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Abstract

Summary The aim of this study was to investigate the association of surgical delay and comorbidities with the risk of mortality
after hip fracture surgeries. We found that CCI was the dominant factor in predicting both short- and long-term mortality, and its
effect is vital in the prognostication of survivorship.

Introduction Hip fracture is a growing concern and a delay in surgery is often associated with a poorer outcome. We hypoth-
esized that a higher Charlson Comorbidity Index (CCI) portends greater risk of mortality than a delay in surgery. Our aim was to
investigate the associations of surgical delay and CCI with risk of mortality and to determine the dominant predictor.

Methods This retrospective study examines hip fracture data from a large tertiary hospital in Singapore over the period January
2013 through December 2015. Data collected included age, gender, CCI, delay of surgery, fracture patterns, and the American
Society of Anaesthesiologist (ASA) score. Post-operative outcomes analyzed included mortality at inpatient, at 30 and 90 days,
and at 2 years.

Results A total of 1004 patients with hip fractures were included in this study. Study mortality rates were 1.1% (n = 11) during in-
hospital admission, 1.8% (n = 18) at 30 days, 2.7% (n=27) at 90 days, and 13.3% (n =129) at 2 years. Lost to follow-up rate at
2 years was 3.3%. We found that CCI was consistently the dominant factor in predicting both short- and long-term mortality. A
CCl score of 5 was identified as the inflection point above which comorbidity at baseline presented a greater risk of mortality than
a delay in surgery.

Conclusion Our analysis showed that CCI is the dominant predictor of both short- and long-term mortality compared with delay
in surgery. The effect of CCl is vital in the prognostication of mortality in patients surgically treated for hip fractures.

Keywords CCI - Charlson Comorbidities Index - Hip fracture - Long-term mortality - Osteoporotic fracture - Short-term
mortality - Surgical delay

Introduction fractures yearly [2]. As the most serious of all osteoporotic

fractures, hip fractures are associated with the highest mor-

Osteoporotic fracture is a major health problem among the
aging population, affecting close to 9 million patients
worldwide [1]. Hip fractures in particular are a growing
concern due to the projected increase in incidence with
the associated high risk of mortality. It is estimated that
by the year 2050, there will be close to 6.3 million hip
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tality rates. The 1-year mortality rate after sustaining a hip
fracture can range from 10% to as high as 40% [3—6], and
the risk of dying may persist for up to 5 years, making it a
long-term public health concern [6].

Surgical delay has often been cited as one of the major
contributing factors leading to a poorer outcome after surgical
fixation of hip fractures. Early surgery has been associated
with improved patient survival [7-9] and functional outcomes
[10]. This, however, is still an ongoing debate as conflicting
results have been reported regarding the association between
early surgery and mortality [11—13]. Other risk factors, includ-
ing patient demographics such as gender [5, 14] and age,
systemic factors such as baseline comorbidities of the patient
[15-19] and ASA score, and biochemical factors such as hy-
poalbuminemia [20] and hypovitaminosis D, have also been
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associated with increased risk of mortality following surgical
fixation of hip fractures.

Patients with a higher comorbid load often experience a
delay in surgery due to the need for pre-operative optimiza-
tion. The cause of poorer outcomes in surgery may not be
entirely attributable to timing of surgery but to multiple fac-
tors. The relationship between surgical delay and mortality
may not be as clear as previously thought. We hypothesize
that a higher Charlson Comorbidity Index (CCI) may impact
mortality risk to a greater extent than surgical delay. The ob-
jectives of this paper are to (1) study risk predictors associated
with both surgical delay and mortality and (2) investigate as-
sociations between baseline comorbidity and surgical delay
and their effects on risk of mortality following hip fracture
surgery. This paper aims to identify whether CCI or surgical
delay is the predominant risk factor in prognosticating com-
plications and mortality following hip fracture surgeries.

Methods and materials

This retrospective cohort study is based on data collected from
January 2013 through December 2015 at a large tertiary hos-
pital in Singapore. The studied cohort included all patients
above 60 years of age who had undergone surgical fixation
or hemiarthroplasty for traumatic hip fractures to either the
neck of the femur or trochanteric fractures. We excluded pa-
tients with non-osteoporotic fractures, patients with
periprosthetic fractures, patients with pathological fractures,
patients with fractures treated conservatively, or those lost to
follow-up. Variables of interest included age, gender, CCI,
delay of surgery (defined as time to surgery greater than
48 h), fracture patterns, and the American Society of
Anaesthesiologist (ASA) score.

All patients were assessed for comorbidities prior to sur-
gery and graded using the age-adjusted Deyo-Charlson
Comorbidity Index (CCI) [21, 22]. CCI scores were calculated
based on 17 comorbid conditions, with each assigned a weight
of 1 to 6 according to its impact on mortality. The age-adjusted
CCI takes into account each decade after 40 years of age as
one point (i.e., 1 point for age 41-50, 2 points for age 51-60, 3
points for age 61-70, and 4 points for age above 71). Time to
surgery was calculated as the elapsed time from hospital ad-
mission to the actual start of surgery. In this study, the thresh-
old for a delay to surgery was set at 48 h. The post-operative
outcomes studied were short-term mortality during inpatient
stay, mortality at 30 and 90 days following surgery, and long-
term mortality at the 2-year follow-up.

Univariate and multivariate logistic regression analyses were
used to assess the effect of variables recorded at baseline on risk
of mortality at admission, at 30 and 90 days, and at 2 years post-
surgery. Variables significant at p <0.20 in univariate analysis
were entered into a multivariable logistic regression
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incorporating a forward stepwise selection algorithm with sig-
nificance levels to enter and stay of 0.05 and 0.10, respectively,
the purpose being to identify a preferred predictor of mortality
between the CCI and delayed surgery. Using the predictor se-
lected by the stepwise selection, an ROC curve was constructed
and significance of change in area under the curve was reported
to determine the incremental effect of each additional prognos-
tic factor identified. All analyses were performed using SAS
v9.4 software (SAS Inc., Cary, NC, USA). The level of signif-
icance was taken as p < 0.05.

This study (CRIB Ref: 2015/2134) was approved by the
SingHealth Centralised Institutional Review Board,
Singapore.

Results

There were a total of 1087 hip fracture surgeries performed
during the period from January 2013 to December 2015; 1004
patients met the inclusion criteria and were used in the analy-
sis. The mean = SD age was 77.9 £ 8.1 years, and 715 (71.2%)
were females. There were 599 (59.7%) femoral neck fractures
and 405 (40.3%) trochanteric fractures. The mean time to
surgery was 96 + 107 h, and 345 (34.4%) surgeries were per-
formed within 48 h. Mortality rates were 1.1% (n=11) in-
hospital, 1.8% (n=18) at 30 days, 2.7% (n=27) at 90 days,
and 13.3% (n=129) at the 2-year follow-up. The demo-
graphics of the study is showed in Table 1.

Surgical delay

Univariate logistic regression identified CCI and ASA as pre-
dictors of surgical delay. The multivariate analysis stepwise
selected CCI as the dominant risk predictor for surgical delay.

Inpatient mortality

The inpatient mortality rate was 1.1% (n=11). Both the uni-
variate and multivariate logistic regression identified ASA and
CCl as significant risk factors for inpatient mortality (Table 2).
Using the stepwise selection algorithm, CCI (p <0.05) was
identified as the predominant risk factor.

Short-term mortality at 30 and 90 days

The 30-day mortality was 1.8% (n = 18 patients). Univariate
logistics regression identified ASA, CCI, and age as predictors
of mortality. In multivariate logistics regression analysis, CCI
and age were the main independent risk factors (p < 0.05) for
short-term mortality at 30 days (Table 2). Using the stepwise
algorithm, CCI remained as the dominant risk predictor of
mortality and the area under the ROC curve did not change
significantly after the addition of other predictive risk factors.
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Table 1  Demographics of patients (total number 7 = 1004 patients)
Parameters Samples Percent

1 Number of patients

Female 715 71.2

Male 289 28.8
2 Fracture pattern

Femoral neck 599 59.7

Trochanteric 405 40.3
3 Baseline CCI

0-2 75 7.5

34 454 452

5-6 325 324

Above 7 150 14.7
4 Baseline ASA score

1-2 717 71.4

34 287 28.6
5 Delay in surgery

No (less than 48 h) 345 34.4

Yes (more than 48 h) 659 65.6
6 Mortality rates

Inpatient 11 1.1

30 days 18 1.8

90 days 27 2.7

2 years 129 13.3

At 90-day follow-up, we reported a mortality rate of 2.7%
(n=27). Similar to inpatient mortality, ASA and CCI were
identified as the risk factors for complications, but only CCI
and ASA were shown in the multivariate logistics regression
to be the predominant predictor (Table 2). Likewise in the
stepwise algorithm, CCI was the dominant risk predictor of
mortality and area under the ROC curve did not change sig-
nificantly after taking into account the effect of other
predictors.

Long-term mortality at the 2-year follow-up

The follow-up rate of this study at 2 years was 96.7% (n =971
patients). A total of 129 patients (12.5%) died during this
period and we lost 33 patients (3.3%) to follow-up.
Univariate logistics regression showed that all the factors
discussed were associated with an increased risk of long-
term mortality. The effect of surgical delay was not significant
under the multivariate logistics regression analysis and the
stepwise selection algorithm study identified CCI as the most
important factor associated with mortality at 2 years. Using
CCI as the preeminent predictor, the addition of other factors
to the model did not result in significant improvement to the
area under the ROC curve (Fig. 1).

Identifying the optimal CCl “cut-point” for early surgery

In this study, more than 85% (n = 48) of the short-term mortality
and 75% (n=96) of the 2 years mortality had a CCI score of
above 5 (Fig. 2). Using Youden’s rule to identify the inflection
point, we found that a CCI score of 5 to 7 was identified as the
“optimal” cut-point, above which patient baseline comorbidity
supersedes surgical delay as the greater risk of mortality.

Discussion

In this study, we observed mortality rates of 1.1% (n=11)
during in-hospital admission, 1.8% (n = 18) at 30 days, 2.7%
(n=27) at 90 days, and 13.3% (n = 129) at the 2-year follow-
up. Compared with current literature which showed a mortal-
ity rate of 10-40% [3—6], we saw a much lower mortality rate
likely attributed to improved treatment protocol, better under-
standing of octogenarians, and greater emphasis on peri-
operative management of hip fracture patients. Our high
follow-up rate of close to 96.7% further authenticates the va-
lidity of our high survivorship.

Table 2 Multivariate logistics regression of factors affecting mortality
Factors Inpatient mortality 30-day mortality 90-day mortality 2-year mortality

OR  95% CI pvalue OR  95% CI pvalue OR  95% CI pvalue OR  95% CI p value
ASA score 464 1.13 19.00 0.033 202 074 548 0.169 234 1.02 535 0.044 159 105 240 0.027
Surgical delay 0.61 0.15 260 0507 0.78 026 235 0660 106 040 279 0906 150 093 243 0.101
CCI 140 112 177 0004 133 109 1.63 0005 136 116 159 <000l 136 124 150 <0.00!
Gender M vsF) 181 052 628 0347 203 076 539 0.156 213 095 476 0.065 214 142 323 <0.00]
Age 1.03 095 1.11 0470 1.07 101 1.14 0030 1.03 098 1.08 0203 1.03 1.00 105 0.040
Type of fractures 0.58 0.16 2.08 0400 070 026 1.88 048 1.07 048 236 0.874 153 103 228 0.037

OR, odds ratio; CI, confidence interval
Italicized font indicates statistical significance (p < 0.05)
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ROC Curves for comparison among predictive models at 2 years follow up
ROC Curve Factors ROC 95% CI p-value
ROC Curves for Comparisons
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Fig. 1 ROC curves for comparison among predictive models at 2-year follow-up

Compared with surgical delay and other risk predictors,
CCI was found to be the best predictor of both short-term
(inpatient, 30-day, and 90-day) and long-term (2-year) mortal-
ity. Using the stepwise selection algorithm to prioritize predic-
tors, CCI was consistently found to be the superior factor.
With CCT as the preeminent risk factor, the addition of other

factors to the predictive model did not significantly improved
the area under the ROC curve.

Youden’s rule was used to identify an “optimal” cutoff
point beyond which surgical intervention should not be de-
layed. We found that in patients with a CCI score below 5,
early surgery greatly reduced the risk of both short- and long-

Effect of CCI on short and long term mortality after hip fracture surgery
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Fig. 2 Effect of CCI on short- and long-term mortality after hip fracture surgery
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term mortality. On the contrary, in patients with a CCI score
greater than 7, the increased risk of mortality was contributed
primarily by poorer pre-morbid health status than by a delay in
surgery.

We analyzed the risk factors categorized into patient’s de-
mographics (age and gender, fracture pattern, ASA score, CCI
score) and systems factors (time to surgery). Using multivar-
iable logistic regression, we analyzed the interplay between
each of these factors on mortality after hip fracture surgery.
More importantly, with the use of a stepwise selection algo-
rithm as well as the ROC curve analysis, we were able to
identify the most important predictive factors for prognosti-
cating the risk of mortality.

The Deyo-Charlson Comorbidity Index is a validated
clinical evaluation tool [21], derived from the original
Charlson Comorbidity Index [23, 24] that was first pub-
lished in 1987. It is a summative score, calculated based on
a weighted scale of 17 comorbidities. In this study, we
calculated the pre-operative age-adjusted CCI patient score
to determine baseline comorbidity load and found it to be a
significant risk predictor of both short- and long-term mor-
tality. Similar results have also been shown in many other
literature [17, 19, 25, 26]. Our analysis consistently
showed that a higher CCI score was associated with in-
creased risk of both short- and long-term mortality.
Although CCI may be an unmodifiable risk predictor and
pre-operative optimization may not be possible to signifi-
cantly improve the pre-morbid load of a patient, findings
from this study can help to more accurately prognosticate
the risk of mortality following hip fracture surgery.

The effect of time to surgery after hip fracture has been a
well-known subject of debate. A number of studies have been
conducted to determine the importance of time to surgery as a
predictor of both short- and long-term mortality. While some
studies suggested that early surgeries were associated with
better outcomes, including lower risk of mortality and shorter
inpatient stay [27, 28], these data were constantly challenged
by other outcome-based studies suggesting otherwise
[29-31].

In the large population-based study conducted by Pincus
et al., they found that a wait time of more than 24 h was
associated with an increased risk of 30-day mortality [32]. In
their study, they have also made use of CCI to grade the
patient’s baseline health, but only 54% of the population stud-
ied had a CCI score reported and analyzed. In order to more
accurately study the effect of increasing comorbidities, we
have further categorized our patient’s health profile into 4
distinct groups based on their CCI and found that a score of
more than 5 reflects the importance of baseline health more
than timing to surgery. Although our results showed that a
delay in surgery was not a risk predictor for mortality at
30 days, we do recognize that our low short-term mortality
number may limit its accuracy.

In a recent nationwide cohort study published by Ozturk
et al. in 2019, they found that surgical delay was seen in
patients with slightly more comorbid and was associated with
early mortality of up to 90 days in those with none to medium
comorbidities rather than those with a higher comorbidity load
[33]. These findings suggested that the effect of comorbidities
may contribute to a delay in surgery and also play a major role
in the prognostication of hip fracture survivorship. Similarly,
in our study, we showed that a patient’s baseline comorbidities
affect their timing to surgery and may pose a greater impact on
the survival after hip fracture surgery.

In another recent systematic review published in Nature by
Klestil et al. in 2018, the group concluded that patients who
are operated within 48 h had a reduced risk of mortality at
1 year but not on short-term mortality of within 1 month.
Although the effect of patient’s comorbidities was not conclu-
sive in their study due to insufficient data, an observation was
made suggesting a lack of correlations between timing to sur-
gery and mortality in patients with acute medical conditions
[34].

In our present study, we saw that surgical delay may not
have an impact on short-term mortality of up to 90 days.
However, we do observe that a delay of more than 48 h was
an independent predictor of longer-term mortality at 2-year
follow-up, but when adjusted for other factors, this effect
was not evident in the prediction of mortality after surgery.
The difference in our findings may be explained by our low
early mortality rates which potentially limits the sensitivity of
identifying a significant relationship between surgical delay
and early mortality, as well as an increasing focus of pre-
optimization in our current hip fracture treatment protocol.
Furthermore, we showed that not only was CCI a significant
risk predictor, it was the dominant factor affecting outcomes
following hip fracture surgeries. The effect of other confound-
ing factors including age and gender did not significantly in-
crease the area under the ROC curve.

The relationship between CCI and surgical delay on mor-
tality is not a simple one to define. With the use of Youden’s
rule, we have identified in our study a CCI inflection point
where timing to surgery may play a part in the prognostication
of’both short- and long-term risks of mortality. This is a crucial
piece of information because it provides greater clarity into the
management of hip fracture patients based on their comorbid
load rather than a wait time threshold. We propose that pa-
tients with a CCI score greater than 5 should not be hastily
rushed into surgery, as the risk of post-surgical mortality is not
entirely related to a delay in operation. Instead, they should be
counselled appropriately during the decision-making progress
and if possible, pre-operative optimization may be of greater
importance in reducing their risks of death. At the same time, a
48-h threshold may be implemented in the sub-group of pa-
tients with a CCI score of less than 5, owing to the benefits
associated with early surgery.
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This paper has offered greater insight into the inter-
relationship between CCI and surgical delay on mortality.
Findings from this study support the benefits for early surger-
ies in patients who are pre-morbidly healthier.

Strengths and limitations

The strength of the study lies in the large cohort study
with a high follow-up rate of 96.7% at 2-year follow-
up. We have also captured a more detailed range of
baseline CCI scores and categorized them into 4 distinct
groups to analyze the effect of increasing CCI on mor-
tality after hip fracture surgery. This allows the use of
Youden’s rule to predict the inflection point of CCI and
hence, we were able to identify the significant score of
5, above which mortality after hip fracture surgery may
be more affected by CCI rather than the other factors
studied. In addition, we made use of a stepwise selec-
tion algorithm to identify the most predictive factor af-
fecting mortality.

This study however had several limitations. It is a retro-
spective observational study on the risk of mortality and no
data was presented regarding patient functional outcomes,
quality of life, or return to community. The low short-term
mortality rates may limit the sensitivity of the study to accu-
rately identify the effect of CCI.

Conclusion

In this study, we showed that among all factors studied, CCI is
the dominant predictor of short- and long-term mortality fol-
lowing hip fracture surgery. While surgical delay was highly
concomitant with CCI, delay in surgery was not a significant
risk predictor of mortality. The inflection point of CCI score
above 5 reflects an important threshold level where greater
emphasis should be placed on pre-operative optimization rath-
er than early surgery. On the other hand, delay in surgery
should be avoided in patients with a lower CCI score so as
to reap the benefits associated with early operation. The sig-
nificance of baseline comorbidities should be given a greater
emphasis in the prognostication of patients treated surgically
for hip fractures.

Compliance with ethical standards

This study (CRIB Ref: 2015/2134) was approved by the SingHealth
Centralised Institutional Review Board, Singapore.
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