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ABSTRACT 

Background
Whether avoidable hospitalizations in community-dwelling 
persons with dementia have decreased during primary care 
reforms is unknown. 

Methods
We described the prevalence and trends in avoidable hos-
pitalizations in population-based repeated yearly cohorts of 
192,144 community-dwelling persons with incident dementia 
(Quebec, 2000–2015) in the context of a province-wide pri-
mary care reform, using the provincial health administrative 
database. 

Results
Trends in both types of Ambulatory Care Sensitive Condition 
(ACSC) hospitalization (general and older population) and 
30-day readmission rates remained constant with average rates 
per 100 person-years: 20.5 (19.9–21.1), 31.7 (31.0–32.4), 20.6 
(20.1–21.2), respectively. Rates of delayed hospital discharge 
(i.e., alternate level of care (ALC) hospitalizations) decreased 
from 23.8 (21.1–26.9) to 17.9 (16.1–20.1) (relative change 
-24.6%). 

Conclusions
These figures shed light on the importance of the phenomenon, 
its lack of improvement for most outcomes over the years, 
and the need to develop evidence-based policies to prevent 
avoidable hospitalizations in this vulnerable population. 

Key words: primary care, interdisciplinary primary care 
teams, dementia, avoidable hospitalization, Ambulatory Care 
Sensitive Conditions

INTRODUCTION 

Persons with dementia have twice as much hospital use 
(emergency department [ED] visits and hospital admissions) 
as older persons without dementia.(1) In 2015, 25% and 20% 
of persons with dementia in Canada visited the ED or were 
hospitalized at least once.(2) They stayed in hospital twice as 
long as persons without dementia and experienced one-and-
a-half times more hospital harm than those without. A propor-
tion of this hospital use might be avoidable with appropriate 
ambulatory care, including primary care.(1) For example, in 
the United States, between 20 and 40% of hospitalizations of 
persons with dementia are potentially avoidable, as measured 
by 30-day hospital readmissions, injuries, or Ambulatory Care 
Sensitive Conditions (ACSC) hospitalizations.(3,4) 

Currently, there are more than 564,000 Canadians living 
with dementia, a figure projected to at least double by 2031 
as Canadians continue to age.(5) Health-care costs for persons 
with dementia are estimated to be five-and-a-half times greater 
than for persons without dementia.(5) Reducing avoidable hos-
pital use in persons with dementia and improving the quality 
of care they receive is a World Health Organization global 
health-care priority and one of the 2019 Canadian national 
dementia strategy objectives.(6–9)

Over the last few decades, in Canada and in many high-
income countries, primary care delivery has transformed in 
order to improve the care delivered to persons with chronic 
diseases. Interdisciplinary primary care teams have been 
implemented in order to improve primary care quality, con-
tinuity, and accessibility. This may have impacted hospital use, 
especially potentially avoidable hospital use in persons with 
dementia. Optimal primary care could improve the manage-
ment of chronic conditions and the detection and treatment of 
acute exacerbations, and thus reduce avoidable hospital use. 
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However, no study worldwide has examined hospital use 
trends in community-dwelling persons with dementia, in the 
context of a primary care reform. In Canada, there is little evi-
dence on avoidable hospital use in persons with dementia,(10–20) 
and none specifically on the community-dwelling population. 
In order to develop evidence-informed policies and programs to 
prevent avoidable hospital use in community-dwelling persons 
with dementia, we need to measure the extent of the phenom-
enon and its trend over time. In this study, we describe the 
prevalence and trends in hospital use in community-dwelling 
persons with dementia in Quebec from 2000 to 2015, in the 
context of a province-wide primary care reform.

METHODS

We conducted a repeated cohort study of hospital use in 
community-dwelling persons with dementia in Quebec. 
Quebec accounts for 20% of Canadians with dementia,(21) 
with hospitalization rates among the highest of the Canadian 
population with dementia.(2) This study was conducted and 
reported in accordance with the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE) 
and REporting of studies Conducted using Observational 
Routinely-collected health Data (RECORD) guidelines.(22,23)

Data Source
We analyzed the Quebec population-based health administra-
tive database held at the Institut national de santé publique du 
Québec (The Quebec Public Health Institute). This database 
records most services provided via the public universal health 
insurance system (e.g., medical consultation, hospitalization, 
prescription drug use) and links these health-care services 
utilization data with individual level demographics and deaths.
(24) This database covers 99% of the population 65+ in Quebec.
(24) The database was accessed by LR, who performed the 
analyses, using SAS Enterprise Guide software, 7.15 version 
(SAS Institute, Inc., Cary, NC). 

Individual-level data are not publicly available. This 
study is part of the continuous chronic disease surveillance 
mandate granted to the Institut national de santé publique 
du Québec by the provincial Minister of Health and Social 
Services and approved by the provincial Ethics Committee 
of Public Health, allowing surveillance activities without 
participant consent. In addition, it was approved by the Mc-
Gill Faculty of Medicine Institutional Review Board (study 
# A03-E21-19B)

Study Design and Population 
We analyzed repeated yearly cohorts from 2000–2001 to 
2014–2015. We included community-dwelling older adults 
(aged 65+) with a new diagnosis of dementia between April 
1st and March 31st of each year, inclusively (see details on 
included population in Appendix A). A dementia diagnosis 
was identified using a validated algorithm developed at ICES 
in Ontario and adopted by the Public Health Agency of Can-
ada.(25) Persons were considered as diagnosed with dementia if 

they had at least one dementia diagnosis in the hospitalization 
dataset, or at least three dementia diagnoses in the medical 
consultation dataset (a non-archivist revised dataset), or at 
least one prescription of a dementia-specific drug in the drug 
dataset. (See details on the algorithm in Appendix A). The 
community-dwelling population was identified as persons 
with no evidence, in the linked health administrative database, 
of living in a long-term care facility.(26) The study population 
was restricted to persons with valid sex and birth date and 
enrolled in the public provincial health insurance plan for at 
least one day of the studied year. 

Outcomes
Outcomes were measured during the follow-up period: one 
year after the diagnosis date, death, or admission to long-term 
care, whichever occurred first. We chose a one-year follow-up, 
as the year following diagnosis for persons with dementia is 
known to be especially at risk of service use and transitions.(27) 
We measured hospital use based on the following indicators: 
all-causes of ED visits, hospitalizations, and length of hospital 
stay (see details on operationalization of variables in Appendix 
B, Tables B1 and B2). Several measures of potentially avoidable 
hospital use have been used in populations with dementia.(10-

19) In order to draw a comprehensive picture, we measured the 
four most commonly used indicators of potentially avoidable 
hospital use in persons with dementia: ACSC hospitalizations 
(general and older population definitions), 30-day readmission, 
and delayed hospital discharge (i.e., alternate level of care 
(ALC) hospitalizations). (See details on operationalization of 
variables in Appendix B, Tables B1 and B2).

ACSC are conditions, “where appropriate ambulatory care 
may prevent or reduce the need for admission to hospital”.(28) 
We measured ACSC hospitalizations two ways. First, with a 
general population definition as defined by Canadian Institute 
for Health Information (CIHI).(28) Second, with an older popula-
tion definition: the measure developed by Walsh and colleagues 
on older persons dually eligible for Medicare and Medicaid, 
previously used in a population with dementia by Feng et al.(14) 
This definition includes additional conditions that are more 
specific to an older population, such as: hypotension, constipa-
tion, skin ulcers, or nutritional deficiency. Details on lists of 
conditions and International Classification of Diseases (ICD) 
codes for each definition are presented in Appendix B, Tables 
B1 and B2. Delayed hospital discharge or ALC hospitalization 
is coded, by physicians or their delegates, in the administrative 
database as “a person who has completed the acute care phase 
of his or her treatment but remained in an acute care bed”.(29) 
These prolonged hospital stays correspond to persons who can-
not be discharged from the hospital even though they do not 
require the level of care provided in hospitals; they are typically 
waiting for a long-term care admission. 

Analysis
Indicators of hospital use in each study year were summar-
ized as rates, adjusted for differential person-time. Rates were 
standardized for differences in the distribution of age and 
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sex over time using direct standardization. The age and sex 
distribution of the 2011 Canada census data was used as the 
reference population for the standardization.(30) 

We assessed the trends in indicators of hospital use based 
on graphical assessment, absolute, and relative changes from 
the last to first study year. Following this assessment, we 
classified the trends as constant, increasing, or decreasing. 
We interpreted the clinical and health-care significance of the 
trends based on the expert knowledge of over 100 researchers, 
clinicians, surveillance experts, decision-makers, managers, 
and knowledge users from the Canadian Consortium for 
Neurodegeneration and Aging, the Institut national de santé 
publique du Québec, the Quebec Ministry of Health, and the 
Quebec Alzheimer’s Plan implementation team. 

RESULTS
Study Population
From 2000 to 2015, there were 192,144 community-dwelling 
65+ persons with a new diagnosis of dementia in Quebec, on 
average 12,810 persons per year. They accounted for 1.0% 
to 1.2% of the community-dwelling 65+ persons in Quebec. 
Overall, their mean age increased by roughly one year over 

the study period (80.3 to 81.6), and the proportion of women 
decreased by five percentage points (66.2 to 61.0). The demo-
graphic characteristics of the cohorts are presented in Table 1. 

Hospital Use
From 2000–2015, the rates of at least one ED visit per 100 
person-years remained constant at an average of 59.8 (95% 
confidence interval (CI) [59.3–60.4]) (Table 2 and Figure 1a). 
The mean number of ED visits per 1 person-year remained 
constant at an average 1.4 visits (95%CI [1.4–1.4]). 

The rate of at least one hospitalization per 100 person-
years decreased from 42.9 (95%CI [40.9–45.1]) to 39.9 
(95%CI [38.4–41.5]); relative change -7.1%). Among the 
persons hospitalized, the length of hospital stay in the year of 
diagnosis per one person-year remained constant at an average 
of 47.3 days (95%CI [47.2–47.4]). 

Potentially Avoidable Hospital Use 
From 2000–2015, the rates of at least one ACSC hospital-
ization (general and older population definition) and 30-day 
readmission per 100 person-years remained constant at aver-
ages of 20.5 (95%CI [19.9–21.1], 31.7 [31.0–32.4], and 20.6 
[20.1–21.2]), respectively (Table 2 and Figure 1b). 

TABLE 1. 
Description of the cohorts of community-dwelling adults 65 years or older with a new diagnosis of dementia  

in Quebec, Canada, from 2000–2015

Community-dwelling adults 65 years or 
older with a new diagnosis of dementia

Follow-up time Age Female

Diagnostic Year N Person-year mean (SD) N (%)

2000 9117 7595 80.3 (0.1) 6031 (66.2)
2001 9500 7846 80.5 (0.1) 6272 (66.0)
2002 10102 8424 80.7 (0.1) 6581 (65.2)
2003 10370 8714 80.8 (0.1) 6696 (64.6)
2004 10822 9102 80.7 (0.1) 6962 (64.3)
2005 11282 9660 80.9 (0.1) 7163 (63.5)
2006 12804 10894 81.0 (0.1) 8110 (63.3)
2007 13008 11191 81.1 (0.1) 8232 (63.3)
2008 13525 11685 81.2 (0.1) 8574 (63.4)
2009 14433 12466 81.4 (0.1) 9263 (64.2)
2010 14556 12560 81.4 (0.1) 9288 (63.8)
2011 15519 13505 81.5 (0.1) 9636 (62.1)
2012 15716 13651 81.6 (0.1) 9634 (61.3)
2013 15925 13857 81.7 (0.1) 9747 (61.2)
2014 15455* 13424 81.6 (0.1) 9430 (61.0)
Overall Population 192144 164574 80.3 (0.0) 121619 (63.3)

SD = standard deviation
aThe 2014-2015 cohort is incomplete (See Appendix A).
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The rate of at least one delayed hospital discharge or ALC 
hospitalization per 100 person-years decreased from 23.8 
(95%CI [21.1–26.9]) to 17.9 (95%CI [16.1–20.1]); relative 
change -24.6%). Among those with ALC hospitalization, the 
length of ALC stay in the year of diagnosis for one person-
year remained constant at an average of 4.7 months (95%CI 
[4.7–4.7]).

DISCUSSION

In this descriptive study, around 40 and 60 per 100 person-
years of community-dwelling persons with dementia had at 
least one hospitalization and one ED visit during the year of 
diagnosis, respectively. In those hospitalized, the average 
length of hospital stay in the year of diagnosis was around 
1.5 months. Between 20% and 30% of those hospitalized, de-
pending on the indicator, had a potentially avoidable hospital 
use, with an average length of delayed discharge or ALC stay 
of more than 4.5 months. Most indicators remained constant 
over the 15 years.

To our knowledge, this is the first Canadian estimation of 
prevalence and trends in hospital use in community-dwelling 
persons with dementia. These findings are consistent with the 
literature on the prevalence of hospital use in community-
dwelling persons with dementia.(27,31) In Canada, only two 

studies reported hospitalization rates specifically from the 
community-dwelling population. In Ontario (2012), among 
community-dwelling home care recipients with dementia, 
around 40 and 50% had a hospitalization or an ED visit during 
the year.(31) In British Columbia (2001), in the community-
dwelling population newly diagnosed with dementia, more 
than 60% had a hospitalization in the year of diagnosis, with 
average length of stay in the year of diagnosis, for those 
hospitalized, of 42 days.(27)

Regarding potentially avoidable hospital use, the evi-
dence is scarce in Canada; specifically, there is no study of 
ACSC hospitalizations or 30-day readmissions in persons with 
dementia. Our findings are consistent with US estimates. In 
a 2013 US study, 10% and 18% of the 65+ Medicare popu-
lation with dementia had at least one ACSC hospitalization 
or one 30-day readmission during the year.(3) Regarding de-
layed hospital discharge or ALC hospitalization, our results 
are consistent with the CIHI Report on Dementia in Canada 
(2015–2016): “One in 5 seniors with dementia had an ALC 
component to their stay”.(2) 

Overall, during the entire study period, we did not ob-
serve a decrease in most indicators (7/9) of hospital use. This 
absence of variation is in contrast with the several provincial 
policies, primary care reforms, and care recommendations for 
primary care physicians that occurred or were released over 

TABLE 2.  
Hospital use (total and potentially avoidable) in the year following diagnosis among community-dwelling  

adults 65 years or older with a new diagnosis of dementia in Quebec, Canada, from 2000–2015:  
age and sex standardized rates with 95% confidence intervals, absolute and relative changes

Indicator
2000–2001  

Rateb  
(95% CI)

2014-2015  
Rateb  

(95% CI)

2000-2015
Average Rateb  

(95% CI)

Absolute 
Changec

(%)

Relative 
Changec

(%)

At least one ED visit 59.0 (56.6-61.6) 60.0 (58.1-61.9) 59.8 (59.3-60.4) + 0.9 + 1.6

Mean number of ED visits 1.3 (1.3-1.4) 1.5 (1.4-1.5) 1.4 (1.4-1.4) + 0.1 + 0.1

At least one hospitalization 42.9 (40.9-45.1) 39.9 (38.4-41.5) 41.5 (41.0-41.9) - 3.1 - 7.1

Length of hospital stay (days)a 45.7 (45.2-46.1) 44.3(44.0-44.6) 47.3 (47.2-47.4) - 1.4 - 3.0

At least one ACSC hospitalization  
(General population)a

21.0 (18.6-23.9) 21.3 (19.3-23.5) 20.5 (19.9-21.1) + 0.2 + 1.0

At least one ACSC hospitalization  
(Older population)a

33.3 (30.2-36.7) 33.2 (30.7-36.0) 31.7 (31.0-32.4) - 0.1 - 0.2

At least one 30-day readmissiona 23.7 (20.7-27.0) 21.7 (19.7-24.0) 20.6 (20.1-21.2) - 1.9 - 8.2

At least one delayed hospital discharge  
(ALC hospitalization)a

23.8 (21.1-26.9) 17.9 (16.1-20.1) 23.5 (22.9-24.1) - 5.9 - 24.6

Length of delayed hospital discharge  
(ALC stay)a (months)

4.2 (4.1-4.3) 4.4 (4.4-4.5) 4.7 (4.7-4.7) + 0.2 + 5.5

CI = confidence Interval; ED = emergency department; ACSC = Ambulatory Care Sensitive Conditions; ALC = alternate level of care
aThe length of hospital stay, Ambulatory Care Sensitive Conditions (ACSC) hospitalizations, alternate level of care (ALC) hospitalization were measured in 
the subset of persons with at least one hospital admission during the study period; 30-day readmission was measured in the subset of persons with at least 
one hospital discharge during the study period.
bRates are reported as per one person-year for length of hospital stay, mean number of ED visits, and length of ALC stay; the remaining indicators are per 
100 person-years. The census population of Canada in 2011 was used as the standard population for age and sex standardized rates.
cAbsolute and relative change are calculated between the first and last year of the study.
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the 15-year period that could have influenced hospital use in 
Quebec. However, none of these policies, reforms, or care 
recommendations specifically focused on reducing avoidable 
hospital use, which might be essential to have a measurable 
impact. Since 2000, major reforms of primary care delivery 
occurred in Quebec, including the implementation of inter-
disciplinary primary care teams, called the Family Medicine 
Groups (FMGs), to enhance primary care access, continuity, 
and quality.(32,33) In contrast to other countries relying on spe-
cialist care and memory clinics, Canadian recommendations 
for dementia care emphasize the importance of primary care 
in the care of persons with dementia.(34) Recommendations 
emphasizing this importance were issued regularly over the 
last 15 years: the Quebec Alzheimer’s Plan (Qc AP) expert 
report in 2009, and the 3rd and 4th Canadian consensus 

conferences on the diagnosis and treatment of dementia (2006 
and 2014).(35–37) The Qc AP implementation began in 2014, 
aiming at improving the quality of care offered in FMGs to 
persons living with dementia.(35) Interdisciplinary primary 
care teams are considered as the way forward to care for the 
complex and evolving cognitive, functional, emotional, and 
social needs of persons with dementia.(20,35,37) Indeed, they 
require care from an array of different services and health-
care professionals to meet these needs. The implementation 
of these interdisciplinary primary care teams responsible for 
the care of persons with dementia, by enhancing primary care 
access, continuity, and quality, could have helped decrease 
avoidable hospital use through the improvement in the man-
agement of chronic conditions, and the detection and treatment 
of acute exacerbations.(38)

FIGURE 1a. Age and sex standardized rates of hospital use in the year following diagnosis among community-dwelling 
adults 65 years or older with a new diagnosis of dementia in Quebec, Canada, from 2000-2015.
The length of hospital stay was computed as the total number of hospital days during the follow-up period in persons with at least one hospi-
talization. The rate of at least one Emergency Department visit was computed on the entire cohorts. Rates are reported as per 1 person years 
for length of hospital stay, and mean number of emergency department visits. The remaining indicators are per 100 person years. Canadian 
census population of 2011 was used as the reference population for standardization. The 2014-2015 cohort is incomplete (See Appendix A).
ED: Emergency Department
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Figure 1a. Age and sex standardized rates of hospital use in the year following diagnosis among community-dwelling 
adults 65 years or older with a new diagnosis of dementia in Quebec, Canada, from 2000-2015. 
 
The length of hospital stay was computed as the total number of hospital days during the follow-up period in persons with at least one 
hospitalization. The rate of at least one Emergency Department visit was computed on the entire cohorts. Rates are reported as per 1 person 
years for length of hospital stay, and mean number of emergency department visits. The remaining indicators are per 100 person years. Canadian 
census population of 2011 was used as the reference population for standardization. The 2014-2015 cohort is incomplete (See Supplementary 
File). 
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Figure 1a. Age and sex standardized rates of hospital use in the year following diagnosis among community-dwelling 
adults 65 years or older with a new diagnosis of dementia in Quebec, Canada, from 2000-2015. 
 
The length of hospital stay was computed as the total number of hospital days during the follow-up period in persons with at least one 
hospitalization. The rate of at least one Emergency Department visit was computed on the entire cohorts. Rates are reported as per 1 person 
years for length of hospital stay, and mean number of emergency department visits. The remaining indicators are per 100 person years. Canadian 
census population of 2011 was used as the reference population for standardization. The 2014-2015 cohort is incomplete (See Supplementary 
File). 
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FIGURE 1b. Age and sex standardized rates of potentially avoidable hospital use in the year following diagnosis among 
community-dwelling adults 65 years or older with a new diagnosis of dementia in Quebec, Canada, from 2000-2015.
The rate of Ambulatory Care Sensitive Conditions (ACSC) hospitalizations, and ALC hospitalizations were measured in the subset of persons 
with at least one hospital admission during the study period. 30-day readmission was measured in the subset of persons with at least 1 hospital 
discharge during the study period. The length of ALC stay was computed as the total number of ALC hospital days during the follow-up period 
in persons with at least one ALC hospitalization. Rates are reported as per 1 person years for length of ALC stay. The remaining indicators are 
per 100 person years. Canadian census population of 2011 was used as the reference population for standardization. The 2014-2015 cohort 
is incomplete (See Appendix A).
ACSC: Ambulatory Care Sensitive Conditions; ALC: Alternate level of care
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Figure 1b. Age and sex standardized rates of potentially avoidable hospital use in the year following diagnosis among 
community-dwelling adults 65 years or older with a new diagnosis of dementia in Quebec, Canada, from 2000-2015. 
The rate of Ambulatory Care Sensitive Conditions (ACSC) hospitalizations, and ALC hospitalizations were measured in the subset of persons 
with at least one hospital admission during the study period. 30-day readmission was measured in the subset of persons with at least 1 hospital 
discharge during the study period. The length of ALC stay was computed as the total number of ALC hospital days during the follow-up period 
in persons with at least one ALC hospitalization. Rates are reported as per 1 person years for length of ALC stay. The remaining indicators are 
per 100 person years. Canadian census population of 2011 was used as the reference population for standardization. The 2014-2015 cohort is 
incomplete (See Supplementary File). 
ACSC: Ambulatory Care Sensitive Conditions; ALC: Alternate level of care 
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On the contrary, the rate of delayed hospital discharge 
or ALC hospitalizations decreased over the 15-year period. 
Since 2006, the Quebec Ministry of Health aimed specifically 
at reducing ALC hospitalizations. One of the main interven-
tions was the implementation of the Relevé quotidien de la 
situation à l’urgence et en centre hospitalier (RQSUCH) in 
2006, a daily measurement of the number of persons identified 
as ALC at the hospital level.(39) In addition to being closely 
monitored at the Ministry level, this measurement is sent 
daily to all health-care administrators and hospital managers 
in the province. The Ministry convenes regular ALC mon-
itoring meetings with the different stakeholders involved in 
reducing ALC hospitalizations in each health-care region, 
from hospital administrators to administrators of long-term 
care and home care services, where ALC measurement, as 
well as the implementation of best practices to reduce ALC 
hospitalizations, are presented and discussed. Individualized 
follow-ups are held with institutions encountering difficulties. 
While the observed decrease in ALC is promising, we cannot 
infer causality from this observational study. Formal evalu-
ation of ministerial policies to reduce ALC hospitalizations 
are needed to inform decision-makers. 

Our results are a call for the design and implementation 
of policies and reforms to specifically target the reduction of 
avoidable hospital use in community-dwelling persons with 
dementia, especially during the year of diagnosis. One of the 
three objectives of the Canadian national dementia strategy 
is to improve the quality of life of those living with dementia 
and their caregivers, especially through an improvement of the 
quality of care they receive.(9) Reducing avoidable hospital use 
in persons with dementia is one way to improve the quality 
of life of persons with dementia and their caregivers, prevent 
adverse outcomes for persons with dementia, and minimize 
rising health-care costs. 

To prevent avoidable hospital use, Gruneir and colleagues 
emphasized the importance of offering timely access to in-
tegrated, pro-active primary care that includes community 
and home care services.(40) Indeed, offering timely access to 
supportive care was shown to prevent a share of ALC hospi-
talizations.(41) In addition, offering timely primary care access 
was shown to prevent a share of avoidable hospitalizations, 
especially ACSC hospitalizations and 30-day readmissions.
(38,42–47) Experts emphasize the importance of caring for the 
caregiver, as caregiver absence, burden, and stress are major 
drivers of crisis leading to avoidable hospitalizations.(48–52) 
Finally, palliative care approaches might be promising av-
enues, as they have been shown to prevent a large share of 
non-desired end-of-life hospitalizations in older adults.(14,53,54) 

By working closely with decision-makers, specifically 
the Quebec Ministry of Health and the Alzheimer Plan de-
sign and implementation team, and sharing these results to 
policy-makers, primary care physicians, specialists, patients, 
caregivers, and patients and caregivers’ representatives, we 
stress the vulnerability of persons with dementia to avoidable 
hospital use in the year of diagnosis. These results can be used 
to support policies and care organization. They were already 

used to inform the third phase of the Quebec Alzheimer’s Plan, 
which focuses on persons trajectories, and care coordination 
among different care providers and organizations. 

Our study has limits. We identified persons diagnosed 
with dementia with a validated algorithm.(25) Delayed di-
agnosis is highly prevalent in this population. In addition, 
being identified with this algorithm requires the use of the 
health-care system. Thus our findings might represent ser-
vice use of a subsample, those who are diagnosed and use the 
health-care system, of the entire population with dementia. 
Our estimations are specific to the Quebec context. Further 
studies in other countries are needed to inform policy makers. 

This study is the first Canadian population-based descrip-
tive study of the prevalence and trends over 15 years of hos-
pital use in community-dwelling persons with dementia. This 
study highlights the magnitude of the phenomenon, and for 
most indicators, their absence of improvement over the study 
period. As Canada is implementing its federal dementia strat-
egy and several provinces are conducting Alzheimer’s Plans, 
these findings are particularly relevant and timely.(9) Health-
care professionals know the adverse outcomes associated with 
hospital use in persons with dementia. These figures are a call 
for action to develop and implement evidence-based policies 
to prevent avoidable hospital use in this vulnerable population. 
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APPENDIX A. POPULATION
We included community-dwelling older adults (aged 65+) 
with a new diagnosis of dementia between April 1st and March 
31st of each year inclusive. A dementia diagnosis was identi-
fied through a validated algorithm developed in Ontario by 
ICES and adopted by the Public Health Agency of Canada.(1)

The definition of dementia used to develop the algorithm 
includes Alzheimer’s disease, vascular dementia, dementia in 
other diseases classified elsewhere (frontotemporal dementia, 
idiopathic normal pressure hydrocephalus), and unspecified 
dementia (senile dementia, presenile dementia). The Inter-
national Classification of Diseases (ICD)-9 and 10 codes used 
are: ICD-9 (46.1, 290.0, 290.1, 290.2, 290.3, 290.4, 294.x, 
331.0, 331.1, 331.5, 331.82); ICD-10 (F00.x, F01.x, F02.x, 
F03.x, G30.x). The following characteristics were found in 
a validation study using as reference diagnoses recorded in 

https://www12.statcan.gc.ca/census-recensement/2011/dp-pd/index-eng.cfm
https://www12.statcan.gc.ca/census-recensement/2011/dp-pd/index-eng.cfm
http://www.msss.gouv.qc.ca/repertoires/indicateurs-gestion/sources/rqsuch-j74
http://www.msss.gouv.qc.ca/repertoires/indicateurs-gestion/sources/rqsuch-j74
mailto:claire.godard-sebillotte@mail.mcgill.ca
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electronic medical records: sensitivity 79.3% (confidence 
interval (CI) 72.9–85.8%), specificity 99.1% (CI 98.8–99.4%), 
positive predictive value 80.4% (CI 74.0–86.8%), and nega-
tive predictive value 99.0% (CI 98.7–99.4%).(1) 

Persons were considered as diagnosed with dementia if 
they had at least one of the following conditions: 

•	 One dementia diagnosis (primary or secondary) in 
the hospitalization dataset, since the age of 40; or

•	 At least 3 dementia diagnoses at least 30 days apart 
in a two-year period in the medical consultation 
dataset, since the age of 40; or

•	 One prescription of a dementia related drug in the 
prescription drug use dataset, since the age of 40 
(drugs are recorded in the database as of age 65 
for every person, and for around one third of the 
population aged 40–64). 

The date of diagnosis was the date on which the first of the 
three criteria became positive. For persons whose algorithm 
became positive through medical claims, the first medical 
claim was considered as the date of diagnosis. 

It is to be noted, that the last available year of data, as of 
when we performed the analysis, was 2015–2016. Since the 
algorithm identifying dementia requires two years of data to 
identify every incident diagnosis, the 2014–2015 cohort is 

incomplete. Since around 75% of the diagnoses are identi-
fied within one year, the 2014–2015 cohort might be missing 
around 25% of incident diagnoses. 

APPENDIX B. OUTCOMES: 
DETAILED DEFINITIONS

Hospital Use 
We measured ED visits (probability of having at least one and 
mean number), hospitalization (probability of having at least 
one) and length of hospital stay. All causes were considered. 
A validated algorithm was used to identify distinct visits to 
the ED.(2) Day surgeries were excluded from the computation 
of hospitalizations. The rates of ED visits (at least one and 
mean number) and hospitalization were computed on the 
entire cohorts. The length of hospital stay was computed as 
the total number of hospital days during the follow-up period 
in persons with at least one hospitalization.

Potentially Avoidable Hospitalization 
There are several definitions and measures of potentially avoid-
able hospitalization used in populations with dementia.(3-12) In 
order to draw a comprehensive picture, we measured the four 
most common indicators of potentially avoidable hospital use in 
persons with dementia: Ambulatory Care Sensitive Conditions 

TABLE B1. 
International Classification of Diseases (ICD) codes for the measures of  

Ambulatory Care Sensitive Conditions (ACSC) hospitalizations (general population definition)

Hospitalizations with a  
most responsible diagnosis of

IC9-CM IC10-CA

Ambulatory 
care sensitive 
conditions (ACSC) 
hospitalization: 
general population 
definition

Asthma 493 J45

Cardiac heart failure 428 / 518.4 I50 / J81

Chronic obstructive  
pulmonary disorder (COPD) 

491 / 492 / 494 / 496 J41 / J42 / J43 / J44 / J47 

Diabetes 250.0 / 250.1 / 250.2 / 250.8 E10.0 / E10.1 / E10.63 / E10.64 
/ E10.9 / E11.0 / E11.1 / E11.63 / 
E11.64 / E11.9 / E13.0 / E13.1 / 
E13.63 / E13.64 / E13.9 / E14.0 / 
E14.1 / E14.63 / E14.64 / E14.9

Hypertension 401.0 / 401.9 / 402.0 / 402.1 / 
402.9

I10.0 / I10.1 / I11

Angina 411.1 / 411.8 / 413 I20 / I23.82 / I24.0 / I24.8 / I24.9 

Seizures (Grand mal status and other 
epileptic convulsions)

345 G40 / G41 

Hypotension 458.0 / 458 / 458.8.1 / 458.21 
/458.29 / 458.9

I95.1 / I95.89 / I95.3 / I95.2 / 
I95.81 / I95.9 

Dehydration, volume depletion acute 
renal failure hypokalemia hyponatremia 

276.5 / 276.8 / 584.5 / 584.6 / 
584.7 / 584.8 / 584.9 / 588.81 / 
588.89 / 588.9 / 276.1 / 276.8

E87.1 / E86.9 / E86.0 / E86.1 / 
E87.6 / N17.0 / N17.1 / N17.2 / 
N17.8 / N17.9 / N25.81 / N25.89 
/ N25.9
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TABLE B2. 
International Classification of Diseases (ICD) codes for the measures of  

Ambulatory Care Sensitive Conditions (ACSC) hospitalizations (older population definition)

Hospitalizations with a most 
responsible diagnosis of

IC9-CM IC10-CA

Ambulatory 
care sensitive 
conditions (ACSC) 
hospitalization – 
Older Population 
Definition

Asthma 493 / 493.01 / 493.02 / 493.10 / 
493.11 / 493.12 / 493.20 / 493.21 / 
493.22 / 493.81 / 493.82 / 493.90 / 
493.91 / 493.92

J45.20 / J45.22 / J45.21 / J44.9 / J44.0 
/ J44.1 / J45.990 / J45.991 / J45.909 / 
J45.998 / J45.902 / J45.901

Cardiac heart failure, 
Congestive heart failure  
(CHF) 

428 / 518.4 398.91 / 402.11 / 
402.91 / 404.11 / 404.13 / 404.91 / 
404.93 / 428.0 / / 428.1 / 428.20 / 
428.21 / 428.22 / 428.23 / 428.30 / 
428.31 / 428.32 / 428.33 / 428.40 
/ 428.41 / 428.42 / 428.43 / 428.9 
/ 518.4 

I50.9 / I50.1 / I50.20 / I50.21 / I50.22 / 
I50.23 / I50.30 / I50.31 / I50.32 / I50.33 / 
I50.40 / I50.41 / I50.42 / I50.43 / J81.0 / 
I09.81 / I11.0 / I13.0 / I13.2

Chronic obstructive  
pulmonary disorder 
(COPD), Chronic 
bronchitis 

491 / 492 / 494 / 496 466.0 / 466.11 
/ 466.19 / 490. / 491.1 / 491.20 / 
491.21 / 491.8 / 491.9 / 492.0 / 
492.8 / 494.0 / 494.1 / 

J41.0 / J41.1 / J44.9 / J44.1 / J41.8 / J42 / 
J43.9 / J47.9 / J47.1 / J20.9 / J21.0 / J21.8 
/ J40

Diabetes/Poor glycemic 
control/ hyper- and 
hypoglycemia: diabetes 
mellitus with ketoacidosis 
or hyperosmolar coma 

250.0 / 250.1 / 250.2 / 250.8 / 
250.02 / 250.03 / 250.10 / 250.11 / 
250.12 / 250.13 / 250.20 / 250.21 / 
250.22 / 250.23 / 250.30 / 250.31 
/ 250.32 / 250.33 / 251.0 / 251.2 / 
790.29

E11.9 / E10.9 / E11.65 / E10.65 / 
E11.01 / E11.69 / E13.10 / E10.10 / 
E11.00 / E11.641 / E10.641 / E10.618 
/ E10.620 / E10.621 / E10.622 / 
E10.628 / E10.630 / E10.638 / E10.649 
/ E11.618 / E11.620 / E11.621 / 
E11.622 / E11.628 / E11.630 / E11.638 
/ E11.649 / E15 / E16.2 / R73.03 / 
R73.09 / E10.69 / E10.11

Hypertension 401.0 / 401.9 / 402.0 / 402.1 / 402.9 
/ / 403.10 / 403.90 / 404.10 / 404.90 

I10 / I16.9 / I11.9 / I11.0 / I13.10 / 
I20.0 / I12.9

Angina 411.1 / 411.8 / 413 I20.0 / I24.0 / I24.8 / I20.8 / I20.1 / I20.9

Seizures (Grand mal 
status and other epileptic 
convulsions)

345 / 345.01 / 345.10 / 345.11 
/ 345.2 / 345.3 / 345.40 / 
345.41345.50 / 345.51 / 345.60 / 
345.61 / 345.70 / 345.71 / 345.80 
/ 345.81 / 345.90 / 345.91436. / 
780.31 / 780.39

G40.401 / G40.409 / G40.311 / G10.411 / 
G40.419 / G40.A01 / G40.A09 / G40.A11 
/ G40.A19 / G40.301 / G40.201 / G40.209 
/ G40.211 / G40.219 / G40.101 / G40.109 
/ G40.111 / G40.119 / G40.821 / G40.822 
/ G40.823 / G40.824 / G40.501 / G40.509 
/ G40.802 / G40.804 / G40.901 / G40.909 
/ G40.911 / G40.919 / I67.89 / R56.00 / 
R56.9

Hypotension 458.0 / 458 / 458.8.1 / 458.21 
/458.29 / 458.9

I95.1 / I95.89 / I95.3 / I95.2 / I95.81 / I95.9 

Dehydration, volume 
depletion acute renal failure 
hypokalemia hyponatremia 

276.5 / 276.8 / 584.5 / 584.6 / 584.7 
/ 584.8 / 584.9 / 588.81 / 588.89 / 
588.9 / 276.1 / 276.8

E87.1 / E86.9 / E86.0 / E86.1 / E87.6 / 
N17.0 / N17.1 / N17.2 / N17.8 / N17.9 / 
N25.81 / N25.89 / N25.9

Pneumonia (Lower 
respiratory: pneumonia 
& bronchitis)

480.0 / 480.1 / 480.2 / 480.3 / 480.8 
/ 480.9 / 481. / 482.0 / 482.1 / 482.2 
/ 482.30 / 482.31 / 482.32 / 482.39 / 
482.40 / 482.41 / 482.49 / 482.81 / 
482.82 / 482.83 / 482.84 / 482.89 / 
482.9 / 483.0 / 483.1 / 483.8 / 485. / 
486. / 507.0

J12.0 / J12.1 / J12.2 / J12.81 / J12.89 / 
J12.9 / J13 / J18.1 / J15.0 / J15.1 / J14 / 
J15.4 / J15.3 / J15.20 / J15.211 / J15.29 / 
J15.8 / J15.5 / J15.6 / A48.1 / J15.9 / J15.7 / 
J16.0 / J16.8 / J18.0 / J18.9 / J69.0
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(ACSC) hospitalizations (general and older population defin-
itions), 30-day readmission, and delayed hospital discharge 
(i.e., alternate level of care (ALC) hospitalizations). 

ACSC are conditions, “where appropriate ambulatory care 
may prevent or reduce the need for admission to hospital”.(13) 
We measured ACSC hospitalizations two ways. First, with a 
general population definition as defined by Canadian Institute 
for Health Information (CIHI). Second, with an older popula-
tion definition: the measure developed by Walsh and colleagues 
on older persons dually eligible for Medicare and Medicaid, 
previously used in a population with dementia by Feng et 
al.(7,14) This definition includes additional conditions that are 
more specific to an older population such as: hypotension, 
constipation, skin ulcers, or nutritional deficiency. See details 
on lists of conditions and ICD codes for each definition below. 

The list of conditions included in the CIHI measure (gen-
eral population definition) are asthma, cardiac heart failure, 
chronic obstructive pulmonary disorder (COPD), diabetes, 
hypertension, angina, seizures (see Table B1). The list of con-
ditions included in the older population definition are asthma, 
cardiac heart failure, Chronic obstructive pulmonary disorder 
(COPD), diabetes, hypertension, hypotension, dehydration, 
pneumonia, urinary tract infection (UTI), constipation, skin 
ulcers, weight loss, nutritional deficiency, adult failure to 
thrive, seizures (see Table B2). 

Thirty-day readmission included any all cause hospital 
readmission within 30 days after any hospital discharge. Day 
surgeries were excluded from the computation of 30-day 
readmission. Thirty-day readmission was measured in the 
subset of persons with at least one hospital discharge during 
the study period, while the other indicators of potentially 

avoidable hospital use were measured in the subset of persons 
with at least one hospital admission. 

Delayed hospital discharge or ALC hospitalization is 
coded, by physicians or their delegates, in the administrative 
database as “a person who has completed the acute care phase 
of his or her treatment but remained in an acute care bed”.(27) 
These prolonged hospital stays correspond to persons who 
cannot be discharged from the hospital even though they do 
not require the level of care provided in hospitals, mostly 
waiting for a long-term care admission. The length of delayed 
hospital discharge or ALC stay was computed as the total 
number of ALC hospital days during the follow-up period in 
persons with at least one ALC hospitalization.(22) 
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