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N Engl J Med 2017;376:254-66.



Obesity (Silver Spring) 2006;14:737-752.

à Look AHEAD’s intensive lifestyle intervention produced clinically meaningful weight loss (5%) at year 8 in 50% 
of patients with type 2 diabetes and can be used to manage other obesity-related co-morbid conditions.



Lancet. 2009 November 14; 374(9702): 1677–1686.

à Prevention or delay of diabetes with lifestyle intervention 
or metformin can persist for at least 10 years.

à Lifestyle changes and treatment with metformin both 
reduced the incidence of diabetes in persons at high risk. 
The lifestyle intervention was more effective than 
metformin.

N Engl J Med 2002;346:393-403.



AACE/ACE Guidelines, 2016

ICT



Digital delivery of behavioral intervention



• Single-arm, nonrandomized trial, 220 prediabetes patients: baseline mean Wt 100.2kg, BMI 36.4, A1c 5.98

Omada Health Program
accessible via internet-enabled desktop or mobile devices

- one year of a behavior change curriculum approved by the CDC DPRP
- 16-week DPP-based weight loss intervention - ongoing weight maintenance intervention
- technology-enabled tools to track nutritional intake, physical activity and body weight
- weekly lessons, personalized health coaching, online social network 

BMJ Open Diab Res Care 2017;5:e000422



Overview of technology-based interventions



Health care and ICT (Information & Communications Technology) 

Electronics and Telecommunications Research institute, 2020



Digital Health

• ICT + healthcare
• Engage consumers for wellness 

and health-related purposes by 
obtaining health data

• Do not require evidence
• No regulation

J Med Internet Res 2005;7:e9. 

Fam Med Prim Care Rev, 9(5), 2207.



Definition

Digital therapeutics (DTx)

DTx deliver to patients evidence-based therapeutic interventions
that are driven by high quality software programs 
to treat, manage, or prevent a disease or disorder.

They are used independently or in concert with medications, devices, or other 
therapies to optimize patient care and health outcomes.

https://dtxalliance.org/understanding-dtx/what-is-a-dtx/
Digital therapeutics alliance



Behavioral therapy 
Chronic disease management
Patient data collection and analysis

Comput Methods Programs Biomed. 2021;209:106319



Korea Institute of S&T Evaluation and Planning, 2020

(ClinicalTrial.gov)



• Approval / Certification of manufacturing / Import 
• Evaluation of technical documents
• Approval of clinical trial plans for DTx

https://news.mt.co.kr/mtview.php?no=2022111109221021866



• Web-based intervention

• Mobile application

• Wearable devices

• Virtual reality / Augmented reality

• Artificial intelligence

Examples of interventions using technologies



Mobile application

JMIR mhealth uhealth. 2020;8(7):e17039

• Support behavioral change by more interactive and timely access to 

information and delivering assistance

Common features

• Food and exercise logging 

• Body weight monitoring



Mobile application

Extra features 

• Barcode scanners

• Provide feedback

• Support forums (social networking)

• Sync with other health and fitness apps or devices



J Med Internet Res. 2013;15(4):e2283

Three-armed RCT
128 overweight volunteers
Weight change at 6 months



J Med Internet Res. 2013;15(4):e2283

Smartphone app: My Meal Mate

Goal setting 
Self-monitoring of diet and activity 
Feedback via weekly text message

Website: Weight Loss Resources 

Similar self-monitoring intervention to the 
app



J Med Internet Res. 2013;15(4):e2283

Trial retention
Smartphone 93% / website group 55% / diary 53%
Adherence
Smartphone 92 days / website group 35 days / diary 29 days

6 months: -4.6 kg  vs  -2.9 kg  vs -1.3 kg



Obesity, 2021:29(3): 478-499.

Systematic review of 39 RCTs, (67 interventions) 
-Interventions ≥ 12 weeks 
-Weight outcomes ≥ 6 months



Obesity, 2021:29(3): 478-499.

Relationship between digital self-
monitoring and weight loss

à Self monitoring was linked to greater 
weight loss in 74% (50/68) occasions.



Wearable devices

Ieee Access 2018, 6, 13129-13141.

• Electronic device designed to be worn on the user's body

• Detect, analyze, and transmit information

• May be incorporated to physical activity intervention for weight loss



Wearable devices

Ieee Access 2018, 6, 13129-13141.

Wearable technology

• Pedometer (step counter)

• Accelerometer 

• GPS (global positioning system)  

• PPG (photoplethysmogram) : optical sensor to measure HR, HRV, SpO2



Wearable devices

Obesity Reviews. 2019;20:1485–1493.

Common features (Monitoring)

• Step counts

• Energy expenditure

• Sedentary time

• Heart rate, Temperature, SpO2

• Stress

• Sleep



Wearable devices

Obesity Reviews. 2019;20:1485–1493.

Extra features 

• Coaching

• In-time feedback

• Social networking

• Competition



Am J Prev Med., 2015, 49(3): 414-418.

BMI ≥25, inactive, postmenopausal women (N=51)
: asked to perform 150 min/wk of MVPA and walk 10,000 steps/day

- Web-based Tracking Group: Fitbit + goal-setting, feedback

- Comparison group: pedometer + brief goal-setting, tips for increasing steps  

PA outcome measure: ActiGraph GT3Xþ

MVPA: moderate to vigorous physical activity  

Interventions using wearable technology



The Web-Based Tracking Group wore the tracker on 95% of intervention days

Relative to baseline, the Web-Based Tracking Group increased MVPA and steps, 
compared to non-significant increases in the Pedometer Group

Am J Prev Med., 2015, 49(3): 414-418.



Systematic review of 37 RCTs
: increase in daily step count (1800 per day), walking time (40 min per day), MVPA (6 min per day)
decrease in weight (-1 kg)
small or nonsignificant effect on physiological (BP, lipid profile, A1c) /psychosocial outcome

Lancet Digit Health 2022; 4: e615–26



Newer technologies

Virtual reality 

• Eating behavior : avoiding or coping with specific situation specific environmental situation 

(ex. food cue)

• Body image : overcoming distorted perception of body (ex. acceptance through confrontation)

motivation for weight loss through virtual ideal self 

J Med Internet Res 2018;20(4):e157



Newer technologies

Artificial intelligence technologies

• Mimicry of human intelligence through machine learning to attain and apply knowledge 

and skills

• Identifies individualized weight loss predictors and reinforces learning based on 

continuously collected data à optimization of personalized approach

J Behav Med (2019) 42:276–290: Public Health Nutr. 2021 Jun; 24(8): 1993–2020



Potential benefits of DTx

• Easier access

• Real-time monitoring and interaction

• Improve adherence rate

• Enhance cost-effectiveness

• Patient data collection and analysis

• Personalized approach

• Enhance the quality of management

Endocrinol Metab 2021;36:220-228



Clinical evidences



JMIR mhealth uhealth. 2020;8(7):e17039

12 studies, overweight or obese participants
mobile phone app intervention vs control (heterogeneous)

Weight loss difference
Body weight −1.07 kg 
BMI −0.45 kg/m²



J Med Internet Res. 2019;21(1):e9609

Weight loss difference
Web-based vs non-active control  - 2.14 kg
Web-based vs offline intervention  (<6 months) - 2.13 kg
Web-based vs offline intervention  (>6 months) no difference



• A meta-analysis (2019) showed that the weight loss effect was inferior
when using only ICT-based interventions compared to conventional
(face-to-face) behavioral therapy (0.82 kg; 95% CI, 0.06–1.59)

• In a meta-analysis (2021), ICT-based interventions had an effect on
weight loss but it was not statistically significant compared to that of
general treatment (–0.56 kg; 95% CI, –3.74 to 4.59; P=0.786)

ICT-based intervention vs conventional therapy

J Med Internet Res 2019;21:e298 

J Health Popul Nutr 2021;40:16 



J Eat Disord., 2021, 9(1): 1-14

Network meta-analysis of 15 RCTs

IC–W 
(Intensive Contact Web-based interventions) 

à -1.86 kg loss compared to wait list
à obtained the first position in the ranking.

SH, Self-Help 
SH-W, Self-Help Web
GSH-W, Guided Self-Help Web
MC-W, Minimal Contact Web
IC –W, Intensive Contact Web

ICT-based intervention combined with conventional therapy



BMI 27-40, hypertension or T2DM patients
(N=840, from 15 primary care practices in the US)

Intervention: 12 months
Outcome: weight change at 12 months, 18 months

Usual care (N=326)
- Mailed general information about diet and physical activity

Online program only (N=216)
- Online weight management program (BMIQ, Intellihealth Inc)

Combined intervention group (N=298)
- Online weight management program (BMIQ, Intellihealth Inc)
- Support from population health manager who monitored and encouraged their progress

JAMA. 2020 Nov 3;324(17):1737-1746



Combining population health management with an online program 
à small but statistically significant greater amount of weight loss 
compared with usual care or the online program only.

JAMA. 2020 Nov 3;324(17):1737-1746



JAMA Netw Open. 2020 Aug 3;3(8):e2015633



Student Bodies–Eating Disorders (SB-ED) 
- Digital cognitive behavioral therapy (CBT)–guided self-help program

+
Personal coach (under supervision of clinical psychologist)
- Timely messages, support, feedback

Core components of CBT for EDs

Reducing ED behaviors

(via self-monitoring, regular eating)

Improving body image

Regulating emotions

Challenging negative thoughts

Preventing relapse

JAMA Netw Open. 2020 Aug 3;3(8):e2015633



Intervention group had
greater improvements in..

ED psychopathology
ED behaviors
depression
clinical impairment

EDE-Q, 
Eating Disorder Examination-Questionnaire

JAMA Netw Open. 2020 Aug 3;3(8):e2015633



• Technology based interventions have shown their effectiveness in 
obesity management.

• However, there are limitations
• Continuity of participation 
• Effect size is small 
• Comparative benefit to face-to-face treatment is controversial

• Technology based interventions have additive effect to conventional 
treatment.

• Further research is needed to clarify 
• Long term (>1 year) efficacy 
• Efficacy in diversified population
• Cost-effectiveness

Summary of current evidences 



Considerations for adoption



• Liability Issues: legal gray area?

• Process surrounding the evaluation

• Cybersecurity and data rights 

• Finance and reimbursement 

• Needs of diverse populations 

Concerns for adoption of DTx

JAMA. 2022;328(14):1391-1392

Forbes 2020. 2, “Digital Therapeutics Leaders Focus On Reimbursement”
BCG. 2020. 8, “Can Digital Therapeutics Help Deliver Health Care Equality?”



https://gdhp.health/



Endocrinol Metab 2021;36:220-228



• Benefits of technology based interventions
- Access, Efficiency, Personalized approach

• Clinical evidence 
- Potential as adjuncts to conventional interventions 

or low-intensity intervention 
rather than as intensive stand-alone treatment.

• Concerns
- Long-term adherence, effect size
- Legal, financial, administrative issues

• Future perspective 
- Newer technologies, evolution of ecological environment
à Multidimensional, personalized management

Take home message


