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Abstract

Introduction The aim of our study was to validate the original Charlson Comorbidity Index (1987) (CCl) and adjusted
CCI(2011) as a prediction model for 30-day and 1-year mortality after hip fracture surgery. The secondary aim of this
study was to verify each variable of the CCl as a factor associated with 30-day and 1-year mortality.

Methods A prospective database of two-level Il trauma teaching hospitals in the Netherlands was used. The
original CCl from 1987 and the adjusted CCl were calculated based on medical history. To validate the original
CCl and the adjusted CCl, the CCl was plotted against the observed 30-day and 1-year mortality, and the area
under the curve (AUC) was calculated.

Results A total of 3523 patients were included in this cohort study. The mean of the original CCl in this cohort
was 5.1 (SD+2.0) and 4.6 (SD+1.9) for the adjusted CCl. The AUCs of the prediction models were 0.674 and 0.696
for 30-day mortality for the original and adjusted CCls, respectively. The AUCs for 1-year mortality were 0.705

and 0.717 for the original and adjusted CCls, respectively.

Conclusions A higher original and adjusted CCl is associated with a higher mortality rate. The AUC was relatively low
for 30-day and 1-year mortality for both the original and adjusted CCls compared to other prediction models for hip
fracture patients in our cohort. The CCl is not recommended for the prediction of 30-day and 1-year mortality in hip
fracture patients.

Introduction

As life expectancy is rising globally, the incidence of hip
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2005). Mortality after hip surgery strongly depends on
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comorbidities and perioperative factors (Hu et al. 2012;
Barcel§ et al. 2021; Gundel et al. 2020; Roche et al. 2005).
Accurate preoperative assessment of mortality risk after
hip fracture surgery can improve perioperative manage-
ment and will be helpful for guiding clinical decision-
making and appropriate informed consent.

Preoperative risk factors for mortality have been
identified (Hu et al. 2012; Barceld et al. 2021; Gundel
et al. 2020; Roche et al. 2005; Dodd et al. 2016; Smith
et al. 2014), and various risk models assessing patients’
risk of mortality have been developed (Ramanathan
et al. 2005; Maxwell et al. 2008; Charlson et al. 1987;
Ree et al. 2020). A commonly used assessment scale for
predicting 1-year mortality in the general population is
the Charlson Comorbidity Index (CCI) (Charlson et al.
1987). The CCI is used to predict 1-year mortality by
classifying age and 19 comorbidities, each assigned
a score of 1, 2, 3, or 6 (Fig. 1) (Charlson et al. 1987).
The cumulative score results in the CCI. The 1-year
mortality rates associated with CCI scores were as fol-
lows: CCI=0.12%; CCI=1-2.26%; CCI=3-4.52%;
CCI>5 85% (Charlson et al. 1987). The original CCI
was published in 1987 (Charlson et al. 1987). In 1994,
the original CCI was validated by the developers of the
original CCI (Charlson et al. 1994). In 2011, the CCI
was updated and validated. The revision was based

Page 2 of 11

on changes in the contribution of comorbidities since
1987, resulting in an adjustment to the weight of sev-
eral comorbidities (Fig. 1) (Quan et al. 2011).

The CCI has recently been validated for multiple
diseases separately (Zhou et al. 2022; Radovanovic
et al. 2014; Birim et al. 2003). The original and
adjusted CCI has limited validation in patients with
a hip fracture for 30-day and 1-year mortality (Hau-
gan et al. 2021; Karres et al. 2015). The AUCs of these
models were lower than those of other prediction
models for hip fracture patients (Maxwell et al. 2008;
Ree et al. 2020). Not all validation conditions and
statistics were met during previous validation of the
CCI for 30-day and 1-year mortality in hip fracture
patients. Furthermore, there is no complete overview
of the performance of the original and adjusted CCI
for both 30-day and 1-year mortality prediction after
hip fracture surgery. In conclusion, there is currently
no consensus regarding the utilization of the CCI in
clinical practice.

The aim of our study was to validate the original CCI
and adjusted CCI from 2011 as risk prediction models
for 30-day and 1-year mortality after hip fracture sur-
gery. The secondary aim of this study was to verify that
each variable of the CCI is associated with 30-day and
1-year mortality.

Variables

Weights of the original CCI

Weights of the adjusted CCI

Age

1 point for each decade from
50 to 90 years of age.

1 point for each decade from 50
to 90 years of age.

AIDS

Cerebrovascular disease

Chronic pulmonal disease

Congestive heart failure

Connective tissue disease

Dementia

Diabetes

Diabetes with end organ damage

Hemiplegia

Leukemia

Liver disease - Mild

Liver disease - Moderate or severe

Lymphoma

Moderate or severe renal disease

Myocardial infarction

Peptic ulcer disease

Peripheral vascular disease

N|= == [(NINW[=[(NDININ|= ==t | == D

Tumor, local

D

Tumor, metastatic

4
0
1
2
1
2
0
1
2
2
2
4
2
1
0
0
0
2
6

Fig. 1 The variables and weights of the original and adjusted CCls (Charlson et al. 1987; Quan et al. 2011)
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Methods

A prospective database of two-level II trauma teaching
hospitals in the Netherlands was used. We prospectively
included all patients (n=3523) who underwent hemiar-
throplasty between 2011 and 2016 and all patients who
underwent hip fracture surgery between 2018 and 2021.
Patients who underwent hip fracture surgery based on
a pathological fracture, a periprosthetic fracture, or
patients who underwent a primary Girdelstone operation
based on a palliative trajectory were excluded.

Baseline characteristics and clinical outcomes were
retrospectively obtained from the hospital records. Only
comorbidities who were diagnosed prior to surgery were
included. The follow-up time after surgery was at least
1 year. The mortality data were obtained by verifying the
number of citizen services provided to the corresponding
municipality.

The original CCI developed in 1987 and the adjusted
CCI from 2011 were calculated based on medical his-
tory. The original CCI was calculated based on age and
17 comorbidities (Fig. 1) (Charlson et al. 1987). The
age-adjusted CCI from 2011 was calculated based on
age and 12 comorbidities (Fig. 1) (Quan et al. 2011). All
comorbidities were weighted between 1 and 6. Age was
weighted as 1 point for each decade from 50 to 90 years
of age for both the original CCI and the adjusted CCI
from 2011. The cumulative weight results in the CCL

Diabetes with chronic complications was difficult to
assess. The primary etiology (for example, diabetes) of
nephropathy, neuropathy, or retinopathy is frequently
not completely clear. Therefore, patients in our cohort
were only classified as diabetic patients without chronic
complications. Distinguishing between mild liver dis-
orders and moderate or severe liver disease is based on
the presence of portal hypertension and variceal bleed-
ing and may not be well reported in medical charts. If the
severity of the liver disorder was unclear, patients were
categorized into the mild liver disorder group.

Statistical analysis
Categorical variables are presented as frequencies and
percentages. Continuous variables are presented as the
mean (standard deviation,+SD) if they were normally
distributed. The associations between the variables of the
CCI and 30-day and 1-year mortality after hip fracture
surgery were tested by univariate analysis. All regres-
sion analyses were two-sided with a significance level of
p<0.05. The results are presented as odds ratios (ORs)
with 95% confidence intervals (ClIs). We assessed 30-day
and 1-year mortality rates for each level of the original
and adjusted CCL.

The CCl is a score does not provide a predicted mortal-
ity. To translate this risk score into a predicted mortality
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we fitted a complementary log—log model to our dataset.
The calculated CCI as a single linear predictor was used
to obtain the predicted mortality.

To validate the original CCI and the adjusted CCI from
2011, we plotted the CCI against the observed 30-day and
1-year mortality and calculated the area under the curve
(AUC) of the receiver operating characteristic curve
(ROCQ). Calibration plots were generated by classify-
ing patients according to their predicted mortality (esti-
mated by a generalized model using a log—log link) in ten
equally sized clusters, plotting for each cluster the per-
centage of observed mortality against the mean predicted
mortality. Statistical analyses were performed using Stata
version 14.0 (StataCorp, College Station, TX, USA).

Ethics

The study protocol was approved by the local ethics com-
mittee (L2017044, Toetsingscommissie Wetenschappelijk
Onderzoek Rotterdam (TWOR), Rotterdam, Trial regis-
tration number NL8313) on 14 February 2020. Due to the
absence of any changes in the standard practice of care
and a high percentage of cognitive dysfunction among
the patients, the local ethics committee determined that
patients’ consent to review their medical records was not
needed. All patient data were collected anonymously, and all
protocols were conducted in compliance with the Declara-
tion of Helsinki. No external funding was used for this study.

Results

A total of 3523 patients were included in this cohort
study (Fig. 2). The mean of the original CCI in this cohort
was 5.1 (SD £2.0) and 4.6 (SD + 1.9) for the adjusted CCI.
A total of 8.6% of all patients died within 30 days after
surgery. The 1-year mortality was 25.9%. The median fol-
low-up of the patients who did not die within 1 year after
surgery was 366 days (IQR 365-465).

Variables of the CCl

The associations between the variables of the CCI and
30-day and 1-year mortality after hip fracture surgery were
tested by univariate analysis (Table 1). Age above 71 years
was associated with higher 30-day mortality, and age above
61 years was associated with higher 1-year mortality. Con-
gestive heart failure, dementia, diabetes, and myocardial
infarction (MI) (4 out of 17 variables) were significantly
associated with increased 30-day mortality. Cerebrovas-
cular disease, congestive heart failure, dementia, diabetes,
leukemia, moderate or severe renal disease, myocardial
infarction, and any tumor (local or metastatic) were associ-
ated with increased 1-year mortality (8 out of 17 variables).
The original and adjusted CCIs were significantly higher in
the 30-day and 1-year mortality cohorts compared to the
cohort who had not died at that time point.
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All hip fractures
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n=3658
Excluded:
Pathological fracture n =13
Non operative treatment n = 120

Girdlestone operation n =2

Included:

n=3523

A 4 A 4
Deceased <30days Not deceased <30days
n =302 n=3221
Fig. 2 Flow chart of included patients
The CCl and mortality rate Discussion

The distributions of the original and adjusted CClIs of all
patients and patients who died within 30 days and 1 year
after hip fracture surgery are visualized in histograms
(Fig. 3). The percentages of observed mortality for each
score of the original CCI and the adjusted CCI are shown
in Table 2.

There is minimal variability in the amount of the
original CCI and the adjusted CCI (for both 30-day and
1-year mortality) up to a value of 8. From a CCI of 9
or higher, there will be more variability in the distribu-
tion. The variability can be explained by the scarcity
of patients with a CCI equal to or higher than 9 in this
study cohort.

The original CCI of the patients who died within 30 days
after surgery was in 85% of the patients higher or equal to
five. This percentage was 79% for adjusted CCI for 30-day
mortality. When analyzing the 1-year mortality, an origi-
nal CCI of 5 or higher was found in 84% of the deceased
patients and the adjusted CCI in 76% of the deceased
patients.

Performance and validation of the CCl

The performance statistics of the original and adjusted
CClIs are shown in Fig. 4. The AUCs were 0.674 and
0.696 for 30-day mortality for the original and adjusted
CCIs, respectively. The AUCs for 1-year mortality
were 0.705 and 0.717 for the original and adjusted
CClIs, respectively. The 95% Cls of the AUCs are
shown in Appendix 1.

A commonly used assessment scale to predict 1-year
mortality in the general population is the CCI. (Charlson
et al. 1987). However, it is unclear whether the CCls pre-
dicted 1-year mortality aligns with the actual clinical out-
comes of patients with hip fractures. Based on the high
30-day mortality rate within the hip fracture population
(Hu et al. 2012; Barcel$ et al. 2021; Gundel et al. 2020;
Roche et al. 2005; Dubljanin Raspopovic et al. 2015), it is
also helpful to know whether a CCI is related to a higher
30-day mortality. The aim of our study was to validate
the original CCI and adjusted CCI from 2011 as risk pre-
diction models for 30-day and 1-year mortality after hip
fracture surgery.

The mean of the original CCI in this cohort was 5.1
(SD£2.0) and 4.6 (SD +1.9) for the adjusted CCIL. A pre-
vious study of a hip fracture population reported a similar
CCI value of 5 (SD+2) (Shen et al. 2022). The observed
30-day and 1-year mortality rates in this study were 8.6%
and 25.9%, respectively. This is in accordance with pre-
viously reported 30-day mortality rates between 6.4%
and 13.3% and 1-year mortality rates between 23.2% and
33.0% (Hu et al. 2012; Dubljanin Raspopovic et al. 2014;
Barcel6 et al. 2021; Gundel et al. 2020; Roche et al. 2005).

Variables of the CCl

Based on the univariate analysis, patients older than
71 years were associated with a higher 30-day mortal-
ity rate, and patients with an age above 61 years were
associated with a higher 1-year mortality. Increasing
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age is a well-established risk factor for both 30-day and
1-year mortality after hip fracture surgery (Hu et al.
2012; Barcel6 et al. 2021; Gundel et al. 2020; Roche et al.
2005; Huette et al. 2020). It seems justifiable that the CCI
increases with age.

Based on our study results and a recently published
meta-analysis, the medical history of dementia had a
substantial influence on mortality after hip fracture
(Bai et al. 2018). It appears reasonable that the weight
assigned to dementia in the adjusted CCI has been
increased from 1 to 2. The 30-day and 1-year mortal-
ity rates were significantly higher in patients with dia-
betes, which is in line with previous literature (Frenkel
Rutenberg et al. 2021). Nevertheless, the weight assigned
to diabetes was decreased after adjustment. Conges-
tive heart failure has been described in the literature as
a risk factor for in-hospital and 1-year mortality (Sanz-
Reig et al. 2017; Cenzer et al. 2016; Guzon-Illescas et al.
2019), which is in line with our univariable analysis
results. In our cohort, MI was associated with higher
30-day and 1-year mortality. MI is not described in the
literature in relation to mortality in hip fracture patients.
Nevertheless, Guzon-Illescas et al. (2019) also reported
a relationship between higher overall mortality and MI
in medical history (Guzon-Illescas et al. 2019). The fact
that MI is no longer included in the adjusted CCI is
debatable for hip fracture patients. MI can be an ambig-
uous variable since a history of MI does not provide any
information on the remaining heart function, which may
be more relevant. A medical history of cerebrovascular
disease was associated with increased 1-year mortality
in this study. However, previous studies have reported
no correlation between prior cerebrovascular accidents
and in-hospital or 1-year mortality after hip fracture sur-
gery (Sanz-Reig et al. 2017; Guzon-Illescas et al. 2019;
Youm et al. 2000). It is questionable that cerebrovascular
accidents are no longer included in the adjusted CCI for
hip fracture patients.

Moderate or severe renal disease was significantly asso-
ciated with a higher 1-year mortality rate. There were no
significant differences in mortality among patients with
mild, moderate, or severe liver disease in our cohort. This
is probably due to the small number of patients in our
cohort. Patients with local tumors, metastatic tumors,

(See figure on next page.)
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and leukemia had significantly higher 1-year mortality.
Lymphoma and acquired immunodeficiency syndrome
(AIDS) were not significantly associated with 30-day or
1-year mortality after univariable analyses.

Chronic pulmonary disease, connective tissue disease,
hemiplegia, peripheral vascular disease, and peptic ulcer
disease were not associated with increased mortality in
our cohort. These factors have not been described in the
literature as risk factors for mortality among hip fracture
patients. A higher CCI is well described in the litera-
ture as a risk factor for both 30-day and 1-year mortality
(Gundel et al. 2020; Smith et al. 2014; Borge et al. 2022;
Forssten et al. 2021. This finding is in line with our uni-
variable analysis results for both the original and adjusted
CCls.

The CCl and mortality rates

On average, the original CCI was approximately 1
point higher in the 30-day mortality and 1-year mortal-
ity groups than in patients who did not die (Fig. 3). The
adjusted CCI showed a slightly larger difference between
the entire cohort for 30-day mortality of approximately 2
points but also appeared to be 1 point greater for 1-year
mortality than in patients who did not die. Ideally, by pre-
dicting mortality, the differences between the patients
who died and those who did not die are more clearly
reflected in the histogram (Fig. 3).

The percentages of observed mortality for each score
of the original CCI and the adjusted CCI are shown
in Table 2. The mortality rate continued to increase
to approximately 9 points on the CCI. After a CCI of
9 points, a decrease in the mortality rate can be per-
ceived, possibly because of the small number of
patients included in these categories. The observed
1-year mortality rates of the original CCI scores are
described in the article by M. Charlson: CCI 0=12%;
CCI 1-2=26%; CCI 3-4=52%; and CCI 5=85%
(Charlson et al. 1987). In our cohort, these percentages
were 0%, 3%, 13%, and 35%, respectively, for the origi-
nal CCI and 0%, 4%, 15%, and 38%, respectively, for the
adjusted CCI (Table 2). The 1-year mortality percent-
ages from 1984 were not comparable to the 1-year mor-
tality percentage from this cohort for either the original
CCI or the adjusted CCI.

Fig. 3 The original and adjusted CCls for the whole cohort and for patients who died within 30 days and 1 year after hip fracture surgery. AThe
original CCl for patients who did not die within 30 days after surgery. B The adjusted CCl for patients who did not die within 30 days after surgery.
CThe original CCl for patients who died within 30 days after surgery. D The adjusted CCl for patients who died within 30 days after surgery. E The
original CCl for patients who did not die within 1 year after surgery. F The adjusted CCl for patients who did not die within 1 year after surgery; G
The original CCl for patients who died within 1 year after surgery. H The adjusted CCl for patients who died within 1 year after surgery
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Table 2 Mortality rates for the original and adjusted CCl in this cohort
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Value of the CCI

Original CCl

30-day mortality

1-year mortality

Adjusted CCl
30-day mortality

1-year mortality

0 0763 (0%) 0763 (0%) 0/68 (0%) 0768 (0%)

1 0/75 (0%) 0/75 (0%) 0/89(0%) 1789 (1%)

2 2/163 (1%) 77163 (4%) 4/215 (2%) 10/ 215 (5%)

3 9/ 359 (3%) 29/ 359 (8%) 20/ 502 (4%) 54 /502 (11%)

4 33/687 (5%) 110/ 687 (16%) 40/ 844 (5%) 153 /844 (18%)
5 68 /821 (8%) 2117821 (26%) 597702 (8%) 208 /702 (30%)
6 81/652 (12%) 239/652 (37%) 90/ 601 (15%) 239/601 (40%)
7 68 /361 (19%) 162 /361 (45%) 597320 (18%) 156/ 320 (49%)
8 257199 (13%) 84 /199 (42%) 157103 (15%) 50/ 103 (49%)

9 7777 (9%) 41/77 (53%) 13 /45 (29%) 30/ 45 (67%)

10 5/30(17%) 14 /30 (47%) 0/21(0%) 4/21(19%)

11 1/18(6%) 8/ 18 (44%) 0/8(0%) 3/8(38%)

12 2/10 (20%) 4/10 (40%) 1/3(33%) 1/3(33%)

13 0/3(0%) 0/3(0%) 0/00) 0/00)

14 1/5(20%) 2/5 (40%) 1/2(50%) 2/2(100%)
Total 30273523 (9%) 91173523 (26%) 30273523 (9%) 91173523 (26%)
0 0/ 63 (0%) 0/63 (0%) 0/68(0%) 0/ 68 (0%)

1-2 2/ 238 (1%) 7/ 238 (3%) 4/304 (1%) 11/ 304 (4%)
3-4 42 /1046 (4%) 139/1046 (13%) 60/ 1346 (4%) 207 /1346 (15%)
>5 25872176 (12%) 765/ 2176 (35%) 23871805 (13%) 693 /1805 (38%)

Performance and validation of the CCI

The AUCs were 0.674 for the original CCI and 0.696 for
the adjusted CCI for 30-day mortality. The AUCs for
1-year mortality were 0.705 and 0.717 for the original
and adjusted CClIs, respectively (Fig. 4). Tang et al. (2021)
reported an AUC for the CCI of 0.653 for in-hospital
mortality (Tang et al. 2021). The adjusted CCI was previ-
ously validated by Haugan et al. (2021), who reported an
AUC of 0.726 for 30-day mortality and 0.751 for 1-year
mortality (Haugan et al. 2021). However, Haugan et al.
(2021) did not report mortality rates, studied each vari-
able of the CCI, generated calibration plots, and did not
validate the original CCI. Karres et al. (2015) validated 6
prediction models for 30-day mortality after hip fracture
surgery and found an AUC of 0.72 for the original CCI
(Karres et al. 2015).

The calibration curves for 30-day mortality for both
the original and adjusted CCls demonstrated inadequate
alignment between the CCI and observed 30-day mor-
tality. The CCI did not differ between the patients with
approximately 20% predicted mortality or higher, and
the same mortality was observed for all those patients.
Therefore, there is overprediction from approximately
20% of the predicted mortality. The calibration curve for
1-year mortality showed improved alignment for both
the original and adjusted CCI, but the curve also strongly

deflects from the 40% observed mortality for both the
original and adjusted CCIL.

Other prediction models for 30-day and 1-year mortal-
ity for hip fracture patients have recently been developed
(Maxwell et al. 2008; Ree et al. 2020). The Nottingham
Hip Fracture Score (NHFS) was validated by Sun et al.
(2023) and reached an AUC of 0.791 for 30-day mortality
(Sun et al. 2023). The Brabant Hip Fracture Score (BHFS)
was internally validated and had AUCs of 0.71 and 0.75
for 30-day and 1-year mortality, respectively (Ree et al.
2020). Both the NHEFS and the BHEFS show better per-
formance statistics than the CCI. The NHFS and BHFS
do allow direct calculation of the mortality risk for a spe-
cific patient; hence, a certain CCI score does not directly
translate into a predicted 30-day or 1-year mortality rate.

Based on the above findings, we do not recommend the
use of the CCI as a prediction model for both 30-day and
1-year mortality after hip fracture surgery.

Strengths

In this study, we investigated a large cohort of hip fracture
patients with detailed descriptions of baseline and perio-
perative factors in a prospective hip fracture database.
The cohorts are representative of the target population
and have limited missing data (including limited miss-
ing data for the CCI variables), increasing the external



de Haan et al. Perioperative Medicine (2024) 13:67

Original CCl, 30 day mortality

=3
o
1

2
>
B3
2
)
0

o
S
L

T T T T

02

o

4 0.
1 - Specificity
Area under ROC curve = 0.6735

Original CClI, 1 year mortality

02

o

04 06
1 - Specificity
Area under ROC curve = 0.7049

E

Adjusted CCI, 30 day mortality

Sensitivity
o
o

L

o
~
L

14
0.8+
0.29

04

0.2

o

04 06
1 - Specificity
Area under ROC curve = 0.6963

Adjusted CClI, 1 year mortality

02

o

04 06
1 - Specificity
Area under ROC curve = 0.7166

100+
90+
80+
704
60

50

Observed (%)

40
30
20+
10

04

Page 9 of 11

Original CCI, 30 day mortality

T T T T T T T
0 10 20 30 40 50 60 70 80 9 100

100+

Observed (%)

Predicted (%)

Original CCI, 1 year mortality

1004
904
80+
704
604
504

Observed (%)

404
30+
20+
104

T T T T T T
0 10 20 30 40 50 60 70 80 9 100

Predicted (%)

Adjusted CCI, 30 day mortality

1004

Observed (%)

T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
Predicted (%)

Adjusted CCI, 1 year mortality

T T T T T T Y T T T T
0 10 20 30 40 50 60 70 80 920 100
Predicted (%)

Fig. 4 Receiver operating characteristic (ROC) curves (A, C, E, and G) and calibration plots (B, D, F, and H) of the original CCl (A, B, C, D)
and adjusted CCI (E, F, G, and H) for 30-day mortality (A, B, E, and F) and 1-year mortality (C, D, G, and H)
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validity of the findings. The data on the primary outcome
measures, 30-day mortality, and 1-year mortality, were
complete. The sample size and particularly the number of
events of the test cohort included more than 100 patients,
and almost all baseline factors (including the variables of
the CCI) were complete, indicating that adequate valida-
tion could be conducted (Ramspek et al. 2021). Extensive
external validation was performed, including both statis-
tical and graphical assessments of the discrimination and
calibration, which made the results more reliable than
those of previous studies. This is the first study in which
the use of the CCl is not recommended for the prediction
of 30-day and 1-year mortality in hip fracture patients, as
better prediction models are currently available.

Limitations

This was an observational cohort study based on patients’
medical charts, meaning that potentially unreported data
were not included in our analysis. Unreported comorbidi-
ties were not included in the analyses, which is a major
limitation of this study given the comorbidities were nec-
essary to calculate the primary outcome (CCI). However,
the comprehensive database encompasses all consecutive
patients, and due to careful status research and follow-
up, the amount of missing data was very limited. The CCI
may be lower in this cohort than in the whole population
because of missing data on diabetes with end-organ fail-
ure and the severity of liver disease. Nevertheless, this
difference should not be large due to the relatively low
incidence of these diseases in a broader population. Addi-
tionally, we excluded the most fragile patients who were
treated nonoperatively because we aimed to investigate
risk factors for 30-day mortality after hip fracture surgery.

Conclusion

A complete overview of the performance of the original
and adjusted CCI for both 30-day and 1-year mortality
prediction after hip fracture surgery was established. A
higher original or adjusted CCI is associated with higher
mortality rates in hip fracture patients. Nevertheless, in
this cohort, the AUC of the original and adjusted CCI
for 30-day and 1-year mortality was approximately 0.70.
This finding is in line with previous literature. More ade-
quate prediction models for mortality after hip fracture
are available. Moreover, the CCI does not formally pro-
vide prediction rules for 30-day and 1-year mortality in
hip fracture patients. Hence, a certain CCI score does
not directly translate into a predicted 30-day or 1-year
mortality rate. Other prediction models allow the direct
calculation of the mortality risk for a specific patient
(Maxwell et al. 2008; Ree et al. 2020). The CCI is not rec-
ommended for the prediction of 30-day or 1-year mortal-
ity in hip fracture patients.
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