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Abstract

Summary This study examines the association between the ASA physical status classification score at hip fracture surgery and
severe postoperative complications in patients aged 60 and older. Among both men and women, ASA scores consistently predict
a wide range of complications including infections, cardiovascular complications, hospital readmissions, and death.
Introduction Hip fractures are common in aging populations and associated with poor prognosis. This study examines how the
American Society of Anaesthesiologists (ASA) physical status classification is related to severe complications among hip
fracture patients including infections, cardiovascular diseases, hospital readmissions, and death.

Methods Based on a linkage of the Swedish National Inpatient Register with the Swedish National Registry for Hip Fractures
(RIKSHOFT), this study includes patients aged 60+ with first hip fracture between 1998 and 2017. We estimated associations
between ASA score and complications during the hospital stay and during 1 year after hip fracture using multivariable-adjusted
logistic regression and Cox proportional hazard regression.

Results The study population included 170,193 hip fracture patients of which 24% died and 39% were readmitted to hospital
within 1 year. The most common complications were urinary tract infections, pneumonia, second hip fractures, and heart failure.
Among both men and women, higher ASA scores were consistently associated with higher risks for all complications included in
this study. The strongest associations were observed for heart failure, myocardial infarction, pneumonia, and death.
Conclusion ASA scores are routinely assessed in clinical practice and predict a wide range of postoperative complications among
hip fracture patients. Since many complications may be preventable through adequate drug treatment, rehabilitation, and risk
awareness, future studies should examine the mechanisms linking ASA scores to complication risk in order to improve preven-
tive strategies. Particularly, the high risk of cardiovascular complications among patients with high ASA scores deserves clinical
and scientific attention.

Keywords ASA score - Comorbidity - Complications - Hip fracture - Prognosis - Readmission

Introduction

In Sweden, the lifetime risk of sustaining a hip fracture is
approximately 20% among women and 10% among men
[1]. Hip fractures often affect frail older patients for which
54 A. C. Meyer complications, such as infections, can be life-threatening. As

anna.meyer@ki.se a result, one in four patients dies within 1 year [2]. Identifying
individuals at risk of serious complications is thus of great
interest for patients and clinicians.
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have been shown to predict both mortality [4] and complica-
tions among hip fracture patients, such as urinary tract infec-
tions (UTI) and postoperative pneumonia [5—7]. A systematic
review concluded that ASA scores were more robust predic-
tors of hospital readmissions after hip fracture than other mea-
sures of comorbidity, for instance the Charlson comorbidity
index (CCI) or a set of individual comorbidities [8]. Even
though several studies investigated the association between
ASA scores and hospital readmissions among hip fracture
patients [8], none have, to our knowledge, examined the risk
of cause-specific readmissions due to infections or cardiovas-
cular complications.

Hip fracture patients are at higher risk of serious cardiovas-
cular events such as myocardial infarction and stroke than the
general population [9-11]. Studies have also shown that
higher comorbidity levels, albeit not measured through the
ASA score, further increase the risk of these events among
hip fracture patients [10, 11]. In this nationwide cohort study,
we aimed to explore how ASA scores are related to postoper-
ative complications among hip fracture patients in Sweden.
We examine the occurrence of common complications with
a large clinical impact including infections, cardiovascular
diseases, and hospital readmissions.

Materials and methods
Data sources and study population

This study was based on a linkage of the Swedish National
Inpatient Register (NPR), Cause of Death Register, and the
Swedish National Registry for Hip Fractures RIKSHOFT
(SRH) using the unique personal identification number
assigned to all Swedish residents. The NPR covers all hospital
admissions within Sweden since 1987 including primary and
contributing causes for hospitalization assigned by physicians
[12]. The SRH is a clinical register containing medical infor-
mation on approximately 80% of hip fractures in Sweden [13].

We included all patients aged 60 or older with first hip
fracture between 1998 and 2017 registered in the SRH.
Patients with hip fracture diagnoses in the NPR within 10
years prior to their index fracture were excluded
(International Classification of Diseases (ICD)-9: 820 or
ICD-10: S72.0-72.2 as primary diagnosis for hospital admis-
sion). We further excluded patients with pathological fractures
(1.7%), missing information on ASA score (8.0%), other co-
variates (0.1%), or ASA score 5, i.e., moribund patients
(0.1%, Fig. S1). Analyses of complications during the hospital
stay were restricted to a subset of patients, since the documen-
tation of postoperative infections in the SRH was not conduct-
ed throughout the entire study period and in all hospitals. We
restricted these analyses to patients treated after 2010 in hos-
pitals which documented the presence or absence of infections
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in at least 95% of their patients’ files. Since postoperative
complications such as UTI and pneumonia were recorded in
a separate form, the study population for these outcomes was
further restricted to hospitals that used this form for at least
95% of patients. In total, information on complications during
index hospitalization was available for 30.1% (superficial
wound infections) and 8.5% (UTI and pneumonia) of patients.

Variables and definitions

The ASA scores, assigned by anesthetists at the time of sur-
gery, were retrieved from the SRH and ranged from 1 charac-
terizing a healthy patient to 4 characterizing a patient with
severe comorbidity [3]. A description of each ASA score is
provided in Table S1. Outcomes were measured at two occa-
sions, during the hospital stay and within 1 year of the frac-
ture. Complications during the hospital stay were reported by
clinicians to the SRH through questionnaires which included
superficial wound infections, pneumonia and UTI.

Complications within 1 year after hip fracture were identi-
fied in the NPR and included pneumonia, pulmonary embo-
lism, myocardial infarction, stroke, heart failure, second hip
fractures, hospital readmissions for any reason and death. We
defined these complications through the following ICD-10
codes as primary causes for hospitalization: 111.0 and 150
for heart failure, 121-122 for myocardial infarction, 126 for
pulmonary embolism, 161-164 for stroke, and S72.0-72.2 for
hip fracture. Pneumonia was identified through the ICD-10
codes J12-15, J18, and J69 occurring as primary or secondary
diagnosis in the NPR. In order to distinguish second hip frac-
tures from readmissions for the index fracture, we applied a
minimum period of 14 days between the first and second
fracture. This strategy is in accordance with a previous study
on identifying hip fractures in the Swedish NPR [13]. For all
other outcomes except for death, at least one night between a
patient’s discharge and readmission was required in order to
distinguish readmissions from transfers between clinics. Dates
of death were extracted from the Cause of Death Register and
patients were at risk for this outcome from the time of their hip
fracture.

Covariates included age at hip fracture, fracture year, type
of fracture, and surgical method. To account for potentially
non-linear associations, we included age and fracture year as
categorical variables divided into 5-year intervals with pa-
tients older than 95 years categorized into one age group.
We distinguished six fracture types: non-displaced
intracapsular fractures, displaced intracapsular fractures,
basicervical fractures, pertrochanteric fractures with two frag-
ments, pertrochanteric fractures with more than two frag-
ments, and subtrochanteric fractures. Surgical methods were
divided into nail or screw only, nail or screw with side plate,
intramedullary nail, partial or total hip replacement, and other
treatment.
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Statistics

Bivariate associations between ASA scores and all outcomes
were presented in tables. To examine the association between
ASA score and complications during the hospital stay, we
estimated odds ratios (OR) with 95% confidence intervals
(CI) using logistic regression. For the complications during
the first year after the fracture, we employed Cox proportional
hazard regression with age as the underlying time scale to
estimate hazard ratios (HR) with 95% ClIs censoring individ-
uals at the time of their death or the end of follow-up on
December, 31st 2017. ASA score 2 was chosen as the refer-
ence category and all regression models were adjusted for age
and fracture year. In addition, we estimated models adjusted
for fracture type and surgical method. However, since neither
fracture type nor surgical method affected the estimates nota-
bly, these variables were not included in the final models but
are instead presented in supplementary tables.

The results of this study indicated a strong relationship
between ASA score and cardiovascular complications. In or-
der to determine to what extent the increased risk of compli-
cations among patients with high ASA scores is driven by pre-
existing cardiovascular comorbidities, we conducted sensitiv-
ity analyses adjusting for patients’ history of cardiovascular
disease including myocardial infarction, stroke, and heart

failure during 10 years before the index fracture.
Furthermore, we conducted sensitivity analyses reducing the
follow-up time from 1 year to 30 days after hip fracture in
order to examine whether ASA scores are associated with
short-term complications.

The proportionality of hazards (PH) assumption was tested
using Schoenfeld residuals and log-log plots. All analyses
were conducted for men and women separately and for both
sexes together using Stata version 16.

Results

The study population included 170,193 patients with first hip
fracture, 68.8% of which were women. Characteristics of the
study population are shown in Table 1. Advanced age and male
sex were associated with higher ASA scores. The risk of death
was strongly correlated with ASA score. Among patients with
ASA score 1, 7.0% died within 1 year of their fracture while
almost half of patients (48%) with ASA score 4 died.
Altogether, 39.0% of the study population was readmitted to
hospital for any reason within 1 year of the fracture, 5.3% hos-
pitalized with pneumonia, 4.9% with a second hip fracture, and
2.6% with heart failure. Stroke, myocardial infarction, and pul-
monary embolism each affected less than 2% of patients. Among

Table 1 Study population stratified by ASA score (N = 170,193)

ASA 1 n=11,500 ASA 2 n=66,095 ASA 3 n=78396 ASA 4 n=14202
Age, n (%)
6069 years 2783 (24.2) 6702 (10.1) 4843 (6.2) 963 (6.8)
70-79 years 3698 (32.2) 16,866 (25.5) 16,509 (21.1) 3155 (22.2)
8089 years 3844 (33.4) 30,933 (46.8) 39,328 (50.2) 6920 (48.7)
90 years and older 1175 (10.2) 11,594 (17.5) 17,716 (22.6) 3164 (22.3)
Male (%) 3220 (28.0) 17,349 (26.3) 26,708 (34.1) 5855 (41.2)
Complications during index hospitalization®
Superficial wound infections (%) 15 (0.6) 193 (1.0) 315 (1.2) 44 (1.1)
UTI (%) 55(6.3) 468 (7.9) 690 (10.1) 80 (9.6)
Pneumonia (%) 10 (1.1) 197 (3.3) 368 (5.4) 79 (9.5)
Complications during the first year after fracture
Readmission (any reason) (%) 2993 (26.0) 23,282 (35.2) 33,867 (43.2) 6191 (43.6)
Pneumonia (%) 270 (2.4) 2514 (3.8) 5152 (56.6) 1113(7.8)
Pulmonary embolism (%) 72 (0.6) 520 (0.8) 697 (0.9) 126 (0.9)
Myocardial infarction (%) 77 (0.7) 616 (0.9) 1075 (1.4) 282 (2.0)
Stroke (%) 125 (1.1) 1096 (1.7) 1704 (2.2) 227 (1.6)
Heart failure (%) 81(0.7) 946 (1.4) 2621 (3.3) 729 (5.1)
Second hip fracture (%) 409 (3.6) 3123 (4.7) 4150 (5.3) 697 (4.9)
Death (%) 804 (7.0) 9955 (15.1) 23,229 (29.6) 6821 (48.0)

ASA American Society for Anaesthesiologists physical status classification, U7/ urinary tract infections

# Complications during index hospitalization observed among subset of patients treated in hospitals that recorded these outcomes (N = 51,212 for

superficial wound infections; N = 14,469 for UTI and pneumonia)
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those with information about complications during index hospi-
talization, 8.9% experienced UTI, 4.5% pneumonia, and 1.1%
superficial wound infections. Higher ASA scores were associat-
ed with higher risks for all complications both during index
hospitalization and within 1 year of sustaining the hip fracture
despite patients’ substantially higher mortality and, as a result,
shorter time at risk.

The association between ASA score and complications
during index hospitalization adjusted for age and fracture year
are presented in Fig. 1 and Table S2. Compared to the refer-
ence group, ASA score 3 was associated with higher odds of
all complications, while an ASA score of 4 was only associ-
ated with higher odds of pneumonia. Patients categorized as
ASA 1 had lower odds of superficial wound infections and
pneumonia, but not UTI. The association was strongest for
pneumonia; the odds to develop pneumonia were almost 3
times higher among individuals with ASA score 4 than in
the reference group (OR [95%CI]: 2.87 [2.19; 3.78]).

Figure 2 and Table S3 show the relationship between ASA
score and complications during 1 year after hip fracture. We
found associations between ASA score and all outcomes fol-
lowing consistent dose-response patterns; higher ASA scores
were associated with higher hazards to develop all complica-
tions. The largest relative effect sizes were observed for mor-
tality and heart failure. Individuals categorized as ASA 4 were
at five-fold elevated risk to suffer from heart failure (HR =
5.00 [CI 4.54-5.51]) and four-fold elevated risk of dying (HR
=4.28 [CI 4.15-4.41]) at any point during the first year after
hip fracture compared to individuals with ASA score 2.
Relative effect sizes were smallest for second hip fractures,
stroke, and pulmonary embolism although HR still indicated
elevated hazards for individuals with higher ASA scores. We

Superficial wound

Fig. 1 Odds ratios and 95%
infections

confidence intervals for

complications during index 8.00
hospitalization. Adjusted for age

and fracture year. N = 51,212 for

superficial wound infections; N = 4.00
14,469 for UTI and pneumonia.

ASA: American Society for

Anaesthesiologists physical status 2.00
classification; UTI: urinary tract
infections x +
O 1.00 @
0.50
0.25
0.15

ASA 1 ASA2 ASA3 ASA 4
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did not detect notable sex differences and all associations
remained unchanged when adjusting for fracture type and sur-
gery method in a stepwise manner (Table S3).

Our sensitivity analyses indicated that part of the elevated
hazards of cardiovascular complications as well as mortality
can be attributed to a history of cardiovascular diseases among
patients with higher ASA scores (Table S4). HR were partic-
ularly attenuated for heart failure, although three-fold in-
creased hazards among patients with the highest ASA score
compared to the reference remained even after adjustment
(HR =3.20 [CI 2.90-3.54]). Adjusting for cardiovascular dis-
ease history did not affect the association between ASA score
and readmissions to hospital for any reason, pneumonia, pul-
monary embolism, or recurrent hip fractures. The associations
between ASA scores and complications during 30 days after
hip fracture were similar to our main findings with regards to
both direction and magnitude (Table S5).

Statistical tests of scaled Schoenfeld residuals indicated
violations of the PH assumption in several models but, due
to the size of this study, even minor violations reach statistical
significance. Visual examinations of log-log plots indicated
no cross-over of hazard curves and reasonably parallel pat-
terns. Moreover, restricting the follow-up to time periods un-
der which the PH assumption was statistically met did not alter
the results notably.

Discussion
In this large register-based study, we show that hip fracture

patients with higher ASA scores are at elevated risk of various
severe complications including infections, hospital

UTI Pneumonia

ASA 1 ASA2 ASA 3 ASA 4 ASA1 ASA2 ASA3 ASA 4

Women ¢ Total Men
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Fig.2 Hazard ratios and 95% confidence intervals for complications resulting in readmission to hospital during 1 year after hip fracture. Adjusted for age
and fracture year. N = 170,193. ASA: American Society for Anaesthesiologists physical status classification

readmissions, cardiovascular diseases, and death. Higher ASA
scores were consistently associated with complications both
during the index hospitalization and during the year after hip
fracture. We found particularly strong associations between
higher ASA scores and higher risks of cardiovascular compli-
cations, which could only partly be explained by patients’
history of cardiovascular disease. Moreover, we found no ap-
parent sex differences in the relationship between ASA and
any of the complications included in this study. This suggests
that the ASA score is equally predictive for complications
among men and women although male hip fracture patients
have higher comorbidity levels and higher mortality rates than
women [2].

In line with our findings, previous research demonstrated
that a higher comorbidity burden is associated with an in-
creased risk of complications among hip fracture patients such
as UTI [6, 14], pneumonia [7, 14], pulmonary embolism [4],

hospital readmissions [8, 15—17], cardiovascular events
[9-11, 14], and mortality [4, 18]. While the relationship be-
tween comorbidities and postoperative complications after hip
fracture is well established, our work is to date the largest
study linking ASA scores to a wide range of postoperative
complications both during hip fracture hospitalizations and
after discharge. In contrast to many previous studies, the size
of our study allowed to distinguish between four ASA levels
rather than aggregating scores into a dichotomous variable.
We found that already ASA score 2 is associated with a sub-
stantially higher risk of many severe complications compared
to the lowest ASA level. To our knowledge, this is also the
first study comparing the risk of cardiovascular complications
among patients with different ASA scores.

ASA scores are routinely assessed and readily available in
clinical practice, but its limitations including subjectivity
when assigning scores should be considered [19, 20]. A
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previous study has shown a decent interrater reliability be-
tween clinicians assigning ASA scores to orthopedic trauma
patients; yet, it is far from perfect [20]. Still, our findings as
well as previous research suggest that the ASA classification
is a surprisingly robust predictor of post-operative complica-
tions in older hip fracture patients. In a systematic review, Ali
and Gibbons concluded that ASA scores were superior pre-
dictors of re-admissions among hip fracture patients than other
comorbidity measures, such as the CCI [8]. Moreover,
Doherty et al. showed in a recent study that ASA scores per-
formed equally well in predicting post-operative complica-
tions as the more complex Nottingham Hip Fracture Score
[14]. In contrast, Ji et al. found that other measures such as
grip strength can predict in-hospital complications more reli-
ably than ASA score [21]. However, in their study, ASA
scores were dichotomized hence losing part of their discrimi-
native abilities.

Older individuals with hip fracture are at elevated risk of
cardiovascular diseases [10, 11] and our study indicated that
patients with high ASA scores are particular risk groups. We
further found that this is partly explained by pre-fracture car-
diovascular disease, which likely affected the allocation of
patients to higher ASA scores. On the other hand, one can
speculate that the larger comorbidity burden among patients
with high ASA scores together with the trauma itself followed
by surgery and postoperative immobilization results in a cat-
abolic state [22] and has a negative impact on pre-existing
chronic conditions. Either way, the high risk of myocardial
infarction and heart failure among hip fracture patients with
higher ASA scores should be acknowledged and deserves
clinical attention.

Our study has a number of strengths and limitations. It is
possible that some of the complications measured during the
index hospitalization were already present at the time of the
hip fracture. In our data, we could not determine whether in-
hospital complications occurred after the hip fracture or were
already present at the time of hospital admission. Pneumonia
specifically may have contributed to the assignment of high
ASA scores among these patients, perhaps causing part of the
relationship between ASA scores and in-hospital complica-
tions and resulting in a somewhat overestimated OR. Still,
UTT usually do not affect ASA scores and we also found
associations between ASA scores and superficial wound in-
fections during the hospital stay which are generally a result of
skin incisions during hip fracture surgery.

It must be noted that we employ both logistic regres-
sion and survival analyses and that part of the analyses are
restricted to a subset of patients. Estimated effect sizes are
thus not directly comparable between outcomes.
However, the fact that we observe consistent associations
between ASA score and various outcomes measured in
two different registers and in different study populations
lends credibility to our findings. The Swedish NPR has
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high sensitivity and positive predictive values (PPV) with
respect to data on first hip fractures as well as some com-
plications under study, such as myocardial infarction and
stroke [12, 13] but data quality is somewhat poorer for
other outcomes. Still, previous validation studies estimat-
ed reasonable PPVs of approximately 80% for heart fail-
ure, venous thromboembolisms, or second hip fractures
and it is likely that inpatient registers capture the vast
majority of such events [12, 13]. Whether and how the
remaining outcome misclassification of these complica-
tions is associated with ASA scores and may have affect-
ed our estimates is unknown. The sensitivity of pneumo-
nia diagnoses in the NPR is likely much lower [12] but
the association between ASA scores and pneumonia was
strikingly similar when measured in the NPR and SRH.
However, it should also be noted that infection diagnoses
in the SRH have not been validated in previous research.

We could not identify complications treated in primary
care, but the outcomes included in this study usually re-
quire hospitalization. Moreover, ASA scores were not
available for 8% of patients. Additional analyses indicated
that the majority of missing ASA scores were clustered at
the beginning of the study period and ASA scores have
since become mandatory to report. Missing ASA scores
were only weakly correlated with 1-year mortality and
considerably more common among patients who did not
undergo surgery, but this group encompasses only 0.4%
of patients. Finally, our study was based on hip fracture
patients identified in the SRH. Although the SRH in-
cludes approximately 80% of hip fracture patients in
Sweden, we have shown in a previous study that these
patients have somewhat lower short-term mortality rates
than the total population of hip fracture patients in
Sweden [13]. It is thus likely that the SRH does not in-
clude some of the frailest patients who die shortly after
their hip fracture. Assuming that these patients would be
assigned high ASA scores, it is possible that our
findings—to some extent—underestimate the association
between ASA score and mortality or post-operative
complications.

Our results suggest that patients with high ASA scores
deserve further clinical and scientific attention. We found
that almost half of patients with ASA score 4 die within 1
year of sustaining their first hip fracture and that notable
proportions experience pneumonia, heart failure, and sec-
ond hip fractures. Several of the complications examined
in this study may be preventable through adequate drug
treatment, rehabilitation, and risk awareness among pa-
tients and clinicians. Future studies should examine the
mechanisms linking ASA scores to the risk of different
complications in order to improve preventive strategies. In
addition, further research should investigate regional dif-
ferences in the relationship between ASA scores and
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complications after hip fracture since the risk of post-
operative complications after hip fracture likely depends
on clinical guidelines and management and may hence
differ between clinics, regions, and countries.
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