
The Journal of Frailty & Aging 14 (2025) 100053 

Contents lists available at ScienceDirect 

The Journal of Frailty & Aging 

journal homepage: www.elsevier.com/locate/tjfa 

Original Research 

A retrospective cohort study on the relationship between frailty and 

healthcare outcomes 

Jinmyoung Cho 

a , ∗ , Joanne Salas b , Jeffery F. Scherrer a , b , c , George Grossberg 

c 

a Department of Family and Community Medicine, Saint Louis University School of Medicine, St. Louis, MO, USA 
b AHEAD Institute, Saint Louis University, St. Louis, MO, USA 
c Department of Psychiatry and Behavioral Neuroscience, Saint Louis University School of Medicine, St. Louis, MO, USA 

a r t i c l e i n f o 

Keywords: 

Frailty 

Older patients 

Healthcare services 

a b s t r a c t 

Background: Frailty increases vulnerability for adverse outcomes in older adults. Characterizing the prevalence 

and distribution of frailty can help guide healthcare service decision-making and policy. 

Objectives: This study evaluated the association between frailty and healthcare utilization and interactions by 

demographic characteristics. 

Design: Using electronic health records (2018–2022), we conducted a retrospective cohort study with 355,266 

patients ≥ 65 years of age who had ≥ 2 ambulatory office visits in separate years in the 4-year baseline period 

(2018–2021). The Gilbert Frailty Index (GFI) was calculated (low vs. intermediate vs. high) using ICD-10 codes. 

One-year utilization outcomes in 2022 included high outpatient clinic utilizations (OCU), inpatient (IP), emer- 

gency department (ED), and nursing home (NH) admissions. Fully adjusted log-binomial regression models were 

calculated overall and by race (White vs. Black), age groups, and gender. 

Results: The sample was 74.5( ± 7.5) years of age, 57.7 % female, 89.2 % White, and 13.5 % categorized as GFI 

high. After adjustment for covariates, GFI high had the highest risk for all outcomes (RR = 3.31 for IP; 2.77 for 

ED; 4.26 for NH; 1.60 for high OCU). We observed significant interactions by race, gender, and age for some 

outcomes. Effects of GFI high vs. low were larger for White (IP, ED, & high OCU), female patients (ED & high 

OCU), and younger patients (IP). Conversely, the effects of GFI high vs. low were strongest in older patients for 

ED, IP and high OCU. 

Conclusions: Monitoring frailty and paying attention to patient’s demographic characteristics is needed to best 

estimate associations between frailty and healthcare utilization. 

1

 

i  

a  

i  

o  

a  

m  

w

 

r  

T  

i  

l  

S

a  

a  

b  

e  

d  

t

 

u  

[  

m  

t  

t  

C  

t  

i  

h

R

2

(

. Introduction 

Frailty is defined as “the state of increased vulnerability ”[ 1–3 ] result-

ng from a decline in physiological capacity in multiple organ systems

s individuals age [ 4–6 ]. The growing aging population has led to a rise

n the prevalence of frailty among older adults [ 7 , 8 ]. Frail older adults

ften require significant attention from healthcare systems. Frailty is

ssociated with increased mortality, greater multimorbidity, increased

edication use, and a higher risk for hospitalization [ 9–13 ], all of which

ould contribute to elevated healthcare costs [ 14 ]. 

Due to its significant concern for the healthcare of older adults, prior

esearch has developed various tools and instruments to assess frailty.

wo models have been well-established: frailty phenotype and frailty

ndex. The former focuses on physical signs and symptoms, while the

atter quantifies frailty based on the accumulation of deficits relevant to
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ge-related changes in physical, cognitive, mental, and functional health

nd diseases [ 4 , 15–17 ]. Although more than 65 frailty assessments have

een developed based on these two approaches, most rely on in-person

valuations or patient-reported functional measurements [ 18 , 19 ]. This

ependency poses challenges in direct clinical care settings and limits

heir applicability at the population level. 

While frailty becomes an increasingly critical factor for medication

se, health outcomes, and healthcare utilization among older adults

 17 ], a systematic approach to assessing frailty is needed for imple-

enting targeted interventions and care planning, particularly for pa-

ients likely to become high healthcare utilizers [ 20 ]. Using administra-

ive data from health insurance claims, a number of studies used the

laims-based Frailty Index (CFI) to examine the treatment effects of in-

erventions among frail patients in clinical trials [ 21 ]. Although the CFI

s considered a simple tool for assessing frailty, it still requires man-
ouis University School of Medicine, 1008 S. Spring, SLUCare Academic Pavilion, 
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Table 1 

Sample characteristics and outcomes of patients ≥ 65 years old 

( n = 355,266). 

Characteristics N ( %) or Mean( ± sd) 

Demographics 

Age, mean( ± sd) 74.5 ( ± 7.5) 

Age category 

65–74 204,737 (57.6 %) 

75–84 108,831 (30.6 %) 

≥ 85 41,698 (11.7 %) 

Female gender 204,982 (57.7 %) 

Race 

White 316,757 (89.2 %) 

Black 31,547 (8.9 %) 

Other 6962 (1.9 %) 

Gilbert Frailty Index (GFI) (2018–2021) 

GFI, mean( ± sd) 7.1 ( ± 8.1) 

GFI group 

Low 186,582 (52.5 %) 

Intermediate 120,339 (33.9 %) 

High 48,345 (13.6 %) 

Outcomes in 2022 

Any inpatient (IP) admission 30,554 (8.6 %) 

Any emergency (ED) admission 48,466 (13.6 %) 

Nursing home (NH) admission 11,819 (3.3 %) 

High Outpatient clinic utilization (OCU) 141,233 (39.7 %) 

Other covariates (2018–2021) 

Smoking 75,779 (21.3 %) 

Number of medication classes RX, mean( ± sd) 5.7 ( ± 4.0) 
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al assessment, which is time consuming and creates potential errors

 22 ]. 

Recently, Gilbert et al. developed the Frailty Index (GFI) score with

CD-9/10 codes to identify older patients at risk of adverse healthcare

utcomes. The GFI includes 109 diagnostic items, and each has differ-

nt weights based on associations with comorbidities, functional limi-

ations, cognitive decline, and geriatric syndromes, resulting in a com-

osite index ranging from 0 to 173.2 [ 23 ]. The GFI is advantageous

ecause it can be easily incorporated into hospital information systems

herever the coding system is available, removing the burdens of man-

al scoring methods [ 22 ]. Due to these benefits, the GFI has been vali-

ated across various patient populations [ 24–30 ]. While the GFI was ini-

ially developed for use in hospitalized older patients, it can be applied

o broader clinical settings with ICD-9/10 codes. Several recent stud-

es have demonstrated its potential as a pragmatic tool for identifying

railty risk outside acute settings [ 26 , 27 ]. Given the growing emphasis

n preventive care, applying GFI with ICD-9/10 codes to general older

atients may be beneficial to detect early-stage of frailty before hospi-

alization occurs. Therefore, this study extends prior validation efforts

o apply the GFI to older patients who are regularly engaged with am-

ulatory care. Furthermore, the impact of demographic characteristics

e.g., gender, race-ethnicity, advanced age group) on the GFI has not

een explored yet, despite evidence showing significant racial-ethnic

ariations in frailty using phenotype or accumulation deficits models

 31 , 32 ]. For instance, a study using a nationally representative profile

ound that the prevalence of frailty was estimated with 22.9 % for Black

ndividuals and 24.6 % for Hispanic individuals, compared to less than

4 % for White or other racial-ethnic groups [ 33 ]. Additionally, direct

ssociations between the GFI and hospital service utilization among pa-

ients from acute care settings have not been sufficiently studied. There-

ore, the purpose of this work is to evaluate the association between the

FI and healthcare utilization as well as to assess how this association

s moderated by demographic characteristics (i.e., age groups, gender,

nd race). 

. Methods 

De-identified medical record data from a local healthcare system’s

irtual Data Warehouse (VDW) from calendar years 2018 to 2022 were

sed in this retrospective cohort analysis. The local healthcare system is

 member site of the Health Care Systems Research Network (HCSRN)

 www.hcsrn.org ). Data used to create variables in the current study in-

luded ICD-10-CM diagnostic codes, Current Procedural Terminology

odes (CPT), pharmacy orders/prescriptions, clinic or encounter type,

nd demographics. The VDW additionally includes vital signs, labora-

ory results, provider type, social history-related information (e.g. to-

acco use), and referral data. From 2018 to 2022, the VDW includes

ver 3.25 million patients from birth to > 90 years of age who have uti-

ized any type of healthcare service in the healthcare system. Utilization

ncludes a wide range of encounter types (e.g., outpatient or ambulatory

isits, inpatient stays, same-day surgeries, primary care or specialist of-

ce visits, virtual encounters, lab or procedure only visits, etc.) with all

reviously mentioned data recorded at each visit. The VDW includes

edical record data from academic and non-academic ambulatory and

npatient clinical encounters in the local healthcare system, which cov-

rs rural and urban locations from the Midwest, specifically St Louis,

O metropolitan area, mid-Missouri, southern Illinois, Oklahoma City

etropolitan area, and southern Wisconsin. The local Institutional Re-

iew Board reviewed our research using the VDW as exempt. Additional

etails regarding the VDW have been published [ 34–36 ]. 

.1. Eligibility 

This retrospective cohort analysis defined a baseline period, 2018

o 2021, where the main exposure and all covariates were measured.
2

he index date was 1/1/2022, and all patients had a one-year follow-

p period in 2022 to measure outcomes. Patients must have been at

east 65 years old at index and had at least two ambulatory office visits,

ccurring in separate calendar years, in the baseline period to identify

egular users of the health care system. Ambulatory clinic visits used in

ligibility could be any ambulatory visit to primary care physicians or

pecialists, but those related to emergency department encounters, or

ame-day surgeries were not counted towards eligibility. Patients were

xcluded if they were admitted or living in a nursing home at the start

f 2022. The final analytic sample included 355,266 patients after re-

oving patients with missing gender ( n = 5) or missing race ( n = 6562)

See Supplement Figure 1). 

.2. Exposure 

The primary exposure variable was the Gilbert Frailty Index (GFI),

easured in the 4-year baseline period. The GFI is a validated hospi-

al frailty risk score derived from the presence of ICD-10 diagnostic

odes documented during any type of healthcare encounter in electronic

ealth records. It includes 109 diagnostic items, each assigned a weight

ased on its statistical association with frailty-related outcomes, such

s dementia, falls, urinary incontinence, and functional impairments.

hese conditions are assigned weights established by Gilbert et al. and

ummed to generate a total score, where a higher total score indicates

igher frailty risk [ 23 ]. Per published cutoffs, the GFI score was catego-

ized into low risk ( < 5), intermediate risk (5–15), and high risk ( > 15).

upplement Table 1 contains a general description of the GFI and Sup-

lement Table 2 lists each condition and its assigned point value. 

.3. Outcomes 

Healthcare utilization outcomes, measured in 2022, included any in-

atient admission (IP, yes or no), an emergency department admission

ED, yes or no), indication of nursing home admission or stay (NH, yes or

o), and high ambulatory office outpatient utilization (OCU, yes or no).

P admissions were indicated by encounter types for inpatient stays; sim-

larly, ED admissions were indicated by encounter types for emergency

epartment visits. High OCU was defined as at least four unique am-

ulatory, outpatient clinic encounters in the outcome year. This cutoff

http://www.hcsrn.org
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Table 2 

Covariates and outcomes by GFI group ( n = 355,266). 

Low ( n = 186,582) Intermediate ( n = 120,339) High ( n = 48,345) p-value 

Covariates 

Age category < 0.0001 

65–74 117,914 (63.2) 67,519 (56.1) 19,304 (39.9) 

75–84 52,613 (28.2) 38,485 (32.0) 17,733 (36.7) 

≥ 85 16,055 (8.6) 14,335 (11.9) 11,308 (23.4) 

Female gender 103,905 (55.7) 70,883 (58.9) 30,194 (62.5) < 0.0001 

Race < 0.0001 

White 168,971 (90.6) 106,442 (88.4) 41,344 (85.5) 

Black 13,859 (7.4) 11,515 (9.6) 6173 (12.8) 

Other 3752 (2.0) 2382 (2.0) 828 (1.7) 

Smoking 30,234 (16.2) 30,436 (25.3) 15,109 (31.3) < 0.0001 

Number of medication classes, mean( ± sd) 3.6 ( ± 3.3) 7.3 ( ± 3.4) 9.7 ( ± 2.8) < 0.0001 

Outcomes in 2022 

Any IP admission 8339 (4.5) 12,399 (10.3) 9816 (20.3) < 0.0001 

Any ED admission 14,528 (7.8) 20,767 (17.3) 13,171 (27.2) < 0.0001 

NH admission 2402 (1.3) 5233 (4.4) 4184 (8.6) < 0.0001 

High OCU 50,208 (26.9) 63,771 (53.0) 27,254 (56.4) < 0.0001 
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as chosen as it could signify, on average, at least one visit quarterly. Fi-

ally, NH utilization or admission was defined by either: a) an encounter

ype of institutional stay in a nursing home; b) CPT codes 99304–99310,

9315 or 99316; or ICD-10-CM diagnosis code of Z02.2 or Y92.12. 

.4. Covariates 

Based on clinical relevance and previous research demonstrating

heir association with both frailty and healthcare utilization [ 21 , 23 , 37 ],

ovariates included demographics, smoking history, and number of pre-

cription drug classes prescribed. Demographic variables were age at in-

ex (65–74, 75–84, ≥ 85), race (white, black, other), and gender (male,

emale). Prescription drug class and smoking were measured in the 4-

ear baseline period. Smoking or nicotine dependence was measured

y “current smoker ” status in the social history or ICD-10-CM diagnos-

ic code for nicotine dependence (See Supplement Table 1 ). Prescrip-

ion drug class was the count of the number of major drug classification

roups ever prescribed in the baseline period using Medi-Span generic

roduct identifier (e.g., Groups 01–16: Anti-infective agents; 17–20: Bi-

logicals; 21: Antineoplastic agents; 22–30: Endocrine and Metabolic

rugs, etc.; see Supplement Table 1 for major classes of drug classifica-

ion). 

.5. Analytic approach 

All analyses were performed using SAS v9.4 (SAS Institute, Cary,

C). Means ( ± standard deviation) and frequencies and percents sum-

arized all study variables. The distribution of covariates and outcomes

ere compared between the three GFI groups using chi-square tests for

ategorical variables and a crude, negative binomial model for number

f prescription classes. Crude and adjusted log-binomial models esti-

ated the relative risk (RR) and 95 % confidence interval (CI) for the

elationship of GFI group and each healthcare utilization outcome. Over-

ll, adjusted models controlled for age, race, gender, smoking, and num-

er of medication classes prescribed. Adjusted models were then strati-

ed by White vs. Black race, gender (male vs. female) and age category.

n interaction term of each of these characteristics and GFI in overall

djusted models assessed whether RR’s were different between strata. 

. Results 

.1. Characteristics of the analytic samples 

Overall cohort characteristics are shown in Table 1 . Patients were,

n average, 74.5( ± 7.5) years of age, 57.7 % were female, 89.2 % were

hite and 8.9 % were Black race. Mean GFI score was 7.1( ± 8.1) with
3

bout half of patients with GFI low (52.5 %), one-third (33.9 %) inter-

ediate, and 13.6 % with high. About one in five patients were smokers

21.3 %). In 2022, 8.6 % of the sample had an IP admission, 13.6 % had

n ED admission, 3.3 % had a NH admission and 39.7 % had high OCU.

able 2 shows the relationship of GFI group with covariates and out-

omes. A greater proportion of GFI high patients compared to lower risk

roups were at least 85 years old, female, black and smokers. Similarly,

ach healthcare outcome was more prevalent as GFI risk increased. 

.2. Associations between healthcare outcomes and GFI 

Table 3 shows crude and adjusted models for the relationship of

ach outcome with GFI. In adjusted models, compared to patients

ith GFI low, patients with GFI intermediate had approximately dou-

le the risk of IP (RR = 1.95; 95 %CI = 1.89–2.01) or ED admissions

RR = 1.93; 95 %CI = 1.89–1.98). This risk increased when comparing

igh to low patients for IP (RR = 3.31; 95 %CI = 3.19–3.43) and ED admis-

ions (RR = 2.77; 95 %CI = 2.69–2.84). For NH admissions, GFI interme-

iate and high compared to GFI low had a 2.65 and 4.26, respectively,

ncreased risk of admission. Finally, GFI intermediate and high com-

ared to GFI low showed similar risks of high OCU (RR = 1.60 and 1.63,

espectively). 

.3. Demographic characteristics, GFI risks, and healthcare utilization 

utcomes 

Fig. 1a shows age, gender, and White vs. Black race stratified re-

ults for IP admissions. Results showed that race and age modified the

ssociation of GFI and IP admission but gender did not. For both GFI

ntermediate and GFI high vs. GFI low, effects were larger for White vs.

lack patients (RR = 2.01 vs. 1.55 and RR = 3.45 vs. 2.42, respectively).

FI intermediate vs. GFI low had similar effects for all age groups; how-

ver, the effect of GFI high vs. GFI low in age groups < 85 were stronger

arger than ≥ 85 years old (RR = 3.71 and 3.32 vs. 2.44). 

Fig. 1b shows stratified results for ED admissions. Race, gender,

nd age all modified the association of GFI and ED admission. Among

hite patients, GFI intermediate and GFI high, compared to GFI low

ere associated with approximately double and triple the likelihood

f ED admissions, respectively (RR = 1.97 and RR = 2.88, respectively).

owever, these effects were smaller among Black patients (RR for GFI

ntermediate = 1.58; RR for GFI high = 1.96). Among females, GFI high

s. GFI low was associated with a 2.89 increased risk of ED admissions,

hile among males, GFI high vs. GFI low was associated with 2.60 times

he risk of ED admissions. Finally, for age, GFI high vs. GFI low effects

ere similar in each age group, but effects were larger as age increased
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Table 3 

IP, ED, and NH admission and high OCU outcomes before and after controlling for confounding. Results from log- 

binomial models, relative risk (95 % CI) ( n = 355,266) a . 

Outcome GFI Low RR (95 % CI) GFI Intermediate RR (95 % CI) GFI High RR (95 % CI) 

IP admission 

Crude 1.00 2.31 (2.24–2.37) 4.54 (4.42–4.67) 

Adjusted 1.00 1.95 (1.89–2.01) 3.31 (3.19–3.43) 

ED admission 

Crude 1.00 2.22 (2.17–2.26) 3.50 (3.42–3.57) 

Adjusted 1.00 1.93 (1.89–1.98) 2.77 (2.69–2.84) 

NH admission 

Crude 1.00 3.38 (3.22–3.54) 6.72 (6.40–7.06) 

Adjusted 1.00 2.65 (2.51–2.80) 4.26 (3.99–4.56) 

High OCU 

Crude 1.00 1.97 (1.95–1.99) 2.10 (2.07–2.12) 

Adjusted 1.00 1.63 (1.631–1.65) 1.60 (1.58–1.62) 

Note: RR = relative risk; CI = confidence interval; GFI = Gilbert Frailty Index; IP = Inpatient; ED = Emergency 

Department; NH = Nursing Home; OCU = Outpatient Clinic Utilization. 
a Fully adjusted models include age, gender, race, smoking, and number of medication classes. 

Figure 1a. Adjusted Relative risk (95 % CI) of the relationship of Gilbert Frailty Index (GFI) and Inpatient Admissions. 
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or GFI intermediate vs. GFI low (RR = 1.80 for 65–74 years; RR = 2.02

or 75–84 years; RR = 2.23 for ≥ 85 years). 

Fig. 1c shows that only age modified the relationship of GFI and NH

dmissions. Among the oldest age group ( ≥ 85 years), GFI intermediate

s. GFI low was associated with over three times the likelihood of NH

dmissions (RR = 3.16) compared to about twice the risk in patients in

he youngest age group (RR = 2.28). 

Finally, Fig. 1d shows that race, gender and age all modified the

elationship of GFI and high OCU. White vs. Black patients showed a

arger effect for both GFI intermediate (RR = 1.64 vs. 1.50) and GFI high

RR = 1.63 vs. 1.39) vs. GFI low. Female vs. male patients showed a sim-

lar pattern comparing GFI intermediate (RR = 1.69 vs. 1.56) and GFI

igh (RR = 1.69 vs. 1.48) vs. GFI low. Finally, patients in the two old age

roups (75–84, ≥ 85) had similar effects of GFI intermediate and high

n high OCU; however, patients who were 65–74 had slightly smaller

ffects. 
4

. Discussion 

Applying a recently developed frailty index score, the GFI, this

tudy examined the association between hospital frailty index score

nd healthcare utilization, as well as interactions of these outcomes

ith demographic characteristics such as age group, race, and gen-

er, among older patients with regular ambulatory office visits. Ad-

usted models showed patients with a high GFI score had the highest

isk for all healthcare utilization outcomes. Significant interactions were

bserved between age group, race, and gender in the association be-

ween GFI risk levels and each outcome. White participants categorized

s GFI high consistently showed a higher risk for all healthcare utiliza-

ion outcomes compared to their Black counterparts with GFI interme-

iate or low. Female patients with GFI high were more likely to expe-

ience ED admissions and high OCU compared to male patients with

FI intermediate or GFI low. Patients aged 85 and older with GFI high
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Figure 1b. Adjusted Relative risk (95 % CI) of the relationship of Gilbert Frailty Index (GFI) and Emergency Department Admissions. 

Figure 1c. Adjusted Relative risk (95 % CI) of the relationship of Gilbert Frailty Index (GFI) and Nursing Home Admissions. 
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r intermediate were at the greatest risk for high OCU, as well as ED

nd NH admissions, compared to those with GFI low. Interestingly, pa-

ients aged 65 to 74 with a high GFI score showed the highest risk of

P admissions compared to older age groups with GFI intermediate or
ow. d  

5

Several aspects of our findings are noteworthy. First, this study ex-

ends prior studies on racial variation in frailty. Black older patients

ad the highest odds of GFI high is consistent with earlier studies us-

ng various frailty assessment tools (e.g., phenotype, accumulation of

eficits) [ 31 , 33 , 38 ]. However, we identified a paradox. Adjusted models
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Figure 1d. Adjusted Relative risk (95 % CI) of the relationship of Gilbert Frailty Index (GFI) and High Outpatient Clinic Utilization (OCU). 
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howed that Black older patients with GFI high had significantly lower

dds of healthcare service utilization compared to White patients with

he same GFI high. Possible explanations for this discrepancy include

ifferences in socioeconomic status and access to healthcare services,

ncluding preventive care. According to the Cumulative Advantage-

isadvantage (CAD) theory, social and structural forces contribute to

ealth inequalities, which could explain the cumulative disadvantage

elated to healthcare access [ 39 , 40 ]. Lifetime perceived discrimination

nd distrust of healthcare system may also act as a barrier to health-

are access, leading lower rates of screening or preventive care services.

hese findings highlight the need to improve access to medical care for

ulnerable patient populations and reduce disparities in providing better

are. 

Second, an important takeaway of this finding is that age alone may

ot drive increased healthcare services. Substantial studies have shown

hat age is a key factor in the progression of frailty and the corresponding

eed for healthcare services. However, we found that younger patients

aged 65 to 74) with high GFI showed the highest odds of IP admis-

ions (RR = 3.71; CI = 3.53–3.90), compared to older patients (RR = 3.32;

I = 3.13–3.53 for ages 75 to 84, and RR = 2.44; CI = 2.24–2.67 for ages

5 + ). Several mechanisms may explain this finding. First, a survivor ef-

ect may exist in the oldest patient group aged 85 years, who might have

een in better physical conditions and privileged socioeconomic status

han those who died earlier [ 41 ]. Furthermore, this group of patients

ay have had better access to preventive healthcare services earlier in

heir life. Regular access to preventive healthcare services such as rou-

ine wellness examinations could help identify the need for acute or

rgent care or reduce the risk of adverse outcomes related to chronic

onditions [ 42–44 ], which enable healthcare providers to detect frailty

isk. Ageism or negative age discrimination may be additional explana-

ion as to why older patients were not admitted as frequently. Due to

he patient’s age, older patients, especially over 85 years old, may be

nfairly assessed and undertreated by medical providers [ 45 ]. Clinical

uidelines to distinguish among age-related changes, treatable diseases

nd process of dying should be developed. 
6

Third, the findings underscore the importance of early detection in

railty. The odds of IP admissions decreased with participant age among

hose with GFI high, while the odds of ED and NH admissions and HCU

ncreased with age. Earlier studies have consistently demonstrated that

railty is associated with healthcare services over time, including hospi-

al admissions and long-term care services [ 37 , 46 ]. However, a recent

tudy highlighted several barriers to routine frailty screening and early

etection [ 47 ], such as time constraints in clinical practice, a lack of

nderstanding frailty risk, and the absence of consensus or recommen-

ations on frailty screening in clinical settings. Although the GFI was

eveloped for hospitalized patients, its broader applicability is demon-

trated to our study population (i.e., older patients with regular am-

ulatory visits). This indicates that our findings support the potential

f GFI as a scalable, EHR-integrated tool for risk stratification among

ommunity-dwelling older adults. Improving the recognition of frailty

isk by further validation for non-hospitalized patients and developing

ailored guidelines for early detection could prevent adverse healthcare

utcomes. 

Although the results are significant, some limitations should be con-

idered. First, the common limitations of utilizing medical diagnoses still

xist despite using diagnostic codes for GFI from a real-world setting.

he three categories of GFI were determined by the original developer

 23 ], but these categories may not capture the details from the patient’s

erspective. While the GFI was developed in a hospital setting, its appli-

ation in a broader ambulatory population may limit sensitivity to early

unctional impairments not captured in diagnostic codes. Future studies

hould explore complementary assessments or hybrid tools tailored such

s functional status, complications with multiple chronic conditions, or

ontinuous ongoing care services from the healthcare system in more

etail. Second, compared to other studies on frailty, this study exam-

ned the healthcare service outcomes with a five-year period, offering a

onger perspective. A longitudinal approach, monitoring various factors

elated to mortality or health promotion behaviors (e.g., lifestyle fac-

ors) [ 41 ] could enhance our understanding of frailty trajectories and

heir relationship with healthcare service outcomes. Lastly, the levels of
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FI were identified solely based on the diagnoses from the EHR. If there

re undiagnosed or over-diagnosed conditions on the EHR, this could

ead to misclassifying the GFI, which, in turn, could bias the findings.

upplemental records, such as algorithms that combine both diagnostic

nd supporting information, should be developed to overcome this bias

 48 ]. 

. Conclusion 

The strengths of this study include providing evidence on the pre-

ictive power of the GFI to healthcare service utilization by identify-

ng older patients at increased risk of hospital use. Integrating the GFI,

n EHR-based frailty screening tool, into routine ambulatory care visits

ay enable healthcare providers to proactively identify high-risk pa-

ients and implement early, targeted interventions. Such efforts have

he potential to reduce emergency department admissions and nursing

ome placements. Given the growing diversity and complexity of the

eriatric population, early detection of frailty, a common geriatric syn-

rome, in healthcare settings can be beneficial in reducing adverse out-

omes among older patients from diverse backgrounds. Future efforts

hould prioritize the operationalization of GFI-informed interventions

n real-world clinical settings and evaluate their long-term impact on

utcomes and costs. 
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