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U se of postacute care (PAC) is expected to increase with the 

growing elderly US population and their higher-acuity 

medical needs. PAC typically encompasses skilled care 

following a hospitalization that is delivered within a skilled 

nursing facility (SNF), long-term acute care hospital, inpatient 

rehabilitation facility, or patient’s home. In 2017, Medicare paid 

$58.9 billion for long-term hospitalization, rehabilitation, and SNF 

services, equivalent to 8.3% of its $710.2 billion yearly expenditures.1 

SNF services alone cost $28.7 billion, amounting to nearly half of 

Medicare’s total bill for PAC.1

Established reimbursement mechanisms for traditional Medicare 

(TM), which reimburse providers for services rendered rather than 

linking payment to evidence of care quality or specific outcomes, do 

not strongly incentivize the provision of high-value PAC.1 Similarly, 

there are limited incentives within TM to reward investment in care 

transitions, potentially leading to more costly and lower-quality 

care.2 Maximizing the value of overall PAC, and specifically SNF 

services, is of particular interest for CMS and Congress. In fact, the 

Affordable Care Act required the development of an implementation 

plan for a value-based payment program for Medicare SNF payments.

In contrast to TM, Medicare Advantage (MA) health plans receive 

capitated payments for providing health care coverage to enrollees.1 

MA payment arrangements, regulatory requirements, and the MA 

Star Rating systems were designed to incentivize proactive patient 

management in a clinically appropriate manner, reduce waste, and 

shift the focus from volume to value, unlike TM, which generally 

does not have such robust incentives. Findings of some studies 

suggest that this approach is associated with better outcomes and/or 

lower costs.3-7 Several studies have demonstrated decreases in health 

care utilization and improved outcomes post hospital discharge 

for MA compared with TM.3-9 However, a study by Panagiotou et al, 

using data from 2011 to 2014, found small but significant increases 

in admission rates for acute myocardial infarction (0.3%; P = .002), 

congestive heart failure (0.3%; P = .001), and pneumonia (0.5%; 

P < .001) with MA vs TM.10

The aforementioned studies focused on procedures only at 

hospitals that either receive medical education payments or are 
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OBJECTIVES: To compare outcomes and costs following 
skilled nursing facility (SNF) discharge for patients within 
a Medicare Advantage (MA) organization vs traditional 
Medicare (TM).

STUDY DESIGN: Retrospective analysis of adults with a 
postacute SNF admission identified from MA claims (MA 
cohort: n = 56,228) and the Medicare 5% Limited Data Sets 
(TM cohort: n = 67,859).

METHODS: Outcomes included hospitalization, proportion 
of days at home, and total medical costs during the 180 days 
post SNF discharge, and successful community discharge. 
Regression models accounted for patient characteristics 
and health care utilization in the 180 days prior to the 
proximal hospitalization and characteristics of the proximal 
hospitalization using backward variable selection and 
fixed effects for MA enrollment. To control for observable 
differences between individuals who selected MA vs 
TM, inverse probability of treatment weighting (IPTW) 
was conducted. 

RESULTS: The MA cohort was younger than the TM cohort 
(median age, 77 vs 81 years), more likely to have qualified for 
Medicare based on disability (29% vs 20%), and less likely to 
have dual Medicare/Medicaid eligibility (16% vs 23%). After 
adjustment, MA was associated with 22% decreased odds of 
hospitalization during the 180 days post SNF discharge, 19% 
increased odds of successful community discharge, a 4% 
increase in the proportion of days at home (equating to 6.7 
additional days), and a 24% decrease in medical costs post 
SNF discharge. Results using IPTW were similar.

CONCLUSIONS: MA was associated with better outcomes 
and lower costs post SNF discharge, suggesting efficiencies 
in care for SNF patients with MA. Further research is needed 
to evaluate specific MA features that may lead to better value.
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disproportionate share hospitals that serve 

a significantly disproportionate number of 

low-income or uninsured patients, as defined 

by Section 1886(d)(1)(B) of the Social Security 

Act. This is likely because required regulatory 

reporting for these hospitals provided the 

only publicly available MA claims data, until 

2018 when 2015 MA encounter data from CMS 

first became available to researchers. By using 

multiple years of data from a large MA orga-

nization, our study expands on prior work by 

evaluating post–SNF discharge outcomes and costs, encompassing 

more than only some specific diagnoses, and including patients 

discharged from a broader range of hospitals. Our specific study 

objective was to compare outcomes and costs following SNF 

discharge between MA and TM cohorts.

METHODS
Design

This retrospective study used administrative claims data from 

June 1, 2014, to December 31, 2016, for MA enrollees identified from 

a national MA organization and TM enrollees identified using the 

Medicare 5% Limited Data Sets from CMS. The MA organization covers 

approximately 20% of all MA enrollees in the United States, with 

membership primarily in the South and Midwest. These 2 popula-

tions were considered separate cohorts because they were drawn 

from different data sources. Hereinafter, the cohort covered by the 

MA organization will be referred to as the “MA” cohort. The initial 

SNF stay was defined as the first SNF admission between January 

1, 2015, and June 30, 2016, with an admission date within 1 day of 

an inpatient admission, which will be referred to as the proximal 

hospitalization. An Advarra institutional review board approved 

the study and granted a waiver of informed consent.

Study Population

Inclusion criteria were being 18 years or older and having continuous 

MA or TM enrollment during the 180 days before the proximal 

hospitalization and 180 days post SNF discharge (or until postdis-

charge initiation of hospice or death). Patients who died or elected 

hospice during the 30 days post SNF discharge were excluded 

to ensure adequate observation time. Patients with multiple 

diagnosis-related groups on the proximal hospitalization, which 

may reflect multiple sequential hospitalizations that appear as only 

1 hospitalization in claims, were excluded. Patients who elected 

hospice before the proximal hospitalization or had end-stage renal 

disease, evidence of multiple insurers, payments made under a full 

or global capitated arrangement, or group MA coverage during the 

proximal hospitalization were excluded due to limited cost and 

utilization information in claims. To confirm an initial SNF stay vs 

SNF readmissions, patients with an SNF stay in the 180 days before 

the proximal hospitalization were excluded.

Variables and Outcomes Measures

Variables assessed before the proximal hospitalization included age, 

sex, race, geographic region, disability status (original reason for 

Medicare enrollment), and partial or full dual eligibility for Medicare 

and Medicaid. Determination of geographic region was based on 

patient place of residence according to the 4 Census regions.11 Data 

before the proximal hospitalization were used to calculate patients’ 

180-day Elixhauser Comorbidity Index score. We reported only the 

comorbidities for which at least 10% prevalence was observed.12 

Health care resource utilization before the proximal hospitalization 

included hospitalizations and length of stay (LOS), intensive care unit 

(ICU)/critical care unit (CCU) stays and LOS, emergency department 

(ED) visits, and total allowed medical costs. Comparisons between 

MA and TM cohorts included proximal hospitalization LOS and cost, 

ICU/CCU use and LOS during the proximal hospitalization, and 

initial SNF LOS and cost (based on fee-for-service allowed amounts). 

We also reported the percentage of patients with a proximal hospi-

talization LOS less than 3 days, because a hospital stay of at least 

3 days is required for TM SNF admission. In the post–SNF discharge 

period, we evaluated hospitalizations, ED visits, and subsequent 

SNF stays, and the presence of at least 1 home health visit within 

30 days post SNF discharge, mortality between 30 and 180 days post 

SNF discharge, election of hospice, and cost.

Outcome measures were hospitalization (same-day transfers from 

initial SNF and admissions post SNF discharge) and total allowed 

medical costs during the 180 days post SNF discharge, successful 

community discharge, and proportion of days at home.13 Successful 

community discharge was defined as being discharged to home or 

home health within 100 days of initial SNF admission and remaining 

alive without admission to any acute or postacute setting for at least 

30 days.9 Proportion of days at home was defined as the total number 

of days that a patient did not spend in an inpatient facility divided 

by the total number of days the patient was alive in the post–SNF 

discharge period, with follow-up time censored at initiation of hospice.13 

Post–SNF discharge cost estimates comprised mean costs in the 180 

days post SNF discharge based on plan allowable amounts for each 

procedure or encounter and included patient- and plan-paid amounts.

Analyses

We split the full data set into randomly selected training (80% of 

MA and TM enrollees) and validation/testing (remaining 20%) 

TAKEAWAY POINTS

In this comparison of outcomes and costs following skilled nursing facility (SNF) discharge for 
patients with Medicare Advantage (MA) vs traditional Medicare (TM), we found that patients 
with MA had better outcomes and lower costs post SNF discharge than those with TM.

 › The current study supports findings from the existing literature by evaluating post–SNF 
discharge costs, encompassing more than only some specific diagnoses, and including 
patients discharged from a broader range of hospitals.

 › These findings suggest efficiencies in care for patients with MA based on better outcomes 
following an SNF stay combined with reduced costs.
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samples. Using the validation/testing sample, for each outcome 

measure, we used the following items for model validation and 

selection: correlation coefficient of actual vs predicted outcomes 

for the entire sample, and goodness-of-fit plots (actual vs predicted 

outcomes, by predicted rank cohorts). Further details can be found 

in the eAppendix (available at ajmc.com). We analyzed data using 

SAS Enterprise Guide 7.13 (SAS Institute Inc).

For each outcome measure, we developed separate regression 

models to quantify, and control for, beneficiary risk factors in 

comparisons between MA and TM cohorts. Analytical models 

adjusted for patient demographic and clinical characteristics 

and proximal hospitalization utilization. Regression models for 

hospitalization and cost outcomes also controlled for initial SNF 

LOS. However, because successful discharge to community was 

measured in the 100 days following SNF admission (in contrast 

to other outcomes that were measured post SNF discharge), the 

regression model for this outcome did not include the SNF LOS as 

a control variable because that might bias the outcome. Models 

used backward variable selection with age, sex, geographic region, 

race, and MA organization enrollment, as a binary fixed effect 

variable, forced into the model. Logistic regression was used to 

assess the likelihood of successful SNF discharge to the community 

and likelihood of 1 or more hospitalizations post SNF discharge. 

Proportion of days at home and total allowed medical costs post 

SNF discharge were evaluated using a generalized linear model 

with log-linear transformation. Determination of the most salient 

predictors of each outcome was validated using machine learning 

techniques. Detailed testing/validation methods are provided in 

the eAppendix.

To address potential bias associated with differences in patient 

characteristics between the MA and TM cohorts, a propensity score–

based method known as inverse probability of treatment weighting 

(IPTW) was conducted as a sensitivity analysis. A logistic regression 

model was used to estimate a propensity score (eg, conditional 

probability of being in MA vs TM cohorts given observed baseline 

covariates) for each patient. Standardized mean differences (SMDs) 

were calculated for all baseline variables, and those with an SMD 

of at least 0.10 were included in the model.14 Pre- and post-IPTW 

adjusted SMD values between MA and TM cohorts for the baseline 

variables were calculated (eAppendix). MA patients were assigned a 

weight of the inverse of their propensity score, and OM patients were 

assigned a weight of the inverse of 1 minus their propensity score. 

The weights were included in the appropriate outcome models to 

balance the distribution of potential confounders across cohorts.

RESULTS
Study Cohorts

We identified 56,228 patients with MA and 67,859 patients with TM 

with a qualifying SNF stay (Table 1). Table 2 summarizes cohort 

demographics and baseline clinical characteristics. Compared 

with the TM cohort, the MA cohort was younger (median age, 77 vs 

81 years), less likely to be female (61% vs 65%), and more likely to 

have qualified for Medicare based on disability (29% vs 20%). Dual 

Medicare/Medicaid eligibility was lower for MA (16% vs 23%). The 

MA and TM cohorts had similar median comorbidity scores and 

rates of hospitalization, ED visits, and ICU/CCU stays before the 

proximal hospitalization.

TABLE 1. Study Sample Attrition

Eligibility criterion

Medicare Advantage Traditional Medicare

Excluded Remaining Excluded Remaining

n % n n % n

Patients with an eligiblea SNF stay between January 1, 2015, and June 30, 2016 0 0% 147,392 0 0% 105,653

Missing baseline demographic data 5187 3.5% 142,205 145 0.1% 105,508

Lacked 6 months continuous enrollment before proximal hospitalization 11,969 8.1% 130,236 5414 5.1% 100,094

Death or hospice ≤ 30 days post SNF discharge 14,149 9.6% 116,087 14,814 14.0% 85,280

Lacked continuous enrollment for 6 months post SNF discharge or until election 
of hospice or death

14,446 9.8% 101,641 5308 5.0% 79,972

SNF stay before the proximal hospitalization 9208 6.2% 92,433 5898 5.6% 74,074

Not covered under Medicare Part A or Part B 0 0% 92,433 2347 2.2% 71,727

ESRD during study period 3019 2.0% 89,414 2928 2.8% 68,799

Had evidence of multiple insurers 0 0% 89,414 897 0.8% 67,902

Group Medicare Advantage or full/global risk plan 33,005 22.4% 56,409 0 0% 67,902

Multiple DRGs during proximal hospitalization 10 0.0% 56,399 14 0.0% 67,888

Resided outside the US or in Puerto Rico 171 0.1% 56,228 29 0.0% 67,859

Final eligible study sample 91,164 61.9%
56,228 
(38.1%)

37,794 35.8%
67,859 
(64.2%)

DRG, diagnosis-related group; ESRD, end-stage renal disease; SNF, skilled nursing facility.
aAn eligible SNF stay was defined as the first SNF stay in the observation period, occurring following hospitalization with a single DRG. 
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The MA cohort had longer mean proximal hospitalization LOS 

(8 vs 6 days) and mean ICU/CCU LOS (9 vs 7 days), and shorter mean 

initial SNF LOS (19 vs 30 days) compared with the TM cohort (Table 3). 

The MA cohort had similar mean proximal hospitalization costs 

($16,444 vs $16,243) and lower mean initial SNF stay costs ($10,874 

vs $17,141) compared with the TM cohort.

SNF Utilization and Outcomes 

In unadjusted MA vs TM comparisons (Table 4), the MA cohort 

had lower rates of hospitalization during the initial SNF stay (9% 

vs 12%) and within 30 (11% vs 13%) and 180 (29% vs 32%) days post 

SNF discharge. ED visit rates during the initial SNF stay (7% vs 8%) 

and within 30 (12% vs 11%) and 180 (34% vs 33%) days post SNF 

discharge were similar for both cohorts. Within 30 and 180 days 

after SNF discharge, rates of subsequent SNF admission were lower 

with the MA cohort (30 days: 12% vs 18%; 180 days: 22% vs 29%).

Following the initial SNF stay, study cohorts had similar rates 

of patients discharged home (54% vs 53%). However, the MA 

cohort was more likely to initiate home health within 30 days of 

SNF discharge (60% vs 53%). The MA cohort had a higher rate of 

successful community discharge (64% vs 57%) and higher proportion 

of days at home in the 180 days post SNF discharge (91% vs 87%) 

compared with TM. Mortality rates were similar (11% vs 12%), but 

the MA cohort had lower mean total medical costs within 180 days 

post SNF discharge ($18,326 vs $24,314).

Risk-Adjusted Models Comparing SNF Outcomes 
and Cost

In non-IPTW adjusted models, the MA cohort was associated with 

22% decreased odds of hospitalization during the 180 days post SNF 

discharge, 19% increased odds of successful community discharge, a 

4% increase in proportion of days at home (6.7 additional days based 

on mean follow-up time), and a 24% decrease in medical costs post 

SNF discharge (P < .001 for all). As a sensitivity analysis, we excluded 

initial SNF LOS from models for hospitalization, days in the home, 

and cost; the directionality of results was the same. For each of the 4 

selected models, ratios of actual to predicted outcome were reasonably 

close to 1, with credible sample size suggesting an unbiased model. 

The IPTW adjusted models yielded very similar results (Table 5).

DISCUSSION
We conducted a claims analysis of 2 large cohorts: one MA cohort 

(from 1 organization) and one TM cohort, both with a postacute SNF 

stay. The MA cohort had longer proximal hospitalization LOS, was 

more likely to have an ICU/CCU stay, and had longer ICU/CCU LOS 

compared with patients with TM. Unadjusted analyses indicated 

that the MA cohort had lower rates of hospitalization during the 

initial SNF stay and within 180 days post SNF discharge, a higher 

rate of successful community discharge, and lower post–SNF 

discharge medical costs. Adjusted models revealed significantly 

better post–SNF discharge outcomes and lower costs for MA 

TABLE 2. Demographics and Baseline Clinical Characteristics 
of Study Population

Characteristic

Medicare 
Advantage 
(n = 56,228)

Traditional 
Medicare

(n = 67,859)

Age in years, median (IQR) 77 (70-84) 81 (73-88)

Female, n (%) 34,401 (61) 43,869 (65)

Race/ethnicity, n (%) 

White 48,763 (87) 59,438 (88)

Black 6275 (11) 5728 (8)

Other 1190 (2) 2693 (4)

Geographic region, n (%)

Northeast 1910 (3) 17,548 (26)

Midwest 16,504 (29) 17,145 (25)

South 34,067 (60) 23,797 (35)

West 3747 (7) 9369 (14)

Disability status, n (%) 16,180 (29) 13,819 (20)

Dual eligibility for Medicare and Medicaid 
enrollment, n (%)

8880 (16) 15,335 (23)

Elixhauser Comorbidity Index, mean (SD) 2.8 (2.7) 3.1 (2.6)

Comorbid conditions and risk factors, n (%)

Congestive heart failure 8871 (16) 11,939 (18)

Cardiac arrhythmia 11,889 (21) 17,099 (25)

Peripheral vascular disease 5449 (10) 9906 (15)

Hypertension uncomplicated 30,690 (55) 38,608 (57)

Other neurological disorder 4291 (8) 6526 (10)

Chronic obstructive pulmonary disease 12,083 (21) 14,458 (21)

Diabetes mellitus uncomplicated 15,402 (27) 18,381 (27)

Diabetes mellitus complicated 7094 (13) 8286 (12)

Hypothyroidism 6410 (11) 9193 (14)

Renal failure 6994 (12) 8648 (13)

Fluid electrolyte disorder 6580 (12) 8159 (12)

Depression 5812 (10) 8625 (13)

Health care resource utilization 180 days 
before proximal hospitalization

Hospitalization, n (%) 11,619 (21) 14,020 (21)

LOS in days, mean (SD) 5.4 (5) 4.6 (4.4)

ICU/CCU, n (%) 3025 (5) 3618 (5)

LOS in days, mean (SD) 5.4 (5.3) 4.4 (4.1)

Emergency department visits, n (%) 19,085 (34) 23,115 (34)

Overall medical costs (SD)
$8352 

($15,084)
$9992 

($16,713)

CCU, critical care unit; ICU, intensive care unit; IQR, interquartile range; 
LOS, length of stay.
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patients. The MA cohort was more likely to initiate home health 

within 30 days post SNF discharge.

These findings are similar to those of other studies that compared 

SNF utilization and outcomes.8,9 Kumar et al reported shorter length 

of rehabilitation, higher likelihood of successful discharge, and 

lower 30-day hospital readmission rates among patients with MA 

vs TM, and Huckfeldt et al found that MA enrollees had a lower 

likelihood of inpatient rehabilitation facility admission and shorter 

SNF LOS compared with TM.8,9 However, unlike this analysis, these 

studies were limited to specific diagnoses, such as hip fracture and 

lower extremity joint replacement, stroke, and heart failure, and 

included only MA patients from disproportionate share and teaching 

hospitals.8,9 Additionally, previous studies did not have access to 

administrative claims for MA enrollees and were thus unable to 

control for pre-SNF characteristics and health care utilization or to 

report patient-level cost differences for MA and TM patients. Our 

study also considered outcomes over 180 days post SNF discharge, 

as opposed to the 90-day metric used in prior work. Our results 

confirm and expand upon previous findings by comparing outcomes 

and considering total health care costs.

Similar to other reports, MA was associated with shorter initial 

SNF LOS but improved outcomes in our study. Although this 

was not the focus of our study, the flexibility and incentives 

allowed within MA that help maintain a focus on value instead of 

volume may explain these findings.15,16 For instance, higher rates of 

home health initiation post SNF discharge in the MA cohort may 

suggest a shift to an appropriately lower-intensity setting. Likewise, 

innovative approaches to developing SNF networks may guide 

patients to the most appropriate SNF facility for their condition 

and may partially explain the observed lower initial SNF LOS and 

improved outcomes post SNF discharge. Although the MA cohort 

had significantly lower initial SNF-related costs, most likely related 

to differences in SNF LOS and contracted SNF rates, cost models 

only evaluated post–SNF discharge costs. In exploring the effect of 

referral concentration for SNFs, Huckfeldt et al found that referrals 

for MA enrollees were concentrated in fewer facilities compared 

with TM.8 However, Rahman et al found no relationship between 

SNF contract concentration and outcomes.17 Additionally, 2 studies 

that evaluated 5-star quality ratings highlighted concerns about the 

quality of SNF facilities within MA networks, but Neuman et al did 

not find a consistent association between readmission rates and 

SNF quality measures.7,18,19 In our study, MA was associated with 

better outcomes at lower cost.

The MA organization in this study utilizes systems to coordinate 

patient care at time of hospital discharge and during the SNF stay 

to ensure that patients are receiving appropriate and timely care. 

These care coordination activities can involve a variety of health 

care professionals, including those in value-based payment arrange-

ments, and are designed to help expedite needed care, address 

gaps in care, and improve value. Telephonic outreach conducted 

post SNF discharge can identify patients needing clinical support, 

thereby preventing unnecessary hospitalizations or subsequent SNF 

TABLE 4. SNF Utilization and Outcomes 

Parameter

Medicare 
Advantage 
(n = 56,228)

Traditional 
Medicare

(n = 67,859)

Hospitalizations post SNF discharge, n (%) 

SNF discharge to hospital 4888 (9) 7822 (12)

Hospitalization within ≤ 180 days  
of SNF discharge

16,464 (29) 21,583 (32)

ED visits, n (%)

During initial SNF stay 3793 (7) 5131 (8)

ED visit within ≤ 180 days  
of SNF discharge

18,932 (34) 22,164 (33)

Post-SNF discharge to home, n (%) 30,248 (54) 36,096 (53)

At least 1 HH visit within ≤ 30 days  
of SNF discharge, n (%)

33,716 (60) 35,665 (53)

Subsequent SNF stay within ≤ 180 days 
of SNF discharge, n (%)

12,515 (22) 19,966 (29)

Successful community discharge,a n (%) 35,785 (64) 38,507 (57)

Proportion of days at home, % 91 87

Total medical costs within ≤ 180 days of SNF 
discharge,b mean (SD)

$18,326 
($24,402)

$24,314 
($30,981)

Mortality within 30-180 days  
of SNF discharge, n (%)

6179 (11) 8101 (12)

ED, emergency department; HH, home health; SNF, skilled nursing facility.
aSuccessful community discharge was defined as being discharged to the 
community (home or HH) within 100 days of SNF admission and remaining alive 
without institutionalization in any acute or postacute setting for at least 30 days.
bThe Medicare Advantage cohort’s cost includes non–fee-for-service compo-
nents such as quality expense and cost of mandatory supplemental benefits.

TABLE 3. Characteristics of Proximal Hospitalization and Index SNF Stay

Characteristic

Medicare 
Advantage 
(n = 56,228)

Traditional 
Medicare

(n = 67,859)

Proximal hospitalization

LOS in days

Mean (SD) 8 (5.2) 6 (4.3)

Median (IQR) 6 (4-10) 5 (3-7)

Cost, mean
$16,444 

($12,568)
$16,243 

($12,871)

LOS < 3 days, n (%) 3090 (5) 748 (1)

ICU/CCU, n (%) 7659 (14) 8937 (13)

LOS ICU/CCU, days

Mean (SD) 8.5 (5.4) 6.7 (4.5)

Median (IQR) 7 (5-11) 5 (4-8)

Initial SNF stay

LOS, days

Mean (SD) 19 (12.9) 30 (30.2)

Median (IQR) 17 (11-23) 21 (12-37)

Cost, mean (SD)
$10,874 
($9135)

$17,141 
($14,020)

CCU, critical care unit; ICU, intensive care unit; IQR, interquartile range; LOS, 
length of stay; SNF, skilled nursing facility.
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stays. Additionally, MA plans within the MA organization can meet 

regularly with SNFs to review individual care plans and facility-level 

performance metrics. Although this study could not evaluate the 

extent to which these mechanisms accounted for the better outcomes 

and lower cost observed with MA, future research could explore 

the best practices that are most associated with superior outcomes.

Limitations

Certain study limitations should be considered. The risk of misclas-

sification and missing information is inherent to claims data. 

Evaluation of a single MA organization and lack of a randomized 

controlled design limits generalizability. Although propensity score 

methods were used to control for potential selection bias into MA or 

TM, additional bias may remain. We excluded patients with insuf-

ficient post–SNF discharge enrollment to ensure sufficient follow-up 

time to evaluate potential effects of initial SNF stay on outcomes 

and found that a higher proportion of the MA cohort met this exclu-

sion criterion. Literature suggesting higher disenrollment among 

high-need patients within MA prompted us to further evaluate the 

excluded group.20,21 Total costs before the proximal hospitalization for 

excluded patients were higher for the TM vs MA cohort. Equally, the 

comorbidity level before the proximal hospitalization for excluded 

patients was similar to that for patients who remained in the study. 

Nonetheless, our findings should be interpreted in light of this 

limitation. Evaluation of patients excluded for election of hospice 

or dying within 30 days of SNF discharge revealed similar hospice 

initiation rates for MA and TM cohorts and a lower mortality rate 

within 30 days post SNF discharge in the MA cohort, suggesting that 

this exclusion did not introduce favorable selection bias. Results 

from these investigations align with those in a recent article showing 

that more costly patients with certain complex, chronic diagnoses 

switched into or remained in MA plans, highlighting the need for a 

more comprehensive understanding of changes in MA populations.22

Other studies’ findings suggest that regional variation has a larger 

effect on utilization than that of a patient’s payer.23 Although we 

controlled for the 4 Census regions, a nested model to account for 

market-level variation was not possible given limited geographic 

overlap between the 2 cohorts. Given the concentration of this 

MA plan’s enrollees in certain markets which relate to differential 

hospital, SNF, and home health utilization (eg, the South), additional 

work comparing utilization and outcomes among beneficiaries in 

the same markets is needed. Additionally, we could not account 

for differential selection of SNFs between MA and TM. Future 

work could incorporate facility-level fixed effects in an effort to 

compare outcomes for patients at the same SNF.9 It is possible 

that the lower initial SNF LOS resulted from increased stabiliza-

tion during a lengthier proximal hospitalization. In addition, MA 

organization–specific home health and other care management 

services might have been leveraged post SNF discharge to avoid 

rehospitalization and improve patient outcomes. The continuum 

of PAC and home health utilization differences between MA and 

TM warrants further research.

CONCLUSIONS
PAC represents a major cost component in Medicare. Within MA, 

incentives encourage plans to better manage transitions, foster 

better care in the home, and reduce readmissions. Better outcomes 

following an SNF stay combined with reduced costs suggest efficien-

cies in care for patients with MA. Future research should explore 

the persistence of these findings in other MA cohorts. n
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TABLE 5. Comparison of Post–SNF Discharge Outcomes Between MA and TM

  Original models Models with IPTW

  MA TM MA vs TM MA TM MA vs TM

 
Unadjusted 
outcomes 

Adjusted odds ratioa 
(95% CI)

Unadjusted 
outcomes

Adjusted odds ratio 
(95% CI)

Hospitalization at 60 daysb 37.97% 43.33% 0.78 (0.76-0.80) 38.00% 42.97% 0.77 (0.76-0.79)

Hospitalization at 180 daysc 63.64% 56.75% 1.19 (1.16-1.23) 61.65% 57.97% 1.15 (1.13-1.17)

 
Unadjusted 
outcomes

Adjusted relative 
difference (95% CI) 

Unadjusted 
outcomes

Adjusted relative 
difference (95% CI) 

Proportion of days at home during 180-day follow-up 90.92% 87.14% 4.0% (4.0%-4.1%) 90.71% 87.38% 3.9% (3.8%-3.9%)

Total medical costs minus HH costs at 180 daysd $18,326 $24,314
–24.22%  

(–23.6% to –24.7%)
$18,265 $23,949

–24.38%  
(–23.3% to –25.1%)

HH, home health; IPTW, inverse probability of treatment weighting; MA, Medicare Advantage; SNF, skilled nursing facility; TM, traditional Medicare.
aFrom regression models that included MA enrollment, age, sex, race, geographic region, disability status, dual enrollment, Elixhauser Comorbidity Index score, 
individual comorbidities, preindex health care resource utilization, and SNF length of stay.
bThis includes any hospitalization in the 180 days post SNF discharge, including transfers to a hospital on the day of SNF discharge. 
cSNF length of stay was not included as a covariate. 
dMA cohort’s cost includes non–fee-for-service components such as quality expense and cost of mandatory supplemental benefits.
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eAppendix. Model Validation and Machine Learning Exploratory Analysis 

 

Using the testing/validation sample, for each outcome measure, we used the following items for 

model validation and selection: correlation coefficient of actual versus predicted outcomes for 

the entire sample, and goodness of fit plots (actual vs predicted outcomes, by predicted rank 

cohorts). We computed a C-statistic for the logit transformation models. Actual outcome to 

predicted outcome ratios were computed for each regression model by age range, geographic 

region, sex and MA enrollment to ensure that the model selected was not materially biased 

towards certain subsets of the population. Actual to predicted ratios close to 1.0 for all splits 

within a category reflect an unbiased model.  

Variable selection was validated using machine learning techniques. Machine learning 

techniques for making predictions included, but were not limited to, neural networks, random 

forest, logistic regression, classification and regression trees, and gradient boosting. We also 

explored ensemble methods. The goal was to determine the most salient predictors of the 

outcomes of interest. The machine learning models were trained on the 80% training sample 

used in the regression modeling and included the same candidate variables for model inclusion. 

Predictions for each outcome were made for the full TM study population by changing TM 

enrollment status to MA, leaving all else constant.  

An exploration of these findings, using feature impact analysis for the machine learning 

models, showed that SNF LOS was the most important variable in making predictions for 

hospitalization during the 180 days following SNF discharge, successful community discharge, 

and proportion of days at home. The most important variable in making predictions for total 

allowed medical costs during the 180-day post-index period was total allowed medical cost in the 

180-day pre-index period, with SNF LOS being the second most important predictor.  

The adjusted outcomes from the machine learning models were used to sensitivity test 

and validate the adjusted outcomes from the regression models developed in SAS. The machine 

learning results showed slightly less favorable outcomes for MA patients for the hospitalization 

during the 180 days following SNF discharge, proportion of days at home and total allowed 

medical costs during the 180-day post-index period outcomes compared to the results from 

regression modeling, and show MA is associated with a decrease in successful community 

discharge as opposed to an increase. These results allow us to solidify our findings that MA is 



 

 

associated with favorable outcomes for three of our outcome measures, and suggests that the 

finding that MA enrollment increase successful discharge may be sensitive to the choice of 

modeling approach. 

 

 

 

  



 

 

eAppendix Table. Distribution of Study Participant Characteristics with and Without Inverse 

Probability of Treatment Weighting 

Patient Characteristic Without IPTW With IPTW 
MA TM SMD  MA TM SMD  

Age in Years, mean  76.5 79.8 0.320 78.1 78.3 0.015 
Age Category, (%) 

      

 18-55 3% 3% 0.002 2% 3% 0.071 
 56-64 9% 5% 0.147 7% 6% 0.016 
 65-74 30% 21% 0.207 26% 24% 0.034 
 75-84 36% 34% 0.043 37% 34% 0.044 
 85+ 22% 37% 0.326 28% 32% 0.063 
Female Sex, % 61% 65% 0.072 63% 63% 0.005 
Race (%)       
 White 87% 88% 0.026 88% 87% 0.013 
 Black 11% 8% 0.092 9% 10% 0.004 
 Other 2% 4% 0.108 3% 3% 0.018 
Geographic Region, % 

      

 Northeast 3% 26% 0.670 15% 16% 0.020 
 Midwest 29% 25% 0.092 28% 27% 0.004 
 South 61% 35% 0.528 47% 46% 0.014 
 West 7% 14% 0.237 10% 11% 0.005 
Disability Status, % 29% 20% 0.196 24% 24% 0.01 
Dual Eligibility for Medicare and Medicaid 
Enrollment, % 

16% 23% 0.173 20% 20% 0.001 

Elixhauser Comorbidity Index (ECI) 
Component, % 

      

 CHF  16% 18% 0.049 17% 16% 0.005 
 Cardiac Arrhythmia 21% 25% 0.096 23% 23% 0.000 
 Valvular Disease 8% 9% 0.045 8% 8% 0.007 
 Pulmonary/Circulatory Disorder 4% 4% 0.000 4% 4% 0.013 
 PVD 10% 15% 0.151 12% 12% 0.013 
 HTN Uncomplicated 55% 57% 0.047 55% 56% 0.008 
 HTN Complicated 8% 9% 0.015 9% 8% 0.025 
 Paralysis 1% 2% 0.041 1% 2% 0.031 
 Other Neurological Disorder 8% 10% 0.071 8% 9% 0.036 
 COPD 21% 21% 0.004 20% 22% 0.039 
 DM Uncomplicated 27% 27% 0.007 28% 27% 0.021 
 DM Complicated 13% 12% 0.012 13% 12% 0.031 
 Hypothyroidism 11% 14% 0.065 13% 13% 0.006 
 Renal Failure 12% 13% 0.009 14% 12% 0.038 
 Liver Failure 2% 2% 0.017 2% 2% 0.013 
 Peptic ulcer disease without bleeding 1% 1% 0.007 1% 1% 0.008 
 HIV/AIDS 0% 0% 0.024 0% 0% 0.022 
 Lymphoma 1% 1% 0.023 1% 1% 0.012 



 

 

 Metastatic Cancer 1% 2% 0.007 1% 1% 0.002 
 Solid Tumor No Metastasis 6% 7% 0.034 6% 7% 0.009 
 RA Collagen Disease 4% 5% 0.036 4% 5% 0.034 
 Coagulopathy 3% 3% 0.029 3% 3% 0.005 
 Obesity 6% 5% 0.054 5% 6% 0.014 
 Weight Loss 3% 3% 0.015 3% 3% 0.003 
 Fluid Electro Disorder 12% 12% 0.010 12% 12% 0.019 
 Blood Loss Anemia 1% 1% 0.001 1% 1% 0.010 
 Deficiency Anemia 4% 5% 0.046 4% 5% 0.012 
 Alcohol Abuse 1% 1% 0.001 1% 2% 0.002 
 Drug Abuse 1% 1% 0.013 1% 1% 0.005 
 Psychoses 2% 3% 0.114 2% 3% 0.009 
 Depression 10% 13% 0.074 11% 12% 0.040 

 

AIDS, acquired immunodeficiency syndrome; CHF, chronic heart failure; COPD, chronic 

obstructive pulmonary disease; DM, diabetes mellitus; HIV, human immunodeficiency virus; 

HTN, hypertension; MA, Medicare Advantage; PVD, peripheral vascular disease; RA, 

rheumatoid arthritis; SMD, standardized mean differences; TM, Traditional Medicare 
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