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Abstract—Rapid advancements of sensing and mobile 

technology provide an unprecedented opportunity to empower 

smart and connected healthcare.  Realizing the full potential of 

connected care depends, however, to a great extent on the 

capability of data analytics. Our previous study proposed a next-

generation mobile health system, namely, the Internet of Heart 

(IoH). The IoH embeds patients into a dynamic network, where 

the distance between network nodes is determined by the 

dissimilarity of patients’ conditions. Dynamics of the network 

reveal the change of clinical status of patients. However, it poses 

a great challenge for real-time recognition of disease patterns 

when a considerably large number of patients are involved in the 

IoH. In this present investigation, we develop a novel scheme to 

optimize the network in a parallel, distributed manner, thereby 

improving the efficiency of computation. First, a stochastic 

gradient descent approach is designed to embed patients with 

similar conditions into a local network. Second, local networks 

are optimally pieced together to obtain a global network. As 

opposed to directly embed all patients into one network, the 

proposed scheme distributes the network optimization into 

multiple processors for parallel computing. This, in turn, enables 

the IoH to handle large amount of patients and timely recognize 

disease patterns in the early stage. Experimental results 

demonstrated the effectiveness of the proposed scheme, e.g., it 

achieves 80-fold faster than conventional algorithms for 

optimizing a network with 20000 patients. The developed scheme 

is effective and efficient for realizing smart connected healthcare 

in large-scale IoH contexts. 

I. INTRODUCTION 

In the past decade, rapid advancements of sensing and 
mobile technology have fueled increasing interests in mobile 
health (mHealth). The prevalence of wearable bio-sensors and 
portable medical devices makes it possible and affordable to 
remotely monitor patients’ conditions and provide timely 
feedback. Furthermore, mHealth attempts to create connected 
care defined as a national wide data gathering and exchange, 
as well as an efficient communication between patients and 
caregivers. As opposed to traditional isolated care, highly-
connected care ecosystem consists of doctors, patients, 
devices, databases and other entities. Caregivers are able to 
gain rapid access to patients’ complete information for early 
diagnosis and timely medical intervention. Meanwhile, it 
motivates individual patients to collect data themselves and 
become active participants in their own care. The smart 

 
 

connected healthcare provides a data-rich environment for 
efficient medical decision making, enables personalized 
patient-centered care, and diminishes care disparities.  

Realizing the full potential of connected care depends, 
nevertheless, to a great extent on the capability of data 
analytics. It may be noted that cardiac diseases are the leading 
cause of death worldwide. In 2012, nearly 30% of global 
deaths (17.5 million) were due to cardiac diseases. Optimal 
management and treatment of cardiac diseases call for early 
identification and timely delivery of life-saving therapies. 
However, existing products and services of cardiac mHealth 
are limited in their ability to automatically detect cardiac 
diseases in the early stage. Most of them focus on one-lead 
electrocardiogram (ECG) and simple characteristics, e.g., 
heart rate, which lacks the diagnostic power to identify 
complex cardiac disorders. Some of them transmit acquired 
ECG signals to cardiologists for manually analysis. Despite 
the overwhelming workload, early signs of cardiac diseases 
are difficult to be uncovered by only measuring amplitude and 
duration of the ECG cycles.  

Our previous research has proposed a new cardiac mHealth 
system, namely, the Internet of Hearts (IoH) [1] to assist the 
diagnosis of cardiac diseases and promote new levels of 
communication and collaboration between patients and 
cardiologists. The IoH incorporates wearable sensing, mobile 
technology and cloud computing for continuous cardiac 
monitoring and disease pattern recognition. Patients are 
embedded into a network, where the distance between network 
nodes preserves the dissimilarity of patients’ conditions. As 
such, the change of a patient’s cardiac conditions can be 
revealed by network dynamics. The IoH enables (i) continuous 
monitoring of multi-channel cardiac signals; (ii) real-time 
management and compact representation of multi-sensor 
signals; (iii) big data analytics in large-scale IoT contexts. 
These components are integrated to realize patient-centered 
care and smart management of cardiac health. 

Notably, continuous monitoring of an individual patient 
generates large volumes of data when performed in hours, 
days, months and years. Such big data not only provides a 
wealth of opportunities to promote patient-centered, 
personalized care, but also poses significant challenges for 
analytics and management. There lacks enabling tools to 
quickly extract information pertinent to the underlying cardiac 
disorders and provide timely feedbacks. Furthermore, the 
number of patients in the IoH is growing. The goal of IoH is 
to embody patients all across the world into a network to 
empower smart telehealth and preventive medicine. It is 
extremely expensive to optimize the network structure when it 
consists of billions of nodes. Thus, there is an urgent need to 
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