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Abstract 
 
 
Introduction 
Hip fractures are common and it is estimated to cost the National Health Service (NHS) around £2 
billion/year. The majority of these patients are elderly and they require careful perioperative management 
as morbidity and mortality are high. This study aims to look at routinely gathered biomarker data and 
baseline demographics to evaluate if they may be used to predict inpatient mortality. 
 
Patients and Methods 
The study included 2158 patients from a single Centre over a 5-year period. Inclusion criteria: age>60, 
confirmed fractured neck of femur on radiological imaging. Exclusion criteria: pathological fractures, 
patients treated non-operatively, missing data. Univariate followed by multivariate analysis was conducted 
to identify the independent predictors of inpatient mortality. 
 
Results 
The variables found to be independent predictors of inpatient mortality were: age > 85, sex (male), albumin 
< 35, lymphocytes < 1, American Society of Anesthesiologist (ASA) grade > 3. For the final derived 
multivariate logistic regression model, a receiver operator characteristic (ROC) curve was constructed to 
assess the ability of the included variables to predict inpatient mortality. The area under the curve was 
0.794 which together with sensitivity of 63.2% and a specificity of 79.1% at a cut value of 0.1. 
 
Conclusion 
This paper supports research previously conducted in this field, showing the prognostic value of both 
biomarker (albumin and lymphocytes), and non-biomarker data (ASA grade, age and gender) in predicting 
mortality in patients who have sustained a hip fracture. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Introduction 
 
Hip fractures are common and are increasing in number. Hip fracture care in the National Health Service 
(NHS) costs approximately £2 billion annually. In the United Kingdom (UK) around 75,000 people are 
admitted to hospital and treated for a fractured neck of femur every year (1).  
 
Due to the fact that hip fractures are both very common and are associated with a high level of inpatient 
mortality(1), it is important to try an identify those patients who are at greatest risk as early as possible. This 
is in order to counsel patients and relatives about the injury, the procedure and the prognosis. It also 
highlights, to clinicians, those who are vulnerable and who may need a higher level of inpatient care. It may 
also help with discussions surrounding resuscitation at an earlier stage(2). 
 
A number of previous studies have highlighted various biomarkers as independent predictors of mortality 
after hospital admission for a traumatic fractured neck of femur.  These have included albumin (3-12), 
lymphocytes (7, 8, 13-16), neutrophils (13, 17), creatinine (18-21), haemoglobin (Hb) (17-19, 22, 23), 
sodium (Na) (6, 24, 25) and potassium (K) (20, 26). In addition, many of these papers have highlighted 
baseline demographic data as additional predictors of mortality and have included abbreviated mental test 
score (AMTS), pre-injury residence, number of co-morbidities and previous malignancy. 
 
Other markers that may have a bearing on inpatient/post-operative mortality in hip fracture patients 
included: parathyroid hormone (PTH) (27, 28), troponin (29) and vitamin D (30, 31). However, these 
biomarkers are not routinely taken for hip fracture patients on admission to UK hospitals and therefore are 
outside the scope of this study. Urea was found to be a predictor of mortality in some studies (32) but has 
been discounted in others (33). 
 
It appears there may be some agreement that low albumin may be an indicator of increased post-operative 
mortality for hip fractures but there is clearly no consensus regarding the other markers. The aim of the 
study was to investigate associations between in-patient mortality for fractured neck of femur patients and 
routine blood tests taken at admission in conjunction with other baseline demographic data. 
 
 
 
 
 
 
 
 
 



Materials and Methods 
 
We prospectively collected data on all patients admitted to the unit between April 2014 and August 2019. 
The data collected for analysis included: age, type of fracture, pre-injury residence, AMTS, ASA, operation 
performed, discharge destination and admission biomarker values (Hb, Na, K, creatinine, neutrophils, 
lymphocytes, albumin). Any missing biomarker data was manually cross checked by the authors.  Those 
patients who were treated non-operatively were excluded from the data as it was deemed these patients 
would have a higher risk of inpatient death and are a small but distinct subset of hip fracture patients. 
 
Inclusion criteria: Any patient with a confirmed hip fracture admitted to the unit between April 2014 and 
August 2019 were considered for inclusion. All types of fractured neck of femur where data is supplied to 
the National Hip Fracture Database were included (intracapsular, extracapsular and subtrochanteric 
fractures). Inclusion criteria: patients over 60 years of age, confirmed fractured neck of femur on imaging 
(x-ray, computerised tomography (CT) or magnetic resonance imaging (MRI)). 
Exclusion criteria: pathological fracture, patients treated non-operatively, absent bloodwork data. 
 
Statistical Product and Service Solutions (SPSS) version 27 was used to analyse the data. This included 
examination of the summary diagnostics followed by a univariate and a multivariate analysis through binary 
logistic regression to ascertain the significant predictors to death.  Independent variables, both continuous 
and categoric were transformed to dummy variables where required. The data analysis followed a three-
stage procedure. First, a descriptive analysis focused on identifying the key factors that differentiate the 
patients that lived and those that died. The second concentrated on the derivation and validation, using 
binary logistic regression to identify significant factors and the predictive power between the two 
components. The third section executed forward stepwise logistic regression to obtain the final prediction 
model. 
 
 
Results 
 
Of the 2267 patients admitted to the unit during the study period, 2158 patients met the criteria for inclusion 
in the study. The breakdown of those excluded can be seen in table 1. 1574 (73%) of patients were female 
with the average age being 88. Inpatient mortality of these subjects in the analysis was 117 (5.4%). Of 
note, 21 patients (34%) treated non-operatively died in hospital which was by far the most likely ‘discharge 
destination’ for these patients. In addition, only 11 patients treated non-operatively had complete biomarker 
and baseline demographic data available. 
 
Table 1: Breakdown of excluded patients 
Exclusion criteria Number of patients 
Pathological fracture 24 
Non operatively treated 61 
Absent dataset 24 

 
 
Descriptive Analysis 
 
Prior to executing logistic regression, examination of the summary statistics for those who died and those 
who survived was considered. Specifically, an assessment was made comparing the differences in means 
in the key variables identified in previous studies between those that lived and those that died (33, 34). The 
results are given in Table 2. The descriptives show a significant difference at 0.01 level for: age, creatinine, 
haemoglobin, albumin, AMTS and ASA.  Lymphocytes were significant at 0.05 and sodium at 0.10 level. 
Our expectation is that where significant differences are identified those factors will feature in the 
multivariate modelling both in the derivation and validation models.  
 
 
 
 
 
 
 
 



Table 2: Summary Statistics 
  Normal 

Range 
Survivors 
Average 

Non-
survivors 
Average 

Mean 
Difference 

Std. Error 
Difference 

t-value P-value 

Age 
 

87.39 90.50 -3.11 0.80 -3.88 <0.001 
Sodium (mEq/L) 133 -146 137.09 137.76 -0.67 0.41 -1.64 0.100 
Potassium (mmol/L) 3.5 - 5.3 4.21 4.28 -0.07 0.05 -1.48 0.139 
Creatinine (µmol/L)# 20 - 103 91.20 116.59 -25.39 8.48 -3.00 0.003 
Haemoglobin (g/L) 115 - 145 123.02 115.96 7.06 1.61 4.40 <0.001 
Neutrophils (109/L) 1.7 - 7.5 9.28 9.01 0.26 0.38 0.69 0.489 
Lymphocytes (109/L) 1.0 -3.5 1.20 1.00 0.20 0.09 2.15 0.032 
Albumin(g/L)# 35 - 50 34.42 30.95 3.48 0.54 6.40 <0.001 
AMTS# 

 
7.09 5.53 1.56 0.36 4.38 <0.001 

ASA# 
 

3.15 3.79 -0.65 0.05 -14.14 <0.001 
# Variances unequal 

       

 
Multivariate Analysis: derivation and validation 
 
To predict the likelihood of death binary logistic multiple regression was applied to the following full model: 
Y = f(age, gender, sodium, potassium, creatinine, haemoglobin, neutrophils, lymphocytes, albumin, AMTS, 
ASA, pre-injury residence). A comparison between the derivation and the validation samples is presented 
in Table 3. There is consistency in the multivariate results (estimates and significance) between the 
derivation and the validation samples except for AMTS. Furthermore, the similarity is also reflected by the 
areas captured under the receiver operator characteristics (ROC) curve for the two models shown in 
Figures 1 and 2. A perfect fit would produce a right angle with an area under the curve (AUC) of 1. The 
ROC curve for the derivation sample, shown in figure 1, demonstrates an area under the curve of 0.803 
(95% CI 0.76, 0.85) with a sensitivity of 58.7% and a specificity of 83.1% at a cut value of 0.1.  The ROC 
curve for the validation sample, shown in figure 2, demonstrates an area under the curve of 0.806 (95% CI 
0.77, 0.84) with a sensitivity of 59.6% and a specificity of 82.7% at a cut value of 0.1.   
 
Table 3. Multivariate analysis for derivation and validation samples. 

                                Derivation Sample1   Validation Sample2 
  B P-value   B P-value 
Age>85 0.536 0.067  0.523 0.043 
Sex (Male) 0.403 0.025  0.447 0.037 
Sodium 0.012 0.707  0.026 0.272 
Potassium -0.017 0.457  -0.013 0.946 
Creatinine 0.000 0.753  0.001 0.365 
Haemoglobin 0.007 0.392  -0.009 0.119 
Neutrophils -0.026 0.486  -0.004 0.891 
Lymphocytes 
<1x109/L 

0.479 0.071 
 

0.536 0.008 

Albumin<35g/L 0.860 0.004  0.552 0.014 
AMTS -0.085 0.083  -0.025 0.422 
ASA>3 1.436 0.000  1.678 <0.001 
Pre-injury Residence -0.061 0.855  -0.112 0.664 
Constant -5.348 0.024   -7.223 0.044 

Note: 1 denotes a random sample of 50%; 2 denotes the whole sample 
 
 
 
 
 
 
 
 



Figure 1: ROC for Derivation Sample                                                      

 
 
                                                                       
 
                                
Figure 2: ROC for validation Sample 

 
 
 
 
  



The validation model, containing all predictors, was statistically significant, χ2 (df = 12, n = 2,158) = 
132.816, p < 0.001, indicating that the model was able to distinguish between respondents who lived and 
those who died. The model as a whole explains 17.40% (Nagelkerke R2) in survivors/non survivors state 
and overall, correctly classified 94.6% of cases. Proceeding with forward stepwise logistics regression, a 
reduced model of only five predictor variables made a unique statistically significant contribution (age, male 
gender, lymphocytopenia, hypoalbuminemia, and ASA >3). This can be seen in table 4. The strongest 
predictor of dying is ASA with an odds ratio of 5.981. This indicates that patients who had ASA larger than 
3 had a 5.981 fold higher mortality rate compared to those who had ASA of 3 or below. 
 
 
Table 4: Multivariate analysis for reduced model 
      B P-value Exp(B) 95% confidence interval for Exp(B) 
        Lower Upper 
Age > 85  0.562 0.027 1.754 1.067 2.885 
Male   0.492 0.016 1.636 1.098 2.437 
Lymphocytes < 1  0.547 0.006 1.728 1.171 2.549 
Albumin < 35  0.671 0.002 1.957 1.288 2.974 
ASA > 3  1.789 <0.001 5.981 3.824 9.354 
Constant -5.090 <0.001 0.006     

 
 
ROC curve for the reduced model 
 
The ROC curve for the reduced model was plotted to assess the ability of the variables to predict inpatient 
mortality. The area under the ROC curve ranges from 0.5 and 1.0 with larger values indicative of better 
predictive fit. The area under the curve (AUC) is 0.794 (95% CI 0.757, 0.830). The area under the curve is 
significantly different from 0.5 with a p-value of <0.001 denoting that the logistic regression classifies the 
group significantly better than by chance. Using a cut value of 0.1 the model returns a sensitivity of 63.2% 
and a specificity of 79.1%. 
 
 
 
Figure 3: ROC curve depicting the ability of the identified risk factors to predict inpatient mortality with hip 
fracture patients. 

 



Discussion 
 
Our results for biomarkers are comparable to previous studies in the literature. There is good evidence that 
low albumin is associated with higher inpatient mortality. Albumin can be thought of as a surrogate marker 
of nutritional status, with lower albumin indicating poorer levels of nutrition. It therefore would imply that 
patients with a worse peri-operative nutritional state would likely have a poorer post-operative course. The 
analysis also indicates that lymphocytes are also an independent predictor of inpatient mortality which is 
not universally evident in previously published work. A number of previous studies have shown correlation 
between lymphocytes and mortality following hip fracture in elderly patients.(8, 15, 17) whilst other have not 
found these to be independent predictors(33). Total lymphocyte count has been used as a marker of 
nutritional status in patients but is less widely in this guise and has largely been superseded by other 
evaluations including albumin levels. With both hypoalbuminemia and lymphocytopenia being independent 
predictors of inpatient mortality it does shine a light on pre-operative nutrition as an important predictor of 
outcome for these elderly patients. 
 
In addition to the work on biomarkers we also found that male sex, age >85 and ASA>3 are also 
independent predictors on inpatient mortality. Male sex has been shown to be an independent risk factor in 
other large-scale studies although the exact reason for this has yet to be identified (35). A number of 
theories have been proposed including immunogenic theories and the fact that men are at increased risk of 
peri-operative infections (36). These theories have yet to be conclusively proved in the literature. 
Increasing age has shown to be a predictor of inpatient mortality (19, 33) and our analysis shows that those 
patients over 85 years of age are at a significantly higher risk of death even with the cohort of ‘young’ hip 
fracture patients (<60 years) excluded as part of the methodology. This may be due to a general increasing 
age of the hip fracture population.  
 
The American society of Anaesthesiologists have a widely accepted and validated system to assess and 
communicate a patient’s pre-anaesthesia medical comorbidities. It grades a patient from 1 to 6 which can 
be seen in table 5(37).It is used to identify those patients at higher risk of morbidity and mortality when  
undergoing a surgical procedure. The system has been in place for over 60 years and forms an essential 
part of the NHS adaptation of the World Health Organisation’s (WHO) surgical safety checklist(38). There 
are of course limitations to the grading system including, but not limited to inter-observer reliability and its 
subjective nature. We must, however, point to a 2015 study by Hacket et al on 2.2 million surgical cases 
that demonstrates that ASA has a strong independent association with post-operative medical 
complications and mortality across all procedures (39). 
 
Table 5. ASA grading system 
ASA grade Definition 
I A normal healthy patient 
II A patient with mild systemic disease 
III A patient with severe systemic disease 
IV A patient with severe systemic disease that is a 

constant threat to life 
V A moribund patient who is not expected to survive 

without the operation 
VI A declared brain-dead patient whose organs are being 

removed for donor purposes 
 
 
The largest meta-analysis on this subject by Hu (40) included 75 papers that looked at peri-operative hip 
fracture mortality. The paper found strong evidence for: advanced age, male gender, nursing home or 
facility residence, poor preoperative walking capacity, poor activities of daily living, higher ASA grading, 
poor mental state, multiple comorbidities, dementia or cognitive impairment, diabetes, cancer and cardiac 
disease. Some of these parameters were not captured in our dataset and we found no association between 
pre-injury residence or AMTS (poor mental state/dementia) and mortality. The paper by Hu also showed 
moderate evidence for: low albumin, low haemoglobin, high creatinine as independent predictors of death. 
There were inconclusive or limited evidence for: total lymphocyte count, neutrophil to lymphocyte ratio, high 
potassium, high & low sodium and altered PTH. A meta-analysis by Li (14) only identified one biomarker 
(albumin) as a predictor of mortality following hip fracture. This analysis included 19 studies of variable size 
and quality and did not include a number of other important studies published on the subject. Another meta-
analysis by Lauland (41) suggested low albumin, low lymphocytes, high creatinine and high PTH as 



predictors of mortality after hip fracture. However, this metanalysis only included 15 studies with variable 
follow up and quality. A meta-analysis by Smith et al(42) identifies abnormal ECG, cognitive impairment, 
age >85 and reduced pre-fracture mobility as indicators of increased likelihood of death up to 12 months 
post hip fracture surgery. This study did not include routine biomarkers in its data collection. 
 
There is currently debate regarding haemoglobin’s ability to predict post mortality following hip fracture. 
Although some studies (33, 40) have shown an association of a low haemoglobin on admission and 
increased post-operative mortality, some studies have not replicated this. Mosfeldt et al (20) conducted a 
prospective study of 792 patients and found that haemoglobin does not predict mortality at 90 days. Fisher 
et al(31) looked retrospectively at 1820 patients admitted to a Canberra hospital for fractured neck of femur. 
Haemoglobin was not an independent predictor of death in this study. Bhaskar et al(17) suggested that low 
haemoglobin may be an indicator of inpatient death but this 2011 study did not use regression analysis or 
hazard models to account for confounders or to look at the true effect of these counts on the mortality. One 
study by Gruson(22) found variability in haemoglobin’s ability to predict mortality. It was not a statistically 
significant predictor for mortality during inpatient stay or at 3 months but was significant at 6 and 12 
months. Our analysis demonstrates that haemoglobin was not an independent predictor of inpatient 
mortality. 
 
Previous studies have aimed to identify markers that can predict inpatient or post-operative mortality. Some 
studies have aimed to produce a tool to predict those patients at increased risk of post-operative death (33, 
43). Pugely at al created a tool that aimed to stratify inpatient death based on five variables found to be 
independent predictors of mortality (age, male, functional status, malignancy and ASA grade). It must be 
noted that routine biomarkers were not included in their analysis, despite a number of previous studies 
supporting their use as predictors of mortality (7, 10, 41). 
 
A 2008 paper by Maxwell et al identified haemoglobin as an independent predictor of mortality (33). The 
study only looked at urea and Hb as possible biochemical predictors of 30-day mortality. However, the 
inclusion of urea was based on one study of 111 patients where creatinine (not urea) was used as a marker 
of renal insufficiency(44). This paper suggested there was an association with increased creatinine and 
increased risk of post-operative mortality within the first 24 months post operatively. Despite this, Maxwell 
et al. did not find urea to be predictive in their multivariate analysis.  
 
The assessment of our model shows a sensitivity of 63.2% and a specificity of 79.1%. This compares 
favourably with the model by Maxwell which demonstrated sensitivity of 44.2% and a specificity of 
80.8%(33). Some caution must be applied due to the possibility of excluding those who died with ‘normal’ 
biomarker/non-biomarker parameters (false negatives). The development of an accurate and clinically 
applicable model based on this data should be the focus for further research. 
 
One limitation of the study is the fact that data was only gathered from one institution. We were also unable 
to look at other potential biomarkers as predictors of mortality that aren’t routinely collected on admission 
bloodwork. In addition, a more in-depth analysis of each patients’ co-morbidities and their cause of death 
were not captured. 
 
 
 
 
 
 
 



Conclusion 
 
Our study has shown that biomarkers have important prognostic value in determining mortality following the 
treatment of patients who have suffered a fractured neck of femur. We have highlighted the association 
between albumin and lymphocytes and inpatient mortality. It is therefore very likely that pre-injury nutrition 
plays a key role in determining a patient’s outcome following surgery for fractured neck of femur. In 
addition, the study also found ASA grade, male sex and age to be independent variables predictive of 
inpatient mortality which support a number of previous studies in this area. 
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