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The risk factors of postop
erative delirium in
general anesthesia patients with hip fracture
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Abstract
Delirium is a common postoperative complication of patients with hip fracture, yet the risk factors for postoperative delirium in patients
with hip fracture remain unclear. We aimed to evaluate the associated risk factors of postoperative delirium in patients with hip
fracture, to provide evidence for formulating coping measures of postoperative delirium prevention and treatment in clinical practice.
Patients undergoing surgery for hip fracture from March 1, 2018 to September 30, 2020 in our hospital were included. The related

characteristics and related lab examination results were reviewed and collected. The univariate and logistic regression analyses were
performed to identify the potential risk factors.
A total of 462 patients were included, the incidence of postoperative delirium in patients with hip fracture was 16.02%. Logistic

regression analyses indicated that history of delirium (OR=4.38, 1.15–9.53), diabetes mellitus (OR=5.31, 1.23–10.75),
hypoalbuminemia (OR=4.97, 1.37–9.86), postoperative hypoxemia (OR=5.67, 2.24–13.42), and body mass index (BMI) (kg/m2)
(OR=3.03, 1.36–6.18) were the independent risk factors for the delirium in patients with hip fracture surgery (all P<0.05). The cutoff
value of postoperative blood sugar, albumin, and BMI for delirium prediction was 8.05 (mmol/L), 32.26 (g/L), and 19.35 (kg/m2),
respectively, and the area under curve of postoperative blood sugar, albumin, and BMI was 0.792, 0.714, and 0.703, respectively.
Those patients with a history of delirium, postoperative hypoxemia, blood glucose ≥8.05mmol/L, albumin �32.26g/L, and BMI

�19.35kg/m2 particularly need the attention of healthcare providers for the prevention of delirium.

Abbreviations: AUC = area under curve, BMI = body mass index, CAM = confusion assessment method, ROC = receiver
operating characteristic.

Keywords: delirium, hip fracture, nursing, prevention, surgery
1. Introduction

Hip fracture is a common type of fracture in elderly patients. With
the growthof the elderlypopulation, it is expected thatby2040, the
number of hip fractures in China will exceed 1 million cases per
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year.[1,2] In general, the incidence of hip fractures increases with
the aging of patients.[3] Some studies[4,5] have found that the
incidence of hip fractures in people older than 85years old is 10 to
15 times that of people aged 60to 65years old. The high incidence
of hip fractures in the elderly and the physiological characteristics
of the elderly make the treatment of hip fractures of the elderly a
major challenge for clinical healthcare providers.
Surgeries are generally performed clinically for the treatment of

the hip fracture. It is been reported that delirium has become the
most important complication of hip fracture surgery due to its high
incidence up to 42.65%.[6] Delirium is a kind of acute conscious-
ness disorder characterizedbya decline in patients’ cognitive ability
and attention deficit. With the improvement of technology related
to hip fracture surgery, the elderly with hip fracture undergoing
surgery treatment is greatly increased, and the incidence of delirium
after surgery may also increase accordingly.[7] Patients with
delirium after surgery during hospitalization are reported to have a
worse prognosis and outcome than those without delirium.[8,9]

Postoperative delirium can exacerbate the condition and increase
the riskof pulmonary infections, electrolyte disturbances, deep vein
thrombosis, and falls, thus prolonging the length of hospital stay,
increasing the cost, and burdens of patients and society.[10,11] It is
been reported that the mortality of patients with delirium after hip
fracture surgery increased by about 3 times comparedwith patients
without delirium in 6months after surgery.[12] Therefore, the
management of delirium after hip fracture surgery is essential to
the prognosis of patients.
The pathogenesis of postoperative delirium in elderly patients

currently includes inflammation, neurotransmitter, and psycho-
social stress theory. However, most of the research only stays on
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theoretical speculation and lacks the support of a large amount of
research evidence.[13] Most scholars[14,15] have reported that
pain stimulation caused by surgical trauma, hypoxemia, and
environmental disturbances in the body is associated with
postoperative delirium. The incidence of delirium in hip fractures
is significantly higher than that of other surgical patients.[12,16]

Currently, the factors of delirium in patients after hip fracture
surgery remain unclear, more studies are needed to further
elucidate the potentially related factors. Therefore, we aimed to
conduct this retrospective study to identify the risk factors of
delirium in patients after hip fracture surgery, to provide insights
into the development of measures targeted on those risk factors to
reduce postoperative delirium in patients with hip fracture.

2. Methods

2.1. Ethical considerations

This present study was approved by the medical ethics committee
of our hospital (No. 1800233-7), and the written informed
consent had been obtained from all included patients.

2.2. Patients

Our study was a retrospective study design. We retrospectively
selected the patients receiving surgery for hip fracture from
March 1, 2018 to September 30, 2020 as the study population.
The patients were included if they met the following inclusion
criteria: (1) patient was older than 18years and had a hip
fracture; (2) no drugs taken that could significantly affect
mental activity within a month, including antipsychotic drugs,
antiepileptic drugs, and sedative and sleeping pills; (3) no
mental disorder and cognitive impairment before the operation;
and (4) patient was willing to participate in this study and
signed the written informed consent. The patients were
excluded if they met the following exclusion criteria: (1) the
patients did not receive surgical treatment; (2) patients with
femoral neck or intertrochanteric fractures caused by tumors;
(3) patients with a history of psychotropic substance abuse
(such as benzodiazepines); (4) patients who could not
communicate face to face; and (5) patients who were unwilling
to participate in this study.
2.3. The diagnostic criteria for delirium

The diagnostic criteria for delirium referred to the standards
developed and recommended by the American Psychiatric
Association’s Diagnostic and Statistical Manual of Psychiatry,
and the confusion assessment method (CAM)[17] was adopted as
a diagnostic tool in this present study. It has the following main
items: (1) acute onset and fluctuating course; (2) inattention; (3)
incoherent thinking; and (4) change in consciousness. Having the
symptoms of both (1) and (2) or 1 of (3) and (4) could make the
diagnose of delirium. All evaluation processes were conducted by
researchers and psychiatrically trained nursing staff, the nurses in
our department had been trained in the proper usage of the CAM
scale. We checked the patients for delirium every 6hours patients
for delirium until they were discharged from the hospital.
Following nursing, bundles had been routinely used to prevent
delirium, including early correction of dehydration and electro-
lyte disorders, and supplementation of nutrients, monitoring of
blood oxygen saturation and oxygen partial pressure, proper
pain control, active participation of family members in the
2

postoperative period, prevention of sleep disturbances, and
overuse of sedatives if necessary.
2.4. Data collections

Following data were collected by 2 authors independently:
patients’ identity, age, body mass index (BMI), concurrent
complications including hypertension, diabetes mellitus, hyperlip-
idemia, history of delirium, type of hip fracture, the related lab
examinations including sugar, albumin level peri-surgery, duration
of surgery, and estimated blood loss during surgery. Each of the 2
mentioned authors collected the data of all consecutive patients
with unified forms, and the data gathered by each author had been
compared to ensure accuracy. For the laboratorydatawe collected,
we chose the detected items that presented in all patients to reduce
the potential biases related to the missing data of variables.
2.5. Statistical analysis

The data analyses of this study were performed with SPSS 23.0
statistical software. According to whether patients had postop-
erative delirium, they were divided into delirium group and non-
delirium group. The characteristics of patients between the 2
groups were analyzed and compared. Continuous variables were
tested by t test, and categorical variables were tested by x2 test.
Multivariate logistic regression analysis was conducted to screen
out the independent risk factors. According to the univariate
analysis, the independent variables with statistical differences
were further taken into the logistic regression model for
multivariate analysis. Besides, the curve on the receiver operating
characteristics (ROC) was made on the related lab test results,
and the area under curve (AUC) was calculated for the analysis of
diagnosis value. In this study, P<0.05 was considered statisti-
cally significant.

3. Results

3.1. The characteristics of included participant

A total of 462 postoperative patients with hip fracture were
included, of whom 74 patients had the attack of delirium, the
incidence of delirium in patientswith hip fracture after surgerywas
16.02%. As presented in Table 1, there were no statistical
differences in the gender, age, hypertension, hyperlipidemia,
anemia, cognitive dysfunction, type of fracture, duration of
surgery, and estimated blood loss during surgery between the
delirium and non-delirium patients (all P>0.05), but there were
statistical differences in the BMI, cases of diabetes mellitus, history
of delirium, hypoalbuminemia, and postoperative hypoxemia
between delirium and non-delirium patients (all P<0.05).
3.2. The potential risk analysis

We included BMI, diabetes mellitus, history of delirium,
hypoalbuminemia, and postoperative hypoxemia into further
logistic regression analyses to identify the potential risk factors.
As Table 2 showed, logistic regression analyses indicated that the
history of delirium (OR=4.38, 1.15–9.53), diabetes mellitus
(OR=5.31, 1.23–10.75), hypoalbuminemia (OR=4.97, 1.37–
9.86), postoperative hypoxemia (OR=5.67, 2.24–13.42), and
BMI (kg/m2) (OR=3.03, 1.36–6.18) were the independent risk
factors for the postoperative delirium in patients with hip fracture
(all P<0.05).



Table 1

The characteristics of included participants among 2 groups.

Variables Delirium group (n=74) No-delirium group (n=388) x2/t P

Male/female 23/41 114/274 1.108 0.093
Age (yrs) 67.9±3.95 67.4±2.57 12.252 0.179
BMI (kg/m2) 20.6±3.04 22.2±2.99 4.817 0.035
Hypertension 53 (71.62%) 280 (72.16%) 2.204 0.118
Diabetes mellitus 46 (62.16%) 75 (19.33%) 1.280 0.007
Hyperlipidemia 14 (18.92%) 71 (18.30%) 1.649 0.142
History of delirium 38 (51.35%) 19 (4.90%) 1.104 0.001
Anemia 13 (17.57%) 72 (18.56%) 1.197 0.144
Hypoalbuminemia 20 (27.03%) 44 (11.34%) 1.062 0.016
Cognitive dysfunction 1 (1.35%) 5 (1.29%) 0.977 0.204
Type of fracture 1.285 0.099
Intertrochanteric fracture 36 (48.65%) 192 (49.48%)
Femoral neck fracture 38 (51.35%) 196 (50.52%)

Duration of surgery (min) 127.9±13.95 119.2±12.04 18.184 0.057
Estimated Blood loss during surgery (mL) 285.3±44.28 267.18±40.92 19.106 0.061
Postoperative hypoxemia 35 (47.30%) 13 (3.35%) 1.942 0.035

Table 2

Logistic regression analysis on the risk factors for delirium in patients with hip fracture surgery.

Variables b SE OR 95%CI P Rank

History of delirium 0.89 0.29 4.38 1.15–9.53 0.048 1
Diabetes mellitus 0.92 0.31 5.31 1.23–10.75 0.031 2
Hypoalbuminemia 1.03 0.45 4.97 1.37–9.86 0.042 3
Postoperative hypoxemia 0.99 0.39 5.67 2.24–13.42 0.019 4
BMI (kg/m2) 1.74 0.22 3.03 1.36–6.18 0.046 5

BMI=body mass index.
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3.3. The predictive value of factors for the delirium

The curves of ROC for postoperative blood sugar, albumin, and
BMI were presented in Figure 1. As showed in Table 3, the cutoff
value of postoperative blood sugar, albumin, and BMI for
delirium prediction was 8.05(mmol/L), 32.26 (g/L), and 19.35
(kg/m2), respectively, indicating that postoperative blood sugar
(AUC=0.792, 0.723–0.829), albumin (AUC=0.714, 0.627–
0.797), and BMI (AUC=0.703, 0.664–0.738) had good
predictive value for the postoperative delirium in patients with
hip fracture(all P<0.05).
Figure 1. The curve of ROC for postoperative blood sugar, albumin, and
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4. Discussions

Several previous studies[18,19] have found that elderly hip
fractures are closely associated with a high incidence of delirium.
The incidence of postoperative delirium in elderly patients in
previous studies differs from 15% to 56%.[20–22] The incidence of
delirium in patients with hip fracture after surgery was 16.02%,
which is less than that of previous reports. It may be explained by
the following reasons: Firstly, the sample sizes among studies
have varied greatly. The sample size of 462 patients with hip
fracture surgery is medium and does have certain clinical
BMI. BMI=body mass index, ROC= receiver operating characteristic.
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Table 3

The predictive value of related factors.

Variables Cutoff value AUC 95%CI Sensitivity (%) Specificity (%)

Postoperative blood sugar level 8.05mmol/L 0.792 0.723–0.829 72.43 80.22
Postoperative serum albumin level 32.26g/L 0.714 0.627–0.797 68.02 83.19
BMI 19.35 kg/m2 0.703 0.664–0.738 69.50 80.74

AUC= area under curve, BMI=body mass index.
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implications. Secondly, it may be related to the type of
delirium.[23] The delirium can be divided into hyperactive, active
inhibitory, or mixed type. Among them, the patients with
activity-inhibited delirium are easy to miss clinically because of
their indifferent clinical manifestations. Reports[24,25] have
shown that the rate of missed diagnosis of delirium can be as
high as 64%. Thirdly, the differences in the diagnostic criteria for
delirium may be associated with the different results. The results
of this present study have shown that history of delirium, diabetes
mellitus, hypoalbuminemia, postoperative hypoxemia, and BMI
(kg/m2)�19.35were the independent risk factors for the delirium
in patients with hip fracture surgery, those risks factors should be
included for the evaluation clinically in the treatment of hip
fracture and management of delirium.
Diabetes mellitus has been found closely associated with

delirium after surgery. Feinkohl et al[26] have conducted a meta-
analysis including 14 related literature, and the results have
shown that the incidence of postoperative delirium in elderly
patients with diabetes is significantly higher than that of patients
without diabetes. Ma et al[27] have found that the glucose
metabolism rate of the brain tissue of delirium patients is
significantly reduced, and dexmedetomidine can reduce the
incidence of postoperative delirium. Therefore, it can be inferred
that postoperative delirium may be related to the disorder of
sugar and nervous metabolism. Diabetes is a common disease in
elderly patients.[28] The results of this study suggest that the
awareness and importance of diabetes should be improved, and
the impact of poor blood glucose control on postoperative
complications should be fully considered during the perioperative
period.[29] Strict monitoring and control of blood glucose are
needed for postoperative patients.
Elderly patients with hip fractures have a high incidence of

postoperative complications, which seriously endanger their
lives. Previous studies[30–32] have found that about 3-quarters of
hip fracture-related deaths were caused by subsequent postoper-
ative complications. The incidence of delirium in patients
undergone surgery is greatly increased. The main reason is that
the delirium state is under stress, and the irritability affects the
patient’s eating, activity, and cardiopulmonary functions. And
elderly patients often suffer from malnutrition.[33] It is reported
that about 20% of patients with hip fractures suffer from
malnutrition.[34] Due to the weakened function of the various
organs of the elderly patients, bed rest after fractures affects
gastrointestinal function and slows digestion. There are many
manifestations of malnutrition, such as drowsiness, fatigue,
anemia, etc. The most clinically significant is hypoalbuminemia.
After the operation, the patient’s albumin will be reduced to
varying degrees.[35] Postoperative hypoalbuminemia is a risk
factor for postoperative delirium in elderly patients with hip
fractures. It may be explained that with hypoalbuminemia the
wound healing is poor, patients may stay in bed for a long
time.[36] And hypoalbuminemia can aggravate the symptoms of
the nervous system, thereby increasing the risk of delirium.[37]
4

This study also has found that BMI �19.35kg/m2 is a risk
factor for delirium after orthopedic surgery in the elderly. BMI is
often used as a measure of body fat level and health index.[18] In
recent years, studies[29,38,39] have shown that BMI may be a risk
factor for postoperative delirium. Among the elderly patients
who need long-term care of their families, those who are lean and
have low body weight are more likely to have the attack of
delirium.[40] The previous study[41,42] has concluded that low
BMI is 1 of the risk factors for delirium after orthopedic hip
surgery, which is consistent with our findings. However, the
potential mechanisms remain unclear, more studies are needed to
confirm the mechanisms associated with the relationship of BMI
and delirium.
This present study was a retrospective design and could not

avoid its limitations. Firstly, we retrospectively selected the
patients receiving surgery for hip fracture fromMarch 1, 2018 to
September 30, 2020 as the study populations, and we did not
calculate the sample size needed to powerful enough to detect the
differences between 2 groups. And the previous comorbidities,
imaging records were not detailed, thus some information was
lacking. Secondly, this study did not include comprehensive risk
factors for the perioperative period, the information such as the
education level, marriage and childbirth, alcohol abuse history,
etc. could not be included. Finally, this study used CAM for the
diagnosis of delirium. There are other clinical delirium evaluation
scales, there may be some deviations in the results with different
delirium scales. Therefore, the causes and risk factors of delirium
after hip fracture need further exploration.
5. Conclusions

In conclusion, history of delirium, diabetes mellitus, hypoalbu-
minemia, postoperative hypoxemia, and low BMI are the risk
factors for delirium in patients after hip fracture surgery, and
those patients with postoperative blood sugar ≥8.05mmol/L,
albumin �32.26g/L and BMI �19.35kg/m2 particularly require
the attention from the healthcare providers for the prophylaxis of
delirium. The control of blood sugar and timely treatment of
hypoalbuminemia and hypoxemiamay be beneficial to reduce the
incidence of postoperative delirium, thereby improving the
prognosis of patients with hip fractures.
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