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“Outcome measures that reflect what truly 
matters to patients can define performance 

in ways that increase the engagement of patients, 
clinicians, and provider organizations”

(Groff et al. Days Spent at Home – A Patient-Centered Goal and Outcome. 
N Engl J Med 2016; 375: 1610-1612)
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Home time is the number of days alive 
and spent outside healthcare institutions



Why home time?

• Patient-centered: Captures where life is lived (i.e., home) – a 

priority for older adults

• System-relevant: Integrates survival, acute care, and post-acute 

care use into a single, intuitive metric

• Scalable: Readily calculated from administrative claims data
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Same concept, different operational choices

• Home time

• Home and Community Days (HCD)

• Healthy Days at Home (HDAH)

• Days Alive and spent Out of Hospital (DAOH)

8
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1-year home time = 365 days
- (days in short-term acute care hospital

+ days in inpatient rehab facility
+ days in long-term care hospital
+ days in inpatient psychiatric facility
+ days in skilled nursing facility
+ mortality days)

1-year home time = 365 days
- (days in short-term acute care hospital

+ days in inpatient rehab facility
+ days in long-term care hospital
+ days in inpatient psychiatric facility
+ days in skilled nursing facility
+ days in observation status, emergency 

department, dialysis centers, etc.
+ mortality days)



Care setting Patient-Days

Days in short-term acute care hospital 19

Days in skilled nursing facility 21

Days in observational status 2

Days of emergency department use 1

Mortality days 28
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Home
(140d)

Hospital
(7d)

SNF
(14d)

Home
(98d)

ED
(1d)

Obs
(2d)

Home
(56d)

Hospital
(7d)

SNF
(7d)

Hospital
(5d)

Death
(28d)Patient

365 days

Home time in 1 year 294

Home time loss in 1 year 71

Proportion of home time in 1 year 0.81 (=294/365)

Proportion of home time of survival time in 1 year 0.87 (=294/337)



What does home time represent?

11

Complement of 
utilization measures
(“where care occurs”)

Surrogate of quality of 
life or function

(“how well life lived”)



Home time as a surrogate of quality of life 
and function

12Lee et al. J Am Geriatr Soc. 2019; 67: 347-351.

to 68% for difficulty in self-care. Notably, the risk of mobil-
ity impairment, depression, and difficulty in self-care
increased steeply after home time loss of 15 days or greater.

To determine an MCID of home time, we compared
the mean home time between beneficiaries who experienced
worsening functional limitation or death (345.3! 62.0 days)
and those who did not (363.9 ! 6.3 days) during the calen-
dar year. We deduced the MCID of home time as 18.6 days
(P < .001). That is, a mean home time reduction of
18.6 days or more is associated with worsening functional
limitations or death.

DISCUSSION

In a representative sample of community-dwelling Medicare
beneficiaries, reduction in home time was positively associ-
ated with poor self-rated health, mobility impairment,
depressed mood, limited social activity, and difficulty in
self-care. Although these findings may seem unsurprising,
we found that loss in home time of 15 days or more was
particularly associated with incident mobility impairment,
depression, and difficulty in self-care. Our study provides
empirical evidence to adopt home time as a patient-centered
outcome for database studies in which other patient-
centered outcomes may not be directly measurable. Based

on our MCID estimate, a medical intervention that extends
home time 18.6 days or more in 1 year can be considered
to offer a meaningful benefit in patient-centered outcomes.

Conventionally, clinical studies evaluate the benefit of a
medical therapy using time-to-event outcomes (eg, hospitali-
zation or death). The treatment effect is summarized in rela-
tive risks or hazard ratios. This conventional analysis has a
few important limitations. Because this analysis examines
time to the first event, subsequent events (eg, recurrent hos-
pitalizations) are ignored. If treatment reduces the risk of
recurrent events, the benefit of treatment is not fully quanti-
fied.15 Moreover, if the outcome of interest is nonfatal event
(eg, hospitalization), the time-to-event analysis can be com-
plicated by competing risk by death. Although competing
risk can be statistically handled,16 the interpretation of haz-
ard ratios is not straightforward. In general, hazard ratios
or relative risk measures are not intuitively understood by
lay persons and may exaggerate treatment benefits.17,18

They do not represent quality of life.
Home time overcomes several limitations of the time-to-

event analysis. Home time, which quantifies the number of
days alive and spent at home, can accommodate recurrent
events, avoid competing risk, and reflect quality of life (ie,
being at home is considered better than staying in a hospital
or nursing facility). For most lay persons, interpretation of

Table 1. Clinical Characteristics According to Home Time Categories in Community-Dwelling Medicare Beneficiaries
in the Medicare Current Beneficiary Survey 20101

1-Year home time (home time loss) among survivors, d

Characteristics 365 (0) 358-364 (1-7) 351-357 (8-14) 337-350 (15-28) <337 (>28) Deceased

Sample size, No. 3862 327 71 59 75 200
Home time, mean ! SD, d 365.0 ! 0.0 361.9 ! 1.7 354.2 ! 2.2 344.3 ! 3.9 315.4 ! 22.0 187.6 ! 99.9
Age, mean ! SD, y 77.3 ! 7.3 78.6 ! 6.8 79.6 ! 7.3 78.6 ! 6.5 80.9 ! 6.8 82.6 ! 7.8
Female, No. (%) 2201 (57.0) 170 (52.0) 40 (56.3) 33 (55.9) 45 (65.0) 105 (52.5)
White race, No. (%) 3304 (85.6) 296 (90.5) 64 (90.1) 50 (84.7) 62 (82.7) 171 (85.5)
Poor self-rated health, No. (%) 132 (3.4) 19 (5.8) 8 (11.3) 7 (11.9) 8 (10.7) 26 (13.3)
Mobility impairment, No. (%) 854 (22.1) 107 (32.8) 37 (52.1) 29 (49.2) 46 (61.3) 108 (55.1)
Depression, No. (%) 374 (9.7) 31 (9.5) 12 (16.9) 7 (11.9) 12 (16.0) 28 (14.3)
Limited social activity, No. (%) 1053 (27.3) 134 (41.1) 32 (45.1) 31 (53.4) 44 (58.7) 114 (58.2)
Difficulty in self-care, No. (%) 997 (25.9) 116 (35.6) 39 (54.9) 29 (49.2) 53 (70.7) 118 (60.2)
Functional limitations, mean ! SD, No. 3.4 ! 3.5 4.6 ! 3.9 5.4 ! 4.4 5.8 ! 3.8 7.2 ! 4.1 7.4 ! 4.7

1All comparisons were statistically significant (P < .05).
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Figure 2. Home time and 1-year incidence of worsening patient-centered outcomes in the Medicare Current Beneficiary
Survey 2011.
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ity impairment, depression, and difficulty in self-care
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empirical evidence to adopt home time as a patient-centered
outcome for database studies in which other patient-
centered outcomes may not be directly measurable. Based

on our MCID estimate, a medical intervention that extends
home time 18.6 days or more in 1 year can be considered
to offer a meaningful benefit in patient-centered outcomes.
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They do not represent quality of life.
Home time overcomes several limitations of the time-to-

event analysis. Home time, which quantifies the number of
days alive and spent at home, can accommodate recurrent
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being at home is considered better than staying in a hospital
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Steep increase in mobility and self-care difficulty when 1-Year home time loss > 14 days
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Home time in the literature



Home time in the last 6 months of life

PERSPECTIVE

1610

Days Spent at Home

n engl j med 375;17 nejm.org October 27, 2016

Most measures of the quality 
of health care delivery focus 

on what health care providers do, 
not what patients want. If “high-
value, patient-centered care” is 
to be more than rhetoric, health 
care organizations need to mea-
sure outcomes that matter to pa-
tients. Only when they do so will 
care be designed and organized 
in ways that improve those out-
comes.

To understand how this ap-
proach differs from business as 
usual, consider “days spent at 
home in the last 6 months of life.” 
The map shows the mean number 
of days spent at home by Medicare 
beneficiaries who died in 2012 or 
2013, by hospital referral region 
(HRR). HRRs are regional health 

care markets as defined on the 
basis of historical hospital-usage 
patterns. “Days at home” was cal-
culated as 180 days minus the 
number of inpatient days in an 
acute care facility, an inpatient re-
habilitation facility, a skilled nurs-
ing facility, or an inpatient hos-
pice unit.

As the map suggests, there is 
substantial variation in the amount 
of time dying patients in the Unit-
ed States spend at home. The 
mean was just 120 (of 180) days 
in Los Angeles and Miami and 
122 in McAllen, Texas, and Chi-
cago. In Mason City, Iowa, dying 
patients spent an average of 146 
days at home. In Grand Junction, 
Colorado, the average was 143; in 
Rochester, Minnesota, 142. (A Sup-

plementary Appendix providing 
the mean number of days for each 
HRR is available at NEJM.org.)

Reducing hospital-readmission 
rates is a laudable goal, but not 
exactly the same thing as trying 
to maximize the amount of time 
that frail and dying patients 
spend at home. Do a few more 
weeks at home in the last 6 months 
of life matter? After all, the ulti-
mate clinical outcome was the 
same, since all the patients in-
cluded in the analysis died. Fur-
thermore, there are many patients 
who prefer not to be at home 
when they are sick and dying, 
and for whom days spent at 
home are days during which they 
have less-than-complete relief of 
discomfort.

Days Spent at Home

Days Spent at Home — A Patient-Centered Goal and Outcome
Adam C. Groff, M.D., Carrie H. Colla, Ph.D., and Thomas H. Lee, M.D.  

Mean Number of Days Spent at Home in the Last 6 Months of Life, by Hospital Referral Region, for Medicare Beneficiaries Who Died  
in 2012 or 2013.

Sample sizes for regions shown in gray were below the Centers for Medicare and Medicaid Services minimum requirement for data reporting.

118.8 to <128.2  (62)
128.2 to <131.3  (60)
131.3 to <133.4  (62)
133.4 to <135.9  (61)
135.9 to <145.9  (61)
Data unavailable

Days Spent at Home
in the Last 6 Mo of Life

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org at Harvard University on January 7, 2026. 

 Copyright © 2016 Massachusetts Medical Society. All rights reserved, including those for text and data mining, AI training, and similar technologies.

14Groff et al. N Engl J Med 2016; 375; 1610-1612

Measure: Number of days alive and spent out of inpatient and SNF



Home time after surgery

15Park et al. Anaesthesia. 2024; 79: 829-838.

home time loss comparing patients in the robust category
and patients in the moderate-to-severe frailty category was
8 (44.1) days vs. 86 (123.4) days (adjusted rate ratio (RR)
[95%CI] 1.93 [1.74–2.15]) after OSS 1 procedures; 3 (23.0)
days vs. 85 (118.9) days (RR [95%CI] 4.20 [3.96–4.45]) after
OSS 2 procedures; 12 (42.5) days vs. 113 (126.1) days (RR
[95%CI] 2.71 [2.62–2.81]) after OSS 3 procedures; 31 (72.1)
days vs. 149 (141.0) days (RR [95%CI] 2.04 [1.86–2.22]) after
OSS 4 procedures; and 40 (75.1) days vs. 73 (102.3) days (RR
[95%CI] 1.12 [0.70–1.80]) after OSS 5 procedures (Fig. 4). As
the frailty level increased, home time loss was mainly due to
an increase in the days spent in a skilled nursing facility and
days lost to death.

Discussion
In this nationwide cohort of Medicare fee-for-service
beneficiaries undergoing non-cardiac surgical procedures
of all operative stress levels, patients with greater frailty had
higher rates of mortality at 30 days and 365 days, higher
readmission rates at 30 days and more home time loss over
365 days compared with patients who were robust.
Notably, the variation in postoperative outcomes by patient

frailty level was much greater than the variation by the OSS
category. Incremental home time loss associated with frailty
was mainly due to more days spent in a skilled nursing
facility and days lost to death. These results support the
utility of peri-operative frailty assessment for surgical risk
stratification, informed decision-making and peri-operative
care planning in older adults.

Our study results are largely consistent with the findings
of a previous large study using the United States Veterans
Administration Surgical Quality Improvement Program.
Shinall et al. found that veterans (mean age 61.0 y, 7.7%
female) who were frail had higher postoperative mortality
up to 180 days across all levels of operative stress [15].
Similar to our study, veterans who underwent OSS 2
procedures were healthier and had lower mortality than
those having OSS 1 procedures. Our study expands on this
by including a more representative sample (mean age
76.1 y, 52.3% female), by following patients for 365 days
after surgery and adjusting for age, sex, ethnicity,
comorbidities and admission type.

Whether or not a procedure is high risk (defined as
having ≥ 1% inpatient mortality [26]) depends on the

Figure 4 Frailty, Operative Stress Score (OSS) and home time loss in 365 days after non-cardiac surgery and procedure. The
analysis only includedpatients whowere discharged alive after the index surgical procedure. Home time loss is presented in the
mean by summating the number of inpatient days, skilled nursing facility (SNF) days and days lost to death in the 365-day period
from the day of discharge after an inpatient surgical procedure and from the day of an outpatient surgical procedure. Incident
rate ratio (IRR) was estimated fromnegative binomial regression adjusting for age (< 70 y [reference], 70–74 y, 75–79 y, 80–84 y
and≥ 85 y); sex; ethnicity (Asian or Pacific Islander, Black, Hispanic,White [reference] and others); combined comorbidity index
(continuous); metastatic cancer; and admission type (elective [reference] or non-elective).
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VERY HIGH STRESS SURGERY

VERY LOW STRESS SURGERY

Measure: Number of days lost due to inpatient, SNF, and death in 1 year



Home time after traumatic brain injury

16Albrecht et al. Alzheimers Dement. 2024; 20: 2364-2372.

Measure: Number of days alive and spent out of inpatient, SNF, LTC, ED, and observation in each month

ALBRECHT ET AL. 2369

TABLE 1 (Continued)

Total,
n= 20,350

NoADRD/
NoDual,
n= 10,666

ADRD/
NoDual,
n= 4420

NoADRD/
Dual,
n= 2801

ADRD/Dual,
n= 2463

p-value

Diabetes 9238 (45.4) 4329 (40.6) 2054 (46.5) 1482 (52.9) 1373 (55.8) <.001
Glaucoma 5976 (29.4) 3013 (28.3) 1430 (32.4) 760 (27.1) 773 (31.4) <.001
Heart failure 9136 (44.9) 3974 (37.3) 2256 (51.0) 1447 (51.7) 1459 (59.2) <.001
Hyperlipidemia 17,500 (86.0) 9065 (85.0) 3944 (89.2) 2326 (83.0) 2165 (87.9) <.001
Hyperplasia (benign prostatic) 5296 (26.0) 2685 (25.2) 1272 (28.8) 674 (24.1) 665 (27.0) <.001
Hypertension 18,565 (91.2) 9447 (88.6) 4203 (95.1) 2541 (90.7) 2374 (96.4) <.001
Hypothyroid 6863 (33.7) 3305 (31.0) 1787 (40.4) 832 (29.7) 939 (38.1) <.001
Ischemic heart disease 13,869 (68.2) 6698 (62.8) 3338 (75.5) 1929 (68.9) 1904 (77.3) <.001
Osteoporosis 6460 (31.7) 2901 (27.2) 1747 (39.5) 798 (28.5) 1014 (41.2) <.001
Rheumatoid/osteoarthritis 14,390 (70.7) 7000 (65.6) 3512 (79.5) 1899 (67.8) 1979 (80.4) <.001
Stroke 6352 (31.2) 2546 (23.9) 1928 (43.6) 791 (28.2) 1087 (44.1) <.001

Socioeconomic indicators, n (%)

ORECc <.001
Age 18,212 (89.5) 9748 (91.4) 4072 (92.1) 2276 (81.3) 2116 (85.9)

Disability 2138 (10.5) 918 (8.6) 348 (7.9) 525 (18.7) 347 (14.1)

Dual 5264 (25.9)

aAbbreviated injury scale score.
bChronic obstructive pulmonary disease.
cOriginal reason for entitlement code.

F IGURE 1 Days at home 6months before and 12months after traumatic brain injury among olderMedicare beneficiaries by Alzheimer’s
disease and related dementias (ADRD) diagnosis andMedicaid eligibility (dual) status.

TABLE 2 Proportion (standard deviation) of days of home time out of days spent alive amongMedicare beneficiaries aged 65 years and older
hospitalized with a traumatic brain injury (TBI) 2010–2017 6months before and 12months after TBI, by Alzheimer’s disease and related
dementias (ADRD) diagnosis andMedicaid eligibility status, n= 20,350.

NoADRD/No
Medicaid, n= 10,666

ADRD/NoMedicaid,
n= 4420

NoADRD/Medicaid,
n= 2801

ADRD/Medicaid,
n= 2463 p-value

6months pre-TBI 0.98 (0.07) 0.94 (0.12) 0.95 (0.10) 0.91 (0.15) <.001
12months post-TBI 0.86 (0.20) 0.75 (0.30) 0.57 (0.38) 0.47 (0.38) <.001



Home time after chemotherapy for AML

17Richardson et al. JAMA Oncol. 2024; 10: 1038-1046.

Measure: Number of days alive and spent out of inpatient, SNF, and LTC in each month

counted for only approximately 1% of days away from home
for patients in the first year. This considerable time away from
home was predominantly due to treatment and disease com-
plications but also was influenced by individual patient re-
sources such as caregiver support, housing, transportation, etc.
The time away from home in AML demonstrated in this study
is substantially higher than reported in similar studies of pa-
tients with metastatic solid tumors who spend only about 10%
of days away from home.26-2%

Data presented herein, rigorously adjusted for relevant co-
variates, demonstrate that older patients with AML receiving hy-
pomethylating agents had shorter overall survival time, but more
total days at home and 33 more days at home in the first year on
average compared with patients receiving anthracyclines. In es-
sence,theadditionalsurvivaltimeachievedbyanthracyclineswas
devoted to days receiving treatment away from home. It is un-
derstoodthatpatientswithAMLwhoreceiveanthracycline-based
regimens must endure a lengthy hospitalization to receive the
longer-term benefits of therapy. This results in a predictable and
substantial home time deficit at the initiation of therapy
(Figure 2B). This deficit worsened for the first 6 months for those
treated with anthracyclines after which home time was similar
between groups with a slight advantage to those treated with an-
thracyclines (Table 2, Figure 3A). This is due to the inpatient na-
ture of chemotherapy delivered for patients receiving higher-
intensity therapy over the first 6 months of treatment. The home
time deficit incurred with anthracyclines was not fully recovered
despite these patients living longer than those receiving hypo-
methylating agents (Figure 3B).

These data have implications for clinical care. Use of anthra-
cyclines is associated with longer survival, but less home time
comparedwithHMAtherapyduetosubstantialdeficitsinthefirst
6 months of treatment. Oncologists and patients should both be
aware of this likely tradeoff when choosing intensity of therapy,
and treatment decisions should be informed by patient prefer-
ence for prioritizing upfront home time vs prolonging survival.
Agrowingbodyofliteraturedemonstratesthatmanyolderadults
withcancerprioritizeotheroutcomesbesidesprolongingsurvival
when making chemotherapy decisions.12,29-32 Previous studies
have shown that adults with AML consider avoiding hospitaliza-
tion as a critical factor influencing chemotherapy decisions,
though preferences for maximizing home time compared with
other outcomes varies widely.12 It is therefore critical for oncolo-
giststodiscusspatientpreferencestoarriveatanappropriatetreat-
ment decision that aligns with what is most important to the
patient.

These analyses relied on propensity score weighting, a form
of model-based standardization, to control measured confound-
ing. We selected older adults receiving anthracyclines as the stan-
dard population for weighting, in turn weighting individuals in
the other treatment groups to reflect the distribution of demo-
graphic and clinical covariates in the anthracycline group. This
weightingapproachaddressesconfoundingbybalancingthevari-
ables included in the propensity score model, but cannot guar-
antee that unmeasured variables (eg, molecular risk categories)
are balanced; thus, the possibility of residual bias remains. This
weighting approach is particularly useful because it allows us to
present weighted results in a visual format as in Figure 2, which

cannot be done using standard outcome regression methods. Vi-
sualization of our findings may be an effective way to communi-

Figure 2. Percentage of Person-Days in Each Location For Older Patients
With Acute Myeloid Leukemia (AML)
Over The First 12 Months by Treatment
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A, Percentage of person-days in each location for all patients with AML treated
with some chemotherapy (n = 7946). B, Patients treated with anthracyclines
(n = 2824). C, Patients treated with hypomethylating agents (n = 2542).
Hospitalization includes long-term acute care facilities. Death includes lost to
follow-up. Nursing home includes short- and long-term care facilities. HMA
indicates hypomethylating agent.
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counted for only approximately 1% of days away from home
for patients in the first year. This considerable time away from
home was predominantly due to treatment and disease com-
plications but also was influenced by individual patient re-
sources such as caregiver support, housing, transportation, etc.
The time away from home in AML demonstrated in this study
is substantially higher than reported in similar studies of pa-
tients with metastatic solid tumors who spend only about 10%
of days away from home.26-2%

Data presented herein, rigorously adjusted for relevant co-
variates, demonstrate that older patients with AML receiving hy-
pomethylating agents had shorter overall survival time, but more
total days at home and 33 more days at home in the first year on
average compared with patients receiving anthracyclines. In es-
sence,theadditionalsurvivaltimeachievedbyanthracyclineswas
devoted to days receiving treatment away from home. It is un-
derstoodthatpatientswithAMLwhoreceiveanthracycline-based
regimens must endure a lengthy hospitalization to receive the
longer-term benefits of therapy. This results in a predictable and
substantial home time deficit at the initiation of therapy
(Figure 2B). This deficit worsened for the first 6 months for those
treated with anthracyclines after which home time was similar
between groups with a slight advantage to those treated with an-
thracyclines (Table 2, Figure 3A). This is due to the inpatient na-
ture of chemotherapy delivered for patients receiving higher-
intensity therapy over the first 6 months of treatment. The home
time deficit incurred with anthracyclines was not fully recovered
despite these patients living longer than those receiving hypo-
methylating agents (Figure 3B).

These data have implications for clinical care. Use of anthra-
cyclines is associated with longer survival, but less home time
comparedwithHMAtherapyduetosubstantialdeficitsinthefirst
6 months of treatment. Oncologists and patients should both be
aware of this likely tradeoff when choosing intensity of therapy,
and treatment decisions should be informed by patient prefer-
ence for prioritizing upfront home time vs prolonging survival.
Agrowingbodyofliteraturedemonstratesthatmanyolderadults
withcancerprioritizeotheroutcomesbesidesprolongingsurvival
when making chemotherapy decisions.12,29-32 Previous studies
have shown that adults with AML consider avoiding hospitaliza-
tion as a critical factor influencing chemotherapy decisions,
though preferences for maximizing home time compared with
other outcomes varies widely.12 It is therefore critical for oncolo-
giststodiscusspatientpreferencestoarriveatanappropriatetreat-
ment decision that aligns with what is most important to the
patient.

These analyses relied on propensity score weighting, a form
of model-based standardization, to control measured confound-
ing. We selected older adults receiving anthracyclines as the stan-
dard population for weighting, in turn weighting individuals in
the other treatment groups to reflect the distribution of demo-
graphic and clinical covariates in the anthracycline group. This
weightingapproachaddressesconfoundingbybalancingthevari-
ables included in the propensity score model, but cannot guar-
antee that unmeasured variables (eg, molecular risk categories)
are balanced; thus, the possibility of residual bias remains. This
weighting approach is particularly useful because it allows us to
present weighted results in a visual format as in Figure 2, which

cannot be done using standard outcome regression methods. Vi-
sualization of our findings may be an effective way to communi-

Figure 2. Percentage of Person-Days in Each Location For Older Patients
With Acute Myeloid Leukemia (AML)
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A, Percentage of person-days in each location for all patients with AML treated
with some chemotherapy (n = 7946). B, Patients treated with anthracyclines
(n = 2824). C, Patients treated with hypomethylating agents (n = 2542).
Hospitalization includes long-term acute care facilities. Death includes lost to
follow-up. Nursing home includes short- and long-term care facilities. HMA
indicates hypomethylating agent.
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counted for only approximately 1% of days away from home
for patients in the first year. This considerable time away from
home was predominantly due to treatment and disease com-
plications but also was influenced by individual patient re-
sources such as caregiver support, housing, transportation, etc.
The time away from home in AML demonstrated in this study
is substantially higher than reported in similar studies of pa-
tients with metastatic solid tumors who spend only about 10%
of days away from home.26-2%

Data presented herein, rigorously adjusted for relevant co-
variates, demonstrate that older patients with AML receiving hy-
pomethylating agents had shorter overall survival time, but more
total days at home and 33 more days at home in the first year on
average compared with patients receiving anthracyclines. In es-
sence,theadditionalsurvivaltimeachievedbyanthracyclineswas
devoted to days receiving treatment away from home. It is un-
derstoodthatpatientswithAMLwhoreceiveanthracycline-based
regimens must endure a lengthy hospitalization to receive the
longer-term benefits of therapy. This results in a predictable and
substantial home time deficit at the initiation of therapy
(Figure 2B). This deficit worsened for the first 6 months for those
treated with anthracyclines after which home time was similar
between groups with a slight advantage to those treated with an-
thracyclines (Table 2, Figure 3A). This is due to the inpatient na-
ture of chemotherapy delivered for patients receiving higher-
intensity therapy over the first 6 months of treatment. The home
time deficit incurred with anthracyclines was not fully recovered
despite these patients living longer than those receiving hypo-
methylating agents (Figure 3B).

These data have implications for clinical care. Use of anthra-
cyclines is associated with longer survival, but less home time
comparedwithHMAtherapyduetosubstantialdeficitsinthefirst
6 months of treatment. Oncologists and patients should both be
aware of this likely tradeoff when choosing intensity of therapy,
and treatment decisions should be informed by patient prefer-
ence for prioritizing upfront home time vs prolonging survival.
Agrowingbodyofliteraturedemonstratesthatmanyolderadults
withcancerprioritizeotheroutcomesbesidesprolongingsurvival
when making chemotherapy decisions.12,29-32 Previous studies
have shown that adults with AML consider avoiding hospitaliza-
tion as a critical factor influencing chemotherapy decisions,
though preferences for maximizing home time compared with
other outcomes varies widely.12 It is therefore critical for oncolo-
giststodiscusspatientpreferencestoarriveatanappropriatetreat-
ment decision that aligns with what is most important to the
patient.

These analyses relied on propensity score weighting, a form
of model-based standardization, to control measured confound-
ing. We selected older adults receiving anthracyclines as the stan-
dard population for weighting, in turn weighting individuals in
the other treatment groups to reflect the distribution of demo-
graphic and clinical covariates in the anthracycline group. This
weightingapproachaddressesconfoundingbybalancingthevari-
ables included in the propensity score model, but cannot guar-
antee that unmeasured variables (eg, molecular risk categories)
are balanced; thus, the possibility of residual bias remains. This
weighting approach is particularly useful because it allows us to
present weighted results in a visual format as in Figure 2, which

cannot be done using standard outcome regression methods. Vi-
sualization of our findings may be an effective way to communi-

Figure 2. Percentage of Person-Days in Each Location For Older Patients
With Acute Myeloid Leukemia (AML)
Over The First 12 Months by Treatment
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A, Percentage of person-days in each location for all patients with AML treated
with some chemotherapy (n = 7946). B, Patients treated with anthracyclines
(n = 2824). C, Patients treated with hypomethylating agents (n = 2542).
Hospitalization includes long-term acute care facilities. Death includes lost to
follow-up. Nursing home includes short- and long-term care facilities. HMA
indicates hypomethylating agent.
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Home time after anticoagulants for AF

18Lin et al. JAMA Netw Open. 2023; 6: e2342264.

A. Medicare Fee-For-Service Beneficiaries
Apixaban Rivaroxaban Warfarin Rivaroxaban vs Apixaban Warfarin vs Apixaban

Sample 
Size

Events  
(Risk or Rate)*

Sample 
Size

Events  
(Risk or Rate)*

Sample 
Size

Events  
(Risk or Rate)* Estimate (95% CI) Estimate (95% CI)

Home time lost > 14 days in 
12 months

Total population 45950 9,233 (20.1) 45320 9,923 (21.9) 45280 10,546 (23.3) 1.8 (1.5, 2.1) 3.2 (2.9, 3.5)
Non-frail 8612 521 (6.0) 8381 578 (6.9) 8441 654 (7.7) 0.8 (0.5, 1.2) 1.7 (1.2, 2.2)
Pre-frail 26383 4,223 (16.0) 26020 4,448 (17.1) 25979 4,901 (18.9) 1.1 (0.7, 1.4) 2.9 (2.5, 3.2)
Frail 10247 4,444 (43.4) 10193 4,694 (46.0) 10176 4,777 (46.9) 2.7 (1.9, 3.4) 3.6 (2.8, 4.3)

PHeterogeneity =  0.0001 PHeterogeneity < 0.0001

Composite endpoint

Total population 45950 5,130 (119.5) 45320 5,884 (140.8) 45280 6,192 (148.9) 21.3 (16.4, 26.2) 29.4 (24.5, 34.3)
Non-frail 8612 312 (37.0) 8381 396 (48.7) 8441 427 (52.2) 11.6 (5.3, 17.9) 15.1 (8.7, 21.5)
Pre-frail 26383 2,343 (93.7) 26020 2,729 (111.9) 25979 2,896 (119.3) 18.2 (12.5, 23.8) 25.6 (19.8, 31.3)
Frail 10247 2,443 (277.3) 10193 2,653 (308.9) 10176 2,749 (322.9) 31.6 (15.5, 47.7) 45.5 (29.2, 61.9)

PHeterogeneity = 0.0497 PHeterogeneity = 0.0010

Ischemic stroke or systemic 
embolism

Total population 45950 445 (10.3) 45320 565 (13.3) 45280 583 (13.8) 3.0 (1.6, 4.5) 3.5 (2.1, 5.0)
Non-frail 8612 49 (5.8) 8381 63 (7.7) 8441 61 (7.5) 1.8 (-0.7, 4.3) 1.6 (-0.9, 4.1)
Pre-frail 26383 247 (9.8) 26020 315 (12.7) 25979 332 (13.5) 2.9 (1.0, 4.7) 3.7 (1.8, 5.6)
Frail 10247 145 (16.2) 10193 181 (20.6) 10176 177 (20.3) 4.4 (0.4, 8.4) 4.1 (0.1, 8.1)

PHeterogeneity  =  0.5579 PHeterogeneity = 0.3752

Major bleeding

Total population 45950 919 (21.3) 45320 1,431 (34.1) 45280 1,430 (34.2) 12.8 (10.5, 15.0) 12.9 (10.7, 15.1)
Non-frail 8612 80 (9.5) 8381 131 (16.1) 8441 147 (17.9) 6.6 (3.1, 10.0) 8.4 (4.8, 12.0)
Pre-frail 26383 499 (19.9) 26020 787 (32.1) 25979 753 (30.9) 12.3 (9.4, 15.1) 11.0 (8.2, 13.8)
Frail 10247 333 (37.6) 10193 489 (56.6) 10176 510 (59.5) 19.0 (12.6, 25.5) 21.9 (15.4, 28.5)

PHeterogeneity = 0.0015 PHeterogeneity = 0.0018

Death

Total population 45950 4,139 (95.1) 45320 4,382 (102.6) 45280 4,750 (111.9) 7.5 (3.3, 11.7) 16.7 (12.4, 21.0)
Non-frail 8612 208 (24.6) 8381 236 (28.7) 8441 264 (31.9) 4.1 (-0.8, 9.1) 7.3 (2.2, 12.4)
Pre-frail 26383 1,781 (70.3) 26020 1,854 (74.4) 25979 2,082 (84.1) 4.1 (-0.6, 8.8) 13.7 (8.8, 18.6)
Frail 10247 2,124 (235.7) 10193 2,206 (248.4) 10176 2,306 (261.9) 12.7 (-1.8, 27.1) 26.2 (11.5, 40.8)

PHeterogeneity = 0.5266 PHeterogeneity = 0.0263

Warfarin

Comparison Sample 
Size

Events  
(Risk or Rate)* HR LL UL RD LL UL

Home time lost > 7 days in 6 months
Total population 45,280 10,546 (23.3) 1.16 1.14 1.18 4 0.02 0.02 3.2 2.9 3.5 4 0.30 0.30
Non-frail 8,441 654 (7.7) 1.28 1.20 1.37 3 0.08 0.08 1.7 1.2 2.2 3 0.45 0.45
Pre-frail 25,979 4,901 (18.9) 1.18 1.15 1.20 2 0.02 0.02 2.9 2.5 3.2 2 0.37 0.37
Frail 10,176 4,777 (46.9) 1.08 1.06 1.10 1 0.02 0.02 3.6 2.8 4.3 1 0.76 0.76

Composite endpoint
Total population 45,280 6,192 (148.9) 1.24 1.22 1.27 4 0.02 0.03 29.4 24.5 34.3 4 4.95 4.95
Non-frail 8,441 427 (52.2) 1.41 1.29 1.53 3 0.12 0.12 15.1 8.7 21.5 3 6.43 6.43
Pre-frail 25,979 2,896 (119.3) 1.27 1.23 1.31 2 0.04 0.04 25.6 19.8 31.3 2 5.77 5.77
Frail 10,176 2,749 (322.9) 1.16 1.13 1.20 1 0.03 0.04 45.5 29.2 61.9 1 16.33 16.33

Ischemic stroke or systemic embolism
Total population 45,280 583 (13.8) 1.34 1.26 1.44 4 0.08 0.10 3.5 2.1 5.0 4 1.47 1.47
Non-frail 8,441 61 (7.5) 1.28 1.03 1.58 3 0.25 0.30 1.6 -0.9 4.1 3 2.48 2.48
Pre-frail 25,979 332 (13.5) 1.37 1.26 1.50 2 0.11 0.13 3.7 1.8 5.6 2 1.90 1.90
Frail 10,176 177 (20.3) 1.25 1.11 1.41 1 0.14 0.16 4.1 0.1 8.1 1 3.98 3.98

Major bleeding
Total population 45,280 1,430 (34.2) 1.60 1.53 1.68 4 0.07 0.08 12.9 10.7 15.1 4 2.25 2.25
Non-frail 8,441 147 (17.9) 1.88 1.61 2.20 3 0.27 0.32 8.4 4.8 12.0 3 3.57 3.57
Pre-frail 25,979 753 (30.9) 1.55 1.46 1.65 2 0.09 0.10 11.0 8.2 13.8 2 2.81 2.81
Frail 10,176 510 (59.5) 1.58 1.46 1.70 1 0.12 0.12 21.9 15.4 28.5 1 6.55 6.55

Death
Total population 45,280 4,750 (111.9) 1.18 1.15 1.20 4 0.03 0.02 16.7 12.4 21.0 4 4.30 4.30
Non-frail 8,441 264 (31.9) 1.30 1.17 1.44 3 0.13 0.14 7.3 2.2 12.4 3 5.09 5.09
Pre-frail 25,979 2,082 (84.1) 1.19 1.15 1.24 2 0.04 0.05 13.7 8.8 18.6 2 4.87 4.87
Frail 10,176 2,306 (261.9) 1.11 1.07 1.15 1 0.04 0.04 26.2 11.5 40.8 1 14.66 14.66

Apixaban

Comparison Sample 
Size

Events  
(Risk or Rate)* HR LL UL RD LL UL

Home time lost > 7 days in 6 months
Total population 45,950 9,233 (20.1) 1.00 1.00 1.00 28 0.00 0.00 0.0 0.0 0.0 28 0.00 0.00
Non-frail 8,612 521 (6.0) 1.00 1.00 1.00 27 0.00 0.00 0.0 0.0 0.0 27 0.00 0.00
Pre-frail 26,383 4,223 (16.0) 1.00 1.00 1.00 26 0.00 0.00 0.0 0.0 0.0 26 0.00 0.00
Frail 10,247 4,444 (43.4) 1.00 1.00 1.00 25 0.00 0.00 0.0 0.0 0.0 25 0.00 0.00

Composite endpoint
Total population 45,950 5,130 (119.5) 1.00 1.00 1.00 22 0.00 0.00 0.0 0.0 0.0 22 0.00 0.00
Non-frail 8,612 312 (37.0) 1.00 1.00 1.00 21 0.00 0.00 0.0 0.0 0.0 21 0.00 0.00
Pre-frail 26,383 2,343 (93.7) 1.00 1.00 1.00 20 0.00 0.00 0.0 0.0 0.0 20 0.00 0.00
Frail 10,247 2,443 (277.3) 1.00 1.00 1.00 19 0.00 0.00 0.0 0.0 0.0 19 0.00 0.00

Ischemic stroke or systemic embolism
Total population 45,950 445 (10.3) 1.00 1.00 1.00 15 0.00 0.00 0.0 0.0 0.0 15 0.00 0.00
Non-frail 8,612 49 (5.8) 1.00 1.00 1.00 14 0.00 0.00 0.0 0.0 0.0 14 0.00 0.00
Pre-frail 26,383 247 (9.8) 1.00 1.00 1.00 13 0.00 0.00 0.0 0.0 0.0 13 0.00 0.00
Frail 10,247 145 (16.2) 1.00 1.00 1.00 12 0.00 0.00 0.0 0.0 0.0 12 0.00 0.00

Major bleeding
Total population 45,950 919 (21.3) 1.00 1.00 1.00 9 0.00 0.00 0.0 0.0 0.0 9 0.00 0.00
Non-frail 8,612 80 (9.5) 1.00 1.00 1.00 8 0.00 0.00 0.0 0.0 0.0 8 0.00 0.00
Pre-frail 26,383 499 (19.9) 1.00 1.00 1.00 7 0.00 0.00 0.0 0.0 0.0 7 0.00 0.00
Frail 10,247 333 (37.6) 1.00 1.00 1.00 6 0.00 0.00 0.0 0.0 0.0 6 0.00 0.00

Death
Total population 45,950 4,139 (95.1) 1.00 1.00 1.00 3 0.00 0.00 0.0 0.0 0.0 3 0.00 0.00
Non-frail 8,612 208 (24.6) 1.00 1.00 1.00 2 0.00 0.00 0.0 0.0 0.0 2 0.00 0.00
Pre-frail 26,383 1,781 (70.3) 1.00 1.00 1.00 1 0.00 0.00 0.0 0.0 0.0 1 0.00 0.00
Frail 10,247 2,124 (235.7) 1.00 1.00 1.00 0 0.00 0.00 0.0 0.0 0.0 0 0.00 0.00

Rivaroxaban

Comparison Sample 
Size

Events  
(Risk or Rate)* HR LL UL RD LL UL

Home time lost > 7 days in 6 months
Total population 45,320 9,923 (21.9) 1.09 1.07 1.10 4 0.01 0.01 1.8 1.5 2.1 4 0.29 0.29
Non-frail 8,381 578 (6.9) 1.14 1.07 1.21 3 0.07 0.07 0.8 0.5 1.2 3 0.39 0.39
Pre-frail 26,020 4,448 (17.1) 1.07 1.05 1.09 2 0.02 0.02 1.1 0.7 1.4 2 0.35 0.35
Frail 10,193 4,694 (46.0) 1.06 1.04 1.08 1 0.02 0.02 2.7 1.9 3.4 1 0.76 0.76

Composite endpoint
Total population 45,320 5,884 (140.8) 1.18 1.15 1.20 4 0.03 0.02 21.3 16.4 26.2 4 4.86 4.86
Non-frail 8,381 396 (48.7) 1.31 1.22 1.42 3 0.09 0.11 11.6 5.3 17.9 3 6.31 6.31
Pre-frail 26,020 2,729 (111.9) 1.19 1.16 1.23 2 0.03 0.04 18.2 12.5 23.8 2 5.66 5.66
Frail 10,193 2,653 (308.9) 1.11 1.08 1.15 1 0.03 0.04 31.6 15.5 47.7 1 16.10 16.10

Ischemic stroke or systemic embolism
Total population 45,320 565 (13.3) 1.29 1.21 1.38 4 0.08 0.09 3.0 1.6 4.5 4 1.45 1.45
Non-frail 8,381 63 (7.7) 1.32 1.08 1.60 3 0.24 0.28 1.8 -0.7 4.3 3 2.50 2.50
Pre-frail 26,020 315 (12.7) 1.29 1.19 1.41 2 0.10 0.12 2.9 1.0 4.7 2 1.86 1.86
Frail 10,193 181 (20.6) 1.27 1.13 1.43 1 0.14 0.16 4.4 0.4 8.4 1 3.99 3.99

Major bleeding
Total population 45,320 1,431 (34.1) 1.60 1.53 1.67 4 0.07 0.07 12.8 10.5 15.0 4 2.24 2.24
Non-frail 8,381 131 (16.1) 1.69 1.47 1.95 3 0.22 0.26 6.6 3.1 10.0 3 3.45 3.45
Pre-frail 26,020 787 (32.1) 1.61 1.52 1.71 2 0.09 0.10 12.3 9.4 15.1 2 2.84 2.84
Frail 10,193 489 (56.6) 1.50 1.39 1.62 1 0.11 0.12 19.0 12.6 25.5 1 6.44 6.44

Death
Total population 45,320 4,382 (102.6) 1.08 1.05 1.10 4 0.03 0.02 7.5 3.3 11.7 4 4.20 4.20
Non-frail 8,381 236 (28.7) 1.17 1.06 1.29 3 0.11 0.12 4.1 -0.8 9.1 3 4.95 4.95
Pre-frail 26,020 1,854 (74.4) 1.06 1.02 1.10 2 0.04 0.04 4.1 -0.6 8.8 2 4.71 4.71
Frail 10,193 2,206 (248.4) 1.05 1.02 1.09 1 0.03 0.04 12.7 -1.8 27.1 1 14.42 14.42

Ratio Measure
Total Population Non-Frail Pre-Frail Frail

Outcome Drug Sample size Events Rate per 1000 py HR 95%CI_Lower 95%CI_Upper Sample size Events Rate per 1000 py HR 95%CI_Lower 95%CI_Upper Sample Size Events Rate per 1000 py HR 95%CI_Lower 95%CI_Upper Sample Size Events Rate per 1000 py HR 95%CI_Lower 95%CI_Upper

Composite endpoint

Apixaban 45,950 5,130 119.5 1.0 1.0 1.0 8,612 312 37.0 1.0 1.0 1.0 26,383 2,343 93.7 1.0 1.0 1.0 10,247 2,443 277.3 1.0 1.0 1.0
Rivaroxaban 45,320 5,884 140.8 1.2 1.2 1.2 8,381 396 48.7 1.3 1.2 1.4 26,020 2,729 111.9 1.2 1.2 1.2 10,193 2,653 308.9 1.1 1.1 1.2

Warfarin 45,280 6,192 148.9 1.2 1.2 1.3 8,441 427 52.2 1.4 1.3 1.5 25,979 2,896 119.3 1.3 1.2 1.3 10,176 2,749 322.9 1.2 1.1 1.2

Ischemic stroke or 
systemic embolism

Apixaban 45,950 445 10.3 1.0 1.0 1.0 8,612 49 5.8 1.0 1.0 1.0 26,383 247 9.8 1.0 1.0 1.0 10,247 145 16.2 1.0 1.0 1.0
Rivaroxaban 45,320 565 13.3 1.3 1.2 1.4 8,381 63 7.7 1.3 1.1 1.6 26,020 315 12.7 1.3 1.2 1.4 10,193 181 20.6 1.3 1.1 1.4

Warfarin 45,280 583 13.8 1.3 1.3 1.4 8,441 61 7.5 1.3 1.0 1.6 25,979 332 13.5 1.4 1.3 1.5 10,176 177 20.3 1.3 1.1 1.4

Major bleeding

Apixaban 45,950 919 21.3 1.0 1.0 1.0 8,612 80 9.5 1.0 1.0 1.0 26,383 499 19.9 1.0 1.0 1.0 10,247 333 37.6 1.0 1.0 1.0
Rivaroxaban 45,320 1,431 34.1 1.6 1.5 1.7 8,381 131 16.1 1.7 1.5 2.0 26,020 787 32.1 1.6 1.5 1.7 10,193 489 56.6 1.5 1.4 1.6

Warfarin 45,280 1,430 34.2 1.6 1.5 1.7 8,441 147 17.9 1.9 1.6 2.2 25,979 753 30.9 1.6 1.5 1.7 10,176 510 59.5 1.6 1.5 1.7

Death

Apixaban 45,950 4,139 95.1 1.0 1.0 1.0 8,612 208 24.6 1.0 1.0 1.0 26,383 1,781 70.3 1.0 1.0 1.0 10,247 2,124 235.7 1.0 1.0 1.0
Rivaroxaban 45,320 4,382 102.6 1.1 1.1 1.1 8,381 236 28.7 1.2 1.1 1.3 26,020 1,854 74.4 1.1 1.0 1.1 10,193 2,206 248.4 1.1 1.0 1.1

Warfarin 45,280 4,750 111.9 1.2 1.2 1.2 8,441 264 31.9 1.3 1.2 1.4 25,979 2,082 84.1 1.2 1.2 1.2 10,176 2,306 261.9 1.1 1.1 1.2

Home time lost > 14 
days in 12 months

Apixaban 45,950 9,233 20.1 1.0 1.0 1.0 8,612 521 6.0 1.0 1.0 1.0 26,383 4,223 16.0 1.0 1.0 1.0 10,247 4,444 43.4 1.0 1.0 1.0
Rivaroxaban 45,320 9,923 21.9 1.1 1.1 1.1 8,381 578 6.9 1.1 1.1 1.2 26,020 4,448 17.1 1.1 1.0 1.1 10,193 4,694 46.0 1.1 1.0 1.1

Warfarin 45,280 10,546 23.3 1.2 1.1 1.2 8,441 654 7.7 1.3 1.2 1.4 25,979 4,901 18.9 1.2 1.2 1.2 10,176 4,777 46.9 1.1 1.1 1.1

Difference Measure
Total Population Non-Frail Pre-Frail Frail

Outcome Drug Sample size Events Rate per 1000 py RD 95%CI_Lower 95%CI_Upper Sample size Events Rate per 1000 py RD 95%CI_Lower 95%CI_Upper Sample Size Events Rate per 1000 py RD 95%CI_Lower 95%CI_Upper Sample Size Events Rate per 1000 py RD 95%CI_Lower 95%CI_Upper

Composite endpoint

Apixaban 45,950 5,130 119.52 0.0 0.0 0.0 8,612 312 37.05 0.0 0.0 0.0 26,383 2,343 93.72 0.0 0.0 0.0 10,247 2,443 277.3 0.0 0.0 0.0
Rivaroxaban 45,320 5,884 140.83 21.3 16.4 26.2 8,381 396 48.66 11.6 5.3 17.9 26,020 2,729 111.89 18.2 12.5 23.8 10,193 2,653 308.9 31.6 15.5 47.7

Warfarin 45,280 6,192 148.92 29.4 24.5 34.3 8,441 427 52.15 15.1 8.7 21.5 25,979 2,896 119.28 25.6 19.8 31.3 10,176 2,749 322.9 45.5 29.2 61.9

Ischemic stroke or 
systemic embolism

Apixaban 45,950 445 10.3 0.0 0.0 0.0 8,612 49 5.8 0.0 0.0 0.0 26,383 247 9.8 0.0 0.0 0.0 10,247 145 16.2 0.0 0.0 0.0
Rivaroxaban 45,320 565 13.3 3.0 1.6 4.5 8,381 63 7.7 1.8 -0.7 4.3 26,020 315 12.7 2.9 1.0 4.7 10,193 181 20.6 4.4 0.4 8.4

Warfarin 45,280 583 13.8 3.5 2.1 5.0 8,441 61 7.5 1.6 -0.9 4.1 25,979 332 13.5 3.7 1.8 5.6 10,176 177 20.3 4.1 0.1 8.1

Major bleeding

Apixaban 45,950 919 21.3 0.0 0.0 0.0 8,612 80 9.5 0.0 0.0 0.0 26,383 499 19.9 0.0 0.0 0.0 10,247 333 37.6 0.0 0.0 0.0
Rivaroxaban 45,320 1,431 34.1 12.8 10.5 15.0 8,381 131 16.1 6.6 3.1 10.0 26,020 787 32.1 12.3 9.4 15.1 10,193 489 56.6 19.0 12.6 25.5

Warfarin 45,280 1,430 34.2 12.9 10.7 15.1 8,441 147 17.9 8.4 4.8 12.0 25,979 753 30.9 11.0 8.2 13.8 10,176 510 59.5 21.9 15.4 28.5

Death

Apixaban 45,950 4,139 95.1 0.0 0.0 0.0 8,612 208 24.6 0.0 0.0 0.0 26,383 1,781 70.3 0.0 0.0 0.0 10,247 2,124 235.7 0.0 0.0 0.0
Rivaroxaban 45,320 4,382 102.6 7.5 3.3 11.7 8,381 236 28.7 4.1 -0.8 9.1 26,020 1,854 74.4 4.1 -0.6 8.8 10,193 2,206 248.4 12.7 -1.8 27.1

Warfarin 45,280 4,750 111.9 16.7 12.4 21.0 8,441 264 31.9 7.3 2.2 12.4 25,979 2,082 84.1 13.7 8.8 18.6 10,176 2,306 261.9 26.2 11.5 40.8

Home time lost > 14 
days in 12 months

Apixaban 45,950 9,233 20.1 0.0 0.0 0.0 8,612 521 6.0 0.0 0.0 0.0 26,383 4,223 16.0 0.0 0.0 0.0 10,247 4,444 43.4 0.0 0.0 0.0
Rivaroxaban 45,320 9,923 21.9 1.8 1.5 2.1 8,381 578 6.9 0.8 0.5 1.2 26,020 4,448 17.1 1.1 0.7 1.4 10,193 4,694 46.0 2.7 1.9 3.4

Warfarin 45,280 10,546 23.3 3.2 2.9 3.5 8,441 654 7.7 1.7 1.2 2.2 25,979 4,901 18.9 2.9 2.5 3.2 10,176 4,777 46.9 3.6 2.8 4.3

Risk Difference 
(per 1000 persons)

-10 -5 0 5 10
Risk Difference 

(per 1000 persons)

-10 -5 0 5 10

-100 -50 0 50 100

-100 -50 0 50 100

-100 -50 0 50 100

Rate Difference 
(per 1000 person-years)

-100 -50 0 50 100

-100 -50 0 50 100

-100 -50 0 50 100

-100 -50 0 50 100

Rate Difference 
(per 1000 person-years)

-100 -50 0 50 100

Favors  
Rivaroxaban

Favors  
Apixaban

Favors  
Warfarin

Favors  
Apixaban

A. Medicare Fee-For-Service Beneficiaries
Apixaban Rivaroxaban Warfarin Rivaroxaban vs Apixaban Warfarin vs Apixaban

Sample 
Size

Events  
(Risk or Rate)*

Sample 
Size

Events  
(Risk or Rate)*

Sample 
Size

Events  
(Risk or Rate)* Estimate (95% CI) Estimate (95% CI)

Home time lost > 14 days in 
12 months

Total population 45950 9,233 (20.1) 45320 9,923 (21.9) 45280 10,546 (23.3) 1.8 (1.5, 2.1) 3.2 (2.9, 3.5)
Non-frail 8612 521 (6.0) 8381 578 (6.9) 8441 654 (7.7) 0.8 (0.5, 1.2) 1.7 (1.2, 2.2)
Pre-frail 26383 4,223 (16.0) 26020 4,448 (17.1) 25979 4,901 (18.9) 1.1 (0.7, 1.4) 2.9 (2.5, 3.2)
Frail 10247 4,444 (43.4) 10193 4,694 (46.0) 10176 4,777 (46.9) 2.7 (1.9, 3.4) 3.6 (2.8, 4.3)

PHeterogeneity =  0.0001 PHeterogeneity < 0.0001

Composite endpoint

Total population 45950 5,130 (119.5) 45320 5,884 (140.8) 45280 6,192 (148.9) 21.3 (16.4, 26.2) 29.4 (24.5, 34.3)
Non-frail 8612 312 (37.0) 8381 396 (48.7) 8441 427 (52.2) 11.6 (5.3, 17.9) 15.1 (8.7, 21.5)
Pre-frail 26383 2,343 (93.7) 26020 2,729 (111.9) 25979 2,896 (119.3) 18.2 (12.5, 23.8) 25.6 (19.8, 31.3)
Frail 10247 2,443 (277.3) 10193 2,653 (308.9) 10176 2,749 (322.9) 31.6 (15.5, 47.7) 45.5 (29.2, 61.9)

PHeterogeneity = 0.0497 PHeterogeneity = 0.0010

Ischemic stroke or systemic 
embolism

Total population 45950 445 (10.3) 45320 565 (13.3) 45280 583 (13.8) 3.0 (1.6, 4.5) 3.5 (2.1, 5.0)
Non-frail 8612 49 (5.8) 8381 63 (7.7) 8441 61 (7.5) 1.8 (-0.7, 4.3) 1.6 (-0.9, 4.1)
Pre-frail 26383 247 (9.8) 26020 315 (12.7) 25979 332 (13.5) 2.9 (1.0, 4.7) 3.7 (1.8, 5.6)
Frail 10247 145 (16.2) 10193 181 (20.6) 10176 177 (20.3) 4.4 (0.4, 8.4) 4.1 (0.1, 8.1)

PHeterogeneity  =  0.5579 PHeterogeneity = 0.3752

Major bleeding

Total population 45950 919 (21.3) 45320 1,431 (34.1) 45280 1,430 (34.2) 12.8 (10.5, 15.0) 12.9 (10.7, 15.1)
Non-frail 8612 80 (9.5) 8381 131 (16.1) 8441 147 (17.9) 6.6 (3.1, 10.0) 8.4 (4.8, 12.0)
Pre-frail 26383 499 (19.9) 26020 787 (32.1) 25979 753 (30.9) 12.3 (9.4, 15.1) 11.0 (8.2, 13.8)
Frail 10247 333 (37.6) 10193 489 (56.6) 10176 510 (59.5) 19.0 (12.6, 25.5) 21.9 (15.4, 28.5)

PHeterogeneity = 0.0015 PHeterogeneity = 0.0018

Death

Total population 45950 4,139 (95.1) 45320 4,382 (102.6) 45280 4,750 (111.9) 7.5 (3.3, 11.7) 16.7 (12.4, 21.0)
Non-frail 8612 208 (24.6) 8381 236 (28.7) 8441 264 (31.9) 4.1 (-0.8, 9.1) 7.3 (2.2, 12.4)
Pre-frail 26383 1,781 (70.3) 26020 1,854 (74.4) 25979 2,082 (84.1) 4.1 (-0.6, 8.8) 13.7 (8.8, 18.6)
Frail 10247 2,124 (235.7) 10193 2,206 (248.4) 10176 2,306 (261.9) 12.7 (-1.8, 27.1) 26.2 (11.5, 40.8)

PHeterogeneity = 0.5266 PHeterogeneity = 0.0263

Warfarin

Comparison Sample 
Size

Events  
(Risk or Rate)* HR LL UL RD LL UL

Home time lost > 7 days in 6 months
Total population 45,280 10,546 (23.3) 1.16 1.14 1.18 4 0.02 0.02 3.2 2.9 3.5 4 0.30 0.30
Non-frail 8,441 654 (7.7) 1.28 1.20 1.37 3 0.08 0.08 1.7 1.2 2.2 3 0.45 0.45
Pre-frail 25,979 4,901 (18.9) 1.18 1.15 1.20 2 0.02 0.02 2.9 2.5 3.2 2 0.37 0.37
Frail 10,176 4,777 (46.9) 1.08 1.06 1.10 1 0.02 0.02 3.6 2.8 4.3 1 0.76 0.76

Composite endpoint
Total population 45,280 6,192 (148.9) 1.24 1.22 1.27 4 0.02 0.03 29.4 24.5 34.3 4 4.95 4.95
Non-frail 8,441 427 (52.2) 1.41 1.29 1.53 3 0.12 0.12 15.1 8.7 21.5 3 6.43 6.43
Pre-frail 25,979 2,896 (119.3) 1.27 1.23 1.31 2 0.04 0.04 25.6 19.8 31.3 2 5.77 5.77
Frail 10,176 2,749 (322.9) 1.16 1.13 1.20 1 0.03 0.04 45.5 29.2 61.9 1 16.33 16.33

Ischemic stroke or systemic embolism
Total population 45,280 583 (13.8) 1.34 1.26 1.44 4 0.08 0.10 3.5 2.1 5.0 4 1.47 1.47
Non-frail 8,441 61 (7.5) 1.28 1.03 1.58 3 0.25 0.30 1.6 -0.9 4.1 3 2.48 2.48
Pre-frail 25,979 332 (13.5) 1.37 1.26 1.50 2 0.11 0.13 3.7 1.8 5.6 2 1.90 1.90
Frail 10,176 177 (20.3) 1.25 1.11 1.41 1 0.14 0.16 4.1 0.1 8.1 1 3.98 3.98

Major bleeding
Total population 45,280 1,430 (34.2) 1.60 1.53 1.68 4 0.07 0.08 12.9 10.7 15.1 4 2.25 2.25
Non-frail 8,441 147 (17.9) 1.88 1.61 2.20 3 0.27 0.32 8.4 4.8 12.0 3 3.57 3.57
Pre-frail 25,979 753 (30.9) 1.55 1.46 1.65 2 0.09 0.10 11.0 8.2 13.8 2 2.81 2.81
Frail 10,176 510 (59.5) 1.58 1.46 1.70 1 0.12 0.12 21.9 15.4 28.5 1 6.55 6.55

Death
Total population 45,280 4,750 (111.9) 1.18 1.15 1.20 4 0.03 0.02 16.7 12.4 21.0 4 4.30 4.30
Non-frail 8,441 264 (31.9) 1.30 1.17 1.44 3 0.13 0.14 7.3 2.2 12.4 3 5.09 5.09
Pre-frail 25,979 2,082 (84.1) 1.19 1.15 1.24 2 0.04 0.05 13.7 8.8 18.6 2 4.87 4.87
Frail 10,176 2,306 (261.9) 1.11 1.07 1.15 1 0.04 0.04 26.2 11.5 40.8 1 14.66 14.66

Apixaban

Comparison Sample 
Size

Events  
(Risk or Rate)* HR LL UL RD LL UL

Home time lost > 7 days in 6 months
Total population 45,950 9,233 (20.1) 1.00 1.00 1.00 28 0.00 0.00 0.0 0.0 0.0 28 0.00 0.00
Non-frail 8,612 521 (6.0) 1.00 1.00 1.00 27 0.00 0.00 0.0 0.0 0.0 27 0.00 0.00
Pre-frail 26,383 4,223 (16.0) 1.00 1.00 1.00 26 0.00 0.00 0.0 0.0 0.0 26 0.00 0.00
Frail 10,247 4,444 (43.4) 1.00 1.00 1.00 25 0.00 0.00 0.0 0.0 0.0 25 0.00 0.00

Composite endpoint
Total population 45,950 5,130 (119.5) 1.00 1.00 1.00 22 0.00 0.00 0.0 0.0 0.0 22 0.00 0.00
Non-frail 8,612 312 (37.0) 1.00 1.00 1.00 21 0.00 0.00 0.0 0.0 0.0 21 0.00 0.00
Pre-frail 26,383 2,343 (93.7) 1.00 1.00 1.00 20 0.00 0.00 0.0 0.0 0.0 20 0.00 0.00
Frail 10,247 2,443 (277.3) 1.00 1.00 1.00 19 0.00 0.00 0.0 0.0 0.0 19 0.00 0.00

Ischemic stroke or systemic embolism
Total population 45,950 445 (10.3) 1.00 1.00 1.00 15 0.00 0.00 0.0 0.0 0.0 15 0.00 0.00
Non-frail 8,612 49 (5.8) 1.00 1.00 1.00 14 0.00 0.00 0.0 0.0 0.0 14 0.00 0.00
Pre-frail 26,383 247 (9.8) 1.00 1.00 1.00 13 0.00 0.00 0.0 0.0 0.0 13 0.00 0.00
Frail 10,247 145 (16.2) 1.00 1.00 1.00 12 0.00 0.00 0.0 0.0 0.0 12 0.00 0.00

Major bleeding
Total population 45,950 919 (21.3) 1.00 1.00 1.00 9 0.00 0.00 0.0 0.0 0.0 9 0.00 0.00
Non-frail 8,612 80 (9.5) 1.00 1.00 1.00 8 0.00 0.00 0.0 0.0 0.0 8 0.00 0.00
Pre-frail 26,383 499 (19.9) 1.00 1.00 1.00 7 0.00 0.00 0.0 0.0 0.0 7 0.00 0.00
Frail 10,247 333 (37.6) 1.00 1.00 1.00 6 0.00 0.00 0.0 0.0 0.0 6 0.00 0.00

Death
Total population 45,950 4,139 (95.1) 1.00 1.00 1.00 3 0.00 0.00 0.0 0.0 0.0 3 0.00 0.00
Non-frail 8,612 208 (24.6) 1.00 1.00 1.00 2 0.00 0.00 0.0 0.0 0.0 2 0.00 0.00
Pre-frail 26,383 1,781 (70.3) 1.00 1.00 1.00 1 0.00 0.00 0.0 0.0 0.0 1 0.00 0.00
Frail 10,247 2,124 (235.7) 1.00 1.00 1.00 0 0.00 0.00 0.0 0.0 0.0 0 0.00 0.00

Rivaroxaban

Comparison Sample 
Size

Events  
(Risk or Rate)* HR LL UL RD LL UL

Home time lost > 7 days in 6 months
Total population 45,320 9,923 (21.9) 1.09 1.07 1.10 4 0.01 0.01 1.8 1.5 2.1 4 0.29 0.29
Non-frail 8,381 578 (6.9) 1.14 1.07 1.21 3 0.07 0.07 0.8 0.5 1.2 3 0.39 0.39
Pre-frail 26,020 4,448 (17.1) 1.07 1.05 1.09 2 0.02 0.02 1.1 0.7 1.4 2 0.35 0.35
Frail 10,193 4,694 (46.0) 1.06 1.04 1.08 1 0.02 0.02 2.7 1.9 3.4 1 0.76 0.76

Composite endpoint
Total population 45,320 5,884 (140.8) 1.18 1.15 1.20 4 0.03 0.02 21.3 16.4 26.2 4 4.86 4.86
Non-frail 8,381 396 (48.7) 1.31 1.22 1.42 3 0.09 0.11 11.6 5.3 17.9 3 6.31 6.31
Pre-frail 26,020 2,729 (111.9) 1.19 1.16 1.23 2 0.03 0.04 18.2 12.5 23.8 2 5.66 5.66
Frail 10,193 2,653 (308.9) 1.11 1.08 1.15 1 0.03 0.04 31.6 15.5 47.7 1 16.10 16.10

Ischemic stroke or systemic embolism
Total population 45,320 565 (13.3) 1.29 1.21 1.38 4 0.08 0.09 3.0 1.6 4.5 4 1.45 1.45
Non-frail 8,381 63 (7.7) 1.32 1.08 1.60 3 0.24 0.28 1.8 -0.7 4.3 3 2.50 2.50
Pre-frail 26,020 315 (12.7) 1.29 1.19 1.41 2 0.10 0.12 2.9 1.0 4.7 2 1.86 1.86
Frail 10,193 181 (20.6) 1.27 1.13 1.43 1 0.14 0.16 4.4 0.4 8.4 1 3.99 3.99

Major bleeding
Total population 45,320 1,431 (34.1) 1.60 1.53 1.67 4 0.07 0.07 12.8 10.5 15.0 4 2.24 2.24
Non-frail 8,381 131 (16.1) 1.69 1.47 1.95 3 0.22 0.26 6.6 3.1 10.0 3 3.45 3.45
Pre-frail 26,020 787 (32.1) 1.61 1.52 1.71 2 0.09 0.10 12.3 9.4 15.1 2 2.84 2.84
Frail 10,193 489 (56.6) 1.50 1.39 1.62 1 0.11 0.12 19.0 12.6 25.5 1 6.44 6.44

Death
Total population 45,320 4,382 (102.6) 1.08 1.05 1.10 4 0.03 0.02 7.5 3.3 11.7 4 4.20 4.20
Non-frail 8,381 236 (28.7) 1.17 1.06 1.29 3 0.11 0.12 4.1 -0.8 9.1 3 4.95 4.95
Pre-frail 26,020 1,854 (74.4) 1.06 1.02 1.10 2 0.04 0.04 4.1 -0.6 8.8 2 4.71 4.71
Frail 10,193 2,206 (248.4) 1.05 1.02 1.09 1 0.03 0.04 12.7 -1.8 27.1 1 14.42 14.42

Ratio Measure
Total Population Non-Frail Pre-Frail Frail

Outcome Drug Sample size Events Rate per 1000 py HR 95%CI_Lower 95%CI_Upper Sample size Events Rate per 1000 py HR 95%CI_Lower 95%CI_Upper Sample Size Events Rate per 1000 py HR 95%CI_Lower 95%CI_Upper Sample Size Events Rate per 1000 py HR 95%CI_Lower 95%CI_Upper

Composite endpoint

Apixaban 45,950 5,130 119.5 1.0 1.0 1.0 8,612 312 37.0 1.0 1.0 1.0 26,383 2,343 93.7 1.0 1.0 1.0 10,247 2,443 277.3 1.0 1.0 1.0
Rivaroxaban 45,320 5,884 140.8 1.2 1.2 1.2 8,381 396 48.7 1.3 1.2 1.4 26,020 2,729 111.9 1.2 1.2 1.2 10,193 2,653 308.9 1.1 1.1 1.2

Warfarin 45,280 6,192 148.9 1.2 1.2 1.3 8,441 427 52.2 1.4 1.3 1.5 25,979 2,896 119.3 1.3 1.2 1.3 10,176 2,749 322.9 1.2 1.1 1.2

Ischemic stroke or 
systemic embolism

Apixaban 45,950 445 10.3 1.0 1.0 1.0 8,612 49 5.8 1.0 1.0 1.0 26,383 247 9.8 1.0 1.0 1.0 10,247 145 16.2 1.0 1.0 1.0
Rivaroxaban 45,320 565 13.3 1.3 1.2 1.4 8,381 63 7.7 1.3 1.1 1.6 26,020 315 12.7 1.3 1.2 1.4 10,193 181 20.6 1.3 1.1 1.4

Warfarin 45,280 583 13.8 1.3 1.3 1.4 8,441 61 7.5 1.3 1.0 1.6 25,979 332 13.5 1.4 1.3 1.5 10,176 177 20.3 1.3 1.1 1.4

Major bleeding

Apixaban 45,950 919 21.3 1.0 1.0 1.0 8,612 80 9.5 1.0 1.0 1.0 26,383 499 19.9 1.0 1.0 1.0 10,247 333 37.6 1.0 1.0 1.0
Rivaroxaban 45,320 1,431 34.1 1.6 1.5 1.7 8,381 131 16.1 1.7 1.5 2.0 26,020 787 32.1 1.6 1.5 1.7 10,193 489 56.6 1.5 1.4 1.6

Warfarin 45,280 1,430 34.2 1.6 1.5 1.7 8,441 147 17.9 1.9 1.6 2.2 25,979 753 30.9 1.6 1.5 1.7 10,176 510 59.5 1.6 1.5 1.7

Death

Apixaban 45,950 4,139 95.1 1.0 1.0 1.0 8,612 208 24.6 1.0 1.0 1.0 26,383 1,781 70.3 1.0 1.0 1.0 10,247 2,124 235.7 1.0 1.0 1.0
Rivaroxaban 45,320 4,382 102.6 1.1 1.1 1.1 8,381 236 28.7 1.2 1.1 1.3 26,020 1,854 74.4 1.1 1.0 1.1 10,193 2,206 248.4 1.1 1.0 1.1

Warfarin 45,280 4,750 111.9 1.2 1.2 1.2 8,441 264 31.9 1.3 1.2 1.4 25,979 2,082 84.1 1.2 1.2 1.2 10,176 2,306 261.9 1.1 1.1 1.2

Home time lost > 14 
days in 12 months

Apixaban 45,950 9,233 20.1 1.0 1.0 1.0 8,612 521 6.0 1.0 1.0 1.0 26,383 4,223 16.0 1.0 1.0 1.0 10,247 4,444 43.4 1.0 1.0 1.0
Rivaroxaban 45,320 9,923 21.9 1.1 1.1 1.1 8,381 578 6.9 1.1 1.1 1.2 26,020 4,448 17.1 1.1 1.0 1.1 10,193 4,694 46.0 1.1 1.0 1.1

Warfarin 45,280 10,546 23.3 1.2 1.1 1.2 8,441 654 7.7 1.3 1.2 1.4 25,979 4,901 18.9 1.2 1.2 1.2 10,176 4,777 46.9 1.1 1.1 1.1

Difference Measure
Total Population Non-Frail Pre-Frail Frail

Outcome Drug Sample size Events Rate per 1000 py RD 95%CI_Lower 95%CI_Upper Sample size Events Rate per 1000 py RD 95%CI_Lower 95%CI_Upper Sample Size Events Rate per 1000 py RD 95%CI_Lower 95%CI_Upper Sample Size Events Rate per 1000 py RD 95%CI_Lower 95%CI_Upper

Composite endpoint

Apixaban 45,950 5,130 119.52 0.0 0.0 0.0 8,612 312 37.05 0.0 0.0 0.0 26,383 2,343 93.72 0.0 0.0 0.0 10,247 2,443 277.3 0.0 0.0 0.0
Rivaroxaban 45,320 5,884 140.83 21.3 16.4 26.2 8,381 396 48.66 11.6 5.3 17.9 26,020 2,729 111.89 18.2 12.5 23.8 10,193 2,653 308.9 31.6 15.5 47.7

Warfarin 45,280 6,192 148.92 29.4 24.5 34.3 8,441 427 52.15 15.1 8.7 21.5 25,979 2,896 119.28 25.6 19.8 31.3 10,176 2,749 322.9 45.5 29.2 61.9

Ischemic stroke or 
systemic embolism

Apixaban 45,950 445 10.3 0.0 0.0 0.0 8,612 49 5.8 0.0 0.0 0.0 26,383 247 9.8 0.0 0.0 0.0 10,247 145 16.2 0.0 0.0 0.0
Rivaroxaban 45,320 565 13.3 3.0 1.6 4.5 8,381 63 7.7 1.8 -0.7 4.3 26,020 315 12.7 2.9 1.0 4.7 10,193 181 20.6 4.4 0.4 8.4

Warfarin 45,280 583 13.8 3.5 2.1 5.0 8,441 61 7.5 1.6 -0.9 4.1 25,979 332 13.5 3.7 1.8 5.6 10,176 177 20.3 4.1 0.1 8.1

Major bleeding

Apixaban 45,950 919 21.3 0.0 0.0 0.0 8,612 80 9.5 0.0 0.0 0.0 26,383 499 19.9 0.0 0.0 0.0 10,247 333 37.6 0.0 0.0 0.0
Rivaroxaban 45,320 1,431 34.1 12.8 10.5 15.0 8,381 131 16.1 6.6 3.1 10.0 26,020 787 32.1 12.3 9.4 15.1 10,193 489 56.6 19.0 12.6 25.5

Warfarin 45,280 1,430 34.2 12.9 10.7 15.1 8,441 147 17.9 8.4 4.8 12.0 25,979 753 30.9 11.0 8.2 13.8 10,176 510 59.5 21.9 15.4 28.5

Death

Apixaban 45,950 4,139 95.1 0.0 0.0 0.0 8,612 208 24.6 0.0 0.0 0.0 26,383 1,781 70.3 0.0 0.0 0.0 10,247 2,124 235.7 0.0 0.0 0.0
Rivaroxaban 45,320 4,382 102.6 7.5 3.3 11.7 8,381 236 28.7 4.1 -0.8 9.1 26,020 1,854 74.4 4.1 -0.6 8.8 10,193 2,206 248.4 12.7 -1.8 27.1

Warfarin 45,280 4,750 111.9 16.7 12.4 21.0 8,441 264 31.9 7.3 2.2 12.4 25,979 2,082 84.1 13.7 8.8 18.6 10,176 2,306 261.9 26.2 11.5 40.8

Home time lost > 14 
days in 12 months

Apixaban 45,950 9,233 20.1 0.0 0.0 0.0 8,612 521 6.0 0.0 0.0 0.0 26,383 4,223 16.0 0.0 0.0 0.0 10,247 4,444 43.4 0.0 0.0 0.0
Rivaroxaban 45,320 9,923 21.9 1.8 1.5 2.1 8,381 578 6.9 0.8 0.5 1.2 26,020 4,448 17.1 1.1 0.7 1.4 10,193 4,694 46.0 2.7 1.9 3.4

Warfarin 45,280 10,546 23.3 3.2 2.9 3.5 8,441 654 7.7 1.7 1.2 2.2 25,979 4,901 18.9 2.9 2.5 3.2 10,176 4,777 46.9 3.6 2.8 4.3

Risk Difference 
(per 1000 persons)

-10 -5 0 5 10
Risk Difference 

(per 1000 persons)

-10 -5 0 5 10

-100 -50 0 50 100

-100 -50 0 50 100

-100 -50 0 50 100

Rate Difference 
(per 1000 person-years)

-100 -50 0 50 100

-100 -50 0 50 100

-100 -50 0 50 100

-100 -50 0 50 100

Rate Difference 
(per 1000 person-years)

-100 -50 0 50 100

Favors  
Rivaroxaban

Favors  
Apixaban

Favors  
Warfarin

Favors  
Apixaban

A. Medicare Fee-For-Service Beneficiaries
Apixaban Rivaroxaban Warfarin Rivaroxaban vs Apixaban Warfarin vs Apixaban

Sample 
Size

Events  
(Risk or Rate)*

Sample 
Size

Events  
(Risk or Rate)*

Sample 
Size

Events  
(Risk or Rate)* Estimate (95% CI) Estimate (95% CI)

Home time lost > 14 days in 
12 months

Total population 45950 9,233 (20.1) 45320 9,923 (21.9) 45280 10,546 (23.3) 1.8 (1.5, 2.1) 3.2 (2.9, 3.5)
Non-frail 8612 521 (6.0) 8381 578 (6.9) 8441 654 (7.7) 0.8 (0.5, 1.2) 1.7 (1.2, 2.2)
Pre-frail 26383 4,223 (16.0) 26020 4,448 (17.1) 25979 4,901 (18.9) 1.1 (0.7, 1.4) 2.9 (2.5, 3.2)
Frail 10247 4,444 (43.4) 10193 4,694 (46.0) 10176 4,777 (46.9) 2.7 (1.9, 3.4) 3.6 (2.8, 4.3)

PHeterogeneity =  0.0001 PHeterogeneity < 0.0001

Composite endpoint

Total population 45950 5,130 (119.5) 45320 5,884 (140.8) 45280 6,192 (148.9) 21.3 (16.4, 26.2) 29.4 (24.5, 34.3)
Non-frail 8612 312 (37.0) 8381 396 (48.7) 8441 427 (52.2) 11.6 (5.3, 17.9) 15.1 (8.7, 21.5)
Pre-frail 26383 2,343 (93.7) 26020 2,729 (111.9) 25979 2,896 (119.3) 18.2 (12.5, 23.8) 25.6 (19.8, 31.3)
Frail 10247 2,443 (277.3) 10193 2,653 (308.9) 10176 2,749 (322.9) 31.6 (15.5, 47.7) 45.5 (29.2, 61.9)

PHeterogeneity = 0.0497 PHeterogeneity = 0.0010

Ischemic stroke or systemic 
embolism

Total population 45950 445 (10.3) 45320 565 (13.3) 45280 583 (13.8) 3.0 (1.6, 4.5) 3.5 (2.1, 5.0)
Non-frail 8612 49 (5.8) 8381 63 (7.7) 8441 61 (7.5) 1.8 (-0.7, 4.3) 1.6 (-0.9, 4.1)
Pre-frail 26383 247 (9.8) 26020 315 (12.7) 25979 332 (13.5) 2.9 (1.0, 4.7) 3.7 (1.8, 5.6)
Frail 10247 145 (16.2) 10193 181 (20.6) 10176 177 (20.3) 4.4 (0.4, 8.4) 4.1 (0.1, 8.1)

PHeterogeneity  =  0.5579 PHeterogeneity = 0.3752

Major bleeding

Total population 45950 919 (21.3) 45320 1,431 (34.1) 45280 1,430 (34.2) 12.8 (10.5, 15.0) 12.9 (10.7, 15.1)
Non-frail 8612 80 (9.5) 8381 131 (16.1) 8441 147 (17.9) 6.6 (3.1, 10.0) 8.4 (4.8, 12.0)
Pre-frail 26383 499 (19.9) 26020 787 (32.1) 25979 753 (30.9) 12.3 (9.4, 15.1) 11.0 (8.2, 13.8)
Frail 10247 333 (37.6) 10193 489 (56.6) 10176 510 (59.5) 19.0 (12.6, 25.5) 21.9 (15.4, 28.5)

PHeterogeneity = 0.0015 PHeterogeneity = 0.0018

Death

Total population 45950 4,139 (95.1) 45320 4,382 (102.6) 45280 4,750 (111.9) 7.5 (3.3, 11.7) 16.7 (12.4, 21.0)
Non-frail 8612 208 (24.6) 8381 236 (28.7) 8441 264 (31.9) 4.1 (-0.8, 9.1) 7.3 (2.2, 12.4)
Pre-frail 26383 1,781 (70.3) 26020 1,854 (74.4) 25979 2,082 (84.1) 4.1 (-0.6, 8.8) 13.7 (8.8, 18.6)
Frail 10247 2,124 (235.7) 10193 2,206 (248.4) 10176 2,306 (261.9) 12.7 (-1.8, 27.1) 26.2 (11.5, 40.8)

PHeterogeneity = 0.5266 PHeterogeneity = 0.0263

Warfarin

Comparison Sample 
Size

Events  
(Risk or Rate)* HR LL UL RD LL UL

Home time lost > 7 days in 6 months
Total population 45,280 10,546 (23.3) 1.16 1.14 1.18 4 0.02 0.02 3.2 2.9 3.5 4 0.30 0.30
Non-frail 8,441 654 (7.7) 1.28 1.20 1.37 3 0.08 0.08 1.7 1.2 2.2 3 0.45 0.45
Pre-frail 25,979 4,901 (18.9) 1.18 1.15 1.20 2 0.02 0.02 2.9 2.5 3.2 2 0.37 0.37
Frail 10,176 4,777 (46.9) 1.08 1.06 1.10 1 0.02 0.02 3.6 2.8 4.3 1 0.76 0.76

Composite endpoint
Total population 45,280 6,192 (148.9) 1.24 1.22 1.27 4 0.02 0.03 29.4 24.5 34.3 4 4.95 4.95
Non-frail 8,441 427 (52.2) 1.41 1.29 1.53 3 0.12 0.12 15.1 8.7 21.5 3 6.43 6.43
Pre-frail 25,979 2,896 (119.3) 1.27 1.23 1.31 2 0.04 0.04 25.6 19.8 31.3 2 5.77 5.77
Frail 10,176 2,749 (322.9) 1.16 1.13 1.20 1 0.03 0.04 45.5 29.2 61.9 1 16.33 16.33

Ischemic stroke or systemic embolism
Total population 45,280 583 (13.8) 1.34 1.26 1.44 4 0.08 0.10 3.5 2.1 5.0 4 1.47 1.47
Non-frail 8,441 61 (7.5) 1.28 1.03 1.58 3 0.25 0.30 1.6 -0.9 4.1 3 2.48 2.48
Pre-frail 25,979 332 (13.5) 1.37 1.26 1.50 2 0.11 0.13 3.7 1.8 5.6 2 1.90 1.90
Frail 10,176 177 (20.3) 1.25 1.11 1.41 1 0.14 0.16 4.1 0.1 8.1 1 3.98 3.98

Major bleeding
Total population 45,280 1,430 (34.2) 1.60 1.53 1.68 4 0.07 0.08 12.9 10.7 15.1 4 2.25 2.25
Non-frail 8,441 147 (17.9) 1.88 1.61 2.20 3 0.27 0.32 8.4 4.8 12.0 3 3.57 3.57
Pre-frail 25,979 753 (30.9) 1.55 1.46 1.65 2 0.09 0.10 11.0 8.2 13.8 2 2.81 2.81
Frail 10,176 510 (59.5) 1.58 1.46 1.70 1 0.12 0.12 21.9 15.4 28.5 1 6.55 6.55

Death
Total population 45,280 4,750 (111.9) 1.18 1.15 1.20 4 0.03 0.02 16.7 12.4 21.0 4 4.30 4.30
Non-frail 8,441 264 (31.9) 1.30 1.17 1.44 3 0.13 0.14 7.3 2.2 12.4 3 5.09 5.09
Pre-frail 25,979 2,082 (84.1) 1.19 1.15 1.24 2 0.04 0.05 13.7 8.8 18.6 2 4.87 4.87
Frail 10,176 2,306 (261.9) 1.11 1.07 1.15 1 0.04 0.04 26.2 11.5 40.8 1 14.66 14.66

Apixaban

Comparison Sample 
Size

Events  
(Risk or Rate)* HR LL UL RD LL UL

Home time lost > 7 days in 6 months
Total population 45,950 9,233 (20.1) 1.00 1.00 1.00 28 0.00 0.00 0.0 0.0 0.0 28 0.00 0.00
Non-frail 8,612 521 (6.0) 1.00 1.00 1.00 27 0.00 0.00 0.0 0.0 0.0 27 0.00 0.00
Pre-frail 26,383 4,223 (16.0) 1.00 1.00 1.00 26 0.00 0.00 0.0 0.0 0.0 26 0.00 0.00
Frail 10,247 4,444 (43.4) 1.00 1.00 1.00 25 0.00 0.00 0.0 0.0 0.0 25 0.00 0.00

Composite endpoint
Total population 45,950 5,130 (119.5) 1.00 1.00 1.00 22 0.00 0.00 0.0 0.0 0.0 22 0.00 0.00
Non-frail 8,612 312 (37.0) 1.00 1.00 1.00 21 0.00 0.00 0.0 0.0 0.0 21 0.00 0.00
Pre-frail 26,383 2,343 (93.7) 1.00 1.00 1.00 20 0.00 0.00 0.0 0.0 0.0 20 0.00 0.00
Frail 10,247 2,443 (277.3) 1.00 1.00 1.00 19 0.00 0.00 0.0 0.0 0.0 19 0.00 0.00

Ischemic stroke or systemic embolism
Total population 45,950 445 (10.3) 1.00 1.00 1.00 15 0.00 0.00 0.0 0.0 0.0 15 0.00 0.00
Non-frail 8,612 49 (5.8) 1.00 1.00 1.00 14 0.00 0.00 0.0 0.0 0.0 14 0.00 0.00
Pre-frail 26,383 247 (9.8) 1.00 1.00 1.00 13 0.00 0.00 0.0 0.0 0.0 13 0.00 0.00
Frail 10,247 145 (16.2) 1.00 1.00 1.00 12 0.00 0.00 0.0 0.0 0.0 12 0.00 0.00

Major bleeding
Total population 45,950 919 (21.3) 1.00 1.00 1.00 9 0.00 0.00 0.0 0.0 0.0 9 0.00 0.00
Non-frail 8,612 80 (9.5) 1.00 1.00 1.00 8 0.00 0.00 0.0 0.0 0.0 8 0.00 0.00
Pre-frail 26,383 499 (19.9) 1.00 1.00 1.00 7 0.00 0.00 0.0 0.0 0.0 7 0.00 0.00
Frail 10,247 333 (37.6) 1.00 1.00 1.00 6 0.00 0.00 0.0 0.0 0.0 6 0.00 0.00

Death
Total population 45,950 4,139 (95.1) 1.00 1.00 1.00 3 0.00 0.00 0.0 0.0 0.0 3 0.00 0.00
Non-frail 8,612 208 (24.6) 1.00 1.00 1.00 2 0.00 0.00 0.0 0.0 0.0 2 0.00 0.00
Pre-frail 26,383 1,781 (70.3) 1.00 1.00 1.00 1 0.00 0.00 0.0 0.0 0.0 1 0.00 0.00
Frail 10,247 2,124 (235.7) 1.00 1.00 1.00 0 0.00 0.00 0.0 0.0 0.0 0 0.00 0.00

Rivaroxaban

Comparison Sample 
Size

Events  
(Risk or Rate)* HR LL UL RD LL UL

Home time lost > 7 days in 6 months
Total population 45,320 9,923 (21.9) 1.09 1.07 1.10 4 0.01 0.01 1.8 1.5 2.1 4 0.29 0.29
Non-frail 8,381 578 (6.9) 1.14 1.07 1.21 3 0.07 0.07 0.8 0.5 1.2 3 0.39 0.39
Pre-frail 26,020 4,448 (17.1) 1.07 1.05 1.09 2 0.02 0.02 1.1 0.7 1.4 2 0.35 0.35
Frail 10,193 4,694 (46.0) 1.06 1.04 1.08 1 0.02 0.02 2.7 1.9 3.4 1 0.76 0.76

Composite endpoint
Total population 45,320 5,884 (140.8) 1.18 1.15 1.20 4 0.03 0.02 21.3 16.4 26.2 4 4.86 4.86
Non-frail 8,381 396 (48.7) 1.31 1.22 1.42 3 0.09 0.11 11.6 5.3 17.9 3 6.31 6.31
Pre-frail 26,020 2,729 (111.9) 1.19 1.16 1.23 2 0.03 0.04 18.2 12.5 23.8 2 5.66 5.66
Frail 10,193 2,653 (308.9) 1.11 1.08 1.15 1 0.03 0.04 31.6 15.5 47.7 1 16.10 16.10

Ischemic stroke or systemic embolism
Total population 45,320 565 (13.3) 1.29 1.21 1.38 4 0.08 0.09 3.0 1.6 4.5 4 1.45 1.45
Non-frail 8,381 63 (7.7) 1.32 1.08 1.60 3 0.24 0.28 1.8 -0.7 4.3 3 2.50 2.50
Pre-frail 26,020 315 (12.7) 1.29 1.19 1.41 2 0.10 0.12 2.9 1.0 4.7 2 1.86 1.86
Frail 10,193 181 (20.6) 1.27 1.13 1.43 1 0.14 0.16 4.4 0.4 8.4 1 3.99 3.99

Major bleeding
Total population 45,320 1,431 (34.1) 1.60 1.53 1.67 4 0.07 0.07 12.8 10.5 15.0 4 2.24 2.24
Non-frail 8,381 131 (16.1) 1.69 1.47 1.95 3 0.22 0.26 6.6 3.1 10.0 3 3.45 3.45
Pre-frail 26,020 787 (32.1) 1.61 1.52 1.71 2 0.09 0.10 12.3 9.4 15.1 2 2.84 2.84
Frail 10,193 489 (56.6) 1.50 1.39 1.62 1 0.11 0.12 19.0 12.6 25.5 1 6.44 6.44

Death
Total population 45,320 4,382 (102.6) 1.08 1.05 1.10 4 0.03 0.02 7.5 3.3 11.7 4 4.20 4.20
Non-frail 8,381 236 (28.7) 1.17 1.06 1.29 3 0.11 0.12 4.1 -0.8 9.1 3 4.95 4.95
Pre-frail 26,020 1,854 (74.4) 1.06 1.02 1.10 2 0.04 0.04 4.1 -0.6 8.8 2 4.71 4.71
Frail 10,193 2,206 (248.4) 1.05 1.02 1.09 1 0.03 0.04 12.7 -1.8 27.1 1 14.42 14.42

Ratio Measure
Total Population Non-Frail Pre-Frail Frail

Outcome Drug Sample size Events Rate per 1000 py HR 95%CI_Lower 95%CI_Upper Sample size Events Rate per 1000 py HR 95%CI_Lower 95%CI_Upper Sample Size Events Rate per 1000 py HR 95%CI_Lower 95%CI_Upper Sample Size Events Rate per 1000 py HR 95%CI_Lower 95%CI_Upper

Composite endpoint

Apixaban 45,950 5,130 119.5 1.0 1.0 1.0 8,612 312 37.0 1.0 1.0 1.0 26,383 2,343 93.7 1.0 1.0 1.0 10,247 2,443 277.3 1.0 1.0 1.0
Rivaroxaban 45,320 5,884 140.8 1.2 1.2 1.2 8,381 396 48.7 1.3 1.2 1.4 26,020 2,729 111.9 1.2 1.2 1.2 10,193 2,653 308.9 1.1 1.1 1.2

Warfarin 45,280 6,192 148.9 1.2 1.2 1.3 8,441 427 52.2 1.4 1.3 1.5 25,979 2,896 119.3 1.3 1.2 1.3 10,176 2,749 322.9 1.2 1.1 1.2

Ischemic stroke or 
systemic embolism

Apixaban 45,950 445 10.3 1.0 1.0 1.0 8,612 49 5.8 1.0 1.0 1.0 26,383 247 9.8 1.0 1.0 1.0 10,247 145 16.2 1.0 1.0 1.0
Rivaroxaban 45,320 565 13.3 1.3 1.2 1.4 8,381 63 7.7 1.3 1.1 1.6 26,020 315 12.7 1.3 1.2 1.4 10,193 181 20.6 1.3 1.1 1.4

Warfarin 45,280 583 13.8 1.3 1.3 1.4 8,441 61 7.5 1.3 1.0 1.6 25,979 332 13.5 1.4 1.3 1.5 10,176 177 20.3 1.3 1.1 1.4

Major bleeding

Apixaban 45,950 919 21.3 1.0 1.0 1.0 8,612 80 9.5 1.0 1.0 1.0 26,383 499 19.9 1.0 1.0 1.0 10,247 333 37.6 1.0 1.0 1.0
Rivaroxaban 45,320 1,431 34.1 1.6 1.5 1.7 8,381 131 16.1 1.7 1.5 2.0 26,020 787 32.1 1.6 1.5 1.7 10,193 489 56.6 1.5 1.4 1.6

Warfarin 45,280 1,430 34.2 1.6 1.5 1.7 8,441 147 17.9 1.9 1.6 2.2 25,979 753 30.9 1.6 1.5 1.7 10,176 510 59.5 1.6 1.5 1.7

Death

Apixaban 45,950 4,139 95.1 1.0 1.0 1.0 8,612 208 24.6 1.0 1.0 1.0 26,383 1,781 70.3 1.0 1.0 1.0 10,247 2,124 235.7 1.0 1.0 1.0
Rivaroxaban 45,320 4,382 102.6 1.1 1.1 1.1 8,381 236 28.7 1.2 1.1 1.3 26,020 1,854 74.4 1.1 1.0 1.1 10,193 2,206 248.4 1.1 1.0 1.1

Warfarin 45,280 4,750 111.9 1.2 1.2 1.2 8,441 264 31.9 1.3 1.2 1.4 25,979 2,082 84.1 1.2 1.2 1.2 10,176 2,306 261.9 1.1 1.1 1.2

Home time lost > 14 
days in 12 months

Apixaban 45,950 9,233 20.1 1.0 1.0 1.0 8,612 521 6.0 1.0 1.0 1.0 26,383 4,223 16.0 1.0 1.0 1.0 10,247 4,444 43.4 1.0 1.0 1.0
Rivaroxaban 45,320 9,923 21.9 1.1 1.1 1.1 8,381 578 6.9 1.1 1.1 1.2 26,020 4,448 17.1 1.1 1.0 1.1 10,193 4,694 46.0 1.1 1.0 1.1

Warfarin 45,280 10,546 23.3 1.2 1.1 1.2 8,441 654 7.7 1.3 1.2 1.4 25,979 4,901 18.9 1.2 1.2 1.2 10,176 4,777 46.9 1.1 1.1 1.1

Difference Measure
Total Population Non-Frail Pre-Frail Frail

Outcome Drug Sample size Events Rate per 1000 py RD 95%CI_Lower 95%CI_Upper Sample size Events Rate per 1000 py RD 95%CI_Lower 95%CI_Upper Sample Size Events Rate per 1000 py RD 95%CI_Lower 95%CI_Upper Sample Size Events Rate per 1000 py RD 95%CI_Lower 95%CI_Upper

Composite endpoint

Apixaban 45,950 5,130 119.52 0.0 0.0 0.0 8,612 312 37.05 0.0 0.0 0.0 26,383 2,343 93.72 0.0 0.0 0.0 10,247 2,443 277.3 0.0 0.0 0.0
Rivaroxaban 45,320 5,884 140.83 21.3 16.4 26.2 8,381 396 48.66 11.6 5.3 17.9 26,020 2,729 111.89 18.2 12.5 23.8 10,193 2,653 308.9 31.6 15.5 47.7

Warfarin 45,280 6,192 148.92 29.4 24.5 34.3 8,441 427 52.15 15.1 8.7 21.5 25,979 2,896 119.28 25.6 19.8 31.3 10,176 2,749 322.9 45.5 29.2 61.9

Ischemic stroke or 
systemic embolism

Apixaban 45,950 445 10.3 0.0 0.0 0.0 8,612 49 5.8 0.0 0.0 0.0 26,383 247 9.8 0.0 0.0 0.0 10,247 145 16.2 0.0 0.0 0.0
Rivaroxaban 45,320 565 13.3 3.0 1.6 4.5 8,381 63 7.7 1.8 -0.7 4.3 26,020 315 12.7 2.9 1.0 4.7 10,193 181 20.6 4.4 0.4 8.4

Warfarin 45,280 583 13.8 3.5 2.1 5.0 8,441 61 7.5 1.6 -0.9 4.1 25,979 332 13.5 3.7 1.8 5.6 10,176 177 20.3 4.1 0.1 8.1

Major bleeding

Apixaban 45,950 919 21.3 0.0 0.0 0.0 8,612 80 9.5 0.0 0.0 0.0 26,383 499 19.9 0.0 0.0 0.0 10,247 333 37.6 0.0 0.0 0.0
Rivaroxaban 45,320 1,431 34.1 12.8 10.5 15.0 8,381 131 16.1 6.6 3.1 10.0 26,020 787 32.1 12.3 9.4 15.1 10,193 489 56.6 19.0 12.6 25.5

Warfarin 45,280 1,430 34.2 12.9 10.7 15.1 8,441 147 17.9 8.4 4.8 12.0 25,979 753 30.9 11.0 8.2 13.8 10,176 510 59.5 21.9 15.4 28.5

Death

Apixaban 45,950 4,139 95.1 0.0 0.0 0.0 8,612 208 24.6 0.0 0.0 0.0 26,383 1,781 70.3 0.0 0.0 0.0 10,247 2,124 235.7 0.0 0.0 0.0
Rivaroxaban 45,320 4,382 102.6 7.5 3.3 11.7 8,381 236 28.7 4.1 -0.8 9.1 26,020 1,854 74.4 4.1 -0.6 8.8 10,193 2,206 248.4 12.7 -1.8 27.1

Warfarin 45,280 4,750 111.9 16.7 12.4 21.0 8,441 264 31.9 7.3 2.2 12.4 25,979 2,082 84.1 13.7 8.8 18.6 10,176 2,306 261.9 26.2 11.5 40.8

Home time lost > 14 
days in 12 months

Apixaban 45,950 9,233 20.1 0.0 0.0 0.0 8,612 521 6.0 0.0 0.0 0.0 26,383 4,223 16.0 0.0 0.0 0.0 10,247 4,444 43.4 0.0 0.0 0.0
Rivaroxaban 45,320 9,923 21.9 1.8 1.5 2.1 8,381 578 6.9 0.8 0.5 1.2 26,020 4,448 17.1 1.1 0.7 1.4 10,193 4,694 46.0 2.7 1.9 3.4

Warfarin 45,280 10,546 23.3 3.2 2.9 3.5 8,441 654 7.7 1.7 1.2 2.2 25,979 4,901 18.9 2.9 2.5 3.2 10,176 4,777 46.9 3.6 2.8 4.3

Risk Difference 
(per 1000 persons)

-10 -5 0 5 10
Risk Difference 

(per 1000 persons)

-10 -5 0 5 10

-100 -50 0 50 100

-100 -50 0 50 100

-100 -50 0 50 100

Rate Difference 
(per 1000 person-years)

-100 -50 0 50 100

-100 -50 0 50 100

-100 -50 0 50 100

-100 -50 0 50 100

Rate Difference 
(per 1000 person-years)

-100 -50 0 50 100

Favors  
Rivaroxaban

Favors  
Apixaban

Favors  
Warfarin

Favors  
Apixaban

A. Medicare Fee-For-Service Beneficiaries
Apixaban Rivaroxaban Warfarin Rivaroxaban vs Apixaban Warfarin vs Apixaban

Sample 
Size

Events  
(Risk or Rate)*

Sample 
Size

Events  
(Risk or Rate)*

Sample 
Size

Events  
(Risk or Rate)* Estimate (95% CI) Estimate (95% CI)

Home time lost > 14 days in 
12 months

Total population 45950 9,233 (20.1) 45320 9,923 (21.9) 45280 10,546 (23.3) 1.8 (1.5, 2.1) 3.2 (2.9, 3.5)
Non-frail 8612 521 (6.0) 8381 578 (6.9) 8441 654 (7.7) 0.8 (0.5, 1.2) 1.7 (1.2, 2.2)
Pre-frail 26383 4,223 (16.0) 26020 4,448 (17.1) 25979 4,901 (18.9) 1.1 (0.7, 1.4) 2.9 (2.5, 3.2)
Frail 10247 4,444 (43.4) 10193 4,694 (46.0) 10176 4,777 (46.9) 2.7 (1.9, 3.4) 3.6 (2.8, 4.3)

PHeterogeneity =  0.0001 PHeterogeneity < 0.0001

Composite endpoint

Total population 45950 5,130 (119.5) 45320 5,884 (140.8) 45280 6,192 (148.9) 21.3 (16.4, 26.2) 29.4 (24.5, 34.3)
Non-frail 8612 312 (37.0) 8381 396 (48.7) 8441 427 (52.2) 11.6 (5.3, 17.9) 15.1 (8.7, 21.5)
Pre-frail 26383 2,343 (93.7) 26020 2,729 (111.9) 25979 2,896 (119.3) 18.2 (12.5, 23.8) 25.6 (19.8, 31.3)
Frail 10247 2,443 (277.3) 10193 2,653 (308.9) 10176 2,749 (322.9) 31.6 (15.5, 47.7) 45.5 (29.2, 61.9)

PHeterogeneity = 0.0497 PHeterogeneity = 0.0010

Ischemic stroke or systemic 
embolism

Total population 45950 445 (10.3) 45320 565 (13.3) 45280 583 (13.8) 3.0 (1.6, 4.5) 3.5 (2.1, 5.0)
Non-frail 8612 49 (5.8) 8381 63 (7.7) 8441 61 (7.5) 1.8 (-0.7, 4.3) 1.6 (-0.9, 4.1)
Pre-frail 26383 247 (9.8) 26020 315 (12.7) 25979 332 (13.5) 2.9 (1.0, 4.7) 3.7 (1.8, 5.6)
Frail 10247 145 (16.2) 10193 181 (20.6) 10176 177 (20.3) 4.4 (0.4, 8.4) 4.1 (0.1, 8.1)

PHeterogeneity  =  0.5579 PHeterogeneity = 0.3752

Major bleeding

Total population 45950 919 (21.3) 45320 1,431 (34.1) 45280 1,430 (34.2) 12.8 (10.5, 15.0) 12.9 (10.7, 15.1)
Non-frail 8612 80 (9.5) 8381 131 (16.1) 8441 147 (17.9) 6.6 (3.1, 10.0) 8.4 (4.8, 12.0)
Pre-frail 26383 499 (19.9) 26020 787 (32.1) 25979 753 (30.9) 12.3 (9.4, 15.1) 11.0 (8.2, 13.8)
Frail 10247 333 (37.6) 10193 489 (56.6) 10176 510 (59.5) 19.0 (12.6, 25.5) 21.9 (15.4, 28.5)

PHeterogeneity = 0.0015 PHeterogeneity = 0.0018

Death

Total population 45950 4,139 (95.1) 45320 4,382 (102.6) 45280 4,750 (111.9) 7.5 (3.3, 11.7) 16.7 (12.4, 21.0)
Non-frail 8612 208 (24.6) 8381 236 (28.7) 8441 264 (31.9) 4.1 (-0.8, 9.1) 7.3 (2.2, 12.4)
Pre-frail 26383 1,781 (70.3) 26020 1,854 (74.4) 25979 2,082 (84.1) 4.1 (-0.6, 8.8) 13.7 (8.8, 18.6)
Frail 10247 2,124 (235.7) 10193 2,206 (248.4) 10176 2,306 (261.9) 12.7 (-1.8, 27.1) 26.2 (11.5, 40.8)

PHeterogeneity = 0.5266 PHeterogeneity = 0.0263

Warfarin

Comparison Sample 
Size

Events  
(Risk or Rate)* HR LL UL RD LL UL

Home time lost > 7 days in 6 months
Total population 45,280 10,546 (23.3) 1.16 1.14 1.18 4 0.02 0.02 3.2 2.9 3.5 4 0.30 0.30
Non-frail 8,441 654 (7.7) 1.28 1.20 1.37 3 0.08 0.08 1.7 1.2 2.2 3 0.45 0.45
Pre-frail 25,979 4,901 (18.9) 1.18 1.15 1.20 2 0.02 0.02 2.9 2.5 3.2 2 0.37 0.37
Frail 10,176 4,777 (46.9) 1.08 1.06 1.10 1 0.02 0.02 3.6 2.8 4.3 1 0.76 0.76

Composite endpoint
Total population 45,280 6,192 (148.9) 1.24 1.22 1.27 4 0.02 0.03 29.4 24.5 34.3 4 4.95 4.95
Non-frail 8,441 427 (52.2) 1.41 1.29 1.53 3 0.12 0.12 15.1 8.7 21.5 3 6.43 6.43
Pre-frail 25,979 2,896 (119.3) 1.27 1.23 1.31 2 0.04 0.04 25.6 19.8 31.3 2 5.77 5.77
Frail 10,176 2,749 (322.9) 1.16 1.13 1.20 1 0.03 0.04 45.5 29.2 61.9 1 16.33 16.33

Ischemic stroke or systemic embolism
Total population 45,280 583 (13.8) 1.34 1.26 1.44 4 0.08 0.10 3.5 2.1 5.0 4 1.47 1.47
Non-frail 8,441 61 (7.5) 1.28 1.03 1.58 3 0.25 0.30 1.6 -0.9 4.1 3 2.48 2.48
Pre-frail 25,979 332 (13.5) 1.37 1.26 1.50 2 0.11 0.13 3.7 1.8 5.6 2 1.90 1.90
Frail 10,176 177 (20.3) 1.25 1.11 1.41 1 0.14 0.16 4.1 0.1 8.1 1 3.98 3.98

Major bleeding
Total population 45,280 1,430 (34.2) 1.60 1.53 1.68 4 0.07 0.08 12.9 10.7 15.1 4 2.25 2.25
Non-frail 8,441 147 (17.9) 1.88 1.61 2.20 3 0.27 0.32 8.4 4.8 12.0 3 3.57 3.57
Pre-frail 25,979 753 (30.9) 1.55 1.46 1.65 2 0.09 0.10 11.0 8.2 13.8 2 2.81 2.81
Frail 10,176 510 (59.5) 1.58 1.46 1.70 1 0.12 0.12 21.9 15.4 28.5 1 6.55 6.55

Death
Total population 45,280 4,750 (111.9) 1.18 1.15 1.20 4 0.03 0.02 16.7 12.4 21.0 4 4.30 4.30
Non-frail 8,441 264 (31.9) 1.30 1.17 1.44 3 0.13 0.14 7.3 2.2 12.4 3 5.09 5.09
Pre-frail 25,979 2,082 (84.1) 1.19 1.15 1.24 2 0.04 0.05 13.7 8.8 18.6 2 4.87 4.87
Frail 10,176 2,306 (261.9) 1.11 1.07 1.15 1 0.04 0.04 26.2 11.5 40.8 1 14.66 14.66

Apixaban

Comparison Sample 
Size

Events  
(Risk or Rate)* HR LL UL RD LL UL

Home time lost > 7 days in 6 months
Total population 45,950 9,233 (20.1) 1.00 1.00 1.00 28 0.00 0.00 0.0 0.0 0.0 28 0.00 0.00
Non-frail 8,612 521 (6.0) 1.00 1.00 1.00 27 0.00 0.00 0.0 0.0 0.0 27 0.00 0.00
Pre-frail 26,383 4,223 (16.0) 1.00 1.00 1.00 26 0.00 0.00 0.0 0.0 0.0 26 0.00 0.00
Frail 10,247 4,444 (43.4) 1.00 1.00 1.00 25 0.00 0.00 0.0 0.0 0.0 25 0.00 0.00

Composite endpoint
Total population 45,950 5,130 (119.5) 1.00 1.00 1.00 22 0.00 0.00 0.0 0.0 0.0 22 0.00 0.00
Non-frail 8,612 312 (37.0) 1.00 1.00 1.00 21 0.00 0.00 0.0 0.0 0.0 21 0.00 0.00
Pre-frail 26,383 2,343 (93.7) 1.00 1.00 1.00 20 0.00 0.00 0.0 0.0 0.0 20 0.00 0.00
Frail 10,247 2,443 (277.3) 1.00 1.00 1.00 19 0.00 0.00 0.0 0.0 0.0 19 0.00 0.00

Ischemic stroke or systemic embolism
Total population 45,950 445 (10.3) 1.00 1.00 1.00 15 0.00 0.00 0.0 0.0 0.0 15 0.00 0.00
Non-frail 8,612 49 (5.8) 1.00 1.00 1.00 14 0.00 0.00 0.0 0.0 0.0 14 0.00 0.00
Pre-frail 26,383 247 (9.8) 1.00 1.00 1.00 13 0.00 0.00 0.0 0.0 0.0 13 0.00 0.00
Frail 10,247 145 (16.2) 1.00 1.00 1.00 12 0.00 0.00 0.0 0.0 0.0 12 0.00 0.00

Major bleeding
Total population 45,950 919 (21.3) 1.00 1.00 1.00 9 0.00 0.00 0.0 0.0 0.0 9 0.00 0.00
Non-frail 8,612 80 (9.5) 1.00 1.00 1.00 8 0.00 0.00 0.0 0.0 0.0 8 0.00 0.00
Pre-frail 26,383 499 (19.9) 1.00 1.00 1.00 7 0.00 0.00 0.0 0.0 0.0 7 0.00 0.00
Frail 10,247 333 (37.6) 1.00 1.00 1.00 6 0.00 0.00 0.0 0.0 0.0 6 0.00 0.00

Death
Total population 45,950 4,139 (95.1) 1.00 1.00 1.00 3 0.00 0.00 0.0 0.0 0.0 3 0.00 0.00
Non-frail 8,612 208 (24.6) 1.00 1.00 1.00 2 0.00 0.00 0.0 0.0 0.0 2 0.00 0.00
Pre-frail 26,383 1,781 (70.3) 1.00 1.00 1.00 1 0.00 0.00 0.0 0.0 0.0 1 0.00 0.00
Frail 10,247 2,124 (235.7) 1.00 1.00 1.00 0 0.00 0.00 0.0 0.0 0.0 0 0.00 0.00

Rivaroxaban

Comparison Sample 
Size

Events  
(Risk or Rate)* HR LL UL RD LL UL

Home time lost > 7 days in 6 months
Total population 45,320 9,923 (21.9) 1.09 1.07 1.10 4 0.01 0.01 1.8 1.5 2.1 4 0.29 0.29
Non-frail 8,381 578 (6.9) 1.14 1.07 1.21 3 0.07 0.07 0.8 0.5 1.2 3 0.39 0.39
Pre-frail 26,020 4,448 (17.1) 1.07 1.05 1.09 2 0.02 0.02 1.1 0.7 1.4 2 0.35 0.35
Frail 10,193 4,694 (46.0) 1.06 1.04 1.08 1 0.02 0.02 2.7 1.9 3.4 1 0.76 0.76

Composite endpoint
Total population 45,320 5,884 (140.8) 1.18 1.15 1.20 4 0.03 0.02 21.3 16.4 26.2 4 4.86 4.86
Non-frail 8,381 396 (48.7) 1.31 1.22 1.42 3 0.09 0.11 11.6 5.3 17.9 3 6.31 6.31
Pre-frail 26,020 2,729 (111.9) 1.19 1.16 1.23 2 0.03 0.04 18.2 12.5 23.8 2 5.66 5.66
Frail 10,193 2,653 (308.9) 1.11 1.08 1.15 1 0.03 0.04 31.6 15.5 47.7 1 16.10 16.10

Ischemic stroke or systemic embolism
Total population 45,320 565 (13.3) 1.29 1.21 1.38 4 0.08 0.09 3.0 1.6 4.5 4 1.45 1.45
Non-frail 8,381 63 (7.7) 1.32 1.08 1.60 3 0.24 0.28 1.8 -0.7 4.3 3 2.50 2.50
Pre-frail 26,020 315 (12.7) 1.29 1.19 1.41 2 0.10 0.12 2.9 1.0 4.7 2 1.86 1.86
Frail 10,193 181 (20.6) 1.27 1.13 1.43 1 0.14 0.16 4.4 0.4 8.4 1 3.99 3.99

Major bleeding
Total population 45,320 1,431 (34.1) 1.60 1.53 1.67 4 0.07 0.07 12.8 10.5 15.0 4 2.24 2.24
Non-frail 8,381 131 (16.1) 1.69 1.47 1.95 3 0.22 0.26 6.6 3.1 10.0 3 3.45 3.45
Pre-frail 26,020 787 (32.1) 1.61 1.52 1.71 2 0.09 0.10 12.3 9.4 15.1 2 2.84 2.84
Frail 10,193 489 (56.6) 1.50 1.39 1.62 1 0.11 0.12 19.0 12.6 25.5 1 6.44 6.44

Death
Total population 45,320 4,382 (102.6) 1.08 1.05 1.10 4 0.03 0.02 7.5 3.3 11.7 4 4.20 4.20
Non-frail 8,381 236 (28.7) 1.17 1.06 1.29 3 0.11 0.12 4.1 -0.8 9.1 3 4.95 4.95
Pre-frail 26,020 1,854 (74.4) 1.06 1.02 1.10 2 0.04 0.04 4.1 -0.6 8.8 2 4.71 4.71
Frail 10,193 2,206 (248.4) 1.05 1.02 1.09 1 0.03 0.04 12.7 -1.8 27.1 1 14.42 14.42

Ratio Measure
Total Population Non-Frail Pre-Frail Frail

Outcome Drug Sample size Events Rate per 1000 py HR 95%CI_Lower 95%CI_Upper Sample size Events Rate per 1000 py HR 95%CI_Lower 95%CI_Upper Sample Size Events Rate per 1000 py HR 95%CI_Lower 95%CI_Upper Sample Size Events Rate per 1000 py HR 95%CI_Lower 95%CI_Upper

Composite endpoint

Apixaban 45,950 5,130 119.5 1.0 1.0 1.0 8,612 312 37.0 1.0 1.0 1.0 26,383 2,343 93.7 1.0 1.0 1.0 10,247 2,443 277.3 1.0 1.0 1.0
Rivaroxaban 45,320 5,884 140.8 1.2 1.2 1.2 8,381 396 48.7 1.3 1.2 1.4 26,020 2,729 111.9 1.2 1.2 1.2 10,193 2,653 308.9 1.1 1.1 1.2

Warfarin 45,280 6,192 148.9 1.2 1.2 1.3 8,441 427 52.2 1.4 1.3 1.5 25,979 2,896 119.3 1.3 1.2 1.3 10,176 2,749 322.9 1.2 1.1 1.2

Ischemic stroke or 
systemic embolism

Apixaban 45,950 445 10.3 1.0 1.0 1.0 8,612 49 5.8 1.0 1.0 1.0 26,383 247 9.8 1.0 1.0 1.0 10,247 145 16.2 1.0 1.0 1.0
Rivaroxaban 45,320 565 13.3 1.3 1.2 1.4 8,381 63 7.7 1.3 1.1 1.6 26,020 315 12.7 1.3 1.2 1.4 10,193 181 20.6 1.3 1.1 1.4

Warfarin 45,280 583 13.8 1.3 1.3 1.4 8,441 61 7.5 1.3 1.0 1.6 25,979 332 13.5 1.4 1.3 1.5 10,176 177 20.3 1.3 1.1 1.4

Major bleeding

Apixaban 45,950 919 21.3 1.0 1.0 1.0 8,612 80 9.5 1.0 1.0 1.0 26,383 499 19.9 1.0 1.0 1.0 10,247 333 37.6 1.0 1.0 1.0
Rivaroxaban 45,320 1,431 34.1 1.6 1.5 1.7 8,381 131 16.1 1.7 1.5 2.0 26,020 787 32.1 1.6 1.5 1.7 10,193 489 56.6 1.5 1.4 1.6

Warfarin 45,280 1,430 34.2 1.6 1.5 1.7 8,441 147 17.9 1.9 1.6 2.2 25,979 753 30.9 1.6 1.5 1.7 10,176 510 59.5 1.6 1.5 1.7

Death

Apixaban 45,950 4,139 95.1 1.0 1.0 1.0 8,612 208 24.6 1.0 1.0 1.0 26,383 1,781 70.3 1.0 1.0 1.0 10,247 2,124 235.7 1.0 1.0 1.0
Rivaroxaban 45,320 4,382 102.6 1.1 1.1 1.1 8,381 236 28.7 1.2 1.1 1.3 26,020 1,854 74.4 1.1 1.0 1.1 10,193 2,206 248.4 1.1 1.0 1.1

Warfarin 45,280 4,750 111.9 1.2 1.2 1.2 8,441 264 31.9 1.3 1.2 1.4 25,979 2,082 84.1 1.2 1.2 1.2 10,176 2,306 261.9 1.1 1.1 1.2

Home time lost > 14 
days in 12 months

Apixaban 45,950 9,233 20.1 1.0 1.0 1.0 8,612 521 6.0 1.0 1.0 1.0 26,383 4,223 16.0 1.0 1.0 1.0 10,247 4,444 43.4 1.0 1.0 1.0
Rivaroxaban 45,320 9,923 21.9 1.1 1.1 1.1 8,381 578 6.9 1.1 1.1 1.2 26,020 4,448 17.1 1.1 1.0 1.1 10,193 4,694 46.0 1.1 1.0 1.1

Warfarin 45,280 10,546 23.3 1.2 1.1 1.2 8,441 654 7.7 1.3 1.2 1.4 25,979 4,901 18.9 1.2 1.2 1.2 10,176 4,777 46.9 1.1 1.1 1.1

Difference Measure
Total Population Non-Frail Pre-Frail Frail

Outcome Drug Sample size Events Rate per 1000 py RD 95%CI_Lower 95%CI_Upper Sample size Events Rate per 1000 py RD 95%CI_Lower 95%CI_Upper Sample Size Events Rate per 1000 py RD 95%CI_Lower 95%CI_Upper Sample Size Events Rate per 1000 py RD 95%CI_Lower 95%CI_Upper

Composite endpoint

Apixaban 45,950 5,130 119.52 0.0 0.0 0.0 8,612 312 37.05 0.0 0.0 0.0 26,383 2,343 93.72 0.0 0.0 0.0 10,247 2,443 277.3 0.0 0.0 0.0
Rivaroxaban 45,320 5,884 140.83 21.3 16.4 26.2 8,381 396 48.66 11.6 5.3 17.9 26,020 2,729 111.89 18.2 12.5 23.8 10,193 2,653 308.9 31.6 15.5 47.7

Warfarin 45,280 6,192 148.92 29.4 24.5 34.3 8,441 427 52.15 15.1 8.7 21.5 25,979 2,896 119.28 25.6 19.8 31.3 10,176 2,749 322.9 45.5 29.2 61.9

Ischemic stroke or 
systemic embolism

Apixaban 45,950 445 10.3 0.0 0.0 0.0 8,612 49 5.8 0.0 0.0 0.0 26,383 247 9.8 0.0 0.0 0.0 10,247 145 16.2 0.0 0.0 0.0
Rivaroxaban 45,320 565 13.3 3.0 1.6 4.5 8,381 63 7.7 1.8 -0.7 4.3 26,020 315 12.7 2.9 1.0 4.7 10,193 181 20.6 4.4 0.4 8.4

Warfarin 45,280 583 13.8 3.5 2.1 5.0 8,441 61 7.5 1.6 -0.9 4.1 25,979 332 13.5 3.7 1.8 5.6 10,176 177 20.3 4.1 0.1 8.1

Major bleeding

Apixaban 45,950 919 21.3 0.0 0.0 0.0 8,612 80 9.5 0.0 0.0 0.0 26,383 499 19.9 0.0 0.0 0.0 10,247 333 37.6 0.0 0.0 0.0
Rivaroxaban 45,320 1,431 34.1 12.8 10.5 15.0 8,381 131 16.1 6.6 3.1 10.0 26,020 787 32.1 12.3 9.4 15.1 10,193 489 56.6 19.0 12.6 25.5

Warfarin 45,280 1,430 34.2 12.9 10.7 15.1 8,441 147 17.9 8.4 4.8 12.0 25,979 753 30.9 11.0 8.2 13.8 10,176 510 59.5 21.9 15.4 28.5

Death

Apixaban 45,950 4,139 95.1 0.0 0.0 0.0 8,612 208 24.6 0.0 0.0 0.0 26,383 1,781 70.3 0.0 0.0 0.0 10,247 2,124 235.7 0.0 0.0 0.0
Rivaroxaban 45,320 4,382 102.6 7.5 3.3 11.7 8,381 236 28.7 4.1 -0.8 9.1 26,020 1,854 74.4 4.1 -0.6 8.8 10,193 2,206 248.4 12.7 -1.8 27.1

Warfarin 45,280 4,750 111.9 16.7 12.4 21.0 8,441 264 31.9 7.3 2.2 12.4 25,979 2,082 84.1 13.7 8.8 18.6 10,176 2,306 261.9 26.2 11.5 40.8

Home time lost > 14 
days in 12 months

Apixaban 45,950 9,233 20.1 0.0 0.0 0.0 8,612 521 6.0 0.0 0.0 0.0 26,383 4,223 16.0 0.0 0.0 0.0 10,247 4,444 43.4 0.0 0.0 0.0
Rivaroxaban 45,320 9,923 21.9 1.8 1.5 2.1 8,381 578 6.9 0.8 0.5 1.2 26,020 4,448 17.1 1.1 0.7 1.4 10,193 4,694 46.0 2.7 1.9 3.4

Warfarin 45,280 10,546 23.3 3.2 2.9 3.5 8,441 654 7.7 1.7 1.2 2.2 25,979 4,901 18.9 2.9 2.5 3.2 10,176 4,777 46.9 3.6 2.8 4.3

Risk Difference 
(per 1000 persons)

-10 -5 0 5 10
Risk Difference 

(per 1000 persons)

-10 -5 0 5 10

-100 -50 0 50 100

-100 -50 0 50 100

-100 -50 0 50 100

Rate Difference 
(per 1000 person-years)

-100 -50 0 50 100

-100 -50 0 50 100

-100 -50 0 50 100

-100 -50 0 50 100

Rate Difference 
(per 1000 person-years)

-100 -50 0 50 100

Favors  
Rivaroxaban

Favors  
Apixaban

Favors  
Warfarin

Favors  
Apixaban

Measure: >14 days lost due to inpatient, SNF, and death in 1 year



Home time as hospital performance metric
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Measure: Number of days alive and spent out of inpatient, SNF, and LTC within 30 days of CHF discharge

mortality rates. Fifth, use of 30-day risk-adjusted home time
was associated with meaningful reclassification of hospitals
compared with the current CMS performance metrics of
30-day RSRR, 30-day RSMR, and EDAC.

Prior studies12,1%,22 have demonstrated that post-discharge
home time may be a meaningful clinical and patient-oriented
outcome measure for patients with acute cardiovascular events,
such as stroke and HF. A recent study1& demonstrated the
potential utility of risk-adjusted 30-day home time as a hos-
pital-level performance metric for acute myocardial infarc-
tion. Findings from the present study add to the existing
literature by evaluating 30-day home time as a potential hos-
pital-level performance metric for patients with HF. Consis-
tent with observations for acute myocardial infarction, higher
hospital-level 30-day risk-adjusted home time for HF was sig-
nificantly associated with lower 30-day RSRR and 30-day RSMR
rates. Furthermore, up to one-third of hospitals had meaning-
ful reclassification in their performance status associated with
30-day home time compared with 30-day RSRR. Hospitals that

were high performing by 30-day RSRR but were reclassified as
low performing by 30-day home time had higher inpatient and
30-day mortality and vice versa. This finding is particularly rel-
evant because the 30-day RSRR metric does not account for
the competing risk of mortality and therefore can theoreti-
cally penalize hospitals that have high HF-related readmis-
sion rates but a low HF-associated mortality.23,24 Compared
with a composite metric of 30-day readmission or mortality,
there was a meaningful reclassification in performance sta-
tus of a smaller but still sizable proportion of hospitals (ap-
proximately 23%) with use of 30-day home time. Taken
together, these findings suggest that the 30-day home time
metric complements the existing performance metrics of
30-day RSRR by accounting not only for postdischarge mor-
tality but also for the variability in the post–acute care use of
intermediate- and long-term care facilities and SNFs.

In addition to the 30-day readmission metric, the CMS has
recently introduced EDAC as a performance metric to capture
all acute care facility stays in the postdischarge 30-day period.21

However, EDAC largely focuses on days spent in the acute care
setting and does not account for postdischarge care provided
at other health care facilities. The 30-day risk-adjusted home
time complements the EDAC metric by providing a patient-
centered measure of health care burden that includes acute care
use and postdischarge stays at intermediate- and long-term care
facilities and SNFs. We observed meaningful reclassification
in more than 40% of hospitals with use of 30-day home time
vs EDAC.

Our study findings may have important health policy im-
plications. The 30-day RSRR metric is currently used in the
HRRP to financially incentivize hospitals to improve care qual-
ity and outcomes among hospitalized patients. Although the
implementation of the HRRP has been associated with a sig-
nificant reduction in the 30-day readmission rate,( its asso-
ciation with patient-oriented outcomes in the postdischarge
period is not well established. At the patient level, home time
has previously been evaluated as an outcome for patients with
acute conditions, such as stroke and HF, and was signifi-
cantly correlated with health status and patient-reported

Figure 2. Comparison of Risk-Adjusted 30-Day Readmission, 30-Day Mortality, and 1-Year Mortality Across Risk-Adjusted Quartiles
of 30-Day Home Time
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Figure 3. Reclassification in Hospital Performance in 30-Day
Risk-Adjusted Home Time Compared With Risk-Standard 30-Day
Readmission Rate, 30-Day Mortality Rate, Excess Days of Acute Care,
and a Composite of 30-Day Readmission or Mortality
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Hospital quartile Mean 30-day home time 
after CHF discharge

Quartile 1 18.1
Quartile 2 20.0
Quartile 3 21.1
Quartile 4 22.6

27%

24%



Key observations from the literature

• Applied across diverse clinical contexts (e.g., end-of-life, trauma, 

surgery, chemotherapy) and for hospital performance evaluation

• Care settings included in calculation vary across studies

• Summary measures vary: mean home time, home time loss, 

proportion of home time, risk of home time loss

20



Home time as outcome for ePCT

• Patient-centered, system-relevant, intuitive, and scalable at health 

care system scale

• Integrates survival and utilization and reflects—imperfectly—

quality of life and function

• Design choices (clinical context, care settings, summary measure) 

must be explicitly specified.

21



Limitations of home time 
measures
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• Differences detected from interventions are often small
• Variation across ACOs found an IQR of an adjusted 4.2 days/year (342.32 vs. 

351.53) (Freed et al)
• Variation across hospital referral regions found that, adjusting for 

demographics and chronic conditions, the worst-performing market had an 
average of 5.8 fewer days at home/year compared to the mean (347.2), and 
largest contributor was differential mortality rates (Burke et al)

• HI-FIVES Family Caregiving Training trial resulted in a non-significant 1 day 
over 12 month difference (Van Houtven et al)

• Salahab study of remote monitoring found a difference of 3.4 days at home 
per 100 days…. But that was driven by differential mortality

Is home time a useful outcome measure?



• Sociodemographic and regional factors appear to substantially 
influence days at home

• Among Veterans, low medical literacy was associated with 6.14 fewer days at 
home (Jacobs, et al)

• Male gender, particularly among people with dementia, is associated with 
fewer days at home after hip fracture (Orwig, et al)

• ACOs performing worst at days at home are more likely to care for Black and 
Hispanic older adults and those residing in urban regions (Freed, et al)

Is home time a useful outcome measure?



• How does quality of life vary based on type of days away from home?
• Dr. Van Houtven’s work exemplifies the challenge of measuring this

• The growth of Medicare Advantage, where difficult-to-capture 
observation stays replace hospitalizations, further challenges 
measurement

• Many studies do not consider ED visits and observation stays as days away 
from home

Measurement challenges must be addressed



ED visits and observation stays replace inpatient 
stays in Medicare Advantage 

Beckman AL, Frakt AB, Duggan C, et al. Evaluation of Potentially Avoidable Acute Care Utilization Among 
Patients Insured by Medicare Advantage vs Traditional Medicare. JAMA Health Forum. 2023;4(2):e225530.



• Days at home may not be “good”: for patients or caregivers 
• Balancing measures (patient and caregiver reported) are needed to 

capture quality of days at home
• For patients:

• Level of support and services (direct care, medical assistance if needed)
• Preference for home
• Symptoms (pain, nausea, anxiety, depression, loneliness and isolation)

• For caregivers:
• Burden, benefit of caregiving, economic costs and days missed from work and school

Balancing measures needed for pragmatic trials



• Unintended consequences: Home time may also be seen as 
“cheaper” days from the payer perspective, thus already incentivized

• Over-emphasis may further encourage under-delivery of potentially helpful 
inpatient, skilled nursing, or rehabilitative services

• Selection concerns: If home time is largely driven by patient 
characteristics rather than modifiable care, programs may avoid 
higher-need older adults

• Need for balancing measures: Patient- and caregiver-reported 
outcomes are essential to ensure time at home reflects quality, not 
just utilization

Particular concerns with days at home as a 
performance measure



• Define clinical meaning: Establish what constitutes a clinically meaningful 
change in home time and the degree to which interventions can realistically 
influence it

• Identify key balancing measures: Use qualitative and survey data to 
determine which tradeoffs matter most, to guide pragmatic trials and 
performance measurement

• Differentiate time away from home: Continue to test measures that 
distinguish types of days away from home (e.g., hospital, SNF, ED), 
consider the nuance of applying this in the growing MA program, and that 
assess distance and travel time from home

The way forward



• Intuitively, time spent closer to home appears meaningful to measure
• Shorter driving time to nursing facilities drive preferences for post-acute care 

settings for patients and caregivers (Geng et al)
• Travel time to facilities is a strong predictor of family visitation frequency 

(Weimer et al)

• Distance from home is a highly policy-relevant measure when 
hospital and nursing home closures threaten access

• Our team is in the process of defining a claims-based measure of 
dying far from home, and would love collaboration!

Days far from home: a promising future direction



In Pursuit of Person-centered 
Home Time Measurement

Courtney Van Houtven, PhD

Professor, Population Health Sciences, Duke University School 
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Home Time Potential 

•  Home time measures are increasingly used to evaluate healthcare 
interventions and as a performance metric (CMS initiatives)

•  Intuitive appeal:
o  Patients most often prefer to remain at home
o  Potential to be less costly for healthcare systems 
o “Pragmatic” because can be derived from existing administrative claims data

Despite its potential, empirical applications vary widely in included 
settings, time intervals, and patient populations

Little is known about how Home Time measures are truly
“person-centered” and reflect patient and family caregiver quality of life



Home Time Uses – Evidence Map

•  Identified 217 studies from 2010-2025 used home time as an 
outcome or predictor measure (≥2 types of health care facility 
settings) 
o  Greatest increase in past 5 years (from 32 studies to 185)
o  77% studies focused on older populations, with stroke, cancer, or EoL
o  3% focus on dementia/CI and 3% compare outcomes between patients 

with and without dementia
o  Measured in 90 or 180-day intervals
o  Data sources included claims, EHR, and surveys



Home Time As QoL for older 
Veterans and Caregivers



ASPIRE Project (VA) 2019 - 2024

Is home time a person-centered quality of life (QoL) measure? 
• Used existing eHR data from completed studies with survey reported outcomes to 
examine relationship of time in different settings with Patient QoL (~30% cognitive 
impairment, 100% functional impairment)

Focus groups
One Veteran focus group 

(n=6)
Two caregiver focus groups 

(n=14)

IP had greater negative 
effects on patient QoL

Predictive approach

Patient PROs from geriatric 
medical home study (n=570)
Caregiver PROs from 2 VA 
caregiver studies (n=522) 

6 mo  associations w/QoL 
PAC  worse QoL 

IP and ED  higher QoL 
outcomes

Delphi Panel

3 Rounds of feedback with 
VA leaders, clinicians, and 

researchers (n=28)

Include ED, IP, PAC
6 mo timeframe

No consensus on weighting

Van Houtven CH, Boucher NA, Decosimo K, et al. A Proposed Universal "Home Time" Quality of Life Measure for Older Adults. J Am Geriatr Soc. 2025;73(8):2366-2375. https://pubmed.ncbi.nlm.nih.gov/40341521/  

https://pubmed.ncbi.nlm.nih.gov/40341521/


Home Time as QoL for 
PLWD and Caregivers



R01 Home Time (NIA) 2021-2027  

Is home time a person-centered QoL measure for persons living with 
dementia (PLWD)?

•  Qualitative interviews 
o Interviews with 35 PLWD and 46 care partners (not dyadic) 
o Listening sessions with clinical/healthcare system experts (n=6) and dementia 
advocacy leaders (n=3) to help interpret results

•Predictive approach: Community-dwelling Medicare beneficiaries aged 65+ with 
possible or probable dementia linked with CMS administrative data

•Policy convening (planned 2027) to gather ~40 experts and advocates 



Aim 1: Qualitative Results

PLWD (N=35)*:
•  Home: generally enhanced quality of life, unless needs > available 

support
•  Settings: mixed effects – more support, but less autonomy and social 

engagement
•  Hard to directly compare settings
Caregivers (N=46) settings by comparison (under development):

*Boucher NA, Seidenfeld J, McKenna KC, et al. Quality-of-life factors at home and in health care settings for people living with dementia. Gerontologist. 2025;65(11):gnaf196. https://pubmed.ncbi.nlm.nih.gov/41136346/ 

https://pubmed.ncbi.nlm.nih.gov/41136346/


Aim 1: Salient Quotes

PLWD

Home
“There’s a lot of people around at home, and I’m a 
people person…I just like the company and doing 

things together.”  (93 yr. old PLWD, IP)

Healthcare settings 
“There is just very little reassuring about being 
there. Absolutely nothing gained.” (65 yr. old 

PLWD, SNF)
“…my daughter and son-in-law came to visit me, 

but that's even limited, and it's – I've got big 
shoulders, and I can bear the burden, but it's 

certainly lonely.” 
(62 yr. old PLWD, IP)

Caregiver

Healthcare settings 
IP: “She tried to rip out the IVs, which actually 

caused me to stay through the last two days in the 
hospital, even overnight.” (CG23)

PAC: “I had to be on guard all the time. At least, at 
the facility, you have to leave at night. At home, it’s 

a 24/7 thing, so… [My anxiety] was maybe an 8 
when she was in the facility and a 10 at home.” 

(CG52)

Caregiver experiences influenced by:
• Individual factors
• PLWD symptoms and care needs
• Setting factors (e.g., QofC, LOS, physical 

environment)



Settings for denoting 
time away from home
• Outpatient Surgery
• Emergency 

Department “treat 
and release”

• Inpatient – planned
• Inpatient – 

unplanned
• Skilled Nursing 

Facility
• Long term care

Excluded
• Inpatient hospice
• Respite care

Outcomes that matter to older adults 
living in the community w/ possible 
or probable dementia

• Activities of Daily Living (ADL)
•  Instrumental ADLs (IADL)
•  Depressive symptoms (PHQ-2)
•  Subjective well-being 
•  Self-assessed health (scale of 0-4)

• Observation 
period
= 3 months

  = 6 months
  = 12 months
  

• Understanding 
differential impact 
by setting

Home Time 
Measure
(predictor)

Patient-Reported Outcomes
(PROs) / Quality of Life 

(QoL)Methods
 

R01 Aim 2: Predictive Approach 

• N =3,807 community-
dwelling Medicare 
beneficiaries aged 65+ with 
possible/probable dementia 
from the National Health and 
Aging Trends Study (2011-
2021), linked with CMS 
administrative data



Aim 2 Preliminary Results



Aim 2 Preliminary Results, cont.

Outcome
Planned

IP
Unplanned

IP
SNF LTC

TaR 
ED

OP

Functional 
domain

ADL X X X X
IADL X X X X

Mental health 
domain

Depressive symptoms 
(PHQ-2)

X X X X

Subjective
well-being

X X X

Global domain Self-assessed health X X X

Note: X represents the corresponding facility day variable was identified as the one of the most informative contributors for constructing the “days not at 
home” metric (inverse of home time) for the corresponding QoL outcome. 

• Settings to include  a binary indicator of unique settings may be more 
important than cumulative days in settings
o Differentiation between planned and unplanned IP and ED visits  important predictors
o Outpatient surgery does not matter



Next Steps

•  Aim 2 analysis:
o  Explore different time-frames (e.g., 3 months)
o  Establish best home time measure for

  Non-community PLWD (living in nursing homes)
  Caregiver QoL

•  Convening expert panel in 2027 – let us know if you are 
interested in joining!



Path Forward



Future Directions

•  Future research – multidimensional approach

*O'Brien K, Burke RE, Saliba D. An Elusive Ideal-Why a Pragmatic "Home Time" Quality Measure Remains Hard to Define. J Am Geriatr Soc. 2025;73(8):2333-2335. https://pubmed.ncbi.nlm.nih.gov/40673556/ 

Discrete choice 
experiments to 

capture variation in 
patient preferences 

and rank settings

Understanding 
nuances of 

Home Time measures 
for 

Quality of Care versus 
Quality of Life 

assessment

Portfolio of measures 
to capture impact of 

intervention/care 
model (CMS using 

PROs and utilization)* 

https://pubmed.ncbi.nlm.nih.gov/40673556/


Questions?
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