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Abstract
Background  Risk assessment tools such as the Nottingham Hip Fracture Score (NHFS) are crucial in guiding 
prognostic discussions and benchmarking in hip fracture care. These scores have scope to be improved, which 
may help identify higher-risk patients at admission. We investigated the role of inflammatory biomarkers, which are 
routinely collected at admission, in predicting post-operative outcomes following hip fracture. We subsequently 
combined these biomarkers with the NHFS to see if we could enhance risk prediction.

Methods  We analysed data from patients admitted to a trauma unit with hip fracture between 2015 and 2020 who 
underwent operative management. National hip fracture database (NHFD) data, including the NHFS, were linked 
with admission biomarkers: albumin, C-reactive protein (CRP), neutrophil-lymphocyte ratio (NLR) and monocyte-
lymphocyte ratio (MLR). Following univariate and multivariate analyses, the discrimination of the NHFS with and 
without each biomarker was assessed for 30-day mortality, length of stay (LOS), and failure to return home at 30 days.

Results  We analysed 1039 patients, 719 (69.2%) were female and the mean age was 82.5 years (SD 8.1, range 
60–104). In multivariate analysis, higher CRP was associated with higher 30-day mortality (odds ratio (OR) 1.23, 95%, 
confidence interval (CI) 1.04–1.44, p = 0.013); higher albumin was associated with lower 30-day mortality (OR 0.86, 
95%CI 0.81–0.91, p < 0.001). Independent predictors of not returning home at 30 days included albumin (OR 0.94, 95% 
CI 0.91–0.98) and NLR (OR 1.44, 95% CI 1.14–1.81). NLR and MLR were significantly associated with prolonged LOS 
but not 30-day mortality. A composite variable of NHFS and albumin had better discrimination for 30-day mortality 
than NHFS alone (c-statistics 0.74, 95% CI 0.68–0.80 vs. 0.68, 95% CI 0.62–0.75, respectively). CRP, NLR and MLR did not 
improve discrimination for any outcome when added to NHFS.
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Background
Approximately 75,000 individuals each year sustain a hip 
fracture in the UK with associated increased mortality, 
morbidity and a reduction in quality of life [1]. Current 
management involves complex multidisciplinary care to 
meet the needs of this vulnerable and frail patient popu-
lation, often with prolonged hospital stays and complex 
discharge planning. Direct costs of hip fractures to the 
NHS are an estimated £2 billion annually [2–4]. With an 
ageing population and more older people surviving with 
frailty and multimorbidity, the incidence of hip fractures 
is expected to rise globally [5].

Despite national audit initiatives such as the National 
Hip Fracture Database (NHFD), 30-day mortality rates 
remain high [6]. The Nottingham Hip Fracture Score 
(NHFS) is a widely validated, pre-operative risk score 
derived from well-known indicators of adverse surgical 
outcomes including older age, male sex, admission hae-
moglobin (≤ 10  g/dL), living in an institution, multiple 
comorbidities, previous malignancy, and Abbreviated 
Mental Test Score (AMTS ≤ 6) [7]. It is mandated as part 
of NHFD data collection and was originally developed 
to predict 30-day mortality, it also demonstrates moder-
ate discriminant ability for 30-day mortality but is poor 
at predicting length of stay (LOS) [8]. There is therefore 
scope for enhancing prediction of a wider range of clini-
cally relevant outcomes including discharge destination 
(a proxy for physical function and independence), LOS, 
and complications. This could lead to the identification 
of high-risk hip fracture patients at admission, aiding 
patient-specific care decisions, and informing discussions 
on prognosis, resuscitation, and discharge planning. 
Improved prediction of clinical outcomes within the rou-
tinely performed NHFS can be used to supplement clini-
cal judgement for clinicians when facilitating case-mix 
adjustment and benchmarking at an organisational level.

Measures of inflammation may provide prognostic 
information that can enhance the risk-predictive capa-
bilities of scores such as the NHFS. Chronic low-grade 
inflammation is thought to be a contributor to both 
sarcopenia (the age-related loss of muscle strength and 
mass) [9], and frailty (the loss of homeostatic reserve that 
renders individuals more vulnerable to a stressor) [10]. 
Acute inflammation, caused either by the fracture itself 
or by acute intercurrent illness, may act as a marker of 
allostatic load [11], again identifying a group of patients 
at high risk of peri-operative decompensation because 
of physiological stress and decreased reserve. Several 

studies have reported various inflammatory biomarkers, 
including serum albumin (a negative acute-phase pro-
tein), C-reactive protein (CRP), neutrophil-lymphocyte 
ratio (NLR), and monocyte-lymphocyte ratio (MLR), as 
being associated with adverse outcomes following hip 
fracture surgery [12–17]. Low albumin and elevated CRP 
levels have been linked to increased post-operative mor-
tality and complications after hip fracture [13, 17–22]. 
NLR has recently gained prominence as a useful prog-
nostic marker in various medical and surgical speci-
alities [23, 24]. It is sensitive to acute inflammation and 
physiological stress, reflecting both innate and adaptive 
immune responses making it superior to absolute white 
cell or individual subtype counts, particularly in acute 
settings [25]. NLR and MLR have both been associated 
with post-operative mortality in hip fracture patients [15, 
26]. However, there is limited evidence regarding the util-
ity of these routinely collected and relatively inexpensive 
inflammatory biomarkers in enhancing the predictive 
ability of existing prognostic tools like the NHFS.

The primary objective of this study was to assess 
the association between routinely collected admis-
sion inflammatory biomarkers and post-operative out-
comes following hip fracture. We also assessed whether 
combining baseline inflammation status with the 
NHFS improved the discriminant ability of the NHFS, 
and whether this approach could therefore be used to 
enhance risk prediction at admission.

Methods
Study design and data source
We analysed prospectively collected data on consecutive 
patients with hip fractures admitted to a large-volume 
trauma centre (Northumbria Healthcare NHS Founda-
tion Trust) over a 5-year period, from 1st January 2015 
to 29th February 2020. Baseline NHFD data and post-
operative outcomes were prospectively collected by 
trained specialist nurses during admission. NHFD data 
were merged with routinely collected admission blood 
test results. All data were managed following Caldicott 
principles, ensuring confidentiality and privacy. The 
analysis was deemed not to require evaluation by an NHS 
research ethics committee since it used anonymised rou-
tinely collected data. The sources and types of data col-
lected are summarised in Supplementary Table 1.

Conclusions  Albumin, but not other markers of inflammation, enhances risk prediction after hip fracture when 
added to the NHFS. Routine recording of albumin at admission may have a future role in an enhanced risk scoring 
system for prognostication in hip fracture surgery.

Keywords  Hip fracture, Post-operative outcomes, Inflammation, Biomarkers, Albumin, Frailty, CRP, Prognostication
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Blood markers of inflammation
Results of routine biochemistry and haematology blood 
tests were extracted from the hospital’s Integrated Clini-
cal Environment (ICE). To investigate the association 
between blood markers of inflammation and post-oper-
ative outcomes, we selected a series of inflammatory 
biomarkers that were likely to be routinely measured on 
all or most patients admitted with a hip fracture. These 
biomarkers included serum albumin (a negative acute-
phase reactant), C-reactive protein (CRP), neutrophil-
lymphocyte ratio (NLR), and monocyte-lymphocyte ratio 
(MLR). These measurements were chosen based on their 
relevance to inflammation, frailty, and association with 
post-operative outcomes [12–17]. We selected the first 
measurements of each blood test taken within 24  h of 
admission or pre-operatively.

Post-operative outcomes
The primary outcome variable was mortality within 30 
days of hip fracture admission. Secondary outcomes 
included (a) length of hospital stay (LOS), defined as the 
time between admission and discharge, and (b) discharge 
to own home, or failure to return home at 30 days.

Exclusions
Patients were excluded from the analysis if they sustained 
a hip fracture as an inpatient, were transferred from 
another hospital, had pathological fractures, had a hip 
fracture that was non-operatively managed, or did not 
have a recorded NHFS on admission. The univariate and 
multivariate regression analyses for post-operative loca-
tion at 30 days included only patients who were admitted 
from their homes or sheltered housing. For post-oper-
ative location and LOS analyses, patients who had died 
within 30 days of surgery were excluded. Addition-
ally, patients missing any of the investigated biomarkers 
within 24 h of admission were excluded from all analyses. 
We have outlined patient exclusions from our cohort in 
Fig.  1, while Supplementary Table 2 compares baseline 
characteristics and outcomes between the full cohort 
(n = 1,710) and the analysed cohort (n = 1,039)..

Statistical analyses
Continuous data are presented as the mean (95% confi-
dence interval) or the median (interquartile range) as 
appropriate, and categorical data are presented as per-
centages. Outcomes were collapsed into dichotomous 

Fig. 1  Study flowchart showing patients included in the analyses and reasons for exclusion
NHFS: Nottingham Hip Fracture Score; CRP: C-reactive protein; NLR: Neutrophil-to-lymphocyte ratio; MLR: Monocyte-to-lymphocyte ratio
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variables (dead or alive at 30 days, length of stay < 28 or 
≥ 28 days, discharge home or failure to return home). 
We performed an analysis of variance (ANOVA) test 
for parametric data and Mann-Whitney U test for non-
parametric continuous variables to analyse differences 
in inflammatory biomarkers between categories of each 
outcome. We performed binary logistic regression analy-
ses for each dichotomised outcome, including each com-
bination of an inflammatory biomarker and the NHFS as 
independent variables.

Each biomarker was combined separately with the 
NHFS given the expected collinearity between mea-
sures of inflammation. The discriminant ability of each 
NHFS and biomarker combination was then evaluated 
by generating predicted probabilities from the logistic 
regression analyses and using these to construct receiver 
operator characteristic (ROC) curves. The c-statistic with 
a 95% confidence interval was derived for each combi-
nation and for each dichotomised outcome. C-statistics 
were described by convention as good (> 0.70), moder-
ate (0.60–0.70), or poor (< 0.60) discrimination. Statisti-
cal analyses were performed using SPSS v27 (IBM, New 
York, USA) and certain figures generated using Prism 
10.2.1 (GraphPad Software). A two-sided p-value < 0.05 
was considered statistically significant for all analyses.

Results
A total of 1039 patients who were admitted between 
1st January 2015 and 30th February 2020, and who had 
complete outcome data and a complete panel of inflam-
matory biomarkers including albumin, CRP, NLR and 
MLR on admission, were included in the analyses for 
each post-operative outcome (Fig.  1). Baseline details 
for the cohort analysed are shown in Table 1. 69 patients 
(6.6%) of patients died within 30 days of surgery. Among 
patients analysed for length of stay and post-operative 
discharge location, 269 (27.8%) had a LOS ≥ 28 days, and 
283 (38.5%) did not return to their own home within 30 
days.

Univariate associations
Serum albumin was lower, and NHFS was higher in those 
who died within 30 days, had a LOS ≥ 28 days, or did not 
return to their own home. Admission NLR and MLR was 
higher in those with a prolonged LOS ≥ 28 days or did not 
return home. Serum CRP was higher in those who died 
within 30 days or did not return to their own home. Full 
data are presented in Table 2.

Additional analyses of further inflammatory bio-
markers (Supplementary Table 3) show that monocyte 
counts alone were not significantly associated with any 

Table 1  Baseline characteristics and postoperative outcomes for all included patients
Variables 30-day mortality analysis 

(n = 1039)
LOS analysis* (n = 968) 30-day dis-

charge loca-
tion analysis* 
(n = 735)

Mean age (years) (SD) 82.5 (8.10) 82.2 (8.10) 81.2 (7.91)
Female sex (%) 719 (69.2) 668 (69.0) 524 (67.6)
Mean NHFS (SD) 4.99 (1.50) 4.93 (1.49) 4.50 (1.31)
Admission blood tests
  Mean Albumin (g/L) (SD) 38.4 (4.14) 38.7 (3.98) 39.1 (4.05)
  Median C-reactive protein (mg/L) (IQR) 7.0 (2.0–28.0) 7.0 (2.0–27.0) 6.0 (2.0–24.0)
  Median Neutrophil count (x109/L) (IQR) 9.4 (7.0–12.1) 9.4 (7.0–12.0) 9.6 (7.1–12.2)
  Median Lymphocyte count (x109/L) (IQR) 1.0 (0.7–1.4) 1.0 (0.7–1.4) 1.0 (0.7–1.4)
  Median NLR (IQR) 9.0 (5.8–14.0) 9.0 (5.7–13.9) 9.3 (6.1–14.3)
  Median Monocyte count (x109/L) (IQR) 0.7 (0.5–0.9) 0.7 (0.5–0.9) 0.7 (0.5–0.9)
  Median MLR (IQR) 0.7 (0.5–1.0) 0.7 (0.5–1.0) 0.7 (0.5–1.0)
Pre-fracture residential status (%)
  Own home/sheltered housing 775 (74.6) 733 (75.7) 735 (100)
  Residential care 217 (20.9) 191 (19.7) -
  Nursing care 41 (3.9) 38 (3.9) -
  Other hospital site / trust 6 (0.6) 6 (0.6) -
Study outcomes
30-day mortality (%) 69 (6.6) - -
  Median length of stay (IQR) 18.0 (10.0–28.0) 18.0 (10.0–28.0) 19.0 

(11.0–31.0)
  Length of stay ≥ 28 days (%) 273 (26.3) 269 (27.8) 223 (30.3)
  Did not return home within 30 days (%) 587 (56.5) 516 (53.3) 283 (38.5)
NHFS: Nottingham Hip Fracture Score; CRP: C-reactive protein; NLR: Neutrophil-to-lymphocyte ratio; MLR: Monocyte-to-lymphocyte ratio. IQR: interquartile range; 
SD: standard deviation. *Analysis of hospital LOS and postoperative discharge destination at 30 days excluded any patients who died within this period. *Analysis of 
postoperative discharge destination at 30 days only included patients admitted from their own homes or sheltered housing
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outcomes, but neutrophil and lymphocyte counts were 
significantly lower in patients with adverse outcomes 
including prolonged LOS and failure to return home, 
but not for 30-day mortality. Including patients who died 
within 30 days in the analyses for prolonged LOS or fail-
ure to return home by 30 days, did not change the results 
substantially, except for CRP which was significantly 
higher in patients with a prolonged LOS or who died 
(Supplementary Tables 4 and 5).

Binary logistic regression analyses
In binary logistic regression analyses, adjusting for NHFS, 
higher CRP was associated with an increased mortality 
at 30 days (OR 1.23, 95% CI 1.04–1.44, p = 0.013), while 
higher admission albumin was independently associ-
ated with reduced mortality (OR 0.86, 95% CI 0.81–0.91, 
p < 0.001) (Fig. 2). Admission NLR and MLR were inde-
pendently associated with a prolonged LOS (OR 1.43, 
95% CI 1.16–1.76, p < 0.001 and OR 1.28, CI 1.01–1.62, 
p = 0.039). Higher NLR was associated with increased 
risk of not returning home (OR 1.44, 95% CI 1.14–1.81, 
p = 0.002), whereas higher admission albumin was associ-
ated with a lower risk of not returning home at 30 days 
(OR 0.94, 95% CI 0.91–0.98, p = 0.002).

Discrimination analysis
The NHFS alone demonstrated moderate discrimina-
tion for predicting 30-day mortality in this cohort, with 
a c-statistic of 0.68 (95% CI 0.62–0.75). The NHFS per-
formed significantly better than admission CRP, NLR, 
and MLR for 30-day mortality (c-statistics of 0.61 [95% 
CI 0.55–0.68], 0.56 [95% CI 0.50–0.63] and 0.57 [95% CI 
0.50–0.64] respectively). However, admission albumin 
performed equally as well as the NHFS in discriminating 
30-day mortality with a c-statistic of 0.70 (0.62–0.75) and 
when combined with the NHFS further enhanced the 
discriminant ability with a c-statistic of 0.74 (0.68–0.80) 
(Table 3; Fig. 3).

The NHFS demonstrated poor discrimination for hos-
pital LOS ≥ 28 days, but moderate discrimination at pre-
dicting those who did not return to their own home at 
30 days. Adding admission CRP, NLR, and MLR to NHFS 
did not improve the discriminant ability for any of these 
outcomes.

Discussion
Using prospectively collected data over a five-year 
period, we identify that admission albumin is an inde-
pendent predictor of 30-day mortality following hip frac-
ture. The addition of admission albumin to the NHFS 
enhanced the discriminant ability of NHFS for 30-day 
mortality but not for prolonged LOS or failure to return 
home at 30 days. Other inflammatory biomarkers (CRP, 
NLR and MLR) were either not independently associated 
with post-operative outcomes or did not add discrimi-
nant ability when combined with the gold-standard prog-
nostic score (NHFS).

The NHFS is a widely used pre-operative scoring sys-
tem in hip fracture surgery and has been independently 
validated in multiple centres worldwide [27]. Compared 
with other prognostic scores, such as the American 
Society of Anesthesiologists (ASA) grade or AMTS, the 
NHFS consistently demonstrates moderate yet consis-
tent performance in predicting short-term mortality in 
diverse patient populations [8, 28]. Its widespread adop-
tion, clinical relevance, and ease of use make it a suitable 
benchmark for evaluating the additional prognostic value 
of inflammatory biomarkers in this study. Consequently, 
our modest improvement in discriminatory ability of 
the NHFS with addition of albumin should be viewed in 
context of the existing strength of the NHFS. Our find-
ings suggest that incorporating admission albumin levels 
into the NHFS could enhance its predictive accuracy for 
30-day mortality after hip fracture surgery. Clinically, this 
could aid in identifying high-risk patients who may ben-
efit from targeted interventions, such as nutritional sup-
port or more intensive post-operative monitoring. Future 

Table 2  Univariate comparisons of clinical parameters, including admission NHFS and selected inflammatory biomarkers, with 
postoperative outcomes

Alive at 30 
days N = 970

Died within 
30 days 
N = 69

p LOS < 28 
days* 
N = 699

LOS ≥ 28 
days* 
N = 269

p Returned 
home with-
in 30 days* 
N = 452

Did not return 
home within 
30 days* 
N = 283

p

Mean NHFS (SD) 4.9 (1.5) 5.9 (1.4) < 0.001a 4.8 (1.5) 5.2 (1.4) < 0.001a 4.2 (1.3) 5.0 (1.2) < 0.001a

Mean albumin, g/L (SD) 39 (4) 35 (5) < 0.001a 39 (4) 38 (4) 0.006a 40 (4) 38 (5) < 0.001a

Median CRP, mg/L (IQR) 7 (2–27) 14 (6–53) 0.002b 7 (2–24) 8 (3–36) 0.087b 5 (2–20) 8 (3–30) 0.036b

Median NLR (IQR) 9.0 (5.7–13.9) 10.3 
(7.1–15.8)

0.086b 8.8 (5.5–13.2) 9.6 (6.4–15.9) 0.001b 9.09 
(5.7–13.4)

9.9 (6.5–16.3) 0.002b

Median MLR (IQR) 0.7 (0.5–1.0) 0.8 (0.5–1.2) 0.055b 0.6 (0.5–1.0) 0.7 (0.5–1.1) 0.026b 0.7 (0.5–1.0) 0.7 (0.5–1.1) 0.037b

NHFS: Nottingham Hip Fracture Score; CRP: C-reactive protein; NLR: Neutrophil-to-lymphocyte ratio; MLR: Monocyte-to-lymphocyte ratio. IQR, interquartile range; 
SD, standard deviation. p-value using (a) One-way ANOVA and (b) Mann-Whitney U test. Significant results are highlighted in bold. *Analysis of hospital LOS and 
postoperative discharge destination at 30 days excluded any patients who died within this period. Analysis of postoperative discharge destination at 30 days only 
included patients admitted from their own homes or sheltered housing
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studies might focus on incorporation of albumin along-
side novel prognostic tools for adverse post-operative 
outcomes, such as hand grip strength, into an updated 
NHFS [29, 30]. Collection of larger multi-centre data 
could both validate our findings and determine optimal 
cut-off points for hypoalbuminaemia.

Our study demonstrated that albumin independently 
predicted 30-day mortality, while other inflammatory 
markers added no significant value. Our findings are 
consistent with several previous studies evaluating hypo-
albuminemia as an independent predictor of increased 
mortality after hip fracture [12, 17, 31]. As a negative 

acute-phase reactant, albumin production is switched 
off by the liver in response to acute or chronic inflamma-
tory stimuli, enabling protein production to be diverted 
to proteins required for the inflammatory response and 
accelerating albumin catabolism [32, 33]. In addition to 
inflammation, albumin is a powerful integrative bio-
marker of overall health deterioration across multiple 
physiological systems, including malnutrition, liver and 
gastrointestinal disease, and is associated with frailty [34, 
35]. We posit the role of CRP, NLR and MLR as transient 
markers of acute inflammation may not have captured 

Table 3  C-statistics with 95% confidence intervals (CI) demonstrating the discriminant ability of each combination of NHFS and 
inflammatory biomarker for each postoperative outcome

NHFS NHFS + Albumin NHFS + CRP NHFS + NLR NHFS + MLR
Mortality at 30 days (n = 1039) 0.68 (0.62–0.75) 0.74 (0.68–0.80) 0.70 (0.64–0.76) 0.70 (0.62–0.75) 0.70 (0.64–0.76)
Length of stay ≥ 28 days (n = 968)* 0.58 (0.54–0.61) 0.59 (0.55–0.63) 0.58 (0.55–0.62) 0.60 (0.57–0.64) 0.59 (0.55–0.63)
Did not return home at 30 days (n = 735)* 0.66 (0.62–0.70) 0.68 (0.64–0.72) 0.67 (0.63–0.71) 0.68 (0.64–0.72) 0.67 (0.63–0.71)
NHFS: Nottingham Hip Fracture Score; CRP: C-reactive protein; NLR: Neutrophil-to-lymphocyte ratio; MLR: Monocyte-to-lymphocyte ratio. *Analysis of postoperative 
discharge destination at 30 days only included patients admitted from their own homes or sheltered housing. Analysis of hospital LOS and postoperative discharge 
destination at 30 days excluded any patients who died within this period

Fig. 2  Binary logistic regression results for each biomarker, adjusted for Nottingham Hip Fracture Score (NHFS), on post-operative outcomes
LOS: Length of stay; CRP: C-reactive protein; NLR: Neutrophil-to-lymphocyte ratio; MLR: Monocyte-to-lymphocyte ratio
Each biomarker is analysed separately with the NHFS as a composite variable for each study outcome, with each point and error bar representing in-
dependent regression models. Analysis of post-operative discharge destination at 30 days only included patients admitted from their own homes or 
sheltered housing. Analysis of hospital LOS and post-operative discharge destination at 30 days excluded any patients who died within this period
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underlying physiological status and may simply be reflec-
tive of the acute phase response to fracture.

Two meta-analyses by Laulund et al. and Li et al., have 
highlighted the potential prognostic value of admission 
serum albumin as an independent predictor of inpatient 
mortality, which is concordant with our report [36, 37]. 
Other previous studies have reported that low admission 
albumin is an independent predictor of increased hos-
pital LOS and complications, even after accounting for 
various baseline characteristics and comorbidities [17, 
18]. The authors of these studies attribute this association 
to an increased complication rate, subsequently affecting 
LOS. Furthermore, hypoalbuminaemia has been associ-
ated with a slower functional recovery post-operatively, 
contributing to extended hospital stays [38].

Previously it has been reported that NLR but not MLR 
is a significant predictor of 1-year mortality in patients 
aged over 60 years with hip fractures [39]. Our study 
utilised NHFD 30-day mortality data, as we did not rou-
tinely collect 1-year mortality, therefore, there may be a 
delayed predictive value not being captured in our data-
set, a limitation of this study. Of note, this study was in 
a Turkish cohort which is likely to have a different eth-
nic and genetic composition. It has long been established 
that sex and ethnic origin should be taken into consider-
ation when assessing white cell counts [40].

Lower albumin and higher NLR were both indepen-
dently associated with prolonged LOS and with failure 
to return home. However, none of the inflammatory 

biomarkers tested improved the discriminant ability of 
the NHFS for either prolonged LOS or failure to return 
home. Both prolonged LOS and failure to return home 
are complex, non-linear outcomes which are likely to 
depend on many factors, in particular pre-fracture func-
tional ability, nutritional status, comorbidity, organisa-
tion/logistical considerations, as well as the availability 
of social care [41]. Such factors, although only partially 
captured by the NHFS, may be more important than 
the impact of acute inflammation. Acute inflammation 
contributes to the acute reduction in muscle mass and 
strength seen in hospitalised patients [42, 43], and may 
also contribute to immune dysregulation, heightening the 
risks of post-operative complications [44, 45].

While our study did not examine these complications 
directly, previous studies have associated low serum albu-
min to an increase in hospital-acquired infections and a 
predictor of a prolonged hospital stay [46]. In our study 
cohort, any effect of acute inflammation on LOS and dis-
charge location may have been minimised by the greater 
contribution of other factors to these outcomes. Future 
research could investigate the impact of peri-operative 
and nosocomial infections on LOS in patients with low 
albumin at admission. This may provide a clearer picture 
of the interplay between inflammation, nutritional status, 
and recovery trajectories in hip fracture patients.

Our study had several strengths. We used routinely 
collected clinical data, which is likely to be representa-
tive of current practice. Our patient cohort is largely 

Fig. 3  Receiver-operator characteristic (ROC) analysis of baseline NHFS, admission albumin and combination (NHFS + albumin) for 30-day mortality fol-
lowing hip fracture surgery
NHFS: Nottingham Hip Fracture Score
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representative of the characteristics of the national hip 
fracture cohort, enhancing the potential generalisability 
of our findings [47]. We investigated routinely measured, 
inexpensive inflammatory markers, and thus our findings 
should be easily applicable to clinical practice. To our 
knowledge, our study is the first to assess the discrimi-
nant ability of inflammatory biomarkers when combined 
with the NHFS, across a spectrum of clinically important 
outcomes.

Regarding limitations, as is often the case when ana-
lysing routinely collected data, not all patients had com-
plete data. We focussed on blood results obtained within 
24  hours of admission, excluding patients with blood 
tests outside of this timeframe. 671 patients lacked a 
full biochemistry panel within the specified timeframe 
(Fig. 1), thereby reducing the cohort available for multi-
variate analyses. The most omitted admission biomarker 
was CRP (N = 642), which was not routinely obtained on 
admission. Given not all patients had a full biochemistry 
panel, there could exist a selection bias in terms of who 
received CRP and albumin tests on admission, favouring 
more unwell individuals, patients with clinical presenta-
tions consistent with underlying infection or those with 
greater comorbidities that remained unaccounted for. We 
posit that these patients may have been omitted for rea-
sons including organisational (delays, errors and lack of 
recorded data) and clinical judgment that a full biochem-
istry panel pre-operatively was unnecessary in context of 
fracture requiring acute operative fixation.

Our study excluded inpatient and pathological frac-
tures, as well as non-operatively managed patients, pos-
sibly biasing the cohort towards decreased comorbidity 
and frailty, limiting generalisability [48, 49]. Despite our 
relatively large cohort size, our data was sourced from a 
single trust in the North East of England, therefore might 
lack generalisability to other regions due to factors such 
as deprivation and ethnic diversity which are known to 
effect hip fracture outcomes [50, 51]. We were not able to 
examine post-operative complications, such as nosoco-
mial infection in detail in this cohort, and this is an area 
on which future research could focus.

Conclusion
Inflammatory biomarkers, in particular albumin are 
associated with adverse post-operative outcomes in hip 
fracture surgery. Incorporating admission albumin into 
the NHFS improved its ability to predict 30-day mortal-
ity, demonstrating better discriminatory performance 
than either measure alone, highlighting albumin’s added 
value in risk stratification. Routinely assessing and incor-
porating albumin in admission-based risk scores could 
improve prognostic accuracy, thereby facilitating prog-
nostic discussions, case-mix adjustment, and bench-
marking for improved resource allocation in hip fracture 

care. Further research is still required to identify novel 
prognostic markers for other outcomes such as pro-
longed length of stay and failure to return home after hip 
fracture.
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