continuous, consistent, and connected big data sets in 
health care to enable automation of insights using technology 
tools.	Generation	of	 a	 “good	quality”	data	point	 is	 the	first	
important	step	in	our	quest	for	new	knowledge.

Electronic Medical Records: Boon or Bane
There is an increasing trend over a couple of decades among 
nations around the world to digitize health care processes to 
improve	the	quality	of	delivery	and	optimize	the	costs.[14] The 
global health observatory data reported steady growth in the 
adoption of EMR over the past 15 years and 46% global increase 
in the past 5 years. More than 50% of the upper-middle- and 
high-income countries have adopted national EMR systems. 
The adoption of EMR is lower in the lower-middle- (35%) and 
low‑income	(15%)	countries.	The	most	frequently	cited	barriers	
to going digital were lack of infrastructure, capacity, funding, 
and legal frameworks.[15] There is reasonable progress among 
56% of the World Health Organization member countries 
in implementing legislation governing the EMR systems; 
however, a large proportion of countries lack appropriate 
legislation. At the end of 2016, the Healthcare Information and 
Management	Systems	Society,	Asia‑Pacific	analysis	adoption	
model of EMR reported that only 2.6% of hospitals achieved 
a	Level	 6	 certification	 in	 India,	which	 required	physician	
documentation (templates), full Clinical Decision Support 
System (CDSS), and a closed-loop medication administration. 
Approximately 1.5% of the hospitals in India are measured at 
Level 7 of functioning, which involves complete EMR, Data 

Figure 2: The evolution of the sample size in health care research
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Analytics to improve care at the end of 2020. Currently, a 
larger proportion of hospitals (31%) are measured at Level 3 
certification,	which	include	Nursing/Clinical	Documentation,	
CDSS (error checking), and PACS (picture archiving and 
communication system) available outside radiology.[16] In April 
2013, the Ministry of Health and Family Welfare, Government 
of India, had launched their recommendations of EMR 
standards in India and updated them in 2016.[17] The activities 
in EMR adoption include creation of the basic Information 
and Communication Technology infrastructure, following the 
prescribed standards for development to ensure interoperability 
and adhering to the national policy and regulations.

The Data of the Nation
The data consciousness of India as a nation has evolved 
significantly	 over	 the	past	decade.	The	Open	Government	
Data Platform, India, or data.gov.in supports the vision of 
Open Data initiative of the Government of India.[18] The portal 
is a single-point access to documents, data sets, tools, services, 
and applications published by the ministries, departments, and 
organizations of the Government of India and was launched in 
October 2012. The initiative is in compliance with the National 
Data	Sharing	and	Accessibility	Policy	of	India,	Gazette	notified	
in March 2012.[19] The Department of Health and Family 
Welfare has more than 301,054 resources, 511 catalogs, and 
30,534 application programming interfaces (APIs). Some of the 
data sets pertaining to ophthalmology on the portal include 
reports of cataract operations performed, a pilot survey on 
causes of blindness, school screening programs, prophylaxis 
against	 blindness	due	 to	 vitamin	A	deficiency,	 number	 of	
eye	 donations,	 states/union	 territories	 information	 of	 eye	
mishaps, annual record of eye surgeries performed in National 
Institutes of Health, and disabled population among main 
workers, marginal workers and nonworkers. The National 
Health Systems Resources Centre publishes the HMIS (Health 
Management Information System) Data Analysis that is based 
on	 the	data	uploaded	 to	 the	National	Web	portal	 (https://
nhsrcindia.org/)	 of	 all	 the	 states	 and	districts	 of	 India.	The	
health care data are analyzed on an annual basis, and the latest 
available data are 2015–2016, which is postdated.[20] Here lies 
an opportunity to be able to collate information from EMR 
related to eye disease burden and outcomes both from the 

public and private sectors. As a nation, India has taken the 
step forward to provide the data in a transparent manner to its 
citizens through the data.gov.in platform. There is a potential 
to	harness	deidentified	data	in	real	time	from	the	health	care	
providers from their EMR systems in a standard format from 
across the country to guide policy.

National Digital Health Blueprint
As	an	effort	to	ensure	a	holistic	pursuit	of	the	National	Health	
Policy (NHP) 2017 and the Sustainable Development Goals 
related to health, the National Digital Health Blueprint (NDHB) 
was launched in 2019.[21] Amid the current challenges with no 
interoperability of health record data of patient between service 
providers in the public and private sectors, no complete data for 
policy analysis and evidence-based interventions, the NDHB 
was launched after surveying the global best practices in the 
adoption of digital technologies. The key components of the 
NDHB include a set of architectural principles, a federated 
architecture,	 a	five‑layered	 system	of	 architectural	building	
blocks,	Unique	Health	 Identifier,	data	privacy	and	 consent	
management, national portability, EMR, applicable standards 
and regulations, and health analytics and channels for the 
citizens to engage with the government such as the National 
Digital Health portal and the MyHealth App. The NHP also 
has prescribed goals of establishing disease registries for all 
diseases of public importance and, more important, a Federated 
National Health Information Architecture to link systems 
across the public and private health providers at the state 
and national levels, including the modern medicine systems, 
AYUSH (Ayurveda, Yoga and Naturopathy, Unani, Siddha, 
and Homeopathy) systems consistent with Metadata and Data 
Standards, and EMR. The National Digital Health Mission was 
established to drive the implementation of the blueprint and 
to promote and facilitate the evolution of the National Digital 
Health	Ecosystem.	Among	the	35	building	blocks	 identified	
in	the	NDHB,	the	key	aspects	include	identification,	citizen	to	
be	in	control,	service	access/delivery,	and	interoperability.	The	
NDHB	recommends	adopting	the	principle	of	“Think	Big,	Start	
Small,	Scale	Fast,”	which	is	in	line	with	the	most	important	link	
in	the	entire	digital	health	ecosystem	–	a	“good	quality”	data	
point when generated exponentially achieves the intended goal 
of informed policy decisions for the people.

Figure 3: The AEye pipeline
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The AEye Pipeline
The application of data science to big data sets in ophthalmology 
can be summarized in The AEye Pipeline.[22] The pipeline 
comprehensively describes seven steps in the application of 
technology on clinical data sets for the generation of newer 
insights to the care providers. The steps are detailed in Fig. 3. 
Step 1 details the Digitization of data through EMR, which is the 
primary step for any kind of research based on big data sets. 
The IRIS (Intelligent Research in Sight) Registry is the largest 
national clinical specialty data registry with nearly 50 million 
patient	visits	 and	14	million	unique	patients	 in	 the	United	
States.[23]	The	Système	national	d’information	inter‑régime	de	
l’assurance maladie (SNIIR-AM) database covers nearly 65 
million people and consists of medical and administrative data 
from 1,546 French private or public health care facilities catering 
to the general population.[24] The National Ophthalmology 
Database from the United Kingdom was initiated by the 
Royal College of Ophthalmologists to collate anonymized 
clinical data from contributing hospitals from the National 
Health Service (NHS).[25] The UK DR EMR (United Kingdom 
Diabetic Retinopathy Electronic Medical Record) Users 
Group has published their comprehensive experience of 
analyzing big data in patients with diabetic retinopathy from 
20 UK hospital eye services on the real-world prevalence and 
progression data,[26] impact of cataract surgery on diabetic 
macular edema,[27] progression of diabetic retinopathy,[28] and 
the impact of deprivation on the presentation of diabetic eye 
disease at hospitals services.[29] The eyeSmart EMR database 
implemented in a multitier ophthalmology network in India 
has reported an 8-year experience describing 4.7 million 
patient	visits	and	2.2	million	unique	patients	seen	on	EMR.[8] 
The OphthatomeTM system is an integrated knowledge base of 
ophthalmic	disease	and	has	collected	data	of	0.5	million	unique	
patients in India.[30] The implementation of EMR systems in 
large ophthalmology institutions[31] and the use of big data to 
understand endophthalmitis prophylaxis have been described 
in India.[32] It is evident that the digitization of clinical data 
helps generate large data sets for further analysis. Step 2 details 
the Identification of the clinical parameters and	the	benefits	with	
structured data sets and the challenges with unstructured ones. 
It is important to structure the input of clinical information in a 
standardized format as far as possible to ensure uniformity of 
the data for analysis. The use of drop-down menus, multiple 
selection, and standard forms enables the user to input the 
data in a repeatable manner. The use of free textboxes in EMR 
contributes to unstructured data and missing information 
that will lead to challenges during analysis.[33] The use of deep 
learning	techniques	in	natural	language	processing[34]	and	finite	
state modeling to extract information from unstructured data 
entered in free textboxes[35] can lead to increased information 
integrity. Step 3 is the Development of machine learning (ML) 
algorithms	 and	 the	 application	 of	 data	 science	 techniques	
on big data sets. Research using ML models such as linear 
regression, logistic regression, support vector machine, 
classification	 and	 regression	 trees,	 ensemble	methods,	 and	
artificial	neural	network	has	the	potential	to	improve	ocular	
disease diagnosis, disease progression, and risk assessment.[36] 
Deep learning algorithm focuses on three major aspects of 
classification,	 segmentation,	 and	prediction	using	 the	 static	
images generated from an ocular diagnostic device such as 
fundus photography, optical coherence tomography, visual 

fields,	 and	others.[37] Step 4 details the Integration of the ML 
model into the EMR to complete the loop at the point of care. 
While	 a	 significant	 amount	 of	 research	 is	 advanced	 in	 the	
development of algorithms, it is important to integrate the 
insight	into	the	EMR	for	efficient	care	of	the	patient.	The	entire	
purpose is to enhance the provision of care by providing the 
edge for superior clinical decision making by the care provider, 
which otherwise would not have been possible.[38,39] Step 5 
details Quantification of the usage of the insights provided by 
the machine. This is a crucial dynamic at the intersection of 
man and machine that evolves with time. How will a clinician 
with	decades	of	experience	trust	an	Artificial	Intelligence	(AI)	
insight? How can trust in the AI system be optimized to 
improve decision making? Interpersonal trust is a human belief 
based on three main dimensions of benevolence, integrity, 
and ability.[40] The reputation of the system, the integrity of 
the insight, and the user perception of the ability of the AI all 
influence	the	reliance	of	a	clinician	on	the	technology.[41] Step 6 
is Clinical validation of the algorithm or the software as a Medical 
Device	 (SaMD)	 in	 a	 real‑world	 setting.	Outcomes	 in	health	
care	are	 influenced	by	many	patient‑related	factors	that	can	
or	cannot	be	quantifiable.	Hence,	tracking	the	performance	of	
the algorithm over a period of time is important to build trust 
among clinicians using this technology. Clinical evaluation 
can either be a Valid clinical association that generates evidence 
to demonstrate the association between SaMD output and 
SaMD-targeted clinical condition, or an Analytical validation 
that generated evidence that the SaMD correctly processes 
input data to generate accurate, reliable, and precise output 
data, or Clinical validation that generates evidence that the 
SaMD’s accurate, reliable, and precise data output achieves 
its intended purpose in its target population in the context 
of clinical care.[42] There is a need for assurance for safety and 
effectiveness	of	any	SaMD	by	ensuring	high	data	quality	for	
training,	 algorithm	 correctness	 (verification),	 performance	
testing (validation), and generalizability (addressing bias) 
and reliable interpretability. Step 7 completes the cycle 
by incorporating Retraining or continuous learning in real 
time. The SaMD must be capable of capturing real-world 
performance data to understand the user interactions with the 
SaMD and must be able to monitor its technical and analytical 
performance	to	evolve	into	a	more	efficient	and	reliable	tool	
for the clinicians. This continuous feedback will connect back 
to Step 2 to include or exclude relevant parameters as an input 
into	the	ML	model	to	further	refine	the	SaMD.	We	need	to	avoid	
any	unintended	consequences	to	the	patient	due	to	a	wrong	
insight that can be precipitated due to a break in any of the 

Table 1: The way forward with big data for India: People 
to policy

Integrate Federated databases (EMR/data registries)

Diagnostic centers/biobanks

Epidemiology consortia

Insights Citizen centric

Wellness centric

Informed decision making

Impact Identify unmet needs

Track metrics
Monitor feedback

EMR=electronic medical records
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above seven steps of the AEye pipeline. The key to improving 
health care delivery is digitization through EMR, implementing 
SaMD and continuous learning.

People to Policy
There is nothing more powerful than data generated from the 
people	informing	policy	decisions	that	affect	them	positively.	
The implementation of EMR today has enabled the study 
of disease presentations,[43-46] disease prognosis,[47] disease 
outcomes,[48,49] environment factors,[50,51] and prediction of 
outcomes[52] in big data sets. Although the intent is to utilize 
technology	solutions	to	increase	the	efficiency	of	health	care	
delivery, we must act in the intended direction in India. The 
three	“I”	concept	of	 Integrate, Insights, and Impact can help 
bring the mandate together [Table 1]. There is a need to 
Integrate the various sources of data being generated from 
EMR or data registries, health insurance and administrative 
databases, diagnostic centers, biobanks, epidemiology 
consortia, and crowdsource data through the proposed 
NHS by the NITI Aayog.[53] The Insights generated from the 
integration of the data will help identify areas of unmet 
need and also track the progress of interventions and guide 
policy decisions. The greatest impact of data-driven informed 
decisions	 for	 the	 first	 time	 ever	will	 be	 the	 shift	 toward	
citizen- and wellness-centric policy making in India. The 
integration of data and insights generated will catalyze Impact 
for the people. There is a need for the government to bring 
together health care providers who have currently digitized 
their data to show the potential of collating this standardized 
information to impact health care delivery for the population. 
We	need	to	“Walk	the	Talk!”	There	is	an	amazing	opportunity	
for us to consolidate the strides we have made so far in our 
nation in multiple segments and bring them together to 
show a functional model of how digitized data can transform 
health care in India. It is the responsibility of the health care 
providers to realize the potential for good and lead the way 
by	taking	the	first	step	of	adopting	EMR.

Conclusion
Catering to the health care needs of a billion people poses 
unique	 challenges	and	opportunities	 in	 a	nation	 like	 India.	
The provision of the basic right to health care is the moral 
responsibility of the government to its citizens. Although 
access to health information is crucial, the emphasis must be 
on	the	quality	of	the	data	being	collected	that	will	guide	the	
decisions of our policy makers. We must and should adopt the 
best technology frameworks that are relevant to our geography 
without compromising the volume of care that is currently 
being delivered. With the changing landscape of both lifestyle 
and the trends of diseases over the years, it is imperative that 
we need to have the right information at the right time for 
the right decision for the right individual. The investment in 
taking the bold step of digital transformation for health care 
institutions in India will pay rich dividends for the nation 
and its citizens in the long run. The implementation of digital 
health is a key step in the direction to ensure the availability, 
accessibility,	affordability,	and	acceptability	of	health	care	for	
the masses. There has never been a more opportune time such 
as this to lay down a strong foundation to enable the collection 
of	“good	quality”	digital	health	data	points	to	guide	us	in	the	
future!	The	willingness	to	take	this	first	step	by	every	health	

care provider is a crucial drop contributing to the vast ocean 
of digital health transformation of India, thereby enabling the 
delivery	of	equitable,	efficient,	and	excellent	health	care	to	all	
those in need.
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