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Abstract

Purpose Knowledge about factors associated with mortality after hip fracture is important both for analytical and clini-
cal purposes. This study aimed to assess patient risk factors and commonly used composite scores for prediction of 1-year
mortality in a large clinical cohort.

Methods Hip fracture patient data were prospectively recorded in a local hospital database. Consecutive fractures from 2006
to 2020 were included, 6040 fractures in 5496 patients. Associations between 1-year mortality and different exposures were
estimated using univariate and two multivariate logistic regression models. ROC analysis was used to compare the ability
of the Nottingham Hip Fracture Score (NHFS), Age-adjusted Charlson Comorbidity Index (ACCI) the American Society of
Anesthesiologists score (ASA) and the Orthopedic Frailty Score (OFS) to predict 1-year mortality.

Results Females sustained 73.9% of the fractures. Total 1-year mortality was 24.8%. Patients with overweight and class 1
obesity had lower 1-year mortality rates than normal weight patients [overweight: adjusted OR 0.58 (0.45-0.77), class 1
obesity: adjusted OR 0.40 (0.21-0.75)]. Mortality was elevated in males (adjusted OR 2.04, 95% CI 1.76-2.36), and nurs-
ing home residents (adjusted OR 2.99, 95% CI 2.60-3.44). We found no significant association between waiting time before
surgery and mortality. Models including ACCI (AUC 0.74), NHFS (AUC 0.75) and OFS (AUC 0.73) had a similar ability
to predict 1-year mortality, while a model including ASA (AUC 0.71) had a significantly lower prediction ability than ACCI
and NHFS.

Conclusions Sex, age, cognitive impairment, and residential status predicted 1-year mortality. The study found an appar-
ent “obesity paradox”, where overweight patients had a lower mortality rate than normal weight patients, but unmeasured
confounding may have biased this analysis. ACCI and NHFS predicted mortality better than the combination of age, sex,
and ASA.
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Introduction 2]. The incidence rates of hip fractures in the Scandinavian

countries are among the highest in the world [3].

Hip fractures are a major cause of morbidity and mortality in
the elderly population. Globally, the 1-year mortality rate is
estimated at 22%, but there are large regional differences [1,
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Knowledge about factors associated with mortality in hip
fracture patients is important for several reasons. Modifi-
able risk factors (e.g. waiting time before surgery) can be
addressed [4, 5], and information about non-modifiable risk
factors (e.g. sex) can point out avenues for further research
and interventions [6]. As most studies on hip fracture treat-
ment are observational and not randomized, appropriate
adjustment for confounding factors (e.g. comorbidities) in
the data analysis is essential to minimize bias, which may
cause misleading results and conclusions. Several measures
and instruments are currently used to measure comorbid-
ity, and it is important to investigate the ability of these
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instruments to predict mortality. A review of the literature
found wide agreement about several risk factors associated
with increased mortality following hip fracture: ASA score,
male sex, age, cognitive impairment and nursing home resi-
dency, and diverging findings about the effect of preopera-
tive waiting time [7].

The aim of the present study was to estimate the associa-
tion between several tentative risk factors and 1-year mortal-
ity in a large clinical cohort. We also wanted to compare the
performance of the ASA score, the age-adjusted Charlson
Comorbidity Index (ACCI) [8] the Nottingham Hip Frac-
ture Score (NHFS) [9, 10], and the Orthopedic Frailty Score
(OFS) in the prediction of 1-year mortality [11, 12].

Materials and methods
The Diakonhjemmet Hip Fracture Registry

Since 2006, data on hip fracture cases treated at Diakon-
hjemmet Hospital have been collected in the Diakonhjemmet
Hip Fracture Registry (DHFR). Until 2015, only patients
aged > 65 years were recorded, since then all patients have
been registered regardless of age. The database contains
data on comorbidities, medication, treatment, complica-
tions, demographic information, laboratory tests, fracture
classification, operation type, ASA-class, time of surgery,
and length of hospital stay. Information about deaths is
retrieved from the Norwegian National Population Regis-
ter and entered into the DHFR database yearly. This study
includes all registered cases from 2006 to 2020, 6040 hip
fractures in 5649 patients. Patients admitted in 2021 and
2022 were excluded to take into account possible delays in
the transfer of information between registries.

The register has recorded all the components of the
ACCI, which is based on 17 weighted disease categories.
Registrations of ACCI prior to 2011 has been set as miss-
ing as the recording was only sporadic in this time period.
The NHFS was calculated when information required for
this score was available, i.e. admission blood hemoglobin
concentration (g/L), age, sex, cognitive status, number of
comorbidities, nursing home residency, and malignancies.
The NHFS utilizes the Abbreviated Mental Test Score for a
dichotomous recording of cognitive impairment. This score
was not available in our dataset, and this was substituted
with the clinical diagnosis of cognitive impairment that was
registered in our database. This diagnose was either estab-
lished prior to admission to hospital, or made during the
hospital stay. The Orthopedic Frailty Score (OFS) was cal-
culated using information about age, heart failure, malignan-
cies, nursing home residence and functional status [12]. The
diagnosis of cognitive impairment was used as a surrogate
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for functional status. Other measures of frailty and sarcope-
nia were not registered.

Outcome and exposure variables

The outcome in this study was death within 1 year after
admission for a hip fracture (1-year mortality). The associa-
tion between 1-year mortality and the following exposures
were analyzed: age, sex, BMI, cognitive impairment, heart
failure, nursing-home residency, time period of surgery
(3-year periods), fracture type, waiting time before surgery,
type of surgery, NHFS, ACCI, OFS and ASA score.

Statistical analysis

Each hip fracture and subsequent mortality outcome was
analyzed as a separate case without adjustment for depend-
ency of data. Demographic and background factors were
described by means (95% CI) or frequencies (percent) as
appropriate, grouped by the outcome (death within 1 year
after admission). Associations between the outcome and
exposure factors were first estimated by univariable logistic
regression analyses. The literature was reviewed to deter-
mine which variables to adjust for [5, 7, 13, 14] and based
on this, two multivariable models were constructed; one
adjusting for age groups and sex (model 1), and one with
age group, sex, ASA-score, and residential status (nursing
home/community) as covariates (model 2). We chose to use
ASA score as the adjustment covariate for comorbidity, as
we had almost complete data for this variable. Because the
correlation of ASA and age groups on mortality was non-
linear, these were analyzed as categorical variables. The
most common category was set as the reference for categori-
cal variables. For the categorical variables with an ordinal
structure, the lowest value was set as the reference value,
except for BMI where “normal weight” (BMI 18.5-25) [15]
was set as the reference. Analyses were not corrected for
multiple testing. In one of the adjustment models (model 2)
there were variables with missing information (2% missing
in residential status, 1% missing in ASA score). A sensitiv-
ity analysis was performed excluding the patients with these
missing covariates from model 1, and results were compared
to identify potential relevant changes in the effect estimates.
In the analysis of BMI and mortality, an extra model was fit-
ted (model 3) where ACCI also was included in the model
to ensure better adjustment for comorbidity. The collinearity
between ASA and ACCI in this model was acceptable. In
the patients with recorded BMI, 23% had missing registra-
tions for ACCI, and multiple imputations were performed for
these missing values, detailed in the next section.

To assess the performance of different measures of
comorbidity for adjustment of predictive models, we per-
formed receiver operating characteristics (ROC) analysis
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for the different measures of comorbidity (NHFS, ACCI,
OFS and ASA) based on a logistic regression with 1-year
mortality as the outcome. As the NHFS has both age and
sex integrated, sex was also included as a covariate in the
ACCI and OFS-models and both age and sex were included
in the ASA model. The statistical significance of differences
between AUCs of different models were tested with the roc-
gold and roccomp commands in Stata, which are based on
non-parametric methodology described by Delong, Delong
and Clarke-Pearson [16].

All analyses were done using Stata version 17.0 (Stata-
Corp, College Station, Tx, USA).

Missing information

Since the DHFR was launched in 2006, data collection has
been revised on several occasions. Until 2010, cognitive
impairment was not recorded. Hemoglobin concentration at
admission was not recorded systematically in the database
prior to 2017, and consequently, NHFS is only calculated in
cases after this time point. Components of ACCI have only
been reliably recorded since 2011, and recordings before
that were set as missing. When information was missing for
conditions needed for the calculation of the ACCI and OFS
scores, the condition was assumed as absent. The uni- and

multivariable analyses of risk factors only included obser-
vations where the risk factor of interest was present. The
adjustment covariates in the multivariable models had near-
complete data (2% missing for residential status, 1% missing
for ASA score), except in model 3 where ACCI was missing
in 23% of the patients. Multiple imputation was performed
for the variables involved in model 3, using the chained
equations approach to generate 5 imputed datasets. ROC-
analyses of different prediction models were performed on
a sub-set of observations (n=1825) admitted after 2017,
where all compared scores (NHFS, ACCI, OFS and ASA)
were available.

Results

We recorded 6040 hip fractures in 5496 patients during
the registration period (571 patients had two hip fractures
recorded). In 1496 (24.8%) of the cases, the patient died
within a year after admission. The mean age was 84.0 years
(SD 8.9), and 73.9% of the patients were female (Table 1).
Males were on average 2.8 years younger than females (95%
CI2.3-3.3).

Table 1 shows baseline data in the population, including
the extent of missing data. Male sex and increasing age were

Table 1 Overview of the

. Total Died within 1 year
population and the extent of
missing data No Yes

Total 6040 4544 (75.2) 1496 (24.8)

Age
Mean (95% CI) 83.9 (83.7-84.2) 82.8 (82.6-83.1) 87.4 (87.0-87.8)

Sex n (%)
Female 4464 (73.9) 3487 (76.7) 977 (65.4)
Male 1576 (26.1) 1058 (23.3) 518 (34.6)

Fracture type, n (%)
Neck of femur 3422 (56.7) 2608 (57.4) 814 (54.4)
Trochanteric 2217 (36.7) 1640 (36.1) 577 (38.6)
Subtrochanteric 384 (6.4) 286 (6.3) 98 (6.6)
Missing 17 (0.3) 11 (0.2) 6 (0.5)

Cognitive impairment, n (%)
No 3410 (56.5) 2739 (60.3) 671 (44.9)
Yes 1208 (20.0) 740 (16.29) 467 (31.22)
Missing 1423 (23.6) 1061 (23.4) 355 (23.9)

Body mass index (BMI)
Mean (95% CI) 22.7 (22.5-22.8) 22.9(22.7-23.1) 21.6 (21.3-22.0)
Less than 18.5 599 (9.3) 388 (8.5) 171 (11.4)
18.5-25 2232 (37.0) 1803 (39.7) 429 (28.7)
25-30 732 (12.1) 643 (14.1) 89 (6.0)
30-35 140 (2.3) 127 (2.8) 13(0.9)
Over 35 40 (0.7) 32(0.7) 8(0.5)
Missing 2338 (38.7) 1551 (52.5) 786 (52.5)
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associated with increasing mortality, and cases operated dur-
ing the years 2012-2014 also had increased mortality com-
pared to cases operated during other time periods, but this
was not significant in adjustment model 2 (Table 2). In the
unadjusted analysis, trochanteric fractures had a higher mor-
tality, but when adjusted for relevant covariates the effect
decreased and was non-significant. Males had slightly higher
average BMI than women (0.98 units, 95% CI 0.65-1.31).
The data show non-linear association between BMI and mor-
tality, where a higher BMI is associated with a significantly
decreasing risk of mortality up to a BMI of 35 (Table 3). The
lowest mortality was observed for both men and women in
the BMI 30-35 group (Fig. 1). No significant association
was found between waiting time and mortality in adjusted
or unadjusted models (Table 4). Operation with total hip
arthroplasty was associated with a significantly lower mor-
tality rate, also after adjusting for age, sex, ASA class, and
residential status. Increasing NHFS, ACCI, OFS and ASA
scores were all strongly associated with 1-year mortality
(Table 5). A sensitivity analysis showed no relevant differ-
ences in the effect estimates when excluding patients with
missing information in the model 2 analysis from the model
1 analysis.

When assessing the relationship between different
measures of comorbidity and mortality, the three best
models (NHFS, ACClI/sex and OFS/sex) had a very similar
predictive ability for 1-year mortality (Fig. 2), and these
models were not significantly different from each other
using chi square tests between the individual models. The
model including ASA, age and sex had a lower AUC at
0.71, which was significantly lower than the ACCI/sex
model (p=0.02) and the NHFS model (p=0.01), but
it was not significantly lower than the OFS/sex model
(p=0.12). Figure 3 visualizes the predictive abilities of
the same comorbidity scores without any additions of age
or sex as covariates. In this analysis, ASA clearly had a
lower predictive ability than OFS (p <0.001), NHFS pre-
dicted significantly better than OFS (p <0.01) but similar
to ACCI (p=0.43). ACCI did not predict mortality bet-
ter than OFS (p=0.21). Table 6 summarizes the AUC of
the different comorbidity measures, and the results of a
non-parametric statistical analysis with NHFS set as the
reference.

Table 2 Logistic regression analysis of demographic exposures and fracture types

N (% of total) Died within 1 year
(% within subcat-

Crude OR (95% CI)* Adjusted for sex and

Adjusted for sex, age group, ASA
age groups (model class and residential status (model
1)* 2)*

1.75 (1.54-1.98)

1.67 (0.64-4.35)
2.73 (1.09-6.84)
4.83 (1.95-12.00)
9.70 (3.90-24.14)

3.77 (3.31-4.30)

1.11 (0.90-1.37)
1.27 (1.04-1.55)
0.84 (0.68-1.03)
0.90 (0.73-1.11)

1.14 (1.01-1.26)

egory)
Sex
Female 4464 (73.9) 977 (21.9) 1
Male 1576 (26.1) 518 (32.9)
Age groups
<60 80 (1.3) 5(6.3) 1
61-70 458 (7.6) 46 (10.0)
71-80 1253 (20.8) 193 (15.4)
81-90 2803 (46.4) 683 (24.4)
91+ 1446 (23.9) 568 (39.3)
Residential status
Community dwelling 4476 (75.8) 746 (16.7) 1
Nursing home 1428 (24.2) 614 (43.0)
Operation period
2006-2008 775 (12.8) 190 (24.5) 1
2009-2011 1123 (18.6) 298 (26.5)
2012-2014 1352 (22.4) 394 (29.1)
2015-2017 1468 (24.3) 314 (21.4)
2018-2020 1320 (21.9) 299 (22.7)
Fracture type
Neck of femur 3423 (56.8) 814 (23.8) 1
Trochanteric 2217 (36.8) 577 (26.0)
Subtrochanteric 384 (6.4) 98 (25.5)

1.17 (0.67-2.05)

1
2.15 (1.88-2.46)

1

1.83 (0.70-4.78)
3.04 (1.21-7.66)
5.86 (2.35-14.62)
12.55 (5.01-31.44)

1
3.29 (2.87-3.78)

1
1.10 (0.88-1.37)
1.25 (1.01-1.53)
0.84 (0.68-1.04)
0.93 (0.75-1.16)

1
1.07 (0.94-1.21)
1.14 (0.64-2.03)

1
2.04 (1.76-2.36)

1

1.23 (0.46-3.26)
1.50 (0.58-3.84)
2.39 (0.94-6.08)
4.27 (1.67-10.92)

1
2.99 (2.60-3.44)

1

1.09 (0.86-1.38)
1.23 (0.98-1.55)
0.75 (0.60-0.95)
0.86 (0.68-1.09)

1
1.04 (0.91-1.19)
1.03 (0.55-1.92)

*Statistically significant results are printed with bold font

@ Springer



Predictors of 1-year mortality in a clinical cohort of hip fracture patients

Page50f10 147

Table 3 Logistic regression analysis of BMI and comorbidities

N (% of total) Died within 1 year

(% within subcat-
egory)

Crude OR

Adjusted for sex
and age groups
(model 1)*

Adjusted for sex,
age group, ASA

class and residential

status (model 2)*

Adjusted for sex, age
group, ASA class,
ACCI and residential
status (model 3)*

2.01 (1.61-2.51)
1

0.61 (0.48-0.79)
0.49 (0.27-0.90)
1.51 (0.66-3.42)

1
2.22 (1.82-2.70)

1.89 (1.50-2.40)
1

0.58 (0.45-0.77)
0.40 (0.21-0.75)
1.19 (0.51-2.82)

1
1.79 (1.43-2.24)

1.93 (1.53-2.44)
1

0.56 (0.43-0.73)
0.34 (0.18-0.65)
1.05 (0.44-2.51)

BMI

Less than 18.5 599 (15.1) 171 (30.6) 1.85 (1.50-2.28)

18.5-25 2232(60.3) 429 (19.2) 1

25-30 732 (19.8) 89 (12.2) 0.58 (0.46-0.74)

30-35 140 (3.8) 13 (9.3) 0.43 (0.24-0.77)

35— 40 (1.1) 8(20.0) 1.05 (0.48-2.30)
Heart failure

No 3339(86.2) 742 (22.2) 1

Yes 534 (13.8)  232(43.5) 2.69 (2.22-3.26)
Cognitive impair-

ment

No 3416 (73.9) 673 (19.7) 1

Yes 1208 (26.1) 467 (38.7) 2.57 (2.23-2.97)

1 1
2.36 (2.03-2.74) 1.48 (1.21-1.80)

*Statistically significant results are printed with bold font

Fig. 1 Representation of the
regression results for the prob-
ability of mortality, by BMI-
group and sex

P(mortality)

o

Adjusted probability of one-year mortality by BMI and sex

T
under 18.5

Discussion

This study demonstrated several risk factors for 1-year
mortality, including male sex, underweight and normal
weight, nursing home residency, and high age. Comor-
bidity scores were found to predict mortality, with results
indicating that NHFS, ACCI and OFS had better predictive
abilities than a model with ASA as a comorbidity measure.

T
18.5-25

T
25-30
BMI

—&— Female

—&— Male

These findings are in accordance with previously pub-
lished results [7]. A study of more than 37,000 hip fracture
cases from the Norwegian Hip Fracture registry had similar
findings, but they also found increased mortality in patients
from a low income households, and patients with a lower
educational level [5], variables that are not recorded in our
database.

We found that the mortality in cases with a BMI classi-
fied as overweight or class 1 obesity [15], was half that of
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Table 4 Logistic regression analysis of waiting time and operation time

N (% of total)  Died within 1 year (%

within subcategory)

Crude OR*

Adjusted for sex
and age groups*®

Adjusted for sex, age group, ASA
class and residential status (model
2)*

Waiting time

1.03 (0.89-1.18)
1.42 (0.99-2.05)
1.68 (0.67-4.21)

0.06 (0.01-0.22)
0.80 (0.66-0.98)
1.02 (0.89-1.17)

1

1.01 (0.87-1.16)
1.38 (0.94-2.01)
1.92 (0.74-4.98)

1

0.11 (0.03-0.44)
0.89 (0.72-1.09)
1.00 (0.87-1.15)

1
0.95 (0.81-1.11)
1.19 (0.79-1.79)
1.15 (0.39-3.38)

1

0.18 (0.04-0.74)
0.95 (0.76-1.18)
1.01 (0.87-1.19)

Less than 24 h 4485 (74.6) 1090 (24.3) 1
24-48 h 1368 (22.8) 339 (24.8)

48-72 h 140 (2.3) 44 (31.4)

72+h 20 (0.3) 7 (35.0)

Operation type

Hemiarthroplasty 2425 (40.5) 621 (25.6) 1
Total arthroplasty 108 (1.8) 2(1.9)

Fixation with screws 774 (12.9) 167 (21.6)

Sliding hip screw 1925 (32.1) 502 (26.1)
Intramedullar Nail 762 (12.7) 182 (23.9)

0.91 (0.75-1.10)

0.90 (0.74-1.09)  0.86 (0.70-1.07)

*Statistically significant results are printed with bold font

Table 5 1-year mortality risk

. N (% of total) Died within 1 year (% Crude OR for death*
for four.d{fferent measures of within subcategory)
comorbidity
Nottingham Hip Fracture Score
0-2 85 (4.6) 6(7.1) 1
34 839 (45.6) 70 (8.3) 1.2 (0.5-2.8)
5-6 684 (37.3) 199 (29.1) 5.4 (2.3-12.6)
7+ 226 (12.3) 110 (48.7) 12.5 (5.2-29.8)
ASA
1 101 (1.7) 4 (4.0) 1
2 2410 (40.3) 342 (14.2) 4.0 (1.5-11.0)
3 3304 (55.2) 1026 (31.1) 10.9 (4.0-29.8)
4+ 172 (2.9) 104 (60.5) 37.1 (13.0-105.5)
Age-adjusted Charlson Comorbidity Index
0-2 204 (4.4) 6(2.9) 1
34 1162 (25.3) 94 (7.9) 2.8 (1.2-6.6)
5-6 2065 (44.9) 519 (25.1) 11.1 (4.9-25.1)
7-8 863 (18.8) 335 (38.8) 20.9 (9.2-47.7)
8-9 145 (3.2) 79 (54.5) 39.5 (16.5-94.8)
10+ 161 (3.5) 95 (59.0) 47.5 (19.9-113.5)
Orthopedic Frailty Score
0 1792 (30.3) 130 (7.2) 1
1 2198 (37.2) 464 (21.1) 34 (2.8-4.2)
2 1150 (19.5) 422 (36.7) 7.4 (6.0-9.2)
3 634 (10.7) 265 (41.8) 9.2 (7.2-11.7)
4+ 131 (2.2) 79 (60.3) 19.4 (13.1-28.8)

*Statistically significant results are printed with bold font

the cases classified as normal weight. This is often called
an “obesity paradox”: that despite obesity being generally
understood as a risk factor for death and complications,
patients with obesity are frequently reported to have lower
mortality than non-obese patients, both from medical and
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surgical conditions [17]. The obesity paradox has also
previously been reported for hip fractures [13, 18]. The
detrimental effect of being underweight in this study is not
surprising, and can be related to factors such as comorbidi-
ties, malignancies, smoking and malnutrition. There were
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Fig.2 ROC-curves for the

predictive abilities of 1-year 1.00
mortality for the different
comorbidity measures with
appropriate covariates
0.754
=
>
G 0.50
®
ASA/sex/age AUC 0.71 (0.68-0.74)
—e— NHFS AUC 0.75 (0.72-0.77)
0.25+ —e— ACCl/sex  AUC 0.74 (0.71-0.77)
OFS/sex AUC: 0.73 (0.70-0.76)
— Reference
0.00 | ’I T T T T
0.00 0.25 0.50 0.75 1.00
1-specificity
Fig.3 ROC-curves for the
predictive abilities of 1-year 1.00 _o—%Y
mortality for the different
comorbidity measures without
covariates
0.75
=
=
% 050
| =
&
- ASA AUC 0.64 (0.61-0.66)
—e— NHFS AUC 0.75 (0.72-0.77)
0251 —e— ACCI AUC 0.74 (0.71-0.76)
OFS AUC 0.72 (0.69-0.74)
— Reference
000 L ’I T T T T
0.00 0.25 0.50 0.75 1.00
1-specificity
Tablg 6_ Ovef‘f“?w of the Scores without additional covariates Models including additional covariates
pI‘CdlCtIYC. abilities of . (age/sex as appropriate)
comorbidity scores, with
and without sex and age as AUC 95% CI p-Value AUC 95% CI p-Value
additional covariates
NHFS 0.745 0.72-0.77 Reference 0.745 0.72-0.77 Reference
ACCI 0.735 0.71-0.76 0.43 0.740 0.71-0.77 0.66
OFS 0.716 0.69-0.74 <0.01 0.730 0.70-0.76 0.07
ASA 0.641 0.61-0.66 <0.001 0.710 0.68-0.74 <0.01

p-Values are from a non-parametric analysis [16] with NHFS set as reference

few patients with a class 2 or 3 obesity (BMI over 35), but
these had no significant differences in mortality from the
normal weight group.

The obesity paradox is poorly understood and controver-
sial, and some epidemiologists hypothesize that the paradox
is a mostly a product of biases, such as smoking [19]. In
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our study, smoking history was not available and could thus
not be assessed in the analyses. The effect of smoking is
expected to be somewhat limited as only 12% of the general
population between 65 and 74 were reported to be current
smokers in 2021 [20]. Another bias is that “normal” weight
is in fact not the most common weight category in Norway;
the majority of the Norwegian healthy population > 60 is
overweight or obese [21]. This means that there may be
an increased prevalence of malnutrition, malignancies and
chronic diseases in the normal weight population compared
to the overweight population. In a generally overweight
population, a normal weight BMI in a patient may represent
malnutrition and previous pathological weight loss from an
obese state [22], and this is a potential explanation of the
increased mortality in the normal weight group. Also, both
frailty and sarcopenia are important risk factors for death
after a hip fracture [23, 24], and measures reflecting these
factors are not recorded in this data material. Frail and sarco-
penic patients are more likely to have a normal or low BMI
[25, 26], and this is probably one of the explanations of the
“paradox”. Another unmeasured factor is the use of beta-
blocker therapy, which has been shown to decrease mortality
in hip fracture patients [27, 28]. As obesity is a risk factor for
hypertension, is not unlikely that more patients in the high
BMI groups are using beta-blockers, further explaining the
decreased mortality.

There was an increased mortality during the years
2012-2014, although not statistically significant in adjust-
ment model 2. We have no clear explanation for this find-
ing, but it is interesting to note that from 2012 the Norwe-
gian government introduced a reform (“The Coordination
reform”), where the municipalities were obliged to take
responsibility for hospitalized patients at a much earlier
stage, leading to a decreased length of stay at the hospital
and an earlier transfer of hip fracture patients to nursing
homes and to home care services. Concerns were raised
whether the resources and expertise in the municipal ser-
vices were adequate for the treatment of these patients [29],
but we have found no other publication documenting an
increased mortality during this period. We plan to investi-
gate this further.

Males had a considerably higher risk of death within
1 year after a hip fracture. The reason for this is unclear,
and probably multifactorial. In our analysis factors such as
age and ASA-class were adjusted for, but it is reasonable
to suspect that there is unmeasured confounding related to
comorbidity. Due to the positive effect of male sex hormones
on bone structure, osteoporosis is more commonly affecting
females, and it may be suspected that males who suffer hip
fractures have other comorbidities affecting bone quality,
which may not be reflected in their ASA-class. Other stud-
ies have also shown that this sex difference remains after
controlling for medications and comorbidities [30]. Men
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generally live shorter than women due to a whole range of
biological mechanisms [31], and most likely this also con-
tributes to the sex differences in 1-year mortality after hip
fracture.

Age is an important risk factor for death after hip frac-
tures. In this study, the risk increase is large in the unad-
justed analyses, but smaller in the analyses adjusted for sex,
ASA and residence. When taking these factors into account,
the increased mortality relative to patients under 60 is not
significant before the patients are more than 90 years old,
despite that the numbers are large. The interpretation of this
might be that comorbidity (high ASA, nursing home resi-
dence) is what matters most (in addition to sex), not neces-
sarily the chronological age. In other words: a previously
healthy, community-dwelling (female) person have an excel-
lent prognosis after a hip fracture even if the chronological
age is high.

We did not find any increased risk of mortality in cases
waiting between 24 and 48 h for surgery after admission.
Similar findings are reported from the Norwegian Arthro-
plasty Register [32]. We also did not find any significant
differences in mortality in cases waiting even longer than
that, but in this group the numbers are too small to draw
conclusions. Patients who wait more than 48 h usually are
more comorbid, as seen in the differences between the unad-
justed and adjusted analysis. Many of them wait because of
preoperative optimalisation, and many of these patients also
use direct-acting oral anticoagulants (DOACS). In our hospi-
tal, DOAC users wait until 48 h after DOAC-intake to allow
for spinal anesthesia if general anesthesia is contraindicated
because of comorbidities. Unfortunately, data about DOAC
use in our patients was not available for most of this time
period, and this was not included in the present analysis,
but the impact of DOACs on waiting time before surgery in
our hospital has been addressed in another publication [33].

Several measures of comorbidity are available for hip
fracture patients, and they are important as adjustment fac-
tors to allow for comparisons between different risk factors,
treatments or other exposures. In this study, NHFS, ACCI
and OFS showed a similar ability to predict mortality, while
ASA performed slightly worse than NHFS and ACCI. The
ACCI contains information about previous medical history
and demands a thorough file review or retrieval of infor-
mation from patient registries. The NHFS and the OFS are
simpler scores, specifically developed to predict mortality in
hip fracture patients, the former utilizing information about
age, sex, cognitive impairment, whether the patient have
more than one comorbidity, residence, hemoglobin concen-
tration, and malignancy, while the latter uses information
about age, malignancies, institutional residency, congestive
heart failure and non-independent functional status. These
measures are substantially easier to obtain than the ACCI,
both in prospective and in retrospective studies. The simple
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ASA classification that is designated to all surgical patients
during pre-operative assessment is the normally the easiest
score to obtain. Although the NHFS and ACCI/sex were sig-
nificantly superior to the prediction model including age, sex
and ASA, the differences were quite small, suggesting that
ASA as a measure of comorbidity in hip fracture patients is
a reasonable alternative that requires fewer resources.

Strengths and limitations

There was a large proportion of missing values for BMI
and cognitive impairment, and this may have affected the
results. We found that patients with cognitive impairment
had a higher proportion of missing values for BMI, most
likely because they are not able to report their own weight
and height, and obtaining objective measurements is often
not prioritized during the hospital stay. It is not clear how
these issues of missing values affect the results, but a selec-
tion bias cannot be ruled out as a partial explanation for
our results. Patients with two consecutive fractures were
analyzed as two separate cases, which may introduce a bias
as these recordings are not independent. The database also
has no information about smoking history, which may be
an unmeasured confounder. The calculation of OFS and
ACCI had methodological weaknesses as conditions were
considered absent when registrations were missing, and for
OFS cognitive impairment was used as a surrogate for non-
independent functional status, which may have weakened the
performance of this score to predict mortality. The strength
of this study is the large number of patients, with data rela-
tively uniformly collected at only one site.

Conclusion

The results support that male sex, age, cognitive impairment,
and residential status are important predictors of mortality.
The study also found an apparent “obesity paradox” where
the mortality was lowest in patients with a BMI of 30-35,
but this finding may also be confounded by unmeasured fac-
tors such as frailty, sarcopenia, beta-blocker use and other
unmeasured comorbidity.

Models including ACCI, NHFS and OFS had a similar
ability to predict 1-year mortality, while a model including
ASA had a significantly lower predictive ability than ACCI
and NHFS.
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