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Abstract
The new developments in the field of information technologies 
have significantly impacted the digital healthcare application and 
management in the medical field. The research on the themes 
related to digital healthcare technologies, management and their 
intervention needs to be systematically identified and analyzed. The 
digital healthcare research in India is not studied thematically using 
topic modelling. This study uses Non-Negative Matrix Factorization 
algorithm of topic modelling to generate digital health research 
themes of India. Post-preprocessing the raw-texts, texts were 
converted into Term Frequency-Inverse Document Frequency 
vectors. Text classification was performed using Natural Language 
Processing’s topic modelling method using Non-Negative Matrix 
Factorization algorithm. For the feature selection, k parameter was 
adopted which derived a defined number of topics for semantic 
interpretation. The topic modelling algorithm automatically 
generated three important themes of research based on the 
coherence measure from the research articles published.

Analysis of the research articles showed that, there is a significant 
increase in number of digital health research in India since 2017, 
most publications has happened in the year 2020 and 2021, and 
less publications prior to 2017. Topic modelling of 97 published 
articles generated best three research themes ‘Evaluation’ ‘Public 
Policy’ and ‘Communities’. The ‘Evaluation’ theme is significant with 
50 .5% of the publication, second is the ‘Public Policy’ theme with 
27.8% publications, and ‘Communities’ with 21.6% publications. All 
the three major themes are highly published during the year 2020 
and 2021. The finding of the research themes will give a thematic 
understanding of the digital healthcare research in India. It will 
further the future research using topic modelling for text analysis 
and decisions makings in digital healthcare interventions. 
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Introduction
Healthcare information systems are an 
impetus in promoting and expanding digi-
tal healthcare in India. The National Health 
Policy of 1983 and 2002 has played a pivotal 
role in providing the base for various strate-
gies to achieve its goals and objectives. As 
policies around public healthcare moved 
in a new direction of comprehensiveness, 
its approach focused on adopting innova-
tive digital healthcare systems across the 
country. The pathways related to research 
in digital health are visible through various 
policies and program initiatives starting 
with National Health policy of 2017 (NHP 
2017). 

Various studies have been done for 
understanding the digital health care 
research using topic modelling. The digital 
health intervention literature review related 
to hypertension patients; A literature review 
to understand digital health intervention 
during COVID response was done; A digi-
tal healthcare innovation ecosystems lit-
erature review and suggested a conceptual 
framework; Another disease specific litera-
ture study has been the digital health inter-
vention for mental illness. The studies so 
far involving the digital health literature are 
not comprehensive and India specific study, 
they are mainly a disease specific, and there 
are no studies using Non-Negative Matrix 
Factorization algorithm to generate topics 
with respect to India. 

This study based on the topic model-
ing shows that digital healthcare research 
themes of India can be categorized into 
three main themes i.e., Evaluation; Public 
Policy; Communities. Below method and 
result sections will explain the process for 
generating themes, and further engages in 
thematic discussion on digital healthcare in 
India.

Method
The published research articles in English 
language required for the analysis were 
downloaded from the Scopus using 
advanced search strategy. Based on the 
discussion amongst the authors and iterat-
ing multiple search strings, the string cho-
sen was TITLE-ABS-KEY (“digital health” 
AND “India”) which generated 97 articles 
as on 28th March 2022 for the period 
2014-2022. 

The unstructured text corpora in the 
form of abstracts were systematically 
analyzed using the Natural Language 
Processing’s (NLP) topic modelling 
method. The topic modelling algorithm 
used for generating the features or topics is 
Non-Negative Matrix Factorization (NMF) 
algorithm developed in 1999. NMF matrix 
factorization technique is widely used 
amongst researchers for topic generation. 
An NMF “for a non-negative data matrix 
V, it finds an approximate factorization V 
≈ WH into non-negative factors W and 
H”. Though there are other topic model-
ling algorithms, NMF is better suited for 
smaller dataset with words having better 
coherence. The NMF python library pack-
age and python coding was done on Jupyter 
notebook to generate the topics on the digi-
tal health research publications of India. 
To generate a better semantically interpre-
table number of topics, a k parameter with 
CUMass intrinsic coherence measure was 
adopted in the study. The number of topics 
were generated based on the k parameter, 
a best topic having better coherence were 
defined and interpreted. 

Before the application of NMF algo-
rithm, a step wise pre-processing techniques 
were conducted on the text which included 
tokenization, lemmatization, removal of 
stop words using machine learning library 
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scikit-learn and Natural Language Toolkit, 
and further pronouns, and punctuations 
were removed. The title and key words con-
tain frequently occurring words, so they 
were excluded from analysis to get a better 
coherence. Before using NMF algorithm 
the pre-processed text, here the abstracts, 
were converted into a ‘log-based Term 
Frequency-Inverse Document Frequency 
(TF-IDF) vectors’.

Topic modelling of unstructured text 
has its own limitations as the topics are not 
explicit or meaningful, they are just the 
bag of words. In the study, interpreting the 
topics having bag of words was left to the 
authors subjectivity. As much as possible 
the subjectivity in interpretation was con-
tained by verifying the topics between the 
authors. The full extent of understanding 
the themes on digital health research has 
limitation as the publications downloaded 
were limited to Scopus indexed journals 
and the data post 28th March 2022 is con-
sidered due to non-accessibility issue. 

Result 
Out of parameter k = 30 topics generated 
from the research abstracts, the k=3 topics 
were found to be having better coherence 
(Figure 1) and semantically interpretable. 
The best three automatically generated topics 
were 0,1, and 2 which are mentioned below. 

FIGURE 1:  Coherence measure

Topic #0: [‘care’, ‘data’, ‘system’, ‘mobile’, 
‘service’, ‘information, ’provide’, ‘develop’, 
‘technology’, ‘program’, ‘primary’, ‘design’, 
‘base’, ‘train’, ‘model’, ‘quality’, ‘phone’, 
‘national’, ‘increase’, ‘clinical, ‘delivery’, 
‘study’, ‘medical’, ‘patient’, ‘scale’, ‘sup-
port’, ‘treatment’, ’across’, ‘systems’, ‘learn’, 
‘paper’, ‘record’, ‘platform’, ‘time’, ‘enable’, 
‘primary care’, ‘low’, ‘surveillance’, ‘include’, 
‘worke’, ‘level’, ‘practice’, ‘state’, ‘cost’, ‘analy-
sis’, ‘implementation’, ‘challenge’, ‘context’, 
‘make’, ‘monitor’, ‘literacy’, ‘infrastructure’, 
‘propose’, ‘fit’, ‘patients’, ‘need’, ‘initiatives’, 
‘solutions’, ‘number’, ‘care provide’]

Topic #1: [‘covid’, ‘care’, ‘pandemic’, ‘new’, 
‘covid pandemic’, ‘coronavirus’, ‘country’, 
‘technologies’, ‘world’, ‘market’, ‘popula-
tion’, ‘public’, ‘doctor’, ‘artificial intelligence’, 
‘intelligence’, ‘artificial’, ‘telemedicine’, ‘still’, 
‘growth’, ‘offer’, ‘big’, ‘government’, ‘year’, 
‘innovation’, ‘role’, ‘thus’, ‘apps’, ‘utilize’, ‘com-
bat’, ‘platforms’, ‘connect’, ‘along’, ‘various’, 
‘post’, ‘media’, ‘development’, ‘relate’, ‘issue’, 
‘potential’, ‘article’, ‘response’, ‘medical’, 
‘need’, ‘high’, ‘disease’, ‘care system’, ‘oppor-
tunity’, ‘future’, ‘make’, ‘big data’, ‘highlight’, 
‘outbreak’, ‘service’, ‘remote’, ‘case’, ‘demand’, 
‘spread’, ‘also’, ‘major’, ‘insights’]

Topic #2: [‘study’, ‘research’, ‘women’, 
‘interventions’, ‘risk’, ‘community’, ‘inter-
vention’, ‘tool’, ‘review’, ‘access’, ‘result’, ‘find’, 
‘base’, ‘article’, ‘outcomes’, ‘include’, ‘tech-
nologies’, ‘search’, ‘participants’, ‘influence’, 
‘impact`’, ‘publish’, ‘conduct’, ‘south’, ‘iden-
tify’, ‘experience’, ‘six’, ‘assess’, ‘improve’, 
‘evidence’, ‘disease’, ‘self ’, ‘aim’, ‘adherence’, 
‘group’, ‘factor’, ‘online’, ‘unite’, ‘focus’, ‘unde-
tand’, ‘mental’, ‘social’, ‘objective’, ‘track’, 
‘management’, ‘three’, ‘global’, ‘estimate’, 
‘assessment’, ‘literature’, ‘methods’, ‘sig-
nificant’, ‘status’, ‘age’, ‘people’, ‘policy’, ‘live’, 
‘report’, ‘background’, ‘purpose’]
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FIGURE 2:  Year wise India’s Digital Health-
care Research Themes

Based on the interpretability, the 
three topics above were coded to rename 
it as ‘Evaluation’, ‘Public Policy’, and 
‘Communities’, they are the three broad 
research themes on digital health care of 
India over a nine-year period. Analysis of 
number of publications (Figure 2) shows 
that, there is an increasing publication of 
digital healthcare from India from the year 
2018 onwards. Most of these publications 
have happened between the years 2020 
and 2021, and limited number of articles 
published prior to 2017. As the search for 
2022 to 28th March of the year, there is a 
low publication, but there is an indication it 
might see increase in those numbers.

FIGURE 3:  Digital health research themes 
of India

As Figure 3 shows, the dominant 
research themes being the ‘Evaluation’ of 
digital healthcare systems and technologies, 
accounting for 50.5% of the total publica-
tions. It is the most significantly researched 
area over nine-year period starting from 
2014. Second most popular theme being 
‘Public Policies’ of the government related 
to digital healthcare accounting 27.8% of the 
total publications. Finally, ‘Communities’ 
in relation to digital healthcare accounting 
21.6% of the total publications. 

Though research articles on evaluating 
the digital health technologies increases 
from the year 2019, it peaks in the year 
2020 and 2021. Research on public policies 
of digital healthcare sees increase on 2020 
and 2021, the two years effected by COVID 
pandemic. Similarly, communities which 
represent the providers and beneficiaries of 
digital health sees the increase in publica-
tions during 2020 and 2021. 

Discussion
As the policy ecosystem is promotive of 
increasing the research publications, the 
digital health area is seeing momentum in 
that direction. The analysis shows that since 
National Health Policy 2017 there is an 
overall increase in the number of research 
knowledge on digital health generated 
through papers published in peer reviewed 
journals (Figure 3). 

Evaluation of Digital Healthcare 
Systems and Technologies
The ‘Evaluation’ research theme broadly 
focuses on evaluating the different digital 
technologies, applications, and healthcare 
informatics systems, and architecture on a 
sample population. The diverse stakehold-
er’s perspective on digital healthcare is criti-
cal for the successful and effective utilization 
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of technologies. In this regards, there is pos-
itive response to the efficacy of Integrated 
Health Information System for Primary 
Health Care ( IHIS4PHC) in Chandigarh, 
though positively perceived, there is a con-
cern regarding transparency, accountability 
and digital literacy. Partnerships between 
the government and private is crucial for an 
effective digital health intervention, which 
could be achieved by public private part-
nerships (PPP). The ‘Technology enabled 
Remote Health Care’ using public private 
partnerships is totally possible with the help 
of dedicated e-health teams in executing 
the digital health projects. Healthcare infra-
structures provides a much needed sup-
port for digital health technologies for their 
effective interventions, these infrastruc-
tures are lagging in the ‘lower and mid-tier 
healthcare facilities compared with apex 
facilities in India’. 

The new innovations and developments 
in the domain of Artificial Intelligence (AI), 
and Machine Learning (ML) techniques are 
revolutionizing the digital health technolo-
gies in diagnosing and treating the patients. 
AI & ML efficiency is being studied in 
India through various projects, SnehAI is 
one such AI enabled chat bot developed by 
Population Foundation of India, which has 
effectively used NLP techniques to educate 
adults, and promote sexual and reproduc-
tive health. Further, data generated through 
health technology applications needs to 
undergo regular quality checks, which 
needs to be regularly monitored using data 
analytics and machine learning techniques. 

Public Policy and Digital Health 
Care 
Primarily, ‘Public Policy’ research is related 
to the policies dealing with using tech-
nology to contain COVID-19 pandemic, 

there are few policy studies on technology 
related to non-COVID aspects. The inno-
vative tools of digital healthcare systems 
played a vital role globally and in India to 
address the medical crisis due to COVID-
19 pandemic. These technologies were used 
for the purpose of surveillance, tracking 
patients, use of telehealth interventions, as 
diagnostic support, support for healthcare 
workers and also for administrative support 
9. The policies and strategies around digital 
health interventions during these pandem-
ics was well studied. As the year 2020 and 
2021 were very critical for the government 
to deal with pandemic, it significantly used 
the digital health means to face the health-
care crisis. 

The themes on public policy research 
largely focuses on governments policies 
and programs related digital healthcare. 
The leveraging of technology to com-
bat COVID-19 using the policies such as 
National Digital Health Mission and Atma 
Nirbhar Bharat Scheme were emphasized in 
the research. As the digital health systems 
were used by the government to address 
the a vaccine hesitancy amongst the public, 
information dissemination through ‘official 
digital platforms’ were considered critical 
and were studied during rise in COVID 
cases. A quality medical care is essential 
for a quality health, providing such care is 
much easier in urban set up compared to 
rural areas due to gaps in healthcare infra-
structure, this is where an effective use of 
Telemedicine becomes critical especially 
during pandemic. India’s ‘national patient-
to-doctor’ telemedicine service ‘eSan-
jeevaniOPD’ were expanded to address 
pandemic challenges. 

There are some studies on policies, tech-
nology, and health related to non-covid 
comes under the public policy theme. The 
research themes emphasized were related 
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to digital health policies concerning to data 
privacy and digital divide. These policy 
challenges could affect the diabetes care 
in the country, hence, research calls for a 
‘strong technology adaptation and policy 
interventions’ for ‘digitalization of dia-
betes care’. The health startups are critical 
for digital expansion in the country, the 
policies and programs are essential for pro-
moting the health startups. The data gen-
erated from the digital health systems are 
tremendous, which falls into the category 
of Big data, the impact of Big Data on the 
healthcare systems are were critically stud-
ied during.

Communities and Digital Health 
Care Systems
The other set of published research were 
related to studies on digital health and com-
munities. ‘Communities’, broadly represent 
healthcare providers and receivers, includes 
care givers, old age people, adults, preg-
nant and post-natal women, and gender 
perspectives in general. There are specific 
health issues which demands a specialized 
training and support to caregivers espe-
cially for a dementia effected patients which 
will have prevalence of 150 million by 2050, 
the caregivers are assisted by ‘iSupport’ 
platform of World Health Organization. 
There are various technologies which assist 
the health care providers to make a clini-
cal decision, for this, mobile devices have 
become widely prevalent. The studies show 
that there is an uncertainty over effective-
ness of using mobile devices for clinical 
decisions on specific health areas. 

The healthcare sector is seeing the techs 
advancement in providing the much-
needed support to the vulnerable groups 
such as old age population. In this regard, 
the ‘mental health and digital health service’ 

are the major influencers on the aged popu-
lation during COVID-19. The digital health 
care is also increasingly focusing on diag-
nosing and treating the pregnant and post-
natal women. Technological interventions 
for the pre-and post-natal women in India 
needs to use ‘appropriate technology’ which 
are multi-lingual in nature to encourage 
information seeking behavior.

Conclusion
The study systematically applied topic 
modelling technique using NMF algo-
rithm to study the literature around digital 
healthcare. The results helped in generat-
ing the three major themes ‘Evaluations’, 
‘Public Policy’ and ‘Communities’ and 
digital health interventions happening at 
these three levels. Analysis also showed the 
increasing trend since pandemic for digital 
healthcare interventions. The NMF model, 
if further trained with large dataset can be 
used for predictive purpose, which would 
help the medical practitioners, health sec-
tor, academicians, and public policy makers 
to update themselves on the current digital 
health research themes. 
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