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Unprecedented Burdens on Healthcare Systems

For Example: 9.4 million cancer treatments and screenings were delayed or canceled...

What is the Resilience and Adaptability of Healthcare Systems?

Essential healthcare services were disrupted.

Data

Data access provided by the COVID-19 
Research Database

A data collection platform with more than 60 
million patient records a year

We then analyze how patient visits for different services and populations were affected by 
the pandemic

Quantification Framework
We fit our beta function to detected disruptions and measuring how long it takes for a system 

to return to expected values.

       

α - Disruption amplitude
ϑ - Recovery rate

Θ - Disruption rate
T - Duration

Expected  Patient Visits: P(t)
Based on prepandemic trends

Applied to millions of patient records across states, services and racial groups.

Disruption Rate

Adaptive Cycle

Analysis of Racial Groups

Analysis of Services
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Major Take Aways

Resilience

Current research lacks quantitative tools measuring adaptability.
We hope to remedy this

- 90% of states faced two consecutive disruptions.
- Secondary disruption tend to be longer and larger, with a lower disruption rate. 
  This is a sign of good adaptability
- 50% of states didn't recover from the first disruption
- 87.8% states didn't recover from the second disruption

- Michigan and New York have the highest resilience scores
- Wyoming and Louisiana have the lowest resilience scores and negative adaptability             
  indices.
- Asian populations demonstrated the highest levels of resilience, followed by White, Black     
  and Hispanic groups having the least resilience.
- 86.6% of chronic disease treatment services and 100% of maternal services experienced     
  two disruptions.
- Maternal care had lower resilience and more severe disruptions.

- Positive correlation between states' resilience index and physician abundance (0.34,            
  P=0.012)
- Resilience has negative correlations with local poverty (-0.32 P=0.019) and unemployment   
  (-0.42 P=0.002).
- Resilience indices are negatively correlated with state SVI (-0.46 P=0.001)
- Physician workforce abundance is key for healthcare resilience and adaptivity
- States with low physician abundance, high poverty, and unemployment are less resilient 
and less adaptive
- New resilience and adaptivity indices address limitations of existing indices
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How much a system can absorb?
How much a system can recover?

How well can a system adapt?

Characterized by the following recurrent 
process:

- Growth
- Disruption
- Self Organization 
- Leads to adaptation

Beta Equation

Recovery Rate Adaptability Resilience
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Enhancing the resilience of healthcare systems in the face of successive 
disruptions has become increasingly important, particularly in light of the COVID-
19 pandemic. Currently resilience is defined as the system’s capacity to absorb, 
recover from, and adapt to disruptions. However, despite more than 50 years of 
research in this field, empirical evidence and mathematical tools to quantify 
adaptive capability - the ability to learn from previous disruptions to enhance 
system future performance - remains lacking. We propose a quantification 
framework for measuring system resilience and adaptability and then apply it to 
billions of electronic medical records (EMR) across United States. Our analyses 
reveals that healthcare systems went through two significant successive 
disruptions, showed substantial adaptabilty but only moderate levels of 
resilience. Furthermore, Black and Hispanic groups consistently endured severe 
disruptions and were less resilient than White and Asian groups. We find that 
physician abundance is the key characteristic for determining healthcare system 
responses. Our results offer vital guidance in designing resilient and sustainable 
health systems to prepare for future successive disruptions, such as climate 
change, environmental pollution, and pandemics.
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