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Artificial intelligence (AI) is poised as a transformational
force in healthcare. This paper presents a current envi-
ronmental scan, through the eyes of primary care physi-
cians, of the top ten ways AI will impact primary care and
its key stakeholders. We discuss ten distinct problem
spaces and the most promising AI innovations in each,
estimating potential market sizes and the Quadruple
Aims that are most likely to be affected. Primary care is
where the power, opportunity, and future of AI are most
likely to be realized in the broadest and most ambitious
scale. We propose how these AI-powered innovations
must augment, not subvert, the patient–physician rela-
tionship for physicians and patients to accept them. AI
implemented poorly risks pushing humanity to the mar-
gins; done wisely, AI can free up physicians’ cognitive and
emotional space for patients, and shift the focus away
from transactional tasks to personalized care. The chal-
lenge will be for humans to have the wisdom and willing-
ness to discern AI’s optimal role in twenty-first century
healthcare, and to determine when it strengthens and
when it undermines human healing. Ongoing research
will determine the impact of AI technologies in achieving
better care, better health, lower costs, and improved well-
being of the workforce.
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INTRODUCTION

Artificial intelligence (AI) has been called the Bstethoscope of
the 21st century .̂1 With all of the allure, hype, fear, and
promise of AI as a transformational force in healthcare, we
explore the top ten ways AI will impact primary care and the
Quadruple Aim2 for key stakeholders: primary care physi-
cians, patients, health systems, and payers. In this Perspective,
we will examine ten distinct problem spaces and the most
promising AI innovations in each, estimating potential market
sizes and the Quadruple Aims that are most likely to be
affected (Fig. 1).

For this discussion, we define AI broadly as any technology
designed to mimic human cognitive functions—including
techniques such as classic machine learning, modern deep
learning, natural language processing, and robotics.3 Although
the topics presented here may also apply equally to specialty
care, we have decided to shine a spotlight on primary care.
With over 500 million visits per year in the USA—51% of all
physician office visits, more than any other medical
specialty4—primary care is where the power, opportunity,
and future of AI are most likely to be realized in the broadest
and most ambitious scale. Finally, we propose how these AI-
powered innovations must augment, not subvert, the patient-
physician relationship in order for primary care physicians and
patients to embrace them.

RISK PREDICTION AND INTERVENTION

In the USA, hospital costs for potentially preventable condi-
tions account for $1 in every $10 of total hospital expendi-
tures.5, 6 This means that millions of hospital stays and up to
$100 billion a year7 might be prevented with better risk
prediction and interventions in the ambulatory setting. AI-
driven predictive modeling with EHR data can now outper-
form traditional predictive models in forecasting in-hospital
mortality, 30-day unplanned readmission, prolonged length of
stay, and all of a patient’s final discharge diagnoses.8 Kaiser
Permanente has partnered with KenSci to risk stratify conges-
tive heart failure patients using AI.9 Ochsner Health System
and Epic have created an AI using over one billion clinical
data points to predict patient deterioration with 98% accuracy.9

This technology is now moving into ambulatory care: Banner
Health is using BaseHealth’s AI to predict risk on 100,000
members for 42 health conditions in order to lower prevent-
able ED visits and hospitalizations through primary care
interventions.10

POPULATION HEALTH MANAGEMENT

As the USA moves away from fee-for-service to value-based
payments, the size of the population health management in-
dustry is expected to reach $89 billion by 2025.11 Key market
players such as Allscripts, athenahealth, Cerner,
eClinicalWorks, Enli, Epic, Evolent, Optum, and Philips are
exploring the role of AI to improve their platforms’ ability to
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identify and close care gaps, and to optimize their performance
with the quality payment programs of MACRA.12 IBM and
Siemens, for example, teamed up to bring Watson’s AI into a
new generation of population health tools for primary care
physicians.13

MEDICAL ADVICE AND TRIAGE

Many companies such as Babylon Health, Health Tap, Ada,
Buoy, and Your.MD have developed BAI doctors^14 that pro-
vide health advice directly to patients with common symp-
toms, freeing up primary care access for more complex care.
Babylon reported diagnostic accuracy comparable to human
doctors.15 By 2025, the market for these services (using the
current telemedicine market16 and retail clinics market17 as
comparison) is projected to be $27 billion a year. Insurer
Prudential Asia recently negotiated a $100 million licensing
deal with Babylon Health to exclusively use its AI-powered
software for its own apps across 12 Asian countries.18 Rather
than AI replacing real providers for some conditions, we
believe that AI support can be integrated into team-based care
models that make it easier for primary care physicians to
manage a patient panel.19

RISK-ADJUSTED PANELING AND RESOURCING

Risk-adjusted paneling can ensure that primary care phy-
sicians have adequate time to address the needs of each

patient by increasing or decreasing panel sizes based on
patient complexity, which can contribute to patient satis-
faction and better work–life balance for physicians.
Burnout-related turnover may cost US health systems tens
of billions per year.20 The lack of established models for
risk-adjusting panel size has led to potential AI solutions.
At UCSF, EHR data on healthcare utilization was applied
to train algorithms that were used to weigh panel sizes in
primary care.21 In the future, such models can be used to
determine the level of staffing support needed for primary
care practices (e.g., medical assistants, nurses, advanced
practice providers, clinical pharmacists, social workers)
based on the complexity and intensity of care provided.

DEVICE INTEGRATION

Nearly one in four Americans own a wearable device that
tracks vital signs or other health measures.22 The wearable
device market is expected to reach $52 billion by 2022.23

Primary care physicians may be able to use data from such
devices to diagnose or treat disease at earlier stages;
however, the data’s sheer volume and incompatibility with
current EHRs make this unfeasible without the help of AI.
Apple’s HealthKit is an example of a tool that integrates
data from multiple wearable devices into the EHR, en-
abling teams to track trends and spot any deviations that
suggest illness.

Figure 1 Top 10 ways artificial intelligence (AI) will impact primary care. Each problem space is represented by a circle; colored quadrants
indicate the Quadruple Aims that are most impacted. Size of the circles is the estimate of the market value of each problem space in billions of
dollars (USD)/year in the USA: risk prediction and intervention, $100B; population health management, $89B; medical advice/triage; $27B;
risk-adjusted paneling/resourcing, $17B; device integration, $52B; digital health coaching, $6B; chart review and documentation, $90B;

diagnostics, $100B; clinical decision making, $1-2B; practice management, $10B. PCP = primary care physician.
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DIGITAL HEALTH COACHING

Management of chronic disease accounts for the majority of
healthcare cost in the USA; 1 in 7 healthcare dollars are spent
caring for people with diabetes alone, with a total estimated
cost for diabetes over $300 billion a year.24 Companies like
Lark, Omada, Livongo, Glooko, and Virta are offering digital
health coaching for diabetes, hypertension, and obesity. Sim-
ilar programs that are integrated in health systems (such as
Iora, Humana, and Caremore) have shown reductions in cost
per patient through reduced office and hospital visits.25 Pure
AI-driven fully automated text-based health coaching (provid-
ed by companies like Lark and Nutrino) has been shown to
achieve weight loss comparable to in-person lifestyle
interventions.26

CHART REVIEW AND DOCUMENTATION

Clinical documentation in the EHR is one of the biggest
drivers of physician burnout in the USA, causing as much as
$90–140 billion in lost physician time per year.27 Technology
companies with expertise in automatic speech recognition are
teaming up with health systems—including Google and
Stanford,28 Microsoft and UPMC,29 Nuance and Epic,30 and
NoteSwift and athenahealth,31 plus a handful of startups such
as Saykara and Suki—to develop AI-driven digital scribes that
can listen in on patient–physician conversations and automat-
ically generate a clinical note. Although still in its infancy, this
type of AI carries the potential to unshackle physicians from
the EHR and reduce burnout.27

DIAGNOSTICS

AI-powered algorithms for diagnosing disease is now
outperforming physicians in detecting skin cancer,32 breast
cancer,33 colorectal cancer,34 brain cancer,35 and cardiac ar-
rhythmias.36 In regions with lack of access to specialty care,
these tools in the hands of primary care doctors can provide
significant benefit to patients. University of Iowa Health Care
is using IDx-DR, an AI capable of detecting diabetic retinop-
athy to improve care.37 Aysa, an app from VisualDx, allows
patients to take photos of their skin conditions: the AI will
generate possible diagnoses and suggest self-care versus a visit
to their physician.38 Google can accurately predict cardiovas-
cular risk using retinal scans,39 and Tencent’s AI can spot
Parkinson’s using smartphone videos40—promising tools that
can expand access to care and empower primary care physi-
cians to broaden the services they can provide to patients. This
could reduce the need for unnecessary referrals, increase con-
tinuity with patients, and enhance mastery for primary care
physicians.

CLINICAL DECISION MAKING

Leading EHR suppliers—including Allscripts, athenahealth,
Cerner, eClinicalWorks, and Epic—have all announced plans
to add AI into their EHR workflows to support doctors in their
clinical decision making.41 The next generation of clinical
decision making platforms must move beyond alerts and best
practice advisories to provide analytics and evidence-based
content in the clinical workflow to drive intended actions.42

eClinicalWorks, for example, is developing a new version of
their EHR that will feature an AI assistant that gives users
evidence-based clinical suggestions in real time.43

PRACTICE MANAGEMENT

One of the most anticipated applications of AI in medicine is
the automation of repetitive clerical tasks that are suffocating
practices. For example, Olive uses AI to automate things like
eligibility checks, insurance claims, prior authorizations, ap-
pointment reminders, billing, data reporting, and analytics.
Other companies, such as Apixio and 3M, have developed
AI-powered risk adjustment and hierarchical condition cate-
gory (HCC) auditors to aid practices in optimizing their coding
for quality payment programs.44 AI can also be used to auto-
mate certain aspects of pre-visit planning tomake primary care
encounters more efficient and rewarding for patients and
physicians.45

AUGMENTING (NOT SUBVERTING) THE PATIENT–
PHYSICIAN RELATIONSHIP

Two decades ago, the promises of EHRs were widely
anticipated—no more guessing about your patients’ medica-
tions, hunting for test results, or managing patients blindly
without their records. Some of these promises came to pass,
but many initial expectations were not met while new pain
points emerged, most notably a fracture in the patient–
physician relationship. EHRs were quickly installed without
strong evidence to guide their design, implementation, and
regulation, and have contributed to a highly transactional
model, with care signified by tick boxes, communication by
smartphrases, and where screen-time has replaced face-time as
the primary act of healthcare.46, 47 It is no wonder widespread
burnout among physicians has resulted.48, 49

For AI to add the most value and for physicians to embrace
it, these innovations should support, not supplant, the patient–
physician relationship. Healthcare is fundamentally a social
enterprise, powered by committed, caring, and collaborative
connections between the humans involved. AI implemented
poorly risks pushing humanity to the margins; implemented
wisely, AI can free up physicians’ cognitive and emotional
space for their patients, even helping them to become better at
being human.50
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As one example, AI health coaches connected to a real
person in the care team could provide the frequent touches a
patient needs to follow through on lifestyle interventions. On
the other hand, a one-size-fits-all coach that resides completely
detached from the care team may feel alienating to the patient.
There is emerging evidence that AI, when implemented as part
of a human care team, is acceptable to both patients and
providers. A text-based conversational AI for weight loss
had a patient trust and satisfaction score of 87%26; an AI-
driven diabetic retinopathy screening protocol providing real-
time results generated a 96% satisfaction score with 78% of
patients preferring the AI model over usual care51; humanoid
robot assistants for medication management have shown a
high degree of acceptability (86–100%) with patients across
the age spectrum, from children with type 1 diabetes52 to
elderly home-care patients.53 More research into AI applica-
tions, with studies investigating patient engagement and ac-
ceptability, and how best to integrate AI into team-based care
models, should be pursued.
We believe that the optimal role of AI is to free up physi-

cians’ cognitive and emotional space for their patients. Using
the Bcockpit^ analogy,54 AI has the power to protect the pilot
(the physician) from the unsafe distractions of information
overload by organizing the cacophony of patient data,
evidence-based practice guidelines, and compliance monitor-
ing check boxes, into a Bmanageable cockpit^ for primary care
physicians. It can also automate repetitive and cumbersome
tasks, such as documentation and other administrative distrac-
tions, that contribute to a hazardous cockpit for physicians.
Undivided attention with compassion is the most powerful
diagnostic and therapeutic tool physicians can provide their
patients. AI will be most effective when it enhances physi-
cians’ ability to focus their full attention on the patient by
shifting the physicians’ responsibilities away from transaction-
al tasks toward personalized care55 that lies at the heart of
human healing.
As AI becomes the second great wave of technological

innovations to offer power and possibility for modern
healthcare, a key question is: will AI augment, rather than
subvert, relationships? Or will managing and being managed
by AI add yet another technological master and burden to the
lives of physicians? The human challenge will be to have the
wisdom and willingness to discern AI’s optimal role, and to
determine when it strengthens and when it undermines human
healing. Ongoing research will be needed to determine the
impact of AI in achieving the Quadruple Aim of better care,
better health, lower costs, and improved well-being of the
workforce.
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