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Implementation Science

“Know-Do
Gap”

Randomize and 
Evaluate

Identify Care 
Gaps

Incorporate into 
Standard of Care

“…the scientific study of methods and strategies that facilitate the uptake of 
evidence-based practice and research into regular use by practitioners and 

policymakers."

Implementation Science. University of Washington. 



Implementation Science Frameworks

Patel M et. al. Nat. Human Behav. 2018. 
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Behavioral Science in Everyday Life
Loss Aversion

Saliency/Social Norming

Gamification



What if the company kept the chocolates hidden 
in opaque containers but prominently displayed 
dried figs, pistachios and other healthful snacks 
in glass jars? 

The results: In the New York office alone, 
employees consumed 3.1 million fewer 
calories from M&Ms over seven weeks. 

Project M&MsTM: Small change, large impact



Behavioral nudges are increasingly embraced by the public

A nudge is a subtle change in design that can 
have an outsize impact on human behavior. They 
can influence behavior without restricting choice. 



A/B Randomization 

Kohavi R and Thomke S. Harvard Business Review. 2017. 



The NUDGE-FLU Experience: A Nationwide Trial
Trial: Randomizing ~1 million Danish Citizens to different messaging strategies 

to improve influenza vaccination. 

Most effective letter strategies: CV gain frame and repeat letter each resulting in ~1% absolute 
increase in vaccination rate. Based on these findings, the Danish gov’t changed vaccine 

messaging in the 2023-2024 season.  
Johansen ND, Vaduganathan M, Bhatt AS, et al. Lancet. 2023. 
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The NUDGE-FLU Experience: Sequential Randomization

Johansen ND, Vaduganathan M, Bhatt AS, et al. Am Heart J. 2024. 
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Meeting ≥1 of following criteria for free-of-charge influenza 
vaccination in Denmark:

Enrolled in Danish governmental electronic letter system

Chronic lung disease
Chronic cardiovascular disease other than hypertension
Type 1 or type 2 diabetes mellitus
Congenital or acquired immunodeficiency
Impaired breathing due to muscular weakness
Chronic renal or hepatic insufficiency
Other chronic conditions with an increased risk of severe influenza 
as determined by the treating physician

Eligibility Criteria: NUDGE FLU CHRONIC

Johansen ND, Vaduganathan M, Bhatt AS, et al. Am Heart J. 2024. 



Eligible Danish citizens
aged 18-64 years with 

chronic diseases
n = 299,654

Randomization
𝟔𝟔:1:1:1:1:1:1

Usual care

Primary endpoint:
Receipt of influenza 

vaccination

2023-2024
influenza season

NUDGE-FLU Chronic: A Nationwide Trial

6 different behaviorally 
informed letter strategies

Johansen ND, Vaduganathan M, Bhatt AS, et al. Am Heart J. 2024. 



Sequential Iterative Randomization: The NUDGE-FLU Program

Johansen ND, Vaduganathan M, Bhatt AS, et al. Am Heart J. 2024. 



Results from NUDGE-FLU Chronic

Johansen NJ, Vaduganathan M, Bhatt AS et. al. JAMA. 2024. 

Δ = +11.7% increase in 
vaccination rates 



Results from NUDGE-FLU Chronic

Johansen NJ, Vaduganathan M, Bhatt AS et. al. JAMA. 2024. 



Example Text

Johansen ND, Vaduganathan M, Bhatt AS, et al. Am Heart J. 2024. 
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EFFECTS OF CV-GAIN NUDGE BY AMI STATUS

Bhatt AS. American Heart Association 2024 Scientific Sessions. Chicago, IL, USA. 

Pint = 0.002 Pint = 0.002 

Pint = 0.006
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IN PTS WITH AMI, CV-GAIN NUDGE MORE 
EFFECTIVE NOT VACCINATED IN PRIOR SEASON

Bhatt AS. American Heart Association 2024 Scientific Sessions. Chicago, IL, USA. 

Pint = 0.09 

Pint = 0.002 

Pint = <0.001Pint = <0.001
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CV-GAIN NUDGE MORE EFFECTIVE IN WITH RECENT 
AMI IN NUDGE-FLU-CHRONIC

Bhatt AS. American Heart Association 2024 Scientific Sessions. Chicago, IL, USA. 

EffectAMI >12mo = +14%

EffectAMI ≤12mo = +26%

Pinteraction = 0.006

Absolute Benefits
(CV-Gain vs. Usual Care)



Extending Beyond Vaccination

Johansen ND, Vaduganathan M, Bhatt AS, Biering-Sørensen T. NEJM Evidence. 2024. 
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Learning Labs in Healthcare

Denmark
Kaiser 

Permanente 
Size

Standardized Data

Centralized Payer

Full Endpoint Capture

Electronic Communication

Rich Fully Searchable EHR Data

Diverse Racial/Ethnic Population

~5.9M ~5.3M
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Vaccination in the United States

Bhatt AS et. al. Under Review. 



Vaccination in the United States

Bhatt AS et. al. Under Review. 



Vaccination in the United States

Bhatt AS et. al. Under Review. 



Baseline Vaccination Rates 



KP VACCINATE: Fully Care Embedded RCT at Scale

Bhatt AS et. al. Under Review. 

Kaiser Permanente 
VACCination Improvement 

with Nudge-based 
CardiovAscular Targeted 

Engagement 
(NCT06571747)

Funded by the KP Garfield Memorial Fund



Pragmatic Systemwide Inclusion

Bhatt AS et. al. Under Review. Funded by the KP Garfield Memorial Fund

Inclusion Criteria Exclusion Criteria

Age >18 years Unable to receive or opted out of receiving health 
system messaging 

Active KPNC or KPMAS health plan member as of 
September 1, 2024 Other exclusion that prevents messaging outreach 

≥6 months of continuous health plan coverage and 
prescription drug benefit before September 1, 2024 Unknown service area or medical center affiliation 

Evidence of member access of the KP 
HealthConnect® Portal and/or a listed registered 
email address 

History of diagnosed Guillain-Barre Syndrome

No documented influenza vaccination during the 
2024–2025 influenza season prior to randomization



KP VACCINATE: Randomization Scheme

Bhatt AS et. al. Under Review. 



Randomization Treatment Arms: KP Northern California

Bhatt AS et. al. Under Review. 

Usual Care Communication Cardiovascular Focused Communication



Randomization Treatment Arms: KP Mid Atlantic

Bhatt AS et. al. Under Review. 

Usual Care Communication Cardiovascular Focused Communication



Outcomes of Interest

Bhatt AS et. al. Under Review. Funded by the KP Garfield Memorial Fund

Primary Outcome Vaccination Rate
Key Secondary Outcome Time to Vaccination 

Prespecified Exploratory Outcomes

Incidence of laboratory-confirmed influenza infection.
Hospitalization for influenza or pneumonia. 
Adverse CV events: HF, Hosp. for AMI, Afib, VTE, stroke
All-cause hospitalization, emergency department (ED) visits, and 
observation stays.
All-cause intensive care unit (ICU) days. 
Total inpatient days.
All-cause death, ascertained through a combination of Social Security 
Administration files, state death certificate files, EHR data, and member 
proxy reporting.
Composite of adverse CV events (incident or worsening heart failure 
events, hospitalization for acute myocardial infarction, atrial fibrillation, 
venous thromboembolism and hospitalization or acute stroke) and all-
cause death.

Implementation Outcomes Vaccination scheduling link click-through rate.
Secure messaging read receipt rates. 



Primary Outcome Assessment

Bhatt AS et. al. Under Review. Funded by the KP Garfield Memorial Fund
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Arm 1 vs. Arm 4  

Arm 2 vs. Arm 4

Arm 3 vs. Arm 4

Arm 1 vs. Arm 2 
(repeat nudging vs. one time)

Arm 2 vs. Arm 3 (early vs. 
late CV nudge)

Pooled Arm 1-3 vs. 4 (any CV 
nudge vs. UC)



Select Prespecified Subgroups of Interest

Bhatt AS et. al. Under Review. Funded by the KP Garfield Memorial Fund

Age: <55, 55-64, ≥65 years
Sex (self-Identified)
Race: White, Black, Asian American and Native Hawaiian/Pacific Islander (AANHPI), 
Multiracial, other
Ethnicity: Hispanic or non-Hispanic
Socioeconomic Status: defined using the neighborhood deprivation index (NDI)
Region (overall and by service area/facility): KPNC or KPMAS and by service area/medical 
center
Chronic obstructive pulmonary disease: Yes or no
Prior CV disease: Yes or no; defined as a documented history of heart failure, acute 
myocardial infarction, atrial fibrillation, or stroke  



Pragmatic Embedded Clinical Trial Elements

Coordinated Care Outreach with 
Vaccination Teams at KPNC and KPMAS

Embedded Randomization 
(A/B Testing) within Usual Care Workflows

Primary and Secondary Endpoint 
Ascertainment fully within EHR

Capture of Implementation Endpoints 
(Click Rates, Read Receipts)



Local Adaptation to a Unified Protocol

KP
N

C
Non-secure Email

Message Sendout:
 T1 = Early September

T2 = Late October

Pictorial Content/Embedded Links KP
M

AS

Secure Portal Message

Message Sendout:
 T1 = Early October
T2 = Late October

Text Content/Read Receipts



Randomizations Over Time: >3.6M Randomized in 3 Months

Study Population:  
3,668,428 across 2 

diverse care entities 
in an integrated 

healthcare delivery 
system



Baseline Characteristics

Bhatt AS et. al. Under Review. 

Age Sex



Baseline Characteristics

Bhatt AS et. al. Under Review. 

Race Ethnicity



Baseline Characteristics

Bhatt AS et. al. Under Review. 

KP-VACCINATE NUDGE-FLU NUDGE-FLU 2 NUDGE-FLU 
CHRONIC Yokum 2018 Milkman 2021

Sample Size N=3,668,428 N=964,870 N=881,373 N=299,881 N=227,955 N=47,306
Age, years, mean (SD) 48.3 (18.2) 73.8 (6.3) 74.1 (6.5) 48.6 (12.6) 75.7 (7.6) 51.9 (16.3)
Female, n (%) 1,939,380 (52.9) 496,482 (51.5) 458,789 (52.1) 159,454 (53.2) 130,015 (57.0) 26,964 (57.0)
Race, n (%)

White 1,455,034 (39.7) -- -- -- 191,755 (84.1) 33114 (70.0)
Black 386,393 (10.5) -- -- -- 19,376 (8.5) 8988 (19.0)
Asian 765,267 (20.9) -- -- --

Hawaiian or Pacific Islander 26,391 (0.7)
American Indian/Alaska Native 16,317 (0.4) -- -- -- 0 (0.0) 0 (0.0)

Multi-racial 105,514 (2.9) -- -- -- 0 (0.0) 0 (0.0)
Hispanic ethnicity, n (%) 774,790 (21.1) -- -- -- 0 (0.0) 1892 (4)
Vaccinated in prior season, n 
(%) 1,423,786 (38.8) 741,659 (76.9) 684,206 (77.6) 95,479 (31.8) 85,566 (37.5) --

Myocardial infarction, n (%) 55,616 (1.5) 28,481 (3.0) 25,682 (2.9) 13,014 (4.3) -- --
Heart failure, n (%) 97,244 (2.7) 33,109 (3.4) 30,875 (3.5) 11,727 (3.9) -- --
Atrial fibrillation or flutter, n 
(%) 116,130 (3.2) 95,551 (9.9) 88,591 (10.1) 19,481 (6.5) -- --

Diabetes mellitus, n (%) 497,295 (13.6) 123,974 (12.8) 111,374 (12.6) 43,427 (14.5) 48,977 (21.5) --
Hypertension, n (%) 969,884 (26.4) 555,437 (57.6) 513,835 (58.3) 106,271 (35.4) -- --
Chronic lung disease, n (%) 531,842 (14.5) 72,792 (7.5) 65,241 (7.4) 36,541 (12.2) 32,838 (14.4) --



Click Through Rates at KPNC

Bhatt AS et. al. Under Review. 

Message Sendout



Conclusions

oKP-VACCINATE is one of the largest clinical trials ever completed. 
o It will answer the question of the effectiveness and timing of CV-focused nudge 

communication vs. usual care on vaccine uptake in a diverse US population. 

oKP-VACCINATE is a systemwide A/B randomized clinical trial fully embedded in 
an integrated healthcare delivery system. 
o Systemwide implementation trials are feasible across learning healthcare systems.
oCollaboration amongst research and operational teams is paramount for stakeholder 

engagement, implementation, and analysis. 

oThis model may be readily transferable to other areas of patient, clinician, and 
health system engagement.  
oA culture of randomization for operational initiative rollouts may provide definitive 

answers that further health systems priorities and improve patient outcomes. 



Learning to Learn in Learning Healthcare Systems
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