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Is mortality after hip fracture associated with surgical delay
or admission during weekends and public holidays?

A retrospective study of 38,020 patients
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Background and purpose Hip fractures are associated with high
mortality, but the cause of this is still not entirely clear. We investi-
gated the effect of surgical delay, weekends, holidays, and time of
day admission on mortality in hip fracture patients.

Patients and methods Using data from the Danish National
Indicator Project, we identified 38,020 patients admitted from
2003 to 2010. Logistic regression analysis was used to study the
association between sex, age, weekend or holiday admission,
night-time admission, time to surgery, and ASA score on the one
hand and mortality on the other.

Results The risk of death in hospital increased with surgical
delay (odds ratio (OR) = 1.3 per 24 h of delay), ASA score (OR
(per point added) = 2.3), sex (OR for men 2.2), and age (OR (per
5 years) = 1.4). The mortality rate for patients admitted during
weekends or public holidays, or at night, was similar to that found
for those admitted during working days.

Interpretation Minimizing surgical delay is the most impor-
tant factor in reducing mortality in hip fracture patients.

Hip fractures are associated with a 30-day mortality rate of
7-10% (Davie et al. 1970, Parker et al. 1992, Moran et al.
2005, Rae et al. 2007). The effect of surgical delay on mor-
tality has been studied over 2 decades. Shiga et al. (2008)
concluded in a review that operative delay beyond 48 h after
admission may increase the odds of 30-day all-cause mortal-
ity by 41% and of 1-year all-cause mortality by 32%. Another
recent review by Leung et al. (2010) showed that there are a
number of reports in the literature suggesting the beneficial
effect of early surgery on improvement of short-term mor-
tality, while other studies have not found any effect of early
surgery, so no conclusion was drawn. Admission during night
times, weekends, and public holidays when the number of
clinical personnel is reduced has also been the subject of sev-

eral studies (Bell and Redelmeier 2001, Crawford and Parker
2002, Foss and Kehlet 2006, Clarke et al. 2010, Schilling et al.
2010), but there are discrepancies among the study findings.

We investigated whether in-hospital mortality or 30-day
mortality of patients 65 years of age or older admitted with
acute hip fracture is exacerbated by (1) surgical delay, or (2)
admission during the night, at weekends, or on public holidays
rather than during normal weekdays.

Patients and methods

The study was based on data covering the entire Danish pop-
ulation. This was possible because all residents in Denmark
are assigned a unique 10-digit personal identity number (CPR
number) by the Danish Civil Registration System (CRS). The
CRS has individual information on an individual’s name, sex,
date of birth, place of birth, citizenship, and parents, and there
is continuously updated information on vital status, place of
residence, and spouse (Pedersen 2011). The CPR number is
also used in all hospital records, enabling accurate linkage
with the CRS.

To identify patients, we used the Danish National Indi-
cator Project (DNIP), which is a nationwide initiative to
monitor and improve the quality of care for 6 specific dis-
eases, including acute hip fracture. Indicators, standards,
and prognostic factors are implemented in all hospital units
in Denmark (Mainz et al. 2004). The DNIP is characterized
by a formal annual auditing process of the results, with the
involvement of regional and hospital-based quality staff and
all clinical units of relevance (Green 2011). Participation in
the project is mandatory by law for all orthopedic depart-
ments in Denmark treating patients with acute hip fracture
who are = 65 years of age. According to the annual DNIP
report from 2009, the coverage (i.e. the percentage of all hip
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Figure 1. The selection process.

fractures reported to the DNIP) ranged from 89% to 99% in
the 5 regions of Denmark.

The DNIP provided us with information on 47,075 patients
= 65 years of age who were admitted with acute hip fracture
from January 1, 2003 to March 1, 2010. We excluded 2,363
patients due to lack of ASA registration, 1,443 patients with
missing or incorrect information on operation date, admission
date, and/or discharge date, 111 patients with missing data
on type of fracture, and 12 patients due to incorrect date of
death. Furthermore, 1,456 patients with a length of stay (LOS)
in hospital of longer than 30 days and 286 patients with an
operation delay of more than 7 days were excluded to avoid
the problem of a few patients with atypical medical problems
affecting the statistics disproportionately. We restricted the
study population to the first hip fracture registered in the study
period, to get a statistically comparable group of patients,
which excluded 3,384 subsequent fractures (Figure 1). The
total number of patients included in the study was thus 38,020.

Statistics

Normally distributed variables are shown as mean (SD) and
differences between groups were analyzed using unpaired

Student t-tests. Non-normally distributed variables are shown
as medians with 5% and 95% percentiles, and Mann-Whit-
ney U-tests were used to test for differences. Normality was
evaluated using quantile/quantile plots. Categorical variables
are shown as proportions and the differences were analyzed
using chi-square tests. Odds ratios (ORs) were calculated for
the predictors of in-hospital mortality and 30-day mortality
using logistic regression analysis. All statistical analyses were
performed using SAS statistical software. Any p-values less
than 0.05 were considered statistically significant.

Results
Demographics (Table 1)

74% of the 38,020 patients admitted were women. Mean age
for women was 83 (7.6) and that for men was 81 (7.7). There
were 1,694 deaths in hospital (4.5%) and 3,810 deaths within
30 days (10%).

Effect of surgical delay, ASA score, age, sex, and
type of fracture (Table 2)

We defined “time to operation” as time from hospital admis-
sion to operation. After adjusting for ASA, age, sex, and type
of fracture, the risk of death in hospital increased with surgical
delay (OR = 1.3 per 24 h of delay). The risk of death within
30 days also increased with surgical delay (OR = 1.2 per 24
h of delay).

For in-hospital mortality, there was a significant change
in mortality rate for ASA score (OR for every point added =
2.3), sex (OR for men = 2.2), and age (OR for every 5 years
added = 1.4). We found similar results for 30-day mortality.
The hip fractures were divided into the following types: type
1, femoral neck fracture; type 2, pertrochanteric; and type 3,
subtrochanteric. The in-hospital mortality rate increased with
type of fracture (OR per type increment = 1.3). The same was
true for 30-day mortality rate (Table 2). We also calculated
the odds ratio for in-hospital mortality and 30-day mortality
for 5 different variables: time to operation (TTOP), age, sex,
ASA score, and LOS, according to the 3 types of hip fractures
(Figures 2 and 3).

Effect of time of day, day of the week, month of
admission, and holiday admission (Table 3)

The mortality rate for patients admitted during weekends was
similar to the rate found for those admitted during working
days. Similarly, neither month of admission nor admission
during public holidays as opposed to working days had a sig-
nificant effect on mortality rates. To determine whether mor-
tality was affected by the time of admission during the day, we
divided the day into 3 intervals: (1) 0800 h—1500 h, (2) 1500
h-2300 h, and (3) 2300 h-0800 h. The in-hospital mortality
rate (%) for the time of admission was 4.7 for interval 1, 4.2
for interval 2, and 4.7 for interval 3 (p = 0.06). The 30-day
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Table 1. Patient characteristics and mortality

In-hospital mortality

30-day mortality

Alive Dead p-value Alive Dead p-value

n 36,326 1,694 NA 34,210 3,810 NA

Women, n (%) 26,959 (74.2) 969 (57.2) < 0.001 25,671 (75.0) 2,257 (59.2) < 0.001

Age, years 2 82.5(7.7) 86.2 (7.2) < 0.001 82.3 (7.6) 86.1 (7.4) < 0.001

Length of stay (days) P 9 (2-23) 6 (2—20) < 0.001 9 (2-23) 5 (2-18) < 0.001

Time to operation, hours ? 22.1 (4.5-64.4) 245 (4.6-74.8) <0.001 22.1 (4.5-64.4) 23 (4.5-69.9) 0.003

ASA, n (%) < 0.001 < 0.001

ASA 1 3,591 (9.9) 47 (2.8) 3,529 (10.3) 109 (2.9)
ASA 2 19,068 (52.5) 514 (30.3) 18,334 (53.6) 1,248 (32.8)
ASA 3 12,054 (33.2) 831 (49.1) 11,025 (32.2) 1,860 (48.8)
ASA 4 1,594 (4.4) 290 (17.1) 1,309 (3.8) 575 (15.1)
ASA 5 19 (0.1) 12 (0.7) 13 (0.04) 18 (0.5)

Type of fracture, n (%) < 0.001 < 0.001
Femoral neck fracture 18,783 (51.7) 766 (45.2) 17,847 (52.2) 1,702 (44.7)
Pertrochanteric fracture 14,975 (41.2) 781 (46.1) 13,976 (40.9) 1,780 (46.7)
Subtrochanteric fracture 2,568 (7.1) 147 (8.7) 2,387 (7.0) 328 (8.6)

2 Values are mean (SD).
b values are median (range).

ASA score, 1-5: ASA 1, normal healthy patient; ASA 2, mild systemic disease; ASA 3, severe systemic disease; ASA 4, severe sys-
temic disease that is a constant threat to life; ASA 5, a moribund patient who is not expected to survive more than 24 h with or without

an operation.
NA: not applicable.

Table 2. Odds ratios for in-hospital mortality and 30-day mortality

Table 3. In-hospital mortality and 30-day mortality accord-
ing to month of admission, day of admission, and holiday

In-hospital mortality
OR (95% Cl)

admission

30-day mortality
OR (95% ClI)

In-hospital 30-day

Time to operation, per 24 h 1.32 (1.25-1.39) 1.24 (1.19-1.30) mortality (%) mortality (%)
Age, per 5 years 1.43 (1.38-1.48) 1.46 (1.49-1.42)
Sex, male vs.female 2.23 (2.00-2.47) 2.26 (2.09-2.43) Month of admission
ASA, per score increment 2.28 (2.13-2.45) 2.32 (2.21-2.44) January 4.8 10.8
Length of stay, per day 0.91 (0.90-0.92) 0.88 (0.87-0.89) February 4.8 10.6
Type of fracture, per type increment 1.25 (1.16-1.35) 1.31 (1.24-1.39) March 4.6 9.9

April 5.0 10.4
Types of fracture: type 1, femoral neck fracture; type 2, pertrochanteric fracture; March 3.9 9.2
type 3, subtrochanteric fracture. We have included ASA score 1-5. June 4.1 9.5

July 3.9 9.2

August 4.1 9.6
mortality rate (%) for time of admission was 10.6 for inter- (S)iggr;rber ig ]8‘1‘
val 1, 9.2 for interval 2, and 10.9 for interval 3 (p < 0.001). November 4.4 9.6
However, the statistical significance of this effect disappeared December 457 10.6
in logistic regression analysis adjusted for time to surgery, D?}I'Oﬂ de;t;i/mlssmn 49 10.0
age, sex, ASA, LOS, and type of fracture (p = 0.5). Similarly, Tuesday 4.6 9.6
no statistically significant effect of time of admission on in- Wednesday 4.6 9.9
hospital mortality was found in a logistic regression analysis 'gwig;syday 12 18‘31
adjusted for the same covariates (p = 0.2). Saturday 4.5 10.4

Longer LOS was associated with lower in-hospital mortality 5 Sblf'ndf?yl'd e 4.2 10.2
— . . ) : ublic holiday admission

(OR per day =0.91, 95% CI: 0.90-0.92) and 30-day mortality Outside PH 45 10.0
(OR per day = 0.88, 95% CI: 0.87-0.89). During PH 4.3 10.1

Discussion

In this nationwide population-based study, we found that sur-
gical delay after acute hip fracture is associated with a sub-
stantial increase in mortality rate: both in-hospital and at 30

PH: public holiday.

days. As expected, the mortality rate was higher with increased
age, higher ASA score, and male sex. More surprisingly, we
found that patients who were admitted during public holidays,
during weekends, and outside peak hours during the day did
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Figure 2. OR for in-hospital mortality related to five different variables for the 3 types of hip fractures. TTOP: time to operation; LOS: length of stay.
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Figure 3. OR for 30-day mortality related to five different variables for the 3 types of hip fractures. TTOP: time to operation; LOS: length of stay.

not have an increased mortality rate. The month of admission
did not affect the mortality rate either.

The effect of surgical delay has been studied for 2 decades,
with different findings. A review based on 52 studies involv-
ing 291,413 patients found that there were conflicting results
regarding mortality, and the conclusion was that early surgery
(within 48 h of admission) after hip fracture may reduce com-
plications and mortality (Khan et al. 2009). Another review
based on 42 studies did not find any solid evidence of the effect
of early surgery on the mortality rate, but found that outcomes
including morbidity and the length of hospital stay could be
improved by shortening the waiting time to surgery (Leung et
al. 2010). This lack of evidence may partly be explained by the
fact that most studies had a low number of patients. In addi-
tion, “early surgery” was defined in different ways in different
studies, which makes it difficult to compare the results.

Our study is strengthened by its population-based design,
with 38,020 patients included and with detailed information
on all individuals. We chose to divide the surgical delay into
24-h intervals instead of using an “early surgery” definition,
and the results show that the difference between just 24 h
and 48 h of surgical delay could be fatal for the patient. We
therefore believe that it is of great importance to minimize
the length of delay, and patients should be operated as soon as
they are fit for surgery.

Not surprisingly, our analysis showed that increasing ASA
score affected the mortality rate drastically, with an OR of 2.3
for every ASA point added. Also, male sex and age influenced
the mortality rate. These crucial but non-modifiable factors
have been the subject of interest in many previous studies, and
a recent review and meta-analysis based on 75 studies involv-
ing 64,316 patients found similar results and identified these
3 factors to be strong preoperative predictors of mortality (Hu
et al. 2011). Another non-modifiable factor is the type of frac-
ture that the patient incurs. Femoral neck fractures had the
lowest mortality rate, whereas subtrochanteric fractures had
the highest.

The surprising result that length of stay was associated with
both lower in-hospital mortality and 30-day mortality is most
probably due to the fact that nursing home residents, who have
the highest mortality rates (Pedersen et al. 2008), tend to be
discharged early for subsequent rehabilitation at the nursing
home.

The “weekend and holiday effect” on hip fracture is less stud-
ied and the results are conflicting. A study based on 3,789,917
admissions, 59,670 of which were acute hip fractures, found
no significant difference in mortality between weekday and
weekend admissions (Bell and Redelmeier 2001). The same
was found in another study involving 4,183 patients (Clarke
et al. 2010). Schilling et al. (2010) showed a higher mortality
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rate for weekend admissions in their study based on 166,920
patients, 8% of which were acute hip fractures, while Foss and
Kehlet (2006) found an increased mortality rate for admissions
during holidays but not for weekend admissions in their study
involving 600 patients. We found no increase in mortality for
patients admitted during weekends or holidays. Nor did time
of admission or month of admission affect the mortality rate,
despite the fact that it has been suggested in previous studies
that reduction of staffing levels during weekends and holidays
could be the cause of an increased mortality rate (Foss and
Kehlet 2006, Schilling et al. 2010). Hip fracture is easy to
diagnose, and a standardized treatment may compensate for
the reduced staffing levels during weekends and holidays.

Conclusion

In summary, minimization of surgical delay is the most impor-
tant factor in reducing the mortality rate for hip fracture. ASA
score, sex, and age are also significant factors for the mortality
rate. We found no increase in the mortality rate for admission
during weekends or holidays.
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