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Abstract: Objective: Delirium is a common postoperative complication in elderly patients with intertrochanteric fe-
mur fracture. This study aimed at analyzing risk factors for postoperative delirium (POD) in patients after proximal 
femoral nail anti-rotation (PFNA). Methods: From February 2017 to February 2021, we included elderly patients with 
intertrochanteric fractures who underwent PFNA. The predictive ability and cut-off value of neutrophil/lymphocyte 
ratio (NLR) for POD were evaluated using receiver operating characteristic (ROC) curve. Univariate and multivariate 
analyses were used to investigate the association between NLR and POD. Results: We enrolled 315 patients. The 
ROC curve suggested that NLR ≥ 4.85 was the optimal cut-off value for POD. The POD and non-POD groups differed 
significantly in age, diabetes, time from injury to operation, preoperative albumin level, neutrophil count, and NLR 
(P < 0.05). Logistic regression indicated that NLR ≥ 4.85 (odds ratio [OR] = 3.491; 95% confidence interval [CI]: 
1.731-5.982; P < 0.001), old age (OR = 1.921; 95% CI: 1.267-4.125; P < 0.001), time from injury to operation ≥ 
48 h (OR = 1.733; 95% CI: 1.212-3.542; P = 0.007), and preoperative albumin level ≤ 35 g/L (OR = 2.274; 95% 
CI: 1.662-4.846; P = 0.001) increased the risk of POD. Conclusion: Old age, time from injury to operation ≥ 48 h, 
preoperative albumin level ≤ 35 g/L, and NLR ≥ 4.85 were independent risk factors for POD. Thus, NLR may predict 
POD in elderly patients with intertrochanteric femur fractures after PFNA.
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Introduction

Currently, most countries are experiencing pop-
ulation aging. Due to muscle atrophy, decreas- 
ed motor coordination ability, and sometimes 
osteoporosis, the elderly people are prone to 
hip fractures after falls, particularly intertro-
chanteric femur fractures [1]. Proximal femoral 
nail anti-rotation (PFNA) is the most widely used 
internal fixation method to treat intertrochan-
teric fracture. It has the advantages of mild 
trauma, early fracture healing, and rapid func-
tional recovery [2]. However, due to the influ-
ence of many factors, the incidence of com- 
plications after hip surgery, particularly pos- 
toperative delirium (POD), is high [3]. The mor-
bidity of POD in patients with hip fracture is 
12%-51% [4].

Delirium is an acute reversible change in men-
tal state. Its clinical manifestations include  
concentration disorder, cognitive impairment, 
memory loss, and consciousness disorders [5, 
6]. POD can also increase the incidence of 
other serious diseases postoperatively [7], 
delay treatment, increase the financial burden, 
and even cause secondary damage. Severe 
cases can lead to dementia, which reduces 
patients’ self-care ability and increases mortal-
ity [9].

Although the pathophysiologic mechanisms of 
delirium are currently unknown, some previous 
studies have suggested a possible association 
with inflammation and oxidative stress [10]. In 
recent years, the neutrophil/lymphocyte ratio 
(NLR), an inflammatory marker, has attracted 
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attention owing to its simple clinical accessibil-
ity and low economic burden [11]. NLR shows 
good inflammation-related predictive ability in 
diseases such as coronary heart disease and 
diabetes [12]. It can predict POD in abdominal, 
cardiac, total hip arthroplasty (THA), and other 
surgeries [13-17] but has not been applied in 
elderly patients with intertrochanteric fractures 
who have a high prevalence of POD after inter-
nal fixation. Therefore, the aim of this study was 
to analyze the risk factors, including NLR, for 
POD in the elderly patients with intertrochan-
teric fracture after PFNA.

Materials and methods

Patients

We performed a retrospective analysis of the 
clinical data of the elderly patients with inter-
trochanteric fractures admitted to the Depart- 
ment of Traumatology and Orthopaedics of  
the Xi’an Honghui Hospital from February 2017 
to February 2021. The study protocol was 
approved by the ethics committee of the hos- 
pital (202211018). All procedures were per-
formed in accordance with relevant guidelines 
and regulations.

Inclusion criteria: (1) age ≥ 60 years; (2) clini-
cally and radiographically confirmed intertro-
chanteric fractures; (3) time from injury to oper-
ation ≤ 1 week; (4) PFNA internal fixation. 

Exclusion criteria: (1) open fracture or fracture 
with pathologic factors; (2) a history of brain 
surgery; (3) previous hip injury; (4) severe nerve 
or vascular injury; (5) current taking of seda-
tives or antidepressants; (6) preoperative delir-
ium or in-hospital death.

Data collection

Data collected were: (1) general information, 
including age, gender, body mass index (BMI), 
smoking status, hypertension, coronary heart 
disease, stroke, visual analog scale (VAS) score, 
American Society of Anesthesiologists (ASA) 
grade, and postoperative analgesic pump use; 
(2) surgery-related indicators, including dura-
tions of operation and anesthesia, mode of 
anesthesia, and intraoperative blood loss vol-
ume; (3) laboratory data, including preopera-
tive albumin level, C-reactive protein (CRP) 
level, erythrocyte sedimentation rate (ESR), 

neutrophil count, lymphocyte count, and neu-
trophilto/lymphocyte ratio (NLR). 

Delirium diagnosis 

Delirium was assessed according to the Dia- 
gnostic and Statistical Manual of Mental 
Disorders [18] and the Confusion Assessment 
Method (CAM) [19]. CAM includes four con-
tents: 1) acute change in the fluctuation of 
mental state; 2) lack of concentration; 3) con-
fused thinking; and 4) changes in the level of 
consciousness. A nurse assessed all patients 
using CAM daily in a 20-min interview with the 
patient and by obtaining relevant information 
from the family and hospital records, starting 
from postoperative day 1 until hospital dis- 
charge.

Statistical analysis

Clinical information was statistically analyzed 
using SPSS 22.0 software. Measured data are 
expressed as mean ± SD. The independent-
samples t-test or Mann-Whitney U test was 
used for measurement data. Counted data are 
expressed as number (%). The chi-square test 
was used for counted data. The receiver oper-
ating characteristic (ROC) curve was utilized for 
defining the best NLR for POD. After univariate 
analysis of all variables, potential risk factors 
with P < 0.10 among them subjected to a mul- 
tivariate logistic regression analysis. A p-value 
< 0.05 was set to indicate statistical signi- 
ficance.

Results

Baseline data of the study subjects

Based on the inclusion and exclusion criteria, a 
total of 315 elderly patients with intertrochan-
teric fracture treated with PFNA were enrolled. 
The participants included 173 (54.92%) men 
and 242 (45.08%) women, with a mean age 
74.31±6.75 (60-97) years. The average opera-
tion time was 82.92 min. POD occurred in 62 
(19.68%) participants. We compared baseline 
data of the patients with and without delirium. 
The age, diabetes, time from injury to opera-
tion, preoperative albumin level, neutrophil 
count, and NLR value differed significantly 
between the POD and non-POD groups (all P < 
0.05). The gender, BMI, smoking status, hyper-
tension, coronary heart disease, stroke, preop-
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Table 1. Comparison of baseline data between patients with POD and non-POD groups (χ ± s) [n (%)]

Variable POD group  
(n = 62)

No POD group  
(n = 253) OR (95% CI) p value

Age (year) 76.51±7.22 72.34±6.28 1.982 (1.171-4.532) < 0.001
Gender (male) 38 (61.29) 135 (53.36) 0.943 (0.372-2.216) 0.261
BMI ≥ 24 33 (53.23) 112 (44.27) 1.433 (0.821-2.501) 0.278
Smoking 21 (33.87) 92 (36.36) 0.652 (0.143-1.161) 0.149
Hypertension 45 (72.58) 172 (67.98) 0.802 (0.433-1.487) 0.542
Diabetes 35 (56.45) 104 (41.11) 1.657 (1.060-3.255) 0.029
Coronary heart disease 16 (25.81) 46 (18.18) 1.412 (0.739-2.699) 0.301
Stroke 17 (27.42) 59 (23.32) 1.242 (0.662-2.331) 0.510
Time from injury to operation ≥ 48 h 33 (53.23) 79 (31.23) 1.706 (1.224-4.411) 0.002
Preoperative VAS score 7.82±2.05 7.23±1.67 1.102 (0.202-2.146) 0.293
Duration of operation (min) 85.12±17.62 80.43±16.76 1.502 (0.231-2.284) 0.068
ASA physical status (ASA ≥ 3) 26 (41.94) 76 (30.04) 1.682 (0.959-2.979) 0.073
Duration of anesthesia (min) 107.32±18.53 103.51±17.24 1.136 (0.725-3.721) 0.126
Mode of anesthesia 1.614 (0.431-3.455) 0.094
    Intraspinal anesthesia 14 87 - -
    General anesthesia 48 166 - -
Intraoperative blood loss (ml) 79.23±17.65 75.62±16.32 0.536 (0.124-2.103) 0.126
Postoperative analgesic pump 37 (59.68) 174 (68.78) 0.687 (0.241-1.675) 0.178
Preoperative albumin level ≤ 35 g/L 36 (58.06) 86 (33.99) 2.112 (1.524-5.213) < 0.001
CRP (mg/L) 8.72±3.46 8.13±2.92 0.882 (0.451-2.736) 0.171
ESR (mm/h) 15.4±9.3 14.5±8.7 0.575 (0.271-1.985) 0.565
Neutrophil count (×109/L) 6.41±3.24 5.34±2.98 1.646 (0.622-2.861) 0.013
Lymphocyte count (×109/L) 1.21±0.29 1.24±0.31 0.691 (0.297-1.753) 0.512
NLR value 5.41±1.62 4.22±1.13 2.542 (1.663-4.241) < 0.001
NLR ≥ 4.85 43 (69.35) 106 (41.9) 3.139 (1.785-5.364) < 0.001
P values were calculated by Chi-square test, Fisher exact test, Mann Whitney U-test or t-test. POD, Postoperative Delirium; BMI, 
Body Mass Index; VAS, Visual Analogue Scale; ASA, American Society of Anesthesiologists; CRP, C-Reactive Protein; ESR, Eryth-
rocyte Sedimentation Rate; NLR, Neutrophilto/Lymphocyte Ratio. Bold indicates P-values less than 0.05.

erative VAS score, duration of operation, ASA 
physical status, duration and mode of anes 
thesia, intraoperative blood loss volume, use of 
postoperative analgesic pump, CRP, ESR, and 
lymphocyte count did not differ significantly 
between the two groups (all P > 0.05; Table 1). 

Predictive power of NLR

ROC curve analysis showed that NLR had a sat-
isfactory predictive power for POD with an area 
under the curve (AUC) of 0.827 (95% confi-
dence interval [CI]: 0.736-0.917, P < 0.001). 
The optimal cut-off value of NLR was calculat- 
ed using the Jorden index method as 4.85. The 
corresponding sensitivity was 81.12%, and  
the specificity was 78.21%. The proportion of 
patients with delirium with NLR ≥ 4.85 was sig-
nificantly higher than that of patients without 

delirium (43 [69.35%] vs. 106 [41.9%], P < 
0.001; Figure 1).

Univariate and multivariate logistic regression 
analyses of risk factors for POD 

Univariate logistic regression indicated that 
older age, diabetes, time from injury to opera-
tion ≥ 48 h, preoperative albumin level ≤ 35 
g/L, neutrophil count, and NLR value were pre-
dictors of POD (P < 0.05). Subsequently, ten 
potential risk factors (P < 0.1) according to uni-
variate analysis were entered into the multivari-
ate logistic regression model, and two of the 
variables, NLR and NLR ≥ 4.85, were included 
in models 1 and model 2, respectively. Model 1 
(adjusted for NLR value, age, diabetes, time 
from injury to operation, duration of operation, 
ASA, mode of anesthesia, preoperative albu-
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Table 2. Multivariate analysis of risk factors for postoperative 
delirium (POD) in 315 patients

OR 95% CI p value*
Model 1 (NLR value)
    Age (high vs. low) 1.874 1.171-4.134 < 0.001
    Time from injury to operation ≥ 48 h 1.692 1.152-3.416 0.009
    Preoperative albumin ≤ 35 g/L 2.213 1.524-4.183 0.001
    NLR value (high vs. low) 2.675 1.677-5.042 < 0.001
Model 2 (NLR ≥ 4.85)
    Age (high vs. low) 1.921 1.267-4.125 < 0.001
    Time from injury to operation ≥ 48 h 1.733 1.212-3.542 0.007
    Preoperative albumin level ≤ 35 g/L 2.274 1.662-4.846 0.001
    NLR ≥ 4.85 3.491 1.731-5.982 < 0.001
POD, Postoperative Delirium; ASA, American Society of Anesthesiologists; NLR, 
neutrophilto/Lymphocyte Ratio; OR, Odds Ratio; CI, Confidence Interval; Bold 
indicates P-values less than 0.05. *Multivariable adjusted for age, diabetes, time 
from injury to operation ≥ 48 h, preoperative albumin ≤ 35 g/L, neutrophil count, 
NLR value (NLR ≥ 4.85).

Figure 1. Receiver operating characteristic (ROC) curve analysis for the pre-
dictive power of NLR for POD.

1.692; 95% CI: 1.152-3.416; P 
= 0.009), preoperative albu-
min level ≤ 35 g/L (aOR = 
2.213; 95% CI: 1.524-4.183;  
P = 0.001) were correlated 
with an increased risk of POD; 
model 2 (adjusted for NLR ≥ 
4.85, age, diabetes, time from 
injury to operation, duration of 
operation, ASA, mode of anes-
thesia, preoperative albumin 
level, neutrophil count) show- 
ed that NLR ≥ 4.85 (aOR = 
3.491; 95% CI: 1.731-5.982; P 
< 0.001), advanced age (aOR 
= 1.921; 95% CI: 1.267- 
4.125; P < 0.001), time from 
injury to operation ≥ 48 h (aOR 
= 1.733; 95% CI: 1.212-3.542; 
P = 0.007), and preoperative 
albumin level ≤ 35 g/L (aOR = 
2.274; 95% CI: 1.662-4.846;  
P = 0.001) were correlated 
with an increased risk of POD 
(Table 2). 

Discussion

In this study, 62 of 315 
(19.68%) elderly patients with 
intertrochanteric fractures de- 
veloped delirium postoperati- 
vely, similar to previous stud-
ies [20-22]. The ROC curve 
indicated an AUC of the preop-
erative NLR of 0.827, with the 
optimal cut-off value being 
4.85. The logistic regression 
analysis of clinical indicators 
of the select study participants 
showed that a higher NLR, ad- 
vanced age, time from injury to 
operation ≥ 48 h, and preop-
erative albumin level ≤ 35 g/L 
were independent risk factors 
for POD in patients with inter-
trochanteric fractures. In addi-
tion, patients with NLR ≥ 4.85 
had a 3.5-fold increased risk 

min level, neutrophil count) showed that NLR 
value (adjusted odds ratio [aOR] = 2.675; 95% 
CI: 1.677-5.042; P < 0.001), advanced age 
(aOR = 1.874; 95% CI: 1.171-4.532; P < 0.001), 
time from injury to operation ≥ 48 h (aOR = 

of POD, further indicating the predictive power 
of NLR. POD in the elderly patients with inter-
trochanteric fractures after PFNA can lead to 
prolonged bed rest and hospitalization, postop-
erative feeding difficulties, sleep disorders, and 
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Their results indicated that preoperative hypo-
proteinemia was a significant independent pre-
dictor, consistent with a previous study [28]. 
Albumin performs functions of antioxidation, 
scavenging metabolites, protecting the micro-
circulation, and promoting drug binding and 
transport [29], supporting the results of this 
study. Elderly patients have reduced albumin 
levels, most frequently because of poor dietary 
intake. Further, oxygen free radicals are incre- 
ased in production and cannot be cleared rap-
idly, thereby passing via the blood-brain barrier 
to cause damage to brain the cells. In addition, 
reduced albumin levels weaken the binding 
ability of drugs (such as central nervous system 
side effects drugs) and increase the concentra-
tion of free drugs in the body, which leads to 
delirium. Therefore, for patients with reduced 
albumin levels during elective surgery, etiology 
should be determined and removed and the 
state of hypoalbuminemia should be corrected 
to reduce the occurrence of POD.

The NLR is a composite inflammatory index 
integrating the information of neutrophil and 
lymphocyte counts. In recent years, the rela-
tionship between elevated NLR levels and neu-
rocognitive changes has attracted more and 
more attention. The neutrophil count is signifi-
cantly increased and the lymphocyte count is 
significantly decreased in patients with schizo-
phrenia, and even an elevated NLR to some 
extent can indicate the activity of the disease 
[30]. In addition, a recent multicenter prospec-
tive study revealed NLR can be utilized as an 
indicator to predict POD after THA in the elderly 
patients [17]. However, THA is generally used to 
treat elderly patients with femoral neck frac-
tures, which causes more trauma and blood 
loss. Most elderly patients with intertrochan-
teric fractures undergo relatively minimally 
invasive PFNA internal fixation, and the associ-
ation between POD and NLR is unknown. This 
study indicated that a higher preoperative NLR 
value was an independent risk factor for POD in 
elderly patients with intertrochanteric fractures 
after PFNA, and the NLR was higher in the POD 
group (P < 0.05). The AUC, optimal cut-off value, 
sensitivity, and specificity of preoperative NLR 
for predicting POD were 0.827, 4.85, 81.12% 
and 78.21%, respectively. Furthermore, pa- 
tients with NLR ≥ 4.85 had an approximately 
3.5-fold increased risk of POD. These results 
suggest that NLR can also be a good biologic 

delayed postoperative rehabilitation, which in 
turn increases the risk of complications, such 
as decubitus ulcers, deep vein thrombosis, and 
pulmonary infections, Moreover, delayed post-
operative rehabilitation also affects the long-
term outcome of patients after hospital dis-
charge [23]. Therefore, prevention of delirium- 
related risk factors may help to reduce the  
incidence of postoperative complications and 
improve outcome in patients with intertrochan-
teric fractures. 

The results of this study suggest that age is an 
independent risk factor for POD, consistent 
with by Wang et al.’s study [24] involving 200 
orthopedic patients over 65 years of age who 
developed POD. The risk of POD might be medi-
ated by a progressively degenerating body and 
brain, such as diminished organ compensatory 
capacity, the weakening of physical fitness, 
decreased regulatory capacity, increased sus-
ceptibility to stressors, and abnormal excita- 
tory conduction capacity, manifesting as differ-
ent clinical symptoms and signs of delirium. 
Moreover, with aging, the brain volume decre- 
ases, resulting in a loss of synapses of nerve 
cells, elevated cortisol levels, reduced acetyl-
choline levels, sleep disturbances, and the 
gradual decline in memory and attention, which 
can all cause POD [25].

The elderly patients with intertrochanteric frac-
tures with a short time from injury to operation 
have a relatively short surgery duration and a 
relatively small amount of intraoperative blood 
loss [26]. Early surgical treatment after injury 
positively reinforces the curative effect of inter-
trochanteric fractures in the elderly. The pres-
ent multivariate analysis indicated that the 
time from injury to operation ≥ 48 h was an 
independent risk factor for POD (P < 0.05). 
Patients with intertrochanteric fractures lie in 
bed for prolonged durations preoperatively and 
the pain in the fracture area damages the 
digestive and respiratory systems, which in turn 
lead to brain ischemia, hypoxia, and delirium. 
After early internal fixation, patients are rou-
tinely able to sit up, lie on their side, get out of 
bed, and carry a tolerable weight-bearing on 
the affected limb with protection, reducing bed-
rest-related complications.

Chang et al. [27] retrospectively analyzed the 
risk factors associated with POD in 288 
patients who underwent open heart surgery. 
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index for predicting POD after PFNA in the 
elderly patients with intertrochanteric fracture. 
Inflammatory reaction and oxidative stress are 
linked to the occurrence and development of 
POD [10]. Under stress, the body can release 
peripheral inflammatory factors to damage the 
blood-brain barrier, enter the central nervous 
system to induce the activation of microglia, 
and release inflammatory mediators to cause 
the inflammatory cascade in the central ner-
vous system, which affects the synaptic con-
nection and transmission of neurons, impairs 
learning and memory function, and leads to the 
occurrence of POD [31]. It can simultaneously 
activate the non-specific immune system, re- 
sulting in elevated neutrophil levels and re- 
duced lymphocyte levels [32]. After activation 
of neutrophils, reactive oxygen species and 
peroxidase can be released to destroy the 
blood-brain barrier, while lymphopenia can ca- 
use excessive activation of inflammatory reac-
tion. Further, the synergistic effect of the two 
can further induce delirium [17].

This study has some limitations. First, the study 
was a retrospective case-control retrospective 
study with limited inclusion of indicators and 
sample size, and further prospective studies 
are required to refine the results. Second, we 
did not follow-up the patients after hospital dis-
charge, and the long-term risk of delirium re- 
mains unknown. Third, we assessed only pre-
operative NLR values and not dynamic changes 
in NLR, which may yield an incomplete results.

Conclusion

The results of this study showed that higher 
NLR value, older age, time from injury to opera-
tion ≥ 48 h, and preoperative albumin level ≤ 
35 g/L were independent risk factors of POD. 
NLR can be utilized as a predictor of POD in 
elderly patients with intertrochanteric fractures 
who undergo PFNA.
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