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Abstract
BACKGROUND: Frailty is associated with mortality in older adults 
hospitalized with COVID-19, yet few studies have quantified healthcare 
utilization and spending following COVID-19 hospitalization.  
OBJECTIVE: To evaluate whether survival and follow-up healthcare 
utilization and expenditures varied as a function of claims-based frailty 
status for older adults hospitalized with COVID-19.
DESIGN: Retrospective cohort study.
PARTICIPANTS: 136 patients aged 65 and older enrolled in an 
Accountable Care Organization (ACO) risk contract at an academic 
medical center and hospitalized for COVID-19 between March 11, 2020 
– June 3, 2020.
MEASUREMENTS: We linked a COVID-19 Registry with 
administrative claims data to quantify a frailty index and its 
relationship to mortality, healthcare utilization, and expenditures over 
6 months following hospital discharge.  Kaplan Meier curves and Cox 
Proportional Hazards models were used to evaluate survival by frailty.  
Kruskal-Wallis tests were used to compare utilization. A generalized 
linear model with a gamma distribution was used to evaluate differences 
in monthly Medicare expenditures.
RESULTS:  Much of the cohort was classified as moderate to severely 
frail (65.4%), 24.3% mildly frail, and 10.3% robust or pre-frail.  
Overall, 27.2% (n=37) of the cohort died (n=26 during hospitalization, 
n=11 after discharge) and survival did not significantly differ by frailty.  
Among survivors, inpatient hospitalizations during the 6-month follow-
up period varied significantly by frailty (p=0.02).  Mean cost over 
follow-up was $856.37 for the mild and $4914.16 for the moderate to 
severe frailty group, and monthly expenditures increased with higher 
frailty classification (p <.001).  
CONCLUSIONS: In this cohort, claims-based frailty was not 
significantly associated with survival but was associated with follow-up 
hospitalizations and Medicare expenditures.

Key words: Deficit accumulation frailty, healthcare utilization, 
Medicare.

Introduction

The coronavirus SARS-CoV-2 pandemic continues to 
result in millions of confirmed cases of COVID-19.  
Although vaccinations successfully decreased the 

number of older adults hospitalized with COVID-19 in early 
to mid-2021, waning immunity and the rise of new variants in 
recent months has sustained concern regarding hospitalizations 

and mortality risk in this population.   
Many patient characteristics, such as multimorbidity, 

functional status, and frailty influence outcomes for older adults 
hospitalized with COVID-19 (1, 2). Frailty, in particular, has 
been an emphasized area of study for this population (3). This 
is unsurprising, given robust evidence of the role of frailty in 
adverse outcomes among older adults (4). In fact, the National 
Institute for Health and Care Excellence (NICE) in the United 
Kingdom and the Belgian Society of Intensive Care Medicine 
promote the use of frailty assessment in care planning for older 
adults with COVID-19 (5, 6). Growing evidence demonstrates 
increased risk of mortality among older adults hospitalized for 
COVID-19 who are frail, assessed primarily by the Clinical 
Frailty Scale (CFS) (3), which is widely implemented in Europe 
and Canada. Thus, most frailty research in this area has come 
from these two geographic regions with scant evidence coming 
from the US. 

This is likely due, in part, to slow implementation 
of standardized frailty assessment in the US, given lack of 
agreement on which measure to use across clinical settings 
and patient populations (7, 8). Despite this lack of consensus, 
frailty indexes based on the cumulative deficit model of frailty 
in aging have been increasingly used in research to evaluate 
risk of poor outcomes (9). These indices generate a frailty 
estimate as a ratio (0 to 1) using 30-70 different clinical factors 
(signs, symptoms, laboratory values, disabilities, etc.) often 
aligned with measures in comprehensive geriatric assessment.  
Although frailty indexes have been associated with mortality 
in several populations (10, 11), their association with mortality 
and other outcomes for older adults hospitalized with COVID-
19 in the US remains unknown.

The goal of this study was to leverage a claims-based frailty 
index (CFI) to investigate the association between frailty and 
outcomes among a cohort of older adults hospitalized for 
COVID-19 in the US using an existing COVID-19 patient 
registry from an academic medical center linked with 
administrative claims data.  Specifically, we characterize 
demographic, clinical, and hospitalization characteristics of this 
population by frailty status using a validated CFI and examine 
differences in mortality, healthcare utilization, and Medicare 
expenditures post-hospitalization.  
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Methods

Study Sample

We used data from the Massachusetts General Hospital 
(MGH) COVID-19 Data Registry to identify patients aged 
65 years and older who were hospitalized for PCR confirmed 
SARS-CoV-2 between March 11, 2020 – June 3, 2020 (12). 
The registry was developed using coded data extraction from 
the Mass General Brigham Enterprise Data Warehouse and 
manual chart review of electronic health records.  Of the 
1,391 patients in the registry, 549 were aged 65 and older. We 
then identified a subset of older adults who belonged to Mass 
General Brigham Medicare Accountable Care Organization 
(ACO) risk contract, which enabled us to use Medicare claims 
to characterize frailty, utilization, and expenditures.  A total 
of 158 patients were enrolled in the ACO risk contract for at 
least one month in the year prior to their COVID admission.  
To ensure validity of frailty classification, we further excluded 
patients with < 9 months of continuous ACO enrollment in 
the year prior to hospitalization for a final study cohort of 
136 patients (12-months n=122; 10-months n=3; 9-months 
n=11, Appendix Figure 1). Medicare claims were also 
used to examine healthcare utilization and costs following 
hospitalization; patients who died during hospitalization or had 
less than 1 month of ACO alignment were excluded from the 
follow-up utilization and cost analytic cohort (n=96). This study 
received exempt approval from our Institutional Review Board.

Frailty Assessment

We used a CFI algorithm to compute frailty scores for each 
patient using administrative claims in the 12 months prior to 
COVID hospitalization (13). The CFI employs a cumulative 
deficit approach to estimating frailty status using ICD-10 
diagnosis codes, current procedural terminology (CPT) codes, 
and the healthcare common procedure coding system (HCPCS) 
from Medicare administrative data files over a 12 month look 
back period (13, 14). Scores range from 0 to 1, with higher 
scores representing higher levels of frailty.  Open-source code 
for calculating the CFI is available at https://dataverse.harvard.
edu.  Appendix Table 1 provides a listing of administrative code 
categories included in the CFI.  We classified patients as robust/
pre-frail (CFI <0.25), mildly frail (CFI 0.25 to <0.35) and 
moderate to severely frail (CFI ≥0.35) (15).    

Outcomes

Electronic health records identified date of death and date 
of last known follow-up in our health system in the cohort 
for survival analysis.  The time frame for survival analysis 
started at hospital admission and continued for 6 months. 
Medicare claims characterized utilization per member per 
month (PMPM) and expenditures among survivors of the 
COVID-19 hospitalization who remained enrolled in the ACO 
during follow-up.  Utilization characteristics include ED visits 
defined as treat-and-release (i.e., not resulting in an observation 

or inpatient stay) and observation visits that did not result in an 
inpatient admission. Inpatient admissions include all hospital 
stays (Medical, Surgical, and Psychiatric), excluding skilled 
nursing stays and inpatient rehabilitation. Total Medicare 
expenditures (TME) represent the sum of all medical costs 
(excluding prescription drug costs) billed to Medicare each 
month over the 6 months following discharge.     

Demographic and Clinical Characteristics

We describe the following demographic characteristics at 
hospital admission: age, sex, race/ethnicity, residence in a 
nursing home (NH) or assisted living facility (ALF), living 
alone, and being dual eligible for Medicare and Medicaid.  
Healthcare utilization and TME in the year prior to 
COVID hospitalization were characterized using Medicare 
claims. COVID registry data was used to identify clinical 
characteristics (e.g., chronic conditions, vital signs, use of 
supplemental oxygen, and symptoms at hospital admission), 
admission to the intensive care unit, and hospital length of stay.

Analysis

We used descriptive statistics to characterize demographic 
and clinical characteristics for the full sample and by frailty 
status.  Continuous data are presented using means/standard 
deviations and median/interquartile range.  Categorical data 
are presented using proportions. We constructed a Kaplan-
Meier curve to examine survival in the cohort by frailty status.  
We then ran Cox proportional-hazards models to evaluate the 
association between frailty and mortality when adjusted for 
factors independently associated with survival (residing in a 
NH/ALF and being dual eligible).  To evaluate potential bias 
in survival analyses, we compared results to survival analyses 
in the subgroup of patients who had the full 12 months of ACO 
enrollment prior to admission (n=122).

Given the non-normal distribution of data, Kruskal-
Wallis rank sum tests were used to evaluate utilization and a 
generalized linear model with gamma distribution and log-link 
function was used to evaluate differences in monthly Medicare 
expenditures.  All analyses were performed using SAS version 
9.4 (SAS Institute, Inc., Cary, NC).  

Results

Sample Characteristics

Much of the sample was classified as moderate to severely 
frail (65.4%), 24.3% mildly frail, and 10.3% robust or pre-
frail (Table 1). A large proportion of the robust/pre-frail group 
resided in a NH or ALF (42.9%), followed by moderate to 
severely frail (39.3%), and mildly frail (9.1%).  Pre-COVID 
healthcare utilization and expenditures increased progressively 
with higher ordered frailty classification.

At hospital admission, the average body mass index 
was 28.8 kg/m2 and patients presented with a wide array of 
chronic conditions (Appendix Table 2).  The most frequently 
documented chronic conditions at hospital admission were 
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hypertension, dyslipidemia, diabetes, and coronary artery 
disease.  A total of 41.4% of the cohort required supplemental 
oxygen on admission and the most commonly occurring 
symptoms were cough (62.5%), fever (48.5%) and shortness of 
breath (39.7%).  Approximately ¼ of patients were admitted to 
the intensive care unit, a rate that was consistent across frailty 
groups.  

Survival by Frailty Status 

Overall, 26 patients died during hospitalization.  Of the 11 
patients who died after hospital discharge, 9 were classified 
as moderate to severely frail.  Rates of survival were not 

statistically significant between frailty groups (log rank test, 
p=0.21; Figure 1), although the probability of survival was 
lowest among those classified as robust/pre-frail, followed 
by mild frailty and moderate to severe frailty.  Being a NH/
ALF resident was associated with poorer survival (log rank 
test, p=0.003) while being dual eligible was associated with 
better survival (log rank test, p=0.004).  In the adjusted Cox 
proportional-hazards model, frailty remained unassociated 
with survival (Wald χ2=3.8, p=0.15) while NH/ALF residency 
remained strongly associated with poorer survival (Hazard 
Ratio (HR): 3.0 (95% Confidence Interval (CI): 1.5, 6.2)), and 
dual-eligibility with better survival (HR: 0.21 (95% CI: 0.1, 
0.6)).  In sensitivity analyses with patients with 12 months 

Table 1. Demographic and Utilization Characteristics of Overall Sample and by Claims-Based Frailty Classification
 
 

Full Sample
n=136

Robust/Pre-Frail                           
(FI <0.25)

n=14

Mildly Frail                                 
(FI 0.25 to 0.34)

n=33

Moderate to Severely 
Frail (FI ≥0.35)

n=89
Demographic Characteristics  
Age

Mean (SD) 78.9 (7.7) 80.8 (9.0) 76.8 (7.3) 79.4 (7.6)
Median [IQR] 78.7 [72.3, 84.4] 83.2 [70.9, 87.8] 76.0 [72.3, 80.4] 79.0 [72.4, 84.4]
Minimum 65.0 66.6 65.7 65.0
Maximum 98.0 93.6 98.0 97.2
Sex 

Male 65 (47.8) 7 (50.0) 17 (51.5) 41 (46.1)
Female 71 (52.2) 7 (50.0) 16 (48.5) 48 (53.9)
Race/Ethnicity 

White 97 (71.3) 10 (71.4) 21 (63.6) 66 (74.2)
Black 9 (6.6) 1 (7.1) 1 (3.0) 7 (7.9)
Hispanic 16 (11.8) 2 (14.3) 6 (18.2) 8 (9.0)
Asian 8 (5.9) 1 (7.1) 4 (12.1) 3 (3.4)
Other 6 (4.4) 0 (0) 1 (3.0) 5 (5.6)
Nursing Home or Assisted Living Facility 

Resident* 44 (32.4) 6 (42.9) 3 (9.1) 35 (39.3)
Lives Alone 35 (25.7) 2 (28.6) 6 (18.2) 25 (28.1)
Dual Eligible 37 (27.2) 5 (35.7) 6 (18.2) 26 (29.2)
Pre-COVID Utilization (Per Member Per Month) 
Emergency Department

Visits (min, max) 0, 0.75 0, 0 0, 0.17 0, 0.75
Observation Unit 

Visits (min, max) 0, 0.67 0, 0 0, 0.11 0, 0.67
Inpatient Stays

Visits (min, max) 0, 0.67 0, 0 0, 0.42 0, 0.67
Days (min, max) 0, 13.1 0, 0 0, 2.3 0, 13.1
Total Medicare Expenditures in Year Prior to COVID Hospitalization (US $)

Min 0 0 14.59 44.37
Max 21,400.43 233.06 6,533.44 21,400.43
Mean 2,970.73 (4,264.61) 38.41 (78.19) 890.97 (1,351.74) 4,203.15 (4,765.39)
*Chi-Square X2=10.8, p=0.004
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of ACO enrollment, frailty was significantly associated with 
survival (log rank test, p=0.02; Appendix Figure 2), due to 
high mortality during hospitalization (n=5, 62.5%) in a smaller 
robust/pre-frail group (n=8).

a. 26 patients died during hospitalization; 11 patients died after hospital discharge during 
the 6-month follow-up.

Healthcare Utilization and Expenditures

Healthcare utilization and TME varied over the 6 months 
following COVID hospital discharge between frailty groups 
(Appendix Table 3).  Inpatient stays were significantly higher 
among the moderate to severely frail (χ2=7.48, p=0.02).  Mean 
TME PMPM for the entire 6-month period among survivors 
was $4,116.22. Although monthly TME were highest for the 
moderate to severely frail group, expenditures among the 
mild frailty group declined over time with no billed costs 
among the robust/pre-frail (Figure 2).  Differences in monthly 
expenditures between frailty groups were statistically 
significant (F-value=292.3, p <.0001; Appendix Table 4).   For 
the robust/pre-frail group, zero cost remained stable across the 
6 months, whereas the mean cost over follow-up was $856.37 
for the mild and $4914.16 for the moderate to severe frailty 
group.  Observed differences in average monthly costs were 
significantly higher for the mildly frail (p<.0001) and moderate 
to severely frail groups (p<.0001) when compared to the robust/
pre-frail.  

Discussion

In a cohort of Medicare ACO risk contract members aged 
65 years and older who were hospitalized during the first surge 
of the pandemic, claims-based frailty was not significantly 
associated with overall survival.  Residing in a NH or ALF 
was significantly associated with poorer survival while being 
dually eligible was associated with improved survival.  Among 
surviving ACO members, inpatient stays and Medicare 
expenditures were significantly higher among older adults 
classified as frail, with persistently high costs noted over 

follow-up among individuals in the moderate to severe frailty 
group.  

Surprisingly, the worst survival probabilities were noted 
for individuals classified as robust/pre-frail, followed by mild 
and moderate to severe frailty.  Additionally, while hospital 
deaths were higher in the robust/pre-frail group, mortality 
after hospital discharge was highest in the moderate to severe 
frailty group.  Potential explanations include higher median 
age (83.2 years) and larger proportion of individuals who 
resided in NH or ALF (42.9%) in the robust/pre-frail group, 
two characteristics associated with higher mortality (16, 17).  
Additionally, nearly 50% of patients who were dual-eligible 
were younger than 75 years of age, which may partially explain 
better survival.  Although few COVID-19 studies use frailty 
indexes to investigate frailty (18, 19), in a comparison of 
the CFS and a frailty index in older adults, the frailty index 
was not predictive of critical illness (19).  Potential lack 
of predictive validity for critical illness and mortality may 
be due to the methods used to derive administrative data-
based frailty indexes, which rely on diagnosis and procedure 
rather than clinical assessment.  Although the CFI provides 
a useful method for stratifying populations by characterizing 
those with more comorbid conditions and morbidity-related 
deficits, it has the potential to overestimate frailty status due 
to reimbursement-driven accumulations of provider billed 
diagnosis codes in claims data (11).

In contrast to results from our survival models, post-
hospitalization inpatient stays and expenditures varied by frailty 
status, with no utilization or costs noted among the robust/pre-
frail, moderate rates among the mildly frail, and persistently 
high rates among the moderate to severe frailty group.  The 
observed association between CFI, utilization, and expenditures 
in our cohort aligns with prior validation of the measure (13) 
and a recent study that demonstrated improved prediction of 
future costs among Medicare beneficiaries using the CFI (20).  
Taken together, these findings suggest that leveraging claims 
data to estimate CFI-defined frailty groups among patients 
enrolled in ACOs may be a useful method for identifying 
potentially high-cost patients. 

Figure 1. Kaplan-Meier survival estimates by claims-based 
frailty Groupa

Figure 2. Mean monthly Medicare expenditures in the 6 
months following COVID-19 hospitalization, by claims-based 
frailty group
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Limitations 

This cohort study is the first to evaluate differences in 
survival and post-COVID hospitalization utilization and costs 
among older adults at an academic medical center in the US, 
yet findings should be interpreted with caution.  Our sample 
was derived using a COVID-19 registry from a single academic 
medical center, which may decrease the generalizability of 
results.  Nearly 1/3 of our sample lived in a NH or ALF, a 
population with higher illness burden and frailty prevalence, 
which also limits generalizability.  To accurately characterize 
subsequent healthcare utilization and expenditures after 
COVID-19 hospitalization, we used a subgroup of patients 
from the registry that were enrolled in our ACO risk contract, 
which limited our sample size.  As a result, the study may have 
been underpowered to detect a true difference in survival based 
on frailty classification.  Additionally, we used a claims-based 
cumulative-deficit approach to frailty classification, which uses 
12-months of retrospective claims data and may not capture 
symptom severity or management. We were unable to compare 
performance of the CFI to clinical assessment of physical 
frailty, functional status, and other relevant characteristics that 
may have been associated with mortality, utilization, and costs.  

Conclusion

In conclusion, claims-based frailty was not significantly 
associated with survival among older adults hospitalized 
with COVID-19 but was associated with increased post-
hospitalization inpatient stays and expenditures.  As COVID-19 
becomes endemic, claims-based frailty indices may serve as a 
useful indicator of risk for future utilization.  
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