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Abstract

Primary care informatics professionals address workflow and technology solutions in a wide spectrum of health, ranging from
optimizing the experience of the individual patient in the clinic room to supporting the health of populations. Primary care
informatics overlaps uniquely with two key disciplines with immense impact on societal health - primary care and health
informatics. Primary care is often a hub or gateway to accessing healthcare, and has a primary aim of synthesizing and
coordinating numerous and potentially complex elements of patients’ health and medical care in a holistic manner. However,
over the past 25 years, primary care has become a specialty in crisis: in a post-COVID world, worsening workforce shortages,
clinician burnout, and continuing challenges in healthcare access all contribute to difficulties in sustaining primary care.
informatics professionals are poised to change this trajectory. In this viewpoint, we aim to inform readers of the discipline of
primary care informatics and its importance in the design, support, and maintenance of essential primary care services. Although
the focus of this work is on primary care in the United States, which includes general internal medicine, family medicine, and
pediatrics, many of the principles outlined can also be applied to comparable healthcare services and settings in other countries.
We highlight the challenges in primary care and how primary care informatics professionals can address these challenges. We
discuss current and emerging technologies in primary care informatics. In summary, primary care informatics offers important
contributions to healthcare and to the informatics field, and there are many opportunities for informatics professionals to enhance
the primary care experience for patients, families, and their care teams.
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Primary Care Informatics: Vitalizing the Bedrock of Healthcare

Abstract

Primary  care  informatics  professionals  address  workflow  and  technology  solutions  in  a  wide
spectrum of health, ranging from optimizing the experience of the individual patient in the clinic
room to supporting the health of populations. Primary care informatics overlaps uniquely with two
key  disciplines  with  immense  impact  on  societal  health  -  primary  care  and  health  informatics.
Primary care is often a hub or gateway to accessing healthcare and has a primary aim of synthesizing
and coordinating numerous and potentially complex elements of patients’ health and medical care in
a holistic manner. However, over the past 25 years, primary care has become a specialty in crisis: in a
post-COVID world, worsening workforce shortages, clinician burnout, and continuing challenges in
healthcare access all contribute to difficulties in sustaining primary care. informatics professionals
are poised to change this trajectory. In this viewpoint, we aim to inform readers of the discipline of
primary care informatics and its importance in the design, support, and maintenance of essential
primary care services. Although the focus of this work is on primary care in the United States, which
includes general internal medicine, family medicine, and pediatrics, many of the principles outlined
can also be applied to comparable healthcare services and settings in other countries. We highlight
the challenges in primary care and how primary care informatics professionals can address these
challenges. We discuss current and emerging technologies in primary care informatics. In summary,
primary care informatics offers important contributions to healthcare and to the informatics field, and
there are many opportunities for informatics professionals to enhance the primary care experience for
patients, families, and their care teams.

Keywords: 
Healthcare Delivery; Primary Care; Primary Health Care; Primary Prevention; Quality of Healthcare;
Medical Informatics Applications; Primary Care Informatics

Introduction

Primary care is defined by the WHO as “a model of care that supports first-contact,  accessible,
continuous, comprehensive and coordinated person-focused care” while achieving equitable access
to care and emphasizing population health [1]. Primary care is one of the only sections of healthcare
shown  to  have  positive  impacts  on  health  outcomes  and  population  health,  emphasizing  its
fundamental role in the health and wellbeing of the public [2].

In 2003,  the Primary Care Informatics  Working Group under the American Medical  Informatics
Association defined primary care informatics (PCI) as the “application of information technology to
improve the practice, education and research of primary care, and the development of informatics
tools appropriate for primary care practice” [3]. At the time, PCI was emerging globally to address
the use of technology in areas such as chronic disease management. de Lusignan argued that PCI was
not just a discipline of technology but rather a “science” dedicated to the promotion of “patient-
centered primary medical care” with a biopsychosocial model of health; primary care informatics is
distinct from other areas of health informatics due to the use of heuristics-based clinical management
and  patient-centered  consultations  [4].  The  Primary  Care  Informatics  Working  Group  of  the
International Medical Informatics Association (IMIA) was formed in the early 2000s [4], with the
aims of addressing real-world primary care data and ontologies for research; technology integration
in primary care; and ethical, legal, and social issues related to primary care [5]. 
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Primary  care  informatics  professionals  bring  unique  expertise  at  the  nexus  of  primary  care  and
informatics, well before the COVID-19 pandemic. We define primary care informatics professionals
as inclusive of clinicians, researchers, technology professionals, experts, and others who engage in
primary care informatics. A few examples of PCI issues included the impact of electronic health
records on primary care [6–8], benefits of health information exchanges in primary care [9], evidence
on healthcare workers’ perceptions of mobile health in primary care [10], and risks and benefits of
artificial intelligence in primary care [11].  The COVID-19 pandemic put a spotlight on the central
role of primary care clinicians globally to mobilize and continue to provide access to care and public
health care services to populations all over the world during lockdowns and additional restrictions.
Primary care informatics professionals rapidly deployed and scaled virtual health visits and identified
and addressed inequities in the digital divide (such as those due to internet access) [12]. In response
to the COVID-19 pandemic, additional opportunities were highlighted to further strengthen systems,
including vaccination and disease prevention, disease management, public health surveillance, and
pandemic preparedness [13].

In this viewpoint article, we discuss aspects of PCI that have evolved since the early 2000s to mark
the  25th  anniversary  of  JMIR  Publications  and  the Journal  of  Medical  Internet  Research.  In
particular, in the wake of COVID-19, there have been changes to primary care practice including
challenges to clinician wellbeing and digital health transformation in domains such as telehealth [14].

Common Challenges in Primary Care

Differences in primary care worldwide range from physician consultation time[15] to funding and
structure[16]. Some primary care challenges may be unique to each country or region - for example,
Japan has  universal  healthcare  and an  aging population  with  challenges  around chronic  disease
management [17], while in sub-Saharan Africa, disease burden consists of both chronic diseases as
well as infectious diseases [18]. In many primary care practices, unlike most specialties, outcomes
are addressed at both the individual patient and population level; at times, these perspectives are not
always aligned, for example, when individual values or beliefs may differ from population or public
health recommendations, or when guidelines do not fit  a patient’s clinical presentation or health
conditions. Yet, the responsibility of addressing these differences in shared decision-making can fall
to primary care clinicians to reconcile with patients. 

There are troubling themes in recent primary care challenges that cross borders, such as clinician
burnout [19], aging populations [17], chronic disease burden [18], administrative burden [20], and
mismatch  of  patient  demand  and  clinician  supply  [18],  which  in  turn  threaten  the  health  of
communities globally. However, the authors are optimistic that greater awareness of the opportunities
and changes possible through intentional applications of primary care informatics, building on the
last 25 years of evidence-based advancements and development in the field, can pave a way forward
for  continued primary  care  and,  consequently,  overall  health  system improvements.  The authors
share perspectives as predominantly but not exclusively US physicians and expect that some themes
described would be applicable also to certain healthcare systems and settings elsewhere.

Evolution of Primary Care informatics Professionals

Primary  care  informatics  professionals  have  evolved  to  address  some  of  these  new challenges.
Revisiting key areas of activities of PCI highlighted by de Lusignan, including heuristic decision
making, patient-centered care, and the biopsychosocial model [4], the planted seeds of PCI in the
early 2000s have grown and flourished with new technologies and new models of primary care.
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Augmenting  Shared  Heuristic  Decision  Making and  Population  Health
with Data Analytics and Rapidly Evolving Technologies 

EHRs, wearables and other technologies have expanded modalities[21] and volume of health data
[22]. Primary care has subsequently emerged as a major location for patient and population health
data, especially in the context of chronic disease management. Wagner’s widely adopted chronic care
model includes information systems as a core component of providing high-quality chronic disease
care [23].  Data-driven improvement using computer-based systems is  also considered a building
block for a high-performing primary care practice [24]. PCI exists at the intersection of whole-person
clinical  care  and  scalable  digital  health  technology,  including  predictive  analytics,  precision
medicine,  and  population  health  management  tools.  Digital  health  tools  such  as  wearables  and
mobile  health  applications  can  provide  patient-centered  insights  and  shift  primary  care  towards
proactive yet targeted “precision prevention” [25]. These technologies can drive customized care
with shared decision making and guide systems-level understanding of population health, allowing
primary care to pivot towards primary prevention and not just chronic disease management.

Furthermore, as technologies like generative artificial intelligence multiply across healthcare [26,27],
primary care informatics professionals have and continue to lead the charge in steering the primary
care  and  informatics  communities  towards  equitable[28–30]  and  ethical  [31]  approaches  to
implementing  these  technologies.  Primary  care  informatics  professionals  can  advocate  for
appropriate safeguards balanced with clinically reasonable regulations to avoid some of the pitfalls
associated with current EHR administrative burden [32].

Advancing Patient-Centered Care with Care Teams, Access Outside of
Clinic Walls, and Value-Based Focus

Primary  care  informatics  professionals  must  account  for  primary  care  that  extends  into  nursing
facilities, home health, and even urgent care. Value-based care delivery and payment models include
Chronic Care Management  and Remote Patient  Monitoring programs, which provide continuous
support across the care continuum [33]. Patients also have greater flexibility for access to primary
care  via  mediums  such as  telehealth[34]  and patient  portal  messages[35]  that  extend the  health
experience beyond the confines of the clinic walls. As primary care becomes more complex, it is
crucial  to  continue  to  engage  frontline  clinicians  to  thoroughly  understand  and  integrate  within
clinical workflows.

Biopsychosocial Model 2.0 - Consciously Addressing Social Drivers

As part of comprehensive culturally sensitive and patient-centered care, primary care informatics
professionals must address Social Determinants of Health (SDOH) in EHR design or improvements
[36–38].  Documenting  and  visualizing  SDOH gaps  increases  the  likelihood  of  addressing  these
factors that greatly impact our patients’ wellbeing [39]. Primary care informatics professionals can
identify and present resources to both patient and provider, matching the right intervention with the
right patient to maximize benefit to the patient and community. Furthermore, as PCI implements
patient-facing  solutions  (e.g.  in  digital  health),  the  field  should  aim  for  meaningful,  equitable
solutions built on community engagement [40].

Opportunities in Primary Care Informatics

A broad range of  digital  health  interventions  for  prevention in  primary care exist,  ranging from
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electronic health record-based solutions to telehealth, that have proven efficacy but have not been
widely adopted or are primarily clinician-facing [41,42]. We break down current and future state
technologies that have the potential to transform the primary care experience.

We apply the 4Cs of primary care (alternatively known as the four tenets or four pillars of primary
care) framework [43,44] to different domains and tasks encountered in primary care, and map these
domains and tasks  to health  informatics  tools.  Some of these domains may encompass multiple
pillars.

Table  1.   4Cs  of  primary  care,  primary  care  domains  and tasks,  and corresponding  informatics
tools/aspects

4 C’s of Primary Care Primary care domain/task Health  informatics
tools/aspects

Contact

Patient  engagement  and
patient education

Mobile health applications,
Telehealth,  Medical
extended reality

Comprehensiveness

Chronic  disease
management

Remote patient monitoring,
electronic  health  record
design

Population  health
management

Clinical  decision  support,
machine learning analytics

Social  determinants  of
health

Clinical  decision  support,
electronic  health  record
design

Coordination

Care  team/clinician-
clinician coordination

Interoperability,  electronic
health record design 

Documentation/
Administrative tasks

Ambient  listening
documentation,  generative
AI chart summarization

Collaboration  with  public
health

Data  aggregation,
interoperability,  data
reporting,  learning  health
systems

Continuity

Patient-provider
communication

Patient portal messaging
Telehealth
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Contact

The  first  C,  contact,  refers  to  patients  accessing  primary  care  services.  With  the  necessitated
movement to telemedicine and telehealth services during the COVID-19 pandemic, there was rapid
uptake of telehealth among certain patients [45]. Post-pandemic, there is much work to be done to
address gaps in telehealth access, especially among those of lower socioeconomic status [34].

Healthcare systems must rethink how individuals access healthcare, and PCI practitioners are poised
to bridge gaps in access and creatively engage patients in care. Mobile health has engaged patients
with chronic health conditions [46,47]. On the other hand, medical extended reality is a growing field
overlapping with clinical informatics; its applications span from behavioral health to integration with
procedural  specialties  [48].  Patient  education  is  a  key  component  of  primary care  visits;  virtual
reality has been studied for patient education[49] and, in the future, could be a tool in PCI for patient
education  and engagement.  Deep learning can also improve patient  instructions  by “translating”
language to an appropriate reading or health literacy level [50]. While benchmarking suggests large
language  models’ multilingual  functions  do  not  perform  well  enough  compared  to  commercial
translation  services  [51],  large  language  models  could  someday  create  high  quality  multilingual
patient education materials.

Comprehensiveness

The  second  C,  comprehensiveness,  refers  to  patient-centered  management  of  the  breadth  of
conditions and a balance of prevention and treatment. 

To provide comprehensive care, primary care clinicians and other care team members must be able to
find  the  right  information  for  the  right  patient  (or  even  groups  of  patients)  at  the  right  time.
Interoperable and usable electronic health records are key to timely and appropriate data access.
However,  current  electronic  health  record  usability  is  often  poor  and  associated  with  clinician
burnout [52]. Similarly, a recent survey of US family physicians demonstrates poor satisfaction with
interoperability in primary care [53]. Primary care informatics professionals, in collaboration with
experts in these domains, can help facilitate improved clinical workflows, data infrastructure, and
user-friendly designs to advance comprehensive care. 

Primary  care  informatics  professionals  can  also  augment  population  health  management,  where
clinical  decision  support  has  been  shown to  positively  impact  screenings  for  cancer,  infectious
diseases,  and  cardiovascular  risk  factors  [54].  Health  information  management  systems  through
health information exchanges have been associated with better care outcomes [55]; data analytics in
primary  care  are  correlated  with  decreased  ED  visits  and  increased  care  engagement  [56].  As
mentioned earlier, integration of social drivers of health into informatics tools and clinical workflows
will also improve patient-centered care.

Coordination

The third C, coordination, refers to bringing together different parts of the healthcare system and
serving as a bridge between primary care and specialty care. 

Care coordination is inextricably linked with communication. Interoperability and facile interfaces
for  communication  can  improve  interactions  between  different  care  team  members  and,  when
coupled with timely and convenient access to data, is powerful in advancing patient care. National
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learning health systems have been posited as a framework to advance interoperability and digital
health innovation [57] for the public good.

Coordination includes administrative tasks around patient care,  such as documentation of patient
encounters. Generative artificial intelligence applications, such as ambient artificial intelligence [58]
and medical record summarization [59], have the potential to alleviate documentation burden in this
area and lead to more concise clinician-clinician communication.

Continuity

The fourth C, continuity, has highly variable definitions, especially in the context of team-based care,
but tends to refer to the patient’s ability to receive care that is centered around relationships and has a
sense  of  longitudinality.  As  mentioned  previously,  telehealth  has  provided  new  touchpoints  for
primary care practitioners and their patients. Patient portals [35] and patient access to notes[60] have
both been shown to increase patients’ understanding of their health, which arguably in turn can be an
opportunity for primary care teams to engage patients in their health over time and build trust with
patients.

Discussion

Primary care is  the bedrock of healthcare and PCI in  turn can contribute to  societal  health  and
wellbeing  by  improving  existing  workflows  or  thoughtfully  integrating  new  technologies  into
primary  care.  PCI  melds  the  learnings  of  primary  care  and informatics  but  is  also  able  to  add
distinctive value to both fields by augmenting the core tenets of primary care with biopsychosocial-
driven  technologies.  At  a  time  where  the  global  primary  care  workforce  is  facing  immense
challenges, primary care informatics professionals have a key role to play in supporting their primary
care colleagues, disseminating best practices learned in primary care to other informatics colleagues,
and  adapting  appropriate  tools  from  other  branches  of  biomedical  and  health  informatics  into
primary care. PCI is evolving as primary care is being delivered across a greater spectrum of settings
and  patients  are  empowered  with  new  digital  health  tools  to  engage  in  their  health,  with  new
opportunities  and  tools  for  proactive  preventive  care  rather  than  reactive  chronic  disease
management. Ultimately, though, PCI can help deliver safe, equitable, effective, patient-centered,
and team-based primary care.

Acknowledgements

JGY  is  supported  by  National  Library  of  Medicine/National  Institutes  of  Health  grant
[T15LM007092]. Ryan Jelinek contributed to conceptualization and writing of an earlier version of
this manuscript.

Authors’ Contributions

JGY and MS contributed to writing the original draft.  JGY, MS, TIL, DP, and RJ contributed to
conceptualization,  writing,  reviewing,  and editing  of  the  manuscript.  JGY contributed  to  project
administration. MS contributed to supervision.

Conflicts of Interest

TIL is scientific editorial director at JMIR Publications and reports consulting fees from Plushcare,
Inc. MS reports personal fees from: Clearstep Health, Carbon Health, Matter Health, Nabla Health.

https://preprints.jmir.org/preprint/60081 [unpublished, non-peer-reviewed preprint]



JMIR Preprints You et al

Abbreviations

JMIR: Journal of Medical Internet Research
WHO: World Health Organization
PCI: Primary care informatics
US: United States
EHR: Electronic health record
SDOH: Social determinants of health

References

1. World Health Organization. Primary care. Primary care. Published 2024. Accessed February 25,
2024.  https://www.who.int/teams/integrated-health-services/clinical-services-and-systems/
primary-care

2. Robinson SK, Meisnere M, Phillips RLJ, McCauley L, eds. Implementing High-Quality Primary
Care: Rebuilding the Foundation of Health Care.; 2021. doi:10.17226/25983

3. Little DR, Zapp JA, Mullins HC, Zuckerman AE, Teasdale S, Johnson KB. Moving toward a
United States strategic plan in primary care informatics:  a White Paper of the Primary Care
Informatics  Working  Group,  American  Medical  Informatics  Association.  Inform Prim Care.
2003;11(2):89-94. doi:10.14236/jhi.v11i2.556

4. de Lusignan S. What Is Primary Care Informatics? J Am Med Inform Assoc. 2003;10(4):304-309.
doi:10.1197/jamia.M1187

5. IMIA.  Primary  Health  Care  Informatics  WG. International  Medical  Informatics  Association.
Published  2024.  Accessed  April  29,  2024.  https://imia-medinfo.org/wp/primary-health-care-
informatics/

6. Pizziferri L, Kittler AF, Volk LA, et al. Primary care physician time utilization before and after
implementation  of  an  electronic  health  record:  A time-motion  study.  Hum-Centered  Comput
Health Inf Syst Part 2 Eval. 2005;38(3):176-188. doi:10.1016/j.jbi.2004.11.009

7. Ludwick DA, Doucette J. Adopting electronic medical records in primary care: Lessons learned
from health information systems implementation experience in seven countries.  Int J Med Inf.
2009;78(1):22-31. doi:10.1016/j.ijmedinf.2008.06.005

8. Huang MZ, Gibson CJ, Terry AL. Measuring Electronic Health Record Use in Primary Care: A
Scoping Review. Appl Clin Inform. 2018;9(1):15-33. doi:10.1055/s-0037-1615807

9. Patricia  Fontaine,  Stephen E.  Ross,  Therese  Zink,  Lisa  M.  Schilling.  Systematic  Review of
Health Information Exchange in Primary Care Practices. J Am Board Fam Med. 2010;23(5):655.
doi:10.3122/jabfm.2010.05.090192

10. Odendaal WA, Anstey Watkins, J, Leon, N, Goudge, J, Griffiths, F, Tomlinson, M, Daniels K.
Health workers’ perceptions and experiences of using mHealth technologies to deliver primary
healthcare services:  a  qualitative evidence synthesis.  Cochrane Database Syst  Rev.  2020;(3).
doi:10.1002/14651858.CD011942.pub2

11. Liyanage H,  Liaw ST,  Jonnagaddala  J,  et  al.  Artificial  Intelligence  in  Primary  Health  Care:
Perceptions, Issues, and Challenges.  Yearb Med Inform. 2019;28(1):41-46. doi:10.1055/s-0039-
1677901

12. Liaw ST, Kuziemsky C, Schreiber R, et  al.  Primary Care Informatics Response to Covid-19
Pandemic: Adaptation, Progress, and Lessons from Four Countries with High ICT Development.
Yearb Med Inform. 2021;30(1):44-55. doi:10.1055/s-0041-1726489

13. Kuziemsky C, Liaw ST, Leston M, Pearce C, Jonnagaddala J, de Lusignan S. Towards Equitable
and  Resilient  Digital  Primary  Care  Systems:  An  International  Comparison  and  Insight  for
Moving Forward. Yearb Med Inform. 2022;31(1):47-59. doi:10.1055/s-0042-1742502

14. Khalil-Khan A,  Khan MA. The Impact  of  COVID-19 on Primary Care:  A Scoping Review.

https://preprints.jmir.org/preprint/60081 [unpublished, non-peer-reviewed preprint]



JMIR Preprints You et al

Cureus. 2023;15(1):e33241. doi:10.7759/cureus.33241
15. Greg Irving, Ana Luisa Neves, Hajira Dambha-Miller, et al. International variations in primary

care  physician  consultation  time:  a  systematic  review  of  67  countries.  BMJ  Open.
2017;7(10):e017902. doi:10.1136/bmjopen-2017-017902

16. Hanson K, Brikci N, Erlangga D, et al.  The Lancet Global Health Commission on financing
primary health care: putting people at the centre.  Lancet Glob Health. 2022;10(5):e715-e772.
doi:10.1016/S2214-109X(22)00005-5

17. Kato D, Ryu H, Matsumoto T, et al. Building primary care in Japan: Literature review.  J Gen
Fam Med. 2019;20(5):170-179. doi:10.1002/jgf2.252

18. Robert Mash, Amanda Howe, Osa Olayemi, et al. Reflections on family medicine and primary
healthcare  in  sub-Saharan  Africa.  BMJ  Glob  Health.  2018;3(Suppl  3):e000662.
doi:10.1136/bmjgh-2017-000662

19. Gunja MZ, Gumas ED, Williams RD, Doty MM, Shah A, Fields K. Stressed Out and Burned
Out: The Global Primary Care Crisis. Published online November 17, 2022. Accessed February
25,  2024.  https://www.commonwealthfund.org/publications/issue-briefs/2022/nov/stressed-out-
burned-out-2022-international-survey-primary-care-physicians

20. Carol Sinnott, Barbara Dorban-Hall, Mary Dixon-Woods. Tackling the crisis in general practice.
BMJ. 2023;381:p966. doi:10.1136/bmj.p966

21. Rajendran S, Pan W, Sabuncu MR, Chen Y, Zhou J, Wang F. Learning across diverse biomedical
data  modalities  and  cohorts:  Challenges  and  opportunities  for  innovation.  Patterns  N  Y  N.
2024;5(2):100913. doi:10.1016/j.patter.2023.100913

22. Dinov  ID.  Volume  and  Value  of  Big  Healthcare  Data.  J  Med  Stat  Inform.  2016;4:3.
doi:10.7243/2053-7662-4-3

23. Wagner EH. Chronic disease management: what will it take to improve care for chronic illness?
Eff Clin Pract ECP. 1998;1(1):2-4.

24. Bodenheimer T, Ghorob A, Willard-Grace R, Grumbach K. The 10 building blocks of high-
performing primary care. Ann Fam Med. 2014;12(2):166-171. doi:10.1370/afm.1616

25. Canfell OJ, Littlewood R, Burton-Jones A, Sullivan C. Digital health and precision prevention:
shifting from disease-centred care to consumer-centred health. Aust Health Rev. 2022;46(3):279-
283.

26. Clusmann J, Kolbinger FR, Muti HS, et al. The future landscape of large language models in
medicine. Commun Med. 2023;3(1):141. doi:10.1038/s43856-023-00370-1

27. Meskó B. The Impact of Multimodal Large Language Models on Health Care’s Future.  J Med
Internet Res. 2023;25:e52865. doi:10.2196/52865

28. Clark  CR,  Wilkins  CH,  Rodriguez  JA,  et  al.  Health  Care  Equity  in  the  Use  of  Advanced
Analytics  and  Artificial  Intelligence  Technologies  in  Primary  Care.  J  Gen  Intern  Med.
2021;36(10):3188-3193. doi:10.1007/s11606-021-06846-x

29. Dankwa-Mullan I,  Scheufele EL, Matheny ME, et  al.  A Proposed Framework on Integrating
Health Equity and Racial Justice into the Artificial Intelligence Development Lifecycle. J Health
Care Poor Underserved. 2021;32(2):300-317.

30. Richardson S, Lawrence K, Schoenthaler AM, Mann D. A framework for digital health equity.
Npj Digit Med. 2022;5(1):119. doi:10.1038/s41746-022-00663-0

31. Liaw ST, Liyanage H, Kuziemsky C, et al. Ethical Use of Electronic Health Record Data and
Artificial Intelligence: Recommendations of the Primary Care Informatics Working Group of the 
International  Medical  Informatics  Association.  Yearb  Med  Inform.  2020;29(1):51-57.
doi:10.1055/s-0040-1701980

32. Levy DR, Sloss EA, Chartash D, et al.  Reflections on the Documentation Burden Reduction
AMIA Plenary  Session  through  the  Lens  of  25 × 5.  Appl  Clin  Inform.  2023;14(1):11-15.
doi:10.1055/a-1976-2052

33. Donohue D. A Primary Care Answer to a Pandemic: Keeping a Population of Patients Safe at

https://preprints.jmir.org/preprint/60081 [unpublished, non-peer-reviewed preprint]



JMIR Preprints You et al

Home through Chronic Care Management and Remote Patient Monitoring. Am J Lifestyle Med.
2020;14(6):595-601. doi:10.1177/1559827620935382

34. Shaver  J.  The  State  of  Telehealth  Before  and  After  the  COVID-19  Pandemic.  Prim  Care.
2022;49(4):517-530. doi:10.1016/j.pop.2022.04.002

35. Carini  E,  Villani  L,  Pezzullo  AM,  et  al.  The  Impact  of  Digital  Patient  Portals  on  Health
Outcomes, System Efficiency, and Patient Attitudes: Updated Systematic Literature Review.  J
Med Internet Res. 2021;23(9):e26189. doi:10.2196/26189

36. Pantell MS, Adler-Milstein J, Wang MD, Prather AA, Adler NE, Gottlieb LM. A call for social
informatics.  J  Am  Med  Inform  Assoc  JAMIA.  2020;27(11):1798-1801.
doi:10.1093/jamia/ocaa175

37. Byhoff E, Kangovi S, Berkowitz SA, et al.  A Society of General Internal Medicine Position
Statement  on  the  Internists’  Role  in  Social  Determinants  of  Health.  J  Gen  Intern  Med.
2020;35(9):2721-2727. doi:10.1007/s11606-020-05934-8

38. Capturing Social and Behavioral Domains and Measures in Electronic Health Records: Phase
2.; 2015. doi:10.17226/18951

39. Andermann  A.  Taking  action  on  the  social  determinants  of  health  in  clinical  practice:  a
framework  for  health  professionals.  CMAJ  Can  Med  Assoc  J  J  Assoc  Medicale  Can.
2016;188(17-18):E474-E483. doi:10.1503/cmaj.160177

40. Brewer LC, Fortuna KL, Jones C, et al. Back to the Future: Achieving Health Equity Through
Health  Informatics  and  Digital  Health.  JMIR  Mhealth  Uhealth.  2020;8(1):e14512.
doi:10.2196/14512

41. Willis  VC,  Thomas  Craig  KJ,  Jabbarpour  Y,  et  al.  Digital  Health  Interventions  to  Enhance
Prevention  in  Primary  Care:  Scoping  Review.  JMIR  Med  Inf.  2022;10(1):e33518.
doi:10.2196/33518

42. Jimenez G, Matchar D, Koh CHG, van der Kleij R, Chavannes NH, Car J. The Role of Health
Technologies  in  Multicomponent  Primary  Care  Interventions:  Systematic  Review.  J  Med
Internet Res. 2021;23(1):e20195. doi:10.2196/20195

43. Jimenez G, Matchar D, Koh GCH, et al. Revisiting the four core functions (4Cs) of primary care:
operational  definitions  and  complexities.  Prim  Health  Care  Res  Dev.  2021;22:e68.
doi:10.1017/S1463423621000669

44. Prates ML, Machado JC, Silva LS da, et al. Performance of primary health care according to
PCATool  instrument:  a  systematic  review.  Cienc  Saude  Coletiva.  2017;22(6):1881-1893.
doi:10.1590/1413-81232017226.14282016

45. Weiner  JP,  Bandeian  S,  Hatef  E,  Lans  D,  Liu  A,  Lemke  KW.  In-Person  and  Telehealth
Ambulatory Contacts and Costs in a Large US Insured Cohort Before and During the COVID-19
Pandemic. JAMA Netw Open. 2021;4(3):e212618. doi:10.1001/jamanetworkopen.2021.2618

46. Wei Y, Zheng P, Deng H, Wang X, Li X, Fu H. Design Features for Improving Mobile Health
Intervention User Engagement: Systematic Review and Thematic Analysis. J Med Internet Res.
2020;22(12):e21687. doi:10.2196/21687

47. Broderick A, Haque F. Mobile Health and Patient Engagement in the Safety Net: A Survey of
Community Health Centers and Clinics. The Commonwealth Fund. Published May 13, 2015.
Accessed  April  25,  2024.
https://www.commonwealthfund.org/publications/issue-briefs/2015/may/mobile-health-and-
patient-engagement-safety-net-survey-community

48. Spiegel  BMR,  Rizzo  A,  Persky  S,  et  al.  What  Is  Medical  Extended  Reality?  A Taxonomy
Defining the Current Breadth and Depth of an Evolving Field. J Med Ext Real. 2024;1(1):4-12.
doi:10.1089/jmxr.2023.0012

49. Urlings J, Sezer S, ter Laan M, et al. The role and effectiveness of augmented reality in patient
education: A systematic review of the literature.  Patient Educ Couns. 2022;105(7):1917-1927.
doi:10.1016/j.pec.2022.03.005

https://preprints.jmir.org/preprint/60081 [unpublished, non-peer-reviewed preprint]



JMIR Preprints You et al

50. Oniani  D,  Sreekumar  S,  DeAlmeida  R,  et  al.  Toward  Improving Health  Literacy  in  Patient
Education Materials with Neural Machine Translation Models. AMIA Jt Summits Transl Sci Proc
AMIA Jt Summits Transl Sci. 2023;2023:418-426.

51. Zhu W, Liu H, Dong Q, et al. Multilingual Machine Translation with Large Language Models:
Empirical Results and Analysis.; 2023.

52. Melnick ER, West CP, Nath B, et al. The association between perceived electronic health record
usability  and  professional  burnout  among  US  nurses.  J  Am  Med  Inform  Assoc  JAMIA.
2021;28(8):1632-1641. doi:10.1093/jamia/ocab059

53. Everson  J,  Hendrix  N,  Phillips  RL,  Adler-Milstein  J,  Bazemore  A,  Patel  V.  Primary  Care
Physicians’ Satisfaction With Interoperable Health Information Technology.  JAMA Netw Open.
2024;7(3):e243793. doi:10.1001/jamanetworkopen.2024.3793

54. Harada  T,  Miyagami  T,  Kunitomo  K,  Shimizu  T.  Clinical  Decision  Support  Systems  for
Diagnosis in Primary Care: A Scoping Review.  Int J Environ Res Public Health. 2021;18(16).
doi:10.3390/ijerph18168435

55. Porreca D, Yaraghi N. The Impact of Population Health Analytics on Health Care Quality and
Efficacy  Among  CPC+  Participants.  Milbank  Memorial  Fund;  2022.
https://www.milbank.org/wp-content/uploads/2022/10/WNY_Report2.pdf

56. López-Martínez F, Núñez-Valdez ER, García-Díaz V, Bursac Z. A Case Study for a Big Data and
Machine  Learning  Platform  to  Improve  Medical  Decision  Support  in  Population  Health
Management. Algorithms. 2020;13(4). doi:10.3390/a13040102

57. Sheikh A, Anderson M, Albala S, et al. Health information technology and digital innovation for
national  learning  health  and  care  systems.  Lancet  Digit  Health.  2021;3(6):e383-e396.
doi:10.1016/S2589-7500(21)00005-4

58. Tierney Aaron A., Gayre Gregg, Hoberman Brian, et al. Ambient Artificial Intelligence Scribes
to  Alleviate  the  Burden  of  Clinical  Documentation.  NEJM  Catal.  5(3):CAT.23.0404.
doi:10.1056/CAT.23.0404

59. Bhasker S, Bruce D, Lamb J, Stein G. Tackling healthcare’s biggest burdens with generative AI.
McKinsey  &  Company.  Published  July  10,  2023.  Accessed  April  25,  2024.
https://www.mckinsey.com/industries/healthcare/our-insights/tackling-healthcares-biggest-
burdens-with-generative-ai

60. Walker J, Leveille S, Bell S, et al. OpenNotes After 7 Years: Patient Experiences With Ongoing
Access  to  Their  Clinicians’ Outpatient  Visit  Notes.  J  Med Internet  Res.  2019;21(5):e13876.
doi:10.2196/13876

Powered by TCPDF (www.tcpdf.org)

https://preprints.jmir.org/preprint/60081 [unpublished, non-peer-reviewed preprint]

http://www.tcpdf.org

	Table of Contents
	Original Manuscript

