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Abstract

Hypertension is not only the most prevalent disease but also poses a global burden as well as a national burden on the health system. Coping 
the disease with physical means is quite common but now in emerging India the transformation in management of the disease via technology 
is getting popular. In the same array, Artificial Intelligence is seeking its way for newer innovations in the field of medicine. AI brings a 
multitude of benefits to the field of medicine, transforming various aspects of healthcare delivery and improving patient outcomes. AI systems 
continuously learn from new data, adapting and improving over time to provide more accurate diagnostics and treatment recommendations. 
Evidently, this review article highlights the role of AI in management of hypertension, taking into account its diagnosis, treatment as well 
as its limitations. AI-based systems are now replacing conventional BP monitors. Not only measurement but AI could play critical role in 
diagnosing, treating and managing hypertension. Moreover, prediction of undiagnosed hypertension is also possible through AI. Though 
there are still technical glitches and biases in AI, but it could be worked on in future. Thus, AI based health care systems will indeed make the 
clinical practice more precise and will ensure personalized medicine. 
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INTRODUCTION

Hypertension affects more than 30 percent of the adult population 
globally, i.e., more than 1 billion people around the world. It is the 
primary contributor to risk for cardiovascular disorders (CVDs), 
predominantly coronary heart disease & stroke, but also for heart 
failure, chronic renal disease, dysrhythmia & dementia.1 Worldwide, 
hypertension is a leading cause of mortality. An estimated 46% of 
individuals with hypertension are unaware of their BP condition.2 
Globally, almost 1 billion people suffer from uncontrolled 
hypertension,3 with developed and developing nations accounting 
for 66.8% and 61.6%, respectively.4 Alarmingly, less than one-fifth of 
individuals globally have hypertension under control.5 Uncontrolled 
hypertension is more frequent in Asian countries, with the exception 
of South Korea and Taiwan.6,7

According to recent Indian research, the prevalence of hypertension 
(HTN) is 25% in urban areas and 10% in rural areas.8-11 According 
to WHO estimations from 2008, the prevalence of high blood 
pressure among Indians was 32.5% (31.7% in women and 33.2% 

in men).12  Hypertension is a developing disease that has been 
exacerbated by population increase, lifestyle changes, and ageing, 
posing a worldwide and national burden on the health-care system. 
Thus, transformation in its management strategies is urgently required 
to cope-up with this enormous burden. 13-15

In the techno world, things are getting digitalized. Health care system 
is also on the same track. Manual vital measurements are transformed 
to automatic measuring systems, physical appointments are changed 
to virtual appointments. Technological advancements like online 
appointments, telemedicine, electronic health record system, Software 
as a Medical Device (SaMD), and AI-powered medical devices  are 
some of the most remarkable examples of digital health care system.16 
Apart from these technologies, use of artificial intelligence (AI) is 
also emerging in medicine world providing numerous opportunities 
to improve clinical results, automate processes, creation of new 
treatments, identify precise medicines for complicated diseases, 
improve the course of care for patients with chronic diseases, lower 
medical mistakes and enhance overall efficiency.17-19
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AI refers to a digital computer or computer-controlled robot’s capacity 
to do activities often associated with intelligent beings. In other words, 
AI may mimic human thinking and intellectual activity.20 Therefore, 
application of AI in hypertension management is an important research 
area of interest, from both technical as well as clinical viewpoint.

This review aims to discuss the potential role of AI in the measurement, 
diagnosis, treatment, prediction & management of hypertension.

Artificial Intelligence 

Artificial intelligence is a broad term that refers to the process of 
putting human intellect into computers, which was first proposed in 
1956.21 AI is a form of algorithm-based software that enables robots 
to solve issues using information. Therefore, AI is multidisciplinary 
field with numerous perspectives that include reasoning (employing 
knowledge, data, facts & beliefs to draw logical conclusions), speech 
recognition (the ability to interpret words spoken and translate it 
into text), planning (the ability to work independently and fluidly 
to generate sequential steps to be  taken  to accomplish the  ultimate 
objective), and machine learning (ML) (approach that learns on 
its own from experience) (Figure 1).22 The key areas of AI medical 
applications include physiological signal recognition, imaging 
processing, and neurological health issues.23-26

detection of infectious and degenerative diseases, identification of 
brain disorders (Alzheimer’s, schizophrenia, dementia), personalized 
medicine, precisely spot abnormal growth of tissue, making surgical 
plan, analyzing postoperative effects, radio/chemotherapy and analysis 
of errors in prescriptions, and analysis of the data of multiomics, and 
wearable devices.30,31

A subfield of ML (i.e., a subfield of artificial intelligence) is DL. An 
upgraded version of ML, i.e., DL is capable of solving problems that 
ML is unable to. Deep learning is the process of learning concepts 
on the top of other concepts28 that calculate using neural networks in 
multi-layer & processing. The word “Deep” in the DL approach, means 
an idea of several layers of data processing in order to construct a data-
driven model for disease predictions and diagnosis. It is utilized for 
medical imaging, data analysis, and unfavourable outcome prediction.

Types of AI used in Hypertension

Artificial intelligence (AI), machine learning (ML) & deep learning 
(DL) are the 3 interchangeably used common terms to denote the 
software or intelligent system. The relationship of ML, DL and AI is 
depicted in Figure 2. In general, artificial intelligence (AI) integrates 
human behaviour and intellect into robots or other systems.28

ML is a subfield of AI algorithms. It is an approach to automate the 
process of developing analytical models by learning from data or 
experience.29 ML compiles data using mathematical algorithms 
and generates conclusions based on predefined criteria. It is used 
in managing medical data, helping in the diagnosis as well as early 

Figure 1: Conventional Programming vs Machine Learning27

Figure 2: The relationship of ML, DL and AI 29,32

AI in the Measurement of Blood Pressure

Cuff-based BP monitors (volume-clamps or inflated wrist cuffs) 
and cuffless systems (tonometry,33 photoplethysmography (PPG)34 
& capacitance35), which employ mechanical and optical sensors 
to identify characteristics of the blood pulse waveform shape, are 
available for use in blood pressure monitoring. Studies have reported 
that the ML uses vital signs and PPG signal to predict BP36 while 
Artificial neural network (ANN) uses PPG signal to estimate BP.37 
Another one stated that ML uses electrocardiogram and PPG signal 
for estimating blood pressure38 while ANN estimates BP without the 
use of electrocardiogram.39

BP measured at home or clinic is measured using a cuff (a medical 
device). To measure BP, the BP cuff is wrapped around the arm 
of patient and then inflated. BP classification typically adheres to 
the ISH 2020 guidelines and requires a single measurement of BP 
with a validated upper arm-cuff.40 Many patients find the cuff-based 
application to be troublesome and uneasy. The photoplethysmography 
(PPG) technology in conjunction with AI algorithms is a promising 
solution, as it is a cuffless BP measurement which is simple, easy to use, 
and convenient method.41 The use of PPG signals may increase the 
number of measures made during the day, increasing the possibility 
of hypertension detection early.42 AI blood pressure assessment is 
beneficial because it improves precision, accuracy & consistency in 
diagnosing & managing HTN with new wearable technology.
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The fastest growing and likely most accurate use of AI for diagnosing 
Arterial Hypertension (AH) is undoubtedly 24-hour ambulatory 
blood pressure monitoring (ABPM) i.e., gold standard for out-of-
office BP measurement.43-46 ABPM software can identify and classify 
AH using BP readings by a fairly simple algorithm. ABPM is very 
beneficial for analyzing white coats and masked AH.45,46 Apart from 
ABPM, there are number of AI-supported gadgets that allow patient 
to know more about their BP conditions (Table 1).

Table 1: AI-supported gadgets for BP measurement

Gadget  Function Technol-
ogy

References

Smart 
watch

Heart-rate sensor and step 
counter to predict atrial 
fibrillation

ML 
model

47

Smart-
phone

Cameras, microphones, light 
emitters & force sensors to 
detect cardiovascular signals

PPG  48

Tablets 
and smart 
phones.

The camera on the tablet 
detects colour changes (mi-
croblushes), in a patient's 
face, which occur every time 
their heart beats to take BP 
reading from their face in 40 
seconds.

Contact-
less tech-
nology

49

Wi-Fi- 
Arm Band

Remotely monitor vital 
signs, like blood pressure, 
respiratory rate, pulse rate 
(PR), oxygen levels & body 
temperature.

AI pro-
grams

50

AI in Diagnosis of Hypertension

Guidelines for hypertension recommend utilizing home blood 
pressure monitoring or out-of-office blood pressure measures with 
ABPM for the diagnosis and categorization of hypertension.51  One 
benefit of ABPM is that it may be used to diagnose hypertension and 
categorize individuals’ ABPM status into three groups: true HTN, 
white-coat HTN, and masked HTN.52

When BP, demographic data, co-morbidities & some regular laboratory 
results are included, AI may reliably diagnose HTN. For example, 
Samant  et al.53  reported that ANN could diagnose hypertension 
with 92.85% accuracy from the sample size of 981 subjects by means 
of age, BP, PR & routine blood chemistry. Similarly, LaFreniere  et 
al.54 demonstrated that to diagnose HTN, ML require inputs of age, 
BMI, BP, PR, lipid profile, smoking history & physical exercise in 
379,027 individuals with 82% accuracy. On the top of that, AI can also 
estimate BP from other variables with little efficacy. Wu et al.55 tried 
to utilise an ANN to estimate SBP in 498 healthy persons based on 
their age, BMI, amount of alcohol consumed, level of smoking, and 
level of activity. Notably, 50% of predicted blood pressure varied by 
more than 10 mm Hg from observed blood pressure.55 It’s interesting 

to note that Poplin et al.56 showed DL may predict SBP in 284,335 
patients within mean absolute error of 11.23 mmHg with the help of 
retinal fundus photography. Evidently, BP difference of 10 mm Hg are 
imprecise to claim that AI can be used to predict BP; yet the validation 
of AI’s ability of diagnosing HTN and predicting BP requires future 
researches. In the future, if research shows more accuracy, AI might 
possibly help doctors in their clinical work and even make it easier 
early identification of HTN.

Primary care physicians would be able to diagnose and treat patients 
more effectively if they could predict blood pressure status accurately 
without using ABPM. This would minimize the risk of side effects 
from antihypertensive drugs, undertreatment of hypertension & the 
ABPM. This could be possible using machine learning through the use 
of big data sets and people who had their clinic blood pressure and 
ABPM monitored.57

AI in treatment of Hypertension

New AI program could assist in the treatment of hypertension. Its data-
driven model not only anticipate result but also suggests the most 
suitable medication for hypertensive patients. The Boston University-
developed new model could generate a customized prescription 
of hypertensive patient using his profile, giving physicians a list of 
suggestive medicines accompanied with their respective success 
probability. Thus, AI is on the pursuit of effective treatment for 
controlling systolic blood pressure for each BP patient or for a group 
of homogenous patients imparting personalized therapeutics for 
hypertension based on ML algorithms.58

For instance, Dawes et al.58 described how an AI-supported cardiac 
motion algorithm based on magnetic resonance imaging (MRI) may 
be used to treat patients with high blood pressure and lung illness with 
more precise data. It also could give prognosis result of pulmonary 
hypertension accurately among the patients. In patients with recently 
diagnosed pulmonary hypertension, the ML model “improved the 
survival prediction that is independent of the disease common risk 
factors.55 These professional analytics for prediction have the potential 
to improve the quality of current treatment provided, by supporting 
clinician’s in making decisions.

In addition to the disease-specific diagnosis, the advances made 
by Google Health and other research teams demonstrate the 
prognostication potential and hidden association-finding capabilities 
of deep learning models. For example, an AI based system could 
predict gender, smoking status, SBP & risk of MACE (Major 
adverse cardiac events) that is solely based on retinal image analysis.59

AI for the Prediction of Undiagnosed Hypertension

ML is getting applied widely in genomics to predict the pathogenic 
potential of coding variants,60 the functional effects of noncoding 
variants61 and  to predict  certain widespread complex phenotypes  as 
well as disease risk.62,63  In relation to HTN, Huan et al63  and Li et 
al64 employed ML and network analysis to identify the genes associated 
with HTN by evaluating the interactions in gene’s neighbourhood. 
The researchers have begun to employ ML in order to categorize 
CVDs based on a range of genetic markers, including transcriptome 
and even microbiome.65,66 



Singh et al.	 Artificial Intelligence in Hypertension

4 	 Hypertension Journal    Vol. 10   Issue 1

AI approaches are also making their way into gene expression analysis; 
more particular, by combining data from next-generation sequencing 
with gene expression in ML analysis, it is feasible to enhance AH 
prediction models.67 Furthermore, ML algorithms, enables to find 
new HTN genes; accordingly, Li et al.,64 examined gene expression in 
patients with hypertension and were able to identify 177 new genes 
associated with hypertension as a result of the development of ML 
algorithms. These genes were then combined with environmental 
factors to assess the risk of AH.68,69 

Furthermore, Maxwell et al.’s70 research suggests that health risk 
prediction utilizing a DL architecture is appropriate for large, 
complicated datasets. Through an analysis of 110,300 patient 
physical examination data, every risk factor associated with chronic 
illnesses  like AH, diabetes, and liver steatosis was identified, 
categorized and examined.71

The main takeaway from these examples is that ML techniques may 
be widely applied to create clinical prediction models based mostly on 
observational data sets. This is not limited to research on hypertension.

Managing Hypertension

Once hypertension is diagnosed, patients are ought to be counseled 
on the most effective goals for hypertension treatment, potential 
repercussions of poorly managed HTN, initiatives that can lower 
BP, and ultimately the related risk factors for CVD. Among these 
approaches include pharmacological interventions, out-of-office 
blood pressure monitoring, and modifications in diet as well as 
lifestyle.46 

Emerging technologies have revolutionized healthcare and clinical 
practice; thus, AI plays a critical role in enhancing the effectiveness 
of innovative digital treatments by detecting parameters linked to 
treatment, its adherence & predicting the treatment success.71 In order 
to provide behavioural therapy to hypertensive patients, Guthrie et 
al.72 created a smartphone application that included skill-learning, 
goal-setting, self-monitoring of biometrics & personalized feedback. 
This application was able to significantly lower blood pressure in 172 
patients. They showed that, with an AUC of 0.78, ML could predict the 
completion of the intervention on day seven. Predictive factors were 
biometric self-monitoring, completing app interactions, increasing 
exercise frequency, and smartphone brand. In order to promote 
patients’ awareness, self-monitoring, and adherence to medication, 
da Silva  et al.73 recently created a complete digital intervention that 
uses ML to assess adherence to antihypertensive drugs by analyzing 
data gathered via a smartphone application. Numerous clinical trials 
are now being conducted to evaluate the impact of AI-integrated 
hypertension therapy on the treatment, patient compliance & overall 
efficacy.

Soon AI will grow into a tool for designing  accurate and thorough 
risk prediction models that include behavioural, environmental,  
and conventional CV risk variables with further research and 
application. AI may also be used to anticipate the treatment failure and 
pinpoint the causes of each patient’s uncontrolled blood pressure and 
poor treatment compliance. AI has the potential to create intelligent 
systems of healthcare that offer individualized advice and course of 
treatment.

Limitations of AI

As AI has gained significant attention in recent years, it is important 
to highlight that biases and technical problems still exist in this 
system. The quality of algorithms that support AI  may be impacted 
by a number of limitations which include erratic level of research that 
makes up the databases underlying the core of AI.74

In case of ML models,  overfitting is a significant issue,  this results 
when a model has become unduly fitted to the training set of data.75 

Particularly, supervised learning algorithms need manually labeled 
data since they are restricted in their ability to anticipate only 
predetermined outcomes. This suggests that the usual application for 
supervised models is typically limited to the emulation, automation, 
and standardization of manual tasks. There are still boundaries 
between definition, assessment, and judgment when it comes to 
human intellect and insight.75

However, one of the main problems with unsupervised models is 
validation. To get the unsupervised model externally validated, the 
true clusters must be known to compare the ML-generated clusters 
with the unsupervised model.76  However, it is difficult to find such 
information often. If such is the case, internal validation techniques 
are the only means of validating models. Nevertheless, the current 
techniques are not always credible since they are sensitive to different 
types of data, such as noise, fluctuations in cluster densities, the 
existence of subclusters, and uneven cluster sizes.77 Determining the 
ideal number of hidden nodes for neural networks continues to be one 
of the trickiest parts of network constructing.78

Without any patients’ input, the study of the problem is mostly from 
the perspective of the doctors. However, patients should be satisfied 
with the new AI-based cardiovascular technology. Future and further 
study on the issue should consider the perspectives of the physician 
and the patient.

CONCLUSION

Hypertension is a major public health problem that has a substantial 
effect on the burden of disease worldwide. A comprehensive global 
effort to treat the burden of hypertension and diseases connected 
to hypertension is necessary to improve health outcomes globally. 
Accurate monitoring of blood pressure is essential for the proper 
diagnosis and management of hypertension. The field of hypertension 
needs transformation. Although there are still obstacles to overcome, 
the use of digital treatments and approaches, the push for personalized 
medicine, collaborative decision-making, and advancements in 
treatment are all important factors in improving the outcomes of 
patients. Its future hinges on the successful fusion of biotechnological 
and biological sciences with digital data, as well as their use in the 
provision of healthcare through innovative delivery methods and 
population health strategies.

Furthermore, Artificial Intelligence is gaining momentum in today’s 
world. AI brings numerous benefits to the field of medicine. AI could 
suggest personalized treatment plans based on each individual’s 
unique attributes. AI speeds up the drug development process 
using large datasets  by identifying the disease, suggesting a suitable 
drug and predicting its effectiveness. Moreover, an AI-based system 
supports hypertension care by encouraging patient awareness, self 
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BP monitoring, good lifestyle choices and medical compliance, 
along with advancing digital technology. Also, AI has technical flaws 
and challenges such as data privacy, ethical considerations, ongoing 
validation requirements, and regulation to ensure the responsible and 
effective deployment of AI in healthcare.

Thus, future research must concentrate on AI-based precision AH 
therapy to reduce AH’s worldwide burden while acknowledging the 
substantial shortcomings that this approach still has.
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