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Abstract

Background: Long-term prognostication is important to inform preventive

care in older adults. Existing prediction indices incorporate age and com-

orbidities. Frailty is another important factor in prognostication. In this project,

we aimed at developing life expectancy estimates that incorporate both com-

orbidities and frailty.

Methods: In this retrospective cohort study, we used data from a 5%

sample of Medicare beneficiaries with and without history of cancer from

Surveillance, Epidemiology, and End Results (SEER) cancer registry areas.

We included adults aged 66–95 years who were continuously enrolled in

fee-for-service Medicare for ≥1 year from 1998 to 2014. Participants were

followed for survival until 12/31/2015, death, or disenrollment. Comorbidity

(none, low/medium, high) and frailty categories (low, high) were defined

using established methods for claims. We estimated 5- and 10-year survival

probabilities and median life expectancies by age, sex, comorbidities, and

frailty.

Results: The study included 479,646 individuals (4,128,316 person-years), of

whom most were women (58.7%). Frailty scores varied widely among partici-

pants in the same comorbidity category. In Cox models, both comorbidities

and frailty were independent predictors of mortality. Individuals with high

comorbidities (HR, 3.24; 95% CI, 3.20–3.28) and low/medium comorbidities

(HR, 1.36; 95% CI, 1.34–1.39) had higher risks of death than those with no

comorbidities. Compared to low frailty, high frailty was associated with higher

risk of death (HR, 1.55; 95% CI, 1.52–1.58). Frailty affected life expectancy esti-

mates in ways relevant to preventive care (i.e., distinguishing <10-year versus

>10-year life expectancy) in multiple subgroups.

Conclusion: Incorporating both comorbidities and frailty may be important

in estimating long-term life expectancies of older adults. Our life expectancy
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tables can aid clinicians' prognostication and inform simulation models and

population health management.
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INTRODUCTION

Predicting patients' long-term health trajectories is
important to inform preventive care decisions in older
adults.1–12 Specifically, a life expectancy of less than
10 years is a commonly used threshold for defining “lim-
ited life expectancy” and for de-intensifying certain pre-
ventive care tests that have a long lag-time to benefit.5–11

For example, national guidelines recommend against
routine screening for breast, colorectal, and prostate can-
cers in older adults who are expected to live less than
10 years because the short-term harms and burdens of
screening outweigh the delayed benefits.5–9 Similarly,
guidelines recommend a less intensive glycemic goal for
diabetes mellitus treatment in older adults with less than
10-year life expectancy.11,12

A robust body of evidence suggests that age alone,
while important, is an insufficient marker of prognosis in
older adults; older adults of the same age can have very
heterogeneous health trajectories.3,13 Literature also
suggests that clinicians are uncomfortable with prognos-
tication and often inaccurate in their estimates,14,15

highlighting the importance of tools that can help esti-
mate life expectancy in older adults. Several predictive
algorithms have been developed to predict mortality or
life expectancy over 10 or more years in older adults. All
of this incorporate information about chronic conditions
(we use the term comorbidities in this article) in addition
to age to aid in prognostication.1,16–21

Frailty, a common medical syndrome in older adults
associated with decline in reserve and function across mul-
tiple physiologic systems, has been shown to be predictive
of multiple adverse outcomes including mortality, hospital-
ization, and institutionalization; it has in particular been
highlighted as a significant risk factor during the COVID-
19 pandemic.22–26 The physical frailty phenotype character-
izes a state of increased vulnerability to stressors resulting
from depleted physiologic reserves and is conceptualized as
a distinct entity from comorbidities or multimorbidity—the
concurrent presence of two or more medically diagnosed
diseases.27,28 Despite evidence suggesting that incorporat-
ing both comorbidities and frailty in mortality prediction
can be valuable,29 we found no published studies that
predicted long-term mortality (greater than 10 years) of
older adults while incorporating both comorbidities and

frailty. Thus, we aimed at building upon previous work to
develop life expectancy estimates that incorporate both
comorbidities and frailty status.

METHODS

Data source and study population

We identified a cohort from a random 5% sample of
Medicare beneficiaries from the Surveillance, Epidemiol-
ogy, and End Results (SEER)-Medicare linked database.
Briefly, a 5% sample of Medicare beneficiaries residing in
the SEER areas are drawn at random; these include bene-
ficiaries with cancer per the SEER cancer registry data
and beneficiaries who are cancer-free.30 We included
adults aged 66–95 years who were continuously enrolled
in fee-for-service Medicare Parts A and B for at least
1 year between January 1, 1998 and December 31, 2014.
We chose to exclude individuals who were >95 years of
age at time of enrollment because the involved sample
size was small and predicting 5- and 10-year mortality
risks was less relevant for this age group in clinical prac-
tice. We excluded individuals whose reason for Medicare
qualification was not old age because these individuals
mostly qualified for Medicare due to disabilities or end-
stage renal disease and likely had distinct differences in
long-term life expectancies than the other Medicare

Key Points

• Using SEER-Medicare, we estimated 5-/10-year
survival probabilities and median life expectan-
cies by age, sex, comorbidities, and frailty.

• Adding frailty changed life expectancy esti-
mates by up to 7.2 years in subgroups.

Why Does this Paper Matter?

Incorporating both comorbidities and frailty is
important in prognostication.
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beneficiaries. We also excluded those with invalid death
date or unknown race. Participants were followed for sur-
vival until the end of study period (December 31, 2015),
death, or dis-enrollment from fee-for-service Medicare.
Unit of analysis was an episode of care defined as each
12-month period that a beneficiary was continuously
enrolled in fee-for-service Medicare before the beneficiary's
birthday. The final study cohort included 479,646 individ-
uals and 4,128,316 12-month episodes (Figure S1).

Comorbidity and frailty measures

Both comorbidities and frailty were defined using
established methods from Medicare claims (inpatient,
outpatient, physician billing).1,31,32 We assessed comor-
bidity status and frailty status for each episode of care
included in the study cohort from 1998 to 2014.

Comorbidity status was assessed using the method by
Cho et al. using a modified Charlson index.1,32 We excluded
diagnoses on outpatient or physician supplier claims that
did not appear more than once over time span exceeding
30 days so as to exclude evaluation of suspected diagno-
ses.33 After the list of comorbidities were identified in
claims using diagnosis codes,32 we assigned a weighted
score for each condition using the estimated effect of each
condition on survival that has been reported previously
(e.g., coefficient of each condition on overall survival in
the Cox model). 1 The list of conditions and associated
weighted scores are included in Table S1. We summed the
individual scores of each condition into a total comorbidity
score for each 12-month episode of care. We then classified
each episode of care into three comorbidity categories based
on the total comorbidity score using the cutpoints
established by Cho et al: “no comorbidities” (total score= 0),
“low/medium comorbidities” (0 < total score ≤ 0.56), and
“high comorbidities” (total score > 0.56).1

Frailty status was assessed using a validated claims-
based algorithm that estimates the probability of having
the physical frailty phenotype by Segal et al.31 A frailty
score ranging from 0 to 1, denoting the probability of hav-
ing physical frailty phenotype, was calculated for each epi-
sode of care. We then classified each episode of care into
two frailty categories: We defined “low frailty” as a score of
≤0.15 and “high frailty” as a score > 0.15. To identify the
optimal cutoff, we examined different cutoffs of the frailty
score at 0.05 intervals and estimated, for each potential cut-
off, the hazard ratio (HR) associated with higher frailty on
mortality, which was our outcome of interest. We chose
the cutoff of 0.15 at which the highest HR was found,
suggesting that this cutoff was most able to discriminate
the effect of frailty on mortality. The conditions that are
used to define frailty are listed in Table S2.

Analysis

Our primary outcome of interest was time-to-death from
any cause during the study period. The two main predic-
tors of interest were the comorbidity and frailty categories.
First, using a time-dependent Cox proportional hazards
model with age as the time scale and the comorbidity and
frailty categories as time-varying independent variables,
we estimated the association between comorbidities and
frailty with all-cause mortality, while adjusting for sex,
race, year of initial enrollment, and SEER region. Then,
we generated separate actuarial (Kaplan–Meier) estimates
of 5- and 10-year survival probabilities starting at specific
ages from 66 to 90 for subgroups defined by age, sex, and
the comorbidity and frailty categories at the given starting
age. Median life expectancy for each subgroup was esti-
mated as the corresponding median overall survival in
years.

We used Kaplan–Meier estimates of survival probabili-
ties rather than model-based estimates for two reasons. Prog-
nostication of individual survival is fraught with difficulties
in time-dependent Cox models and would entail strong
modeling assumptions.34 In contrast, actuarial (Kaplan–
Meier) estimates do not entail any modeling assumptions.
Furthermore, our approach minimizes selection bias due to
left truncation in the study cohort. Left truncation occurs
when those who entered the study cohort at older ages were
represented in the analysis but their counterparts who died
at younger ages were not included in the cohort; using
model estimates, when left truncation is present, could lead
to significantly more favorable estimates of survival than the
Kaplan–Meier estimates. We chose not to estimate race-
specific survival probabilities because of the potential of
inadvertently exacerbating health inequities if these esti-
mates were used to inform the receipt of preventive care
services.35

As sensitivity analyses to explore the generalizability
of survival estimates from our study cohort, we compared
the survival at different ages between our cohort to the
general U.S. older adults using the U.S. life tables at two
time points during the study period (2000 and 2010).36

All analyses were conducted using SAS version 9.4
(Cary, NC) and R version 4.0.0 (www.R-project.org). This
study was considered exempt from human subject
research by the Institutional Review Board because it
involved secondary analysis of de-identified data.

RESULTS

The study cohort was predominantly women (58.7%) and
white (82.3%) (Table 1); 29.7% of participants died during
the study period, and 22.5% were administratively
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censored for disenrollment from fee-for-service Medicare.
Follow-up time, defined as the number of 12-month epi-
sodes per person, ranged from 1 to 17 with a median of
8 years.

TABLE 1 Demographic characteristics, comorbidity, and

frailty categories in the study cohort of Medicare beneficiaries in

SEER areas (1998–2014)

Beneficiaries Episodesa

N = 479,646 N = 4,128,316

Age—n (%)

66–69 years 287,036 (59.8) 903,862 (21.9)

70–74 years 80,554 (16.8) 1,006,736 (24.4)

75–79 years 57,580 (12.0) 842,014 (20.4)

80–84 years 33,441 (7.0) 628,414 (15.2)

85–89 years 15,630 (3.3) 369,553 (9.0)

90–95 years 5405 (1.1) 377,737 (9.1)

Sex—n (%)

Female 281,526 (58.7) 2,510,578 (60.8)

Male 198,120 (41.3) 1,617,738 (39.2)

Race—n (%)

White 394,637 (82.3) 3,483,511 (84.4)

Black 36,494 (7.6) 279,896 (6.8)

Other 48,515 (10.1) 364,909 (8.8)

Status at end of follow up—n (%)

Alive and not
censored

229,698 (47.9) 2,189,636 (53.0)

Dead and not
censored

142,267 (29.7) 1,316,568 (31.9)

Administratively
censored

107,681 (22.5) 622,112 (15.1)

Comorbidity categoriesb

None - 2,623,066 (63.5)

Low/medium - 646,753 (15.7)

High - 858,497 (20.8)

Frailty score—
mean (SD)

- 0.14 (0.14)

Frailty category—n (%)

Low frailty
(score < 0.15)

- 2,879,256 (69.7)

High frailty
(score ≥ 0.15)

- 1,249,060 (30.3)

Personal history of
cancer—n (%)

75,490 (15.7) 664,883 (16.1)

SEER region—n (%)

Californiac 158,746 (33.1)

Connecticut 26,121 (5.4)

Detroit 28,714 (6.0)

Hawaii 7423 (1.5)

Iowa 26,665 (5.6)

New Mexico 12,912 (2.7)

Seattle 26,258 (5.5)

Utah 12,471 (2.6)

TABLE 1 (Continued)

Beneficiaries Episodesa

N = 479,646 N = 4,128,316

Atlanta and rural
Georgia

56,139 (11.7)

Kentucky 31,516 (6.6)

Louisiana 28,086 (5.9)

New Jersey 64,595 (13.5)

Year of entry to study cohort—n (%)

1998–2000 218,131 (45.5)

2001–2003 68,177 (14.2)

2004–2006 55,919 (11.7)

2007–2009 56,444 (11.8)

2010–2012 60,615 (12.6)

2013 20,360 (4.2)

Abbreviation: y, years.
aAn episode of care was defined as each 12-month period that a beneficiary

was continuously enrolled in fee-for-service Medicare before a beneficiary's
birthday.
b“None” denotes having no comorbidities from the modified Charlson index
used in this study.
cIncludes greater California, San Francisco, San Jose, and Los Angeles

registries.

FIGURE 1 The violin plot shows the distribution of frailty

scores (ranges from 0 to 1) across the three comorbidity categories

at ages 65, 75, and 85 years. The Y-axis is on log-scale. The violin

plot is a combination of box plot and density plot. Similar to a box

plot, it shows the range of the frailty scores vertically including the

median and interquartile range; at the same time, it also shows the

kernel density estimate of the data horizontally as would a

histogram
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TABLE 2 Five-year and ten-year survival probabilities (%) by age, sex, comorbidity, and frailty categories

Male Female

N

Survival probabilitya (%)

N

Survival probabilitya (%)

5 years 10 years 5 years 10 years

All persons

66 years 87,498 93 (93, 94) 82 (81, 82) 111,587 96 (96, 96) 88 (87, 88)

70 years 95,711 90 (90, 90) 73 (73, 74) 123,206 93 (93, 93) 80 (80, 81)

75 years 77,412 84 (83, 84) 58 (57, 58) 111,086 88 (88, 89) 67 (67, 68)

80 years 57,367 73 (72, 73) 39 (38, 39) 95,616 79 (79, 80) 48 (48, 49)

85 years 35,175 57 (56, 57) 19 (18, 20) 70,676 65 (64, 65) 27 (26, 27)

90 years 15,095 36 (35, 37) 6 (5, 7) 38,393 45 (44, 45) 10 (10, 11)

No comorbidities,b low frailty

66 years 67,284 95 (95, 95) 85 (85, 85) 86,364 97 (97, 97) 91 (90, 91)

70 years 67,480 93 (93, 93) 79 (78, 79) 87,894 96 (96, 96) 85 (85, 86)

75 years 48,721 89 (89, 90) 66 (65, 66) 69,149 93 (93, 93) 75 (75, 76)

80 years 30,411 82 (81, 82) 48 (47, 49) 44,963 88 (88, 88) 59 (58, 60)

85 years 10,775 70 (69, 71) 27 (26, 28) 15,783 78 (78, 79) 37 (36, 38)

90 years 0 0

No comorbidities,b high frailty

66 years -c -c -c 34 86 (73, 100) 76 (61, 95)

70 years 49 81 (70, 94) 81 (70, 94) 454 91 (88, 94) 76 (71, 82)

75 years 417 76 (71, 81) 47 (41, 55) 3595 90 (89, 91) 70 (68, 72)

80 years 2378 73 (71, 75) 40 (37, 42) 11,965 84 (83, 84) 52 (51, 53)

85 years 7361 65 (64, 66) 22 (21, 24) 22,114 73 (72, 74) 32 (31, 33)

90 years 7072 47 (46, 48) 9 (8, 10) 18,172 57 (56, 58) 15 (14, 16)

Low/med comorbidities, low frailty

66 years 11,441 93 (92, 93) 79 (78, 80) 13,838 95 (94, 95) 84 (83, 85)

70 years 14,518 90 (89, 90) 70 (69, 71) 16,892 93 (93, 94) 78 (77, 79)

75 years 11,460 85 (84, 86) 57 (55, 58) 13,218 89 (89, 90) 65 (64, 66)

80 years 5152 77 (75, 78) 39 (37, 41) 5093 83 (82, 84) 48 (46, 50)

85 years 0 0

90 years 0 0

Low/med comorbidities, high frailty

66 years 33 81 (68, 98) 70 (49, 98) 211 90 (85, 95) 73 (64, 83)

70 years 234 81 (75, 87) 55 (46, 66) 1255 87 (85, 89) 69 (65, 73)

75 years 1471 77 (74, 79) 47 (43, 51) 4959 86 (85, 87) 60 (58, 62)

80 years 4527 72 (71, 74) 36 (34, 38) 10,980 78 (77, 79) 44 (43, 45)

85 years 5686 59 (58, 61) 18 (17, 20) 11,665 67 (66, 68) 26 (25, 27)

90 years 2289 39 (37, 42) 6 (5, 8) 6077 47 (46, 49) 10 (9, 11)

High comorbidities, low frailty

66 years 8404 81 (80, 82) 57 (55, 58) 10,172 87 (86, 87) 68 (67, 70)

70 years 11,948 77 (76, 78) 48 (47, 50) 13,162 83 (83, 84) 61 (59, 62)

75 years 10,532 71 (70, 72) 36 (35, 38) 10,019 78 (77, 79) 49 (48, 50)

80 years 4002 62 (60, 64) 25 (23, 27) 3298 72 (70, 74) 35 (32, 37)

(Continues)
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Across all person-years (episodes) of data, 63.5% had
none of the comorbidities from the modified Charlson
index, 15.7% were classified as having low/medium com-
orbidities, and 20.8% were classified as having high com-
orbidities. The median frailty score (ranges from 0 to 1)

was 0.09 for the entire study cohort, and most (69.7%) were
considered to have low frailty. Figure 1 illustrates the wide
range of frailty scores among participants within the same
comorbidity category at a given age, and these frailty score
ranges were overlapping across age and comorbidity

TABLE 2 (Continued)

Male Female

N

Survival probabilitya (%)

N

Survival probabilitya (%)

5 years 10 years 5 years 10 years

85 years 0 0

90 years 0 0

High comorbidities, high frailty

66 years 333 59 (53, 65) 29 (22, 38) 968 67 (64, 71) 41 (37, 47)

70 years 1482 54 (51, 57) 23 (20, 27) 3549 66 (64, 68) 39 (37, 42)

75 years 4811 55 (53, 56) 24 (22, 26) 10,146 65 (64, 66) 34 (33, 35)

80 years 10,897 49 (48, 50) 16 (15, 17) 19,317 58 (57, 59) 24 (23, 25)

85 years 11,353 38 (37, 39) 8 (7, 9) 21,114 44 (44, 45) 12 (12, 13)

90 years 5734 22 (21, 23) 2 (2, 3) 14,144 29 (28, 30) 4 (4, 5)

aSurvival probabilities and 95% confidence intervals are calculated using the Kaplan–Meier method for each subgroup defined by age, sex, comorbidity, and
frailty.
b“No comorbidities” denotes having no comorbidities from the modified Charlson index used in this study.
cSuppressed to protect confidentiality due to small sample size.

TABLE 3 Life expectancy in years by age, sex, comorbidity, and frailty categories

All persons

No comorbiditiesa Low/med comorbidities High comorbidities

Low frailty High frailty Low frailty High frailty Low frailty High frailty

Male, by age

66 NR NR -b NR NR 11.5 (11.1, 12.2) 6.1 (5.5, 7.0)

70 15.1 (14.9, 15.3) 16.1 (15.9, 16.4) NR 14.0 (13.8, 14.5) 11.2 (9.4, NR) 9.8 (9.5, 10.0) 5.6 (5.2, 5.9)

75 11.4 (11.3, 11.5) 12.6 (12.5, 12.7) 9.1 (8.7, 11.9) 11.3 (10.9, 11.5) 9.4 (8.8, 10.3) 7.8 (7.6, 8.0) 5.5 (5.3, 5.8)

80 8.3 (8.2, 8.3) 9.7 (9.6, 9.8) 8.1 (7.8, 8.9) 8.5 (8.3, 8.8) 8.0 (7.8, 8.3) 6.5 (6.2, 6.7) 4.8 (4.7, 5.0)

85 5.7 (5.7, 5.8) 7.2 (7.1, 7.4) 6.6 (6.4, 6.7) -b 5.9 (5.8, 6.0) -b 3.8 (3.7, 3.9)

90 3.7 (3.7, 3.8) -b 4.7 (4.6, 4.8) -b 4.1 (3.8, 4.3) -b 2.7 (2.6, 2.8)

Female, by age

66 NR NR NR NR 14.8 (12.1, NR) 14.8 (14.4, 15.4) 7.6 (7.0, 8.8)

70 NR NR NR 15.7 (15.6, 16.3) 13.9 (12.8, 15.8) 12.5 (12.1, 12.9) 7.8 (7.4, 8.2)

75 13.4 (13.3, 13.5) 14.7 (14.6, 14.8) 13.4 (13.1, 13.7) 12.7 (12.5, 13.0) 11.8 (11.3, 12.3) 9.8 (9.6, 10.1) 7.1 (7.0, 7.4)

80 9.8 (9.7, 9.8) 11.3 (11.2, 11.4) 10.3 (10.1, 10.6) 9.7 (9.4, 9.9) 9.1 (8.9, 9.3) 7.7 (7.5, 7.9) 5.9 (5.8, 6.0)

85 6.8 (6.7, 6.8) 8.4 (8.3, 8.6) 7.7 (7.6, 7.8) -b 6.9 (6.7, 7.0) -b 4.4 (4.3, 4.5)

90 4.5 (4.5, 4.6) -b 5.6 (5.6, 5.7) -b 4.8 (4.7, 4.9) -b 3.1 (3.1, 3.2)

Note: Life expectancy in years is calculated as the median overall survival time using the Kaplan–Meier method for each subgroup defined by age, sex,
comorbidity, and frailty.
Abbreviation: NR, median overall survival time not reached or the upper 95% confidence interval limit not reached.
a“No comorbidities” denotes having no comorbidities from the modified Charlson index used in this study.
bValues denoted by a dash (“-”) are for subgroups where the sample size was too small to report estimates.
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categories so that neither age nor comorbidities sufficiently
predicted frailty status. Specifically, among those with no
comorbidities, the median (first quartile [Q1], third quartile
[Q3]) of the frailty score was 0.07 (0.04, 0.12); among those
with low/medium comorbidities, median (Q1, Q3) of the
frailty score was 0.12 (0.07, 0.21); among those with high
comorbidities, median (Q1, Q3) of the frailty score was 0.20
(0.12, 0.38).

We found that both comorbidities and frailty were
independently associated with all-cause mortality in the
Cox model, after adjusting for sex, race, year of initial
enrollment, and SEER region (Table S3). Having high
comorbidities category (HR, 3.24; 95% confidence interval
[CI], 3.20–3.28) and low/medium comorbidities category
(HR, 1.36; 95% CI, 1.34–1.39) were both associated with
higher risks of death than having no comorbidities. Com-
pared to low frailty, high frailty category was associated
with a higher risk of death (HR, 1.55; 95% CI, 1.52–1.58).

Table 2 shows the Kaplan–Meier estimates of 5-year
and 10-year survival probabilities stratified by age, sex,
comorbidity, and frailty categories, with associated sample
sizes for each subgroup. Survival probabilities generally
decreased with age within each subgroup; for example,
10-year survival probabilities for males with low/medium
comorbidities and low frailty ranged from 79% at age 66 to
39% at age 80. Survival probabilities decreased as com-
orbidities increased and as frailty increased. For example, a
70-year-old male with low/medium comorbidities and low
frailty had a 10-year survival probability of 70%. If he were
to have high frailty instead of low frailty, the 10-year sur-
vival probability is lowered to 55%. If he were to have high
comorbidities instead of low/medium comorbidities, the
10-year survival probability is lowered to 48%. The overall
survival of our study cohort closely matched that of the
U.S. older adults in sensitivity analyses (Figure S2).

The corresponding median life expectancies stratified
by age, sex, comorbidity, and frailty categories are shown
in Table 3. For some subgroups at younger ages (66 to 70)
with no comorbidities or low/medium comorbidities
and/or low frailty, survival over the study period was too
high to estimate median life expectancies (Not Reached
[NR]). The corresponding 5- and 10-year survival proba-
bilities could be used to inform clinical decisions in these
cases. Conversely, for certain subgroups at older ages,
there was insufficient sample size to make estimates.
Within the same comorbidity categories, frailty status (high
versus low frailty) changed estimated life expectancies,
ranging from 0.4 years for 80-year-old males with low/
medium comorbidities to as much as 7.2 years for 66-year-
old females with high comorbidities. For a number of these
subgroups, the change in estimated life expectancies
altered whether the individual would be categorized as
having “limited life expectancy” of <10 years versus

>10 years and would potentially lead to different preven-
tive care decisions. For example, a 70-year-old female with
high comorbidities and low frailty would still have a
median life expectancy of 12.5 years, whereas an individual
with the same age and comorbidity status but high frailty
would have a median life expectancy of 7.8 years. In the
latter individual, routine screening for breast and colorectal
cancers may no longer be recommended even though she
is well below the age of 75 years, which is normally consid-
ered as the threshold for cessation of screening. We illus-
trate the effect of frailty status on survival in a hypothetical
70-year-old woman by showing the Kaplan–Meier analyses
for each possible combination of comorbidity and frailty
categories in Figure 2.

DISCUSSION

We incorporated both comorbidities and frailty to
estimate 5- and 10-year survival probabilities and
median life expectancies for adults aged 66–95 years.
Although a few previous studies compared the discrimi-
native ability of comorbidities and frailty in mortality
prediction, these studies focused on shorter time frames
ranging from 1 to 5 years and none focused on incorpo-
rating both comorbidities and frailty in life expectancy
estimates.29,37–39 These prior works found that com-
orbidities and frailty were independent predictors of
mortality in the shorter time frames. Our results extend
this body of research by showing that for a longer time
frame of over 10 years—an important threshold in pre-
ventive care decisions for older adults—both com-
orbidities and frailty remain independent and significant
predictors of mortality.

FIGURE 2 Kaplan–Meier analyses for a hypothetical 70-year-

old woman for each possible combination of comorbidities (none,

low/medium, high) and frailty (low, high)
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Prior work showed various degrees of overlap between
comorbidities and frailty in older adults.28,29 Our results
found that although both comorbidities and frailty increased
in prevalence with increasing age, there was significant het-
erogeneity in the frailty status among participants with the
same age and comorbidity status, again highlighting that the
two constructs—comorbidities and frailty—although related,
capture different information about an individual's health
status and health trajectory. Existing literature has found
that frailty is an important predictor of multiple adverse out-
comes such as institutionalization, hospitalization, and mor-
tality.22–26 We add to this literature to show that frailty,
independent of comorbidities, contributed substantially to
the estimation of life expectancy in older adults. The higher
hazard for mortality associated with frailty found in our
study is comparable to what has been previously reported in
the literature.25

Our results have several important implications. As
clinical practice guidelines increasingly recognize and
recommend the consideration of 10-year life expectancy
to inform preventive care decisions in older adults,1–12

the results from this project highlight the importance of
considering older adults' frailty status in addition to
comorbidities in prognostication. For example, all adults
in our study who had high comorbidities and high frailty
had less than 10 years of estimated life expectancy across
a wide age range of 66–90 and was true for both males
and females. This could be a rule-of-thumb to consider
in clinical practice to inform recommendations about
preventive care, especially in the relatively younger
patients. Although we organized the life expectancy pre-
dictions by comorbidity and frailty categories for ease of
interpretation and have provided information for clini-
cians to assign patients into these categories, we recog-
nize that busy clinicians may not have the time to apply
the exact definitions for comorbidity and frailty catego-
ries as used in the study, which could be a barrier to use
or lead to misclassification errors. One remedy could be
to leverage electronic medical records to automatically
extract diagnoses, generate estimates of patients' comor-
bidity and frailty scores and corresponding life expectan-
cies, and link these directly with preventive care
reminders or recommendations within the electronic
medical record. By incorporating both frailty and com-
orbidities, our results allow for more individualized esti-
mates of life expectancy to inform preventive care
decisions; however, how to best communicate these
results directly to patients is beyond the scope of this
project and warrants further study. This is an important
area as previous studies demonstrated that directly refer-
ring to one's limited life expectancy or being frail does
not resonate readily with older adults and may have
associated negative connotations.40–43

Secondly, simulation modeling is a commonly used
method to inform population-level recommendations
about preventive care such as cancer screening, 44,45

including specifically about screening cessation in older
adults.44 Frailty is not currently included in published
microsimulation models.44,45 Our results can be used to
update the modeling parameters and assumptions in
these models to develop more personalized estimates
regarding the effectiveness and cost-effectiveness of dif-
ferent types of cancer screenings in older adults.

Thirdly, in the context of population health manage-
ment and research, our results may help provide more tai-
lored risk adjustment when examining the effect of
interventions and/or help identify individuals for more
targeted interventions. For example, several decision sup-
port interventions for cancer screening incorporate
patients' estimated life expectancies46,47; adding frailty to
refine those estimates could make the decision support
even more individualized. Furthermore, although advance
care planning is increasingly recommended for all older
adults, the uptake in clinical practice is still suboptimal
and multiple interventions aim at improving its implemen-
tation.48 Being able to identify older adult with poorer
prognosis can help prioritize and target such interventions,
especially when interventions may be time- or resource-
intensive.

Our study's strengths include the very large sample
size inclusive of individuals across the United States and
the long follow-up of up to 17 years. The study also has
several limitations. First, the study cohort was limited to
Medicare beneficiaries residing in SEER regions and may
not represent older adults in other regions. However, our
sensitivity analyses showed that the survival at various
ages in our study cohort closely matched that of the
U.S. older adult population, which supports the general-
izability of our survival estimates. Second, compared to
the U.S. life tables that report life expectancy as the mean
number of years of life remaining,36 we reported median,
rather than mean, life expectancies because the latter
was not estimable due to curtailed follow-up. It could be
argued that median life expectancy is a better estimate
due to the left skewed distribution of life times. The
median life expectancy at birth is about 3.5 years more
than the mean life expectancy. However, the remaining
life times after 65 years of age is much less skewed, and
there is not much difference between mean and median
life expectancies. We estimated the median and mean life
expectancies from the US life tables in various years
(2001–2017) and have found that they differ by less than
1 year in adults older than 65 years (data not shown).36

Third, although we used established methods to assess
comorbidity and frailty,1,31 these methods are subject to
measurement errors inherent to claims data. Specifically
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for the frailty score, we chose a cutoff threshold that was
most able to discriminate the effect of frailty on mortality
but may not be the cutoff with the highest predictive
value when compared to the gold standard of the physi-
cal frailty phenotype; this could lead to mis-classification
errors if other methods to assess the physical frailty phe-
notype or other definitions of frailty were used. Similarly,
our results may not be generalizable if other definitions
of comorbidities were used. Furthermore, comorbidity
and frailty are related to disability and functional impair-
ment but are distinct entities.27,28 Therefore, although the
frailty score used in our study includes inputs such as
impaired mobility, falls, and cognitive impairment that
are related to functional status and the frailty score has
been shown to be associated with dependence in activi-
ties of daily living (ADL),49 it may not fully capture indi-
viduals' functional status, which have been shown to be
important to predicting life expectancy but is not avail-
able in claims data. Lastly, we chose to stratify both com-
orbidities and frailty into discrete categories as opposed
to using either or both as a continuous measure, a deci-
sion which may negatively affect the precision of the pre-
dictions. Specifically, for individuals who have higher
comorbidity or frailty scores within a category, their life
expectancies are potentially over-estimated, whereas for
those who have lower scores within the same category,
their life expectancies are potentially under-estimated.
However, we believe that the stratified approach signifi-
cantly improves the ease of interpretation and use for
busy clinicians.

In summary, frailty adds unique and important infor-
mation than considering comorbidities alone in the con-
text of long-term prognostication of older adults. This
study incorporated frailty in addition to comorbidities in
estimating long-term life expectancies of older adults to
enhance individualized estimates.
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