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U nwarranted variation in the utilization of health services, 

or variation not related to differences in patient needs 

or conditions, is pervasive across health care settings in 

the United States.1,2 Unwarranted variation in services typically 

leads to increased health care spending without a concomitant 

improvement in health care outcomes.3 Reducing unwarranted 

variation in health care services is necessary to improve efficiency 

in both public and private health care delivery systems.4 Concerns 

over program inefficiency and variation in health care spending 

led to a 2013 Institute of Medicine (IOM) report that documented 

the extent of variation in service utilization and expenditures 

in Medicare. The IOM report found that at least 36% percent of 

variation in regional spending was unwarranted—not explained 

by differences in disease burden or severity among patients.1 The 

IOM report also raised serious concerns with services provided 

in postacute and long-term care settings, finding that variation 

in postacute care spending alone accounted for 73% of the total 

observed variation in Medicare spending.1

Home health care is a critical component of postacute and long-

term care services in the United States, which, despite extensive 

variation, remains understudied.5,6 As of 2017, more than 12,000 

Medicare-certified home health agencies participated in the 

program, delivering care to more than 3 million beneficiaries.7 The 

number of beneficiaries is expected to increase due to the aging 

US population and policy changes by CMS.8

Medicare home health expenditures increased 113% from 

$8.5 billion in 2000 to $18.1 billion in 2016 in part due to the imple-

mentation of Home Health Resource Groups (HHRG), a prospective 

payment system that replaced the Medicare fee-for-service (FFS) 

mechanism previously used to reimburse home health agencies.7 

With the increasing number of participating home health agencies, 

beneficiaries served, and expenditures under HHRG, information 

describing the extent of variation in home health care is needed to 

help policy makers and other stakeholders identify potential reforms.

This study describes regional variation in US home health 

spending to better understand unwarranted variation. Additionally, 

the study seeks to identify the sources of variation in home health 
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ABSTRACT

OBJECTIVES: To quantify geographic variation in home 
health expenditures per Medicare home health beneficiary 
and investigate factors associated with this variation.

STUDY DESIGN: Retrospective study design analyzing US 
counties in which at least 1 home health agency served 11 or 
more beneficiaries in 2016. Several sources of 2016 national 
public data were used.

METHODS: The key variable is county-level Medicare home 
health expenditures per home health beneficiary. Counties 
were grouped into quintiles based on per-beneficiary 
expenditures. Analyses included calculation of coefficients of 
variation, computation of the ratio of 90th percentile to 10th 
percentile in expenditures, and linear regression predicting 
expenditure. The control variables included characteristics 
of patients, agencies, and communities. 

RESULTS: Significant variation in home health expenditures 
was identified across county quintiles, with a 90th-to-
10th-percentile expenditure ratio of 2.5. The percentage of 
for-profit agencies in the lowest quintile was 15.7 compared 
with 81.7 in the highest quintile of spending. Unadjusted 
spending differed by $3864 (95% CI, $3793-$3936), 
compared with $3611 (95% CI, $3514-$3708) in the adjusted 
model, between counties in spending quintiles 1 and 5. 
Although state fixed effects explained nearly 20% of the 
variation in home health expenditures, 42% of the variation 
remained unexplained.

CONCLUSIONS: Home health care exhibits considerable 
unwarranted variation in per-patient expenditures across 
counties, signifying inefficiency and waste. Given the 
expected growth in home health demand, strategies to 
reduce unwarranted geographic variation are needed.
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care spending to inform policy makers on 

strategies to reduce unwarranted variation.

Conceptual Framework

The conceptual framework is based on the 

literature describing home health utiliza-

tion, which is a function of patient, home 

health agency, and community characteris-

tics. In addition to age and gender, evidence 

has shown that dual-eligible Medicare and 

Medicaid beneficiaries use more home health 

resources.9 The CMS Hierarchical Conditional 

Category (HCC) risk score, a score assigned to patients based on 

health status and health conditions, is associated with health care 

consumption and used to adjust payment for private insurance 

plans that cover Medicare beneficiaries under Medicare Part C.10 

Agency characteristics include ownership type (for profit, not for 

profit, government) and whether market entry took place during 

the era of the HHRG prospective payment system implemented in 

2000.11,12 The number of primary care physicians in the community 

affects coordination between physicians and home health profes-

sionals and the timeliness of care received.13 Competition among 

home health agencies, skilled nursing facilities, and hospitals 

also affects patient choice about the use of home health vs other 

long-term care services.14

METHODS
Study Design and Study Sample 

This is a retrospective study design that aggregated home health 

agency data at the county level to examine variation. Analysis of 

service variation commonly relies on specific geographic areas, 

such as hospital referral regions, health service areas, or counties.4 

The county was used as the geographic unit for analysis because 

the majority of Medicare home health beneficiaries receive care 

from agencies in their home county.15 The study sample consists 

of all Medicare-certified home health agencies serving 11 or more 

beneficiaries in 2016 across all 50 states and the District of Columbia.

Data Sources

Data sources included the 2016 Medicare Provider Utilization and 

Payment Data files: the Public Use File Home Health Agencies (PUF 

HHA) file, the Provider of Services (POS) file, the Home Health 

Compare (HHC) file, and the Area Health Resources File (AHRF). The 

PUF HHA file contains agency-level information, including provider 

identification number, the total Medicare standard payment amount 

for beneficiaries who receive at least 5 home health visits during 

their episode of care (non–Low Utilization Payment Adjustment 

[non-LUPA] beneficiaries), and summarized characteristics of the 

beneficiaries per home health agency. These include the mean age 

of beneficiaries, the percentage of dual-eligible beneficiaries, and 

the mean HCC risk score for patients served. The HHC file provides 

the agency’s initial date of the contract with CMS and ownership 

type. The AHRF provides state and county Federal Information 

Processing Standards (FIPS) codes for each county and details 

for county-level community characteristics, such as the number 

of primary care physicians, nursing home beds, and long-term 

hospital beds. Medicare wage adjustment per county based on 

Social Security Administration (SSA) state and county codes are 

available in the Medicare Wage Adjustment files.

Dependent Variable 

The dependent variable is county-level Medicare standard home 

health expenditure per home health beneficiary because it eliminates 

geographic factors incorporated by Medicare to adjust provider 

payment. Per-beneficiary payments were calculated by aggregating 

agency-level Medicare standard payment amounts at the county 

level as the numerator and agency-level unique Medicare non-LUPA 

home health beneficiaries as the denominator.

Key Measures

Quintiles of county-level spending per Medicare home health 

beneficiary and how quintile assignment relates to the characteristics 

of patients, providers, and the community are the key measures of 

interest. Home health agencies behave differently based on when 

they entered the market in relation to the implementation of HHRG 

in 2000, as profitable practices in the prospective payment system 

differed from those in the previous FFS payment system.9 Thus, 

a measure of tenure as the percentage of home health agencies 

entering the market before 2000 in each county is included. The 

percentages of agencies that were government owned and for profit 

per county, as well as an indicator of agencies operated as part of 

home care chains, were drawn from the POS file. A link between 

the wage adjustment file and the PUF HHA data set was created by 

utilizing a crosswalk between SSA and FIPS codes. For community 

characteristics, a county-level Herfindahl-Hirschman Index (HHI) 

of competition was calculated as the sum of the squared market 

share based on the number of home health beneficiaries served 

by each agency. Finally, the number of primary care physicians 

per 1000 population, the number of nursing home beds and long-

term hospital beds per 1000 population, and county-level median 

household income were included at the county level.

TAKEAWAY POINTS

Existing research on home health expenditures uses home health data more than 2 decades 
old. US home health expenditures rose by 113% between 2000 and 2016, from $8.5 billion to 
$18.1 billion. The Medicare program has implemented several policies in the past decade to 
combat the growth in expenditures. This study finds the following:

 › A 2.5-fold spending difference per beneficiary exists between the 90th and 10th spend-
ing percentiles.

 › Patient characteristics explained only 16% of the variation in home health expenditures.

 › More than 40% of spending variation remained unexplained in the study, suggesting sub-
stantial inefficiency and waste in the home health care program.



324  JULY 2022 www.ajmc.com

POLICY

Analytical Approach

Counties were divided into quintiles based on Medicare home 

health expenditures per home health beneficiary. Counties in 

quintile 1 had the lowest expenditures; those in quintile 5 had the 

highest. Additionally, the coefficient of variation (COV) and the 

ratio of the 90th to 10th percentile for all variables were used to 

analyze variation in expenditures within and across each quintile.

Ordinary least square regression models were used to assess factors 

associated with geographic variation in home health expenditure per 

home health beneficiary. The first model included only 4 dummy 

variables for counties in quintiles 2 to 5, with those in quintile 1 

serving as the reference group. Each iteration of the model succes-

sively added patient, agency, and community characteristics. The 

changes in R2 in each subsequent model show how much variation 

in home health expenditure per beneficiary is explained by adding 

patient, agency, and community characteristics.

Counties in each quintile include state effects that influence 

expenditures. To estimate geographic variation resulting from 

state-level fixed effects, we excluded the dummy variable for 

quintiles and added patient, agency, and community characteristics 

successively and analyzed models with and without state-level fixed 

effects. Statistical analysis was conducted with Stata 14.2 (StataCorp).

RESULTS
The PUF HHA file contains information on 10,046 home health 

agencies that served 11 or more patients in the United States in 

2016. A total of 1925 of 3141 counties in the United States had at least 

1 agency in the PUF HHA file and were included in our analysis. 

Counties not included in the study were more likely to be rural, 

with lower population levels and lower median incomes.

Table 1 presents the mean of county-level Medicare home 

health expenditures per home health beneficiary and county-

level patient, agency, and community characteristics of the study 

sample across quintiles of Medicare home health expenditure. 

On average, overall Medicare expenditures were $5050 per home 

health beneficiary, ranging from $3440 in quintile 1 to $7305 in 

quintile 5. The within-quintile 90th-to-10th-percentile ratio of 

TABLE 1. Characteristics of County-Level Study Variables by Quintilea

Variables Mean Q1 Q2 Q3 Q4 Q5
P value 

(Q1 vs Q5)
90th-to-10th-

percentile ratio

Per-patient spending in $
5050.53 

(1413.18)
3440.51
(358.92)

4198.79
 (160.59)

4777.64 
(181.45)

5530.46 
(272.57)

7305.22 
(1007.83)

.001*** 2.54

County-level sociodemographic of home health beneficiaries

Mean age in years 77.31 (2.10) 77.75 (2.13) 77.65 (1.91) 77.52 (2.07) 77.03 (2.06) 76.59 (2.12) .001*** 0.98

Percent dual eligible for Medicare 
and Medicaid

30.37 
(11.66)

25.80 
(10.95)

27.38 
(10.08)

28.73 
(10.11)

31.21 
(10.99)

37.56 
(12.31)

.001*** 1.51

Percent non-White
14.64 

(15.99)
8.69 

(13.18)
12.12 

(14.82)
14.34 

(14.29)
15.54 

(14.43)
22.51 

(19.24)
.001*** 2.97

Percent female 61.75 (4.40) 60.28 (5.12) 61.47 (4.11) 61.78 (4.12) 62.17 (4.00) 62.92 (4.21) .001*** 1.05

Mean HCC score 2.14 (0.29) 2.00 (0.32) 2.11 (0.27) 2.17 (0.28) 2.22 (0.27) 2.18 (0.27) .001*** 1.13

County-level agency characteristics

Percent of for-profit agencies
50.33 

(42.86)
15.61 

(32.39)
38.14 

(40.08)
50.55 

(39.78)
65.71 

(36.68)
81.63 

(32.27)
.001*** 6.48

Percent of government- 
owned agencies

17.07 
(35.04)

35.06 
(46.07)

17.23 
(34.85)

14.88 
(32.40)

11.44 
(28.07)

6.73 
(22.56)

.001*** 0.12

Percent of tenured agencies 
39.98 

(40.11)
43.28 

(46.89)
40.51 

(40.20)
43.31 

(39.03)
38.84 

(36.61)
33.99 

(36.39)
.001*** 0.73

Percent of branched agencies 22.52 (0.33) 11.19 (0.30) 16.80 (0.31) 27.33 (0.34) 25.15 (0.32) 30.49 (0.90) .001*** Undefined

Mean wage adjustment county 0.87 (0.15) 0.90 (0.18) 0.92 (0.18) 0.88 (0.11) 0.85 (0.11) 0.81 (0.09) .001*** 1.39

County-level community characteristics

Long-term hospital beds per 1000 0.19 (1.78) 0.21 (1.84) 0.18 (0.88) 0.14 (0.71) 0.06 (0.36) 0.35 (3.32) .47 0.93

Physicians per 1000 0.60 (0.33) 0.59 (0.31) 0.67 (0.33) 0.66 (0.40) 0.60 (0.29) 0.51 (0.32) .001** 0.82

Nursing home beds per 1000 0.43 (1.70) 0.65 (2.07) 0.55 (2.00) 0.44 (1.70) 0.25 (1.02) 0.28 (1.47) .01** 0.40

Median household income in $
50,792.37

(13,666.06)
50,573.67 

(10,204.09)
53,785.49 

(14,601.28)
52,942.14 

(14,972.05)
50,442.43 

(14,461.43)
46,218.11 

(12,262.57)
.001*** 0.90

HHI score
7146.45

 (3166.31)
9063.55 

(2003.93)
7429.57 

(2913.64)
6807.87 

(3113.80)
6178.77 

(3302.76)
6252.47 

(3391.60)
.001*** 0.64

HCC, Hierarchical Conditional Category; HHI, Herfindahl-Hirschman Index; Q, quintile.

*P < .05, **P < .01; ***P < .001.
aValues in cells are mean (SD) unless otherwise stated.
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expenditures was 2.5, and the same ratio for the HCC scores was 

1.13. Approximately 30.4% of patients were dual-eligible Medicare 

and Medicaid beneficiaries, representing 25.8% of beneficiaries in 

quintile 1 vs 37.6% in quintile 5. Overall, non-White beneficiaries 

comprised 14.6% of the sample, but this ranged from 8.7% in 

quintile 1 to 22.5% in quintile 5. Agencies included in the study 

had an mean HCC score of 2.1. Across quintiles, agency HCC score 

ranged from a low of 2.0 in quintile 1 to a high of 2.2 in quintile 

4. The majority (50.3%) of agencies in the study were for profit; 

17.1% were government agencies. Major differences were observed 

across quintiles in agency ownership. Counties in quintile 1 had the 

lowest percentage of for-profit agencies (15.6%) but had the highest 

percentage of government-owned agencies (35.1%). Counties in 

quintile 5 had the highest percentage of for-profit agencies (81.6%) 

but the lowest percentage of government-owned agencies (6.7%). 

Overall, tenured agencies that entered the market before HHRG 

implementation made up approximately 40% of the study sample; 

they were 43.3% of agencies in quintile 1 and 34.0% of agencies in 

quintile 5. Overall, 22.5% of agencies in the sample operated as 

branches of home health chains, with the highest proportion of 

chain agencies in quintile 5 (30.5%) and the lowest in quintile 1 

(11.2%). Medicare wage adjustments were higher in lower quintiles, 

with quintile 1 at a wage adjustment of 0.90 and quintile 5 at 0.81. 

Counties in the study had an mean of 0.2 long-term hospital beds, 

0.6 physicians, and 0.4 nursing beds per 1000 population. Median 

household income was $50,792, and the mean HHI score was 7146.

Figure 1 provides a visualization of the extent of variation in 

county-level home health expenditure per beneficiary by quintiles. 

Intraquintile variation was low, with quintiles 1 (COV = 0.1) and 5 

(COV = 0.14) exhibiting the highest variation. However, the overall 

COV for mean expenditures per beneficiary in all study counties 

was 0.3, indicating substantial overall variation across quintiles. 

The overall 90th-to-10th-percentile ratio of 2.5 indicates that the 

90th percentile mean expenditure is 2.5 times that of the 10th 

percentile. Figure 2 adds context to the results, identifying coun-

ties by quintile of per-patient expenditure by color on a map. The 

South, particularly Texas, Oklahoma, and Louisiana, has a higher 

concentration of high-expenditure counties. The New England and 

West Coast regions have higher concentrations of low-expenditure 

counties. Counties colored in gray were not included in the study 

due to a lack of eligible agencies for analysis.

Table 2 provides results from models adjusted for selected 

variables based on our conceptual framework. Coefficients are 

first presented in dollar spending for each quintile of per-patient 

expenditure in an unadjusted model and are then adjusted as we 

add patient, agency, and community characteristics (the results are 

available in eAppendix A [eAppendices available at ajmc.com]). 

In the unadjusted model, unexplained spending differences ranged 

from $758.28 (95% CI, $686.83-$829.73) between quintiles 1 and 2 up 

to $3864.70 (95% CI, $3793.25-$3936.16) between quintiles 1 and 5, 

with an R2 of 0.87; R2 remained unchanged after adding beneficiary, 

agency, and community characteristics to the model.

State policies and other characteristics likely influence expendi-

tures for home health at the county level. To estimate state effects 

on variation, we excluded dummy variables for county quintiles and 

applied the models with and without state fixed effects (Table 3). 

The R2 between models with (0.50) and without (0.16) state fixed 

effects changed to 0.58 and 0.39 once agency and community 

characteristics were added, representing a percent difference 

reduction from 212.5% to 48.7%. However, the full model with 

state fixed effects explained only 58% of the variation (the results 

are available in eAppendix B).

DISCUSSION
The IOM report on spending variation identified postacute care 

as the primary driver of spending inefficiency in Medicare, with 

postacute care accounting for approximately 70% of the variation 

in patient-level Medicare spending. The home health industry is 

an integral component of postacute care for Medicare beneficiaries 

and provides services to 3.5 million beneficiaries annually through 

more than 12,000 contracted home health agencies. This study 

provides new information on the extent of spending variation that 

exists among home health beneficiaries. A prior study suggested 

that the source of variation in home health services utilization 

FIGURE 1. Home Health Expenditures per Beneficiary  
by County Quintiles

1 2 3 4 5

Mean 3440.51 4198.79 4777.64 5530.46 7305.22

SD 358.92 160.59 181.45 272.57 1007.83

COV 0.10 0.04 0.04 0.05 0.14

Ratio 90 to 10 1.31 1.11 1.11 1.15 1.38

COV, coefficient of variation.
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TABLE 2. Differences (95% CI) in Per-Patient Home Health Expenditures After Adjustment for Selected Variables by Quintile

Model 

Quintile of spending

Quintile 2 Quintile 3 Quintile 4 Quintile 5 R2

Spending difference in $ vs quintile 1

Unadjusted model 
758.28

(686.83-829.73)
1337.13

(1265.68-1408.58)
2089.95

(2018.49-2161.40)
3864.70

(3793.25-3936.16)
0.87

Model with control variables

Patient characteristics
682.38

(602.43-762.34)
1253.27

(1173.06-1333.47)
2003.61

(1922.37-3825.77)
3741.48

(3657.19-3825.77)
0.87

Patient + agency characteristics
644.78

(564.13-725.42)
1183.51

(1100.21-1266.84)
1909.61

(1821.93-1997.30)
3611.04 

(3515.01-3707.06)
0.87

Patient + agency + community 
characteristics

645.98
(564.75-727.20)

1184.73
(1100.50-1268.96)

1909.01
(1819.86-1998.16)

3611.30
(3514.04-3708.56)

0.87

FIGURE 2. Counties by Quintiles of Per-Beneficiary Home Health Expenditure

QUINTILES OF SPENDING

n No data
n Quintile 1
n Quintile 2
n Quintile 3
n Quintile 4
n Quintile 5
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stems from differences in organizational behavior, local resources, 

or Medicaid factors,16 but in the present study, these measures had 

a marginal impact on explaining variation. Excluding the 3 states 

with the highest rates of variation (Texas, Oklahoma, and Louisiana) 

resulted in a drop in the 90th-to-10th-percentile ratio from 2.5 to 2.0, 

indicating persistent unexplained variation. And although these 

3 high-utilization states opted not to expand Medicaid, a sensitivity 

analysis exploring the possible impact of Medicaid expansion on 

home health utilization showed that Medicaid expansion status 

was not statistically significant in state-level fixed effects or 

random effects models. After adjusting for patient, agency, and 

community factors, a difference of more than $2500 remained 

between per-beneficiary home health expenditures in quintiles 1 

and 5, and more than 40% of the variation remained unexplained 

by the models in the study, an indication of waste and inefficiency 

in the home health care delivery system.

Several characteristics of beneficiaries, physicians, and agencies 

likely contribute to this observed variation. To receive services, 

the Medicare Home Health Benefit requires beneficiaries to meet 

3 criteria: being homebound, requiring intermitted skilled care, 

and receiving a physician referral through a face-to-face encounter 

assessment.17 Beneficiaries bear no cost sharing and can receive 

unlimited 60-day episodes of home health care with physician 

recertification.17 Without beneficiaries sharing financial respon-

sibility for episodes of home health care, cost does not influence 

beneficiary decision-making about whether another episode of 

care is needed, what actions they can take themselves to improve 

their conditions, and what home health providers can do for them.

Although physicians are required to conduct a face-to-face 

assessment in order to refer their patients for home health care,18 

recent evidence shows that the majority of physicians spend less 

than 1 to 2 minutes completing the referral form, do not change the 

referral form once home health professionals submit the renewal 

certification, and fail to ask home health professionals to clarify any 

information in the form.13 This physician certification mechanism 

leaves room for home health agencies to induce unnecessary demand.

At the agency level, home health agencies require only small 

capital assets to enter and operate in the market and can easily 

adjust operating systems to maximize profit margins.19 Cabin and 

colleagues found that for-profit agencies were more costly but 

provided lower quality of care compared with not-for-profit agen-

cies.11 Under the HHRG, Kim and Norton also found that for-profit 

agencies that entered the market after 2000 were more financially 

incentivized to provide therapy visits that yielded high margins 

than agencies established before the HHRG implementation.12 The 

success of these new market entrants influenced for-profit peers to 

adopt similar practice patterns and pursue profitable therapy visits. 

In addition to for-profit agencies and peer effects, medical fraud 

is an issue in the home health industry. According to a report by 

the US Government Accountability Office, home health agencies 

exhibited the highest rate of medical fraud among all types of health 

care providers, accounting for more than 40% of medical fraud in 

the nation in 2010. Although fraud may contribute to unwarranted 

variation,20 it is not a major source of variation in health care delivery 

identified by the IOM.1

Limitations

There are limitations to the study. First, the study analyses rely on 

data from just 1925 of 3141 US counties due to limitations in the 

PUF HHA file, which suppresses agencies providing services to 

10 or fewer patients in the calendar year. Should the behavior of 

agencies in counties excluded be different from that of those in 

our study, our results would not generalize to them. Second, our 

data include only patient risk factors for gender, race, age, dual 

eligibility, and CMS HCC score. Other health and social risk factors, 

such as measures of activities of daily living and the capability and 

availability of informal caregivers, may affect how often home health 

professionals visit their patients,21,22 for which our models could 

not control. Finally, the county, based on the location of the home 

health agencies, is our geographic unit of measurement. Although 

the majority of beneficiaries seek care from home health agencies 

located in their residential county,15 our data do not allow us to 

distinguish expenditures at the patient level, and some beneficiary 

spending will be captured in the county of the home health agency 

rather than their county of residence.

CONCLUSIONS
Despite these limitations, our findings have policy implications. 

First, the Medicare program is a primary payer of home health for 

older patients and has the purchasing power to set payment rates. 

However, states regulate the home health market, which influences 

agency practice patterns. For example, states with certificate-of-need 

regulations consume less home health care and have lower growth 

in home health expenditures than those without.23,24 Findings 

from this study indicate a large effect of state regulatory policies 

and characteristics on overall spending, with approximately 20% 

of the observed variation attributable to state fixed effects. These 

findings indicate that the Medicare program should work with 

states to address geographic variation through market regulation.

Second, although face-to-face physician assessment encounters 

are required by policy, evidence in the literature indicates that the 

physician referral system should be strengthened, either through 

TABLE 3. Model Adjusted R2 With and Without State Fixed Effects

Model 

Adjusted R2

Without state 
fixed effects

State fixed 
effects

Percent 
increase

Patient characteristics 0.16 0.50 212.50%

Patient + agency 
characteristics

0.38 0.57 50.00%

Patient + agency + 
community characteristics

0.39 0.58 48.72%



328  JULY 2022 www.ajmc.com

POLICY

incentivizing physicians to perform more meaningful assessments 

or through assignment of legal responsibility to physicians to 

certify the referral process. Finally, for individual beneficiaries, 

increasing cost-consciousness through co-pays when accessing the 

Medicare Home Health Benefit—as recommended by the Medicare 

Payment Advisory Commission to CMS25—could reduce unnecessary 

preference-sensitive home health care utilization.

The demand for home health care is expected to continue to 

grow, given both the preference to stay home and the changing 

demographics of the country.26 Reducing unwarranted variation 

is key to strengthening the Medicare home health care benefit. 

In 2020, CMS implemented a new payment system, the Patient 

Driven Groupings Model, which eliminates the number of therapy 

visits from the payment equation.7 We recommend strengthening 

the physician referral system, adding co-pays for each episode of 

home health care, and improving collaboration between states 

and the Medicare program to ensure that the home health care 

delivery system provides sustainable, efficient, high-quality care 

to beneficiaries in need. n
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eAppendix A. 

 (1) (2) (3) (4) 
VARIABLES Unadjusted Patient 

Characteristics 
Agency 

Characteristics  
Community 

Characteristics 
Spending Quintile 1 REF REF REF REF 
     
Spending Quintile 2 758.28*** 682.39*** 644.78*** 645.98*** 
 (36.43) (40.77) (41.12) (41.41) 
Spending Quintile 3 1,337.13*** 1,253.27*** 1,183.51*** 1,184.73*** 
 (36.43) (40.89) (42.47) (42.95) 
Spending Quintile 4 2,089.95*** 2,003.61*** 1,909.62*** 1,909.02*** 
 (36.43) (41.42) (44.71) (45.45) 
Spending Quintile 2 3,864.71*** 3,741.49*** 3,611.04*** 3,611.31*** 
 (36.43) (42.98) (48.96) (49.59) 
Weighted Age  -1.96 5.62 4.81 
  (7.43) (7.78) (7.84) 
Percent Dual Eligible  1.79 2.61 2.70 
  (1.41) (1.41) (1.50) 
Percent Non-White  2.17* 1.72 1.80 
  (0.89) (0.91) (0.93) 
Percent Female  4.99 4.16 4.23 
  (3.10) (3.12) (3.13) 
Weighted HCC  -94.75 -114.88* -116.09* 
  (53.64) (54.75) (55.20) 
Percent For Profit   145.88*** 145.03*** 
   (37.75) (38.30) 
Percent Governmental   -23.20 -30.05 
   (44.55) (44.88) 
Percent Tenured   -34.10 -36.11 
   (30.94) (31.01) 
Per Cap Hosp Beds    -10.68 
    (7.14) 
Per Cap Primary Care    -62.20 
    (39.85) 
Per Cap Nursing Beds    3.93 
    (8.59) 
Median Income     0.79 
    (1.22) 
HHI Q1    -64.35 
    (174.56) 
HHI Q2    -43.48 
    (72.03) 
HHI Q3    6.27 
    (34.34) 
% Branched Agencies   86.02* 89.02* 
   (36.63) (37.05) 



Medicare Wage Adj.   -192.83* -182.67 
   (88.55) (107.58) 
Constant 3,440.52*** 3,488.29*** 3,138.62*** 3,186.66*** 
 (25.76) (597.65) (602.01) (607.01) 
     
Observations 1,925 1,760 1,760 1,760 
R-squared 0.87 0.87 0.87 0.87 

Standard errors in parentheses 
*** p<0.001, ** p<0.01, * p<0.05 

 

  



eAppendix B. 

Model Without Fixed Effects: 
 (1) (2) (3) 
VARIABLES Patient 

Characteristics 
Agency 

Characteristics 
Community 

Characteristics 
    
Weighted Age -46.50* 31.84 26.88 
 (18.52) (16.81) (16.81) 
Percent Dual Eligible 28.71*** 28.61*** 30.42*** 
 (3.45) (2.98) (3.14) 
Percent Non-White 10.69*** 4.42* 2.27 
 (2.22) (1.97) (2.00) 
Percent Female 61.96*** 35.27*** 33.04*** 
 (7.60) (6.72) (6.68) 
Weighted HCC -21.06 -233.37* -293.00* 
 (131.29) (116.73) (116.88) 
Percent For Profit  1,358.62*** 1,247.93*** 
  (74.35) (76.18) 
Percent Governmental  -49.85 -60.42 
  (96.69) (96.52) 
Percent Tenured  -163.33* -175.64** 
  (67.06) (66.58) 
% Branched Agencies  323.06*** 381.94*** 
  (78.99) (79.04) 
Medicare Wage Adj.  -1,995.02*** -2,332.69*** 
  (185.54) (222.48) 
Per Cap Hosp Beds   9.11 
   (15.36) 
Per Cap Primary Care   -313.69*** 
   (85.30) 
Per Cap Nursing Beds   -6.13 
   (18.48) 
Median Income    6.84** 
   (2.60) 
HHI Q1   798.39* 
   (374.85) 
HHI Q2   507.80** 
   (154.19) 
HHI Q3   276.08*** 
   (73.15) 
Constant 3,909.60** 1,093.45 1,846.24 
 (1,491.62) (1,301.11) (1,301.36) 
Observations 1,760 1,760 1,760 
R-squared 0.16 0.38 0.39 

Standard errors in parentheses 
*** p<0.001, ** p<0.01, * p<0.05 



 
Fixed Effect Models: 

 (1) (2) (3) 
VARIABLES Patient 

Characteristics 
Agency 

Characteristics 
Community 

Characteristics 
    
Weighted Age 23.27 30.88 29.07 
 (17.16) (16.08) (16.14) 
Percent Dual Eligible 25.46*** 25.70*** 27.43*** 
 (3.11) (2.96) (3.09) 
Percent Non-White -4.78* -6.89** -8.83*** 
 (2.33) (2.22) (2.26) 
Percent Female 28.67*** 24.77*** 23.62*** 
 (6.51) (6.07) (6.07) 
Weighted HCC 497.57*** 168.98 132.87 
 (116.72) (111.71) (112.04) 
Percent For Profit  905.66*** 861.24*** 
  (69.63) (70.62) 
Percent Governmental  -117.98 -100.71 
  (85.71) (85.49) 
Percent Tenured  -39.81 -49.68 
  (59.73) (59.53) 
Per Cap Hosp Beds   -11.22 
   (13.11) 
Per Cap Primary Care   32.20 
   (76.48) 
Per Cap Nursing Beds   30.13 
   (16.10) 
Median Income    4.20 
   (2.46) 
HHI Q1   621.07 
   (325.35) 
HHI Q2   286.88* 
   (136.76) 
HHI Q3   200.60** 
   (64.44) 
% Branched Agencies  239.35*** 256.76*** 
  (70.85) (70.95) 
Medicare Wage Adj.  -126.64 -543.04 
  (284.41) (329.85) 
2.state_code 742.36 428.26 415.75 
 (463.53) (456.43) (454.32) 
3.state_code 544.68 413.01 410.56 
 (463.55) (450.12) (448.40) 
4.state_code -87.09 -553.08 -535.56 
 (523.95) (497.73) (498.24) 



5.state_code -866.44 -969.63* -862.29 
 (466.53) (439.30) (444.11) 
6.state_code -168.38 -438.44 -501.84 
 (482.43) (453.73) (452.55) 
7.state_code -112.89 -337.44 -420.84 
 (567.50) (529.45) (527.79) 
8.state_code -1,000.16 -1,294.99 -1,396.53 
 (1,095.93) (1,023.61) (1,020.84) 
9.state_code -273.25 -465.84 -505.52 
 (726.09) (679.61) (677.20) 
10.state_code 613.09 98.39 33.08 
 (466.15) (447.78) (447.75) 
11.state_code 353.51 -0.85 11.68 
 (466.18) (450.00) (447.90) 
12.state_code -124.29 -208.51 -79.21 
 (675.30) (629.35) (628.59) 
13.state_code -371.58 -464.60 -513.42 
 (468.45) (447.57) (445.64) 
14.state_code 1,143.24* 736.76 655.36 
 (523.22) (498.01) (496.51) 
15.state_code -152.58 -253.57 -297.15 
 (464.52) (442.49) (441.00) 
16.state_code 49.09 -165.35 -185.56 
 (467.18) (444.13) (442.37) 
17.state_code 541.41 453.08 423.84 
 (473.91) (455.39) (453.73) 
18.state_code 641.46 493.15 482.91 
 (466.67) (447.09) (445.50) 
19.state_code 1,824.85*** 1,328.33** 1,333.34** 
 (467.39) (457.48) (455.65) 
20.state_code 638.25 355.68 232.21 
 (535.88) (500.04) (499.32) 
21.state_code -3.70 -203.84 -243.09 
 (507.78) (480.63) (478.83) 
22.state_code -777.82 -844.19 -949.50 
 (538.76) (507.02) (506.00) 
23.state_code 71.14 -113.43 -134.99 
 (465.52) (443.27) (441.75) 
24.state_code -199.46 -296.87 -344.95 
 (475.62) (446.77) (444.99) 
25.state_code -129.02 -205.22 -231.09 
 (463.54) (445.75) (444.30) 
26.state_code 1,411.32** 972.85* 997.90* 
 (481.89) (469.37) (467.32) 
27.state_code -187.58 -356.88 -374.57 
 (518.48) (491.67) (489.99) 



28.state_code -209.56 -240.41 -206.73 
 (458.08) (439.46) (437.67) 
29.state_code -90.78 61.98 8.88 
 (546.24) (519.20) (517.23) 
30.state_code -339.03 -332.93 -358.86 
 (487.55) (461.34) (459.46) 
31.state_code 53.90 14.72 -42.39 
 (554.88) (518.85) (516.86) 
32.state_code -569.16 -496.73 -434.92 
 (503.73) (470.37) (468.28) 
33.state_code 380.61 118.58 172.47 
 (493.84) (471.03) (470.09) 
34.state_code 1,257.39* 662.55 616.76 
 (601.77) (564.66) (565.51) 
35.state_code -619.17 -572.77 -582.48 
 (470.66) (442.70) (440.66) 
36.state_code 489.82 278.15 243.15 
 (459.77) (440.44) (438.78) 
37.state_code 2,329.50*** 1,799.44*** 1,777.22*** 
 (463.62) (448.84) (447.41) 
38.state_code -172.15 -302.25 -233.29 
 (491.52) (458.58) (459.23) 
39.state_code -43.77 -287.93 -348.44 
 (466.09) (443.92) (442.29) 
40.state_code 211.25 -43.09 -111.99 
 (666.25) (622.96) (620.29) 
41.state_code 195.71 -77.46 -30.92 
 (480.52) (462.58) (461.19) 
42.state_code -411.76 -452.93 -549.30 
 (514.29) (491.95) (490.37) 
43.state_code 1,356.67** 888.33 852.28 
 (467.56) (454.92) (453.09) 
44.state_code 2,268.73*** 1,800.08*** 1,796.10*** 
 (451.38) (434.93) (433.82) 
45.state_code 889.32 477.36 371.37 
 (530.45) (502.21) (502.03) 
46.state_code 472.04 12.97 -5.81 
 (461.75) (442.90) (440.85) 
47.state_code 190.65 247.68 223.83 
 (545.83) (511.15) (509.50) 
48.state_code 34.85 -142.64 -104.10 
 (489.15) (458.27) (457.25) 
49.state_code -331.51 -454.44 -461.41 
 (470.11) (443.28) (441.39) 
50.state_code 394.49 145.13 115.95 
 (479.40) (462.17) (460.35) 



51.state_code 411.58 74.17 37.47 
 (523.49) (494.56) (492.38) 
Constant -667.15 -433.96 -57.66 
 (1,414.49) (1,345.79) (1,349.38) 
    
Observations 1,760 1,760 1,760 
R-squared 0.50 0.57 0.58 

Standard errors in parentheses 
*** p<0.001, ** p<0.01, * p<0.05 
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