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Abstract

Background Charlson Comorbidity Index (CCI) has been suggested to be associated with mortality in hip fracture patients,
to the same extent as more expensive and time-consuming tools. However, even CCI might be too time-consuming in a
clinical setting.

Aim To investigate whether the American Society of Anaesthesiologists score (ASA score), a simple grading from the
anaesthesiologist’s examination, is comparable with CCI in the association with 1-year mortality after a hip fracture.
Methods The study population was patients 60 + years registered in the Swedish Hip Fracture Registry with a first-time hip
fracture between 1997 and 2017 (N=165,596). The outcome was 1-year mortality, and the exposures were ASA score and
CCI. The association between comorbidity and mortality was described with Kaplan—Meier curves and analyzed with Cox
proportional hazards models.

Results The Kaplan—Meier curves showed a stepwise increase in mortality for increasing values of both ASA and CCI. The
Hazard Ratios (HRs) for the highest ASA (4-5) were 3.8 (95% Confidence Interval 3.5-4.2) for women and 3.2 (2.8-3.6) for
men in the fully adjusted models. Adjusted HRs for the highest CCI (4 +) were 3.6 (3.3-3.9) for women and 2.5 (2.3-2.7)
for men. Reference was the lowest score value for both tools. The correlation between the tools was moderate.

Conclusions Both ASA and CCI show a similar stepwise association with 1-year mortality in hip fracture patients, despite
measuring different factors and capturing different individuals at risk. Since the ASA score is already accessible for health
care staff, it might be preferable to aid in prioritizing vulnerable hip fracture patients at risk of adverse outcomes.
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Introduction

Excess mortality following a hip fracture is a major public
health concern among older adults, with a mortality rate
twice as high as for the general population [1]. Hence, it is
vital to understand which individuals are at a higher risk for

< Stina Ek
stina.ek @ki.se

Unit of Epidemiology, Institute of Environmental Medicine,
Karolinska Institutet, Stockholm, Sweden

Department of Orthopedics, Karolinska University Hospital,
Stockholm, Sweden

Department of Clinical Science, Intervention
and Technology, Karolinska Institutet, Stockholm, Sweden

adverse outcomes after a hip fracture, to be able to target
pre-, per- and postoperative interventions.

Several clinical tools that build on comorbidities have
been suggested to predict mortality after a hip fracture,
among them the enUmeration of Mortality and Morbid-
ity (O-POSSUM) and the Nottingham Hip Fracture Score
(NHFS) [2, 3]. However, in addition to being expensive and
time-consuming, their prediction of mortality is far from
perfect [4]. These tools often rely on medical history and
related comorbidities, and a high level of comorbidities at
the time of the hip fracture is known to increase the risk
of subsequent mortality [5—8]. The Charlson Comorbidity
Index (CCI), which builds on information on specific comor-
bidities from previous hospital admissions, has been sug-
gested to be a less expensive and time-consuming alternative
to predict mortality among hip fracture patients [9—11]. Sev-
eral studies have shown that CCI is associated with 1-year
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mortality after a hip fracture [6-8, 12]. However, to go back
and investigate every individual patient’s medical record in
an acute clinical setting might not be feasible.

The American Society of Anaesthesiologists classifica-
tion of physical status (ASA score) is a clinical estimate
of the patient’s overall health made by an anaesthesiologist
before surgery, with a scoring ranging from 1 to 6, where an
ASA score of 1 represents “healthy” and a score of 6 means
that the patient is deceased [13—15]. Studies with various
follow-up periods have shown an association between ASA
score and mortality after hip fracture [8, 16, 17]. In particu-
lar, an ASA score of three or more has shown to be associ-
ated with higher mortality [8]. In addition, ASA score is also
a good predictor of the risk of post-operative complications
and re-admission, both possibly associated with an increased
mortality rate [18, 19]. The most common use of ASA score
in hip fracture research is to adjust for it as a proxy for health
status, when exploring risk factors for other adverse out-
comes such as surgery failure and reoperations, which is also
closely related to increased mortality [20].

Although both tools evaluate patient’s health status and
risk for excess mortality, the construct of them differs con-
siderably. The main differences are that ASA score gives a
measure of the patients’ general health at the time of surgery,
while CCI mirrors a history of specific diseases. Therefore,
it is of interest to study whether ASA score, a simpler meas-
ure that will be available from the anaesthesiologist’s notes
from the same hospitalization, is comparable with CCI in
the association with mortality after hip fracture. In fact, a
recent study on 320 patients from Australia has compared
these tools to predict mortality among hip fracture patients
and found that ASA score, but not CCI was associated with
1 year mortality, although additional studies with larger sam-
ples are needed [21].

We hypothesize that both ASA score and CCI are associ-
ated with higher mortality in this patient group, although
whether the tools capture the same individuals is unclear
since the measures are constructed in different ways. It is
also of interest to see if the two measures differ in how they
predict mortality for men and women, respectively. In addi-
tion, whether the higher mortality among male hip fracture
patients can be explained by higher comorbidity levels. The
aim of this study was to investigate whether the ASA score is
comparable to CCI in the association with 1-year mortality
in patients with a first-time hip fracture, and whether this
association differed between women and men.

Methods

This cohort study was based on a combination of the Swed-
ish National Hip Fracture Registry (SHR, Rikshoft), the
Swedish Patient Registry (NPR), the Integrated Database
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for Labour market Research (LISA) and the Cause of Death
Registry. The SHR is a clinical register, covering about 80%
of all hip fractures in Sweden [22]. The NPR and the Cause
of Death Registry are administrative registers and have a
close to full national coverage [23]. All sources are linked to
each other by the Swedish Personal Number (PIN) and there-
after anonymized with each individual receiving a unique id
number replacing the PIN.

We included all patients registered in the SHR with a
first-time hip fracture above the age of 60 years, between the
years 1997 and 2017 (N=194,145). After excluding patho-
logic fractures (n=3 279), individuals that did not receive
surgery (n=474), individuals with missing information
about ASA score (n=23 267) and 1 841 individuals with
missing data on cohabitation status, the analytical sample
was 165 596 individuals with first-time hip fracture.

Outcome

The outcome was 1-year mortality registered in the Cause
of Death Registry.

Exposures

The exposure was comorbidity measured in two ways: ASA
score and CCIL.

ASA score was extracted from the SHR and is estimated
by the local anaesthesiologist prior to the hip fracture sur-
gery. In this study, 4 different categories were used: ASA 1,
2,3 and 4+ 5 (due to a small number of individuals with an
ASA score of 5). The calculation of the CCI in this study
follows the methods presented by Brusselaers et al. [9]. The
diagnoses included in the score are acute myocardial infarc-
tion, congestive heart failure, peripheral vascular disease,
cerebral vascular disease, dementia, chronic obstructive
lung disease, rheumatoid disease, liver disease, diabetes,
hemiplegia or paraplegia, renal disease, cancer, metastatic
cancer, and AIDS. The corresponding ICD 10-codes used to
identify the different diseases in the hip fracture patients and
the weighted scores for the respective disease are presented
in Supplementary Table 1. In this study, the comorbidities
that constitute the CCI were extracted from the NPR by ICD
codes from hospitalizations during 1 year prior to the hip
fracture and thereafter categorized into 5 different groups:
0,1,2,3,and 4 +.

Confounders

The data on age, sex, admission date, type of hip fracture
(categorized into intracapsular, pertrochanteric and subtro-
chanteric) and cohabitation status (living alone, cohabiting
and institutional housing) before the fracture was retrieved
from the SHR. Dementia diagnosis was based on the
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ICD-codes from the NPR within 1 year prior to the frac-
ture. Education was retrieved from LISA and categorized
into three different categories based on the highest attained
education (primary, secondary and university).

Statistics

Descriptive statistics including Kaplan—Meier graphs for
survival data were produced. The Kaplan—Meier graphs
were calculated for ASA score and CCI, stratified by age
and sex. Sex specific survival was analysed with multivari-
ate Cox proportional hazards models controlling for possible
confounders. Education level and type of fracture did not
alter the results when brought into the model and were hence
left out of the analysis. Correlation between ASA score and
CCI was calculated with Pearson’s correlation coefficient.

Sensitivity analysis

To test the robustness of the results in subgroups of the
population, additional survival analyses were carried out,
stratifying for age groups and in a subsample of participants
with diagnosed dementia.

The statistical calculations were performed with the Stata
15 and 16 (Statacorp, TX).

Ethics

The SHR is based on consent from participants. The study
has been approved by the Regional Research Ethics Board
2011/136-31/5 and complementary approvals 2017/1088-31
and 2018/84-32.

Results

The main characteristics of the study population are pre-
sented in Table 1. Out of the 165 596 participants, 114 549
(69%) were women. The mean age (+ SD) for women at
baseline was 82.9 years (+8.1) and 21.3% had died within
one year from the fracture. Among men, the mean age was
81.0 years (£ 8.5) and the 1-year mortality was 31.8%. The
absolute risks of 1-year mortality according to ASA score
and CCI are presented in Table 2. Patients with the lowest
ASA (a score of 1) had a 1-year mortality risk of 7.2%,
while patients with the lowest CCI (Score 0) had a 1-year
mortality risk of 14.7%. The corresponding numbers for
highest ASA and CCI categories were 48.8% and 52.2%.
The crude Kaplan—Meier survival curves for different
ASA- and CCI scores are presented in Fig. 1, stratified for
sex and age. The curves show a stepwise increase in mor-
tality per increase in grading for both ASA score and CCI
and that the mortality is higher among older individuals

Table 1 Baseline characteristics of the study population presented as
absolute numbers (percentage)

Women (n =114,549) Men (n =51,047)

Age, mean (SD) 82.9 (8.1) 81.0 (8.5)
Education level, n (%)
Primary 65,805 (60.9) 26,436 (54.02)
Secondary 31,036 (28.7) 15,791 (32.27)
University 11,137 (10.3) 6714 (13.72)
Cohabitation status, 7 (%)
Alone 59,997 (52.4) 17,978 (35.2)
Cohabiting 28,114 (24.5) 21,011 (41.2)
Institutional housing 26,438 (23.1) 12,058 (23.6)
Diagnosed dementia, 18,152 (15.9) 7684 (15.1)
n (%)
ASA score, n (%)
1 8150 (7.1) 3109 (6.1)
2 47,586 (41.5) 16,742 (32.8)
3 50,316 (43.9) 25,414 (49.8)
4-5 8497 (7.4) 5782 (11.3)
CCL n (%)
0 60,678 (53.0) 21,948 (43.0)
1 34,590 (30.2) 15,378 (30.1)
2 13,519 (11.8) 8410 (16.5)
3 4266 (3.7) 3559 (7.0)
4+ 1496 (1.3) 1752 (3.4)

1-year mortality, n (%) 24,423 (21.3) 16,254 (31.8)

Table 2 Absolute risk (in %) for 1-year mortality among hip fracture
patients according to ASA score and CClI, stratified by sex and age
groups

All Women Men
60-79 80+ 60-79 80+
ASA
1 7.2 2.2 10.5 39 20.3
2 15.6 6.1 17.5 10.2 28.3
3 30.2 15.7 30.5 22.2 44.0
4-5 48.8 359 47.7 40.9 61.8
CCI
0 14.7 5.0 17.0 8.6 27.6
28.9 15.0 30.1 22.0 42.6
39.0 234 39.5 29.5 51.7
48.5 35.1 48.3 36.2 59.5
4+ 55.2 44.3 56.5 48.5 61.1
Total 24.6 11.0 25.7 17.8 40.5

and among men, even for low levels of ASA score and
CCI. All curves show a steeper slope at the beginning,
indicating that the risk of dying is higher within the first
couple of months after the fracture.
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Fig. 1 Unadjusted Kaplan—-Meier curves for 1-year survival among hip fracture patients according to a the ASA score grading and b the CCI
scoring, stratified by sex and age
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The association between ASA score and 1-year mortal-
ity, estimated with Cox proportional hazards and adjusted
for potential confounders, are presented in Fig. 2 and Sup-
plementary Table 2. The hazard ratios (HRs) for the ASA
score showed a stepwise increase in risk for each increase
in ASA score which remained in the fully adjusted mod-
els, although attenuated. The CCI showed a similar pat-
tern for women, while the HRs for men increased less for
each extra point, with a plateauing tendency for the highest
scores.

A cross-tabulation of the distribution of the two tools
is presented in Fig. 3. Individuals are mainly in similar
risk levels regardless of comorbidity being measured by
ASA score or CCI, although the two tools seem to detect
somewhat different risk profiles, with for example 2% of
the individuals being classified as having a CCI 0 while
being in the highest ASA category of 4 or 5. The Pearson’s
correlation calculations reinforced this finding, with a gen-
eral correlation of 0.4 for the whole study population, as
well as for women and men separately.
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Fig.2 Association between ASA score and CCI with 1-year mortal-
ity, analyzed with Cox proportional hazards (HR, 95% significance
level). Model 1: controlled for age; Model 2: controlled for age and

Sensitivity analysis

The survival analyses in different subgroups showed similar
patterns as the main analysis, although with an attenuated
association among 80 + year old individuals and among indi-
viduals with dementia (results not shown).

Discussion

In this nationwide register study of Swedish hip fracture
patients, both ASA score and CCI showed a positive and
stepwise association with 1-year mortality among men and
women and in both age groups. Although the results that
both tools are associated with mortality are in line with
the previous studies, [24, 25] our study contributes to the
existing knowledge by comparing the two tools in a large
nationwide sample of hip fracture patients. We also show
that the strengths of the associations between comorbid-
ity and mortality is slightly different between women and
men and between age groups. For both women and men
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cohabitation status; Model 3: controlled for age, cohabitation status
and the comparing measurement (ASA score or CCI)

@ Springer



134

Aging Clinical and Experimental Research (2022) 34:129-136

Distribution between ASA score and CCI
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Fig.3 Cross tabulation of the distribution between ASA score and CCI among hip fracture patients

mortality increases with increasing ASA score, although
the increase is less steep for the younger age group. For
women and younger men, the CCI shows similar associa-
tions with mortality while we find a plateau around a CCI
score of 3 among the older men. This indicates that there
is a ceiling effect for how much a heavier comorbidity bur-
den matters when studying the combination of comorbidi-
ties that the CCI consists of among older men. This is in
line with a Norwegian study showing that already a CCI
score of 2 or more was associated with higher mortality,
indicating that the highest scores of the CCI might not add
much extra information [26]. Although many studies have
explored the association between CCI and mortality in hip
fracture patients, most have assessed CCI as either continu-
ous or binary (low vs. high) and it is therefore not possible
to assess a possible ceiling effect of CCI in these studies. In
a recent study, Quach et al. concluded that ASA score was
associated with mortality while CCI was not among 320
studied hip fracture patients [21]. In our study, both tools
were associated with mortality even after controlling for
possible cofounders. This difference might be explained by
sample size and type of analysis used but also by selection,
since Quach et al.’s study sample was limited to 320 older
adults recruited from one orthogeriatric unit.

@ Springer

Our data show that both high ASA score and CCI is more
common among men, and men also have a higher 1-year
mortality, confirming the results of previous studies [27-29].
However, the two tools’ associations with 1-year mortality
are more pronounced in women. This is in line with the pre-
vious research from Riska et al., who showed a higher bur-
den of comorbidities and 1-year mortality among men, but
a weaker association between comorbidities and mortality
compared to women [26]. Kannegaard et al. also studied sex
differences in the association between comorbidity and mor-
tality in hip fracture patients. They conclude that the excess
comorbidity among men does not account for the increased
risk of dying but suggest that the increased mortality for men
could be explained by acute complications or undetected
chronic conditions that have not been registered prior to the
fracture [30]. It could also be interpreted as women being
more affected by the type of comorbidities that are captured
in these tools, or that unknown factors other than these spe-
cific comorbidities impact the outcome after a hip fracture
for men. Although sex differences in hip fracture prevalence
and mortality among hip fracture patients are well-known,
the mechanisms behind this are less studied and need further
investigation. When the outcome is regained function and
mobility, the results are often reversed, men recover better
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from a hip fracture than women [31, 32]. This might be
explained by selection; more men die after the hip fracture
and those who survive are healthier compared with surviv-
ing women. In this study, a part of the sex difference might
also be explained by the difference in size and mortality rate
in the reference groups for women and men, respectively.

One should note the differences in distribution and
scales between the two indices, 7% with the lowest ASA
score are compared to 50% with the lowest CCI score and
for the highest categories the proportions are 9% compared
to 2%, respectively. This makes a more in-depth comparison
between the tools, such as increase in risk per extra point,
difficult. Although, it seems like each extra point in the CCI
is associated with an increase in the mortality risk at the
lower end of the scale, this risk increase attenuates with
higher CCI score (especially among men) in contrast to
ASA which showed a more linear pattern of the association
with mortality. Even though the HRs for the two scores are
rather similar, the correlation analysis reveals that the two
tools measure somewhat different aspects of comorbidity.
We interpret this finding as the two tools capturing differ-
ent aspects of health, but that both contain information that
is associated with increased mortality risk one year after a
hip fracture. This inference is strengthened by the fact that
a strong association remains in the final survival analysis
models, where the other tool (CCI and ASA score, respec-
tively) is included in the model. If ASA score and CCI were
measuring the same thing, the association in the final model
had disappeared. Although being strongly associated with
1-year mortality, these tools alone are not enough to capture
a complete picture of the risk after a hip fracture. This is also
true for more complex tools, such as the O-POSSUM and
the NHFS [4], indicating that comorbidity level, although
being highly associated with mortality in this patient group,
is only a part of a more complex explanation of differences
in mortality between individuals. We believe that a measure
of comorbidity by itself is not enough to predict mortality in
hip fracture patients. As pointed out by Schilling et al., since
the ASA score is already existing data in most surgery set-
tings, it might be a cheap and convenient option to evaluate
comorbidity, as a part of a prediction model [17].

The CCI were data was gathered from ICD-codes within
a year prior to the hip fracture and the ASA score grad-
ing was done prior to surgery, normally within days after
the fracture. This time aspect might impact the discrepan-
cies between the tools. In an ageing population, the annual
change in number of chronic diseases and overall health
status can be substantial [33]. In addition, the CCI is devel-
oped to measure the burden of specific comorbidity, while
the ASA score is developed to optimize perioperative care
[10, 13].

The main strengths of this study include a national sam-
ple from high-quality registers and followingly a big study

sample. Thanks to the linking of the national patient register
with a clinical register with more in-depth information, we
had the possibility to compare two different measures of
comorbidity in the same population. One limitation of this
study is that the level of CCI might be underestimated; if a
patient indeed had any of the diseases included in the tool
but was not treated at a hospital for that disease within a
year prior to the hip fracture it would not be present in the
CClI variable. In addition, a direct stepwise comparison was
not possible due to the different constructs of the two tools.
Future studies should aim to move from associations to pre-
diction of mortality among hip fracture patients, by combin-
ing important risk factors in prediction models. Additional
studies about mechanisms behind the sex differences found
in this study and in previous studies are also needed.

In summary, this study showed that both ASA score and
CCI are associated with 1-year mortality after a hip frac-
ture in a similar way despite measuring different factors and
capturing different individuals at risk. Both tools show a
stepwise association with 1-year mortality in hip fracture
patients. This is promising since any of the tools can aid in
prioritizing vulnerable hip fracture patients at risk of adverse
outcomes. Last, even though men have higher mortality after
hip fracture, the association between comorbidity and mor-
tality is more pronounced for women with both tools.

Conclusions and clinical applications

Since both CCI and ASA score show a similarly strong
association with mortality in hip fracture patients, despite
capturing somewhat different individuals, ASA score may
be preferable in a clinical setting because no extra work is
needed for health care staff to gather the information.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40520-021-01896-x.
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