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Abstract. Wearables are commercially available devices allowing continuous 
monitoring of users’ health parameters. Their easy availability, increasing accuracy 
and functionality render them relevant for medical practice, specifically for 
longitudinal monitoring. There are clear benefits for the health care system, such as 
the opportunity of timely interventions by monitoring a patient during his daily life, 
resulting in a cost reduction in medical care and improved patient well-being. 
However, some tools are essential to enable the application of wearables in medical 
daily practice. For example, there is a need for software solutions that allow 
clinicians to quickly and easily analyze data from devices of their patients. The goal 
of this study was to develop a dashboard for physicians, which allows rapid data 
interpretation of longitudinal data from the Apple Watch. The prototype dashboard 
is an interactive web-based visualization platform utilizing Plotly. The dashboard 
displays the most important parameters like heart rate, steps per day, activity, 
exercise collected by the Apple Watch in a user-friendly and accessible way. Clear 
visualization makes it easy to identify trends or deviations in the data and see how 
these changes in daily behaviour affect patients’ health. Our software is a key 
component to monitor patients with heart failure who participate in the HiGHmed 
use case cardiology project. 
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1. Introduction 

1.1. Background 

The popularity of wearable devices is constantly growing. Currently, the smartwatch 

shipment is estimated at 68.6 million units per year, and this number is expected to reach 

157.2 million by 2026 [1]. The Apple Watch is the most purchased smartwatch outselling 

 
1  Corresponding authors: Christoph Dieterich, Magdalena Smieszek, Analysezentrum III, Im  

Neuenheimer Feld 669, 69120 Heidelberg, Phone: +49 6221 56 36884, Email: christoph.dieterich@uni-
heidelberg.de, magdalena.smieszek@uni-heidelberg.de 

German Medical Data Sciences 2021: Digital Medicine: Recognize - Understand - Heal
R. Röhrig et al. (Eds.)

© 2021 The authors and IOS Press.
This article is published online with Open Access by IOS Press and distributed under the terms

of the Creative Commons Attribution Non-Commercial License 4.0 (CC BY-NC 4.0).
doi:10.3233/SHTI210553

146



companies such as Samsung, Fitbit and Xiaomi [2]. It is also one of the few smartwatches 

allowing to take an electrocardiogram (ECG) [3]. The most accurate smartwatches when 

it comes to measuring parameters such as heart rate are the Apple Watch and Fitbit [4]. 

The study “Wearables in cardiology: Here to stay” shows that there is user interest to use 

wearables not only for fitness tracking but also in medical practice [5]. Wearables enable 

longitudinal remote monitoring of patients with high frequency and high resolution. With 

the ability to collect pulse, daily activity, and ECG, they are of particular interest in the 

context of cardiovascular diseases. Many landmark studies focused on whether these 

devices were suitable for use in the detection of atrial fibrillation [6,7]. Recently, 

researchers are trying to find new applications for ECGs from wearables, for example by 

estimating the distance between ECG components, such as the QTc interval, which can 

be useful for monitoring patients during antiarrhythmic drug therapy, or the ST segment, 

whose changes can indicate acute coronary syndromes [8,9]. Smartwatches are also 

instrumental to remotely monitor a patient from their home environment after surgery or 

during medication therapy [10,11]. 

1.2. Objective and Requirements 

Analyzing wearable data also raises the need for adequate software solutions, allowing 

medical scientists and especially physicians to work with the collected data. While many 

physicians are data-conscious, they usually lack the time to get into statistical 

programming. Thus, graphical user interfaces which also avoid manual pre-processing 

of the input data are preferred. Therefore, the goal of this software project was to create 

a versatile tool allowing physicians to quickly interpret patient data, which originate from 

the Apple Watch. The platform should provide the user with the ability to analyze data 

without the need for time-consuming and complicated data pre-processing, which 

includes converting the downloaded XML file from the Apple Watch into a format more 

readable for data analysis tools, extracting from the XML file only the data that will be 

useful in future analysis, and determining the type of individual data. The possibility of 

loading data from multiple devices simultaneously allows the analysis of data from more 

than one patient, to be able to compare patients in a study collective and to quickly detect 

problematic health deviations. The program needs to be an interactive and intuitive tool 

that visualizes data in a clear and readable way. It includes the possibility to show trends 

in the data and allows the user to track deviations of parameters from the norm. In this 

way, the intention is to facilitate the interpretation of how patients' everyday behavior 

influences changes in their health status. 

2. State of the art 

2.1 Related Works and short comings 

Currently, there is no platform available that allows physicians to analyze data collected 

by the Apple Watch in a meaningful and efficient way. While there are existing solutions 

to look at Apple Watch data, they do not fulfill requirements to be used in medical data 

analysis.  

We tested multiple published approaches, however we found these not sufficient for 

the intended task: One solution uses a program called Grafana to visualize Apple Watch 

data, however, this approach comes with various limitations [12]. The program requires 
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the user to load each patient’s data separately from an XML file. Only one patient can be 

viewed at a time, an overview on multiple patients at once is not supported. However, 

the most severe limitation comes from the fact that only fitness data can be viewed, while 

other important health parameters including ECG results are not included. Another 

approach uses Kibana and Elasticsearch for data visualization [13]. However, here the 

developer mainly describes how to download data from Apple Watch and convert it into 

CSV format. The visualization in this approach is just an additional feature and is very 

limited containing only heart rate and steps count. Moreover, the installation of this 

program is complicated. Equivalent to the Grafana based approach, this solution only 

allows to view data from one patient at a time.  

Other options for visualizing and analyzing Apple Watch data are open-source tools 

such as Apache's Superset or Google data studio [14,15]. However, these tools, are 

graphically limited, allowing only very basic plotting. In general, all open-source data 

visualization tools also require cumbersome preprocessing of the exported XML file into 

a CSV file using custom solutions that are implemented in Python or R, which is 

particularly problematic for users not familiar with programming. 

 Other available programs, such as Tableau for data visualization that would make 

it easier for physicians to analyze Apple Watch data, are only commercially available 

[16].  

Taken together, these approaches have limited functionality and are intended rather 

for individual users to visualize their own data on a computer. So far, we did not find a 

platform that focuses on visualization and analysis of Apple Watch data that provides 

the required functionality to be used by physicians to analyze wearable health data of 

their patients. 

Our goal was to create a program to be used by physicians to visualize and analyze 

data from multiple patients simultaneously. The advantage of the multi-patient view is 

that it facilitates faster analysis of trends and patterns of how patients' behavior affects 

their health parameters. Moreover, our solution allows to load data from multiple patients 

(multiple XML files) simultaneously and switching through their data using selectors. 

The goal is to visualize not only fitness data but also health parameters. In particular, the 

tool is intended for the analysis of ECGs, a functionality which is not available in other 

programs. Additionally, the tool was built in a way that the data loading does not require 

user intervention in data preparation. It creates ready-made interactive graphs with 

calculations that allow the user to group data and show changes and trends e.g. heart rate 

over the last months or days. 

In summary, our program is an open-source ready-to-use dashboard for analyzing 

data from Apple Watch XML exports, thus allowing a quick and clear visualization and 

interpretation.  

3. Concept 

Apple Watch dashboard is a web application programmed using Python version 3.7 and 

an open-source Dash Plotly version 1.19.0 [17,18]. To store data the tool uses the latest 

version PostgreSQL image available on Docker Hub [19]. We use Docker version 

20.10.2 container to wrap all program dependencies [20]. The data to test our software 

was collected using Apple Watch models of series 4 and 5 with watchOS version 6 or 

later and iPhones 7 and 8 with iOS 13 or newer. 
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3.1. Data preparation 

The Apple Watch offers the ability to export health data directly through the iPhone. The 

data are downloaded in XML format, which usually requires some manipulation of the 

file or the use of additional applications to allow the visualization of this data in programs 

such as Grafana, Tableau. By contrast, our program automatically converts the XML 

files into the data format required for an import into the database. The program also gives 

the option to load previously processed data from a CSV file in which each row contains 

patient id, data, type of collected parameter, and value. A more detailed description of 

how to download the data from the Apple Watch and load it to the dashboard is described 

on our GitHub repository2.  

3.2. Frontend 

As a front end, we are using Dash Plotly open-source which is a useful framework for 

creating interactive analytics charts for web applications [17]. The advantage of this 

approach is that most of the charts and actions do not require additional code in any 

languages other than Python. Another advantage is that Plotly is written on top of the 

Python based web framework Flask [21]. This makes it easy to connect with other 

programs that use the Flask framework. In our case, it was important because in the future 

we want to integrate the dashboard with our MedEx application, which is built with Flask 

[22]. 

4. Implementation 

The tool has been implemented for use in daily medical practice as well as in research. 

The dashboard enables the user to observe the most important daily information collected 

by the Apple Watch. Additionally, it allows following medium- to long-term patterns in 

the patient's behavior and their impact on their health. 

It includes selectors to navigate between graphs and to select the patient and the time 

window for the data. The graphs are interactive, allowing the user to select and zoom in 

on the area that is of most interest to them. The charts are also interlinked, meaning that 

the area selected in one chart affects what is shown in the other charts. 

The tool does not require any coding or data cleaning skills on the user’s side, the 

preprocessing as well as finding trends in data work automatically. The use of Docker 

allows easy deployment of the tool on multiple operating systems.  

4.1. Selector & information about a patient 

At the top of the page (Fig.1) there are selectors, the first selector is used to choose the 

patient whose data is to be visualized, the second selector is used to set how the 

parameters are grouped by day/week/month. The following selector relates to the 

parameters to be displayed in graphs shown on Fig. 3 and the last selector sets the time 

window for which the parameters are calculated. 

 
2 Supplement: https://github.com/dieterich-lab/AppleDashboard: Description of the data transfer 

steps from Apple Watch to our dashboard 
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Figure 1. Dropdown selection allowing the user to navigate between the Apple Watch data of multiple patients. 

 

Below the selector is a section with a card component (Fig.2). The first card shows 

the most important information about the patient height, age, how all ECGs have been 

classified that have been collected by the Apple Watch. The values in this card update 

based on which patient is selected. In this panel, the user can also choose to download 

the data in a tabular csv format to share the results or to conduct additional analyzes. 

Next to the information card, there are six cards with the most important parameters: 

Resting/walking heart rate, step count, activity time, calories burned. The average or sum 

of these values is calculated whenever a patient is selected and can be grouped by 

day/week/month.  

 

 

Figure 2. Selectors, cards displaying the most important general information about a selected patient as well 

as the most important measurement parameters. 

4.2. Apple Watch parameters & trends plotting 

The second section (Fig.3) displays one table and three charts, the first one showing 

calculated values for the entire range of data collected and can be grouped by 

day/week/month depending on the selected option in the selector (Fig.1). The second 

graph shows the values collected on a single day, and the last graph shows the heart rate 

trend over the last 4 days/weeks/months depending on how data are grouped. The first 
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graph is interconnected with the following two: Choosing a day/week/month in the 

former one will plot the data in the subsequent graphs according to this selected time 

window. Figure 3 illustrates how the tool can be used to visualize a correlation between  

activities and heart rate. 

 

 

Figure 3. Chart showing daily Active Energy calories burned and heart rate during a selected time span, second 

chart with the same values for one selected single day, the last chart shows the heart rate trend of the 4 last 

days. 

 

We present an example of how exploratory data analysis using visualization can be useful 

to get a first interpretation about the clinical relevance of wearable measurements. The 

tool can be used to quickly evaluate how a change in patient behaviour can affect health 

parameter values, illustrating why the possibility to visualize several parameters 

simultaneously can be useful in patient health analysis. 

Figure 4 shows the heart rate, resting heart rate and active energy grouped by month. 

The graph indicates that the heart rate (red line) has increased to over 100 bpm in the last 

few months. This might seem alarmingly as the heart rate in a healthy person should be 

between 50-100 bpm. However, the graph also shows the resting heart rate (green line). 

The values don’t increase notably in respective months. Based on this example a possible 

conclusion can be that the patient is healthy, but has changed his daily behaviour and 

most likely started to do more intensive exercise. The example shows that even without 

sophisticated calculations, but only by exploratory analysis with data visualization we 

can have first inside in patient daily behaviour and get first conclusion.  

 

M. Smieszek et al. / An Apple Watch Dashboard for HiGHmed Heart Insufficency Patients 151



 

Figure 4. Graph showing daily Active Energy calorie burned and heart rate and resting heart rate grouped by 

month. 

4.3. ECG table & plotting 

The last section (Fig. 5) contains a table with all ECG measurements collected by the 

Apple Watch for one patient. These ECGs are annotated with a classification in regard 

to measurement outcome (Sinus rhythm, atrial fibrillation, heart rate over 120/ under 50, 

inconclusive). The table allows the user to select one ECG for plotting. The plot of the 

selected ECG is displayed next to the table, giving the user the option to zoom into areas 

of interest and also slide through the ECG graph. Additionally, it is also possible to 

download the data that is plotted on the graph. 

 

 

Figure 5. Graph of a single selected ECG and a table with all ECGs and their classification collected by the 

Apple Watch. 

5. Lessons learned 

We created the Apple Watch dashboard to make it easier for clinicians to access data 

from the device and to create an easy-to-read and interactive data visualization that 

speeds up data interpretation. 

Currently, there is no similar dashboard to analyze Apple Watch data. All current 

approaches require users to conduct time-consuming and potentially technically 

demanding preprocessing steps in advance. Additionally, available dashboard solutions 

usually involve the creation of the dashboard design prior to usage. Our dashboard is a 

ready-made tool that also enables the user to analyze data from more than one patient. 
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The tool does not demand coding on the user’s side. One of the concerns of physicians 

when using smartwatches in their practice is that they will require additional time [23]. 

However, thanks to the clear and interactive visualization combined with the graphs 

showing trends or the most important information about the patient, this program allows 

for a quick interpretation of data. It can be used to track how daily physical activity 

interacts with parameters such as heart rate collected by the Apple Watch. Additionally, 

it provides a way to observe how a patient's daily behavior is associated with parameters 

collected during a patient's hospital visit. Potentially our program could also be used to 

track health parameters of patients undergoing medication therapy as was suggested in 

previous studies [10,11]. All of these capabilities allow for better monitoring of patient 

health outside of the hospital. First demonstrations with clinicians resulted in general 

appreciation of the tool. Extended usability evaluations are planned in future phases of 

the project.  

The dashboard is open source and can be used by doctors, researchers as well as 

even individual Apple Watch users. We plan to use our tool in the HiGHmed study, as 

well as in other studies with the Apple Watch conducted at Heidelberg University Clinic. 

HiGHmed is a project that aims to improve patient care by implementing innovative 

solutions using medical informatics [24]. Therefore, we are currently working on a 

tighter integration with data collected within the HiGHmed use case cardiology, and thus 

add new ways to connect to the Medical Data Integration Centres based on OpenEHR or 

FHIR protocols. 

In the future, we plan to extend the functionality of our dashboard. We consider to 

introduce more functions to notify the user in case of patient parameters deviating from 

the norm. This could also include alerts triggered by machine learning algorithms. We 

also plan to connect the dashboard with the MedEx tool [22], which was created to 

analyze data collected during routine clinical trials. With this solution, the doctor will be 

able to link and compare data collected from the same patients during his clinic visit with 

the data collected by Apple Watch in a single program. 

 

5.1. Software Deployment 

Currently our tool is accessible within a GitHub3 repository and ready for deployment 

via pipenv or by using docker-compose. The GitHub repository also provides 

documentation on how to execute these deployment options. Additionally, we provide 

information on how to transfer the data collected with the Apple devices to the dashboard. 

We intend to make the Docker package available on Docker Hub in the future. 

Deployment of our tool using Docker allows to create independent and isolated 

environments, making it easy to run the application on multiple systems. 

6. Conclusion 

The large-scale use of wearable devices in medicine could be useful in the future to 

monitor patients in their home environment and intervene more quickly for disease 

prevention. Using data from these devices could reveal new aspects of how a patient's 

everyday behavior affects their health outside of a hospital. However, at this point, there 

 
3 https://github.com/dieterich-lab/AppleDashboard 
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are not yet many tools that allow for rapid analysis of data from these devices. Easy and 

clear data visualization complemented by additional analysis in our tool is expected to 

facilitate this task. It is important that the tool has the ability to analyze large amounts of 

data, is easy to use and widely available. 
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Abbreviations 

QTc duration - is the time from the start of the Q wave to the end of the T wave 

measured on an electrocardiogram. 

 

ST segment - represents the interval between ventricular depolarization and 

repolarization. 
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