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Abstract 
Introduction: Hip fractures are common in the elderly population. With an ageing 

population, the number of fractures is expected to rise even more. For the already frail elderly, 

hip fractures can have devastating consequences with high mortality and permanent 

impairment. Nearly all hip fractures are treated surgically and being able to accurately 

recognize high risk patients at admission is desired to enable optimization of the treatment. 

American Society of Anesthesiologists (ASA) is a widely used classification of physical 

status prior to all types of surgery. Nottingham Hip Fracture Score (NHFS) is a risk scoring 

system specifically for hip fracture patients. It assesses preoperative risk of death within 30 

days following a hip fracture. It was developed in England and has not been used in Sweden 

before. 

Aim: To investigate if there is an association between a higher NHFS score or ASA class and 

increased risk of early mortality in a Swedish setting. 

Materials and methods: NHFS was calculated retrospectively with data from medical 

records, for all patients presenting with an acute hip fracture at Sahlgrenska University 

Hospital/Mölndal during 2016.  

Results: 951 patients were included in the study population with a median age of 81.5 years. 

The median NHFS was 5 and median ASA class 3. Overall 30-day mortality was 7.4% and 

90-day mortality 14.2%. There was an association between both ASA and NHFS, and 

increased odds of 30-day (OR 3.68 and 1.90) and 90-day mortality (OR 3.66 and 1.91).  

Conclusions: There was an association between both ASA and NHFS and increased early 

mortality. The association with NHFS motivates further validation of the scoring system in a 

Swedish setting.   
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Abbreviations 
NHFS Nottingham Hip Fracture Score 

ASA American Society of Anesthesiologists (physical status classification) 

Hb Hemoglobin  

ICD International Statistical Classification of Diseases and Related Health Problems 

MMTS Mini-mental Test Score 

AMTS Abbreviated Mental Test Score 

SPMSQ Short Portable Mental Status Questionnaire  

COPD Chronic obstructive pulmonary disease 

OR Odds Ratio 

ROC Receiver operating characteristic 

AHFS Almelo Hip Fracture Score 
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Introduction 
Every year approximately 18 000 patients suffer from a hip fracture in Sweden. It comes at 

great cost for both patients and healthcare as nearly all patients are in need of surgery and in-

hospital care. Even though preventive measures are implemented around Sweden the number 

of hip fractures is expected rise due to the increase of the elderly population; already being 

one of the most care demanding groups, with an annual cost for care and rehabilitation of 

SEK 1,5 billion. Currently the average age at the time of surgery is 82 years in Sweden. The 

high average age means patients are frail with many comorbidities and accompanying 

medications [1].  It has been previously found that 25% of hip fracture patients had two or 

more comorbidities at time of surgery [2,3]. Even if the cost for the healthcare is high, the 

personal cost for the patients are even higher with postoperative consequences of the most 

severe kind. One being that the postoperative mortality is high. It has been found to be 5-10% 

at 30 days [2,4,5] and as high as 33% after 1 year [2]. Partly because of complications 

following the operation such as pulmonary embolism, infections and cardiovascular 

complications and some of it by ageing itself [2,6–8]. The duration of the increased mortality 

is debated. Some mean the survival soon is paralleled with the rest of the same age 

population, however some mean the prolonged mortality is extended for many years [9–11]. 

In addition to the high mortality rate it’s not uncommon with permanent disability with pain 

and impaired ability to walk. Some unable to return to their own homes and require change in 

residence [5].  

  

Different strategies are actively used with the aim to get the patients to recover to their pre-

injury level of function and being able to move back to their own homes. There is evidence 

that delay from fracture to surgery increase both morbidity and mortality. Therefore, fast 

tracks have been implemented around Sweden. Meaning patients with a suspected fracture 

may be taken directly to radiology from the ambulance, bypassing the emergency room, and if 

a fracture is confirmed, transferred to the geriatric ward awaiting surgery. Postoperatively, 

early mobilization is important to avoid complications [1]. As part of the optimizing of the 

care, Nottingham Hip Fracture Score (NHFS) has been developed as a tool to identify high 

risk patients. 
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Nottingham Hip Fracture Score 

NHFS is a risk scoring system developed specifically for the hip fracture patient group used 

to predict the risk of mortality within 30 days of operation.  

When developed, prospective data on prognostic factors were gathered and identified. Seven 

variables were identified as independent predictors of 30-day mortality. They were age, male 

gender, number of comorbidities, admission MMTS, admission Hemoglobin, living in an 

institution and presence of malignant disease. Together they generate a score from 0 to 10 

points [12]. The score is to be calculated as shown in table 1.  

 
Table 1 Nottingham Hip Fracture Score 
Hb, Hemoglobin; MMTS, mini-mental test score 

Variable Value Score 
Age <66 yr 0 
 66-85 yr 3 
 ³86 yr 4 
Gender Male 1 
Admission Hb ≤100 g/L 1 
MMTS ≤6 1 
Living in an institution Yes 1 
Number of 
comorbidities 

³2 1 

Malignancy Yes 1 

 
The predicted 30-day mortality is calculated by substituting the total NHFS into the equation:  

30-day mortality % = 100 1+ 𝑒 #.%&'((NHFS×%.+,&)  . 

The equation is the recalibrated version from a follow-up study with the aim to validate the 

score in a multi-center assessment. The revised equation showed to be accurate in multiple 

centers and not just in the original population. Though it is particularly accurate in the most 

prevalent groups NHFS 4-6 points [3]. The new equation was later validated externally 

outside the developing group, however still in England [13]. 

The NHFS has also proved to be a predictor of early discharge from hospital [5] and to one 

year mortality [14]. 

 

Risk prediction can be beneficial for multiple reasons. Giving the possibility to communicate 

correct information about prognosis to patients and relatives and to customize care before, 

during and after operation. It could also be useful as a tool for clinics to self audit [3].   
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American Society of Anesthesiologists physical status classification  

ASA physical status classification was first Introduced in 1941 by the American society of 

anesthetists (later anesthesiologists). It is a widely used preoperative system to classify a 

patient’s overall physical status prior to surgery. It was in no way meant to prognosticate the 

effect of surgery according to given physical status but rather useful for statistical purposes. 

The authors meant ASA was just one of many components affecting operative risk and should 

consequently not be used as a sole predictor of operative risk [15].  

The current ASA physical status classification follows: 

ASA I – A normal healthy patient 

ASA II - A patient with mild systemic disease 

ASA III - A patient with severe systemic disease 

ASA IV - A patient with severe systemic disease that is a constant threat to life 

ASA V - A moribund patient who is not expected to survive without the operation 

ASA VI- A declared braindead patient whose organs are being removed for donor purposes 

[16–18] 

Aim 
The aim of this paper was to explore if there was an association between a higher NHFS score 

or ASA class and increased 30-day and 90-day mortality in our population at Sahlgrenska 

university hospital/Mölndal, Sweden. We hypothesized that we would find such a relationship 

for both NHFS and ASA. 

Materials and Methods 

Study population 

All patients presented with a proximal femur fracture and subsequently undergoing surgery at 

Sahlgrenska university hospital, Mölndal during 2016 were included in the study population.  

When patients had more than one surgery, only the first was included. Patients with no 

Swedish residence were excluded due to uncertain mortality data. Pathological fractures 

caused by malignancy were also excluded. 

 

Data collection 

The patients were identified on ICD codes from the hospital’s local register. All types of 

proximal femur fractures were included. Data on existing diseases and lab results were 
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collected from medical records and lab reporting program. ASA, weight and length were 

obtained from anesthesia records. Mortality data were gathered from the hospital´s data 

registry ELVIS which is connected to the Swedish tax registry. Data to calculate NHFS were 

collected and only preexisting comorbidities at the time of admission were registered. NHFS 

were calculated retrospectively for each patient according to previous publications with the 

seven variables and scores (table 1) [3,12]. The comorbidities included were defined as 

follows: cardiovascular diseases: previous myocardial infarction, angina pectoris, 

arrhythmias, valvular diseases, congestive heart failure or hypertension. Cerebrovascular 

diseases: previous stroke or transient ischemic attack. Respiratory disease: COPD or asthma. 

Acute infections were not included. 

Diagnosed renal disease, only affected lab results were not included. Diabetes, both type I and 

II. The definition of malignancy was active cancer within the last 20 years. Non-invasive skin 

cancer or prostate cancer without medical treatment were not included. As neither MMTS or 

AMTS are routinely recorded at admission, SPMSQ with a score of 0-5 points or a 

preexisting diagnosis of dementia were used instead. The first sampling of Hb was used as 

admission value. 

 

Statistical analysis 

Univariable logistic regression was performed for NHFS and ASA separately. The predictors 

were then assessed in a stepwise multivariable logistic regression. Data are presented as ORs 

and their 95% Confidence interval. The logistic regressions were used to derive receiver 

operating characteristic (ROC) curves. A Spearman's rank-order correlation was computed to 

assess the relationship between NHFS and ASA. P-values <0.05 were considered statistically 

significant. All data were entered into a Microsoft Excel spreadsheet, version 15.4. Copyright 

© 2017 Microsoft, Redmond, Washington. Data analysis was generated using SAS software, 

Version 9.4. SAS Institute Inc., Cary, NC.  

 

Ethics 

All data were collected retrospectively and it did not affect the patients’ treatment. No 

patients were contacted directly. The data was handled confidentially and is presented 

anonymously. The project was considered as service evaluation with permission from the 

head of the department. 
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Results 
A total of 992 surgeries related to hip fractures were performed during the study period. 

Altogether 41 surgeries were excluded due to lack of Swedish residency (n=12), malignant 

fractures (n=8), secondary fractures (n=10) and reoperations (n=11). The remaining 951 

patients were included with more female (n=621;65.3%) than male (n=330,34.7%) being 

operated. The mean age at fracture was 81.5 (SD 11.4) years and median age 84 (min 18, max 

105) years. The overall mortality at 30 days was 7.4% and 14.2% at 90 days. Median NHFS 

score was 5 and median ASA class 3. NHFS score and ASA class for all patients are 

summarized in table 2.  

 

For both ASA and NHFS the odds for 30-day mortality increased with higher class/score, 

with the OR 3.68 (95% CI, 2.51-5.38) for ASA and OR 1.90 (95% CI, 1.57-3.30) for NHFS. 

Adjusted ORs from multivariable logistic regression with both ASA and NHFS in the model 

were 2.71 (95% CI, 1.78-4.12) for ASA and 1.63 (95% CI, 1.33-1.99) for NHFS, see table 3. 

The equivalent ORs for 90-day mortality was 3.66 (95% CI, 2.72-4.95) for ASA and 1.91 

(95% CI, 1.65-2.22) for NHFS. The adjusted ORs were 2.70 (95% CI, 1.95-3.75) for ASA 

and 1.66 (95% CI, 1.42-1.94) for NHFS, see table 4. All models showed moderate 

discrimination with an area under the ROC curve >0.7, see tables 3 and 4. Spearman’s rank-

order correlation showed a positive correlation between NHFS and ASA, rs=0.42, p <.0001 

(2-sided). 
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Table 2 Patient characteristics and distribution of NHFS and ASA 
For categorical variables n (%) is presented. For continuous variables 
Mean (SD) / Median (Min; Max) / n= is presented. 
ASA, American Society of Anesthesiologists; NHFS, Nottingham Hip 
Fracture Score; BMI, Body mass index; SD, standard deviation	

Variable 
All subjects 

(n=951) 

Sex  

Male   330 (34.7%) 

Female 621 (65.3%) 

Age 81.5 (11.4) 
84.0 (18.0; 105.0) 

n=951 

ASA  

1            40 (4.2%) 

2            390 (41.0%) 

3            442 (46.5%) 

4            78 (8.2%) 

5            1 (0.1%) 

NHFS  

0            17 (1.8%) 

1            38 (4.0%) 

2            17 (1.8%) 

3            103 (10.8%) 

4            213 (22.4%) 

5            249 (26.2%) 

6            189 (19.9%) 

7            96 (10.1%) 

8            26 (2.7%) 

9            3 (0.3%) 

Weight 67.4 (14.0) 
65.0 (35.0; 141.0) 

n=920 

Length 168.3 (10.2) 
167.0 (126.0; 202.0) 

n=834 

BMI 23.8 (4.0) 
23.4 (12.5; 39.6) 

n=829 

Death within 30 days 70 (7.4%) 

Death within 90 days 135 (14.2%) 

  



	 11 

 
Table 3 Odds Ratios for 30-day mortality and observed mortality for each level of ASA and NHFS  
P-values, OR and Area under ROC-curve are based on original values and not on stratified groups. OR is the ratio for the odds for a one 
unit increase of the predictor.  
*) All tests were performed with univariable logistic regression. **) Multivariable logistic regression model including ASA and NHFS. 
Area under ROC-curve with 95% CI for multivariable model = 0.78 (0.73-0.83). ASA, American Society of Anesthesiologists; NHFS, 
Nottingham Hip Fracture Score; OR, Odds Ratio; CI, Confidence interval; ROC, Receiver operating characteristic	
 Univariable* Multivariable** 

Variable n missing Value 

n (%) 
death 

within 30 
days 

OR (95%CI) 
30-day mortality p-value 

Area under 
ROC-Curve 

(95%CI) 
OR (95%CI) 

30-day mortality p-value 

ASA 0 1 1 (2.5%)      

  2 9 (2.3%)      

  3 38 (8.6%)      

  4 22 (28.2%)      

  5 0 (0.0%) 3.68 (2.51-5.38) <0.0001 0.72 (0.66-0.78) 2.71 (1.78-4.12) <0.0001 

NHFS 0 0 0 (0.0%)      

  1 0 (0.0%)      

  2 1 (5.9%)      

  3 2 (1.9%)      

  4 8 (3.8%)      

  5 9 (3.6%)      

  6 24 (12.7%)      

  7 17 (17.7%)      

  8 7 (26.9%)      

  9 2 (66.7%) 1.90 (1.57-2.30) <0.0001 0.74 (0.68-0.80) 1.63 (1.33-1.99) <0.0001 

Table 4 Odds Ratios for 90-day mortality and observed mortality for each level of ASA and NHFS 
P-values, OR and Area under ROC-curve are based on original values and not on stratified groups. OR is the ratio for the odds for a one 
unit increase of the predictor   
*) All tests were performed with univariable logistic regression. **) Multivariable logistic regression model including ASA and NHFS. 
Area under ROC-curve with 95% CI for multivariable model = 0.79 (0.75-0.83). ASA, American Society of Anesthesiologists; NHFS, 
Nottingham Hip Fracture Score; OR, Odds Ratio; CI, Confidence interval; ROC, Receiver operating characteristic	
 Univariable* Multivariable** 

Variable n missing Value 

n (%) 
death 

within 90 
days 

OR (95%CI) 
90-day mortality p-value 

Area under 
ROC-Curve 

(95%CI) 
OR (95%CI) 

90-day mortality p-value 

ASA 0 1 1 (2.5%)      

  2 21 (5.4%)      

  3 78 (17.6%)      

  4 34 (43.6%)      

  5 1 (100.0%) 3.66 (2.72-4.95) <0.0001 0.71 (0.67-0.75) 2.70 (1.95-3.75) <0.0001 

NHFS 0 0 0 (0.0%)      

  1 1 (2.6%)      

  2 1 (5.9%)      

  3 3 (2.9%)      

  4 14 (6.6%)      

  5 23 (9.2%)      

  6 49 (25.9%)      

  7 32 (33.3%)      

  8 9 (34.6%)      

  9 3 (100.0%) 1.91 (1.65-2.22) <0.0001 0.75 (0.70-0.79) 1.66 (1.42-1.94) <0.0001 
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Discussion 
The distribution of each level of the NHFS was similar to that being published previously 

with the most frequent scores being around 4-6 points. Like the developing group, no patients 

got a NHFS score of 10 points. The 30-day mortality was also, for most NHFS groups, similar 

to that published and predicted with NHFS [3,13]. However, there was a large discrepancy at 

the highest score where the observed mortality was 66% while NHFS predicted the mortality 

to be 34%. That could of course be due to the limited number of patients in that particular 

group. With that difference disregarded it wasn’t surprising that there was an association 

between a higher NHFS score and increased odds for mortality at 30 and 90 days with an OR 

of 1.90 respectively 1.91, where the OR is the ratio for the odds per every unit increase of the 

predictor. Although ASA isn’t intended to be a risk classification system [15], a higher ASA 

class also showed association with increased early mortality. It seems though that ASA and 

NHFS together could be a better predictor according to the stepwise multivariable logistic 

regression, where both variables contributed to the model. Even though the areas under the 

ROC curves couldn’t conclusively distinguish which model had best discriminating abilities. 

The fact that both ASA and NHFS contributed to the predicting power was found when 

developing the Almelo hip fracture score (AHFS), which is basically the NHFS with Parker 

mobility score and ASA added, with the developers stating the AHFS being more accurate 

than the NHFS [19].  

However, adding ASA to the scoring system would take away the aspect of simplicity to use. 

ASA is a subjective assessment normally assigned by an anesthesiologist. Whereas all 

variables of NHFS are easily accessed and possible to calculate shortly after admission; which 

could be of importance when applying it in practice. For instance, one of the proposed fields 

of application is that a higher NHFS score would be a reason to urge for prioritized evaluation 

by anesthesiologist who decide further optimizing preoperatively.  

 

A risk score will naturally not reduce mortality by itself. It’s the application in practice that 

matters. It can aid in recognizing risk patients and target interventions to the ones with 

greatest need. A validated cut off point for defining patients at high risk is needed. With the 

current NHFS a proportion of 87% in our observed cohort would have a predicted risk of 30-

day mortality at 11% or lower [3], offering little differentiating power and clinical guidance 

between each level of the score. It could also be debated a risk model has its predicting power 

on population basis and using the NHFS on an individual level could have less accuracy but 
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stratifying the NHFS score into for example low, medium and high risk could be more 

successful. Stratifying the score has already been proved to successfully predict time to 

discharge and one year mortality where patient considered high risk were hospitalized longer 

and had higher mortality at one year [5,14]. The incidence of hip fractures varies on a daily 

basis between around 0-12 patients at our hospital. It is independent of surrounding factors 

which makes it unpredictable and hard to plan. The score could be helpful in planning of the 

operations by prioritizing the patients according to their risk and also being able to predict the 

order the patient would be discharged.  

 

No reports have yet been published comparing any effect before and after implementing the 

scoring system and accompanying routines. It could also be hard to show direct correlation to 

the NHFS because of possible other changes that could have been implemented during the 

same time period. However, it would be interesting seeing how others use it and not just 

comparing patient groups in audit and research context.  

 

A limitation to this study is its retrospective nature. All data were collected from medical 

records and therefore limited to the quality of the data recorded. Still NHFS was possible to 

be calculated for all 951 patients included. With the adjustment of using a dementia diagnosis 

or SPMSQ, instead of MMTS or AMTS originally used. There is support this is comparable 

[20] and in the large multi-center assessment 33% of the patients scored for dementia 

compared to the 24% in our observed cohort [3].  

All data were gathered as it would have on admission meaning only preexisting conditions 

and medications at admission were collected. Although it’s likely that additional data in a 

computer based medical chart is found and registered compared to a patient’s oral description. 

All data were collected and registered by the author only. 

Conclusions 
Both a higher ASA class and NHFS score was found to associate with an increased risk of 

early mortality after hip fracture surgery.  Showing the association between NHFS and early 

mortality motivates further studies collecting prospective data for validation and calibration of 

the score to accurately predict outcome in our population. 
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Populärvetenskaplig sammanfattning 
De flesta känner till någon som brutit lårbenshalsen. Det är mycket vanligt och de som 

drabbas är oftast äldre. För att åtgärda en fraktur behövs det operation. En operation är 

mycket krävande och med tanke på den höga åldern är många redan innan mycket sköra. Det 

leder till att en del aldrig blir helt återställda efter operationen. De får problem med smärta, får 

nedsatt förmåga att gå och i värsta fall kan de avlida. För att undvika det senare har ett 

verktyg tagits fram som ska kunna identifiera patienter med särskilt hög risk inför 

operationen. Det heter Nottingham Hip Fracture Score (NHFS) och är utvecklat i England. 

Det har tidigare också bara använts i England och vi har för första gången utvärderat om det 

skulle kunna vara till nytta även i Sverige. 

 

Vi fann att det verkar som att NHFS, likt i England, kan vara ett bra redskap för att förutsäga 

vilka patienter som har särskilt hög risk att avlida i samband med en akut operation av 

lårbenshalsen. Detta är mycket positivt då det möjliggör att redan innan operationen kunna 

anpassa och planera vården inriktat mot just den riskgrupp patienterna tillhör. 

 

Innan NHFS börjar användas i praktiken behövs dock ytterligare arbete föra att färdigställa 

och införa lämpliga rutiner som passar våra svenska förhållanden. 
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Cover letter 
 

 

Dear Editor, 

 

Please find enclosed manuscript with title “Nottingham Hip Fracture Score as a predictor of 

early mortality in hip fracture patients”, which we would like to be considered for publication.  

We confirm that this manuscript has not been published or accepted elsewhere and is not 

under consideration for publication by another journal.  

 

Nottingham hip fracture score (NHFS) is a risk score developed in the UK. It assesses risk of 

early mortality after hip fracture surgery. It has previously been validated in the UK and 

external validation has been requested by the authors. This is the first time NHFS has ever 

been used in Sweden. NHFS was calculated retrospectively to investigate if an association 

between a higher NHFS score and early mortality could be found.  

 

A significant association between the NHFS and early mortality was found as well as a 

similar distribution of the score compared with the data from the developing group. The 

findings suggest the score could be used in our population and motivates further validation. 

 

A well working risk assessment tool for hip fracture patients would be beneficial for many. 

Being able to preoperatively recognize high risk patients could save lives and reduce the high 

postoperative mortality. The results here suggest that the scoring model has a good fit outside 

the developing population and may be of interest to others outside our clinic.  

 

Yours sincerely, 

 

Fredrika Lundborg 
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Etiskt övervägande 
Då den här studien var retrospektivt utförd är det främst etiska överväganden som handlar om 

personlig integritet. Ett stort antal patienters journaler har öppnats och studerats. Samtycke 

från patienterna har inte inhämtats. Liknande studie har nyligen utförts på kliniken och 

etikprövningsnämnden har då ansett att samtycke inte behövts. Arbetet utfördes med 

verksamhetschefens godkännande. All data har hanterats på ett konfidentiellt vis i särskilt 

anvisad lokal och enbart nödvändiga data för studien har tagits del av. Studiens retrospektiva 

karaktär innebär att all behandling redan givits och medverkandet har inte påverkat den 

aktuella behandlingen eller framtida behandling. Resultaten redovisas på ett sätt som innebär 

att patienter eller anhöriga inte ska kunna identifiera sig själva eller sina nära. 

 

Behovet av en riskscore som den här är stort. Att få möjlighet att på ett objektivt sätt 

identifiera riskpatienter och införa rutiner därefter skulle kunna ha en positiv effekt för många 

då höftfrakturer är mycket vanligt förekommande. Beräkning av Nottingham Hip Fracture 

Score (NHFS) är inget patienter märker, det bygger på variabler som i normala fall ändå 

införs i journalen. Skillnaden kommer när rutiner baserade på NHFS-poäng införs i praktiken. 

Oberoende vilken typ av rutiner som införs, kommer prioriteringar att behöva göras. Vare sig 

det handlar om vem som ska opereras först eller fördelning av resurser för att optimera 

patienten inför operation. Prioriteringarna är något som redan görs i dagsläget men kan ändras 

när NHFS införs. Målet med NHFS är att minska den tidiga mortaliteten efter höftfrakturer. 

Med tanke på att den ännu inte publicerats några resultat efter införande av NHFS på kliniker 

kan nyttan ifrågasättas men det kan sannolikt heller inte vara till skada. 

 

 


