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Abstract

Objective: To determine if adjusted mortality, walking ability or return home differed after hip frac-

ture surgery between Canada and the USA.

Design: Secondary analysis of the Functional Outcomes in Cardiovascular Patients Undergoing

Surgical Hip Fracture Repair (FOCUS) trial data.

Setting: Data were collected from 47 American and Canadian hospitals.

Participants: Overall, 2016 subjects with a hip fracture (USA = 1222 (60.6%); Canada = 794

(39.4%)) were randomized to a liberal or restrictive transfusion strategy. Subjects were 50 years

and older, with cardiovascular disease and/or risk factors and hemoglobin <100 g/L within 3 days

post-surgery. The average age was 82 years and 1527(76%) subjects were females.

Intervention: Demographics, health status and health services data were collected up to 60 days

post-surgery and mortality to a median of 3 years post-surgery.

Main outcomes: Mortality, inability to walk and return home.

Results: US subjects had higher adjusted mortality than Canadians at 30 days (odds ratio = 1.78;

95% confidence interval: 1.09–2.90), 60 days (1.53; 1.02–2.29) and up to 3 years (hazard ratio = 1.25;

1.07–1.45). There were no differences in adjusted outcomes for walking ability or return home at 30

or 60 days post-surgery. Median hospital length of stay was longer (P < 0.0001) in Canada (9 days;

interquartile range: 5–18 days) than the US (3 days; 2–5 days). US subjects (52.9%) were more likely

than Canadians (16.8%) to be discharged to nursing homes for rehabilitation (P < 0.001).
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Conclusions: Adjusted survival favored Canadians post hip fracture while walking ability and

return home were not different between countries. The reason(s) for mortality differences warrant

further investigation.
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Introduction

There are many medical treatment similarities between Canada and
the United States (US), especially in those requiring technical expert-
ise in surgical care. However, patients are managed differently post-
surgically, due, at least in part, to the fact that health-care coverage
differs substantially between countries with Canada providing uni-
versal health insurance coverage and the USA providing a mix of
private, for-profit and non-profit, and public care with variable indi-
vidual coverage. There is much recent interest in comparing patient
outcomes and health service variation across health systems inter-
nationally [1–7]. Most research to date comparing international out-
comes for conditions such as hip fracture have used administrative
databases or retrospective review of hospital records [3, 6, 7]. While
these data are often population-based, they may be limited in their
ability to adjust for diverse case-mix [8] including pre-fracture sta-
tus, living arrangements and comorbidities (including dementia) and
frequently only measure mortality rather than outcomes such as the
ability to walk or return home after a hip fracture. Prospectively col-
lected data provide higher quality measures to compare these add-
itional patient outcomes between the two countries.

As hip fracture is one of the most common reasons for injury-
related hospitalization of older persons [9–12], and is associated with
high morbidity and mortality [13–15], it is an excellent clinical model
to compare outcomes between countries. Between 19 July 2004 and
28 February 2009, we performed a randomized controlled trial with
the primary aim of comparing two transfusion thresholds (80 vs.
100 g/L) in hip fracture patients in the USA and Canada [16]. These
data allowed cross-country comparison of patient outcomes and
health-care delivery at 30 and 60 days postoperatively as well as
longer-term mortality at a median of 3 years after hip fracture [17].

The main objectives of this secondary analysis of the Functional
Outcomes in Cardiovascular Patients Undergoing Surgical Hip
Fracture Repair (FOCUS) trial data were to compare, after adjust-
ments for case-mix measures, USA and Canadian subjects’ outcomes
including short- and long-term mortality, inability to walk inde-
pendently and return home. We also evaluated acute care health ser-
vices delivery in both countries.

Methods

We performed an exploratory, secondary analysis of data from
2016 subjects enrolled in the FOCUS trial. FOCUS was a rando-
mized controlled trial designed to evaluate the effect of red blood
cell transfusion strategies on mortality, function and morbidity in
patients with cardiovascular disease or risk factors who underwent
surgery for hip fracture. The methods and results have been pub-
lished previously [16–18].

FOCUS trial

Subjects were recruited between 2004 and 2009 at 47 participating
USA and Canadian clinical centers. We enrolled subjects who were

50 years and older with a hip fracture and cardiovascular disease or
cardiovascular risk factors with hemoglobin concentration <100 g/L
within 3 days following surgical repair. Subjects were randomized
to a liberal or restrictive transfusion strategy. The following baseline
characteristics and medical history were collected by research staff
during hospitalization: age; sex; pre-admission residence; histories
of: coronary artery disease, congestive heart failure, hypertension,
peripheral vascular disease, cerebrovascular disease, kidney disease,
diabetes mellitus, dementia and the American Society of Anesthesiology
(ASA) risk score as a measure of pre-operative sickness. Surgical pro-
cedure used to repair the hip was recorded as was anesthesia type.
Surgical hospital length of stay (LOS) was determined from the time
of randomization (within 3 days of surgery) to a maximum of 30 days
post-randomization. Discharge destination was recorded at discharge
from the surgical hospital. Mortality, inability to ambulate across a
room (10 feet or 3.01m) without human assistance (with/without an
assistive device), and return to home (for those admitted from the
community) were ascertained via telephone query at the 30 and 60
days follow-up time points. As an ancillary study to FOCUS, long-
term mortality was ascertained by linking the study patients to
national death registries in the USA (National Center for Health
Statistics National Death Index (NDI)) and Canada (Statistics Canada
Mortality Database (CMDB)) at a median of 3 years after hip fracture
[17]. Outcomes were ascertained on 1999 (99%) of subjects.

Current analysis

Baseline characteristics and health services delivery were compared
between US and Canadian subjects using chi-square statistics for
categorical variables and t-tests for continuous variables. For health
services, we evaluated surgical fixation, anesthetic type, surgical hos-
pital LOS (following study randomization) and discharge destin-
ation from the surgical hospital (within 30 days of randomization).
Discharge destination was not synonymous with return to home at
30 and 60 days, but rather, reflected the destination of the patient at
the time of discharge from the surgical hospital (i.e. may include
rehabilitation, skilled nursing facilities or other in-patient care set-
tings as well as return directly home). Because LOS and discharge
destinations are mediated by the organization of health-care services
within each country, they were not included as covariates in the
adjusted outcome analyses. The relationship between potential con-
founding variables, identified a-priori as: age, sex, race, nursing
home residence prior to hospitalization, dementia, cardiovascular
disease or risk factors, diabetes, kidney disease, cancer and ASA risk
score, and each of the study outcomes, were examined. ASA risk
scores of one (lowest risk) and two were combined into a single cat-
egory as there were very few subjects with a score of one.

Unadjusted odds ratios for USA compared to Canadian subjects
were determined for each of these primary outcomes (mortality; a
composite outcome of inability to walk/death; and return home) at
30 and 60 days post-randomization. Return to home reflected the cur-
rent residence of the patient at 30 and 60 days post-randomization
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(i.e. after discharge from rehabilitation hospitals, etc.). Those subjects
who were in a nursing home at the time of the hip fracture were
excluded from the residence at 30 and 60 days analysis as there was
no expectation that these individuals would return to the community.

Logistic regression modeling determined association of country
with outcome measures, with adjustment for potential confounding
using the variables defined a-priori as described previously. The
model for each outcome included country and allowed stepwise
selection of the candidate variables (P ≤0.05 for both entry and to
remain). As this was an exploratory analysis, stepwise selection was
used to balance the trade-offs among over-fitting, missing signal and
leading the direction of the model. Candidate variables for the step-
wise models were defined as the potential confounders that were
statistically associated (P < 0.05) with outcome in unadjusted com-
parisons. In addition, we included the trial randomization allocation
in all adjusted models. Thus, although all models started with the
same set of potential candidate variables, only those that were statis-
tically associated with the outcome were retained in the final models
for each outcome.

Cox proportional hazards modeling determined the association
of country with long-term survival. Proportional hazards survival
functions that were direct adjusted to the overall means of covariates
in the model across both countries were produced for the USA and
Canada. Finally, we also evaluated the nested effect of centers within
countries, which did not affect results (nor were nested centers sig-
nificantly associated with outcomes), so these models were not
reported. Sample size was determined based on the primary outcome
in the trial [16]. All analyses were performed using SAS version 9.2
(SAS Institute Inc., Cary, NC).

Results

There were 1 222 (60.6%) subjects enrolled in the USA and 794
(39.4%) in Canada. At baseline, subjects in the USA were less likely
to have dementia (USA: 25.1%; Canada: 41.4%), cerebrovascular
disease (USA: 19.0%; Canada: 29.0%), and to reside in nursing
homes prior to their hip fracture (USA: 7.6%; Canada 15.3%).
More US subjects were males (USA: 25.9%; Canada: 21.8%), had
kidney disease (USA: 9.9%; Canada: 6.2%), and had a history of
cancer (USA: 20.1%; Canada: 15.8%). No other significant differ-
ences were noted between US and Canadian subjects (Table 1).

Table 2 reports the unadjusted and adjusted analyses. Country
was not significantly associated with mortality at any of the evalu-
ation time periods (USA compared to Canada) in the unadjusted
analyses. However, country was significantly associated with mor-
tality at 30 days (USA compared to Canada: odds ratio = 1.78;
95% confidence interval: 1.09–2.90) and at 60 days (USA compared
to Canada: odds ratio = 1.53; 95% confidence interval: 1.02–2.29)
after adjustment for confounders. Examination of the adjusted sur-
vival plots (Figs 1 and 2) demonstrated similar survival until 20
days; after 20 days, the rate of survival favored subjects in Canada
out to 3 years (USA compared to Canada: hazard ratio = 1.25; 95%
confidence interval: 1.07–1.45). Very few subjects were followed
after 4 years in Canada, so the survival estimates for these time
points are not very reliable in Canadian subjects as can be seen by
the large drops in survival curves at single time points.

In unadjusted analyses of non-mortality outcomes, the only
study outcome that statistically differed between the USA and
Canada was the composite outcome of inability to walk independ-
ently/death at 30 days (USA compared to Canada: odds ratio =
0.82; 95% confidence interval: 0.68–0.98). But in the adjusted

analyses, country had no independent association with inability to
walk/death or return home at either 30 or 60 days.

Surgical procedures performed in each country were similar, but
general anesthesia was administered more commonly in the USA.
The median LOS in the surgical hospital following randomization
was significantly longer (P < 0.001) in Canada (9 days, interquartile
range: 5–18 days) compared to the USA (3 days, interquartile range:
2–5 days). Although both countries commonly discharged patients
to rehabilitation hospitals, the USA was much more likely to discharge
to nursing homes, which includes skilled nursing facilities, (n = 545;
52.9%) than Canada (n = 133; 16.8%) (P < 0.001), where such short
term rehabilitation in nursing homes is uncommon. Canada was also
much more likely to have subjects who were still in hospital at 30 days
(n = 98; 12.4%) than the USA (n = 3; 0.2%) (P < 0.001) (Table 3).

Discussion

We found significantly better adjusted survival in Canadian relative
to US subjects within 30 days of hip fracture, which was sustained
out to a median of 3 years post hip fracture. Despite differences in
mortality, there was no difference in either walking ability or return
home at either 30 or 60 days post hip fracture between countries
after case-mix adjustment. Examination of the 60-day survival
curves demonstrates similar mortality rates for the first 20 days,
which likely reflects comparable perioperative hospital care. The
survival curves then begin to diverge between countries after 20
days when most subjects were discharged from the hospital. Our
unadjusted analysis of health services suggests that surgical manage-
ment of hip fracture patients is similar across countries. However,
Canadian subjects had substantially longer stays in the surgical hos-
pital with more varied discharge destinations than the USA and
more than 10% of Canadian subjects remained in hospital at 30
days after surgery. In contrast, US subjects had a short surgical hos-
pital LOS and >80% were discharged to either rehabilitation facil-
ities or nursing homes that included skilled nursing facilities.

One previous study comparing hip fracture patient outcomes
between Canada and USA in the 1990s found that in-hospital mor-
tality was higher in Canada when comparing two US States and two
Canadian provinces [19]. However, the analysis was performed 2
decades ago, focused on in-hospital mortality and used administra-
tive data that may not have captured co-morbidity as well as our
prospectively collected data in FOCUS.

A 2007 systematic review comparing 38 studies on diverse con-
ditions including cancer, coronary artery disease, chronic medical ill-
nesses and surgical procedures between Canada and the USA
reported that most studies reported equivocal outcomes or better
outcomes in Canada [3]. Of note, results in this systematic review
were heterogeneous and many of the studies were considered low
quality by the reviewers. Further, there may be other reasons for our
reported differences in survival between countries. Our data would
suggest, at least for hip fracture patients, the difference may not be
related to hospital care based on the similar mortality rates within
the first 20 days after hip fracture.

Recent comparisons have found that Americans have lower life
expectancy than Canadians [1, 20, 21]. Alternative explanations for
these overall survival differences include variation in; post-discharge
health-care services, socio-economic status and/or cultural character-
istics between countries. These possibilities require further investiga-
tion. A recent comparison of European Union countries also
demonstrated differences in patient outcomes and LOS after hip
fracture, but could not provide in-depth analysis of why these

99Hip fracture in Canada and USA • Patient Outcomes



variations exist [6, 22]. A systematic review of medical practice vari-
ation in Organization for Economic Cooperation and Development
(OECD) countries highlighted the need for more studies that target
health conditions that have clinical importance, are resource inten-
sive and have decision-maker and public awareness [2]; hip fractures
in older adults would certainly meet these criteria.

Our study has a number of strengths. This was a large cohort of
complex patients from almost 50 different centers across North
America. We had detailed prospectively collected information on
pre-fracture health and comorbidities, which allowed us to perform
extensive case-mix adjustment. Further, we had excellent ascertain-
ment of outcomes, including walking ability and return home at 30
and 60 days post-surgery. Mortality was also verified from multiple
reliable sources. These data allowed more detailed comparisons,
including non-mortality outcomes, between countries. Very few
Canadian subjects were under follow up after four years. The
Kaplan–Meier curves we used compute death incidence only among
those under follow up at a given time, producing consistent curves
even when some subjects have less follow up information than
others. In addition, the proportional hazards models stratify-slice
the comparisons by time and only compare incidence among those
subjects under follow up at a given point in time.

However, there are some notable limitations. The distributions
of patient characteristics differed between countries. More Canadian
patients than US patients had a history of dementia, stroke and
admission from nursing home. These differences were likely due to
Canadian research ethics boards permitting proxy consent more

frequently than US ethics boards since patients with dementia,
stroke history and/or from nursing homes tend to be less able to
provide their own informed consent. We would have expected a
higher mortality in Canadian patients resulting from greater fre-
quency of patients with dementia. However, mortality was not dif-
ferent between countries in the unadjusted analyses. But substantial
mortality differences between countries emerged and attained statis-
tical significance after case-mix adjustment (which included nursing
home residence prior to hip fracture and dementia as potential con-
founding variables). Our study population was also chosen from
subjects enrolled in a clinical trial that targeted patients with cardio-
vascular disease or cardiovascular risk factors; therefore the results
may not generalize to all patients with hip fractures. LOS and dis-
charge destination from the surgical hospital are related to organiza-
tion of health-care services within countries [4, 6]. We did not
evaluate how the overall management of patient care varied between
Canada and the US based on the pre-specified parameters of patient
care collected by the FOCUS trial data. As a consequence, we are
unable to clearly attribute the survival difference between countries
to health system differences as we did not assess health services
delivery after discharge from the surgical hospital. Further research
is essential to identify if post-discharge health service utilization or
other health indicators contributes to survival differences between
the USA and Canada.

In summary, after case-mix adjustment, we found that Canadian
subjects survived longer following hip fracture than did their
American counterparts, yet subjects in both countries had similar

Table 1 Country comparison of baseline participant characteristics

United States, N = 1222 Canada, N = 794
n (%) n (%) P valuea,b

Liberal treatment arm 609 (49.8) 398 (50.1) 0.93
Male 316 (25.9) 173 (21.8) 0.04
White race 1120 (91.7) 771 (97.1) <0.001
Age (mean years)b 81.1 ± 9.3 82.3 ± 8.2 0.002
Nursing home prior to admission 93 (7.6) 121 (15.3) <0.001
Comorbidities

Coronary artery disease 505 (41.3) 300 (37.8) 0.11
Congestive heart failure 222 (18.2) 129 (16.2) 0.28
Peripheral vascular disease 140 (11.5) 79 (9.9) 0.31
Cerebrovascular disease 243 (19.0) 230 (29.0) <0.001
Treated hypertension 1003/1215 (82.6) 642/793 (81.0) 0.37
Treated diabetes 329/1215 (27.1) 179/793 (22.6) 0.02
Treated hypercholesterolemia 516/1210 (42.6) 191/793 (24.1) <0.001
Current smoker 135/1214 (11.1) 94/793 (11.9) 0.62
Creatinine > 2.0 120/1213 (9.9) 49/791 (6.2) 0.004
Chronic lung disease 215/1218 (17.7) 162/792 (20.4) 0.13
History of dementia 306/1220 (25.1) 328/792 (41.4) <0.001
History of cancer 245/1219 (20.1) 125/792 (15.8) 0.02

Type of fracturec

Femoral neck 507/1220 (41.6) 347/792 (43.8) 0.33
Intertrochanteric 665/1220 (54.5) 369/792 (46.6) <0.001
Subtrochanteric 79/1220 (6.5) 104/792 (13.1) <0.001
Reverse oblique 13/1220 (1.1) 8/792 (1.0) 1.00

American Society of Anesthesiologists risk score 0.07
1 and 2 combined 204/1193 (17.1) 158/746 (21.2)
3 830/1193 (69.6) 488/746 (65.4)
4 159/1193 (13.3) 100/746 (13.4)

aFisher’s exact or chi square tests for categorical variables.
bPlus–minus values are means ± SD, Student’s t test P-value.
cPatients may have had more than one type of fracture.
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non-mortality outcomes. Surgical care was similar between coun-
tries, but Canadians had longer surgical hospital LOS than did
Americans and discharge destinations varied substantially between

countries. Future research should investigate differences in the deliv-
ery of health care, both within and outside the surgical hospital set-
ting, to determine what impact the organization of health services

Table 2 Country comparison of unadjusted and adjusted non-mortality and mortality outcomes

United States, N = 1222 Canada, N = 794
n (%) n (%) Unadjusted OR (95% CI) Adjusted odds ratioa (95% CI)

Short term
Death

At 30 days 62/1209 (5.1) 33/786 (4.2) 1.23 (0.80, 1.90) 1.78 (1.09, 2.90)
At 60 days 89/1212 (7.3) 53/787 (6.7) 1.10 (0.77, 1.56) 1.53 (1.02, 2.27)

Not walking/death
At 30 days 546/1209 (45.2) 394/786 (50.1) 0.82 (0.68, 0.98) 1.04 (0.85, 1.28)
At 60 days 407/1212 (33.6) 291/787 (37.0) 0.86 (0.71, 1.04) 1.17 (0.94, 1.46)

Home
At 30 daysb 552/1115 (49.5) 305/667 (45.7) 1.16 (0.96, 1.41) 1.06 (0.86, 1.31)
At 60 daysb 759/1119 (67.8) 427/664 (64.3) 1.17 (0.96, 1.43) 1.04 (0.84, 1.30)

Long term
United Statesb N = 1213 Canadac, N = 789
Deaths/person years follow-up Deaths/person years follow-up Unadjusted HR (95% CI) Adjusted hazards ratio (95% CI)

Mortality 552/3013 289/1586 1.04 (0.91, 1.21) 1.25 (1.07,1.45)

aDeath at 30 days adjusted for sex, age, admitted from a nursing home, creatinine > 2.0, dementia and ASA rating.
Note that the presence of cerebrovascular disease was not significant in the 30-day univariate/adjusted stepwise multivariate analysis and thus, was not included

in the final adjusted model.
Death at 60 days adjusted for sex, age, admitted from a nursing home, cerebrovascular disease, creatinine > 2.0, dementia and ASA rating.
Inability to walk at 30 and 60 days and home at 30 and 60 days adjusted for age, admitted from a nursing home, cerebrovascular disease, creatinine > 2.0,

dementia and ASA rating.
bLimited to those who were not in a nursing home prior to admission (United States, N = 1129; Canada, N = 673).
cMedian follow-up 3.6 years; interquartile range: 2.7–4.4 years.
dMedian follow-up 2.6 years; interquartile range: 1.9–3.3 years

Figure 1 Adjusted survival curve for first 60 days for Canada and the USA. Adjusted for sex, age, pre-residence nursing home, creatinine > 2.0, dementia, ASA

rating. Cerebrovascular disease as one of the adjusted variables.
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may have on patient outcomes after hip fracture as well as consider
other indicators that could affect survival.
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Figure 2 Adjusted long-term survival curves for Canada and the USA. Adjusted for sex, age, pre-residence nursing home, creatinine > 2.0, dementia, ASA

rating.

Table 3 Country comparison of surgical care and health services delivery

United States, N = 1222 Canada, N = 794 P-valuea,b

Type of repair 0.21
Arthroplasty 413/1102 (37.5) 315/758 (41.6)
Extramedullary ORIF 429/1102 (38.9) 279/758 (36.8)
Intramedullary ORIF 260/1102 (23.6) 164/758 (21.6)

General anesthesia 714 (58.6) 395 (49.8) <0.001
Days from randomization to hospital dischargec 3 (2–5) 9 (5–18) <0.001
Discharge destination <0.001

Home 103 (8.4) 125 (15.8)
Retirement home 65 (5.3) 22 (1.1)
Rehabilitation hospital 365 (29.9) 292 (36.9)
Nursing home (including skilled nursing facilities in the USA) 645 (52.9) 133 (16.8)
Acute care 13 (1.1) 98 (12)
Still in hospital at 30 days 3 (0.2) 98 (12)
Died in hospital 16 (1.3) 18 (2.3)

aFisher’s Exact or Chi Square Tests for categorical variables.
bPlus–minus values are means ± SD, Student’s t test P-value.
cData on days to discharge are missing for two US patients and three Canadian; values are medians with interquartile ranges, Wilcoxon test P-value.
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