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Abstract 

Background Because of their poor physical state, elderly hip fracture patients commonly require prolonged hospital-
ization, resulting in a drop in bed circulation rate and an increased financial burden. There are currently few predictive 
models for delayed hospital discharge for hip fractures. This research aimed to develop the optimal model for delayed 
hospital discharge for hip fractures in order to support clinical decision-making.

Methods This case-control research consisted of 1259 patients who were continuously hospitalized in the orthope-
dic unit of an acute hospital in Tianjin due to a fragility hip fracture between January and December 2021. Delayed 
discharge was defined as a hospital stay of more than 11 days. The prediction model was constructed through the use 
of a Cox proportional hazards regression model. Furthermore, the constructed prediction model was transformed into 
a nomogram. The model’s performance was assessed using the area under the receiver operating characteristic curve 
(AUC), calibration curves and decision curve analysis (DCA). the STROBE checklist was used as the reporting guideline.

Results The risk prediction model developed contained the Charlson Comorbidity Index (CCI), preoperative waiting 
time, anemia, hypoalbuminemia, and lower limbs arteriosclerosis. The AUC for the risk of delayed discharge was in the 
training set was 0.820 (95% CI,0.79 ~ 0.85) and 0.817 in the testing sets. The calibration revealed that the forecasted 
cumulative risk and observed probability of delayed discharge were quite similar. Using the risk prediction model, a 
higher net benefit was observed than when considered all patients were at high risk, demonstrating good clinical 
usefulness.

Conclusion Our prediction models could support policymakers in developing strategies for the optimal manage-
ment of hip fracture patients, with a particular emphasis on individuals at high risk of prolonged LOS.

Keywords Delayed discharge, Hip fracture, Risk factor, Nomogram

Background
Of all the fractures in the elderly, hip fracture is the 
most serious type. Due to the characteristics of poor 
prognosis, multiple complications, and high mortality, 
hip fracture, in the elderly, is regarded as “the last frac-
ture in life“ [1]. With the increase of age, the elderly suf-
fer from the decline of body function, coordination, and 
response-ability, as well as muscle strength around the 
hip joint, and meanwhile, the calcium loss in the body 
is serious, and the bone mineral density decreases. The 
fracture occurs when the hip joint is slightly impacted by 
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an external force. In recent years, with the acceleration 
of population aging, the increase of the elderly accord-
ingly lead to the increase of people with hip fractures 
year by year. In accordance with statistics, the number 
of hip fractures worldwide is expected to reach 4.5 mil-
lion in 2050 ( it was 1.26 million in 1990), with about half 
in Asia, especially in China [2]. Hip fractures account 
for only 14% of all osteoporotic fractures, but require 
72% of the total cost, and are expected to cost more than 
$18.2  billion in the United States by 2025 [3]. For the 
patients with hip fracture, they tend to require a longer 
recovery and rehabilitation time, and the extension of the 
length of stay (LOS) may increase the incidence of long-
term bedridden complications, which directly results in 
high medical costs, including both the individual and 
social medical costs [4]. Given limited medical resources 
and the growing elderly population, early discharge of 
patients with hip fractures is of particular significance. 
Therefore, the prediction of delayed discharge should be 
investigated, but no relevant assessment tools have been 
found. Factors reported to influence the length of hos-
pital stay for hip fractures in older adults include osteo-
arthritis, women, severe postoperative pain, history of 
stroke, cognitive impairment, comorbidities of depres-
sion, limited postoperative weight bearing, and multiple 
fractures [5]. However, comorbidities, surgical outcomes, 
and place of discharge vary widely from patient to patient 
because of the differences in health care systems in differ-
ent countries [6]. There is a certain degree of uncertainty, 
and the risk of delayed hospitalization cannot be quanti-
fied. Therefore, the independent risk factors related to the 
LOS of patients with hip fracture were obtained through 
logistics regression analysis, and a nomogram model was 
established, so as to better comprehend the factors affect-
ing the LOS of patients with hip fracture, shorten the 
LOS, reduce the cost of hospitalization, and thus make 
more efficient use of medical resources. By scientifically 
and systematically evaluate the probability of prolonged 
hospitalization, the application of the nomogram model 
before operation can more accurately guide clinicians to 
intervene and treat patients in advance and reduce the 
occurrence of delayed discharge.

Methods
Study population
In total, 1305 patients who underwent treatment for hip 
fracture between January 2021 and December 2021 were 
enrolled, and the ethics committee approved the trial at 
our hospital. The inclusion criteria were as follows: (1) 
patients 65 years or older. (2) patients undergoing artifi-
cial joint replacement or intramedullary nail fixation for 
hip fracture. The exclusion criteria were as follows: (1) 
Patients who leave hospital quickly due to non-disease 

reasons,(2) Pathological fracture, (3) Death in hospital. 
Of these, 46 patients were excluded: 15 were operated 
with unknown type, and 31 left the hospital voluntarily.

Ultimately, 1259 patients were included in the study, 
and they were randomly divided into a training set (70%) 
and a testing set (30%). Patients in the training set were 
used to develop the nomogram model, whereas patients 
in the testing set were used to validate the resulting 
nomogram.

Data collection
In this study, the factors influencing the delay of dis-
charge were collected through the electronic medical 
record system. All factors were included Gender, age, 
hospitalization time, preoperative waiting time, opera-
tion type, injury type, fracture type, CCI, multiple injury, 
hypertension, coronary artery disease, diabetes, cerebro-
vascular disease, hemiplegia, myocardial infarction, heart 
failure, arrhythmia, chronic lung disease, connective tis-
sue disease, renal insufficiency, liver insufficiency, ane-
mia, hypoproteinemia, electrolyte disorder, malignant 
tumor, Alzheimer’s disease, Parkinson’s disease, arte-
riosclerosis of lower limbs, second fracture, delirium, 
digestive tract ulcer .the types of fracture and complica-
tions were diagnosed by bone physicians according to 
the results of imaging examination or laboratory exami-
nation after consultation. The hospitalization time is 
defined as the time from the day of hospitalization to the 
day before discharge. The 75th percentile of the patient’s 
hospitalization time is used as the boundary value for 
the extension of hospitalization time. the patients who 
stayed in hospital for more than 11 days were included 
in the delayed discharge group, while other patients were 
included in the normal group. If there is a missing value 
in the patient data, take the mean value of this variable to 
replace it. In addition, two team members complete the 
work of code entry, database establishment and statisti-
cal analysis, etc. If there are differences, a third party will 
solve them to ensure the accuracy of the data.

Statistical analysis
Data were analyzed using the SPSS 22 software for Win-
dows (IBM Corp., Armonk, NY, USA). First, the risk 
factors that may affect LOS were classified. Student’s t 
test or the Mann-Whitney U test was used to perform 
delayed discharge and non-delayed discharge group com-
parisons for quantitative variables. Categorical variables 
were compared using the chisquare or Fisher’s exact test. 
Second, all the training set factors were included in the 
univariate and multivariate logistic regression analyses 
to exclude unrelated risk factors. The independent risk 
factors obtained based on the multivariate regression 
method were used to construct a nomogram model with 
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the “rms” package of R software (version 3.6.1). Finally, 
AUC, calibration curve, and DCA were used to evaluate 
the predictive ability and performance of the risk model. 
The AUC enables evaluation of the predictive accuracy 
and discriminative ability of nomograms. The AUC val-
ues ranged from 0.5 to 1.0, with low accuracy (< 0.5), 
moderate accuracy (0.5–0.7), high accuracy (0.7–0.9), 
and extreme accuracy (> 0.9). A calibration curve was 
used to compare the actual risk and predicted risk. The 
clinical usefulness of the nomogram was estimated by 
DCA based on the net benefit and threshold probabili-
ties. Statistical tests used p < 0.05 as a significance level.

Results
The study population comprised 1259 injured patients, 
with 881 patients in the training set and 378 patients in 
the testing set. There were 876 females (69.6%), and the 
average age was 76.88 years(SD: 7.26). The median LOS 
was 8 (6–11) days and the incidence of delayed discharge 
was 27.3%.In the training set, the delayed discharge 
group was compared with the non-delayed discharge 
group, and the results showed that preoperative waiting 
time, CCI, multiple injuries, coronary artery disease, cer-
ebrovascular disease, hemiplegia, myocardial infarction, 
heart failure, arrhythmia, chronic lung disease, anemia, 
hypoproteinemia, electrolyte disorder, Arteriosclerosis 
of lower limbs, second fracture, delirium were correlated 
with delayed discharge. (Table  1). Risk factors (Preop-
erative waiting time, CCI, anemia, hypoproteinemia, 
Arteriosclerosis of lower limbs) for prolonged LOS were 
obtained by multivariate regression in the training set 
(Table  2). A new nomogram was constructed to evalu-
ate the delayed discharge probability after hip fracture 
(Fig. 1). To apply the nomogram model, the scores of dif-
ferent variables are first obtained on the vertical line on 
the nomogram. Then, the scores of all variables are added 
to obtain the total score, which finally allows determina-
tion of the corresponding predicted risk value by con-
necting the prediction line to the total score line at the 
bottom of the nomogram.

The accuracy of the nomogram model was estimated 
by internal validation in the training set and testing sets. 
This model’s c-index was 0.820, which indicated that 
the model was predictive with high accuracy. Further-
more, the ROC curve was constructed, and the AUC 
was calculated for both the training and testing sets. The 
AUC was 0.820(95% CI,0.793 ~ 0.847), in the training 
set (Fig.  2a) and 0.817 in the testing set (Fig.  2b), illus-
trating that the model had high discrimination. In the 
calibration chart (Fig.  3), the calibration curve almost 
coincides with the reference line in the training set 
and in the testing set, demonstrating good consistency 
between the model’s actually observed probability and 

the predicted probability. The DCA curves of the nomo-
gram were shown in Fig. 4. The net benefit of using nom-
ogram to predict delayed discharge in elderly patients 
with hip fracture is high when the threshold probabil-
ity was between 0% and 92% in the training set (Fig. 4a) 
or between 2% and 93% in the validation set (Fig.  4b). 
Therefore, the nomogram had good clinical utility for 
predicting delayed discharge in elderly patients with hip 
fracture.

Discussion
With the increasing aging of the population, the number 
of elderly patients with hip fracture increases accord-
ingly, posing a tough challenge to health departments 
and orthopedic trauma surgeons. Although the surgical 
methods for hip fracture in elderly patients have been 
relatively mature, the delayed discharge of hip fracture 
patients still occurs frequently due to more complica-
tions and poor functional status after fracture in elderly 
patients. The median LOS of elderly patients with hip 
fracture in the present study was 10.8 days. Chen’s [7] 
studies have shown that patients with hip fractures have 
an median LOS of 12 days, indicating that discharge 
delays still occur in most Chinese hospitals. And stud-
ies have found that hospital stays for elderly patients 
with hip fractures can be reduced to four to eight days 
within the USA [8–10]. The differences in LOS of hip 
fracture patients at home and abroad may be related to 
the differences in discharge residence and health care 
system. It should be noted that the definition of LOS var-
ies from study to study. In some studies reported, the 
length of hospital stay includes the acute nursing period 
and the early rehabilitation period. While in others, the 
length of hospital stay is defined as the acute period of 
admission, after which patients enter nursing institu-
tions or rehabilitation institutions [11]. In addition, dis-
charge patterns differ between hospitals and geographic 
regions. Most patients from private homes abroad are 
not discharged directly from acute wards to home, but 
are released to rehabilitation units [12]. In Australia and 
New Zealand, major trauma centers and most rehabilita-
tion units are located in major cities. Tayhla Ryder et al. 
[13] found that for patients living in geriatric care insti-
tutions prior to admission, 70.8% were discharged from 
acute wards to geriatric care institutions and 21.2% to 
rehabilitation units; for patients who lived in private 
homes before admission, 65.8% were transferred to reha-
bilitation units and 18.7% went straight home. In China, 
due to the lack of rehabilitation units and the poor state 
of national economy, patients are most likely to be dis-
charged directly to their private homes, with just a small 
number of wealthy patients admitted to nursing homes. 
Therefore, most patients in China can only complete 
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Table 1 Demographic characteristics in the training set

Characteristics Delayed discharge (n = 137) Non-delayed discharge 
(n = 734)

t/z/χ2 P value

Age n (%) 5.657 0.059

 65–80 134(56.5) 418(64.9)

 81–90 89(37.6) 201(31.2)

 > 90 14(5.9) 25(3.9)

Preoperative waiting time n (%) 117.207  < 0.001

 ≤ 48 h 18(7.6) 304(47.2)

 > 48 h 219(92.4) 430(52.8)

Gender n (%) 0.895 0.344

 Female 168 (70.9) 435 (67.5)

 Male 69 (29.1) 209 (32.5)

Type of operation n (%) 0.207 0.649

 Hip arthroplasty 131(55.3) 367(57.0)

 internal fixation 106(44.7) 277(43.0)

 Injury types n (%) 1.561 0.212

 Low-energy injury 225 (94.9) 623 (96.7)

 High-energy injury 12 (5.1) 21 (3.3)

 Fracture types n (%) 4.484 0.106

 Femoral neck fracture 134 (56.5) 395 (61.3)

 Intertrochanteric fracture 99 (41.8) 246 (38.2)

 Subtrochanteric fracture 4 (1.7) 3 (0.5)

CCI n (%) 82.579  < 0.001

 ≤ 3 170(71.7) 606(94.1)

 > 4 67(28.3) 38(5.9)

Multiple trauma n (%) 7.596  < 0.001

 No 197(83.1) 579(89.9)

 Yes 40(16.9) 65(10.1)

Hypertension n (%) 1.920 0.166

 No 102(43.0) 311(48.3)

 Yes 135(57.0) 333(57.1)

Coronary artery disease n (%) 36.829  < 0.001

 No 141(59.5) 513(79.7)

 Yes 96(40.5) 131(20.3)

Diabetes n (%) 2.419 0.120

 No 158(66.7) 464(72.0)

 Yes 79(33.3) 180(28.0)

Cerebral vascular disease n (%) 14.561  < 0.001

 No 200(84.4) 598(92.9)

 Yes 37(15.6) 46(7.1)

Hemiplegia n (%) 13.086  < 0.001

 No 192(81.0) 580(90.1)

 Yes 45(19.0) 64(9.9)

Miocardial infarction n (%) 3.035 0.081

 No 233(98.3) 642(99.7)

 Yes 4(1.7) 2(0.3)

Heart failure n (%) 11.079 0.001

 No 223(94.1) 633(98.3)

 Yes 14(5.9) 11(1.7)

Arrhythmia n (%) 6.847 0.009

 No 203(85.7) 590(91.6)
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follow-up rehabilitation in the hospital, resulting in pro-
longed hospital stay. In addition, for rural patients, after 
they return to private homes, they cannot get effective 
home rehabilitation services to exercise their body func-
tion, leading to a poor prognosis. As in rural hospitals, 
there are fewer rehabilitation beds, and rehabilitation 
services are dominated by a large proportion of health 

workers who are not rehabilitation doctors. The literature 
shows that long-term hospitalization can lead to adverse 
health outcomes in patients later in life [14, 15]. Addi-
tionally, the prolonged LOS of patients decreases the 
utilization rate of hospital beds and causes the waste of 
medical resources [16]. Therefore, the author constructed 
a predictive model based on logistic regression and 

Table 1 (continued)

Characteristics Delayed discharge (n = 137) Non-delayed discharge 
(n = 734)

t/z/χ2 P value

 Yes 34(14.3) 54(8.4)

Chronic lung disease n (%) 26.625  < 0.001

 No 206(86.9) 619(96.1)

 Yes 31(13.1) 25(3.9)

Connective tissue disease n (%) 2.095 0.148

 No 230(97.0) 636(98.8)

 Yes 7(3.0) 8(1.2)

Renal insufficiency n (%) 2.283 0.131

 No 229(96.6) 633(98.3)

 Yes 8(3.4) 11(1.7)

Liver insufficiency n (%) 2.217 0.136

 No 231(97.5) 638(99.1)

 Yes 6(2.5) 6(0.9)

Anemia n (%) 114.275  < 0.001

 No 150(63.3) 596(92.5)

 Yes 87(36.7) 48(7.5)

Hypoproteinemia n (%) 115.305  < 0.001

 No 127(53.6) 562(87.3)

 Yes 110(46.4) 82(12.7)

Electrolyte disorder n (%) 93.081  < 0.001

 No 165(69.6) 605(93.9)

 Yes 72(30.4) 39(6.1)

Malignant tumor n (%) 6.520 0.011

 No 12 (6.5) 14 (19.5)

 Yes 108 (113.5) 345 (339.5)

Dementia n (%) 2.283 0.131

 No 229(96.6) 633(98.3)

 Yes 8(3.4) 11(1.7)

Parkinson’s disease n (%) 0.078 0.781

 No 234(98.7) 639(99.2)

 Yes 3(1.3) 5(0.8)

Arteriosclerosis of lower limbs n (%) 66.146  < 0.001

 No 170(71.7) 596(92.5)

 Yes 67(28.3) 48(7.5)

Secondary fracture n (%) 7.190 0.007

 No 231(97.5) 642(99.7)

 Yes 6(2.5) 2(0.3)

Delirium n (%) 12.917  < 0.001

 No 222(93.7) 633(98.3)

 Yes 15(6.3) 11(1.7)
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analyzed the risk factors for prolonged LOS in patients 
with hip fracture, so as to take measures to maximumly 
avoid delayed discharge.

Preoperative waiting time
Preoperative waiting time greater than 48  h is an influ-
encing factor for delayed discharge of hip fracture 
patients. Consistent with the research results of Muhm 
et al. [17], the waiting time before operation has effect on 
the time of hospitalization. With the increase of patients’ 
bed time before operation, the incidence of complications 
will increase, such as periprosthetic infection, pneumo-
nia, urinary tract infection, stroke, myocardial infarction, 
septic shock, etc., and the deterioration of nutritional 
status will also lead to the decline of physical function, 
which will eventually lead to the extension of hospitali-
zation time [18, 19]. Sexson and Lehner et al. [20] found 
that early surgery can relieve pain and improve mobil-
ity, and may reduce the risk of delirium and lung infec-
tion. According to foreign studies, treatment within the 
first 24–72 h of fracture can achieve lower mortality and 
reduce postoperative complications [21]. A consensus 
has been reached that hip fracture patients should be 
operated as soon as possible, preferably within 48 h after 
admission [22]. Therefore, it is of great importance to 
give priority to a quick evaluation of hip fracture patients, 
and delay of operation should be avoided. At present in 
China, the single orthopedic mode for the treatment 
of elderly patients with hip fractures has a long waiting 
time and is of low efficiency, which can no longer meet 
the current clinical requirements. Therefore, it is particu-
larly important to establish a 48-hour green channel and 
geriatric orthopedic ward, and adopt a multidisciplinary 
collaborative diagnosis and treatment mode to stabilize 
the physiological state of patients, avoid delayed surgery 
and reduce perioperative risks. For elderly patients with 
hip fracture, the waiting time for surgery should be short-
ened as far as possible in accordance with their physi-
cal conditions, and preoperative examination should be 
improved as soon as possible to avoid unnecessary aux-
iliary examination. Although patients with hip fractures 
can benefit from an early surgery, the surgery should also 
be actively optimized for patients with multiple comor-
bidities and poor underlying conditions.

Table 2 Univariate and multivariate logistic regression analysis 
of risk factors for delayed discharge of elderly patients with hip 
fracture

Univariate Multivariate

OR (95% CI) P OR (95% CI) P

Preoperative waiting time

 ≤ 48 h Ref Ref

 > 48 h 10.878(6.566–18.023)  < 0.001 11.773(6.635,20.889)  < 0.001

CCI

 ≤ 3 Ref Ref

 > 4 6.285(4.077,9.689)  < 0.001 2.734(1.435,5.211) 0.002

Multiple trauma

 No Ref Ref

 Yes 1.809(1.182,2.769) 0.006 1.320(0.757,2.302) 1.320

Coronary artery disease

 No Ref Ref

 Yes 2.666(1.931,3.681)  < 0.001 1.053(0.676,1.641) 0.818

Cerebral vascular disease

 No Ref Ref

 Yes 2.405(1.516,3.815)  < 0.001 1.334(0.72,2.471) 0.360

Hemiplegia

 No Ref Ref

 Yes 2.124(1.403,3.216)  < 0.001 1.141(0.629,2.068) 0.664

Heart failure

 No Ref Ref

 Yes 3.613(1.616,8.075) 0.002 0.915(0.291,2.874) 0.878

Arrhythmia

 No Ref Ref

 Yes 1.830(1.158,2.892) 0.01 1.249(0.687,2.272) 0.466

Chronic lung disease

 No Ref Ref

 Yes 3.726(2.150,6.458)  < 0.001 1.082(0.504,2.322) 0.84

anemia

 No Ref Ref

 Yes 7.202(4.850,10.693)  < 0.001 1.920(1.045,3.529) 0.036

Hypoproteinemia

 No Ref Ref

 Yes 5.936(4.205,8.38)  < 0.001 2.753(1.614,4.696)  < 0.001

Electrolyte disorder

 No Ref Ref

 Yes 6.769(4.421,10.365)  < 0.001 1.788(0.975,3.278) 0.060

Malignant tumor

 No Ref Ref

 Yes 1.370(0.546,3.436) 0.503

Arteriosclerosis of lower limbs

 No Ref Ref

 Yes 4.894(3.254,7.359)  < 0.001 1.775(1.026,3.071) 0.040

Secondary fracture

 No Ref Ref

 Yes 8.338(1.671,41.602) 0.010 1.107(0.193) 6.337

Table 2 (continued)

Univariate Multivariate

OR (95% CI) P OR (95% CI) P

Delirium

 No Ref Ref

 Yes 3.888(1.760,8.592) 0.001 2.150(0.776,5.956) 0.141
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CCI
In this study, it was found that the hospitalization delay 
of hip fracture patients with CCI ≥ 8 increased by 3.326 
times. The CCI scores, including the patient’s age and 
various complications, can reflect the overall health con-
dition of the patient at the time of admission. Similar to 

the conclusions of this study, Wei [23] found that the co-
disease weight of elderly patients with hip fracture (based 
on age-adjusted CCI assessment) was associated with the 
prolonged LOS. A meta-analysis also showed that there is 
a positive correlation between comorbid disease and the 
LOS of patients with hip fracture [24]. It is possible that 

Fig. 1 Nomogram for predicting delayed discharge in elderly patients with hip fracture

Fig. 2 Comparison of the area under the receiver operating characteristic curve between nomogram-independent predictors in the training set (a) 
and the testing set (b)
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patients with severe comorbidities may be more prone to 
complications and require multiple medication, so they 
will be given longer hospital stay for treatment and care 
[25, 26]. In addition, although these patients with a vari-
ety of chronic diseases are of poor self-care ability, they 
still need a longer period to recover to their original self-
care level. Therefore, clinical attention should be focused 
on the occurrence of complications in hip fracture 
patients with a history of comorbidities. For patients with 

a history of chronic disease, various complications can be 
prevented early and preoperative health conditions can 
be optimized. For high-risk groups, early intervention 
should be taken to avoid postoperative complications and 
reduce the length of hospital stay.

Anemia
Anemia is closely related to prolonged hospitalization 
of patients with hip fractures. Nissen Holtz et  al. [27] 

Fig. 3 Comparison of calibration curves between the training set (a) and the testing set (b)

Fig. 4 Comparison of decision curve analyses between the training set (a) and the testing set (b)
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found that anemia has a significant effect on the LOS of 
elderly patients with hip fracture. On the one hand, ane-
mic patients should supplement blood volume and they 
need an allogeneic blood transfusion after operation, 
which will cause a variety of adverse reactions, affect the 
patient’s immune system and blood coagulation system, 
and increase the incidence of complications [28]. On the 
other hand, as the postoperative anemia in patients with 
hip fracture is relatively severe, the transport of nutri-
ents in the fracture site will be affected, which weak-
ens the body’s defense barrier and hinders the ability of 
self-repair, thus resulting in the invasion of pathogenic 
microorganisms, with the final manifestation being a rise 
in the incidence of complications [29]. Uncorrected ane-
mia after hip fracture may hinder the functional recovery 
of patients with hip fracture and have effect on medical 
complications and LOS [28]. Therefore, the medical staff 
should evaluate the possibility of delayed discharge by 
reviewing the laboratory test results of patients with hip 
fracture and check whether they have a history of anemia 
before the nursing. For patients with anemia, iron sup-
plementation can be used, and blood transfusion can also 
be adopted if necessary. Although blood transfusion has 
the risk of cross infection, low hemoglobin will lead to 
more complications, greatly increasing the length of hos-
pital stay and the cost of hospitalization.

Hypoalbuminemia
Hypoalbuminemia is associated with osteoporosis, 
fractures and falls. It slows down the early postopera-
tive recovery of patients with fractures, increases the 
incidence of postoperative complications, prolongs the 
hospital stay, and causes a serious economic burden to 
patients’ families. Hypoalbuminemia is closely related to 
postoperative hematoma formation, renal insufficiency 
and cardiovascular adverse events. Besides, it directly 
impacts wound healing by affecting fibroblast prolifera-
tion and collagen synthesis [30, 31]. Moreover, hypopro-
teinemia will lead to the decline of patients’ immune 
function and the increase of the incidence of wound 
infection and postoperative pneumonia [32]. BOHL 
et  al. [33] found that preoperative hypoproteinemia can 
significantly prolong the hospital stay and increase the 
postoperative readmission rate (by 40%). Similar studies 
have shown that preoperative hypoproteinemia can sig-
nificantly increase the cost of total hip replacement and 
prolong the patients’ length of hospital stay [32]. In the 
present study, the serum albumin level of patients with 
hip fracture was monitored in the early postoperative 
stage, and it was found that patients with hypoalbumine-
mia and poor nutrition status should be supplemented 
with more nutrition, and the best nutrition supplement 
program should be identified.

Arteriosclerosis of lower limbs
It was found in this study that preoperative arterioscle-
rosis obliterans of lower limbs were significantly related 
to delayed discharge of hip fracture. Patients with severe 
illness are featured by persistent and serious pain, ulcer 
and necrosis of the affected limb or toe, which may result 
in secondary infection and systemic toxemia. In addi-
tion, lower limb ASO will increase the prevalence of car-
diovascular and cerebrovascular diseases. Studies have 
found that 40% of lower limb ASO patients suffer from 
coronary artery or cerebrovascular diseases, and 8.18% of 
patients suffer from three diseases at the same time [34, 
35]. Therefore, the length of hospital stay of patients with 
hip fracture may be prolonged due to the above reasons. 
Antithrombotic therapy is the basic treatment of ASO, 
which can not only alleviate the progression of ASO, but 
also reduce the incidence of cardiovascular and cerebro-
vascular events [36, 37]. At present, low molecular weight 
heparin drugs are used for clinical prevention, showing 
sound curative effect. The combined treatment of tradi-
tional Chinese and western medicine can play the role of 
promoting blood circulation and Qi, removing blood sta-
sis and relieving pain, thus increasing the tissue metabo-
lism, so as to achieve the effect of the same treatment of 
specimens, and better prevent and cure thrombosis.

In this study, the construction of the prediction model 
for hip fracture patients with prolonged hospital stay risk 
was conducted. Whether the model or the internal ver-
ification of the data were of good sensitivity and speci-
ficity were investigated, and the results indicate that the 
prediction effect of the model is reliable and the result is 
stable (AUC = 0.817). The model can directly reflect the 
risk factors of delayed hospitalization in the formula, 
which can not only predict the risk of discharge delay 
in patients with clinical hip fracture, but also provide a 
basis for the follow-up medical staff to systematically 
evaluate the influencing factors of discharge delay. Based 
on this nomogram, nurses can evaluate the hospitaliza-
tion time of patients with hip fracture in advance. They 
can speculate whether patients may have delayed dis-
charge risk in accordance with their preoperative waiting 
time, CCI, anemia, hypoproteinemia, Arteriosclerosis of 
lower limbs and other influencing factors. It is conducive 
to shortening hospital stay, reducing the occurrence of 
postoperative complications, promoting postoperative 
rehabilitation, and optimizing the rational allocation of 
medical resources.

To shorten the LOS for elderly hip fracture patients 
without increasing the incidence of postoperative mortal-
ity or complications is exactly embodied by the concept 
of rapid rehabilitation surgery in orthopedics. Foreign 
scholars have confirmed that ERAS(enhanced recovery 
after surgery), has achieved good results in orthopedics 
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for elderly patients with hip fracture: it can shorten the 
length of hospital stay for elderly patients with hip frac-
ture, enhance community satisfaction, reduce the overall 
cost and improve the availability of ward beds [38–40]. 
However, the concept of rapid rehabilitation surgery has 
not been popularized in China. Over the course of the 
present study, although the benefits of the ERAS pathway 
were identified, the progress in daily practice was still 
slow. On the one hand, we found that the implementa-
tion of the new ERAS pathway requires multidisciplinary 
communication, including the emergency department, 
laboratory, radiology department, color ultrasound 
room, cardiology department, respiratory department, 
anesthesiology department, endocrinology department, 
etc., so as to rapidly improve the evaluation efficiency of 
admitted patients. On the other hand, it was found that 
the replacement of the traditional perioperative model of 
care progresses slowly. In order to make a difference, we 
put forward the following suggestions. First, it is neces-
sary to make some changes to the internal organization 
of the hospital so that consensus can be reached within 
the hospital. In addition, the application of ERAS con-
cept in clinical practice not only depends on orthopedic 
surgeons, but also on multidisciplinary cooperation, rou-
tine training and education level of doctors and nurses. 
Therefore, beside multi-disciplinary cooperation, rapid 
and effective implementation also requires nursing and 
other departments to develop their respective clinical 
pathways in advance according to ERAS pathways. Mean-
while, the concept of accelerated rehabilitation surgery is 
not simple optimization or blindly rote, but to develop a 
reasonable set of treatment plan according to the actual 
situation of patients. Based on the variables of this model, 
several measures can be taken, such as improving auxil-
iary examination, multidisciplinary consultation, periop-
erative nutrition management, early functional exercise, 
correction of anemia and thrombosis, etc., so as to iden-
tify a new way to solve the problem of hospitalization of 
hip fracture patients and optimize the quality of surgery.

Limitations
This study is a retrospective, single-center study, some 
indicators are not available; the inclusion of disease het-
erogeneity, underlying diseases, different etiology of pri-
mary diseases, these confounding factors to establish 
predictive models. The effectiveness of the prediction 
model still needs to be further verified by multicenter, 
prospective studies.

Conclusion
In this study of Chinese hip fracture patients, we used 
management data including clinical information to 
develop and vali-date risk-adjusted models to predict 

long-term LOS. The graph in this model shows that cci 
score, preoperative wait time, anemia, hypoproteinemia, 
and arteriosclerosis of the lower extremity are independ-
ent risk factors for prolonged hospital stay Our predic-
tion model can support decision makers in planning 
strategies for the best management of hip fractures.

Acknowledgements
This project was supported by the clinical research project of Tianjin Hospital.

Authors’ contributions
Hong Cao contributed to the work design, analysis, draft the article, and the 
final approval of the version to be submitted. Jian Yu contributed to the work 
design, draft the article, revise important intellectual content of the article, 
and the final approval of the version to be submitted. BingQian Zhou, YaRu 
Chang and Yue Li contributed to the analysis of the work, writing of the article, 
and final approval of the version to be published.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Institutional Ethics Review Board of The 
Tianjin hospital (approval no. 2022医伦审137), all methods were carried out in 
accordance with relevant guidelines and regulations. All data published here 
are under the consent for publication. Informed written consent was obtained 
from all the patients.

Consent for publication
Written informed consent for publication of this paper was obtained from 
the Tianjin Hospital, Tianjin University of Traditional Chinese Medicine and all 
authors.

Competing Interests
On behalf of all authors, the corresponding author states that there is no 
conflict of interest.

Received: 28 September 2022   Accepted: 16 January 2023

References
 1. Parker M, Johansen A. Hip fracture. BMJ (Clinical research ed). 

2006;333(7557):27–30.
 2. Veronese N, Maggi S. Epidemiology and social costs of hip fracture. Injury. 

2018;49(8):1458–60.
 3. Burge R, Dawson-Hughes B, Solomon DH, et al. Incidence and economic 

burden of osteoporosis-related fractures in the United States, 2005–2025. 
J Bone Miner Res. 2007;22(3):465–75.

 4. Lim J. Big Data-Driven determinants of length of stay for patients with hip 
Fracture. Int J Environ Res Public Health. 2020;17(14):E4949.

 5. Daly N, Fortin C, Jaglal S, et al. Predictors of Exceeding Target Inpatient 
Rehabilitation length of Stay after hip Fracture. Am J Phys Med Rehabil. 
2020;99(7):630–5.

 6. Yoo J, Lee JS, Kim S, et al. Length of hospital stay after hip fracture surgery 
and 1-year mortality. Osteoporos Int. 2019;30(1):145–53.

 7. Chen X, Liao Z, Shen Y, et al. The relationship between Pre-Admission 
Waiting Time and the Surgical Outcomes after Hip Fracture Operation in 
the Elderly. J Nutr Health Aging. 2021;25(8):951–5.



Page 11 of 11Cao et al. BMC Musculoskeletal Disorders           (2023) 24:66  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 8. Nikkel LE, Kates SL, Schreck M, et al. Length of hospital stay after hip 
fracture and risk of early mortality after discharge in New York state: 
retrospective cohort study. BMJ (Clinical research ed). 2015;351.

 9. Rasu RS, Zalmai R, Karpes Matusevich AR, et al. Shorter length of hospital 
stay for hip fracture in those with dementia and without a known diag-
nosis of osteoporosis in the USA. BMC Geriatr. 2020;20(1):523.

 10. Rajamaki B, Koponen M, Hartikainen S, et al. Length of hospital stay after 
hip fracture and readmission rates of persons with and without Alzhei-
mer’s disease: a matched cohort study. BMC Geriatr. 2020;20(1):214.

 11. Lynch G, Tower M, Venturato L. Identifying outcomes associated with co-
managed care models for patients who have sustained a hip fracture: an 
integrative literature review. Int J Orthop Trauma Nurs. 2015;19(3):140–54.

 12. Mitchell R, Fajardo Pulido D, Ryder T, et al. Access to rehabilitation services 
for older adults living with dementia or in a residential aged care facility 
following a hip fracture: healthcare professionals’ views. Disabil Rehabil. 
2021;43(6):834–45.

 13. Ryder T, Close J, Harris I, et al. Patient and hospital factors influenc-
ing discharge destination following hip fracture. Australas J Ageing. 
2021;40(3):e234–43.

 14. Ek S, Meyer AC, Hedström M, et al. Hospital length of stay after hip 
fracture and it’s association with 4-month mortality-exploring the 
role of patient characteristics. J Gerontol Series A Biol Sci Med Sci. 
2022;77(7):1472–7.

 15. Sheikh HQ, Alnahhal A, Aqil A, et al. Length of hospital stay following hip 
fracture and risk of 30 and 90 day mortality in a United Kingdom cohort. 
Acta Orthop Belg. 2021;87(4):607–17.

 16. Ntuli M, Filmalter CJ, White Z, et al. Length of stay and contributing fac-
tors in elderly patients who have undergone hip fracture surgery in a ter-
tiary hospital in South Africa. Int J Orthop Trauma Nurs. 2020;37:100748.

 17. Muhm M, Walendowski M, Danko T, et al. Length of hospital stay for 
patients with proximal femoral fractures: influencing factors. Der 
Unfallchirurg. 2016;119(7):560–9.

 18. Tang C, Fu SP. Effect of surgical timing of femoral intertrochanteric frac-
tures on 1-year postoperative mortality in elderly. Zhongguo Gu Shang. 
2017;30(7):602–6.

 19. He W, You Y, Sun K, et al. Admission delay is associated with worse surgi-
cal outcomes for elderly hip fracture patients: a retrospective observa-
tional study. World J Emerg Med. 2020;11(1):27.

 20. Sexson SB, Lehner JT. Factors affecting hip fracture mortality. J Orthop 
Trauma. 1987;1(4):298–305.

 21. Gurger M. Factors impacting 1-year mortality after hip fractures in 
elderly patients: a retrospective clinical study. Niger J Clin Pract. 
2019;22(5):648–51.

 22. Simunovic N, Devereaux PJ, Sprague S, et al. Effect of early surgery after 
hip fracture on mortality and complications: systematic review and meta-
analysis. CMAJ. 2010;182:1609–16.

 23. Wei J, Zeng L, Li S, et al. Relationship between comorbidities and treat-
ment decision-making in elderly hip fracture patients. Aging Clin Exp Res. 
2019;31(12):1735–41.

 24. Olthof M, Stevens M, Bulstra SK, et al. The association between comorbid-
ity and length of hospital stay and costs in total hip arthroplasty patients: 
a systematic review. J Arthroplast. 2014;29(5):1009–14.

 25. Wong RMY, Zu Y, Chau WW, et al. High Charlson Comorbidity Index score 
is associated with early fracture-related complication for internal fixation 
of neck of femur fractures. Sci Rep. 2022;12(1):4749.

 26. Charlesworth CJ, Smit E, Lee DSH, et al. Polypharmacy Among Adults 
Aged 65 Years and Older in the United States: 1988–2010. J Gerontol 
Series A Biol Sci Med Sci. 2015;70(8):989–95.

 27. Nissenholtz A, Levy Y, Cooper L, et al. Anemia in patients after hip fracture 
repair surgery. Harefuah. 2020;159(9):689–93.

 28. Sinclair RCF, Moppett IK, Gillies MA. Patient blood management and hip 
fracture. Anaesthesia. 2021;76(3):417–8.

 29. Sequeira SB, Quinlan ND, Althoff AD, et al. Iron Deficiency Anemia is Asso-
ciated with increased early postoperative Surgical and Medical Complica-
tions following total hip Arthroplasty. J Arthroplast. 2021;36(3):1023–8.

 30. Cross MB, Yi PH, Thomas CF, et al. Evaluation of malnutrition in orthopae-
dic surgery. J Am Acad Orthop Surg. 2014;22(3):193–9.

 31. Huang R, Greenky M, Kerr GJ, et al. The effect of malnutrition on patients 
undergoing elective joint arthroplasty. J Arthroplast. 2013;28(8):21–4.

 32. Rudasill SE, Ng A, Kamath AF. Preoperative serum albumin levels predict 
treatment cost in total hip and knee Arthroplasty. Clin Orthop Surg. 
2018;10(4):398–406.

 33. Bohl DD, Shen MR, Kayupov E, et al. Hypoalbuminemia independently 
predicts Surgical Site infection, pneumonia, length of Stay, and Readmis-
sion after total joint Arthroplasty. J Arthroplast. 2016;31(1):15–21.

 34. CAPRIE Steering Committee. A randomised, blinded, trial of clopidogrel 
versus aspirin in patients at risk of ischaemic events (CAPRIE). CAPRIE 
Steering Committee. Lancet (London England). 1996;348(9038):1329–39.

 35. Sartipy F, Sigvant B, Lundin F, et al. Ten year mortality in different periph-
eral arterial disease stages: a population based observational study on 
outcome. Eur J Vasc Endovasc Surg. 2018;55(4):529–36.

 36. Hussain MA, Al-Omran M, Mamdani M, et al. Efficacy of a guideline-
recommended risk-reduction program to improve cardiovascular and 
limb outcomes in patients with peripheral arterial disease. JAMA Surg. 
2016;151(8):742–50.

 37. Olin JW, White CJ, Armstrong EJ, et al. Peripheral artery disease: evolving 
role of Exercise, Medical Therapy, and Endovascular Options. J Am Coll 
Cardiol. 2016;67(11):1338–57.

 38. Vendittoli PA, Pellei K, Desmeules F, et al. Enhanced recovery short-stay 
hip and knee joint replacement program improves patients outcomes 
while reducing hospital costs. Orthop Traumatol Surg Res. 2019;105:1237-
43. 7.

 39. Frassanito L, Vergari A, Nestorini R, et al. Enhanced recovery after surgery 
(ERAS) in hip and knee replacement surgery: description of a multidis-
ciplinary program to improve management of the patients undergoing 
major orthopedic surgery. Musculoskelet Surg. 2020;104(1):87–92.

 40. Ding ZC, Xu B, Liang ZM, et al. Limited influence of comorbidities on 
length of stay after total hip arthroplasty: experience of enhanced recov-
ery after Surgery. Orthop Surg. 2020;12(1):153–61.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Construction and validation of a risk prediction model for delayed discharge in elderly patients with hip fracture
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study population
	Data collection
	Statistical analysis

	Results
	Discussion
	Preoperative waiting time
	CCI
	Anemia
	Hypoalbuminemia
	Arteriosclerosis of lower limbs
	Limitations

	Conclusion
	Acknowledgements
	References


