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ABSTRACT
A growing number of aging adults are living with multiple 
chronic conditions (MCC). Older adults living with MCC are 
predisposed to developing frailty, a state of decreased physi-
ologic reserve that increases risk for geriatric syndromes and 
associated morbidity and mortality. The electronic frailty 
index (eFI) is computed passively using structured EHR data 
and can aid in prospective screening. Unfortunately, certain 
diagnoses, such as functional status assessments in unstruc-
tured documentation, are less likely captured by eFI, poten-
tially underestimating the degree of frailty. Here, we discuss 
current gaps for using eFI to identify frail older adults liv-
ing with MCC, and artificial intelligence (AI) approaches to 
enhance eFI accuracy. Accurate and routine frailty assess-
ment can aid the generalist providing care to older adults 
living with MCC across multiple care settings to optimize 
physiologic reserve for these vulnerable patients.
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THE POPULATION OF OLDER ADULTS LIVING WITH 
MULTIPLE CHRONIC CONDITIONS IS GROWING

A growing number of aging adults are living with multiple 
chronic conditions (MCC), defined as the co-occurrence of 
two or more chronic physical or mental health conditions. 
The prevalence of people living with MCC is estimated to 
be 55–98% in adults age 65 and older.1 Older persons liv-
ing with MCC often receive fragmented healthcare services 
across multiple care settings and institutions, and have worse 
outcomes. In addition, adults living with MCC account for 
a disproportionate share of healthcare utilization, including 
70% of hospitalizations and 71% of all healthcare spend-
ing.2 Transforming care for patients living with MCC is a 
high-level priority for both patients and payors. As US hos-
pitals increasingly care for a growing population of older 
adults living with MCC, it is imperative that health systems 

develop strategies to prospectively identify high-risk patients 
to improve patient-centered care and prevent adverse health 
outcomes.

OLDER ADULTS LIVING WITH MCC ARE AT 
INCREASED RISK FOR DEVELOPING FRAILTY AND 

POOR HEALTH OUTCOMES
Frailty can be defined as a state of decreased physiologic 
reserve that develops as biological deficits accumulate with 
age and assessed on a spectrum from fit to severely frail.3 
Frailty often coexists with chronic diseases, with odds for 
frailty increasing in proportion to the number of condi-
tions.4–6 Older adults with frailty are at higher risk for poor 
health outcomes including increased healthcare utilization, 
disability, long-term institutionalization, and mortality.7 In 
addition, frail older adults are at risk of developing geriat-
ric syndromes, or clinical conditions common among older 
adults that do not fit into discrete organ-based disease cat-
egories (e.g., delirium, dementia, falls), which can, in turn, 
worsen frailty (Fig. 1).8 Geriatric syndromes are highly prev-
alent (Table 1), tend to co-occur, and are often under-rec-
ognized. Studies have suggested that hospital clinicians do 
not document geriatric syndromes in 33 to 95% of cases.9–11 
Even when recognized, they are not reliably communicated 
using structured documentation tools such as the EHR’s 
problem list.

STRATEGIES TO SCREEN OLDER ADULTS 
LIVING WITH MCC FOR FRAILTY AND EARLIER 

INTERVENTION
Because frailty denotes vulnerability in older adults with 
MCC and is associated with a high burden of other geriat-
ric syndromes (e.g., falls, functional decline), prospective 
screening for frailty has potential for earlier intervention to 
increase physiologic reserve, mitigate stressors, and decrease 
morbidity.12 In fact, in August 2024, the Centers for Medi-
care & Medicaid Services included a new Age-Friendly 
Hospital Measure as part of the Hospital Inpatient Quality 
Reporting (IQR) Program. Beginning in 2025, hospitals that 
participate in the IQR Program will be required to report 
whether they implement frailty screening and intervention, 
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Figure 1  Older adults with multiple chronic conditions (MCC) are at risk for developing frailty, which increases risk for developing geri-
atric syndromes. Geriatric syndromes, in turn, can drive worsening frailty.

Table 1  Prevalence of Geriatric Syndromes for Older Adult Patients Exposed to Hospital Care by Age-Friendly Health  System33 “M” 
Domain (Mobility, Mentation, Medications, and What Matters)

ADLs, activities of daily living; iADLs, instrumental activities of daily living; OSA, obstructive sleep apnea

Age-Friendly Health Sys-
tems “M” domain

Geriatric syndrome Estimated prevalence

Admission Discharge 3 months 
after dis-
charge

Mobility Functional impairment (ADLs/iADLs) 62.3–70.7%34,35 53.9%35 42.5%34

Mobility impairment 54.6%34 52.7%34

Fear of falling 40.6%34

Fall in 90 days prior to admission 39.2–42%11,35

Fall in hospital 6.4%35

Incontinence (bladder or bowel) 37–44%34,35 35.3–38.6%11,35

Frailty 27–87%36–41

Sarcopenia 23–24%42

Mentation and Mood Cognitive impairment (e.g., mild cognitive 
impairment or dementia)

20–34.3%11,34,35,43 32.6%35

Delirium 8.2–18.4%11,35,43 3.8%35

Depressive symptoms (including apathy) 57.5%34 29.9%11

Pain 37–40%34 22.3%11

Sleep disturbance (e.g., insomnia, OSA) 40–80%44–46

Hearing impairment
Medications Polypharmacy (≥ 5 medications) 84%47 95%47

What Matters and Other Malnutrition 37–40%34 32.8%11

Fatigue 77.2%34 48.1%34

Dysphagia 22.8–82.4%48–50

Pressure injury 4.9%35 5.7–14.9%11,35

Social isolation
Loneliness 37%51

Caregiver stress
Elder abuse and/or self-neglect
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in addition to four other geriatric domains.13 Developing best 
practices to identify frailty in hospitalized patients, espe-
cially for the growing population of older adults living with 
MCC who are most vulnerable, is now a national priority.

While an in-person comprehensive geriatric assessment 
by a geriatrician is the gold standard for frailty assessment, it 
is resource intensive and may not be feasible in many health 
systems.14,15 The electronic frailty index (eFI) was devel-
oped to be computed passively within the EHR based on the 
deficit accumulation model.16 Typically, eFIs are computed 
using ambulatory and inpatient International Classification 
of Diseases (ICD-10) codes, certain measures (e.g., dura-
ble medical equipment [DME] codes), and other conditions 
(e.g., conditions from the EHR problem list) that are dis-
tributed across age-associated deficits related to function, 
cognition, vision, and hearing.16

Various institutions have developed and validated eFIs 
which have consistently demonstrated modest accuracy. 
The US Department of Veterans Affairs (VA) system devel-
oped a 31-item FI (VA-FI) that was validated in over three 
million veterans, with a 3-year area under the curve (AUC) 
of 0.70 for mortality and 0.71 for institutionalization.17,18 
The 36-item eFI developed and implemented in the English 
National Health Service (NHS) reported AUC of 0.70 to 
0.75 for mortality, emergency hospitalization, and nursing 
home admission.19 Atrium Health-Wake Forest Baptist eFI 
also incorporates functional assessments from Medicare 
Annual Wellness Visits and has an AUC of 0.72 to 0.75 
for 1-year mortality, injurious falls, and hospitalization.20 
In short, eFIs can identify frail adults who may benefit from 
comprehensive geriatric assessment, changes to routine 
clinical care such as liberal glycemic targets,21 and targeted 
resources to increase physiologic reserve via physical activ-
ity and other interventions.22

GAPS AND LIMITATIONS FOR USING EFI
While eFI holds promise for aiding clinicians in prospective 
screening, it has limitations. First, it relies strictly on struc-
tured data, such as ambulatory and inpatient ICD-10 codes 
associated with an encounter or conditions listed on the EHR 
problem list, which are often discrepant with one another.23 
Another limitation is suboptimal EHR interoperability across 
different health systems, which is primarily driven by health 
data privacy policy. For example, if a patient is hospitalized 
out of state and receives a new diagnosis, this may not be 
reliably added or imported to the problem list at their home 
institution. In addition, many important functional deficits 
are strikingly absent from ambulatory and inpatient problem 
lists.24 These problems may not be documented for a variety 
of reasons: such problems represent undifferentiated clinical 
signs and symptoms (e.g., debility, fatigue); clinicians may 
not be trained to readily diagnose certain conditions (e.g., 
dementia); or clinicians feel these problems are another team 

member’s responsibility (e.g., imbalance recognized by a 
physical therapist). While frequently not well captured as 
structured data, such functional deficits are typically pro-
nounced during acute illness and hospitalization, associated 
with adverse outcomes, and are often well documented in 
physical therapy and case management notes.

NOVEL STRATEGIES USING ARTIFICIAL 
INTELLIGENCE (AI) TO IMPROVE FRAILTY 

SCREENING
Many studies have suggested the value in analyzing unstruc-
tured data using natural language processing (NLP), a subset 
of AI that focuses on the interaction between humans and 
computers through language, to improve detection of geri-
atric syndromes that often occur, particularly in later stages 
of frailty.25 Indeed, emerging research has underscored 
the potential for generating insights from unstructured 
clinical documentation to improve detection of vulnerable 
older adults. In one study, Chen et al. identified a range of 
geriatric syndromes in vulnerable older adults by applying 
novel NLP methods to unstructured free text in EHRs.26 In 
another study, when unstructured EHR notes were examined 
using NLP, identification of geriatric syndromes increased 
substantially: falls were identified 3.2 times as often, mal-
nutrition 18 times, and lack of social support 456 times.25 
In clinical practice, this may correspond to documentation 
of terms or phrases such as “muscle wasting” or “has been 
losing weight without trying” in free text portions of notes 
by a member of the care team but the relevant diagnosis, 
“protein-calorie malnutrition,” is not captured. This typi-
cally happens for one of two reasons: the EHR’s problem list 
was not updated, or the corresponding ICD-10 code was not 
added to the encounter because it was not identified during 
the billing and coding process.

 While the experience using NLP for identifying relevant 
diagnoses to include in eFI calculation is encouraging, the 
requirement for large and well-labeled datasets has likely 
limited scalability for clinical practice. The rapid adoption 
of generative AI, a subset of AI that focuses on creating 
new content using large language models (LLMs), has much 
potential to improve the performance of eFI by overcom-
ing these obstacles. Because LLMs are pre-trained on large 
amounts of text data to generate human-like language, they 
can significantly enhance the automation of the labeling 
process, which should decrease administrative burden con-
siderably. Specifically, prompting and fine-tuning LLMs to 
extract clinically pertinent diagnoses (i.e., that map to the 
cumulative deficit model) from unstructured clinical docu-
mentation could facilitate more accurate eFI calculation and 
earlier intervention, potentially improving the quality and 
safety of care for frail older adults. For example, LLMs could 
identify functional deficits and social elements that are typi-
cally missing from encounter diagnoses or problem lists but 
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are often present in physical therapy, occupational therapy, 
nursing, case management, and other notes written by ancil-
lary and consult services. In a future state when LLMs are 
integrated into the EHR, important assessments and obser-
vations from the interprofessional team can be incorporated 
automatically into the eFI to more efficiently and seamlessly 
characterize the degree of frailty in older adults living with 
MCC.

In summary, we believe that approaches from AI will 
improve the performance of eFI, potentially improving 
care for frail older adults. As clinicians, researchers, and 
hospitals adopt eFI screening for older adults living with 
MCC during hospitalization, they should understand current 
limitations, and collaborate with health system leadership 
to consider strategies for using AI to improve eFI accuracy. 
Innovative approaches that leverage generative AI should 
allow for more personalized, high-quality clinical care via 
the provision of the right resources to the right patients as 
underscored in the clinical case below. Doing so will address 
the burden of adverse health outcomes in this vulnerable 
population of patients, both during hospitalization and after 
discharge.11,27–32

CLINICAL CASE UTILIZING LLM‑ENHANCED EFI 
SCREENING

A hospitalist admits a community-dwelling 85-year-old 
female with history of hypertension, hypothyroidism, 
depression, and chronic obstructive pulmonary disease for 
community-acquired pneumonia. During hospitalization, the 
eFI is reported as 0.17 (pre-frail) based on the presence of 
ICD-10 codes for hypertension, thyroid disease, lung dis-
ease, and mood disorder. By prompting EHR-embedded 
LLMs on nursing and physical therapy notes, additional 
codes are identified for arthritis, urinary incontinence, gait 
abnormality, and hearing impairment, increasing the eFI to 
0.31 (moderately frail). The patient receives additional case 
management resources, identifying previously unmet needs 
including inpatient nutrition consultation, home physical 
therapy referral, durable medical equipment, and geriatrics 
clinic referral, with the goal of reducing future morbidity. 
In addition, the clinician is alerted to important geriatric 
assessments performed by the interprofessional team without 
additional documentation burden.
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