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ABSTRACT
PURPOSE Previous work has demonstrated that home care patients have an 
increased risk of visiting the emergency department after a home nursing visit 
on the same day. We investigated whether this association is modified by greater 
access to after-hours primary care.

METHODS We conducted a population-based case-crossover study of home care 
patients in Ontario, Canada in 2014-2016. Emergency department visits after 
5:00 pm were selected as case periods and matched, within the same patient, to 
control periods within the previous week. The association between home nursing 
visits and same-day emergency department visits was estimated with conditional 
logistic regression. Access to after-hours primary care, measured on the patient 
and practice level, was tested for effect modification using an interaction term 
approach. Analysis was performed separately for all emergency department visits 
and a less urgent subset not admitted to hospital.

RESULTS A total of 11,840 patients contributed cases to the analysis. Patients with 
a history of after-hours primary care use had a smaller increased risk of a same-
day after-hours emergency department visit (OR = 1.18; 95% CI, 1.06-1.30) com-
pared with patients with no after-hours care (OR = 1.31; 95% CI, 1.25-1.39). The 
modifying effect was stronger among emergency department visits not admitted 
to hospital (OR = 1.11; 95% CI, 0.97-1.28 vs OR = 1.41; 95% CI, 1.31-1.51).

CONCLUSION Greater access to after-hours primary care reduced the risk of less-
urgent emergency department use associated with home nursing visits. These 
findings suggest increasing access to after-hours primary care could prevent some 
less-urgent emergency department visits.

Ann Fam Med 2020;18:406-412. https://doi.org/10.1370/afm.2571.

INTRODUCTION

In recent decades, health systems around the world have sought to 
increase access to primary care outside of traditional business hours. In 
theory, greater access to after-hours primary care can divert less-urgent 

visits away from the emergency department, which is crowded, disrupts 
continuity of care, and is typically not designed to meet the care needs 
of complex, older adults.1,2 The existing literature testing this hypothesis, 
however, has produced conflicting results, with some studies showing that 
increased access to after-hours primary care is associated with fewer emer-
gency department visits3,4 and others finding no difference.5,6

Older adults receiving home care services are a growing, frail popula-
tion with particularly high rates of emergency department use.7,8 Previous 
research has found that home nursing patients in Ontario, Canada have 
an increased risk of visiting the emergency department after 5:00 pm on 
the same day they receive a home nursing visit.9 This effect is presumed 
to be the result of the nurse identifying a health issue that they are unable 
to appropriately address during the visit and referring the patient for fur-
ther care. Home care nursing in Ontario operates within a task-focused, 

https://www.AnnFamMed.org/content/18/5/406/suppl/DC1/
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visit-oriented model that limits a nurse’s flexibility to 
move beyond prearranged tasks, hindering comprehen-
sive practice, and likely contributing to the increased 
risk of a same-day emergency department visit.10 The 
increased risk was considerably higher for less-urgent 
emergency department visits, suggesting that many of 
the same-day visits could be more appropriately seen in 
a primary care setting. For visits of this nature, increased 
access to after-hours primary care could reduce the risk 
of a same-day emergency department visit.

Our objective was to examine whether greater 
access to after-hours primary care modifies the associa-
tion between nursing visits and same-day emergency 
department visits. We hypothesized that increased 
access to after-hours primary care, measured at both 
the patient and provider level, would reduce the likeli-
hood that a patient would visit the emergency depart-
ment on the same day as a home nursing visit, and 
that the modification would be stronger for less-urgent 
emergency department visits.

METHODS
Study Design and Data Sources
This study extends a smaller case-crossover study previ-
ously conducted by our team.9 In the current study, we 
identified a population-based, retrospective cohort of 
publicly funded adult, home care patients in Ontario, 
Canada using multiple, linked, health administrative 
databases (Supplemental Appendix 1, https://www.Ann 
Fam Med.org/content/18/5/406/suppl/DC1/). Home 
care patients and services were identified through the 
Home Care Database, which captures client and ser-
vice records for publicly funded home care programs 
in Ontario. Physician visits were extracted from the 
Ontario Health Insurance Plan claims database, which 
contains information on inpatient and outpatient physi-
cian billings, including shadow billings for physicians in 
primarily capitated payment models. Emergency depart-
ment visits were extracted from the National Ambula-
tory Care Reporting System, which captures all hospital 
and community-based ambulatory care in Ontario. 
These data sets were linked using unique encoded iden-
tifiers and analyzed at ICES (formerly the Institiute for 
Clinical Evaluative Sciences). This study was granted an 
exemption from formal ethics review by the Hamilton 
Integrated Research Ethics Board as the use of data in 
this project was authorized under section 45 of Ontar-
io’s Personal Health Information Protection Act, which 
does not require review by a research ethics board.

Participants
Individuals receiving ongoing publicly funded home 
care in Ontario are regularly assessed with the 

Resident Assessment Instrument for Home Care, a 
comprehensive clinical assessment.11 We selected all 
assessments for home care patients aged 19 years and 
older that were completed in Ontario from October 1, 
2014 through September 30, 2016. If an individual was 
assessed more than once during the study, their most 
recent assessment was used. The assessment date was 
the index date for a 6-month follow-up period. Patients 
receiving palliative home care were excluded from the 
cohort as they receive specialized nursing care.

Case-Crossover Design
The case-crossover design is a self-matched, case-only 
design in which cases act as their own controls. The 
design can be used to determine whether an event 
was caused by something that happened just before, 
and is immune to confounding by subject character-
istics.12 For each subject in a case-crossover study, a 
case period during which the subject experiences the 
event of interest is matched with control periods (com-
monly the day(s) prior) during which the subject did 
not experience the event. An exposure of interest is 
measured immediately before each case and control 
period.13 The design enables researchers to determine 
whether there is transient association between the 
exposure and event by examining whether exposures 
were more likely to precede the case period rather than 
the control period(s).

In this study, the event of interest was an emer-
gency department visit between 5:00 pm and midnight. 
We identified case periods by selecting all weekdays 
within 182 days following the index date on which a 
patient had a home nursing visit and visited the emer-
gency department after 5:00 pm. Weekends and holi-
days were excluded as the availability of both home 
nursing and primary care differ substantially on week-
ends and weekdays. The earliest case period was uti-
lized if a patient had more than 1 eligible case period 
during the follow-up period.

Control periods were identified by selecting all 
weekday evenings within the 7 days preceding the case 
period in which the patient did not have an emergency 
department visit. Control periods were matched to the 
case period for each patient. The exposure measured 
before each case or control period was whether a 
routine, prescheduled home nursing visit was received 
during the day. The identification and matching of 
case and control periods was performed separately for 
all emergency department visits and for the subset of 
visits that were not admitted to hospital. The nonad-
mitted visits represented less-urgent cases in which we 
expected both a stronger overall association and stron-
ger effect modification between home nursing visits 
and same-day emergency department use.

https://www.Ann Fam Med.org/content/18/5/406/suppl/DC1/
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Access to After-Hours Primary Care
We operationalized access to after-hours primary 
care at both the patient and practice level. In Ontario, 
primary care physicians can receive premiums for 
services provided outside of traditional office hours. 
We used after-hours premium billing codes (Supple-
mental Appendix 2, https://www.Ann Fam Med.org/
content/18/5/406/suppl/DC1/) to identify primary care 
visits that occurred after 5:00 pm on weekdays either in 
a physician’s office or in a patient’s home. These codes 
included care that took place during scheduled clinic 
hours that were after 5:00 pm and unscheduled care for 
urgent issues that took place after clinic hours.

The patient-level measure was based on an indi-
vidual’s use of after-hours primary care in the year pre-
ceding the case period and was split into 2 categories, 
any care vs no care. This definition is rooted in the 
concept that historical utilization provides evidence of 
health system access, and that past use of ambulatory 
care is a strong predictor of subsequent use.14 Since 
lack of utilization does not necessarily indicate lack of 
access, we also created a measure to capture the rela-
tive amount of after-hours care provided by a patient’s 
primary care practice. Following the approach of Gla-
zier et al,15 we calculated the proportion of all weekday 
care provided by a patient’s primary care practice that 
could be identified as after-hours care. This was mea-
sured using visits of Ontario residents aged 65 years 
and older during the year in which the case occurred. 
As there was no theoretical basis for any specific cut 
points in this continuous measure, we categorized the 
practice-level provision of after-hours care by quartiles.

Effect Modification
The objective of this study was to examine the poten-
tial modifying effect of access to after-hours primary 
care on the increased risk of same-day emergency 
department visits following home nursing visits, ie, 
whether patients with greater access to after-hours pri-
mary care have a lower risk of an emergency depart-
ment visit following a home nursing visit compared 
with patients with less access. This was accomplished 
by using the case-crossover design to estimate the 
effect of home nursing visits on same-day emergency 
department visits, and then testing the interaction 
between access to after-hours care and home nursing 
visits. This approach has the inherent robustness of 
case-crossover design to general confounding but is 
potentially at risk of bias if there were effect modifiers 
unaccounted for that correlated with after-hours care.

Statistical Analysis
The association between home nursing visits and 
same-day emergency department visits was estimated 

with conditional logistic regression, where each set of 
within-patient matched case and control periods formed 
separate strata. Effect modification by access to after-
hours primary care was examined using an interaction 
term approach. Analysis was performed separately for 
all emergency department visits and for the less urgent 
subset of visits that were not admitted to hospital. We 
reported the odds ratios and 95% CIs of the association 
between home nursing and emergency department vis-
its overall and within each category of the effect modi-
fiers, as well as the P value of the interaction term.

Sensitivity Analysis
We repeated the analyses including additional poten-
tial effect modifiers that may be correlated with access 
to after-hours care. These other modifiers were cho-
sen based on previous research8 and included primary 
care practice type, rurality, activities of daily living, 
hierarchy score (a measure of function impairment),16 
and presence of a live-in caregiver. We reported the 
odds ratio and 95% CIs of the association between 
home nursing and emergency department visits within 
each category of access to after-hours care, fixing the 
other effect modifiers at their mode (most frequent) 
value for categorical variables and mean value for con-
tinuous variables.

RESULTS
The final cohort contained 11,840 home care nurs-
ing patients with an emergency department visit who 
contributed a case period to the analysis. These case 
periods were matched to 55,210 control periods. For 
emergency department visits that did not result in 
hospital admission, there were 6,703 patients with case 
periods matched to 31,538 control periods. Patients 
contributing case periods to the analysis had a median 
age of 77 years and were balanced between males and 
females (Table 1). Just under one-half (46%) needed at 
least limited assistance with activities of daily living 
and over one-half (54%) had at least a mild cognitive 
impairment. Nearly all (88%) of the patients had 5 or 
more concurrent medications, 35% were at least occa-
sionally incontinent, and over 40% had a fall recently.

Main Effect: Association Between Nursing 
Home Visits and Same-Day After-Hours 
Emergency Department Use
Similar to previous work, receiving a home nursing 
visit was significantly associated with a greater likeli-
hood of a same-day after-hours emergency depart-
ment visit (OR = 1.28; 95% CI, 1.22-1.35) with a 
slightly larger effect for visits not admitted to hospital 
(OR = 1.34; 95% CI, 1.26-1.43) (Figure 1).

https://www.AnnFamMed.org/content/18/5/406/suppl/DC1/
https://www.AnnFamMed.org/content/18/5/406/suppl/DC1/
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Effect Modification: Access to After-Hours 
Primary Care
Just over one-fifth (21.5%) of patients had least 1 
after-hours weekday primary care visit in the previ-
ous year. These patients had a smaller increase in the 
risk of a same-day after-hours emergency department 
visit (OR = 1.18; 95% CI, 1.06-1.30) compared with 
patients with no after-hours care (OR = 1.31; 95% CI, 
1.25-1.39). The difference in risk was noticeably larger 
among emergency department visits not admitted to 
hospital (OR = 1.11; 95% CI, 0.97-1.28 vs OR = 1.41; 
95% CI, 1.31-1.51) (Figure 1).

The practice-level provision of after-hours primary 
care could not be calculated for 771 patients (6.5%) 

who were not rostered to a pri-
mary care physician. Among 
the remaining cases, the quartile 
cut points for the practice-level 
proportion of care that was after-
hours care were 3.2%, 5.6%, 
and 9.4%. While the observed 
associations in the second and 
fourth quartiles were lower than 
the first, we did not observe a 
monotonic trend toward a smaller 
risk of a same-day after-hours 
emergency department visit  
(Figure 1).

Sensitivity Analysis
Including additional effect modi-
fiers increased the magnitude of 
the modifying effects of after-
hours care and increased the 
standard errors of the main nurs-
ing effect but not the interaction 
effects. The result was greater 
significance for the interaction 
effects along with wider stratum-
specific CIs of the main nursing 
effect (Figure 2).

DISCUSSION
We found that home care patients 
were more likely to visit the 
emergency department after 5:00 
pm on the same day as a nursing 
visit, but that this association was 
smaller among patients who had 
a history of after-hours primary 
care use. This effect modification 
was stronger for the less-urgent 
set of emergency department vis-

its that did not result in a hospital admission. We did 
not find a consistent effect related to the practice-level 
provision of after-hours primary care.

Some cross-sectional and survey studies have sug-
gested that an increase in access to primary after-hours 
care could reduce emergency department visits4,17-19 
while other cohort studies and systematic reviews 
of interventions found no reduction.5,6 Our study is 
novel in that it tests the effectiveness of after-hours 
primary care in terms of its ability to reduce the risk 
of an emergency department visit following an event 
known to increase risk and does so within a self-
matched study design. In contrast to other studies, our 
study does not seek to determine whether after-hours 

Table 1. Characteristics of Home Care Patients

 Patient Characteristics

All Patients 
(n = 

11,840),  
No. (%)          

History of 
After-Hours 

Care Use (n = 
2,550), No. (%)

No History of 
After-Hours 

Care Use (n = 
9,290), No. (%)

Demographics

Age, median (IQR), y 77 (65-86) 77 (66-87) 76 (64-85)

Sex, female 6,048 (51) 1,356 (53) 4,692 (51)

Living alone 4,432 (37) 886 (35) 3,546 (38)

Health    

ADL impairmenta    

Independent/Supervision 6,345 (54) 1,208 (47) 5,137 (55)

Limited/Extensive 3,624 (31) 774 (30) 2,850 (31)

Maximal/Dependent 1,871 (16) 568 (22) 1,303 (14)

Cognitive impairmentb    

Intact/Borderline intact 5,438 (46) 1,117 (44) 4,321 (47)

Mild/Moderate 5,687 (48) 1,213 (48) 4,474 (48)

Severe 715 (6) 220 (9) 495 (5)

Frailty indexc    

Robust (0-0.19) 2,420 (20) 450 (18) 1,970 (21)

Pre-frail (0.2-0.29) 3,106 (26) 593 (23) 2,513 (27)

Frail (≥0.3) 6,314 (53) 1,507 (59) 4,807 (52)

Depressive symptoms 6,615 (56) 1,477 (58) 5,138 (55)

Aggressive behaviors 1,144 (10) 276 (11) 868 (9)

Fall in last 90 days 4,823 (41) 1,008 (40) 3,815 (41)

Bladder incontinence 4,147 (35) 1,009 (40) 3,138 (34)

Current medications (≥5) 10,399 (88) 2,265 (89) 8,134 (88)

Dementia 1,832 (15) 445 (17) 1,387 (15)

Clinical need indicators    

Wound care 5,338 (45) 1,177 (46) 4,161 (45)

Intravenous medications 1,116 (9) 206 (8) 910 (10)

Indwelling urinary catheter 2,029 (17) 422 (17) 1,607 (17)

Congestive heart failure 2,262 (19) 498 (20) 1,764 (19)

Chronic obstructive pulmo-
nary disease

3,096 (26) 652 (26) 2,444 (26)

ADL = activities of daily living; IQR = interquartile range. 

a ADL Hierarchy Scale: Includes personal hygiene, locomotion, eating, and toileting. 
b Cognitive performance scale 
c Scores on the frailty index range from 0 to 1, where 0 represents no health deficits and 1 represents all pos-
sible health deficits.
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primary care can reduce emergency department use 
overall, but rather if it can prevent visits that would 
otherwise occur shortly after a home nursing visit.

Our results suggest that better access to after-
hours primary care could prevent less-urgent emer-
gency department visits following home nursing 
visits. While our study only examines the ability 
of after-hours primary care to reduce a short-term 
increased risk of an emergency department visit, the 
findings represent a novel contribution to the fre-
quently conflicting literature on this topic. Reducing 
less-urgent emergency department visits is a priority 
of health systems globally as a means of improving 
continuity of care and reducing adverse outcomes 
such as emergency department–associated infections 

or delirium.20,21 Consequently, governments around 
the world have put policies in place to increase the 
availability of after-hours primary care.22 While the 
effectiveness of these policies have been called into 
question,5 our results contribute evidence to the argu-
ment that there is substantial benefit. Increasing the 
provision and use of after-hours primary care, at indi-
vidual practices or system wide, through policy tools 
such as regulations or incentives could yield benefits 
for complex, community-dwelling older adults such as 
home care patients.

While our results suggest that expanding access to 
after-hours primary care would be beneficial, they also 
raise more questions. When examining the practice-
level provision of after-hours care, we did not observe 

a consistent dose-response rela-
tionship that is typical of causal 
effects. This lack of consistency 
at the practice level may be due 
to the importance of patient-level 
factors such as preference and 
awareness of the availability of 
after-hours primary care. In addi-
tion, we observed a smaller, more 
tenuous, modification of risk 
among all emergency department 
visits compared with the less-
urgent subset of visits. Although 
this aligns with our original 
hypothesis, it raises questions 
as to what type and how many 
emergency department visits can 
be prevented with better access 
to after-hours primary care. 
Future research should further 
examine the influence of practice-
level measures of after-hours care 
provision on emergency depart-
ment use as well as the types of 
emergency department visits that 
can be most successfully diverted 
to after-hours primary care.

Limitations
Our study has a number of 
strengths, including use of 
population-based data and a self-
matched design, but also notable 
weaknesses. First, there is no 
precise method to determine 
which emergency department 
visits could be more appropriately 
seen in primary care. Addition-
ally, as the case-crossover study 

Figure 1. Association between home nursing and emergency 
department visits, overall and within each category of access to 
after-hours care.

Odds ratio (95% CI) OR (95% CI)
Interaction 

P Value

All emergency department 
visits

Main effect

Home nursing visit  ◆ 1.28 (1.22-1.35)

Effect modifiers 

Patient after-hours care use

Any care in last year  ● 1.18 (1.06-1.30) 0.06

No care in last year  ● 1.31 (1.25-1.39)

Practice-level provision of 
after-hours care

Q1 (least)  ■  1.37 (1.25-1.51) 0.39

Q2  ■ 1.26 (1.14-1.39)

Q3  ■  1.30 (1.19-1.44)

Q4 (most)  ■  1.22 (1.11-1.35)

ED visit without admission

Main effect

Home nursing visit  ◆ 1.34 (1.26-1.43)

Effect modifiers

Patient after-hours care use

Any care in last year  ● 1.11 (0.97-1.28) 0.004

No care in last year  ● 1.41 (1.31-1.51)

Practice-level provision of 
after-hours care

Q1 (least)  ■ 1.40 (1.23-1.59) 0.48

Q2  ■ 1.27 (1.11-1.45)

Q3  ■ 1.40 (1.23-1.61)

Q4 (most)  ■ 1.26 (1.10-1.43)

0.5 1.0 2.0

ED = emergency department; Q1 = Quartile 1; Q2 = Quartile 2; Q3 = Quartile 3; Q4 = Quartile 4.
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is a case-only design, only the 
patients who visited the emer-
gency department after 5:00 pm 
contributed to the analysis. Also, 
as we used claims-based data, our 
measures of access to after-hours 
primary care are utilization-
based proxies. Finally, our study 
examines a very specific question 
concerning emergency depart-
ment visits following home care 
nursing visits. This is a strength 
in that it allows for clarity in 
interpretation, but also means 
that our findings cannot be gen-
eralized to overall emergency 
department use. It may be reason-
able to assume, however, that our 
findings generalize to emergency 
department visits following visits 
with other health care clinicians 
when emerging health issues may 
be identified.

Conclusion
Home care patients were more 
likely visit an emergency depart-
ment following a home nursing 
visit, but patients with a history 
of after-hours primary care use 
had a smaller risk, particularly for 
less-urgent emergency depart-
ment visits. This suggests better 
access to after-hours primary care 
can reduce certain specific, short-
term risks of less-urgent emer-
gency department visits. These 
findings contribute evidence to 
the literature supporting the ben-
efits of increasing the availability 
of after-hours primary care.

To read or post commentaries in response to this article, see it 
online at https://www.Ann Fam Med.org/content/18/5/406.
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Figure 2. Association between home nursing and emergency 
department visits, overall and within each category of access to 
after-hours care, adjusted for other potential effect modifiers.

Odds ratio (95% CI) OR (95% CI)
Interaction 

P Value

All emergency department 
visits

Main effect

Home nursing visit  ◆ 1.30 (1.18-1.43)

Effect modifiers

Patient after-hours care use

Any care in last year  ● 1.16 (1.01-1.33) 0.02

No care in last year  ●  1.33 (1.21-1.47)

Practice-level provision of 
after-hours care

Q1 (least)  ■  1.42 (1.25-1.62) 0.12

Q2  ■  1.25 (1.10-1.42)

Q3  ■  1.28 (1.12-1.46)

Q4 (most)  ■  1.19 (1.03-1.36)

ED visit without admission

Main effect

Home nursing visit  ◆  1.42 (1.25-1.61)

Effect modifiers

Patient after-hours care use

Any care in last year  ●  1.15 (0.96-1.38) 0.002

No care in last year  ●  1.49 (1.31-1.70)

Practice-level provision of 
after-hours care

Q1 (least)  ■   1.54 (1.30-1.83) 0.23

Q2  ■   1.32 (1.11-1.57)

Q3  ■   1.45 (1.22-1.73)

Q4 (most)  ■   1.28 (1.06-1.54)

0.5 1.0 2.0

ED = emergency department; Q1 = Quartile 1; Q2 = Quartile 2; Q3 = Quartile 3; Q4 = Quartile 4.

Note: Adjusted for potential modifying effects of primary care practice type, rurality, functional impairment, 
and presence of a live-in caregiver.

https://www.AnnFamMed.org/content/18/5/406
https://www.AnnFamMed.org/content/18/5/406/suppl/DC1/
https://www.AnnFamMed.org/content/18/5/406/suppl/DC1/
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