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Objective: To compare the Charlson Comorbidity Index (CCI) and American Society of Anesthesiologists 

(ASA) Physical Status Classification used in two prediction models for 30-day mortality after hip fracture 

surgery. 

Study Design and Setting: Data from 3651 patients (mean age: 83 years) from a Norwegian University 

Hospital were retrospectively obtained and randomly divided into two cohorts: a model cohort ( n = 1825) 

to develop two prediction models with CCI and ASA as the main predictors, and a validation cohort 

( n = 1826) to assess the predictive ability of both models. A receiver operating characteristic (ROC) curve 

determined the best model to predict mortality. 

Results: Area under the ROC curve at 30 days was 0.726 ( p = 0.988) for both the CCI- and ASA-model. 

The chosen cut-off-points on the ROC curve for CCI- and ASA-model corresponded to similar model sen- 

sitivities of 0.657 and specificities of 0.680 and 0.679, respectively. Hence, each model predicts correctly 

66% ( n = 96) of the mortalities and 68% ( n = 1132 and n = 1131) of the survivals. 23% ( n = 33) of the 

mortalities were predicted by neither model. 

Conclusion: The CCI- and ASA-model had equal predictive ability of 30-day mortality after hip fracture. 

Considering the effort involved in calculating Charlson Comorbidity Index score, the ASA score may be 

the preferred tool to predict the 30-day mortality after hip fracture. 

© 2021 The Author(s). Published by Elsevier Ltd. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Hip fracture in frail older patients is associated with high post- 

perative mortality, up to 10% mortality is reported within 30 days 

nd more than 30% within one year. 30-day mortality is used as a 

uality indicator for hospital treatment after hip fracture [1-3] . 

Continuous improvements are made to optimize treatment for 

hese patients. Changes have been made in surgical techniques, 

urgical implants and care systems in order to reduce mortality 

ates [4-6] . Guidelines recommend early surgery, early postopera- 
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ive mobilization and use of standardized and orthogeriatric care 

7] . 

For further improvements in care statistical prediction models 

re developed to be used in the follow-up of the most frail pa- 

ients to allow for an adapted, individual care so medical compli- 

ations and comorbidity can be addressed in time [8-16] . Patients 

ith a hip fracture often have significant comorbidity [7] , which 

s associated with worse health outcomes and increased mortality. 

omorbidity can be assessed by comorbidity indices [17] . 

The Charlson Comorbidity Index (CCI), based on International 

lassification of Diseases (ICD), operationalizes the seriousness of 

he patient’s diseases into a Charlson Comorbidity Index score 

CCI-score), from 0 to 24 [18] . CCI was originally developed in 1987 

o predict the one-year survival in women with breast cancer [19] , 

nd was later used for patients with hip fracture [ 8-11 , 20 ]. The

alculation of the CCI-score requires a thorough review of medi- 
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Table 1 

Patient characteristics in model and validation cohort. 

Model cohort 

N = 1825 

Validation cohort 

N = 1826 

Sex 

M/F 547 (30%) 

1278 (70%) 

566 (31%) 

1260 (69%) 

Age 

Mean (SD) 

Median (min–max) 

82.5 (8.0) 

83 (65–103) 

83.0 (7.7) 

84 (65–104) 

Fracture type 

S72.0 

S72.1 

S72.2 

1120 (61.4%) 

591 (32.4%) 

114 (6.2%) 

1160 (63.5%) 

572 (31.3%) 

94 (5.1%) 

CCI-score 

Mean (SD) 

Median (min–max) 

1.17 (1.63) 

0 (0–10) 

1.17 (1.59) 

0 (0–10) 

ASA 1 27 (1.5%) 18 (1.0%) 

ASA 2 501 (27.5%) 506 (27.7%) 

ASA 3 1078 (59.1%) 1101 (60.3%) 

ASA 4 196 (10.7%) 186 (10.2%) 

30-day mortality 128 (7.0%) 146 (8.0%) 

12-month mortality 461 (25.3%) 473 (25.9%) 

d

t

o

t

t  

r

m

u

i

t

>

n

b

e

c

c

t

c

S

R

T

w

w

s

s

a

3

d

2

p

M

w

al records to be accurate, which can involve data collected over 

ears prior to the current hospital admission. 

The American Society of Anesthesiologists (ASA) Physical Sta- 

us Classification is a numeric scale (from 1 to 5) used to describe 

he patient’s health status and peri–operative risk [21] . The ASA- 

core was originally developed to obtain standardized categories 

or physical status for a uniform interpretation and for use in sta- 

istical studies (Owens 1978). The ASA-score is routinely set by the 

nesthesiologist before an anesthetic procedure, based on a sub- 

ective assessment [22] , and is easily available in medical records. 

oth CCI and ASA-scores are used to predict other outcomes than 

riginally intended, such as readmissions [23] and complications 

24] after hip fracture. 

A comparison of the predictive power of CCI and ASA is inter- 

sting considering the difference in accessibility of the two scores. 

he ASA-score is considerably easier to obtain than a CCI-score re- 

uiring extensive calculation. A simple procedure is preferred in a 

usy clinical practice. 

The aim of this study was to compare the ability of CCI- 

core and ASA-score to predict 30-day mortality after hip fracture 

urgery in patients 65 years or older. The prediction of one-year 

ortality will also be reported. 

aterial and methods 

All patients underwent hip fracture surgery between April 18, 

008 and April 29, 2019 at St. Olavs Hospital, Trondheim Univer- 

ity Hospital (Trondheim, Norway). St. Olavs Hospital is the local 

ospital for approximately 30 0,0 0 0 inhabitants. We collected data 

rom 3651 patients aged ≥65 years, with a low-energy hip frac- 

ure identified in the hospital administrative databases by Surgi- 

al Procedure Terminology, NOMESCO Classification of Surgical Pro- 

edures (NCPS) and by the International Classification of Diseases 

ICD-10), S72.0–S72.2. We retrospectively obtained data spanning 

 years prior to the hip fracture and a one-year follow-up (ranging 

rom April 18, 2005 to April 29, 2020). In patients with multiple 

ip fractures, only the first hip fracture was included. The calcula- 

ion of CCI-score was based on all registered main and secondary 

CD-10 codes in the last 3 years prior to current admission, based 

n standards from the Norwegian Knowledge centre for the Health 

ervices [25] . Additionally, we included diagnoses from the current 

pisode. The CCI-score was calculated for each patient by assigning 

alues modified by Quan [26] . 

The CCI- and ASA-scores were used in two statistical prediction 

odels. The CCI-score was modelled as a continuous variable and 

he ASA-score as a categorical variable. Age, sex and type of frac- 

ure were initially considered as explanatory covariates, based on 

reviously published research considered important for survival af- 

er hip fracture [27] . 

The total data material was randomly divided into two cohorts 

a model cohort for development and one validation cohort for 

valuation of the models. The steps are described in detail in the 

tatistical analysis section. The data set was complete except for 38 

issing ASA-scores: 23 in the model cohort and 15 in the valida- 

ion cohort. 

tatistical analysis 

The included patients were randomized by Random Number 

enerator into two groups; a model cohort ( n = 1825) to de- 

elop two prediction models (CCI and ASA), and a validation co- 

ort ( n = 1826) to assess the predictive ability of the models. The 

election of covariates in the final prediction models was based on 

ultiple logistic regression analysis; covariates holding a p-value 

f < 0.10 were included [12] . 
2380 
The performance of the models was validated by calibration and 

iscrimination. Calibration is related to goodness-of-fit and reflects 

he consistency between predictions and outcomes. The calibration 

f the final CCI- and ASA-prediction models was accomplished on 

he model cohort, assessed by the Hosmer - Lemeshow test. A sta- 

istically significant outcome ( p ≤ 0.05) indicates lack of fit [ 12 , 28 ].

Discrimination was accomplished on the validation cohort by 

eceiver operating characteristic (ROC) curve analysis. The two 

odels were applied on the validation cohort to calculate individ- 

al patient mortality risks. The discriminative power of each model 

s related to the corresponding AUC. The larger the area, the bet- 

er the discriminative ability. An AUC of 0.70–0.79, 0.80–0.89, and 

 0.90 represents acceptable, excellent, and outstanding discrimi- 

ation ability, respectively [29] . The ROC curve shows the relation 

etween sensitivity and specificity for every mortality risk. To ex- 

mplify the discriminative power of the models in our validation 

ohort, a single point (cut-off-point) on the ROC curve had to be 

hosen. By considering sensitivity and specificity as equally impor- 

ant, the point nearest to the top left-hand corner was chosen as 

ut-off-point [30] . All statistical analyses were carried out using 

PSS (IBM© SPSS© Statistics version 26, Armonk, NY, USA). 

esults 

otal cohort 

The mean and median age at admission of the 3651 patients 

ere 83 and 84 years, respectively, and 69.5% of the cohort were 

omen. The distribution of fractures was as follows: 62% intracap- 

ular fracture (S72.0), 32% pertrochanteric fractures (S72.1), and 6% 

ubtrochanteric fractures (S72.2). Mean and median CCI were 1.17 

nd 0, respectively, and the mean and median ASA were 2.80 and 

, respectively. The mortality was as follows: 1.6% of the patients 

ied during hospital stay, 7.5% died within the first 30 days, and 

5.6% died within one year. 

The patient characteristics for the two randomized cohorts are 

resented in Table 1 . 

odel cohort 

Higher CCI-score as well as higher ASA-score was associated 

ith increased 30-day mortality ( Fig. 1 ). 
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Fig. 1. Proportion of survival and mortality within 30-days after hip fracture according to CCI-score and ASA-score. 23 patients with missing ASA-score were excluded. 

Table 2 

Model parameters for the CCI-model. 

30-day follow-up 

Coefficient 

B p-value OR 95% CI 

Lower Upper 

Sex ∗ 0.756 < 0.001 2.672 1.441 3.151 

Age 0.104 < 0.001 1.110 1.078 1.142 

CCI-score 0.347 < 0.001 1.414 1.291 1.549 

Constant −12.248 < 0.001 

∗ Female sex is the reference category. 

Table 3 

Model parameters for ASA-model. 

30-day follow-up 

Coefficient 

B p-value OR 95% CI 

Lower Upper 

Sex ∗ 0.814 < 0.001 2.257 1.522 3.346 

Age 0.084 < 0.001 1.087 1.057 1.119 

ASA 1 −18.717 0.998 0.000 0.000 0.000 

ASA 2 −2.207 < 0.001 0.110 0.055 0.221 

ASA 3 −1.264 < 0.001 0.283 0.184 0.433 

ASA 4 ∗ < 0.001 

Constant −8.781 < 0.001 

∗ Female sex and ASA 4 are reference categories. 
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In the initial logistic regression analyses, age and sex satisfied 

he threshold for inclusion holding a p-value of < 0.001 and a p- 

alue of < 0.001 respectively, for both the CCI-model and the ASA- 

odel. Type of hip fracture did not satisfy the threshold for inclu- 

ion and was excluded from the final prediction model ( p ≥ 0.519 

n the CCI-model and p ≥ 0.720 in the ASA-model). In the final 

rediction models, age and sex were included as covariates to- 

ether with CCI-score and ASA-score, respectively. The Hosmer - 

emeshow tests for the CCI- and ASA-models at 30-days did not in- 

icate lack of fit ( p = 0.683 and p = 0.711, respectively). The model

arameters are presented in Tables 2 and 3 . 

alidation cohort 

The discriminative power of the CCI- and ASA-model at 30-day 

nd one-year follow-up are presented as AUC ( Fig. 2 ). The AUC 

f 0.726 was similar for the CCI- and the ASA-model at 30 days 

 p = 0.988). The chosen cut-off point holds a sensitivity of 0.657 

n both the CCI- and ASA-models. The specificities were 0.680 and 
2381 
.679 for the two models. The AUC for the CCI- and the ASA-model 

t one year were 0.751 and 0.732 ( p = 0.069), respectively. 

The association of CCI-scores and ASA-scores is presented in 

ig. 3 . 

Quantification of the discriminative power when using our cho- 

en cut-off points is presented in Fig. 4 . Each model predicts cor- 

ectly 66% ( n = 96) of the mortalities and 68% ( n = 1132 and

 = 1131) of the survivals. 23% ( n = 33) of the mortalities were

redicted by neither model. 

iscussion 

We developed and validated a CCI- and an ASA- statistical 

odel to predict 30-day mortality in patients undergoing hip frac- 

ure surgery and found the CCI- and ASA-model to have similar 

redictive ability with an acceptable discrimination of 0.726. 

Other studies have compared mortality prediction models. Kar- 

es et al. [14] compared six models for prediction of 30-day mor- 

ality after hip fracture. Among these six, three were relevant re- 

arding our study, one model used the CCI-score [14] and two 
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Fig. 2. ROC curves of CCI- and ASA-model at 30-day and one-year follow-up with 

the one chosen cut-off point marked as a circle. 

m  

r

a

d

H

t

m

[

(

w

A

p

p

f  

F

s

Fig. 4. Quantification of the discriminative power at 30-days follow-up. 15 patients 

with missing ASA-scores were excluded. 
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odels used ASA-score as one of several predictors [ 31 , 32 ]. Karres

eported AUCs ranging from 0.71 to 0.76. 

The Hip Fracture Estimator of Mortality Amsterdam (HEMA) 

imed to identify patients with a higher mortality risk. Nine pre- 

ictors were finally included to quantify the comorbidity. The 

EMA calculated individual risk of mortality and ranged the pa- 

ients into three severity groups for risk of mortality within 30-day 

ortality. The predicted 30-day mortality, showed an AUC of 0.79 

12] . 

Maxwell et al. [9] compared Nottingham Hip Fracture Score 

NHFS) and ASA-score in predicting the 30-day mortality. The aim 

as to improve in-hospital care. NHFS-AUC was 0.719 and the ASA- 

UC was 0.718. Mort ality rates at 30 days were similar as in the 

resent study. The population were somewhat younger than in the 

resent study, including patients irrespective of age. 

To summarize these 30-day results, AUC were ranging from 0.71 

or CCI [14] to 0.79 for the HEMA [12] . Our 30 days AUC results
ig. 3. Association of CCI-scores and ASA-scores. 15 patients with missing ASA- 

cores were excluded. 
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ere similar for the CCI- and ASA-models with an AUC of 0.726, 

omewhat higher than reported by Maxwell and lower than the 

EMA. 

Both the CCI- and ASA-model in the present study showed an 

cceptable discrimination ability but failed to reach a level of ex- 

ellence. 

Quach et al. [8] evaluated the effect of comorbidity on 12- 

onth mortality after hip fracture surgery, comparing the follow- 

ng; CCI based on the original CCI-score, an age-adjusted CCI-score 

nd ASA-score. The AUCs were 0.61, 0.61, and 0.67, respectively [8] . 

he inclusion criteria, the study population and the morbidity were 

uite similar to the present study. Our 12-months results with an 

UC of 0.751 for the CCI-score and AUC of 0.732 for the ASA-score 

ere higher when compared to Quach. 

We found higher CCI-scores was associated with higher ASA- 

cores ( Fig. 3 ). Still, 36 patients with an ASA-score of 4 had corre-

ponding CCI-score of 0. The CCI-score ranging from 0 to 24 holds 

 higher resolution than the ASA five-grade classification. However, 

ealth condition and lifestyle factors such as cigarette smoking and 

besity may be relevant for mortality. These lifestyle aspects are 

ccounted for when registering the ASA-score [21] but not consid- 

red in the CCI. 

We found that each model predicted correctly 66% of the mor- 

alities and 68% of the survivals. The discriminative power is rated 

atisfactory, but the clinical usefulness is limited. In our valida- 

ion cohort, 96 of the 146 mortalities in each model were correctly 

redicted at 30-day follow up ( Fig. 4 ). However, for 533 (CCI) and

34 (ASA) patients the models failed to predict survival. 23% of the 

ortalities were predicted by neither model. 

Prediction models including multiple predictors may increase 

he performance at the cost of applicability in a clinical setting. 

btaining data and calculating CCI-score is time consuming while 

SA-score is easy to apply. 

The strength of the study is the randomization of patients into 

wo different cohorts, one for developing the model and one for 

alidating the results, and the relatively high number of patients 

nd high level of data completeness. The study has limitations, 

he retrospective design and that all data is from a single hospital. 

he included patients were 65 years or older, the CCI-score ranged 



K. Haugan, J. Klaksvik and O.A. Foss Injury 52 (2021) 2379–2383 

f

y

C

d

i

a

s

a

D

A

w

a

a

n

fl

R

 

 

 

 

 

 

 

 

[  

 

 

 

 

 

 

 

[  

[

[  

[

[  

[  

[  

[  

[  

[

[

[  

 

[  
rom 0 to 10. Hence, the results are not generalizable to patients 

ounger than 65 years or to those with a higher CCI-score than 10. 

onclusion 

Our results show that the CCI- and ASA-model had equal pre- 

iction ability of mortality after hip fracture at 30-days follow-up 

n patients 65 years or older. Hence, the models are interchange- 

ble. Considering the effort involved in calculating CCI-score, ASA- 

core may be the preferred tool to predict mortality within 30-days 

fter a hip fracture. 

eclarations of Competing Interest 

None 

cknowledgements 

This study was funded by St. Olavs Hospital, Trondheim, Nor- 

ay. The funder had no role in study design, data collection and 

nalysis, decision to publish, or preparation of the manuscript. The 

uthors have no other financial relationships to disclose. There are 

o conflicts or commercial relationships which may lead to con- 

icts of interest. 

eferences 

[1] Parker M , Johansen A . Hip fracture. Bmj 2006;333:27–30 . 

[2] Abrahamsen B , van Staa T , Ariely R , Olson M , Cooper C . Excess mortality
following hip fracture: a systematic epidemiological review. Osteoporos Int 

2009;20:1633–50 . 

[3] Norwegian Directorate of Health. Hoftebrudd - overlevelse 30 dager etter inn- 
leggelse. 2020. 

[4] Gjertsen JE , Dybvik E , Furnes O , Fevang JM , Havelin LI , Matre K , et al. Improved
outcome after hip fracture surgery in Norway. Acta Orthop 2017;88:505–11 . 

[5] Kates SL . Hip fracture programs: are they effective? Injury 2016;47(Suppl 
1):S25–7 . 

[6] Wise J . Hip fracture audit may have saved 10 0 0 lives since. Bmj

2007;351:h3854 2015 . 
[7] British Orthopaedic Association The care of patients with fragility fracture 

("Blue book"). East Sussex: British Orthopaedic Association; 2007 . 
[8] Quach LH , Jayamaha S , Whitehouse SL , Crawford R , Pulle CR , Bell JJ . Com-

parison of the Charlson Comorbidity Index with the ASA score for predicting 
12-month mortality in acute hip fracture. Injury 2020 . 

[9] Maxwell MJ , Moran CG , Moppett IK . Development and validation of a preop-

erative scoring system to predict 30 day mortality in patients undergoing hip 
fracture surgery. Br J Anaesth 2008;101:511–17 . 

[10] Burgos E , Gomez-Arnau JI , Diez R , Munoz L , Fernandez-Guisasola J , Garcia del
Valle S . Predictive value of six risk scores for outcome after surgical repair of

hip fracture in elderly patients. Acta Anaesthesiol Scand 2008;52:125–31 . 
[11] Neuhaus V , King J , Hageman MG , Ring DC . Charlson comorbidity indices

and in-hospital deaths in patients with hip fractures. Clin Orthop Relat Res 

2013;471:1712–19 . 
2383 
12] Karres J , Kieviet N , Eerenberg JP , Vrouenraets BC . Predicting Early Mortality
After Hip Fracture Surgery: the Hip Fracture Estimator of Mortality Amsterdam. 

J Orthop Trauma 2018;32:27–33 . 
[13] Cher EWL , Allen JC , Howe TS , Koh JSB . Comorbidity as the dominant predictor

of mortality after hip fracture surgeries. Osteoporos Int 2019;30:2477–83 . 
[14] Karres J , Heesakkers NA , Ultee JM , Vrouenraets BC . Predicting 30-day mortality

following hip fracture surgery: evaluation of six risk prediction models. Injury 
2015;46:371–7 . 

[15] Bliemel C , Sielski R , Doering B , Dodel R , Balzer-Geldsetzer M , Ruchholtz S ,

et al. Pre-fracture quality of life predicts 1-year survival in elderly patients 
with hip fracture-development of a new scoring system. Osteoporos Int 

2016;27:1979–87 . 
[16] Gijsen R , Hoeymans N , Schellevis FG , Ruwaard D , Satariano WA , van den

Bos GA . Causes and consequences of comorbidity: a review. J Clin Epidemiol 
2001;54:661–74 . 

[17] de Groot V , Beckerman H , Lankhorst GJ , Bouter LM . How to measure comor-

bidity. a critical review of available methods. J Clin Epidemiol 2003;56:221–9 . 
[18] Quan H , Sundararajan V , Halfon P , Fong A , Burnand B , Luthi JC , et al. Coding

algorithms for defining comorbidities in ICD-9-CM and ICD-10 administrative 
data. Med Care 2005;43:1130–9 . 

[19] Charlson ME , Pompei P , Ales KL , MacKenzie CR . A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation. J 

Chronic Dis 1987;40:373–83 . 

20] Solbakken SM , Magnus JH , Meyer HE , Emaus N , Tell GS , Holvik K , et al. Impact
of comorbidity, age, and gender on seasonal variation in hip fracture incidence. 

A NOREPOS study. Arch Osteoporos 2014;9:191 . 
21] American Society of Anesthesiologists ASA physical status classification sys- 

tem; 2019. Available from: https://www.asahq.org/standards- and- guidelines/ 
asa- physical- status- classification- system [accessed September 29, 2020] . 

22] Owens WD , Felts JA , Spitznagel EL Jr . ASA physical status classifications: a

study of consistency of ratings. Anesthesiology 1978;49:239–43 . 
23] Lizaur-Utrilla A , Serna-Berna R , Lopez-Prats FA , Gil-Guillen V . Early rehospital- 

ization after hip fracture in elderly patients: risk factors and prognosis. Arch 
Orthop Trauma Surg 2015;135:1663–7 . 

24] Hasan O , Barkat R , Rabbani A , Rabbani U , Mahmood F , Noordin S . Charlson
Comorbidity Index predicts postoperative complications in surgically treated 

hip fracture patients in a tertiary care hospital: retrospective cohort of 1045 

patients. Int J Surg 2020 . 
25] Hassani S , Lindman AS , Kristoffersen DT , Tomic O , Helgeland J . 30-Day Survival

Probabilities as a Quality Indicator for Norwegian Hospitals: data Management 
and Analysis. PLoS ONE 2015;10:e0136547 . 

26] Quan H , Li B , Couris CM , Fushimi K , Graham P , Hider P , et al. Updating
and validating the Charlson comorbidity index and score for risk adjustment 

in hospital discharge abstracts using data from 6 countries. Am J Epidemiol 

2011;173:676–82 . 
27] Sheehan KJ , Sobolev B , Chudyk A , Stephens T , Guy P . Patient and system fac-

tors of mortality after hip fracture: a scoping review. BMC Musculoskelet Dis- 
ord 2016;17:166 . 

28] Lemeshow S , Hosmer DW Jr . A review of goodness of fit statistics for use in the
development of logistic regression models. Am J Epidemiol 1982;115:92–106 . 

29] Hosmer DW , Lemeshow S . Applied statistical regression 2ed. Canada: John Wi- 
ley & sons, Inc; 20 0 0 . 

30] Altman DG . Practical statistiscs for medical research. Chapman & Hall/CRC; 

2018 . 
31] Holt G , Smith R , Duncan K , Finlayson DF , Gregori A . Early mortality after surgi-

cal fixation of hip fractures in the elderly: an analysis of data from the scottish
hip fracture audit. J Bone Joint Surg Br 2008;90:1357–63 . 

32] Hirose J , Mizuta H , Ide J , Nomura K . Evaluation of estimation of physiologic
ability and surgical stress (E-PASS) to predict the postoperative risk for hip 

fracture in elder patients. Arch Orthop Trauma Surg 2008;128:1447–52 . 

http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0001
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0001
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0001
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0002
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0002
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0002
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0002
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0002
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0002
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0004
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0004
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0004
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0004
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0004
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0004
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0004
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0004
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0005
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0005
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0006
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0006
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0007
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0008
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0008
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0008
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0008
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0008
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0008
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0008
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0009
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0009
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0009
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0009
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0010
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0010
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0010
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0010
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0010
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0010
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0010
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0011
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0011
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0011
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0011
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0011
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0012
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0012
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0012
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0012
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0012
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0013
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0013
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0013
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0013
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0013
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0014
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0014
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0014
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0014
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0014
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0015
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0015
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0015
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0015
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0015
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0015
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0015
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0015
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0016
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0016
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0016
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0016
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0016
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0016
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0016
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0017
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0017
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0017
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0017
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0017
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0018
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0018
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0018
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0018
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0018
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0018
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0018
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0018
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0019
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0019
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0019
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0019
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0019
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0020
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0020
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0020
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0020
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0020
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0020
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0020
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0020
https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0022
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0022
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0022
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0022
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0023
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0023
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0023
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0023
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0023
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0024
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0024
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0024
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0024
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0024
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0024
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0024
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0025
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0025
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0025
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0025
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0025
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0025
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0026
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0026
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0026
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0026
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0026
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0026
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0026
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0026
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0027
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0027
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0027
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0027
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0027
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0027
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0028
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0028
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0028
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0029
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0029
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0029
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0030
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0030
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0031
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0031
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0031
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0031
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0031
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0031
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0032
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0032
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0032
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0032
http://refhub.elsevier.com/S0020-1383(21)00102-9/sbref0032

	30-day mortality in patients after hip fracture surgery: A comparison of the Charlson Comorbidity Index score and ASA score used in two prediction models
	Introduction
	Material and methods
	Statistical analysis

	Results
	Total cohort
	Model cohort
	Validation cohort

	Discussion
	Conclusion
	Declarations of Competing Interest
	Acknowledgements
	References


