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Abstract

Background: A claims-based frailty index (CFI) allows measurement of frailty on a population scale. Our objective was to examine the 
association of changes in CFI over 12 months with mortality and Medicare costs.
Methods: We used a 5% sample of fee-for-service Medicare beneficiaries. We estimated CFI  (range: 0–1: nonfrail (<0.25), mildly frail 
(0.25–0.34), moderately-to-severely frail (≥0.35) on January 1, 2015 and January 1, 2016. Beneficiaries were categorized as having a large 
decrease (−<0.045), small decrease (−≤0.045–0.015), stable (±0.015), small increase (>0.015–0.045), or large increase (>0.045). We used 
Cox proportional hazards model to estimate hazard ratio (HR) for mortality adjusting for age, sex, and 2015 CFI value and compared total 
Medicare costs from January 1, 2016 to December 31, 2016.
Results: The study population included 995 664 beneficiaries (mean age 77 years, 56.8% female). In nonfrail (n  = 906 046), HR (95% 
confidence interval [CI]) ranged from 0.71 (0.67–0.75) for a large decrease to 2.75 (2.68–2.33) for a large increase. In moderate-to-severely 
frail beneficiaries (n = 16 527), the corresponding HR (95% CI) ranged from 0.63 (0.57–0.70) to 1.21 (1.06–1.38). The mean total Medicare 
cost per member per year (standard deviation) was from $12 149 ($83 508) in nonfrail beneficiaries to $61 155 ($345 904) in moderate-to-
severely frail beneficiaries.
Conclusions: One-year changes in CFI are associated with elevated mortality risk and health care costs across all levels of frailty.
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With aging, health problems accumulate and precipitate frailty, a 
vulnerable state driving elevated risks of adverse health outcomes 
and health care utilization and costs (1,2). Measuring frailty may 
help clinicians and health systems deliver age-friendly, high-quality 
geriatric care to older adults (3,4). However, integration of a frailty 
assessment in the United States health systems has been slow due to 
time and resource constraints. Use of a claims-based frailty index 
(CFI) offers an effective and inexpensive method of systematically 
capturing frailty, by serving as a proxy for underlying deficit accu-
mulation or phenotypic frailty (5,6). The reliance of a CFI on admin-
istrative claims data continuously generated from routine clinical 

encounters may enable longitudinal population health monitoring 
and inform target populations for resource allocation.

While frailty is a clinically dynamic state (7,8), research on longitu-
dinal changes in frailty and health outcomes has shown mixed results 
(9). A frailty index derived from electronic health records data was inef-
fective in capturing an improvement in frailty over time, but worsening 
frailty was associated with increased mortality (10). In contrast, a frailty 
index from survey data showed improvement as well as worsening in 
frailty, yet improvement was not always associated with better health 
outcomes (11). To date, little is known about whether a CFI is sensi-
tive to changes and whether changes are associated with future health 
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outcomes or health care cost. Establishing this relationship is a pre-
requisite step to justify use of CFI for population health monitoring.

In this study, we sought to examine annual changes in CFI across 
different levels of frailty (nonfrailty, mild frailty, and moderate-to-
severe frailty) and whether observed changes in CFI were predictive 
of future mortality and health care costs among Medicare fee-for-
service beneficiaries.

Method

Study Data and Sample
This retrospective study used Medicare claims data from a 5% 
random sample of fee-for-service beneficiaries between January 1, 
2014, and December 31, 2016. We used the following files: Medicare 
summary beneficiary file for enrollment, death, demographic infor-
mation, chronic conditions, and cost variables. The CFI was cal-
culated from inpatient, outpatient, carrier, skilled nursing facility 
(SNF), hospice, home health, and durable medical equipment claims 
data. Changes in CFI were measured between January 1, 2015, and 
January 1, 2016, and CFI calculation require 1 year of claims data. 
Therefore, we required that beneficiaries be 67 years or older on 
January 1, 2016, and continuously enrolled in Medicare Part A and 
B for the prior 2 years. Beneficiaries were excluded if they died be-
fore January 1, 2016, were enrolled in managed care, or had any 
hospice claims between January 1, 2014, and January 1, 2016. The 
Hebrew SeniorLife Institutional Review Board approved this study.

Assessment of Change in Frailty
Frailty was measured using a CFI, which estimates a deficit-
accumulation frailty index (range: 0–1; higher scores indicate more 
severe frailty) based on International Classification of Diseases diag-
nosis codes, Current Procedural Terminology codes, and Healthcare 
Common Procedure Coding System codes over 1 year (the program-
ming codes for statistical software are available at https://dataverse.
harvard.edu/dataverse/cfi) (6,12). The CFI has been validated against 
clinical frailty (frailty phenotype and frailty index), physical perform-
ance (eg, gait speed and grip strength), and severe disability assessments. 
We measured CFI at 2 time points: January 1, 2015, and January 1, 
2016. Baseline frailty category was defined based on CFI as of January 
1, 2015, using standard cut points: nonfrail (<0.25), mildly frail (0.25–
0.34), moderately-to-severely frail (≥0.35) (5,12). The 1-year change 
in CFI (CFI2016 − CFI2015) was categorized as large decrease (−<0.045), 
small decrease (−≤0.045–0.015), stable (±0.015), small increase 
(>0.015–0.045), or large increase (>0.045). These cut points were 
chosen based on previous literature identifying the minimum clinically 
important difference in a frailty index as 0.03 (11,13,14).

Mortality and Health Care Costs
Beneficiaries were followed until the earliest of death, disenrollment 
from fee-for-service Medicare, or December 31, 2016. We also exam-
ined the mean annualized Medicare total costs and component costs 
during the 1-year follow-up period.

Baseline Characteristics
We measured age, sex, race, ethnicity, and Chronic Conditions Data 
Warehouse conditions (15) including: acute myocardial infarction, 
Alzheimer’s disease and related disorder, anemia, asthma, atrial fib-
rillation, cataracts, chronic kidney disease, chronic obstructive pul-
monary disease, depression, diabetes, glaucoma, heart failure, hip 
or pelvic fracture, ischemic heart disease, osteoporosis, rheumatoid 

arthritis or osteoarthritis, stroke or transient ischemic attack, 
and cancers of breast, endometrial, colorectal, prostate, and lung. 
Chronic conditions were ascertained by any history of coding, as 
well as coding within the past calendar year to compare coding of 
chronic comorbidities from 2015 to 2016.

Statistical Analysis
Baseline demographic characteristics and comorbidities were com-
pared across baseline frailty categories using analysis of variance or 
Pearson’s chi-square test. We estimated Kaplan–Meier survival curves 
by baseline frailty category and change in CFI category. To estimate 
the association of change in CFI on mortality, we fitted Cox propor-
tional hazards regression model to estimate the hazard ratio (HR) and 
95% confidence interval (CI) for CFI change categories within each 
baseline frailty category, adjusting for age, sex, and baseline CFI (con-
tinuous variable). We also estimated HR (95% CI) for 0.1-unit change 
in CFI. We described the mean, standard deviation (SD), median, and 
interquartile range (IQR) of annualized Medicare total cost by base-
line frailty category and change in CFI. Because the CFI accounts for 
the past year of claims and capture of acute versus chronic conditions 
may vary and thus change CFI, we explored potential differences in 
medical condition coding from 2015 to 2016. Analyses were con-
ducted using SAS and Stata, version 16.1 (StataCorp, College Station, 
TX). A 2-sided p value <.05 was considered statistically significant.

Results

Baseline Characteristics
Our cohort included 995  664 beneficiaries, who were 56.8% fe-
male, 87.5% White, and mean 77.0 years of age (SD 7.5; Table 1). 
Mean CFI (SD) for the overall cohort in 2015 was 0.16 (0.06), with 
91.0% nonfrail (n = 906 046), 7.3% mildly frail (n = 73 091), and 
1.7% moderate-to-severely frail (n = 16 527). Compared to nonfrail 
beneficiaries, those who were moderate-to-severely frail tended to be 
older (mean age 81.9 [8.1] vs 76.6 [7.3] years), and female (68.6% 
vs 54.9%). They also had higher prevalence of chronic conditions, 
such as Alzheimer’s disease and related disorders (65.7% vs 6.3%), 
heart failure (73.1% vs 17.2%), depression (74.4% vs 22.1%), and 
chronic kidney disease (67.6% vs 18.6%).

Changes in Frailty
Over 1 year, large increases and decreases in CFI were observed among 
all baseline frailty categories (Figure 1). For the nonfrail group, bene-
ficiaries most commonly had stable CFI (359 006 [39.6%]), with a 
small proportion having a large increase in frailty (137 223 [15.1%]). 
For the mildly frail group, 1-year CFI change across categories was 
more evenly distributed, although a large decrease was most common 
(27  664 [37.8%]). Lastly, in the moderate-to-severely frail group a 
large decrease in CFI was most common (9 843 [59.6%]), followed 
by a small decrease (2 211 [13.4%]). Comparing coding of medical 
conditions in 2015 versus 2016 the majority increased in prevalence 
(Supplementary Table 1). However, acute conditions that decreased 
in prevalence in the moderate-to-severely frail group including acute 
myocardial infarction (3.9% in 2015 to 2.0% in 2016) and stroke or 
transient ischemic attack (21.7% in 2015 to 11.2% in 2016).

Mortality by Baseline Frailty Category and Change 
in Frailty
Over the 1-year follow-up 44 716 (4.5%) died and 27 900 (2.8%) 
were disenrolled from Medicare Fee-For-Service Part A  and/or 
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B.  The mortality rate (per 100 person-years) ranged from 3.5 in 
the nonfrail group, 15.5 in the mildly frail group, and 25.3 in the 
moderate-to-severely frail group (Table 2). Kaplan–Meier curves 

were the most distinct across change in frailty categories among 
those with moderate-to-severe frailty at baseline (Figure 2). For any 
level of baseline frailty, the highest mortality rates were observed 
among those who had a large increase in their CFI (nonfrail: 9.1 per 
100 person-years; mildly frail: 27.9 per 100 person-years; moderate-
to-severely frail: 37.4 per 100 person-years). Within each baseline 
frailty group after adjusting for age, sex, and baseline CFI, HRs (95% 
CI) for large decrease to large increase categories versus stable CFI 
were 0.71 (0.67, 0.75) to 2.75 (2.26, 2.33) for the nonfrail group, 
0.62 (0.59, 0.66) to 1.71 (1.61, 1.82) for the mildly frail group, and 
0.63 (0.57, 0. 70) to 1.21 (1.06, 1.38) for the moderate-to-severely 
frail group. The HR (95% CI) per 0.1-unit increase in CFI was 2.30 
(2.26, 2.33), 1.68 (1.64, 1.72), and 1.39 (1.34, 1.45) for the nonfrail, 
mildly frail, and moderate-to-severely frail groups, respectively.

Annualized Medicare Costs by Baseline Frailty 
Category and Change in Frailty
The mean annualized total Medicare cost (SD) increased with the 
severity of frailty at baseline, from $12 149 ($83 508) in nonfrail 
group to $61 155 ($345 904) in moderate-to-severely frail group 
(Figure 3 and Supplementary Table 2). Median and IQRs are 
presented in Supplementary Table 3, as these data were heavily 
right-skewed. The mean annualized cost also varied by the CFI 
change category, with a large decrease generally corresponding 
to lower costs and a large increase corresponding to higher costs 

Table 1. Characteristics of Medicare Fee-For-Service Beneficiaries by Baseline Frailty Status on January 1, 2015

Characteristics 
Total  
n (%) 

Nonfrail  
n (%) 

Mildly Frail  
n (%) 

Moderate-to-
Severely Frail  
n (%) 

p 
Value 

Sample size 995 664 906 046 73 091 16 527  
Age, mean (SD) 77.0 (7.5) 76.6 (7.3) 81.2 (8.0) 81.9 (8.1) <.001
Female 565 549 (56.8) 433 028 (54.9) 105 430 (63.1) 27 091 (68.6) <.001
Race     <.001
 White 871 082 (87.5) 793 674 (87.6%) 63 410 (86.8%) 13 998 (84.7%)  
 Black 66 995 (6.7) 59 391 (6.6%) 5 912 (8.1%) 1 652 (10.0%)  
 Other 57 627 (5.8) 52 981 (5.8%) 3 769 (5.2%) 877 (5.3%)  
 Hispanic 12 089 (1.2) 10 284 (1.1%) 1 400 (1.9%) 405 (2.5%) <.001
CFI on January 1, 2015 (SD) 0.16 (0.06) 0.15 (0.04) 0.29 (0.03) 0.40 (0.05) <.001
CFI on January 1, 2016 (SD) 0.17 (0.07) 0.16 (0.06) 0.27 (0.07) 0.34 (0.09) <.001
Acute myocardial infarction 40 711 (4.1%) 30 524 (3.4%) 7 918 (10.8%) 2 269 (13.7%) <.001
Alzheimer’s disease and related disorders 99 212 (10.0%) 57 449 (6.3%) 30 912 (42.3%) 10 851 (65.7%) <.001
Anemia 476 998 (47.9%) 400 549 (44.2%) 61 246 (83.8%) 15 203 (92.0%) <.001
Asthma 117 293 (11.8%) 92 870 (10.3%) 19 096 (26.1%) 5 327 (32.2%) <.001
Atrial fibrillation 134 638 (13.5%) 105 237 (11.6%) 23 028 (31.5%) 6 373 (38.6%) <.001
Cancer* 151 857 (15.3%) 134 022 (14.8%) 14 465 (19.8%) 3 370 (20.4%) <.001
Cataract 656 309 (65.9%) 583 186 (64.4%) 59 435 (81.3%) 13 688 (82.8%) <.001
Chronic kidney disease 218 435 (21.9%) 168 589 (18.6%) 38 678 (52.9%) 11 168 (67.6%) <.001
Chronic obstructive pulmonary disease 215 572 (21.7%) 168 383 (18.6%) 36 909 (50.5%) 10 280 (62.2%) <.001
Depression 255 784 (25.7%) 199 794 (22.1%) 43 697 (59.8%) 12 293 (74.4%) <.001
Diabetes 335 390 (33.7%) 279 102 (30.8%) 44 776 (61.3%) 11 512 (69.7%) <.001
Glaucoma 229 409 (23.0%) 202 078 (22.3%) 22 120 (30.3%) 5 211 (31.5%) <.001
Heart failure 210 450 (21.1%) 155 975 (17.2%) 42 392 (58.0%) 12 083 (73.1%) <.001
Hip/pelvic fracture 28 850 (2.9%) 18 641 (2.1%) 7 421 (10.2%) 2 788 (16.9%) <.001
Hypertension 769 990 (77.3%) 682 364 (75.3%) 71 292 (97.5%) 16 334 (98.8%) <.001
Ischemic heart disease 431 844 (43.4%) 359 733 (39.7%) 57 810 (79.1%) 14 301 (86.5%) <.001
Osteoporosis 206 301 (20.7%) 172 169 (19.0%) 26 943 (36.9%) 7 189 (43.5%) <.001
Rheumatoid arthritis or osteoarthritis 529 308 (53.2%) 455 379 (50.3%) 59 599 (81.5%) 14 330 (86.7%) <.001
Stroke or transient ischemic attack 124 209 (12.5%) 91 255 (10.1%) 25 213 (34.5%) 7 741 (46.8%) <.001

Notes: CFI = claims-based frailty index; SD = standard deviation.
*Cancer includes breast, endometrial, colorectal, prostate, and lung cancer.

Figure 1. Distribution of 1-year CFI change by baseline frailty category. 
Baseline frailty category was defined as nonfrail (CFI<0.25), mildly frail (CFI 
0.25–0.34), and moderately-to-severely frail (CFI≥0.35). The 1-year change 
in CFI (CFI2016 − CFI2015) was categorized as large decrease (−<0.045), small 
decrease (−≤0.045–0.015), stable (±0.015), small increase (>0.015–0.045), or 
large increase (>0.045). CFI = claims-based frailty index.
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within each frailty category (large decrease vs large increase in 
CFI: $10 695 [$41 373] vs $27 737 [$180 302] in the nonfrail 
group; $24 138 [$60 552] vs $66 812 [$199 069] in the mildly 
frail group; $46 864 [$163 207] vs $102 964 [$350 734] in the 
moderate-to-severely frail group). Across all groups, inpatient 
costs accounted for the largest proportion of total cost, followed 
by SNF, then home health. However, SNF costs tended to become 
more prominent with observed increases in baseline frailty and 
change in CFI.

Discussion

In this study of Medicare fee-for-service beneficiaries, we found that 
change in CFI over 1 year was common, with both increases and 
decreases in frailty observed in all baseline frailty groups. Both base-
line frailty and a 1-year change in frailty were associated with future 
mortality risk and total Medicare costs. At each level of baseline 
frailty, increasing frailty was associated with increased mortality 

Figure 2. Kaplan–Meier curves of 1-year mortality according to baseline 
frailty category and 1-year CFI change. Baseline frailty category was defined 
as nonfrail (CFI<0.25), mildly frail (CFI 0.25–0.34), and moderately-to-severely 
frail (CFI≥0.35). The 1-year change in CFI (CFI2016 − CFI2015) was categorized as 
large decrease (−<0.045), small decrease (−≤0.045–0.015), stable (±0.015), 
small increase (>0.015–0.045), or large increase (>0.045). CFI = claims-based 
frailty index.
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Figure 3. Mean annualized Medicare costs according to baseline frailty 
category and 1-year CFI change. Baseline frailty category was defined 
as nonfrail (CFI<0.25), mildly frail (CFI 0.25–0.34), and moderately-to-severely 
frail (CFI≥0.35). The 1-year change in CFI (CFI2016 − CFI2015) was categorized as 
large decrease (−<0.045), small decrease (−≤0.045–0.015), stable (±0.015), 
small increase (>0.015–0.045), or large increase (>0.045). SNF  =  skilled 
nursing facility.

Table 2. Association of Frailty Category and 1-Year CFI Change With 1-Year Mortality

Frailty Category* 
Sample Size  
n (%) 

Deaths  
n (%) Mortality Rate (per 100 person-years) [95% CI] 

Adjusted Hazard Ratio  
HR [95% CI]* 

Nonfrail 906 046 30 951 (3.4%) 3.5 [3.5–3.6]  
 Large decrease 55 612 (6.1%) 1 773 (3.2%) 3.3 [3.1–3.4] 0.71 [0.67–0.75]
 Small decrease 159 034 (17.6%) 3 686 (2.3%) 2.4 [2.3–2.4] 0.78 [0.75–0.81]
 Stable (reference) 359 006 (39.6%) 8 148 (2.3%) 2.3 [2.3–2.4] Reference
 Small increase 195 171 (21.5%) 5 694 (2.9%) 3.0 [2.9–3.1] 1.23 [1.19–1.27]
 Large increase 137 223 (15.1%) 11 650 (8.5%) 9.1 [8.9–9.2] 2.75 [2.68–2.84]
 Per 0.1-point increase   n/a 2.30 [2.26–2.33]
Mildly frail 73 091 10 259 (14.0%) 15.5 [15.2–15.8]  
 Large decrease 27 664 (37.8%) 2 664 (9.6%) 10.3 [9.9–10.7] 0.62 [0.59–0.66]
 Small decrease 13 222 (18.1%) 1 637 (12.4%) 13.5 [12.9–14.2] 0.86 [0.80–0.92]
 Stable (reference) 12 015 (16.4%) 1 715 (14.3%) 15.8 [15.1–16.6] Reference
 Small increase 8 429 (11.5%) 1 491 (17.7%) 20.1 [19.1–21.2] 1.25 [1.17–1.34]
 Large increase 11 761 (16.1%) 2 752 (23.4%) 27.9 [26.9–29.0] 1.71 [1.61–1.82]
 Per 0.1-point increase   n/a 1.68 [1.64–1.72]
Moderate-to-severely frail 16 527 3 569 (21.6%) 25.3 [24.5–26.1]  
 Large decrease 9 843 (59.6%) 1 843 (18.7%) 21.4 [20.4–22.3] 0.63 [0.57–0.70]
 Small decrease 2 211 (13.4%) 510 (23.1%) 27.2 [24.9–29.6] 0.85 [0.75–0.97]
 Stable (reference) 1 786 (10.8%) 466 (26.1%) 31.8 [29.0–34.8] Reference
 Small increase 1 205 (7.3%) 312 (25.9%) 32.1 [28.8–35.9] 1.04 [0.90–1.20]
 Large increase 1 482 (9.0%) 438 (29.6%) 37.4 [34.1–41.1] 1.21 [1.06–1.38]
 Per 0.1-point increase   n/a 1.39 [1.34–1.45]

Notes: Baseline frailty category was defined as nonfrail (CFI<0.25), mildly frail (CFI 0.25–0.34), and moderately-to-severely frail (CFI≥0.35). The 1-year change 
in CFI (CFI2016 − CFI2015) was categorized as large decrease (−<0.045), small decrease (−≤0.045–0.015), stable (±0.015), small increase (>0.015–0.045), or large 
increase (>0.045). CFI = claims-based frailty index; CI = confidence interval.

*HRs were estimated from Cox proportional hazards models for each baseline frailty category and adjusted for age, sex, and baseline CFI (continuous variable).
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risk and higher costs. Decreasing CFI was associated with decreased 
mortality risk and lower costs. The highest mortality and total costs 
were observed among those with moderate-to-severe frailty who had 
a large increase in CFI. Our results suggest that CFI is sensitive to 
change over time with change in health status and may be useful 
in monitoring overall population health and identifying high-cost 
beneficiaries.

Although improvements in frailty are possible clinically and have 
been observed in prospective cohort studies where frailty was as-
sessed in-person, the sensitivity to change of frailty index derived 
from health care databases (electronic health records and claims 
data) has not been well demonstrated. Due to the nature of elec-
tronic health records and claims data, diagnoses tend to only ac-
cumulate, which makes it difficult to capture improvements. For 
example, Stow et al. found only increases in their frailty index based 
on cumulative information in the electronic health records (16). In 
comparison, our CFI, which uses claims data only in the previous 
1 year, could capture conditions that were active enough to receive 
medical treatments and health care services, thereby reflecting the 
current or more recent health status. In our supplemental ana-
lyses, some comorbidities, in fact, decreased in coding from 2015 to 
2016 (Supplementary Table 1); acute myocardial infarction among 
moderate-to-severely frail (3.9%–2.0%). It is important to note that 
the CFI is ultimately an attempt to measure the underlying construct 
of frailty itself, and that some of the observed changes may be related 
to measurement error due to undercoding rather than resolution of 
a condition or regression to the mean after a year of excessive health 
care utilization. This is particularly relevant on the extremes of the 
distributions (ie, very low CFI or very high CFI), where floor or 
ceiling effects can happen. We observed small numbers of nonfrail 
patients who had a large decrease in CFI and moderate-to-severely 
frail patients with a large increase in CFI.

Our findings confirm previous work that demonstrated an in-
creased risk of mortality with worsening frailty over 1  year (11). 
Importantly, we demonstrate that an improvement in CFI was as-
sociated with decreased mortality risk compared to stable CFI, 
and that worsening CFI was associated with increased mortality 
risk. This dose–response relationship supports the clinical utility of 
measuring CFI and its change for prognostication. Health care sys-
tems can apply our CFI algorithm to the ubiquitous administrative 
claims data as a means to target high-risk beneficiaries to allocate 
resources for population management efforts, care management, 
and delivery of specific care pathways (eg, geriatric comanagement 
services). Moreover, researchers may consider using CFI as an out-
come in a comparative study of interventions to reverse or prevent 
frailty in aging populations.

In addition to mortality, we found that CFI change was associ-
ated with health care costs. Previous studies have only demonstrated 
the association of frailty measured at a single time point with in-
crease in health care costs (17,18). However, because frailty is a dy-
namic health state, it is important to also show that increase in CFI 
was associated with higher health care costs, whereas a decrease in 
frailty was associated with lower health care costs. Moreover, we 
observed a substantially larger variation in the mean total Medicare 
cost across CFI change categories in the moderate-to-severely frail 
group (large decrease to large increase, $46 864–$102 964) than the 
mildly frail group ($24 138–$66 812) and nonfrail group ($8 134–
$27 737). The increase in costs were largely driven by increases in 
inpatient and SNF costs. Given these results, interventions to reduce 
hospitalizations and SNF stays among moderate-to-severely frail 

individuals who have a large increase in CFI from the prior year may 
yield considerable reductions in Medicare total costs.

Our study has important limitations. First, our cohort included 
Medicare fee-for-service beneficiaries enrolled in Part A and B during 
a 2-year period. Therefore, our population is relatively healthier, as 
all participants had to survive for 1 year. Also, how well CFI change 
predicts mortality and health care costs in beneficiaries enrolled in 
Medicare Advantage Plan or private insurance plans remains uncer-
tain. Second, our population was predominantly of non-Hispanic eth-
nicity and White race and underestimates the distribution of racial and 
ethnic minorities on Medicare. Third, frailty measured from claims 
data is only a proxy for underlying frailty, and this specific CFI is based 
on deficit accumulation. Thus, it is not as accurate as a clinician’s bed-
side assessment of frailty, which often involves assessment of physical 
performance (eg, walking speed). However, our CFI has been widely 
validated and shown to outperform other claims-based frailty algo-
rithms (5,19). The major advantage of CFI over clinical assessments 
is that it allows a population-scale measurement, which is not feasible 
for clinical assessments. Whether CFI changes represent true changes 
in frailty should be explored in future work comparing CFI and 
in-person frailty assessment. Finally, estimating annualized Medicare 
costs to account for a different follow-up duration assumes that the 
mean costs per a unit time (eg, monthly cost) remain constant over 
12 months. This approach may overestimate total cost for those with 
episodic high spending or are near the end of life.

In conclusion, our study demonstrates that the utility of tracking 
CFI over time at the population level to identify older adults at risk 
for death and high total Medicare spending in the following year. 
These findings support the ability of health systems to effectively 
target high-risk and high-cost individuals for high-quality geri-
atric care interventions and care management. Researchers may 
also consider using CFI change as an outcome measure of overall 
health status from administrative claims data in which other patient-
reported outcome measures are not available.
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