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Abstract 

Aim: To investigate the association of the neutrophil to lymphocyte ratio (NLR) at admission with 
presence of fracture, comorbid conditions, and its prognostic value for short-term outcomes in 
orthogeriatric patients. 
Methods: On 415 consecutive patients (mean age 78.8 ±8.7[SD] years, 281 women, 255 with a 
non-vertebral bone fracture, including 167 with a hip fracture, HF) admitted to the Department of 
Orthopaedic Surgery at the Canberra hospital (2010 - 2011) data on clinical and laboratory 
characteristics were collected prospectively. The validation dataset included 294 consecutive patients 
(mean age 82.1 ± 8.0 years, 72.1% women) with HF.  
Results: Multivariate regression revealed four variables, presence of HF, hypoalbuminaemia (<33g/L), 
anaemia (<120g/L) and hyperparathyroidism (PTH>6.8 pmol/L), as independent determinants of 
admission NLR≥5.1. There was a dose-graded relationship between presence of fracture, especially HF, 
postoperative complications and levels of NLR categorized as tertiles. Compared to patients with 
NLR<5.1(first tertile), patients with NLR 5.1-8.5 (second tertile) had a 1.8-, 3.1-, 2.6-, and 2.5-fold 
higher risk for presence of any fracture, HF, developing postoperative myocardial injury (troponin I rise) 
and a high inflammatory response/infection (CRP>100mg/L after the 3rd postoperative day), 
respectively, while in subjects with NLR>8.5 (third tertile) these risks were 2.6-, 4.9-, 5.9- and 4.5-times 
higher, respectively; subjects with NLR>8.5 had a 9.7 times higher chance of dying in the hospital 
compared to patients with NLR 5.1-8.5; the NLR retained its significance on multivariate analyses. The 
NLR ≥5.1 predicted postoperative myocardial injury with an area under the curve (AUC) of 0.626, 
CRP>100mg/L with AUC of 0.631 and the NLR >8.5 predicted in-hospital mortality with an AUC of 
0.793, showing moderately high sensitivity (86.7%, 80% and 90%, respectively) and negative predictive 
value (92.9%, 71.2%, 99.6%, respectively), but low specificity. Admission NLR was superior to other, 
except hypoalbuminaemia, prognostic markers; combined use of both NLR≥5.1 and albumin<33g/L only 
moderately increased the accuracy of prediction. The validation study confirmed the prognostic value of 
the admission NLR.  
Conclusions: In orthogeriatric patients, high NLR on admission is an independent indicator of fracture 
presence, a significant risk factor and moderate predictor of postoperative myocardial injury, high 
inflammatory response/infection and in-hospital death.  
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Introduction 
With population ageing associated with high 

prevalence of osteoporosis, musculoskeletal, nervous 
system and cardiovascular diseases, high incidence of 
falls and fractures, the proportion of orthopaedic 

patients is rising. Preoperative multimorbidity of 
older adults (>50% have three or more chronic 
diseases [1]) causes a significant increase in the 
burden of morbidity and mortality and requires 
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specific management. Postoperative adverse 
outcomes dominated by cardiovascular events [2-6] 
and inflammatory complications [7-10] are associated 
with increased hospital stay, institutionalization, 
poorer quality of life, higher inpatient and long-term 
mortality, greater use of healthcare resources and 
substantially increased costs [11-13]. Although 
post-admission and postoperative conditions and 
complications contribute significantly to outcomes, it 
is important to identify preoperative outcome- 
affecting risk factors related to both medical 
comorbidities and orthopaedic conditions and 
treatment. These, if modifiable, have the potential to 
improve the perioperative management and decrease 
postoperative morbidity and mortality. 
Unfortunately, there are no widely accepted, effective, 
clinically applicable predictors of outcomes to guide 
preventive and treatment choice in orthogeriatric 
patients. 

Several studies which investigated the impact of 
different preoperative clinical factors, various scoring 
systems and admission blood tests [6, 14-25] on 
prediction of mortality risk following hip fracture 
(HF) surgery produced controversial results. Little is 
known about the usefulness of these markers and 
tools for prediction of other outcomes after HF repair, 
and it remains uncertain whether routinely available 
preoperative clinical and laboratory markers identify 
non-HF orthogeriatric patients at higher risk of major 
perioperative complications. 

Over the past decade data have emerged that a 
high preoperative neutrophil to lymphocyte ratio 
(NLR), a systemic inflammatory-immunological 
marker, is an independent predictor of mortality in 
critically ill intensive care patients [26], after 
emergency abdominal surgery in the elderly [27], 
after major cardiac and vascular surgery [28]and after 
surgery for a variety of cancers [29-31]. NLR was also 
found to be a significant independent predictor of 
adverse outcomes in patients with coronary artery 
disease (CAD) [32-39], hypertension, ischaemic stroke 
[40], chronic kidney disease (CKD), diabetes mellitus 
(DM), chronic heart failure (CHF), peripheral arterial 
disease [33, 35, 37, 38, 41], and for survival in various 
cancer populations [31, 42, 43], conditions common in 
the elderly. However, some studies failed to 
demonstrate its prognostic value, for example, in 
postoperative atrial fibrillation AF [44] and in 
different cancer types [45-47]. Patients with 
complications after major abdominal surgery did not 
present a higher preoperative NLR than those without 
[48], but an increased NLR on the first postoperative 
day indicated a greater risk of complications after 
colorectal surgery [49]. Because different cut-offs of 
NLR (ranging between 2.10 and 22.85) were used, the 

magnitude of the prognostic impact of NLR is still 
unclear, and controversy exist even in regard to 
different cancer types.  

In orthopaedic patients, in contrast to that in 
other patient groups, this marker has been studied 
very little. In one study of HF patients, the 
preoperative NLR was not predictive of postoperative 
mortality, after surgery NLR decreased but NLR > 5 at 
the 5th postoperative day was associated with higher 
risk of postoperative mortality, cardiovascular 
complications and infections [50].  

In the present study we aimed to investigate in 
orthogeriatric patients (1) the association of NLR on 
admission with presence of fracture and comorbid 
conditions known to affect outcomes, (2) to evaluate 
the prognostic value of NLR against established risk 
factors, and (3) to determine whether combined use of 
the NLR and other biomarkers on admission 
improves the prediction of short-term outcomes. 

Patients and Methods 
In total, 415 consecutive patients aged 60 years 

and over, who were admitted between 1 January 2010 
and 31 August 2011 to the Department of Orthopaedic 
Surgery at the Canberra hospital (a 500-bed 
university-affiliated tertiary care centre), underwent 
surgery and for whom full clinical and laboratory 
data was available, were included in the study. The 
mean age of the cohort was 78.8 ±8.7 years, 281 
(67.7%) were female, and 394 (95%) were Caucasian. 
Of 415 patients 255 (61.4%) had a non-vertebral bone 
fracture, including 167 (40.2%) a HF. Among 160 
non-fracture patients there were 143 subjects admitted 
for elective surgery, 6 patients with suspected surgical 
site infections (not confirmed by further investigation) 
and 11 patients with a prosthetic joint infection 
following total hip (8) or knee (3) arthroplasty. Data 
was collected prospectively on demographics, 
medical and orthopaedic diagnoses, laboratory 
characteristics, procedures performed, medication 
used, and short-term outcomes. 

Validation Dataset 
A retrospective analysis of a second cohort 

included data (obtained from electronic medical and 
administrative records) from 294 consecutive older 
(≥60 years of age) patients (mean age 82.1 ± 8.0 years, 
72.1% women) with osteoporotic HF who were 
treated at the Canberra Hospital between 2005 and 
2007. Among all orthogeriatric patients this group is 
known to contribute the greatest to postoperative 
morbidity and mortality. 

The study was conducted according to the 
standards of the Declaration of Helsinki and was 
approved by the local Health Human Research Ethical 
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Committee. As only routinely collected patient data 
(anonymized before analysis) were used and none of 
the patients had a blood test for the purposes of the 
study itself, the need for informed consent was 
waived.  

Laboratory measurements 
In each patient venous blood samples were 

collected on admission and the following tests 
performed: complete blood count, electrolytes, renal 
(creatinine, urea), liver (ALT, GGT, ALP, albumin and 
total bilirubin) and thyroid function tests (thyroid 
stimulating hormone, TSH; thyroxine,T4), C-reactive 
protein (CRP), cardiac troponin I (cTnI), fasting blood 
glucose (and HbA1C in diabetic patients), 25 (OH) 
vitamin D [25(OH)D], intact PTH, total calcium, 
phosphate and magnesium. All biochemical 
parameters were measured by standard automated 
laboratory methods and using commercially available 
kits according to the manufacturers’ protocols. Serum 
cTnI was determined by a 2-step chemiluminescent 
microparticle immunoassay (Chemiflex, Abbott Labs, 
Mississauga, Ontario, Canada), 25(OH)D by a 
radioimmunoassay kit (Dia Sorin, Stillwater, MN, 
USA), intact PTH by 2-site chemiluminescent 
enzymelinked immunoassay on DPC Immulite 2000 
(Diagnostic Products, Los Angeles, CA). According to 
the manufacturer, the low detection limit for cTnI 
assay is 0.03 μg/L and the upper limit of reference 
range is 0.06 μg/L. In this study all values of cTnI 
above this level were considered elevated, indicating 
myocardial injury. Glomerular filtration rate (GFR) 
was estimated by a standardized serum 
creatinine-based formula normalized to a body 
surface area of 1.73 m² [51, 52]. Chronic kidney disease 
(CKD) was defined as a glomerular filtration rate 
(GFR) <60 mL/min/1.73 m2, which represents a loss 
of half or more of the normal adult renal function 
level [53]. 

For the analyses, deficiency of vitamin D was 
defined as 25(OH)D < 25 nmol/L and insufficiency as 
25(OH)D < 50 nmol/L based on current 
recommendations. Secondary hyperparathyroidism 
(SHPT) was defined as elevated serum PTH (>6.8 
pmol/L, the upper limit of the laboratory reference 
range). Cut-off values for neutrophil count 
(>8.0x109/L), lymphocyte count (<1.2x109 ) and serum 
albumin level (<33g/L) were defined as greater than 
the upper limit or lower than the low limit of normal 
range, respectively. 

Short-term outcomes 
These included: (1) in-hospital all-cause 

mortality, (2) postoperative myocardial injury defined 
by cardiac cTnI I rise (cTnI >0.06 μg/L), a marker 
unique to myocardium, (3) high inflammatory 

response (CRP>100 mg/L or >150mg/L after the 3rd 
postoperative day), (4) prolonged length of stay (>10 
days) and (5) being discharged to a permanent 
residential care facility (RCF). According to our 
standard postoperative care protocol, in all patients 
aged ≥60 years, CRP and cTnI measurements were 
performed on the first 3 days after surgery and 
thereafter if elevated. The postoperative cTnI rise was 
chosen as an important indicator of short-term 
outcome because myocardial injury/necrosis 
(diagnosed with an elevated cTnI measurement) is the 
most common cardiovascular complication after 
noncardiac surgery, asymptomatic in up to 80% of 
patients but known to be associated with significant 
in-hospital and long-term morbidity and mortality [5, 
54-57]. 

Elevated CRP, a widely recognised parameter 
for early detection of postoperative infections, reflects 
also the extent of surgical trauma. The hepatic 
synthesis of CRP due to bacterial infection is known to 
start 6-8 hours after infection, reached its peak on the 
second-third postoperative day (36 – 50 hours) 
[58-61], a level of ≥96 mg/L after the fourth day of 
surgery is highly indicative for deep wound infection 
[62]. Importantly, the CRP response after orthopaedic 
surgery is more informative than white blood cell 
count (WBC) [59, 63], absolute neutrophil count and 
erythrocyte sedimentation rate [58, 64] , and is not 
associated with age, gender, type of anaesthesia, 
operation time, amount of bleeding, transfusion or 
drugs administered [58]. On these bases persistent 
elevation and/or second rise in CRP concentrations 
(CRP>100 mg/L and CRP >150mg/L) after the 3rd 
postoperative day were chosen as indicators of 
possible postoperative infective complications. 

Statistical analyses 
Continuous variables are reported as means ± 

standard deviation (SD) and compared using the 
Student’s t test. Categorical variables are presented as 
proportions/percentages and compared by 
Chi-square and Fisher exact tests. The admission NLR 
was analysed as both a continuous and a categorical 
variable; in the latter, NLR was categorized into 3 
groups (stratified by tertiles). The associations 
between NLR and presence of any fracture, HF and 
outcomes were estimated with univariate and 
multivariate linear logistic regression models and 
reported as odds ratios (OR) with 95% confidence 
interval (CI); all potential confounding variables 
(demographic, clinical and laboratory) with statistical 
significance ≤ 0.15 on univariate analyses were 
included in multivariate models to identify 
independent factors associated with fractures and/or 
poorer short-term outcomes. In the univariate 
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analysis, age was explored both by category and as a 
continuous variable. In the multivariate analysis, age 
was treated as a continuous variable. We compared 
the predictive values of NLR in the 2nd and 3rd tertiles 
with that in the 1st. To quantify the potential 
predictive utility for NLR and other parameters of 
interest receiver operating characteristic (ROC) 
analysis was used and the predictive accuracy was 
expressed as area under curve (AUC). To quantify the 
significance of multicollinearity phenomena in 
regression analyses the variance inflation factor was 
calculated. Two-tailed p-values<0.05 were considered 
statistically significant. The Stata software version 10 
(StataCorp, College Station, TX, USA) was used for all 
statistical analyses. 

Results 
Patient characteristics 

The main clinical and laboratory characteristics 
of the study population are displayed in Table 1. At 
least one cardiovascular disease (CVD) was present in 
315 (75.9%) patients. Anaemia (haemoglobin<120g/L) 
was diagnosed in 330 (79.5%) patients, CKD in 79 
(19.0%), type 2 diabetes mellitus (DM) in 80 (19.3%), 
dementia in 73 (17.6%), vitamin D insufficiency in 148 
(35.7%) and hyperparathyroidism in 164 (39.5%) 
subjects. 

Relationships between the NLR and clinical 
characteristics 

On admission the mean white cells, neutrophil 
and lymphocyte counts were 8.91±3.67x109/L, 7.61± 
2.47x109/L and 1.27±1.18x109/L, respectively; the 
mean NLR was 8.24± 6.58. The mean NLRs were 
significantly higher in patients > 75 years of age, with 
any fracture, HF, dementia, AF, CHF, CKD, anaemia, 
hypoalbuminaemia, vitamin D deficiency and 
elevated PTH level; in patients with CAD the 
difference was of borderline significance (p=0.052), 
while patients with OA demonstrated lower mean 
NLR compared to the rest of the cohort (Table 1). In 
contrast, the mean NLRs did not differ by gender, 
presence of hypertension, cerebrovascular disease, 
peripheral vascular disease, DM, Parkinson’s disease, 
COPD, history of cancer, smoking (current or past), 
alcohol consumption and use of walking aids. 
Preoperative NLR evaluated as a continuous variable 
revealed that each 1-unit increase in NLR was 
associated with increased probability of being >75 
years of age by 9.3%, of having any fracture by 7.8%, a 
HF by 12.3%, dementia by 6.4%, AF by 3.4%, CHF by 
4.9%, CKD by 6.1%, vitamin D deficiency by 4.2%, 
hyperparathyroidism by 4.9%, of being anaemic by 
10.3%, and hypoalbuminaemic by 15.2% (Table 1).  

Table 1. Clinical characteristics and admission neutrophil to lymphocyte ratio (NLR) in orthogeriatric patients (n=415) 

Characteristics Sign present Sign absent P value OR 95%CI P value 
Age>75 yr (n=277, 66.7%) 9.09 ± 7.23 6.54 ± 4.62 0.0002 1.093 1.042 – 1.146 0.000 
Gender (females, n=281, 67.7%) 8.06 ± 6.18 8.62 ± 7.34 0.4195 1.012 0.982 – 1.044 0.421 
Any fracture (n=255, 61.4%) 9.17 ± 7.45 6.79 ± 4.55 0.0003 1.078 1.033 – 1.125 0.001 
Hip fracture (n=167, 40.2%) 10.57 ± 8.42 6.69 ± 4.34 0.0000 1.123 1.076 – 1.172 0.000 
Hypertension (n=260, 62.7%) 8.53 ± 7.05 7.75 ± 5.71 0.2434 1.019 0.987 – 1.053 0.246 
CAD (n=74, 17.8%) 9.59 ± 8.77 7.95 ± 5.98 0.0517 1.032 0.999 – 1.067 0.060 
MI (n=33, 8.0%) 9.52 ± 6.91 8.13 ± 6.55 0.2453 1.023 0.982 – 1.072 0.251 
CVA (n=28, 6.7%) 10.18 ± 9.37 8.10 ± 6.33 0.1074 1.035 0.991 – 1.081 0.117 
TIA (n= 22, 5.3%) 7.66 ± 4.48 8.37 ± 6.68 0.6688 0.984 0.912 – 1.060 0.668 
AF (n=71, 17.1%) 9.71 ± 7.23 7.94 ± 6.41 0.0393 1.034 1.000– 1.070 0.047 
CHF (n= 44, 10.6%) 10.85 ± 8.95 7.93 ± 6.19 0.0053 1.049 1.011- 1.088 0.010 
PVD (n=20, 4.9%) 8.59 ± 5.37 8.22 ± 6.64 0.8105 1.008 0.946 – 1.074 0.810 
DM (n=80, 19.3%) 8.01 ± 6.78 8.30 ± 6.54 0.7253 0.993 0.955 – 1.032 0.725 
Dementia (n=73, 17.6%) 11.0 ± 9.66 7.65 ± 5.56 0.0001 1.064 1.028 – 1.101 0.000 
Parkinson’s disease (n=15, 3.6%) 10.20 ± 7.40 8.17 ± 6.55 0.2403 1.034 0.977 – 1.093 0.248 
Cancer (n=84, 20.2%) 9.29 ± 6.37 7.97 ± 6.62 0.1009 1.027 0.994 – 1.061 0.108 
OA (n=194, 46.7%) 7.32 ± 4.78 9.05 ± 7.75 0.0074 0.955 0.923 – 0.99 0.010 
Any CVD (n=315, 75.9%) 8.32 ± 6.76 7.98 ± 6.00 0.6503 1.001 0.973 – 1.045 0.650 
COPD (n=46, 11.1%) 8.06 ± 6.55 8.26 ± 6.59 0.8452 0.995 0.948 – 1.045 0.845 
Smoker (n=36, 8.7%) 7.65 ± 5.72 8.30 ± 6.66 0.5714 0.983 0.926 – 1.043 0.571 
Ex-smoker (n=83, 20.0%) 8.03 ± 5.13 8.30 ± 6.90 0.7394 0.994 0.956 – 1.032 0.739 
Alcohol over-user n=79, 19.0%) 7.46 ± 4.62 8.43 ± 6.96 0.2422 0.974 0.932 – 1.018 0.244 
Walking aids user (n=168, 40.5%) 8.28 ± 5.21 8.22 ± 7.38 0.9289 1.001 0.972 – 1.031 0.929 
CKD (n=79, 19.0%)  10.74 ± 10.03 7.65 ± 5.32 0.0002 1.061 1.025 – 1.097 0.001 
Albumin<33g/L (n=167, 40.4%) 10.86 ± 8.46 6.48 ± 4.10 0.0000 1.152 1.100 – 1.207 0.000 
Haemoglobin<120g/L (N=330, 79.5%) 8.75 ± 6.87 6.25± 4.89 0.0017 1.103 1.038 – 1.173 0.002 
25(OH)D<25nmol/L (n=39, 9.4%) 10.47 ± 7.77 8.00 ± 6.43 0.0258 1.042 1.003 – 1.082 0.034 
25(OH)D<50nmol/L (n=148, 35.7%) 8.92± 8.23 7.86 ± 5.45 0.1165 1.024 0.993 – 1.055 0.123 
PTH >6.8pmol/L (n=164, 39.5%) 9.46 ± 7.43 7.44 ± 5.85 0.0022 1.049 1.016 – 1.084 0.004 

Data are mean values (±SD) and univariate logistic regression. 
 Abbreviations: OR, odds ratio; CI, confidence interval; CAD, coronary artery disease; MI, myocardial infarction; CVA, cerebrovascular accident;, TIA, transient ischaemic 
attack; AF, atrial fibrillation; CHF, chronic heart failure; PVD, peripheral vascular disease; CVD, cardiovascular disease; DM, diabetes mellitus; COPD, chronic obstructive 
pulmonary disease; CKD, chronic kidney disease (estimated glomerular filtration rate, eGFR< 60ml/min/1.73m² ); OA, osteoarthritis; 25(OH)D, 25-hydroxyvitamin D; PTH, 
parathyroid hormone. 
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We then investigated in multivariate models the 

associations between NLR as a continuous variable 
and presence of fracture including all parameters 
shown to be linked to NLR in univariate analyses 
(p≤0.150) and controlling for age and sex. These 
demonstrated that preoperative NLR remained an 
independent indicator of a HF (OR 1.060, 95%CI 
1.010-1.118, p=0.030) but not of any fracture (OR 1.036, 
95%CI 0.988-1.086, p=0.141). On the other hand, in a 
similar multivariate regression model with NLR as a 
continuous dependent variable dementia (β= 2.038, 
95%CI 0.084 – 3.99, p=0.041) was the positive and 
albumin (β= -0.357, 95%CI -0.534 - -0.180, p=0.000) 
and eGFR levels (β= -0.032, 95%CI -0.062 - -0.001, 
p=0.042) were the negative independent determinants 
of higher NLR, while presence of HF was only of 
borderline significance (β=1.625, 95%CI -0.069 -3.319, 
p=0.060). In other words, higher NLR is an 
independent consistent indicator of presence of HF, 
but the opposite is not always true. 

When dividing the patients according to tertiles 
of NLR, subjects in the highest tertile (>8.5, mean 
±SD:14.69±7.91) compared to subjects in the first 
tertile (<5.1, mean ±SD:3.42±1.06) were significantly 
older (80.8±8.5 vs.76.8±8.6 years, p=0.0005), more 
likely to have any fracture (72.1% vs.49.3%, p=0.000) 

or a HF (55.1% vs. 20.0%, p=0.000), AF (23.5% vs.13.6 
%, p=0.033), dementia (22.1% vs.11.4%, p=0.018), 
history of cancer (27.9% vs.15.0%, p=0.009), anaemia 
(88.2% vs. 68.6%, p=0.000), and hyperparathyroidism 
(48.9% vs. 28.1%, p=0.001), as well as lower serum 
albumin (32.1±4.7 vs. 35.7±4.2 g/L, p=0.0001) levels, 
erythrocyte (3.31±0.57 vs.3.62±0.53x1012/L, p=0.0001) 
and lymphocyte counts (0.72±0.25 vs.1.94±1.80x109/L, 
p=0.0001), and higher total leukocyte count 
(10.30±3.99 vs. 7.75±4.05x109/L, p=0.0001) and 
creatinine concentrations (89.4±72.4 vs.74.6±27.7 
µmol/L, p=0.0249).  

In multivariate logistic regression models which 
included all clinical and laboratory factors associated 
with higher NLR with a value of p ≤ 0.15 in univariate 
analyses after adjusting for age and sex, the 
independent determinants of preoperative NLR≥5.1 
were presence of HF (OR 2.66, 95%CI 1.38 – 5.12, 
p=0.003), lower levels of albumin (OR 0.92, 95%CI 
0.86 – 0.99, p=0.019) and haemoglobin (OR 0.98, 
95%CI 0.96 – 0.99, p=0.028) and higher serum PTH 
concentration (OR 1.09, 95%CI 1.01 – 1.19, p=0.036); 
presence of any fracture was of borderline 
significance (OR 1.61, 95%CI 0.95 – 2.71, p= 0.077). 

In comparison to subjects with preoperative 
NLR levels <5.1 (first tertile, referent category), 

patients with NLR≥5.1 were about 2 times 
more likely to present with a fracture (OR 
2.12, 95% CI 1.40 – 3.22, p=0.000) and 3.9 
times more likely to have a HF (OR 3.90, 
95%CI 2.34 – 6.52, p=0.000). Patients with 
NLR in the range of 5.1 - 8.5 (intermediate 
tertile) were 1.75-fold more likely to have 
any fracture (OR 1.75, 95% CI1.08–2.91, 
p=0.022) and 3.14-fold more likely to have 
a HF (OR 3.14, 95%CI 1.70- 5.80, p=0.000), 
whereas patients with NLR in the category 
of >8.5 (high tertile) were 2.62-fold more 
likely to have any fracture (OR 2.62, 95% 
CI 1.54–4.46, p=0.000) and 4.93-fold more 
likely to have a HF (OR 4.93, 95%CI 2.64 – 
9.28, p=0.000) (Figure 1). 

Admission NLR and short-term 
outcomes 

Postoperative complications and 
outcomes are shown in Table 2. 
Postoperative myocardial injury with cTnI 
rise was caused by acute pulmonary 
oedema due to fluid overload, myocardial 
ischaemia associated with anaemia and 
sepsis, acute coronary syndrome and 
pulmonary embolism; it was observed in 
75 (18.1%) patients. A significant 

 
Figure 1. Odds ratios (OR) for presence of fracture and specific 
short-term outcomes in orthogeriatric patients according to 
neutrophil to lymphocyte ratio (NLR) tertiles on admission. 
Patients with admission NLR in the second (5.1 – 8.5) and third 
(>8.5) tertiles are compared to those with NLR<5.1 (first tertile) for 
all shown outcomes except in-hospital death. The OR for 
in-hospital death reflects the comparison of patients with 
admission NLR>8.5 and those with NLR 5.1 – 8.5 (no fatal 
outcomes were observed among patients with NLR<5.1 on 
admission). Abbreviations: CRP, C-reactive protein; myocardial 
injury, postoperative cardiac troponin I rise. 
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inflammatory response which persisted 3 days after 
surgery with CRP>100 mg/L was seen in 200 (48.2%) 
patients and with CRP>150 mg/L in 129 (31.1%) 
patients; it was related mainly to urinary tract, 
pulmonary, skin or wound infections. Prolonged 
hospital stay (LOS>10 days) occurred in 211 (50.8%) 
patients. Overall postoperative in-hospital mortality 
rate was 2.4%; 9 of 10 patients who died presented 
with a HF (the mortality rate for HF was 6.0%). Of 322 
patients admitted from home 22 were discharged to 
permanent RCF. 

Patients with all above mentioned postoperative 
outcomes, except being discharged to RCF, had 
significantly higher mean NLRs on admission (Table 
2) and in univariate analysis NLR was significantly 
associated with these short-term outcomes. With each 
unit increase in preoperative NLR there was a 13.6%, 
12.5%, 4.3% and 9.7% increase in postoperative 
myocardial injury, inflammatory complications, 
prolonged hospital stay and in-hospital death, 
respectively. Admission NLR did not influence the 
incidence of discharges to RCF among subjects 
admitted from home (OR 1.26, 95% 0.93- 1.71, 
p=0.141).  

We then investigated in multivariate models the 
associations between NLR as a continuous variable 
and outcomes (as dependent variables) including 
presence of CAD, AF, CHF, cerebrovascular disease, 
dementia, cancer, osteoarthritis, any fracture or HF, 
eGFR, haemoglobin, 25(OH)D and PTH levels, age 
and gender as independent variables. These 
demonstrated that preoperative NLR remained an 
independent predictor of postoperative death, 
myocardial injury and inflammatory complications. 
For every unit increase in the NLR, there was a 10.6% 
increased risk of in-hospital death, a 8.6% increased 
risk of cTnI rise, a 8.1% higher risk of developing an 
inflammatory response with CRP>100 mg/L and a 
9.4% higher risk of having CRP>150 mg/L. NLR, 
however, was not an independent predictor of 

prolonged LOS in multivariate analysis.  
Among other laboratory variables hypoalbumi-

naemia preoperatively appeared as the most 
informative predictor of outcomes. Every 1-unit 
decrease in serum albumin was associated with a 
15.5% higher risk of postoperative cTnI rise (OR 0.845, 
95%CI 0.775-0.922, p=0.000), a 8.5% higher risk of 
having CRP>100 mg/L (OR 0.915, 95%CI 0.861-0.972, 
p=0.004), a 7.0% higher risk of CRP>150 mg/L (OR 
0.930, 95%CI 0.873-0.990, p=0.023) and a 6.4% higher 
risk of hospital stay >10 days (OR 0.936, 95%CI 
0.886-0.989, p=0.018). Higher serum PTH levels were 
independently associated with mortality (OR1.171, 
95%CI 1.035-1.323, p=0.012). Lower admission 
haemoglobin levels were independently predictive for 
postoperative inflammation with CRP>100 mg/L (OR 
0.964, 95%CI 0.948-0.980, p=0.000) and CRP>150 
mg/L (OR 0.979, 95%CI 0.963-0.996, p=0.014). 

Patients with NLR at admission in the range of 
5.1 - 8.5 (intermediate tertile) compared to patients 
with NLR levels <5.1, postoperatively had a 2.6 times 
higher risk of myocardial injury (OR 2.60, 95%CI 1.12 
– 6.14, p=0.014) and/or inflammatory complications 
(for CRP>100mg/L: OR 2.66, 95%CI 1.57 – 4.51, 
p=0.000; for CRP>150 mg/L: OR 2.55, 95%CI 1.34 – 
4.91, p=0.002), whereas patients with preoperative 
NLR>8.5 (high tertile) had a 5.87- (OR 5.87, 95%CI 
2.67 – 13.20, p=0.000), 4.54 - 6.70-fold (for 
CRP>100mg/L: OR 4.54, 95%CI 2.65 – 7.81, p=0.000; 
for CRP>150 mg/L: OR 6.70, 95%CI 3.58 – 12.64, 
p=0.000) higher risk of myocardial injury and 
inflammatory complications, respectively, indicating 
a dose-response relationship (Figure 1). None of the 
10 patients who died had a preoperative NLR<5.1, 
and in 9 subjects it was above 8.5, suggesting that the 
risk of a fatal outcome in subjects with NLR>8.5 on 
admission was near 10 times higher in comparison 
with patients whose NLR was in the range of 5.1 - 8.5 
(OR 9.71, 95%CI 1.24 – 207.53, P=0.009). 

 

Table 2. Admission neutrophil to lymphocyte ratio (NLR) and postoperative outcomes in orthogeriatric patients  

Outcome Outcome 
present 

Outcome 
absent 

P value OR 95%CI P value 

In-hospital death (n=10, 2.4%) 18.35 ± 7.88 8.00 ± 6.37 0.0000 1.097 
1.106 

1.044 – 1.152 
1.002- 1.221 

0.000 
0.045 

CRP>100 mg/L (n=200, 48.2%) 10.11 ± 7.88 6.52 ± 4.45 0.0000 1.126 
1.081 

1.076 -1.177 
1.030 – 1.134 

0.000 
0.002 

CRP>150 mg/L (n=129, 31.1%) 11.29 ± 8.41 6.88 ± 5.01 0.0000 1.124 
1.094  

1.078 - 1.171 
1.045 – 1.146 

0.000 
0.000 

Troponin rise (n=75, 18.1%) 13.18 ±10.68 7.12 ± 4.60 0.0000 1.136 
1.086 

1.088– 1.185 
1.032 – 1.142 

0.000 
0.001 

LOS>10 days (n=211, 50.8%) 9.05± 7.41 
 

7.40± 5.49 0.0106 1.043 
1.019 

1.009- 1.079 
0.982 – 1.058 

0.014 
0.310 

Data are mean values (±SD), univariate (first line) and multivariate (second line) logistic regression analyses.  
Adjustments: age, sex, presence of any fractures or HF, history of coronary artery disease, hypertension, cerebrovascular disease, atrial fibrillation, chronic heart failure, 
peripheral vascular disease, diabetes mellitus, cancer, dementia, chronic obstructive airway disease, chronic kidney disease (eGFR<60 ml/min/1.73m²), 
haemoglobin<120g/L, albumin<33g/L, 25(OH)D <25 nmol/L, PTH>6.8 pmol/L, smoking status and alcohol overuse (≥3 drinks/week).  
Abbreviations: OR, odds ratio; CI, confidence interval; CRP, C-reactive protein; LOS, length of hospital stay. 
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Table 3. Characteristics on admission independently associated with presence of any fracture, hip fracture and postoperative myocardial 
injury and extended inflammatory response in orthogeriatric patients (multivariate logistic regression analyses) 

 
Characteristic 

Any fracture Hip fracture Troponin rise CRP>100mg/L CRP>150 mg/L 
OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value 

NLR>5.1 1.74 (1.08; 2.79) 0.023 3.11 (1.69; 5.74) 0.000 2.40 (1.11; 5.22) 0.026 2.42 (1.48; 3.95) 0.000 3.17 (1.75; 5.74) 0.000 
Age 1.07 (1.03; 1.10) 0.000 1.10 (1.06; 1.15) 0.000 1.05 (1.01; 1.10) 0.011     
Sex(M)     2.32(1.21; 4.42) 0.011 1.93(1.17; 3.18) 0.010   
Dementia 2.50 (1.20; 5.25) 0.015 3.58 (1.58; 8.08) 0.002       
AF     2.29(1.08; 4.85) 0.030     
Albumin<33g/L 2.09 (1.27; 3.46) 0.004 3.27 (1.82; 5.87) 0.000 4.21(2.16; 8.2) 0.000 3.42(2.10; 5.56) 0.000 2.72(1.63; 4.56) 0.000 
Hb<120g/L       2.94(1.56; 5.58) 0.001 2.53(1.14; 5.63) 0.023 
eGFR <60 
ml/min/1.73m² 

        2.28(1.25; 4.13) 0.007 

PTH>6.8 pmol/L         1.92(1.16; 3.16) 0.011 

Abbreviations: OR, odds ratio; CI, confidence interval; NLR, neutrophil to lymphocyte ratio; AF, atrial fibrillation; eGFR, estimated glomerular filtration rate; Hb, 
haemoglobin; PTH, parathyroid hormone. 

 
 
Next, we assessed in multivariate models the 

independent characteristics associated with presence 
of any fracture, HF, as well as adverse postoperative 
outcomes using the NLR as a categorical variable and 
adjusting for age, gender, history of CAD, 
hypertension, cerebrovascular disease, AF, CHF, 
PVD, DM, cancer, dementia, chronic COPD, CKD, 
haemoglobin<120g/L, albumin<33g/L, 25(OH)D <25 
nmol/L, PTH>6.8 pmol/L, smoking status (current 
and former) and alcohol overuse (≥3 drinks/week); 
the postoperative outcomes were adjusted also for 
presence of any fracture or HF (Table 3). Patients with 
admission NLR≥5.1 compared with those in the 
lowest tertile of NLR (<5.1) had significantly greater 
odds of presenting with any fracture (OR 1.74) or HF 
(OR 3.11), and of experiencing postoperative 
myocardial injury (OR 2.40), inflammatory 
complications with CRP>100 mg/L (OR 2.42) or 
CRP>150 mg/L (OR 3.17). Hypoalbuminaemia 
(<33g/L) on admission was the only other 
independent indicator of fracture, HF and all these 
postoperative complications with ORs comparable to 
those of NLR. Dementia was strongly associated with 
fractures, especially HF. Presence of AF was an 
independent predictor of cTnI rise. Preoperative 
anaemia (haemoglobin <120 g/L), CKD and elevated 
PTH were identified as independent risk factors for a 
high inflammatory response. The NLR>8.5 on 
admission (OR 16.63, 95%CI 1.70 – 163.09, p=0.016), 
history of CHF (OR 7.52, 95%1.00 -57.78, p=0.050) and 
cancer (OR 6.35, 95%CI1.13 – 32.09, p=0.025) were the 
only independent predictors of in-hospital death. 
Thus, NLR≥5.1 on admission after adjustment for 
variables known to predict poorer postoperative 
outcomes remained independently associated with 
presence of any fracture, HF and predictive of 
postoperative myocardial injury, inflammatory 
complications and in-hospital death. 

The potential prognostic value of elevated NLR 
was evaluated by c-statistics on the basis of tertiles 
with cut-offs ≥5.1 and >8.5. The NLR ≥5.1 predicted 

postoperative myocardial injury with an area under 
the curve (AUC) of 0.738 (p=0.000), CRP>100mg/L 
with AUC of 0.659 (p=0.000), CRP>150 mg/L with 
AUC of 0.664 (p=0.000) and in-hospital mortality with 
an AUC of 0.763 (p=0.002); the NLR >8.5 predicted 
in-hospital mortality with an AUC of 0.847 (p=0.000). 
The NLR ≥5.1 showed moderately high sensitivity for 
predicting postoperative myocardial injury (86.7%), 
CRP>100mg/L (80%) and CRP>150mg/L (85.3%), 
low specificity (38.5%, 46.3%, 42.1%, respectively) and 
low positive predictive value (PPV, 23.8%, 58.2% and 
40.0% respectively), but a reasonable negative 
predictive value (NPV, 92.9%, 71.2% and 86.3% 
respectively). NLR>8.5 for in-hospital mortality 
demonstrated high sensitivity (90%) and NPV 
(99.6%), but was considerably less specific (68.6%). 
These data indicate that the prognostic value of 
elevated NLR, except NLR>8.5 for in-hospital 
mortality, is only modest (accuracy ranged between 
69.1% and 47.2%). 

Further we compared the predictions of NLR 
with that of different other factors on admission, 
including: (1) neutrophils>8.0x109/L, (2) lymphocytes 
<1.2x109/L, (3) haemoglobin<120g/l, (4) 
albumin<33g/L, (5) 25(OH)D<50nmol/L, (6) 
25(OH)D<25nmol/L, (7) PTH>6.8pmol/L, (8) 
eGFR<60 ml/min/1.73m², (9) age>75 years, (10) 
presence of CVD (any), (11) presence of AF and (12) 
dementia. Each of these factors, except 
albumin<33g/L, performed worse than NLR≥5.1 and 
yielded an AUC of 0.586 –0. 459 (for different 
outcomes). Comparing with NLR ≥5.1, the 
haemoglobin<120g/ had higher sensitivity but very 
low specificity for predicting myocardial injury 
(89.5% and 22.8%, respectively), as well as for 
CRP>100mg/L (91.0% and 30.8%, respectively) and 
CRP>150 mg/L (93.1% and 26.3%). The predictive 
performance was comparable only for albumin 
<33g/L and NLR≥5.1; although moderate by both 
variables, the former characteristic demonstrated 
higher specificity but lower sensitivity for predicting 
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myocardial injury and high inflammatory responses, 
was indicative for prolonged LOS but not for 
in-hospital death (Table 4).  

Next we determined whether the combined use 
of the NLR and albumin level measured on admission 
can improve the prediction of postoperative 
outcomes. On admission, hypoalbuminaemia 
(<33g/L) was observed in 168 (40.5%) patients, 
NLR≥5.1 in 275 (66.3%) and both features, elevated 
NLR and low albumin, in 133 (32.0%) subjects. 
Compared to either a high NLR or low albumin level, 
presence of both these characteristics was a more 
specific and slightly more accurate predictor of 
postoperative myocardial injury and high 
inflammatory responses. However, NLR>8.5 was a 
strong predictor of in-hospital death and prolonged 
LOS was predicted better by low albumin alone 
(Table 4). Multivariate analyses (adjusted for all the 
same above mentioned conditions) showed that 
patients with combination of these two factors 
compared to those with both admission NLR<5.1 and 
albumin>33g/L had a very high risk of postoperative 
myocardial injury (OR11.54, 95%CI 3.27 – 40.77, 
p=0.000) and inflammatory complications with 
CRP>100 mg/L (OR 10.94, 95%CI 4.58 – 22.89, 
p=0.000) or CRP>150mg/L (OR 9.71, 95%CI 3.86 – 
24.42, p=0.000). ROC characteristics curves for 
predicting in-hospital mortality, postoperative 
myocardial injury and high inflammatory response 
using elevated NLR, low albumin and combination of 
both parameters are depicted in Figure 3. 

Validation of admission NLR as a risk 
prediction factor 

Patients in the validation dataset comparing to 
those in the test dataset were older (+3.3 year), had a 
higher prevalence of CKD (43.2% vs.19.0%) and 
dementia (27.8% vs.17.6%), but there were no 
differences in other comorbidities, including CVD 
(66.3%), history of stroke or transient ischaemic attack 
(19.7%), type 2 DM (16.4%), COPD, (11.0% ) and 
Parkinson’s disease (4.6%); the proportions of current 
(5.4% ) and former (10.0%) smokers and alcohol 
over-users (9.5%) were lower. Postoperatively 
myocardial injury (cTnI >0.06µg/L) was observed in 
27.2% (n=80) of patients, a high inflammatory 
response with CRP>100 mg/L) in 60.2% (n=177) and 
with CRP>150 mg/L in 38.1% (n=112), a prolonged 
LOS (>10days) in 31.6% (n=93) patients; 49% (n=97) of 
patients admitted from home (n=198) have been 
discharged to a permanent RCF, and the in-hospital 
death rate was 4.8% (n=14).  

When the admission NLR cut-off of ≥5.1 derived 
from the test dataset was applied to the validation 
dataset it showed significant and similar predictive 
value for postoperative cTnI rise (AUC 0.684, 
sensitivity 77.9%, NPV 82.7%), for CRP>100 mg/L 
(AUC 0.632, sensitivity 79.1%, NPV 72.7%), for 
CRP>150mg/L (AUC 0.639, sensitivity 89.1%, NPV 
88.7% ) and in-hospital death (AUC 0.700, sensitivity 
92.9%, NPV 99.0%). NLR≥5.1 was also moderately 
predictive for LOS>10 days (AUC 0.572, sensitivity 
51.0%, NPV 69.2%) and for being discharge to a RCF 
(AUC 0.594, sensitivity 72.2%, NPV 63.5%). 
Admission NLR>8.5 was a strong predictor of fatal 
outcome (AUC 0.801, sensitivity 89.6%, specificity 
70.6%, NPV 98.7%). 

Table 4. Predictive value of selected preoperative parameters in detection poorer outcomes in orthogeriatric patients 

Variable ROC Sensitivity,% Specificity,% PPV,% NPV,% Accuracy rate,% P value 
Post operative myocardial injury 

NLR>5.1 0.738 86.7 38.5 23.8 92.9 47.2 0.000 
Albumin<33g/L 0.774 72.4 67.2 33.1 91.5 68.1 0.000 
NLR>5.1+Albumin<33g/L 0.774 64.0 75.4 36.6 90.4 73.4 0.000 

Post operative CRP>100 mg/L 
NLR>5.1 0.659 80.0 46.3 58.2 71.2 62.6 0.000 
Albumin<33g/L 0.708 58.7 76.6 70.2 66.4 68.0 0.000 
NLR>5.1+Albumin<33g/L 0.711 50.5 85.0 75.9 64.8 68.4 0.000 

Post operative CRP>150 mg/L 
NLR>5.1 0.664 85.3 42.1 40.0 86.3 55.6 0.000 
Albumin<33g/L 0.678 62.3 69.5 48.2 80.2 67.2 0.000 
NLR>5.1+Albumin<33g/L 0.680 54.3 77.9 52.6 79.0 70.5 0.000 

LOS>10 days 
NLR>5.1 0.554 66.8 34.3 51.3 50.0 50.8 0.806 
Albumin<33g/L 0.611 49.5 69.3 62.5 57.0 59.2 0.000 
NLR>5.1+Albumin<33g/L 0.592 38.4 74.5 60.9 53.9 56.1 0.005 

In-hospital death 
NLR>8.5 0.847 90.0 68.6 6.6 99.6 69.1 0.000 
Albumin<33g/L 0.765 70.0 60.3 4.2 98.8 60.6 0.053 
NLR>8.5+ Albumin<33g/L 0.792 38.8 89.8 63.3 76.4 73.9 0.000 

Adjustments: age and sex. 
Abbreviations: NLR, neutrophil to lymphocyte ratio; CRP, C-reactive protein; LOS, length of hospital stay; PPV, positive predictive value; NPV, negative predictive value. 
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Figure 2. Associations between admission neutrophil to lymphocyte ratio (NLR) , medical conditions, presence of fracture and short-term 
outcomes in orthogeriatric patients. Significant associations found in univariate analyses are shown in dot lines. Independent associations revealed by 
multivariate analyses are shown in bold (with NLR as a continuous variable) and in double-line (with NLR≥5). Arrow indicates the dependent variable. Higher 
admission NLR (both as a continuous and a categorical variable) is an independent indicator of hip fracture presence and risk factor of poorer outcomes; NLR≥5 is 
an independent indicator of any fracture. Dementia, hypoalbuminaemia and CKD≥3 stage are the independent correlates of higher preoperative NLR as a continuous 
variable; independent correlates of admission NLR≥5.1 are presence of hip fracture, lower levels of albumin and haemoglobin and elevated PTH concentration. 
Abbreviations: CHF, chronic heart failure; AF, atrial fibrillation; CKD≥ 3, chronic kidney disease (estimated glomerular filtration rate< 60ml/min/1.73m²); Anaemia, 
haemoglobin<120g/L; Low albumin, <33g/L; Low vitamin D, serum 25-hydroxyvitamin D <25nmol/L; High PTH, parathyroid hormone>6.8pmol/L. 

 
Figure 3. Receiver operating characteristics curves for predicting in-hospital mortality, postoperative myocardial injury with troponin I rise and high inflammatory 
response with CRP>150 mg/L. NLR, neutrophil to lymphocyte ratio; CRP, C-reactive protein. 

 

Discussion 
Main findings 

In orthogeriatric patients at the time of hospital 
admission higher NLR (analysed both as a continuous 
and categorical variable) is: (1) an independent 
indicator of HF presence (although a variety of 
medical conditions affect NLR), and (2) an 
independent risk factor and modest predictor of 
poorer short-term postoperative outcomes such as 
myocardial injury (identified by cTnI rise), 
inflammatory complications (with high CRP levels), 
and in-hospital mortality (Figure 2). To our best 
knowledge, these results are the first to show that 
higher preoperative NLR, a widely available and 
inexpensive marker, may be helpful in improving the 

prognosis of elderly patients undergoing orthopaedic 
treatment.  

NLR, comorbidities and fractures  
In agreement with many studies [33, 65-67] in 

our univariate analyses, admission NLR was 
significantly associated with 10 variables: age>75 
years, presence of any fracture, dementia, AF, CHF, 
CKD ≥3 stage, anaemia, vitamin D deficiency, 
hyperparathyroidism and hypoalbuminaemia. 
Multivariate regression revealed only three variables, 
dementia, hypoalbuminaemia and CKD≥3 stage, as 
independent determinants of higher preoperative 
NLR as a continuous variable; presence of HF showed 
borderline significance (p=0.060). Independent 
determinants of admission NLR≥5.1 were presence of 
HF, lower levels of albumin and haemoglobin and 
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elevated serum PTH concentration. On the other 
hand, the analyses demonstrated a robust and 
independent association of higher NLR on admission 
and presence of fracture. There was a dose-graded 
relationship between presence of fracture, especially 
HF, and levels of NLR categorized as tertiles. The 
crude odds ratios (OR) for presence of HF were 3.14 
for NLR 5.1-8.5 (second tertile) and 4.93 for NLR>8.5 
(third tertile), the ORs for any fracture were 1.75 and 
2.62, respectively. Adjusted ORs (multivariate 
regression analyses), demonstrated a 3.11- and 
1.74-fold increases in presence of HF or any fracture, 
respectively, when patients with NLR≥5.1 were 
compared with those in the first tertile. 

In patients with a fracture, the cause (-s) of 
elevated NLR at admission may be multifactorial and 
related to a variety of pre-fracture co-morbid 
conditions, a concurrent clinical or subclinical 
infection, as well as to the responsive process to 
fracture per se. The association of fractures with higher 
NLR, a marker of dysregulated immune system and 
chronic inflammation, is in line with an increasing 
body of evidence linking immune status/low-grade 
inflammation (affecting both process - osteogenesis 
and bone resorption) with bone homeostasis and, 
consequently, with pathogenesis of osteoporosis 
[68-76] and higher fracture rates [77, 78]. Several 
recent studies demonstrated that NLR levels are 
significantly elevated in the elderly with osteoporosis 
and inversely correlated with BMD [79-81]. In other 
words, elevated NLR, an indicator of a systemic 
inflammatory–immunological process, not merely 
reflects a response to fracture and/or infection (in 
some patients at admission) but appears to be a 
significant factor linked to osteoporotic fractures.  

NLR and short-term outcomes 
The high incidence of concurrent medical 

comorbidities amongst orthogeriatric patients 
emphasises the importance of identification of 
vulnerable persons, recognition of potentially 
reversible risk factors and preoperative stabilisation. 
However, little is known about preoperative markers 
that can identify orthogeriatric patients at high risk of 
adverse outcomes. Most studies focussed on 
preoperative predictors of mortality in HF patients 
[15, 19, 25, 82-86]. The prognostic role of preoperative 
NLR has not been systematically investigated in 
orthopaedic surgery, in contrast to that in patients 
with cancer, CVD, AF, DM, inflammatory diseases, 
chronic renal and hepatic failure.  

In this study, it was demonstrated that higher 
NLR at admission not only correlates with presence of 
fracture and comorbidities but also closely relates to 
key adverse outcomes - postoperative myocardial 

injury, high inflammatory response and in-hospital 
death. The incidence of these three outcomes in our 
cohort was consistent with data reported in the 
literature. In our cohort which included both 
emergency and elective surgery patients, 
postoperative myocardial injury (diagnosed with an 
elevated cTnI measurement) occurred in 18.1%. 
Perioperative cTnI elevation, the most common 
cardiovascular complication associated with 
significant morbidity and mortality [57, 87-89], was 
reported in 8% of adults undergoing major 
noncardiac surgery [57], in 19% of aged >60 years 
after noncardiac surgery [87], in 17% of subjects 
undergoing major orthopaedic surgery [5], in 22% - 
52.9% after emergency orthopaedic operations [2], 
and in 26.7% - 39.0% of elderly HF patients [55, 56, 90]. 

Increased inflammatory response as measured 
by CRP, an acute-phase protein, is well known as a 
useful indicator of infection after operative fracture 
treatment and a major predictor of mortality in the 
elderly [91, 92]. In this study, after the 3rd 
postoperative day CRP>100mg/L was found in 48.2% 
of patients and CRP>150mg/L in 31.1%. Previous 
research has shown that infective complications occur 
primarily in patients with persistent elevation and/or 
second rise in CRP concentrations (CRP>96 mg/L) 
after the first 3 postoperative days [62]. Postoperative 
infections complicating HF surgery have been 
reported in 8.9% - 61% [10, 93-97] and were associated 
(particularly deep wound and chest infections) with 
delirium, increased length of hospital stay, 30-day and 
1-year mortality [2, 10, 98]. The increased 
susceptibility of orthogeriatric patients to 
postoperative infective complications, one of the main 
factors affecting outcomes, is, at least partially, a 
result of age-related decline and dysregulation in 
immune functions [99-103]. Of note, although both 
NLR and CRP are well recognized inflammatory 
biomarkers and both increase following the elevation 
of circulating IL-6, which is produced by several types 
of cells (monocytes, macrophages and endothelial 
cells), other mechanisms underlying the development 
of a high NLR and elevated CRP differ. Whereas the 
production of CRP in human hepatocytes is mainly 
induced by circulating IL-6, lymphocytes play a 
central role in the immune reaction and NLR is a 
marker of systemic inflammation representative of 
innate and adaptive immunity. Not surprisingly, 
therefore, patients with a high NLR do not always 
have an elevated CRP as we observed in our cohort on 
admission, but elevated preoperative NLR indicates 
predisposition to postoperative infective 
complications with a high CRP. 

In-patient mortality in our study was 2.4% (6.0% 
for HF patients) which is compatible with that in other 
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centres. Reported short-term mortality for HF ranged 
between 1.14 - 4.6% [104, 105] - 10.9% [106] and 13.3% 
[16], but reaches 43% in patients with postoperative 
chest infection and 65% in patients with acute heart 
failure [2].  

We observed a dose-graded relationship 
between increasing admission levels of NLR and the 
proportion of patients with postoperative myocardial 
injury, high inflammatory markers and fatal 
outcomes. Compared to patients with NLR<5.1, 
patients with NLR 5.1-8.5 had a 2.6-fold higher risk 
for developing postoperative myocardial injury and 
about 2.5- fold higher risk for a high inflammatory 
response, while in subjects with NLR>8.5 these risks 
were 5.9 and 4.5-6.7-times higher, respectively. 
Patients with admission NLR>8.5 had a 9.7 times 
higher chance of dying in the hospital compared to 
patients with NLR 5.1-8.5 (no deaths occurred in 
patients with NLR<5.1). Although in our study 10 
patients who died in hospital do not provide good 
statistical power, all of them had admission NLR≥5 
and 9 subjects had NLR>8.5; 14 patients with HF and 
fatal outcome in the validation cohort demonstrated 
similar NLR patterns.  

In patients with NLR≥5.1 at admission the 
increased risks of postoperative myocardial injury 
and high inflammatory response persisted after 
accounting for multiple confounding factors known to 
be associated with postoperative complications and 
death; similarly NLR>8.5 was an independent and 
significant predictor of a fatal outcome. In other 
words, the risks of poor outcomes were dependent on 
the degree of the NLR elevation but independent of 
preoperative cardiovascular, metabolic, renal, 
nutritional and behavioural factors associated with 
adverse outcomes (as showed the multiple logistic 
regression analyses). 

Forget et al. [50] reported that the preoperative 
NLR level did not predict short-term outcomes in HF 
patients. However, our data which identified higher 
NLR at admission as a significant risk factor for 
unfavourable outcomes in orthogeriatric patients is 
consistent with numerous studies demonstrating a 
strong association between elevated NLR levels and 
increased mortality in different cardiovascular, 
noncardiac and malignant diseases [28, 31-34, 67]. 
High NLR was found to be a significant predictor of 
mortality and worse outcomes in patients with acute 
coronary syndromes [32, 107], advanced heart failure 
[38], different cancers [29, 30, 108-110], in elderly 
patients who have underwent major vascular [111], 
abdominal [27] and lung cancer surgery [112].  

Interestingly, although different factors were 
independently associated with presence of fracture 
and specific outcomes, elevated NLR(≥5.1) and low 

albumin (<33g/L) on admission were the only two 
independent variables associated with presence of 
any fracture, HF, as well as with poorer outcomes. 
The other independent factors for any fracture and HF 
were older age and dementia, for postoperative 
myocardial injury - AF and male sex, for high 
inflammatory responses - CKD, anaemia and elevated 
PTH (Table 3). 

Prognostic value of NLR on admission 
Although there is no consensus of what the 

normal NLR levels are, we identified <5.1 (upper limit 
in the first tertile) as the cut-off value to predict 
adverse outcomes. Of note, the threshold NLR > 5 
(”classical”) has been used in many other studies [30, 
109, 112]. We found that elevated NLR≥5.1 
significantly differentiated subjects with poorer 
outcomes from the rest of the cohort, but only at a 
modest level (accuracy: 47.2% for myocardial injury, 
62.6% for postoperative CRP>100mg/L and 55.6% for 
postoperative CRP>150mg/L, p=0.000 in all cases). 
NLR>8.5 (third tertile) demonstrated a moderately 
better performance (accuracy: 69.5%, 61.4% and 
69.8%, respectively). NLR≥5.1 showed a considerably 
high sensitivity (86.7%, 80.0% and 85.3%, respectively) 
and negative predictive value (NPV, 92.9%, 71.2% and 
86.3%, respectively) indicating that these 
complications are unlikely in patients with a lower 
ratio. However, positive predictive value (PPV) was 
only 23.8%, 58.2% and 40.0%, respectively, indicating 
that a higher NLR does not necessarily predict 
postoperative complications. NLR>8.5 had a 
moderately high sensitivity (90%) and accuracy 
(69.1%) for in-hospital death; the NPV was 99.6% 
showing that patients with a ratio lower than 8.5 were 
likely to survive, but NLR>8.5 does not predict a fatal 
outcome (PPV was only 6.6%).  

In this study, we have also evaluated twelve 
most widely recommended and used predictor 
markers for determining outcomes among 
orthogeriatric patients: age >75 years [113-115], 
dementia, presence of CVDs, AF, high white blood 
cell (WBC) count [19], low lymphocyte count [19, 23, 
25, 86, 116, 117 , 118 ], low serum albumin [15, 25, 
84-86, 117], anaemia/reduced haemoglobin levels 
(Hb<120g/L) [15, 18, 19, 22, 82, 83, 94, 119], vitamin D 
deficiency (25(OH)D<25nmol/L) and insufficiency 
(25(OH)D<50nmol/L), elevated PTH (6.8 pmol/L) 
[115, 120], and CKD≥3stage. The performance of these 
markers, which have been suggested as independent 
prognostic factors for unfavourable outcomes in HF 
patients, was variable. For postoperative myocardial 
injury, for example, accuracy ranged from 35.0% 
(Hb<120g/L) to 75.5% (25(OH) D <25nmol/L) with 
sensitivity 89.5% and 9.2%, respectively, and 
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specificity 22.8% and 90.5%, respectively. Similarly, 
other markers comparing to NLR, were either more 
specific (AF, dementia, CKD) but lacked sensitivity 
(26.3% -32.9%) or, as age>75 years, had low specificity 
(37.0%) and higher sensitivity (85.5%). As NLR 
integrates two important and opposite immune 
pathways (neutrophils represent non-specific 
systemic inflammation and lymphocytes are a marker 
of the immune system physiological stress response) 
it is not surprisingly, that it performs better than 
absolute neutrophil and lymphocyte count separately. 
The predictive value examined using ROC curve 
analysis revealed that the highest discriminative 
ability for predicting in-hospital death has NLR>8.5 
(AUC 0.847), albumin<33g/L (AUC 0.765) and 
neutrophils>8.0x109/L (AUC 0.720). Low admission 
albumin and elevated NLR were the two variables 
which demonstrated the highest prognostic values for 
postoperative myocardial injury and high 
inflammatory responses. On the whole, among the 
orthogeriatric patients, the NLR was superior to age 
and other routinely used admission characteristics, 
except hypoalbuminaemia, for determining these 
outcomes; only hypoalbuminaemia, in contrast to 
NLR, indicated LOS>10 days (ROC 0.594). However, 
patients with both elevated NLR and low albumin 
demonstrate only a moderately increased risk of 
adverse outcomes compared to subjects with either 
biomarker abnormal (Table 4; Figure 3). 

Our validation study that included older 
patients with HF confirmed that admission NLR ≥5.1 
was a moderate predictor for patients’ postoperative 
myocardial injury and high inflammatory responses 
but also for in-hospital death, LOS>10 days, and for 
being discharge to a RCF; NLR>8.5 was a strong 
predictor of fatal outcome. 

Taking together, the admission NLR, except 
NLR>8.5 for in-hospital mortality, as well as all other 
above mentioned factors showed a modest/ relatively 
low performance to predict postoperative adverse 
outcomes (AUC < 0.700), and, therefore, should be 
considered mainly as risk factors than predictive ones. 
Clearly, NLR and other biomarkers to give reasonable 
prognostic information should be evaluated and 
interpreted in the context of a complete clinical 
assessment.  

Clinical implications 
Our results showing that higher NLR on 

admission is associated with fracture and worse 
outcomes suggest that NLR may be a useful 
additional biomarker for therapeutic selection and 
preventive intervention. Firstly, it is important to 
recognise that in the complex interplay of modifiable 
and non-modifiable factors which determine 

outcomes cTnI elevation, regardless of etiology, is 
associated with short- and long-term 
morbidity/mortality [2, 5, 54 , 56, 57, 87-89]. The 
clinical relevance of preoperative identification of 
subjects with a high risk of this serious and silent 
(asymptomatic in>80% of patients) complication is 
further emphasized by the reports that beta-blockers, 
alfa-2 agonists, calcium channel blockers, statins, and 
aspirin can prevent postoperative myocardial injury 
and reduce the risk of mortality [121-124]. Secondly, 
although this study was not designed to assess 
clinically apparent infection, elevated NLR (≥5.1) on 
admission, indicates a high probability of 
perioperative infectious complications and might be 
useful when considering empirical antibiotic therapy. 
Although a higher NLR on admission could be an 
initiative for preventive treatment, whether patients 
with elevated NLR may benefit from preoperative 
cardiovascular medications and/or antibiotics must 
be elucidated. Thirdly, NLR>8.5 which was most 
discriminatory for survival may be (in conjunction 
with a comprehensive clinical assessment) helpful in 
preoperative predicting a fatal outcome and aid 
decision making with regard to operative plan. 
Fourthly, our findings showed that in orthogeriatric 
patients the systemic inflammatory–immunological 
process as indicated by elevated NLR may be an 
important contributor to the pathogenesis of 
osteoporotic fractures and other age-related diseases, 
rather than only a secondary reflection of fracture 
and/or concurrent infection. In other words, higher 
NLR which represents age-related changes in the 
immune system (immunoscenescence, [125, 126]) and 
chronic inflammation, a phenomenon known as 
”inflamm-ageing” [127, 128], reflects and is influenced 
by a variety of age-related co-morbid conditions and 
fractures. Therefore, it appears that NLR≥5.1, an 
easily obtained clinical test, as a global index of 
inflammatory–immunological status may be a useful 
marker for screening and preventing multimorbidity 
including risk of osteoporotic fracture in older adults. 
However, it should be emphasised that although the 
elevated NLR at admission demonstrates high 
statistical significance as an independent risk factor 
for poorer outcomes, its prognostic value in relation to 
individual patients is modest (but superior to the 
majority of other recommended predictors) and it 
does not indicate the type of possible adverse 
outcome. Obviously, any decision on prophylactic 
treatment (use of antibiotics and/or cardioprotecive 
drugs) requires full clinical assessment. Further 
investigations of the predictive value of NLR in 
orthogeriatric patients are needed to provide more 
insight into the pathophysiology of its elevation as 
well as in specific and individualised perioperative 
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therapeutic interventions to improve outcomes for 
these complex patients. 

Limitations and Strength 
Several limitations of this study should be 

considered. First, because our study is observational, 
the inference of a causal relationship between 
admission NLR and outcomes is limited. Second, as 
we have included all orthogeriatric patients, without 
any exclusion criterion, the contribution of age-related 
impairment of the immune system, stress response to 
the fracture, active preoperative infection, and/or 
combination of these factors to elevated NLR was 
difficult to differentiate and determine. However, the 
substantial heterogeneity of our cohort is typical and 
reflects the real-world clinical practice. Third, the rate 
of in-hospital mortality was low, so caution is 
necessary when interpreting this result. Finally, it was 
a single-center study mainly of Caucasians and, 
therefore, may not necessarily translate to other 
centers with differing management practices and be 
representative of other racial and ethnic populations. 
The strengths of this prospective study are that it (1) 
focused on all orthogeriatric patients whereas 
previous studies have targeted selected patient 
groups, mainly with HF, (2) included multiple 
NLR-affecting factors, (3) analysed demographic, 
co-morbid and laboratory variables previously 
implicated as admission markers of poorer outcomes, 
but in most studies not assessed in the same patients 
in relation to postoperative outcome prognosis, and 
(5) validated the results in a cohort of HF patients. Of 
note, in multivariate regression analyses the variance 
inflation factor in all models presented in Tables 2 and 
3 was less than 1.3, indicating that the amount of 
multicolinearity was no significant. 

Conclusions 
In orthogeriatric patients, the high NLR (≥5.1) on 

admission is an independent indicator of fracture 
presence, a significant risk factor and moderate 
predictor of poorer postoperative outcomes including 
myocardial injury, high inflammatory 
response/infection and in-hospital death. This simple 
and inexpensive biomarker could be used for risk 
stratification and individualized perioperative 
management. Multi-centre prospective studies are 
required to explore whether interventions to decrease 
NLR levels reduces fractures and improves outcomes. 
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