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Social, structural, and environmental determinants of health, like food or housing insecurity,
systemic racism, or chronic stress, account for 60-80% of the modifiable risk of disparities
in marginalized populations.12 Such determinants have been difficult to systematically
address due to their complexity, multidimensionality, and heterogeneity (Fig 1). Emerging
precision health methods use large-scale person-generated health data from smartphones
and wearables to better characterize and ultimately improve health and wellbeing through
strategies customized to individual context and need.3* Applying artificial intelligence and
machine learning to person-generated health data allows for unprecedented assessment of
recursive, networked, and latent associations between everyday life and health, including
social, structural, and environmental exposures, behaviors, biometrics, and health outcomes.
As such, precision health provides an important opportunity to reduce health disparities
amongst minoritized racial or ethnic groups, or those who are under-resourced.

Despite the potential to improve health equity, the research community lacks benchmark
training datasets of person-generated health data, limiting the ability to develop precision
health models that are equally effective across diverse populations. Both validity and
generalizability of an artificial intelligence or machine learning system are intrinsically tied
to the underlying training data. The ideal benchmark dataset should feature high quality,
well-characterized data that comprehensively represent the target population in order to
instill the highest standards of scientific transparency and rigor to model development,
validation, and evaluation.

*Corresponding Author, requests for reprints; ritikac@usc.edu (213-740-7715).
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Person-generated health data cohorts within the National Institutes of Health’s All of Us,
UK Biobank, the Framingham Heart Study, and the majority of commercial studies rely on
convenience sampling and/or bring-your-own-device designs. Consequently, those who lack
access to digital technologies, who tend to be older, Black, Latino, Indigenous, poorer,

and sicker, are systematically underrepresented.>® The National Health and Nutrition
Examination Survey is representative, but employs a cross-sectional design and a 1-week
accelerometer measurement period, which limits the ability to assess temporal effects or
account for seasonality. The absence of a benchmark dataset risks introducing systemic bias,
exacerbating health disparities, and causing additional patient harm in already marginalized
groups.’-8

To bridge this critical gap, we created American Life in Realtime (ALIR), a publicly
available benchmark registry and research infrastructure for person-generated health data.
ALIR has four primary objectives that advance equitable precision health: promoting
inclusive representation; encouraging methodological rigor in artificial intelligence and
machine learning; fostering interdisciplinary collaboration and transparency; and, facilitating
comprehensive exploration of the dynamic interplay between everyday life and health. We
highlight several design choices to achieve these objectives, as well as precision health uses
for the data and infrastructure.

We employed several strategies to ensure that the enrolled ALIR cohort (n=1,038)

would achieve inclusive representation of the adult U.S. population across demographic,
socioeconomic, and health factors.? Participants were invited from the Understanding
America Study,10 an established, probability-based survey panel whose members are
randomly sampled from all U.S. addresses. To reduce digital inclusion barriers, we provided
a Fitbit Inspire 2 to all participants as a study incentive and a 4G Samsung Galaxy Tablet to
those who would not otherwise have internet access. We designed the participant study app
to be compatible with a wide range of mobile devices and operating systems and maintained
a helpdesk for technical support. As factors beyond digital inclusion, like mistrust or
privacy concerns, could lower participation among historically marginalized groups, we
also oversampled individuals who were Black, American Indian, Alaska Native, Hawaiian,
Pacific Islander, mixed race, Hispanic or Latino, and people whose education was lower than
a bachelor’s degree.

These ALIR features offer several advantages. Probability sampling improves accuracy

and validity of population-level inference such as generalizable predictions of health
outcomes in response to population-level stressors like current events, systemic racism,
natural disasters, or surges in SARS-CoV-2 cases. Hardware provisioning, in our experience,
eliminated sociodemographic disparities in participation rates. Oversampling resulted in a
proportionally larger sample of historically underrepresented and marginalized populations,”
providing statistical power to detect subgroup-specific differences, such as heterogeneity in
outcomes experienced by Black and Latino individuals.

*Weights are provided to rebalance the sample to match the demographic composition of the general U.S. adult population.
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To encourage artificial intelligence and machine learning methodological rigor, we designed
a comprehensive data collection strategy with validated, longitudinal measures (labels) of
participant exposures, behaviors, and outcomes over long time-scales (Table 1). Measures
are derived from high-quality consensus instruments such as University of Michigan’s
Health and Retirement Study, Patient Reported Outcomes Measurement Information
System, and the National Institutes of Health’s Consensus Measures on Phenotypes and
eXposures. A custom mobile app facilitates Fitbit integration, fields electronic surveys,
deploys push notification announcements and reminders, and incentivizes long-term
engagement through earned points, which are redeemable as monetary compensation.

We created a flexible and sustainable infrastructure to foster growth, agility, collaboration,
and transparency. ALIR is both a data resource and research platform, which can encourage
agile and cost-efficient community collaboration. Data collected through ALIR will be
available to registered users through the Understanding America Study website upon
curation of each cohort-year of data, with year 1 anticipated in mid-2023. With appropriate
privacy and data security safeguards, freely available data encourages transparency,
reproducibility, and explainability of outputs from statistical, artificial intelligence, and
machine learning analyses.

The research platform can accommodate additional features, including: participants;
application programming interfaces from wearables, medical devices, Internet of Things,
genomics and biomarkers; survey designs including preloaded information, randomization,
experiments, and ecological momentary assessments; and interactive communications like
notifications and visual dashboards. ALIR seeks to achieve a truly large-scale sample
through leveraging the ongoing expansion of the Understanding America Study, which is
expected to reach 20,000 participants by 2025, and by incorporating special populations
like those with specific diseases, which are housed at academic and industry partners.
Accordingly, the code will be open-sourced to encourage harmonizable data collection
efforts by others.

The ultimate aim of ALIR is to facilitate broad, multidisciplinary, and equitable investigation
of precision health. Engineers may leverage the platform to test performance of new
hardware or sensors in diverse populations. Methodologists may characterize factors

that drive or amplify selection biases, such as social and structural patterning of study
participation and attrition, data quality and missingness as well as develop and test

solutions to minimize their impact, such as incentive designs and imputation techniques.
Social scientists may investigate social determinant clustering and importance in different
populations to prioritize public health investments. Behavioral researchers may develop just-
in-time interventions where deviations from individual-specific baselines trigger automated
nudges and/or suggestions, such as passive detection of influenza-like symptoms via Fitbit
data, which triggers a SARS-CoV-2 testing recommendation. Operations researchers may
evaluate utility of case worker or health system integrations.

Collectively, ALIR is a model for achieving diversity, equity, inclusion, transparency, and
multi-disciplinary collaboration in precision health.
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Figure 1.
A framework for social, structural, and environmental determinants of health.
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