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Physiological Concepts

Validations and Predictions
Mathematical models can play an important role in healthcare by helping decision makers to integrate evidence from a variety of clinical trials and epidemiological datasets and to explore, via simulation, a range of scenarios where 

actual trials are unfeasible because of limitations in time, resources, ethical constraints, or other factors.  The Archimedes Model of Asthma is a mathematical tool designed to help decision makers examine the implications of 

population-scale intervention programs or changes in guidelines for an asthmatic population. 

Population Construction

Model Limitations
Available Evidence: The model is data-driven, with parameters calibrated based on national survey data and 

major clinical studies. Any irregularities from these data sources may be expressed by the model. Further, 

any feature (such as pulmonary function or IgE measures) that is not included in major asthma surveillance 

datasets can be included only by imputation across datasets, which can lead to substantial uncertainty. 

Forecasts for Long Timescales: We have an evidence-based technique for modeling physiological 

progression of asthmatics over time. However, we do not have data to support how long-term response to 

symptoms and associated behaviors might evolve. Predictions at long timescales rely on an assumption of 

behavioral stasis, which may or may not hold.

Model Predictions:
The Potential Benefits of Improved Adherence

Conclusions

The Archimedes Model of Asthma is capable of replicating real-world outcomes and can be used to ask novel 

questions relating to the treatment of asthma. This investigation has demonstrated that the model can be 

calibrated to accurately reproduce medication effects observed in clinical trials, and to predict the effects of 

treatment in real-world populations. 

The core equations of the Archimedes model of 

asthma describe changes in an individual’s lung 

function as a function of exposure to 

environmental stimuli

•Simulated populations are composed of individuals

•Modeled individuals are exposed to environmental 

stimuli through time

•Stimulus events are modeled as a Poisson process

•Individuals respond to each stimulus event with an 

increase in the degree of pulmonary function 

impairment, where the effect size depends on that 

individual’s sensitivity to environmental stimuli

•Between stimulus events, each individual’s 

physiology returns toward a normal state

•Sensitivity to stimuli and recovery rate are uniquely 

defined for each individual

•A large number of closely spaced stimulus events 

can lead to an asthma exacerbation, as can a 

smaller number of stimulus events to which the 

individual is especially sensitive

Individual behaviors are determined based on 

individual lung function and behavioral 

thresholds

•Thresholds are determined uniquely for each 

individual during the calibration phase

•Behavioral components include:

ÁPerceiving symptoms

ÁUsing controller medication, for patients who 

have imperfect adherence

ÁUsing relief medication

ÁSeeking urgent care

Treatments act by modifying features of an 

individual’s physiology, including:

•Current lung function

•Lung function recovery rate 

•Sensitivity to stimuli
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ACRN Salmeterol ± Inhaled Corticosteroids (SLIC) Trial

•Examined whether, through the addition of a LABA to their 

treatment regimen, patients’ ICS therapy can be reduced or 

eliminated

•Found that, with the addition of a LABA, substantial 

reduction (but not elimination) of ICS dose can occur without 

a significant loss of asthma control.

•See: Lemanske J, et al. JAMA 2001; 285(20):2594-2603.

Simulated Population

•The National Asthma Survey (NAS) was conducted over 

2003-2004. A large (~5,000 asthmatics), nationally 

representative survey, NAS explored the content of care 

and health-care experiences of persons with asthma

•The simulated population, drawn from NAS, is a 

representative sample of patients with asthma who 

currently use a controller (ICS or ICS+LABA) or relief 

(SABA) inhaler

•NAS does not include pulmonary function measurements, 

so PFT values were imputed using individual-level data 

from the SLIC and SOCS patient pools

•Behaviors were tuned based on medication usage and 

asthma history portions of the NAS questionnaire

Simulation Protocol

To investigate the relative importance of improved 

adherence vs. broader ICS use, we constructed trial arms 

based on four treatment scenarios:

Current Care: Controller medication use as observed in 

NAS dataset.

Improved Care: Current care, with the addition of 

medium-dose ICS for patients with evidence of poor 

asthma control who are not currently taking ICS. We 

consider 1+ serious exacerbations in the year prior and/or 

frequent SABA inhaler use (2+ uses/day) as markers of 

poor control. 

Current Adherence: Adherence as observed in the NAS 

data. Adherence to future controller medications was 

imputed for patients with no record of controller 

medications in NAS.

Perfect Adherence: controller medication use according 

to medication guidelines.

After calibrating patient physiology and behavior, the 

simulation was conducted by simulating each patient for 

one year in each of four trial arms spanning our four 

treatment scenarios. 

A simulated population is chosen from a nationally representative dataset. The National 
Asthma Survey (NAS) is our primary data source for general asthmatic populations. 
Measurements unavailable in the primary population data source are imputed from 
supplementary data sources, such as individual-level datasets from major clinical trials. 

Physiological model parameters, including sensitivity to stimuli and recovery rate, are 
tuned  individual-by-individual, so that the lung function measures in each simulated 
person match  those of the actual person he/she represents.

To calibrate behaviors, the behavioral thresholds for each simulated individual are tuned 
to match the rates of behaviors observed in the actual person from whom he/she is 
derived.  This is done for each of the behavioral thresholds in sequence, starting with 
the individual’s controller medication threshold, continuing through the relief medication 
thresholds, and ending with the thresholds for unscheduled and emergency care. 

Choose Target 
Population

Calibrate 
Physiology

Calibrate 
Behaviors

Population of 

Calibrated Individuals

Asthmatic InhalerUsers in the US

Characteristics All Age 18+ Age 12-17

US Population Size9.31M 7.74M 1.56M

Simulated Population Size4,930 4,090 837

Age, mean (SD) 38.5(18.32) 43.4(16.2) 14.6(1.6)

Male, % 61.8 63.8 52.1

FEV1, mean (SD), L 2.71(0.71) 2.70(0.71) 2.75(0.72)

FEV1 % Predicted, mean (SD) 80.4(14.5) 80.4(14.5) 80.5(14.8)

Smoke, % 11.3 10.2 17.1

ICS Use, %[% Adherence] 43.2[80.4] 42.5[81.5] 46.4[75.7]

Both ICS and LABA Use, % [% Adherence] 22.6[85.1] 22.0[84.2] 25.1[88.9]

Qualifiesfor Improved Care, % 27.1 28.5 20.6

Rescue AlbuterolUses/Day, mean(SD) 1.11(1.419) 1.23(1.47) 0.57(0.92)

Acute Care Encounters,mean (SD):

Unscheduled Dr. Visits in Past Year 1.49(2.94) 1.56(2.94) 1.12(2.89)

ER/UC Visits in Past Year 0.56(1.64) 0.57(1.69) 0.51(1.63)

Hospital Stays in Past Year 0.15(0.71) 0.17(0.75) 0.06(0.50)

We report on the results of a model calibration, a model validation, and an exploratory simulation. In order to capture the effects of ICS and LABA medication in a typical asthmatic population, we tune the effects of these medications to match the results observed 

in the ACRN SOCS trial. This trial also serves to define an exacerbation-related treatment failure threshold. To demonstrate that this calibrated model can accurately predict outcomes observed in an independent population, we simulate the patients and treatment 

protocol from the ACRN SLIC trial. Finally, we use the model to explore two novel questions related to treatment of the general asthmatic population: the effects of improved adherence to existing medication regimens, and the effects of broader treatment with ICS.

ACRN Salmeterol or Corticosteroids (SOCS) Trial

•Examined the effectiveness of long-acting β2-agonists 

(LABA) as replacement therapy in patients whose asthma 

was well controlled by inhaled corticosteroids (ICS)

•Found that patients with persistent asthma well controlled by 

ICS cannot be switched to LABA monotherapy without risk of 

clinically significant loss of asthma control

•See: Lazarus S, et al. JAMA 2001; 285(20):2583-2593.

Observations

•Improved care and perfect adherence lead to similar levels of 

controller medication use

•Similar levels of controller medication use lead to similar rates of 

reliever medication use and unscheduled doctor visits

•In terms of ER visits and hospitalizations, improving adherence 

for patients already taking a controller medication has a larger 

effect than expanding the pool of patients who are prescribed a 

controller

•In the U.S., improving patient adherence to controller 

medications could avert 3.5 million unscheduled doctor’s office 

visits, 2.1 million ER visits, and 600,000 hospitalizations per year
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Asthma Model Calibration

•Target population was derived from history questionnaire 

and run-in PFTs from individual-level SOCS data.

•Simulation protocol mimicked that of actual trial

•Treatment factors were configured based on trial-observed 

effects on PFTs, albuterol use, and treatment failure rate

•Treatment failure threshold was defined in relation to  

history-derived unscheduled/emergency care threshold

Model Validation: ACRN SLIC

Asthma Model Validation

•Target population was derived from history questionnaire 

and run-in PFTs from individual ACRN SLIC data

•Treatment failure threshold definition and medication 

effects for the simulation were taken from the SOCS 

calibration exercise (above)

•Our SOCS-calibration model accurately predicted 

outcomes observed in the SLIC trial

Model Calibration: ACRN SOCS

Behavioral Components


