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What is a Chronic Disease?

• Chronic diseases are long-lasting illnesses such as 
heart disease, diabetes, asthma, and depression

• Term “chronic” often applied when disease lasts for 
more than three months

• Most can be prevented with good nutrition, exercising, 
not smoking, …

…science, technology, engineering 
and math (STEM) education
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Chronic Diseases

Visits to U.S. 
Emergency 
Departments at All-
Time High; Number of 
Departments Shrinking

Heart Disease 
Strikes 1 in 14 
Women Aged 45 to 
64

Mental Illness Takes Its Toll on Society

Occupational 
Asthma on the 

Rise

Cancer: Early 
Detection Pays 
Off

Diabetes Costs U.S. 
$98B
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Chronic Diseases

Nearly half of all Americans 
suffer from at least one chronic 
condition…

…75 cents of each dollar spent 
on health care goes to treat 

patients with chronic disease

$1.7 trillion
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Chronic Diseases

Many chronic conditions 
go undiagnosed

Others are diagnosed, 
but not well controlled
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Chronic Diseases

Millions of American adults remain undiagnosed or untreated, 
or their chronic conditions are not effectively controlled   
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Chronic Diseases

• 1900 – 1950: Infectious Diseases
• 1950 – 2000: Episodic Care
• 2000 – 2050: Chronic Care

• Need for chronic care will continue to increase:
– Formerly lethal diseases, conditions, and injuries are now 

chronic conditions (success of healthcare)
– Reduction of premature mortality and increase of longevity
– Increase in unhealthy behaviors (nutrition, physical activity, 

etc.)
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Human Cost of Diabetes

Diabetic
Retinopathy

Leading cause
of blindness

in working age
adults

Diabetic
Neuropathy

Leading cause of ulcer & non-traumatic 
lower extremity amputations

Diabetic
Nephropathy

Leading cause of 
end-stage renal disease

Stroke

Cardiovascular
Disease

2-to-4 fold 
increase in 

cardiovascular 
mortality 
and stroke

Major contributor to 
public health costs

10% healthcare 
budget
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Nutrition

• Measuring calories and nutrition from food images 
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Nutrition
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Nutrition
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Nutrition
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Nutrition

• Sense to recognize child’s behavior
– Weight sensor underneath the tray to sense 

eating actions 
– Eating actions as game input

• Play to engage behavior change
– Interactive games: coloring cartoon 

character or penguin fishing
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Nutrition

• Sense to recognize behavior
– Combine weight and camera sensors 

to  detect cooking actions (change 
food ingredients)

– Voice input for food ingredient label
– Food ingredients -> meal calories

• Play to engage behavioral change
– Too many calories -> overweight 

family member
– Imbalanced seesaw board -> big 

boulder sliding down 



Nutrition

Figure 7. User interface of Calorie-aware Kitchen, including (a) overview of calorie in the system; (b) 
recommended calorie needs and current used calories; (c) a calorie-aware game with a beloved family 
member to bring enjoyment of calorie control

(c)

(a)(b)

recommended 
calorie needs

current calorie 
in use in total

calorie of 
finished course

name of ingredients, total calorie 
in this container, and the most 
recent calorie change



Nutrition

• Sensing to recognize behavior 
– Combine weight sensor and RFID sensors to track food 

transfer among containers
• Interaction
– Natural user eating behaviors become system input (no 

need to operate any devices).
– How do you design a user interface without affecting 

one’s appetite?



• Person pours tea from the tea pot to personal cup, and drinks it

Pour tea?
•Weight increases ∆w2. Pick up tea pot.

• RFID tag disappears
• Weight decreases ∆w1

Put on tea pot.
•RFID tag appears
•Weight increases ∆w3
Pour tea!
• |∆w3 - ∆w1 | ≈ ∆w2

Nutrition



Exercise
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Exercise
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Exercise
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Exercise
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Sleep
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Smoking, Alcohol, Drugs
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Disease Management

• Many glucose tracker apps
• Integrate with blood glucose 

devices (e.g., BLE)
• Track many other things (nutrition, 

exercise, weight)
• Provide information and resources
• Social networking features
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Disease Management

• Continuous Glucose Monitoring (CGM)
– A device that provides “real-time” glucose readings and data 

about trends in glucose levels
– Reads the glucose levels under the skin every 1-5 minutes 

(10-15 minute delay)
– Provides alarms for high and low glucose levels and trend 

information
– Helps prevent high/low glucose levels and minimize 

fluctuations
– Helps with behavior modification
– Helps prevent complications
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Disease Management
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Disease Management

• Sensor
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Disease Management

• Transmitter
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Disease Management

• Receiver/Monitor
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Disease Management

• Requires calibration
– Calibration is a process that provides a fingerstick BG value 

to the CGM system so the values will align with each other
– Number of calibrations vary by device
– Best times to calibrate are when the BG values are stable: 

before meals and before bed
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Disease Management

• Monitor outputs:
– Trends (more important than individual values; does it go up 

or down)
• Graphs
• Arrows

– Alarms (exceeding thresholds)
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Disease Management
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Disease Management
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Pros Cons
Alerts patients to 
• Episodes of hypoglycemia 

and hyperglycemia 
• Predicted episodes of 

hypoglycemia and 
hyperglycemia 

Issues related to 
• Accuracy 
• Comfort
• Convenience
• Patient acceptance
• Expense

Device displays help patients 
with clinical decision making

Most devices require 
frequent calibration



Closed-Loop System
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Disease Management

• Medication Management
– Solutions designed to monitor the adoption of medicines, improve 

compliance, provide automatic reminders, and reduce errors
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Disease Management

• Proteus “Smart Pills”
– Microchipped medication tablets that track patient 

adherence with a smartphone app
– Can also detect information about the body’s response to 

the medicine



Disease Management

• Intranasal glucagon
• Approved in EU, not yet in US
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Caregivers Acquaintances

Locemia Injection Kit Locemia Injection 
Kit

% Who gave 
correct dose

94% 13% 93% 0%

Average 
time to 
dose given

16 seconds 2 -5 minutes 26 seconds 2 minutes, 
24 
seconds



Disease Management

• Smart insulin patch
– Smaller than stamp; 100+ needles (each of which is loaded with insulin 

and glucose-sensing enzymes that rapidly release insulin when blood 
sugar levels too high)
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Disease Management

• Artificial pancreas
– When blood sugar flows inside the capsule, it stimulates the 

cells to produce insulin to control sugar levels
– The device has nano pores, pores so small that the body's 

antibodies cannot get in to attack the cells, but large enough 
that the insulin can flow out and into the body
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