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BACKGROUND: Home-based primary care has been asso-
ciated with reductions in hospital use among homebound
older adults, but population-based studies on the general
home visit patterns of primary care physicians are lacking.
OBJECTIVE: We examined the association between the
provision of home visits by primary care physicians and
subsequent use of hospital-based care among their older
adult patients with extensive functional impairments.
DESIGN: Population-based retrospective cohort study.
SETTING: The setting was Ontario, Canada, from October
2014 to September 2016.
PARTICIPANTS: Older adults (aged ≥65 years) with exten-
sive functional impairments receiving publicly funded
home care.
MEASUREMENTS: We measured the provision of home
visits by a patientʼs most responsible primary care physician
during the year before a comprehensive home care assess-
ment. Physician home visit patterns were measured as the
proportion of the total outpatient visits in a year that were
home visits, categorized with quartiles. Multivariable, mul-
tilevel negative binomial regression models examined the
associations between physician-level home visit provision
and patient emergency department visits and hospital
admissions over the 6 months following the home care
assessment.
RESULTS: There were 49,613 patients in the cohort who
were linked to 8,096 unique primary care physicians. A

total of 69.1% of physicians provided at least one home
visit in a year, with the median proportion of home visits to
total visits ranging from 0.057% to 3.19% across quartiles.
Patients whose physicians were in the highest home visit
provision quartile had lower rates of emergency department
visits (incidence rate ratio [IRR] = 0.93; 95% confidence
interval [CI] = 0.90–0.96) and hospital admissions
(IRR = 0.89; 95% CI = 0.85–0.93) compared with patients
whose physician did not do home visits.
CONCLUSION: Home care patients with extensive func-
tional impairments whose physicians provided higher levels
of home visits had fewer emergency department visits and
hospital admissions. Expanding home visits by primary care
physicians could reduce hospital use by older adults living
with functional impairments in the community. J Am
Geriatr Soc 00:1-8, 2020.
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INTRODUCTION

Primary care home visits were historically part of the
typical practice of family medicine.1 In North America,

the frequency of home visits and the proportion of physi-
cians performing them declined dramatically in the second
half of the 20th century.2,3 However, the globally growing
population of frail older adults with difficulty accessing pri-
mary care offices has sparked a resurgence of interest in
physician home visits.4-7 Older adults who experience diffi-
culty leaving their homes are less able to access primary
care services, forcing a greater reliance on care provided in
the emergency department.8-10 Patients with less access to
primary care are also less likely to receive preventive care
and early management of emerging health problems,
resulting in higher subsequent use of hospital-based care.11

Furthermore, the efficiency-driven approach of conventional
emergency departments is ill suited for older adults with
complex care needs,12 and emergency department visits pre-
sent well-established risks for older adults.13,14 Home visits
offer a way to potentially avoid excess hospital use by
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providing access to continuous, comprehensive primary
care. In addition, home visits enable physicians to observe
patients in their typical environment, providing the oppor-
tunity to assess factors, such as medication adherence, die-
tary habits, and risk of falling.15 Recently, there has been
an increase in the availability of home-based primary care
in many jurisdictions accompanied by calls to further
expand home visits.16-19

Several multidisciplinary home-based primary care pro-
grams have been shown to reduce emergency department
visits and hospital admissions among homebound older
adults.20-23 Other programs have also demonstrated effec-
tiveness, including a Medicare program involving a single
comprehensive geriatric assessment at home that was asso-
ciated with fewer hospital and nursing home admissions.24

In Canada, a study among end-of-life patients found that
patients receiving at least one physician home visit in the
last 6 months of life were less likely to die in the hospital.25

Although there has been considerable research regarding
specific models of home-based primary care, population-
based studies examining the general home visit practice pat-
terns of primary care physicians and their association with
patient outcomes are lacking. The objective of this study is
to determine whether higher historical provision of home
visits by primary care physicians is associated with lower
rates of subsequent emergency department visits and hospi-
tal admissions within community-dwelling older adults with
extensive functional impairments.

METHODS

Setting

Ontario is Canadaʼs largest province, with a 2016 popula-
tion of 13.5 million residents, including over 2 million resi-
dents aged 65 years or older.26 Most residents are covered
by Ontarioʼs universal publicly funded health insurance
program, which includes medically necessary services, such

as physician care, hospital care, home care, and prescribed
medications for those 65 years and older.

Study Design and Data Sources

We conducted a population-based retrospective cohort
study of older adults with extensive functional impairments
receiving publicly funded home care services in Ontario,
Canada, from 2014 to 2016. In Ontario, long-stay home
care patients are those who are expected to receive home
care services for at least 60 days. These patients are com-
munity-dwelling older adults who typically live with func-
tional and/or cognitive impairment, have multiple chronic
conditions, and experience high rates of emergency depart-
ment use.27 The clinical characteristics, health service use
patterns, and frequent clinical assessments of long-stay
home care patients make them an ideal population in which
to study the effects of primary care physician home visits.

We used multiple linked health administrative data-
bases to create the study cohort. These included the Home
Care Database, the Ontario Health Insurance Plan database
for physician billings, the National Ambulatory Care
Reporting System for emergency department visits, and the
Discharge Abstract Database for hospital admissions. A
description of all the databases used in the study can be
found in Supplementary Table S1. Data sets were linked
using unique encoded identifiers and analyzed at ICES. This
study was exempted from formal ethics review by the Ham-
ilton Integrated Research Ethics Board as the use of data in
this project was authorized under section 45 of Ontarioʼs
Personal Health Information Protection Act, which does
not require review by a research ethics board.

Participants

All long-stay home care patients in Ontario are assessed with
the Resident Assessment Instrument for Home Care (RAI-
HC) at intake and every 6 to 12 months, depending on the
patientʼs condition.28 The RAI-HC is a comprehensive, valid,

Home care patients 65 y assessed between
October 1, 2014 and September 30, 2016

n =  219,598

Exclude: Activities of Daily Living Hierarchy
Scale score 0-2

n = 169,093

Exclude: No most responsible physician
n = 697

n = 50,505

n = 49,808

n = 49,613

Exclude: Most responsible physician <100 visits
n = 195

Figure 1. Cohort selection diagram.
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and reliable clinical assessment that covers domains of
health, function, cognition, social support, diagnoses, and
health service use.29-31 We selected all RAI-HC assessments
for publicly funded home care patients 65 years of age and
older completed in Ontario between October 1, 2014, and
September 30, 2016. If an individual had more than one
assessment during the accrual window, the last assessment
was used and that assessment date became the reference date
for the follow-up and look-back windows (n = 219,598)
(Figure 1). We restricted our cohort to only those patients
with an Activities of Daily Living (ADLs) Hierarchy Scale of
3 or higher, which indicates that extensive assistance is
required in at least one of the activities of locomotion, per-
sonal hygiene, toilet use, and eating (n = 50,505).32 We
focused on home care patients with this level of ADL impair-
ment as they would likely have the most difficulty reaching
office-based primary care and prior work has indicated that
these individuals are considerably more likely to receive a
primary care home visit than home care patients with less or
no functional impairment.27

Patients in the cohort were assigned to a most responsi-
ble primary care physician via a multistep approach that
has been used previously.33 Most primary care physicians
in Ontario operate within models that enroll patients in
“medical homes” that are intended to become a patientʼs
sole source of primary care. These models reimburse physi-
cians through a mixture of capitation payments, fee-for-ser-
vice payments, and bonuses for achieving certain
benchmarks.34 Patients who were enrolled with a physician
on the reference date were assigned to that physician.
Patients not enrolled with a physician were assigned to the
primary care physician with whom they had the most core
primary care billings in the 2 years before the reference
date.35 Patients who could not be linked to a physician
were excluded (n = 697) as were those whose assigned phy-
sician had few billings in a year (<100) (n = 195).

Measures

Primary Care Physician Home Visits

In Ontario, primary care physicians use specific billing
codes for assessments provided in a patientʼs home,
which are remunerated at a higher rate than assessments
done in an office.36 Physicians can also qualify for addi-
tional financial incentives by surpassing certain annual
volumes of home visits.37 We identified primary care phy-
sician home visits from a list of billing codes used in pre-
vious research25 (Supplementary Table S2). We
characterized physician home visit patterns by calculating
the proportion of all outpatient visits by an individual
physician that were home visits. This was done for each
physician in each year of the cohort (e.g., a physician-
year). This approach has the advantage over a simpler
volume-based approach of accounting for differences in
physician roster size. We used the proportion of outpa-
tient visits that were home visits to categorize each physi-
cian-year into one of five groups. Physicians with no
home visits within a year were categorized into a “none”
group. The remaining physician-years were split into four
groups of increasing provision of home visits using quar-
tiles of the distribution of proportion of home visits to

total visits. For analysis, we examined the home visit
practice pattern of each patientʼs assigned physician in
the calendar year before the reference assessment.

Outcomes

Counts of emergency department visits and hospital admis-
sions within 6 months of the reference date were the pri-
mary outcomes for this study. A secondary outcome was
the number of days spent in hospital during the 6-month
follow-up period. We did not include scheduled or

Table 1. Baseline Characteristics of Long-Stay Home
Care Patients with Extensive Functional Impairments in
Ontario, Canada, 2014 to 2016

Patient characteristics
No. (%)

(n = 49,613)

Demographics
Age, median (Q1, Q3), y 85 (77, 90)
Sex, male 19,764 (40)
Lived alone 20,370 (41)
Rurality

Urban 37,541 (76)
Semiurban 9,413 (19)
Rural 2,686 (5)

Health
ADL impairmenta

Extensive 23,814 (48)
Maximal/dependent 25,799 (52)

Cognitive impairmentb

Intact/borderline intact 9,124 (18)
Mild/moderate 27,775 (56)
Severe 12,714 (26)

Count of impaired ADLs, median (Q1, Q3)c 6 (4, 7)
No. of concurrent medications

0–4 6,744 (14)
5–8 13,231 (30)
≥9 28,152 (57)

Any mood symptom 27,569 (56)
Bladder incontinence 33,906 (68)
Fall in last 90 d 23,461 (47)
Congestive heart failure 7,868 (16)
Chronic obstructive pulmonary disease 8,529 (17)
Dementia 21,247 (43)
Count of chronic conditions, median (Q1, Q3) 4 (3, 5)
Baseline health service use
Home nursing at baseline 19,025 (38)
ED visits in prior 4 mo, mean (SD) 1.0 (1.51)
ED visits in prior 5–12 mo, mean (SD) 1.3 (1.84)
Hospital admissions in prior 4 mo, mean (SD) 0.5 (0.77)
Hospital admissions in prior 5–12 mo,
mean (SD)

0.4 (0.84)

Note: Data are given as number (percentage) unless otherwise indicated.
Abbreviations: ADL, activity of daily living; ED, emergency department;
Q1, quartile 1; Q3, quartile 3.
aADL Hierarchy Scale: Includes personal hygiene, locomotion, eating, and
toileting.

bCognitive performance scale.
cAt least limited assistance required. Includes bed mobility, transfer, loco-
motion, dressing, eating, toileting, personal hygiene, and bathing.

JAGS MONTH 2020-VOL. 00, NO. 00 PHYSICIAN HOME VISIT PATTERNS 3



prearranged emergency departments visits or elective hospi-
tal admissions as these are not related to acute medical
conditions.

Covariates

We identified additional variables to account for poten-
tial confounding.2,27,38 These included baseline patient-

level variables: age, sex, chronic conditions, count of con-
current medications, severity of functional impairment,
active home care nursing, rurality,39 and count of
emergency department visits or hospital admissions in the
previous 0 to 4 and 5 to 12 months. Physician-level vari-
ables included sex, years of practice, type of practice,
international medical education, and board certification
in family medicine.

Table 2. Distribution of Primary Care Physician Home Visits Across Provision Groups

Home visit provision group Physician-years % of Total visits that were home visitsa Annual volume of home visits

0 4,695 0 (0, 0) 0 (0, 0)
Q1 (least) 2,629 0.058 (0.035, 0.090) 4 (3, 7)
Q2 2,629 0.25 (0.18, 0.34) 18 (11, 27)
Q3 2,629 0.81 (0.61, 1.07) 57 (38, 84)
Q4 (most) 2,629 3.19 (2.06, 6.23) 228 (131, 455)

Note: All measures were calculated per physician, per year, among all of a physician’s patients.
Abbreviations: Q1, quartile 1; Q2, quartile 2; Q3, quartile 3; Q4, quartile 4.
aData are given as median (Q1, Q3).

Table 3. Adjusted IRRs and 95% CIs from Negative Binomial Regression Models

Variable

Adjusted IRR (95% CI)a

Count of emergency department
visits

Count of hospital
admissions

Count of days spent in
hospital

Home visit provision groups
None (ref)
Q1 (lowest) 1.00 (0.96–1.04) 0.97 (0.93–1.02) 0.97 (0.90–1.05)
Q2 0.96 (0.93–1.00) 0.95 (0.91–0.99) 0.96 (0.89–1.04)
Q3 0.95 (0.92–0.99) 0.94 (0.90–0.98) 0.91 (0.84–0.99)
Q4 (highest) 0.93 (0.90–0.96) 0.89 (0.85–0.93) 0.83 (0.78–0.90)

Sex, male 1.17 (1.14–1.19) 1.24 (1.21–1.28) 1.40 (1.33–1.47)
Age, y

65–74 (ref)
75–84 1.03 (0.99–1.07) 1.02 (0.98–1.07) 1.03 (0.95–1.11)
85–94 0.96 (0.93–1.00) 0.98 (0.94–1.02) 0.95 (0.88–1.02)
≥95 0.93 (0.88–0.98) 0.95 (0.89–1.01) 0.91 (0.81–1.02)

Functional impairment
Extensive (ref)
Severe 0.90 (0.86–0.94) 0.99 (0.96–1.02) 0.99 (0.94–1.04)

Rurality
Urban (ref)
Semiurban 0.94 (0.91–0.96) 0.98 (0.94–1.02) 0.99 (0.92–1.06)
Rural 1.09 (1.04–1.16) 1.09 (1.03–1.17) 1.19 (1.06–1.34)

Congestive heart failure 1.10 (1.06–1.14) 1.15 (1.11–1.20) 1.19 (1.11–1.27)
Chronic obstructive pulmonary disease 1.06 (1.03–1.10) 1.13 (1.09–1.18) 1.05 (0.98–1.11)
Dementia 0.93 (0.90–0.95) 0.91 (0.89–0.94) 1.00 (0.95–1.05)
Count of concurrent medications 1.03 (1.02–1.03) 1.02 (1.02–1.03) 1.00 (0.99–1.02)
Count of chronic conditions 1.02 (1.01–1.02) 1.02 (1.02–1.02) 1.02 (1.00–1.03)
Emergency department visits (prior 4 mo) 1.19 (1.18–1.20)
Emergency department visits (prior
5–12 mo)

1.05 (1.04–1.06)

Hospital admissions (prior 4 mo) 1.23 (1.21–1.25) 1.20 (1.16–1.23)
Hospital admissions visits (prior 5–12 mo) 1.15 (1.14–1.17) 1.15 (1.12–1.18)
Active home care nursing at baseline 1.10 (1.10–1.11) 1.17 (1.14–1.21) 1.15 (1.09–1.21)

Abbreviations: CI, confidence interval; IRR, incidence rate ratio; Q1, quartile 1; Q2, quartile 2; Q3, quartile 3; Q4, quartile 4; ref, reference.
aAlso adjusted for physician sex, years of practice, type of practice, international medical education, and board certification in family medicine.
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Statistical Analysis

We examined the descriptive characteristics of all patients in
the cohort and their assigned physicians. We calculated sum-
mary statistics on the home visit practice patterns of primary
care physicians. The association between physician-level provi-
sion of home visits and rate of emergency department visits
and hospital admissions was examined with multivariable,
multilevel negative binomial generalized linear models, con-
trolling for all identified confounders. A gaussian-distributed
random effect was included to account for clustering among
patients assigned to the same physician. Analysis was pref-
ormed using SAS 9.4 (SAS Institute, Inc).

Sensitivity Analysis

We repeated our analysis, categorizing physicians based on
the annual absolute count of home visits provided rather
than the proportion of home visits to total visits. We used
the incentive tiers implemented by the Ontario Ministry of
Health and Long-Term Care that combine volume of home
visits with a minimum number of patients served per year.37

These categories are 0 to 11 visits, 12 to 23 visits (minimum
of 3 patients), 24 to 67 visits (minimum of 6 patients), 69
to 127 visits (minimum of 17 patients), and 128 or more
visits (minimum of 32 patients). We performed two addi-
tional sensitivity analyses, one excluding palliative specialist
physicians, who were identified using methods previously
described and validated,40 and a second excluding physi-
cians whose roster included less than the average propor-
tion of home care patients.

RESULTS

Our cohort contained 49,613 home care patients with
extensive functional impairments assigned to 8,096
unique primary care physicians. The median age of
patients was 85 years (quartile 1–quartile 3 [Q3] = 77–
90 years), and 60% were female. Over half (52%) had
severe functional impairments, and the median number
of ADLs with which patients needed at least limited
assistance was six. Cognitive impairment was common
(82%), as was a history of falls (47%) and mood symp-
toms (56%). The median number of chronic conditions
was four, and 57% of the population used nine or more
concurrent medications (Table 1).

Primary Care Physician Home Visit Patterns

No home visits were provided within 4,695 (30.9%) of
physician-years (Table 2). The quartile cutpoints of the pro-
portion of home visits to total visits used to divide the
remaining physician-years into groups of increasing provi-
sion were 0.13%, 0.46%, and 1.48%. The median propor-
tion of total visits that were home visits and the annual
volume of home visits increased monotonically across the
groups. Physicians in higher home visit provision groups
were more likely to be male and a Canadian medical gradu-
ate (Supplementary Table S3). Physicians in the highest
quartile were more likely to be palliative specialists,
whereas physicians in the no visit group had practiced for
fewer years and were less likely to be board certified in fam-
ily medicine.

1.00 (0.96−1.04)

0.96 (0.93−1.00)

0.95 (0.92−0.99)

0.93 (0.90−0.96)

0.97 (0.93−1.02)

0.95 (0.91−0.99)

0.94 (0.90−0.98)

0.89 (0.85−0.93)

0.97 (0.90−1.05)

0.96 (0.89−1.04)

0.91 (0.84−0.99)

0.83 (0.78−0.90)

IRR (95% CI)Count of emergency department visits

Home visits: Q1 (least) vs. none

Home visits: Q2 vs. none

Home visits: Q3 vs. none

Home visits: Q4 (most) vs. none

Count of hospital admissions

Home visits: Q1 (least) vs. none

Home visits: Q2 vs. none

Home visits: Q3 vs. none

Home visits: Q4 (most) vs. none

Count of days in hospital

Home visits: Q1 (least) vs. none

Home visits: Q2 vs. none

Home visits: Q3 vs. none

Home visits: Q4 (most) vs. none

0.75 1.0 1.33
Incidence Rate Ratio and 95% CI

Figure 2. Associations between physician-level provision of primary care home visits and use of hospital care within 6 months of a
home care assessment. The incidence rate ratio (IRR) is adjusted. CI, confidence interval; Q1, quartile 1; Q2, quartile 2; Q3, quar-
tile 3; Q4, quartile 4.
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Association Between Provision of Home Visits and Use
of Hospital-Based Care

During the 6-month follow-up window, 51% of patients
visited the emergency department and 34% had a hospital
admission. Patients assigned to physicians in higher home
visit provision groups had lower rates of emergency depart-
ment visits when compared with patients assigned to physi-
cians who had not provided any home visits, with an
evident dose-response relationship (quartile 4 [Q4] vs none:
adjusted incidence rate ratio [IRR] = 0.93 [95% confidence
interval {CI} = 0.90–0.96]; Q3 vs none: IRR = 0.95 [95%
CI = 0.92–0.99]) (Table 3, Figure 2). A similar pattern with
larger differences across groups was observed for hospital
admissions (Q4 vs none: IRR = 0.89 [95% CI = 0.85–0.93];
Q3 vs none: IRR = 0.94 [95% CI = 0.90–0.98]) and days
spent in hospital (Q4 vs none: IRR = 0.83 [95% CI = 0.78–
0.90]; Q3 vs none: IRR = 0.91 [95% CI = 0.84–0.99]).

Sensitivity Analysis

Groups defined by the volume-based incentive tiers pro-
duced generally similar results to the main analysis, with
smaller differences observed between the highest two incen-
tive tiers compared with the highest two quartile groups
used in the main analysis (Supplementary Table S4).
Excluding palliative care specialist physicians did not mean-
ingfully alter any results (Supplementary Table S5). Analy-
sis among only physicians with higher proportions of home
care patients on their roster also produced similar results to
the main analysis, with slightly larger differences observed
between the highest and lowest quartile groups (Supplemen-
tary Table S5).

DISCUSSION

Although approximately 70% of primary care physicians in
this study provided at least one home visit in a year, the
extent of provision varied widely. We found that home care
patients with extensive functional impairments whose pri-
mary care physician had a higher historical provision of
home visits had lower rates of emergency department visits
and hospital admissions compared with patients whose
physician did not provide home visits. The observed differ-
ences were small but exhibited a dose-response relationship
and were robust to variations in how the provision of home
visits and outcomes were measured.

Although primary care home visits have been fre-
quently studied,20-25 our study is novel in its examination
of patterns of physician home visit provision and use of a
population-based approach. Although our finding that
higher provision of home visits was associated with less
hospital use is broadly consistent with the literature, the
effect sizes we observed were smaller than in many other
studies. There are several possible explanations for this.
First, we examined home visits as a physician-level expo-
sure, not a patient exposure. As such, there may have been
patients assigned to physicians in higher home visit provi-
sion groups who did not receive a home visit, although they
may have benefited from it. This would produce a smaller
effect when compared with interventional studies in which
every member of a treatment arm receives at least one home

visit. Also, we examined all home visits in our study,
whereas much of the published research has focused specifi-
cally on home-based primary care programs. These pro-
grams tend to incorporate multicomponent interventions
delivered by interdisciplinary teams, which may yield addi-
tional benefits.18

Our results support the utility of primary care physi-
cian home visits as a tool to mitigate unnecessary or exces-
sive hospital use in older adults with functional
impairments. These patients have high rates of hospital
admissions and are at increased risk of delayed discharge
from hospital.41 Thus, although a 10% decrease in risk
may appear small on the patient level, the impact of a sys-
tem-wide 10% reduction in hospital admissions among
functionally impaired older adults would be significant. In
addition, the stronger associations we observed for days
spent in hospital suggest there may also be a benefit from
home visits on hospital length of stay.

In Ontario, the provincial government added financial
incentives in 2011 to encourage greater provision of home
visits by primary care physicians to frail, older adults,
which resulted in yearly increases in the volume of home
visits.42 However, our results indicate that although most
physicians did at least one home visit in a year, overall vol-
umes are still low, particularly when compared with some
European nations.43 This suggests that additional incentives
or other means of encouraging home visits may be neces-
sary to further increase home visit provision. For example,
although we lacked specific data on home visits by nonphy-
sicians in this study, the important role that nurse practi-
tioners play in offering primary care home visits has been
recognized in other jurisdictions and may produce similar
benefits at a reduced cost.44,45 However, compared with the
United States, Canada has 75% fewer nurse practitioners
per capita despite having introduced nurse practitioners at a
similar time.46 Future research should compare the benefits
of alternate models of home-based primary care, including
home visits by nurse practitioners, geriatrician-led models,
and interdisciplinary primary care programs.

Strengths and Limitations

Our use of a physician-level exposure in this study is both a
strength and a limitation. Because home visits tend to be
provided to the most complex patients,27 a patient-level
measure would likely experience significant confounding by
indication. By basing our analysis on historical physician
practice patterns, we minimized this source of bias. How-
ever, this approach limits our ability to directly compare
our results with studies performed using patient-level expo-
sures. Another strength of our study is a population-based
approach, by which we were able to analyze the effects of
increasing provision of home visits across an entire health
system rather than within a single program. Although this
improves the generalizability of our findings, there may still
be questions as to whether our results generalize outside of
health systems similar to Ontarioʼs. A limitation of our
study is that the proportion of home visits to total visits is a
crude measure, adjusted only for a physicianʼs roster size.
Another limitation is that we are unable to differentiate
between home visits provided for acute needs and concerns
and those that were routine. Finally, we are unable to
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establish whether there is an ideal level of home visit provi-
sion, only concluding that, within the range observed in our
study, higher provision was associated with better patient
outcomes.

CONCLUSION

Greater home visit provision by primary care physicians
was associated with lower rates of emergency department
visits and hospital admissions among community-dwelling
older adults with functional impairments. Expanding home
visits by primary care physicians could potentially reduce
the use of hospital-based services and help enable commu-
nity-dwelling older adults to age safely and well at home.
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