
© 2023 ThoughtFocus

Building a “Wellness Index”
Using Personal Sensors &
70 Weather Related Data Points
Using Machine Learning, AI, & Digital Phenotyping to Help Consumers
Understand the Impact of Weather on Personal Well-Being
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SYNOPSIS
The integration of AI into healthcare and medical device manufacturing is 
revolutionizing patient care.

An analysis of individual-level signals using data from personal digital 
devices and other sensors offers opportunities to monetize wellness, 
symptom prediction, and rapid treatment options. 

ThoughtFocus, a technology consulting firm, used machine learning to 
help a Healthtech company create a "wellness index" that shows how a 
range of factors, such as weather and air pollutants, affect a person's 
overall well-being.

To build the wellness index, the Healthtech company conducted a survey 
of pilot users, to understand how they are feeling based on their surround-
ing environment and associated their responses with environmental 
features. Additionally, pilot users also logged symptoms such as pain or 
fatigue. 

The machine learning model learned how to map input values to output 
values and was trained and tested with different algorithms to select the 
one with the highest accuracy. The final model also included a specialized 
inference system based on a recommendation system to predict the most 
likely symptoms a user will experience based on their past responses and 
current environment conditions.

The successful creation of the wellness index shows the amazing revenue 
potential of AI and machine learning in healthcare, device manufacturing, 
and other industry-specific applications. 
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Artificial Intelligence (AI) is often spoken about in the context of technology and its impact on our lives in the 
future. AI has the potential to revolutionize every industry, including healthcare.

From diagnosing diseases to helping with doctors’ surgeries, AI adds value to patient care.
ThoughtFocus is also using AI and machine learning to help insurance, medical device, and pharmaceutical 
companies predict wellness based on weather trends through a process called "digital phenotyping." 

WHAT IS DIGITAL PHENOTYPING?
Digital phenotyping – also known as personal sensing - is defined as moment-by-moment analysis and 
quantification of individual-level signals, using third-party data, data from personal digital devices and other 
associated sensors from smartphones and wearables. Data may be active (such as inputs from users) or 
passive (input from sensors such as geolocation, messages, status of phone, sleep, heart rate/variability, and 
even weather.

For example, a study conducted by researchers at the University of California, San Diego, explored the 
correlation between changes in weather and the frequency of migraines. With data from multiple sources, 
researchers were able to successfully predict when users were most likely to experience a migraine based on 
temperature, atmospheric pressure, and humidity.

THINKING ABOUT A WELLNESS INDEX
However, there are still several obstacles that need to be overcome.  For one Healthtech company, the 
ThoughtFocus team was tasked with creating a "wellness index" that would use machine learning to show 
how a range of factors such as weather, temperature, UV index, and air pollutants affect a person's overall 
well-being.

BLENDING PERSONAL SENSING WITH
EXTERNAL DATA SOURCES
The ability to blend personal sensing with external data sources creates multiple opportunities to monetize 
wellness, symptom prediction, rapid treatment options, and more with new products and services that help 
consumers make better decisions about their health. The integration of AI and machine learning into the 
healthcare industry has the potential to revolutionize our approach to health and wellness. 
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With the ability to predict the weather (somewhat accurately) for the next ten days, it was decided that the 
wellness index would also span a ten-day period, as well.

The wellness index is comprised of over 70 weather and pollutants.   Selected features from total 70 weather 
and pollutants features were used to build wellness index, which are combined into a quantifiable value that 
can be easily understood by the application user. To construct a dataset for model building, pilot users were 
asked how they felt on a quantifiable scale, resulting in a dataset that held 15,000 data points.  However, 
building a machine learning model with limited data proved to be one of the biggest challenges.

Any supervised machine learning algorithm requires labelled data on which the model can be trained. 
Which means some data is already tagged with the correct answer. To build this kind of quality data, we 
conducted a survey on pilot users and asked how they were feeling (termed as wellness-index) and then 
associated their response with their surrounding environment features like wind speed, ozone content in the 
air, etc. 

Additionally, pilot users were also asked to log their detailed symptoms during surveys with subjective rank-
ings including “general-pain” and “general-fatigue” using inputs illustrated below:
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The survey provided a small dataset containing less than 15,000 
training data points.
Being a supervised learning problem, the model then needed to 
learn how to map input values to output values. Data was then 
separated into the following two parts:
 Input: Set of values that will be passed to the model to                  

generate an output. In our problem statement, environment 
features along with user-logged symptoms if available and be 
considered as the input set.

 Output: Target value which model needs to predict. User-             
submitted survey for the wellness-index becomes the model 
target value. 

More than 70 environmental features were recorded for each 
survey conducted. 
Since all features cannot have the same impact on the overall 
user feeling, a detailed set of experiments was held to find the 
most impactful features. For example:
 Removing correlated features: For example, we found                

temperature and dew point temperature as highly correlated 
as scientifically we can use dew point temperature to drive 
temperature. 

 Dropping features with null values and low impacts: We 
dropped features that have more than 90 percent missing 
values as imputation techniques cannot be implemented in 
such cases and features which have low impact found using 
various techniques.

Fatigue Pain

Sleep Mood

Congestion

General
How are you feeling today?

Excellent

Very Good

Good

Fair

Poor

Wellness Index

General log Symptoms
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Once the learning model was, well...learning, we built a state-of-the-art AI system in two distinct phases:
 Training and testing different machine learning algorithms. After testing we selected the algorithm with 

the highest accuracy.
 We further hyper-tuned the selected algorithm by testing (altering the training data and checking how 

the algorithm was performing).

By going through these two phases, we selected our final algorithm. In this process, we only trained and 
tested our selected algorithm on environmental features. When we added logged symptoms to the input 
data, we saw a significant increase in the model accuracy. We can observe that if the algorithm has more 
user-specific information, it can predict with better accuracy. 

BUILDING THE FINAL MACHINE LEARNING MODEL

The final model also includes several added systems:
 Inference System - Personalized index: As observed with more user-specific information, the accuracy of 

the model is improved. But during real-time prediction we will not have that user logged symptoms 
information. To maintain this accuracy, we developed a specialized inference system based on the           
recommendation system.

 Recommendation System: Recommender systems are the systems that are designed to recommend 
things to the user based on many different factors. These systems predict the most likely product that the 
users are most likely to buy and are of interest to ecommerce providers. Recommender systems are built 
and recommend things based on their experience. For example, a streaming service will recommend you 
a drama with a particular cast because based on your watch history, you like to watch drama more as 
compared to other genres and you prefer a particular actor or actress more.

 Specialized Inference System: We adopted a similar ideology to collect symptom information. We will 
find the most similar record from the user's past responses based on the present environment condition. 
 We identified sets to feature to build the recommendation style inference system. For example, 

weather feature set, pollutant feature set, etc. With each set, we will generate a similarity score that 
will be combined to form a final similarity score. The record with the highest similarity score will be 
selected and its symptoms response will be collected. 

 Collected symptoms with present environment features will be provided as input to the 
state-of-the-art AI and the output of the wellness-index will be generated.

Current Weather
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Response submitted
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mobile application
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The creation of the wellness index demonstrates the amazing revenue potential of AI and machine learning 
in healthcare, device manufacturing, and other industry-specific applications. The integration of AI and 
machine learning into the healthcare industry has the potential to create new business models and revenue 
streams:
 Health and wellness apps: Companies are developing apps that use AI and machine learning to analyze 

users' symptoms, activity levels, and environmental data to provide personalized recommendations for 
improving their health.

 Wearable devices: Wearable devices like smartwatches and fitness trackers are becoming increasingly 
popular, and companies are using the data collected by these devices to develop new products and 
services that help users manage their health and wellness.

 Health insurance: Health insurance companies are using data on weather patterns, illness symptoms, 
and other factors to develop new insurance products that are tailored to individual users' needs.

 Pharmaceutical research: Pharmaceutical companies are using AI and machine learning to analyse 
enormous amounts of data on illness symptoms, weather patterns, and other factors to develop new 
drugs and treatments for a range of conditions.

 Mental illness: the ability to individualize human behavior at scale may lead to digital personalized 
psychiatry by improving the diagnostic process, designing individualized treatment plans, facilitating 
monitoring of behaviour or treatment effects/adverse effects, and even predicting onset or relapse of 
illness.

In conclusion, the article highlights the potential of AI in healthcare and the creation of a "wellness index" by 
ThoughtFocus that shows how various factors such as weather, temperature, UV index, and air pollutants 
affect a person's overall wellbeing. The article discusses the challenges faced in building the wellness index, 
including limited data, and the need for more user-specific information to improve accuracy. 

The successful development of the model, which includes a specialized inference system based on a recom-
mendation system, demonstrates the potential of AI and machine learning in healthcare to revolutionize 
patient care and improve outcomes.

Overall, the integration of AI and machine learning in healthcare offers opportunities to monetize wellness, 
predict symptoms, and offer rapid treatment options. The success of the wellness index proves the potential 
for AI and machine learning in healthcare and highlights the importance of continued innovation in the 
industry.

POTENTIAL BUSINESS MODELS

CONCLUSION
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