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Trends in 1-year survival of people admitted to hospital

in Ontario, 1994-2009

Carl van Walraven MD MSc

— ABSTRACT

Background: Changes in the long-term survival
of people admitted to hospital is unknown.
This study examined trends in 1-year survival
of patients admitted to hospital adjusted for
improved survival in the general population.

Methods: One-year survival after admission to
hospital was determined for all adults admit-
ted to hospital in Ontario in 1994, 1999, 2004,
or 2009 by linking to vital statistics datasets.
Annual survival in the general population was
determined from life tables for Ontario.

Results: Between 1994 and 2009, hospital use
decreased (from 8.8% to 6.3% of the general
adult population per year), whereas crude 1-
year mortality among people with hospital
admissions increased (from 9.2% to 11.6%).
During this time, patients in hospital became
significantly older (median age increased from
51 to 58 yr) and sicker (the proportion with a
Charlson comorbidity index score of 0 decreased

from 68.2% to 60.0%), and were more acutely
ill on admission (elective admissions decreased
from 47.4% to 42.0%; proportion brought to
hospital by ambulance increased from 16.1% to
24.8%). Compared with 1994, the adjusted odds
ratio (OR) for death at 1 year in 2009 was 0.78
(95% confidence interval [CI] 0.77-0.79). How-
ever, 1-year risk of death in the general popula-
tion decreased by 24% during the same time.
After adjusting for improved survival in the gen-
eral population, risk of death at 1 year for peo-
ple admitted to hospital remained significantly
lower in 2009 than in 1994 (adjusted relative
excess risk 0.81, 95% Cl 0.80-0.82).

Interpretation: After accounting for both the
increased burden of patient sickness and
improved survival in the general population,
1-year survival for people admitted to hospital
increased significantly from 1994 to 2009. The
reasons for this improvement cannot be
determined from these data.

ospitals have a special place in most
H health care systems. Hospital staff care

for the people with the most serious
illnesses and the most vulnerable. They are fre-
quently the location of many life-defining
moments — including birth, surgery, acute
medical illness and death — of many people
and their families. Hospitals serve as a focus in
the training of most physicians. In addition,
they consume a considerable proportion of
health care expenditures worldwide.'

Given the prominence of hospitals in health
care systems, measuring outcomes related to hos-
pital care is important. In particular, the measure-
ment of trends for outcomes of hospital care can
help us to infer whether the care provided to hos-
pital patients is improving. Previous such studies
have focused on survival trends for specific dis-
eases or patients who received treatment in spe-
cific departments.”"> None of these studies have
adjusted for survival trends in the general popula-
tion, the adjustment for which is important to
determine whether changes in survival of patients
in hospital merely reflect changes in the overall
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population. In this study, whether or not patient
outcomes have changed over time was deter-
mined by examining trends in 1-year survival in
all patients admitted to hospital, adjusting for
improved survival in the general population.

Methods

Study design and data sources

This study used 2 population-based administra-
tive databases to identify patients admitted to
hospital in Ontario during the study period: the
Discharge Abstract Database, which records
demographic and diagnostic information on all
nonpsychiatric admissions to hospital, and the
Registered Persons Database, which records the
date of death for all residents of Ontario.

Study period and population

Population life tables for Ontario were used to
measure trends in 1-year survival of adults admit-
ted to hospital relative to the general population.
At the time of the study, 2009 was the latest year
for which life tables were available. To measure
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trends in survival of patients admitted to hospital,
5-year decrements from 2009 were selected to
the earliest year possible given the data available
in the Discharge Abstract Database and Regis-
tered Persons Database (i.e., 1991).

The Discharge Abstract Database was used to
identify all adults (defined as age > 20 yr) admit-
ted to any Ontario acute care hospital in 1994,
1999, 2004 or 2009. Exclusions included same-
day surgeries, admissions to psychiatric facilities
(because their data are captured in another data
set), and admissions to in-patient rehabilitation
or long-term care facilities (because they are dis-
tinct from acute care hospitals). In addition,
patients ineligible for health care coverage in
Ontario were excluded because the capture of
their outcomes would be incomplete. Only the
first admission for each person in each year was
used in the analysis.

Outcome measures
The primary outcome was all-cause mortality
within 1 year of admission to hospital. This out-
come was chosen instead of in-hospital mortality
to account for potential temporal changes in sev-
eral factors, including patient discharge thresh-
olds (which could decrease over time as lengths
of stay decrease, thereby potentially decreasing
in-hospital mortality at the expense of an
increased risk of death after discharge) and
home-based palliative care services after admis-
sion to hospital (the increased prevalence of such
services over time and increasing prevalence of
dying at home for patients with recent stays in
hospital” could decrease the risk of death in hos-
pital). The Registered Persons Database was
used to determine whether patients died within
the year following their admission date.
Covariates were identified from each person’s
Discharge Abstract Database record and included
age, sex, urgency of the admission (elective or
urgent), whether the patient arrived by ambulance,
admission service (medical, surgical or obstetrics—
gynecology) and comorbidity. Comorbidity was
measured using the Charlson comorbidity index
score, as calculated by diagnoses coded in each
person’s index Discharge Abstract Database
record, as well as those coded for all admissions
to hospital within the previous year. To calculate
the final Charlson comorbidity index score, the
International Classification of Diseases, 9th revi-
sion, clinical modification (ICD-9-CM), and Inter-
national Classification of Diseases, 10th revision
(ICD-10), diagnostic codes were grouped into the
Charlson medical conditions using methods from
Quan and colleagues' and weights from
Schneeweiss and colleagues.” Finally, admissions
were categorized into primary diagnosis groups
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using the ICD-9-CM code for their most responsi-
ble diagnosis; to do this for the 2004 and 2009
cohorts, ICD-10 codes were first converted to
ICD-9-CM using “cross-walks” from the Cana-
dian Institute for Health Information.

Statistical analysis

Ontario adult population estimates from Statis-
tics Canada for each study year were used to cal-
culate rates of hospital use. Multivariate bi-
nomial logistic regression was used to measure
the independent association of admission year
with risk of death at 1 year adjusted for patient
factors (age, sex and Charlson comorbidity index
score) and admission covariates (urgency, ser-
vice and ambulance status). To further delineate
trends in survival, this model was repeated for
secondary outcomes, including death in hospital
and death after discharge (up to 1 year after
admission).

Ontario life tables for each study year were
used to determine the annual risk of death in the
general population for all age—sex strata. Meth-
ods from Dickman and colleagues'®"” were used
to measure the unadjusted 1-year risk of death
for patients in hospital relative to the Ontario
population. This unadjusted relative survival was
calculated as the ratio of observed survival (cal-
culated as e™, where x is the observed number of
deaths divided by the total observation time) to
expected survival (determined from provincial
life tables). To compare relative survival between
years, standardized weighted mean relative sur-
vival was calculated using weights based on age
proportions from all 4 years in the study period.

Multivariate relative survival models were
then used to measure trends of 1-year survival in
patients in hospital, adjusting for patient-level
covariates, as well as the improved survival of the
general population. Relative survival models are
additive hazards models in which the total hazard
(or risk) of death in the patient group is the sum
of the known hazard in the general population
and the excess hazard in the patient group.” The
hazard for the general population was determined
from Ontario life tables. The parameter estimates
for the full relative survival model were deter-
mined with a Poisson error structure in SAS 9.3"
and were exponentiated to calculate the relative
excess risk.” The relative excess risk quantifies
the change in death risk relative to the compara-
tor group, adjusted for model covariates and
changes in population survival over time.

Results

During the 4 years studied, a total of 3616 026
nonpsychiatric admissions to hospital for adults
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occurred in Ontario. Of these admissions,
1060 123 were excluded because they were repeat
admissions, for a total of 2 555 903 adult residents
of Ontario with at least 1 admission during the
study period. Population-based rates of admission
to hospital decreased significantly between 1994
and 2009 (8.8% v. 6.3%, Mantel-Haenszel > for
trend 41 478, p < 0.001) (Table 1).

From 1994 to 2009, crude mortality 1 year

Table 2: Odds of death within 1 year of admission to hospital
Model B:
Model A: Relative survival,*
Factor Adjusted OR (95% ClI)  excess risk (95% Cl)
Study year
1994 1.00 (ref) 1.00 (ref)
1999 0.92 (0.91-0.94) 0.93 (0.91-0.94)
2004 0.90 (0.89-0.91) 0.92 (0.91-0.93)
2009 0.78 (0.77-0.79) 0.81 (0.80-0.82)
Patient age, yr
20-25 1.00 (ref) 1.00 (ref)
25-29 1.09 (0.98-1.22) 1.16  (1.03-1.30)
30-34 1.37 (1.24-1.51) 1.44  (1.30-1.60)
35-39 1.95 (1.78-2.13) 1.96 (1.77-2.16)
40-44 2.69 (2.46-2.94) 2.53 (2.30-2.78)
44-49 3.25 (2.98-3.54) 290 (2.65-3.19)
50-55 3.94 (3.62-4.29) 3.33  (3.04-3.65)
55-59 4.56 (4.19-4.96) 3.69 (3.36-4.04)
60-64 5.42 (4.98-5.89) 411  (3.76-4.51)
65-69 6.37 (5.86-6.92) 450 (4.11-4.93)
70-75 7.54 (6.94-8.19) 4.87 (4.44-5.33)
75-79 9.28 (8.54-10.1) 531 (4.85-5.81)
80-84 11.9 (11.0-13.0) 5.85 (5.34-6.40)
85-89 16.0 (14.8-17.4) 6.44  (5.88-7.06)
90-94 25.0 (23.0-27.2) 8.08 (7.37-8.86)
>95 43.8 (40.1-47.9) 10.58  (9.59-11.7)
Female sex 0.8 (0.79-0.81) 0.89 (0.88-0.91)
Charlson comorbidity index
score
0 1.00 (ref) 1.00 (ref)
1-2 2.85 (2.81-2.89) 493 (4.82-5.04)
3-4 4.60 (4.53-4.67) 8.87 (8.66-9.08)
>5 17.0 (16.8-17.3) 26.8 (26.2-27.4)
Elective admission 0.57 (0.56-0.58) 0.54 (0.54-0.55)
Arrival by ambulance 1.70 (1.68-1.71) 1.58 (1.56-1.60)
Admitting service
Medicine 1.00 (ref) 1.00 (ref)
Surgery 0.63 (0.63-0.64) 0.62 (0.61-0.63)
Obstetrics—Gynecology 0.22 (0.20-0.23) 0.20  (0.19-0.22)
Note: CI = confidence interval, OR = odds ratio.
*Relative excess risk quantifies risk of death relative to the comparator group adjusted for
model covariables and changes in population survival over time.
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after admission increased progressively from
9.2% to 11.6% (yx* for trend 2247, p < 0.001)
(Table 1). However, patients admitted to hospital
during this time were progressively older and
sicker (Table 1): the median age of patients
increased from 51 to 58 years, the proportion of
patients with scores of 0 on the Charlson comor-
bidity index decreased from 68.2% to 60.0%, the
proportion of patients admitted electively de-
creased from 47.4% to 42.0%, and the propor-
tion of patients brought to hospital by ambulance
increased from 16.1% to 24.8%. Overall, the
proportion of patients within each primary diag-
nosis group was consistent throughout the study.
After adjusting for changes in patient charac-
teristics over the years studied, the 1-year risk of
death decreased significantly between 1994 and
2004. Independent of patient age, sex and comor-
bidity, admission urgency and service, and ambu-
lance status, the 1-year adjusted odds of death
were 22% lower in 2009 than in 1994 (adjusted
odds ratio [OR] 0.78, 95% CI 0.77-0.79) (Table 2,
model A). The adjusted relative odds of death
increased notably with patient age (adjusted OR
43.8,95% CI140.1-47.9 in patients aged =295 yr v.
patients aged < 25 yr) and comorbidity burden
(adjusted OR 17.0, 95% CI 16.8—17.3 for patients
with Charlson comorbidity index score > 5 v. 0).
Compared with patients admitted to medical
wards, the adjusted odds of death were 37% lower
in patients admitted to surgical wards (adjusted
OR 0.63, 95% CI10.63-0.64) and 78% lower in
patients admitted to an obstetrics—gynecology ser-
vice (adjusted OR 0.22, 95% CI0.20-0.23). The
logistic model had excellent discrimination (C sta-
tistic 0.896) and very good calibration (Appen-
dix 1, available at www.cmaj.ca/lookup/suppl/doi
:10.1503/cma;j.130875/-/DC1). Significant im-
provements between 1994 and 2009 were also
seen when the model outcome was either death in
hospital or death after discharge (Appendix 2,
available at www.cmaj.ca/lookup/suppl/doi:10
.1503/cmaj.130875/-/DC1).

Changes in survival in the general
population

The annual risk of death in the general popula-
tion notably decreased during the study period
for most age groups (Figure 1A). During all
4 years studied, the annual risk increased signifi-
cantly with patient age, but decreased throughout
the study period (relative to 1994 values) within
almost all age strata (Figure 1B). For people
under 50 years of age, the annual risk of death
(relative to 1994) decreased by 18% in 1999,
22% in 2004 and 28% in 2009 (data not shown).
More consistent separation in survival between
the years was seen in people 50 years of age and
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older: relative to 1994, the average relative death
risk in this age group decreased progressively by
4% in 1999, 14% in 2004 and 22% in 2009 (data
not shown).

Survival of patients in hospital relative to
the general population

Survival of patients discharged from hospital rela-
tive to the general population decreased as patients
aged. For women, the average relative survival
(over all 4 years studied) was 99.8% for women
20 years of age, 94.8% for women 50 years of age
and 80.3% in women 80 years of age, respectively

(data not shown). Relative survival was signifi-
cantly lower for men, with corresponding values of
98.8%, 93.4% and 73.6% (data not shown). Unad-
justed relative survival in the entire population
(accounting for the significantly increased age of
the population in hospital in 2009 v. 1994) de-
creased slightly for both women (92.1% in 1994 v.
91.2% in 2009) and men (89.2% in 1994 v. 88.5%
in 2009) (data not shown).

Relative survival of patients in hospital was
poorest in strata defined by covariables that
increased the risk of death. For example, unad-
justed relative survival decreased as Charlson
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Figure 1: Annual risk of death for adults in Ontario, 1994-2009. (A) Annual risk of death in each study cohort year for all adults.

(B) Decrease in annual risk of death relative to 1994.
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comorbidity index score increased (Table 3).
Similar patterns were seen for admission
urgency, ambulance status and admission service
(Table 3). After standardizing for significant
changes in the age structure of patients admitted
to hospital, unadjusted relative survival changed
minimally within all covariable strata.

Significant increases in 1-year survival for
patients in hospital were seen in the adjusted rel-
ative survival model (Table 2, model B). After
accounting for notable improvements in survival
for the general population (Figure 1B) and
adjusting for the important covariables that influ-
ence patient outcomes (Table 1), 1-year risk of
death for patients admitted to hospital decreased
significantly throughout the study period
(Table 4). Improved adjusted relative survival
was consistent in all patient strata but appeared
to vary significantly by patient age and Charlson
comorbidity index score. Improved relative sur-
vival between 1994 and 2009 was particularly
prominent in younger patients, as patient comor-
bidity increased, and in patients with diseases of
the circulatory system, nervous system and
blood or blood-forming organs, as well as infec-
tious or parasitic diseases.

Interpretation
Hospital care is common and consumes a large

proportion of health care resources. It is there-
fore important to measure trends in outcomes of

Table 3: Age- and sex-standardized 1-year relative survival of patients with
hospital admissions by patient group and study year
Study year, relative survival, %
Patient group 1994 1999 2004 2009
Charlson comorbidity
index score
0 93.9 93.4 93.4 93.4
1-2 87.1 86.0 86.2 86.1
3-4 83.7 82.2 82.3 82.2
>5 84.8 83.4 83.6 83.5
Admission urgency
Elective 94.4 94.0 94.0 94.0
Urgent 88.4 87.4 87.5 87.3
Arrival by ambulance
No 92.6 92.0 92.1 92.1
Yes 84.5 83.0 83.1 82.9
Admitting service
Medicine 87.0 85.9 86.0 85.9
Surgical 90.5 89.7 89.8 89.8
Obstetrics—Gynecology 98.3 98.2 98.1 98.1
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patients admitted to hospital to help gauge the
performance of this component of the health care
system. This retrospective cohort study found
that, between 1994 and 2009, hospital use in
Ontario decreased, but patient sickness
increased. In addition, the crude 1-year risk of
death for patients with hospital admissions
increased, but decreased when adjusted for
important confounders. During the same period,
all-cause risk of death in the general population
decreased, but this trend did not explain the
improved 1-year adjusted survival seen in
patients with hospital admissions. This study
identifies important improvements in health out-
comes in a very common patient population.

A study by Ford and colleagues" attributed
reduced mortality trends in coronary artery dis-
ease to medical treatment and risk factor modifi-
cation. These mechanisms could also explain
improved survival in patients admitted to hospi-
tal. Improved survival may reflect advances in
medical care since the early 1990s, such as inter-
ventions for acute coronary syndromes,” aggres-
sive use of statin and antiplatelet therapy in
chronic coronary artery disease,” the use of
angiotensin-converting enzyme (ACE)
inhibitors, angiotensin-receptor blockers and [3-
blockers for congestive heart failure,*
implantable cardioverter defibrillators for sudden
cardiac death,” aromatase inhibitors and other
hormone treatments for breast cancer,? and
effective antiretroviral therapy for AIDS.” This
trend may also reflect increased uptake of evi-
dence-based treatments. For example, studies
have shown increased use of evidence-based
treatments for cardiovascular diseases including
B-blockers, statins, ACE inhibitors and
angiotensin-receptor blockers in patients after
myocardial infarction” and in patients with con-
gestive heart failure.

In addition to advances in treatments and
increased use of such improvements, the positive
effects of preventive health strategies might fur-
ther explain these results. It is possible that a
greater focus on lifestyle modifications over the
study period contributed to the improved out-
comes of patients admitted to hospital.

Limitations

The earliest date of the study was 1994 owing to
data availability. It is possible that improved
patient survival would have been more extensive
if one had been able to look back further in time.
In addition, it is uncertain whether these results
are generalizable to other jurisdictions. Because
the data required for this study are available in
many countries, these analyses could be repli-
cated in other provinces and countries to deter-



RESEARCH

mine whether similar results are seen elsewhere. comorbidity score is due to more complete diag-
It cannot be determined whether — and to  nostic coding over time. If this potential bias was
what extent — the increased patient Charlson  pervasive, then the odds of death would be

Table 4: Changes in adjusted excess risk of death at 1 year relative to 1994 in specific patient groups
Excess risk of death, adjusted* HR (95% Cl)
Patient group 1999 2004 2009
Overall 0.926 (0.914-0.939) 0.918 (0.906-0.930) 0.806 (0.796-0.897)
Age, yr
<50 0.846 (0.807-0.888) 0.868 (0.828-0.911)  0.780 (0.743-0.819)
50-69 0.870 (0.849-0.891) 0.875 (0.854-0.896) 0.759 (0.741-0.777)
70-79 0.930 (0.909-0.952) 0.920 (0.899-0.942) 0.797 (0.778-0.816)
>80 1.002 (0.978-1.026) 0.977 (0.955-1.000) 0.883 (0.864-0.903)
Sex
Female 0.931 (0.913-0.949) 0.941 (0.924-0.959)  0.825 (0.809-0.840)
Male 0.924 (0.907-0.941) 0.897 (0.881-0.914) 0.789 (0.775-0.803)
Charlson comorbidity index score
0 1.088 (1.032-1.148) 1.203 (1.144-1.264) 1.201 (1.143-1.262)
1-2 0.919 (0.897-0.942) 0.992 (0.968-1.017)  0.861 (0.840-0.883)
3-4 0.936 (0.911-0.962) 0.886 (0.862-0.911) 0.786 (0.765-0.808)
>5 0.890 (0.873-0.908) 0.846 (0.830-0.863) 0.750 (0.736-0.765)
Admission urgency
Elective 0.937 (0.924-0.950) 0.939 (0.926-0.952)  0.839 (0.828-0.851)
Urgent 0.957 (0.920-0.995) 0.891 (0.855-0.929) 0.656 (0.628-0.684)
Arrival by ambulance
No 0.899 (0.883-0.915) 0.918 (0.901-0.935)  0.802 (0.787-0.817)
Yes 0.961 (0.943-0.980) 0.926 (0.909-0.944) 0.830 (0.815-0.845)
Admitting service
Medicine 0.961 (0.943-0.980) 0.926 (0.909-0.944) 0.830 (0.815-0.845)
Surgery 0.946 (0.914-0.979) 0.884 (0.854-0.915)  0.709 (0.684-0.734)
Obstetrics—Gynecology 0.903 (0.751-1.086) 1.182 (0.992-1.409) 0.829 (0.689-0.997)
Primary diagnosis group
Diseases of the circulatory system 0.903 (0.880-0.926) 0.865 (0.843-0.888) 0.713 (0.694-0.733)
Diseases of the digestive system 0.980 (0.930-1.033) 0.979 (0.930-1.030)  0.840 (0.799-0.883)
Diseases of the genitourinary system 1.006 (0.923-1.097) 1.019 (0.940-1.106)  0.874 (0.808-0.945)
Neoplasms 0.913 (0.892-0.935) 0.903 (0.882-0.925) 0.778 (0.759-0.797)
Injury and poisoning 1.123 (1.053-1.198) 1.085 (1.017-1.158) 0.987 (0.927-1.051)
Diseases of musculoskeletal system 1.103 (0.954-1.276) 1.014 (0.875-1.176) 0.770 (0.664-0.893)
Diseases of the respiratory system 0.984 (0.947-1.022) 1.099 (1.059-1.141) 1.006 (0.970-1.044)
Symptoms, signs and ill-defined conditions 1.071 (0.999-1.149) 1.131 (1.057-1.209) 1.063 (0.995-1.136)
Endocrine, nutritional, metabolic and immune diseases 0.960 (0.888-1.039) 0.976 (0.905-1.052)  0.864 (0.802-0.931)
Factors influencing health status and contact with health 1.026 (0.955-1.103) 1.030 (0.964-1.101) 1.379 (1.296-1.467)
services
Diseases of the nervous system and sense organs 1.038 (0.928-1.161) 0.813 (0.728-0.907) 0.701 (0.628-0.783)
Infectious and parasitic diseases 0.743 (0.681-0.810) 0.894 (0.825-0.969) 0.727 (0.675-0.783)
Mental disorders 1.074 (0.956-1.207) 1.073 (0.957-1.204) 1.051 (0.944-1.169)
Diseases of the skin and subcutaneous tissue 1.369 (1.145-1.637) 1.532 (1.288-1.822) 1.328 (1.118-1.579)
Diseases of the blood and blood-forming organs 1.072 (0.966-1.191) 0.934 (0.842-1.035) 0.734 (0.661-0.816)
Note: CI = confidence interval, HR = hazard ratio.
*Adjusted for all other covariables listed in Table 2, as well as improved survival in the general population over time (Figure 1B).
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biased down for later years in the adjusted
model. This problem is unlikely to explain the
study’s findings for 2 reasons: almost all hospital
physicians who were clinically active during the
study period would state that patients have
become sicker over time; and the stratified model
suggested that patients with a Charlson comor-
bidity index score of 0 had a significantly worse
outcome over time (Table 4), a result that would
not be expected with “up-coding,” because
patients in each of the index’s strata would be
getting healthier over time.

Finally, it is possible that changes in admis-
sion patterns could explain some decrease in risk
of death over time. For example, patients with a
poor prognosis (such as an undefined metastatic
cancer or a palliative case) may have been more
likely to be admitted to hospital (for work-up or
palliation) in 1994 than in 2009. This would
increase the prevalence of patients with a poor
prognosis in early years of study observation.
However, given that survival improvements were
seen in a broad assortment of patient populations
(Table 4), it is unlikely that such potential
changes would explain the study’s results.

Conclusion

This study noted significant improvement between
1994 and 2009 in survival of patients admitted to
hospital in Ontario. Because admissions to hospital
are so common, and the drop in the risk of death is
so extensive, these changes translate into a mean-
ingful decrease in life-years lost.
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