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Abstract
Purpose  Orthogeriatric trauma patients are at risk for functional decline and mortality. It is important to identify high-risk 
patients in an early stage, to improve outcomes and make better informed treatment decisions. The aim of this study was 
to identify independent risk factors for 30-day mortality in patients aged 85 years or above admitted from the emergency 
department with a fracture.
Methods  All orthopaedic trauma patients 85 years or above admitted from the emergency department were included. After a 
30-day follow-up, mortality was determined by consulting the patient records. Multivariable logistics regression analysis gen-
erated odd ratios for mortality risk factors. A subgroup analysis was performed for patients undergoing hip fracture surgery.
Results  The 30-day mortality in geriatric fracture patients admitted to the hospital was 12%. Risk factors for 30-day mortality 
were: increased age, male sex, decreased hemoglobin levels, living in an institutional care facility and a decreased BMI. For 
geriatric patients undergoing hip fracture surgery 30-day mortality was 11%. Independent risk factors for this group were: 
increased age, male sex, and a decreased BMI.
Conclusion  Orthopaedic trauma patients aged 85 years or above who are admitted to the hospital with a fracture are at high 
risk for mortality. This study identified older age, male sex, and decreased BMI as predictors of 30-day mortality in admitted 
geriatric fracture patients and in geriatric hip fracture patients undergoing surgery.
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Introduction

Life expectancy is rising, and older orthopaedic trauma 
patients presenting to the emergency department (ED) are 
becoming a bigger part of the workload for orthopaedic sur-
geons [1]. Older patients often present with complex mul-
tidisciplinary medical problems, cognitive impairment and 
a higher level urgency, which complicates their evaluation 
and management [1]. Older orthogeriatric patients are also 
at risk for negative medical outcomes, such as functional 
decline and mortality [2]. It is important to identify high-risk 

patients in an early stage, in order to implement geriatric 
interventions to improve patient outcomes [3]. Identification 
of high-risk patients may also provide information for bet-
ter informed treatment decisions and surgical management.

Patients aged 85 years or above constitute the fastest 
growing age group and are at even higher risk for postop-
erative complications and death than the general geriatric 
population [4–7]. These geriatric fracture patients are a dis-
tinct age group with considerable risk of negative medical 
outcomes. Many studies have been done that include these 
older patients, especially hip fracture patients. These stud-
ies have shown that age, male gender and comorbidity are 
important predictors of mortality, but few have specifically 
targeted the age group of patients aged 85 or above [6, 8]. 
Most studies focus on hip fractures and not the general popu-
lation of geriatric orthopaedic trauma patients [8]. There is 
need for more research targeting this age group to identify 
risk factors for negative medical outcomes, which is why this 
study will exclusively target patients 85 years or above. The 
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threshold of 85 years or above was chosen based on previous 
investigations [7, 9]

Additionally, this study will target the general geriatric 
population of fracture patients (i.e. any fracture regardless 
of treatment) as well as hip fracture patients undergoing 
surgery.

The primary aim of this study was to identify independent 
risk factors for 30-day mortality in patients 85 years or above 
admitted from the emergency department with any fracture. 
The secondary aim of this study was to identify independent 
risk factors for 30-day mortality in hip fracture patients aged 
85 years or above undergoing surgery.

Methods.

Study design and patient selection

The study period for this retrospective cohort study was 
1-1-2012 until 31-12-2016. All patients 85 years or older 
presenting with a fracture at the ED who were admitted to 
the hospital were eligible for inclusion. Data collection was 
done by consulting the electronic patient files. This retro-
spective cohort study was conducted in a level 2 trauma 
center at St. Antonius Hospital, Utrecht, The Netherlands. 
The study was approved by the local institutional review 
board of St. Antonius Hospital and was performed in accord-
ance with the ethical standards laid down in the 1964 Dec-
laration of Helsinki and its later amendments. The Dutch 
Medical Research Involving Human Subjects act (WMO) 
did not apply to this study.

Identification of eligible patients was done using the diag-
nostic codes (DBC) for the most common fractures: wrist, 
fore arm, upper arm, shoulder, neck, vertebrate, pelvis, hip 
(proximal femur), distal femur, knee, lower leg and ankle. 
Patients were excluded if 1; primary survey was not per-
formed at St Antonius hospital 2; if patients were discharged 
to another hospital or 3; if patients were admitted directly 
to intensive care unit 4; primary treatment was given at the 
ED, but the patient was not admitted 5; the patient had a 
pathological fracture or 6; the patient had a periprosthetic 
fracture. If a patient was admitted multiple times in the study 
period, only the first admittance was used.

Measurements

A number of variables were collected based on literature and 
availability [6, 8, 10, 11]. The following pre-operative base-
line variables were collected upon admission to the ED: age, 
sex, Body Mass Index/ Quetelet index (BMI), living situa-
tion prior to admission (at home, at home with home care, 
institutional care facility, other), whether or not the patient 
was living with a partner, number of different comorbidi-
ties (as mentioned in admission form), number of different 
medications, whether patients had experienced a previous 

episode of delirium, cognitive impairment (as mentioned 
in the admittance form, either declined or not declined), 
use of oral anticoagulants (yes/no), hemoglobin- (mmol/L), 
creatinine-(µmol/L), C-reactive protein (mg/L) levels. For 
patients undergoing surgery (regardless of fracture type) the 
following variables were collected: type of surgery (if any), 
type of anesthesia (general or regional, only applicable for 
patients undergoing surgery) and American Society of Anes-
thesiologists (ASA) classification (1 to 5).

Outcome

The 30-day mortality was determined by consulting elec-
tronic patient files. For patients with an unknown date of 
death the last professional caregiver was contacted to ascer-
tain the exact date of death.

Statistical analysis

All statistical analyses were done using IBM SPSS Statis-
tics for Windows, Version 25.0 (IBM Corp., 2017, Armonk, 
NY). The level of significance (α) was set at 0.05. Differ-
ences between deceased and surviving patients were ana-
lyzed at baseline. Normally distributed continuous data were 
presented as mean and standard deviation (SD) and tested 
with an unpaired t test. Not normally distributed continu-
ous data were presented as median and interquartile range 
(IQR) and tested with a Mann–Whitney U test. Distribution 
was determined with the Shapiro–Wilk test for normality. 
All categorical and dichotomous data were tested with a 
chi-square test.

Multivariable analysis

To reduce the number of possible predictors, candidate 
predictors to be included in the multivariable model were 
selected based on clinical relevance, availability, expert 
opinion and literature [12]. No univariable predictor selec-
tion was done which is in line with current recommendations 
by expert in the field of prediction modelling as it introduces 
data driven predictor selection bias [12, 13]. A full model 
approach was used, with at least 10 events per variable [14]. 
Missing data in the initial cohort were analyzed for patterns 
using Little’s missing completely at random (MCAR) test 
except for ASA classification and type of anesthesia, which 
were missing for all patients who did not undergo surgery. 
Data missing completely at random (MCAR) were imputed 
using multiple imputation techniques (5 imputations).

Subgroup analysis

Because hip fractures are the most common indication 
for surgery in orthogeriatric trauma patients, a subgroup 
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analysis was performed for all hip fracture patients under-
going surgery. Missing data for all variables including 
ASA classification and type of anesthesia were analyzed 
for patterns using Little’s MCAR test. An additional mul-
tivariable logistic regression analysis was performed to 
calculate the odds ratio (OR) for the selected candidate 
predictors in this subgroup.

Results

Baseline characteristics

In total, 810 eligible cases were identified, 83 of which met 
the exclusion criteria and 35 patients were admitted two 
times during the study period. This resulted in an included 
cohort of 692 patients. After 30 days a total of 86 patients 
(12%) had deceased. Baseline characteristics of survivors 
and deceased patients are summarized in Table 1.

Table 1   Baseline characteristics of 30-day mortality vs. survivors. All percentages are calculated for valid data (i.e. excluding missing data)

a Percentages and missing data calculated for patients undergoing surgery
Significant differences presented in bold

Characteristics Total (n = 692) Missing 30-day mortality (n = 86) Survivors (n  = 606) p value

Age, median (IQR) 89 (87–92) 0 90.5 (87–94) 89 (87–92)  < 0.01
Male sex, n  (%) 149 (22%) 0 29 (34%) 120 (20%)  < 0.01
BMI (kg/m2), median (IQR) 24 (21–26) 180 21 (19–24) 24 (22–26)  < 0.01
Living situation, n  (%) 27  < 0.01
 At home / at home with care 350 (53%) 36 29 (35%) 321 (56%)  < 0.01
 Living in institutional care facility 306 (47%) 36 54 (64%) 252 (44%)  < 0.01
 Living with partner, n  (%) 107 (16%) 17 16 (19%) 91 (15%) 0.39

Comorbidity
 Number of comorbidities, median (IQR) 3 (2–5) 62 4 (2–5) 3 (2–5)  < 0.01
 Number of different medications, median (IQR) 6 (4–8) 69 7 (5–10) 6 (4–8)  < 0.01
 Prior delirium, n (%) 199 (31%) 40 35 (44%) 164 (29%)  < 0.01
 Impaired cognitive functioning, n  (%) 278 (42%) 29 47 (57%) 231 (40%)  < 0.01
 Use of oral anticoagulants, n  (%) 392 (62%) 63 61 (78%) 331 (60%)  < 0.01

Biomarkers
 Hemoglobin (mmol/L), mean (SD) 7.5 (1.0) 88 7.2 (1.1) 7.6 (1.0)  < 0.01
 Creatinine (µmol/L), median (IQR) 79 (64–100) 195 95 (74–109) 78 (63–98)  < 0.01
 C-reactive protein (mg/L), median (IQR) 5 (1–18) 153 6 (1–31) 5 (1–18) 0.56

Type of surgery, n (%) 5 0.15
 Spinal column 2 (0%) 1 (1%) 1 (0%)
 Proximal humerus 11 (2%) 3 (4%) 8 (1%)
 Distal humerus 2 (0%) 0 (0%) 2 (0%)
 Hip fracture (proximal femur or collum) 492 (72%) 55 (65%) 437 (73%)
 Distal femur 18 (3%) 3 (4%) 15 (3%)
 Ankle 19 (3%) 0 (0%) 19 (3%)
 Other trauma surgical procedure 1 (0%) 0 (0%) 1 (0%)
 Conservative treatment 142 (21%) 23 (27%) 119 (20%)

Type of anesthesia, n  (%)a 13 0.57
 General 452 (84%) 52 (12%) 400 (89%)
 Regional 85 (16%) 8 (9%) 77 (91%)

ASA classification, n  (%)a 81  < 0.01
 1 14 (3%) 0 (0%) 14 (3%)
 2 217 (46%) 17 (30%) 200 (48%)
 3 230 (49%) 34 (62%) 196 (47%)
 4 8 (2%) 4 (7%) 4 (1%)
 5 0 (0%) 0 (0%) 0 (0%)
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Patients who died during follow-up were older at baseline 
than survivors. Deceased patients were more often male, and 
they had a lower BMI. Patients living in an institutional care 
facility were more likely to die during follow-up. Patients 
who died had more comorbidities than survivors and used 
more medications. A previous episode of delirium was 
associated with 30-day mortality, as was impaired cognitive 
function. The use of oral anticoagulants was higher in the 
deceased group, hemoglobin levels (mmol/L) were lower, 
and creatinine levels were higher. A higher ASA classifica-
tion was associated with 30-day mortality.

Missing data and multivariable analysis

In the initial cohort, missing data were missing completely at 
random (Little’s MCAR test p = 0.702). In the subgroup, all 
missing data, including ASA classification and type of anes-
thesia, were also missing completely at random (p = 0.625). 
The results of the multivariable analysis are shown in 
Table 2. It showed that age was an independent risk factor 
for 30-day mortality (OR 1.11 for each year above 85 years), 
as was male sex (OR 2.96) and living in an institutional care 
facility (OR 2.31). Each 1 mmol/L decrease in hemoglobin 
increased the chance of mortality (OR 1.34), as did each 
1-point decrease in BMI (OR 1.15). Previous episodes of 
delirium, the use of oral anticoagulants or surgical inter-
vention were not independent predictors of mortality in this 
study.

The subgroup analysis for patients with hip fractures 
undergoing surgery consisted of 492 patients, of whom 55 
died during follow-up (11%). The multivariable analysis for 
this group showed similar results for age (OR 1.14 for each 
year above 85 years) male sex (OR 3.09) and BMI (OR 1.22) 

as independent predictors of mortality. ASA classification 
and living in an institutional care facility were borderline 
significant. Hemoglobin levels at presentation at the ED 
were not a statistically significant independent predictor of 
mortality in this subgroup.

Discussion

Red line and take‑home message

This study shows that 30-day mortality in geriatric patients 
admitted to the hospital with a fracture is high, regardless of 
treatment (12%). There are several independent risk factors 
for 30-day mortality in this population: increased age, male 
sex, decreased hemoglobin levels, living in an institutional 
care facility and a decreased BMI. For geriatric patients 
undergoing hip fracture surgery, 30-day mortality was 11%. 
Independent risk factors for this group were: increased age, 
male sex and decreased BMI.

Comparison with previous studies

Previous studies investigating risk factors for mortality in 
geriatric fracture patients have targeted patients aged 65 or 
above. In one such study, age was found to be a risk factor 
for mortality, which corresponds with our results. Higher 
injury severity and low systolic blood pressure were also 
found to be predictors of mortality in younger cohorts, but 
detailed information on blood pressure and severity of injury 
per body region were unavailable in our cohort [15].

Predictors of mortality in older hip fracture patients have 
been extensively studied but not in the patient group aged 

Table 2   Multivariable analysis 
for all admitted patients and 
subgroup analysis for all hip 
fracture patients undergoing 
surgery

Significant differences presented in bold

Initial cohort (n  = 692) Adjusted OR 95% CI p value

Age (per year above 85) 1.11 1.04–1.18  < 0.01
Male sex 2.96 1.68–5.23  < 0.01
Living in an institutional care facility 2.31 1.34–3.99  < 0.01
Previous episode of delirium 1.32 0.76–2.30 0.32
Hemoglobin (each 1 mmol/L decrease) 1.34 1.06–1.70 0.02
BMI (each point decrease) 1.15 1.02–1.29 0.02
Use of oral anticoagulants 2.22 0.88–5.56 0.09
Surgical intervention for any fracture 0.60 0.34–1.06 0.08
Hip fracture patients undergoing surgery (n = 492)
 Age (per year above 85) 1.14 1.05–1.25  < 0.01
 Male sex 3.09 1.56–6.10  < 0.01
 Living in an institutional care facility 1.94 0.99–3.79 0.05
 Hemoglobin (each 1 mmol/L decrease) 1.25 0.93–1.70 0.14
 BMI (each point decrease) 1.22 1.02–1.46 0.03
 ASA classification (per class increase) 1.93 0.97–3.83 0.06
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85 years or above [8, 16]. Age was found to be an inde-
pendent predictor of mortality in both these studies but was 
dichotomized in age groups below 85 years or 85 years and 
above. Hemoglobin level and ASA classification were also 
independent predictors but were analyzed as dichotomous 
outcomes [9, 10]. Dichotomization results in loss of infor-
mation and predictive power [17]. In this study, age, hemo-
globin was analyzed as a continuous outcome and ASA clas-
sification as a categorical variable to address this problem.

Male sex was found by previous studies to be a risk factor 
for 30-day mortality in hip fracture patients with an OR of 
1.66 (95% CI 1.15–2.39) [9]. In this study, an OR of 3.09 
(95% CI 1.56–6.10) was found, suggesting that male ortho-
geriatric trauma patients aged 85 years or above are at even 
higher risk of mortality. This would confirm that risk fac-
tors in geriatric fracture patients aged 85 years or above are 
distinctly different from their younger counterparts.

Strengths and limitations

This was the first study to investigate risk factors for 30-day 
mortality in general geriatric fracture patients and hip frac-
ture patients aged 85 years or above. The cohort was very 
large and there was no loss to follow-up. Another strength is 
the analysis of continuous outcomes without dichotomiza-
tion, unlike previous studies [9, 10]. In this study, predictor 
selection bias was reduced because there was no data-driven 
predictor selection. Because the cohort consisted mainly of 
hip fracture patients (71%), a subgroup analysis was per-
formed to correct for this.

This study has a few limitations. Only patients admit-
ted to the hospital from the ED were included. This means 
that patients who were treated and discharged from the ED 
were not included, which leads to possible selection bias. 
Very few studies include these patients because follow-up 
data of these patients are often unavailable. This selective 
follow-up is a challenge in geriatric trauma research but 
can be addressed by searching death registries or telephone 
follow-up [18]. The authors of this study recommend that 
these patients are included in future investigations, to get a 
more accurate representation of the ED population. Another 
limitation is the amount of data missing at baseline. This is 
inevitable in retrospective cohort studies, but it also reflects 
that different caregivers collect and record different patient 
characteristics. This illustrates the need for more standard-
ized management of these patients and the relevance of this 
study.

Interpretation of results

Almost all hip fracture patients are admitted directly from 
the ED, while patients with other fracture types are not 
always admitted. This means that patients with a fracture 

other than a hip fracture are likely to have a worse prog-
nosis at baseline due to overrepresentation of relatively 
healthy hip fracture patients. Geriatric hip fracture patients 
are indeed notorious for adverse medical outcomes [19]. 
It is important to realize that hip fracture patients who 
received conservative treatment were not included in the 
subgroup analysis. The number of hip fracture patients 
in the conservative treatment group was negligible, but 
mortality in this group was high nonetheless (16%). It is 
likely that patients who received conservative treatment 
were patients with a poor prognosis.

A decreased BMI was found to be a risk factor in both 
the total cohort and hip fracture surgery subgroup. These 
results should be interpreted with some caution, as there 
was a lot of missing data for this variable (n = 180). Previ-
ous high-quality studies in hip fracture patients have not 
found a relation between BMI and mortality, although 
these studies did not specifically target patients aged 85 
or older [6, 16].

It is important to realize that the BMI might not be the 
best parameter for nutritional status. Patients with a high 
BMI may still be malnourished. In future research, scor-
ing systems, such as the short nutritional assessment ques-
tionnaire (SNAQ) or malnutrition universal screening tool 
(MUST) [20, 21], should be investigated as screening meth-
ods for 30-day mortality in orthogeriatric trauma patients.

Living in an institutional care facility (p = 0.05) and ASA 
classification (p = 0.06) were borderline significant predic-
tors of 30-day mortality in hip fracture patients undergoing 
surgery. This is likely the results of a small sample size for 
the subgroup analysis. ASA classification has been shown 
to be a predictor of 30-day mortality in non-geriatric hip 
fracture patients in previous studies [22, 23]. Living in an 
institutional care facility has also been shown to be a risk 
factor for both patients aged 70 years or above admitted from 
the ED in several studies [24, 25] and in hip fracture patients 
presenting at the ED [9, 10]. The number of events per vari-
able in the hip fracture subgroup analysis was 9.2 which is 
slightly lower than the commonly used 10 events per vari-
able in this type of analysis [12]. There is no scientific evi-
dence that the number of events per variable should be at 
least 10, and simulation studies have shown that an event 
per variable rate between 5 and 10 can be acceptable in most 
cases [13, 26]. Nevertheless, it may still indicate that the 
sample may have been too small to detect a significant differ-
ence between deceased patients and survivors in this sample. 
Therefore, both these variables cannot be ruled out as pre-
dictors of 30-day mortality and merit further investigation.

During the study period, there was no integrated ortho-
geriatric care unit in St. Antonius hospital. Orthogeriatric 
care units have been shown to improve patient outcomes 
[27, 28]. By identifying patients at risk for negative medical 
outcomes, geriatric interventions can be targeted at those 
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patients that would benefit from them. However, there was 
a geriatric awareness program which increased awareness 
for the most common complications during admission for 
these patients.

Clinical relevance

This is one of the first studies to investigate geriatric frac-
ture patients in the age group of 85 years and above. Very 
little is known about this rapidly growing group of patients 
who are at much higher risk of negative medical outcomes 
than younger patients [4, 5]. There is urgent need for more 
research into screening methods and medical outcomes in 
very old geriatric fracture patients.

Conclusion

This study shows that all older orthogeriatric trauma patients 
who are admitted to the hospital with a fracture have a high 
risk (12%) of 30-day mortality, regardless of treatment. 
Several routinely collected predictors of 30-day mortality 
in admitted geriatric fracture patients were identified. In the 
population of geriatric fracture patients, independent risk 
factors for mortality were: increased age, male sex, living in 
an institutional care facility, decreased hemoglobin levels or 
decreased BMI. For geriatric hip fracture patients, independ-
ent risk factors were: increased age, male sex and decreased 
BMI. The authors advocate to regard any fracture patient 
aged 85 or above as a high-risk patient.

Author contribution  All authors contributed to the study concept and 
design. Material preparation, data collection, data management and 
data analysis were performed by HJS and JB. The first draft of the 
manuscript was written by HJS. All authors commented on all versions 
of the manuscript. All authors read and approved the final manuscript.

Funding  No funding was received for this study.

Compliance with ethical standards 

Conflict of interest  The authors declare no conflict of interest.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

References

	 1.	 Samaras N, Chevalley T, Samaras D, Gold G. Older patients in the 
emergency department: a review. Ann Emerg Med. 2010;56:261–
9. https​://doi.org/10.1016/j.annem​ergme​d.2010.04.015.

	 2.	 Gosch M, Hoffmann-Weltin Y, Roth T, Blauth M, Nicholas JA, 
Kammerlander C. Orthogeriatric co-management improves the 
outcome of long-term care residents with fragility fractures. Arch 
Orthop Trauma Surg. 2016;136:1403–9. https​://www.ncbi.nlm.
nih.gov/pubme​d/27501​701

	 3.	 Folbert EC, Hegeman JH, Vermeer M, Regtuijt EM, van der Velde 
D, ten Duis HJ, et al. Improved 1-year mortality in elderly patients 
with a hip fracture following integrated orthogeriatric treatment. 
Osteoporos Int. 2017;28:269–77. https​://doi.org/10.1007/s0019​
8-016-3711-7.

	 4.	 Hamel MB, Henderson WG, Khuri SF, Daley J. Surgical out-
comes for patients aged 80 and older: morbidity and mortality 
from major noncardiac surgery. J Am Geriatr Soc. 2005;53:424–9.

	 5.	 Polanczyk CA, Marcantonio E, Goldman L, Rohde LE, Orav J, 
Mangione CM, et al. Impact of age on perioperative complications 
and length of stay in patients undergoing noncardiac surgery. Ann 
Intern Med. 2001;134:637–43.

	 6.	 Carow J, Carow JB, Coburn M, Kim BS, Bücking B, Bliemel 
C, et al. Mortality and cardiorespiratory complications in tro-
chanteric femoral fractures: a ten year retrospective analysis. Int 
Orthop. 2017;41:2371–80.

	 7.	 Karres J, Kieviet N, Eerenberg JP, Vrouenraets BC. Predicting 
early mortality after hip fracture surgery: the hip fracture estima-
tor of mortality Amsterdam. J Orthop Trauma. 2018;32:27–33.

	 8.	 Hu F, Jiang C, Shen J, Tang P, Wang Y. Preoperative predictors 
for mortality following hip fracture surgery: a systematic review 
and meta-analysis. Injury. 2012;43:676–85.

	 9.	 Maxwell MJ, Moran CG, Moppett IK. Development and vali-
dation of a preoperative scoring system to predict 30 day mor-
tality in patients undergoing hip fracture surgery. Br J Anaesth. 
2008;101:511–7. https​://doi.org/10.1093/bja/aen23​6.

	10.	 Nijmeijer WS, Folbert EC, Vermeer M, Slaets JP, Hegeman JH. 
Prediction of early mortality following hip fracture surgery in 
frail elderly: The Almelo Hip Fracture Score (AHFS). Injury. 
2016;47:2138–43. https​://doi.org/10.1016/j.injur​y.2016.07.022.

	11.	 Tay E. Hip fractures in the elderly: operative versus nonoperative 
management. Singapore Med J. 2016;57:178–81.

	12.	 Moons KGM, Kengne AP, Woodward M, Royston P, Vergouwe 
Y, Altman DG, et al. Risk prediction models: I. Development, 
internal validation, and assessing the incremental value of a new 
(bio)marker. Heart. 2012;98:683–90.

	13.	 Heinze G, Dunkler D. Five myths about variable selection. Transpl 
Int. 2017;30:6–10.

	14.	 Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR. A 
simulation study of the number of events per variable in logistic 
regression analysis. J Clin Epidemiol. 1996;49:1373–9. https​://
www.scien​cedir​ect.com/scien​ce/artic​le/pii/S0895​43569​60023​63

	15.	 Hashmi A, Ibrahim-Zada I, Rhee P, Aziz H, Fain MJ, Friese RS, 
et al. Predictors of mortality in geriatric trauma patients: a sys-
tematic review and meta-analysis. J Trauma Acute Care Surg. 
2014;76:894–901.

	16.	 Smith T, Pelpola K, Ball M, Ong A, Myint PK. Pre-operative indi-
cators for mortality following hip fracture surgery: a systematic 
review and meta-analysis. Age Ageing. 2014;43:464–71. https​://
doi.org/10.1016/j.injur​y.2011.05.017.

	17.	 Royston P, Altman DG, Sauerbrei W. Dichotomizing continu-
ous predictors in multiple regression: a bad idea. State Med. 
2006;25:127–41.

	18.	 Miskimins R, Pati S, Schreiber M. Barriers to clinical research in 
trauma. Transfusion. 2019;59:846–53.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.annemergmed.2010.04.015
https://www.ncbi.nlm.nih.gov/pubmed/27501701
https://www.ncbi.nlm.nih.gov/pubmed/27501701
https://doi.org/10.1007/s00198-016-3711-7
https://doi.org/10.1007/s00198-016-3711-7
https://doi.org/10.1093/bja/aen236
https://doi.org/10.1016/j.injury.2016.07.022
https://www.sciencedirect.com/science/article/pii/S0895435696002363
https://www.sciencedirect.com/science/article/pii/S0895435696002363
https://doi.org/10.1016/j.injury.2011.05.017
https://doi.org/10.1016/j.injury.2011.05.017


823Predictors of 30-day mortality in orthogeriatric fracture patients aged 85 years or above…

1 3

	19.	 Bhandari M, Swiontkowski M. Management of acute hip frac-
ture. N Engl J Med. 2017;377:2053–62. https​://www.nejm.org/
doi/10.1056/NEJMc​p1611​090

	20.	 Kruizenga HM, Seidell JC, Vet HCW, Wierdsma NJ, Schueren 
MAE. Development and validation of a hospital screening tool 
for malnutrition: the short nutritional assessment questionnaire 
(SNAQ©). Clin Nutr. 2005;24:75–82. https​://doi.org/10.1016/j.
clnu.2004.07.015.

	21.	 Stratton RJ, Hackston A, Longmore D, Dixon R, Price S, Stroud 
M, et al. Malnutrition in hospital outpatients and inpatients : 
prevalence concurrent validity and ease of use of the ‘ malnutri-
tion universal screening tool ’ (‘ MUST ’) for adults. Br J Nutr. 
2004;92:799–808.

	22.	 Traven SA, Reeves RA, Althoff AD, Slone HS, Walton ZJ. New 
five-factor modified frailty index predicts morbidity and mortality 
in geriatric hip fractures. J Orthop Trauma. 2019;33:319–23.

	23.	 De Munter L, Ter Bogt NCW, Polinder S, Sewalt CA, Steyerberg 
EW, De Jongh MAC. Improvement of the performance of survival 
prediction in the ageing blunt trauma population: a cohort study. 
PLoS ONE. 2018;13:1–12.

	24.	 de Gelder J, Lucke JA, de Groot B, Fogteloo AJ, Anten S, Mesri 
K, et al. Predicting adverse health outcomes in older emergency 
department patients: the APOP study. Neth J Med. 2016;74:342.

	25.	 de Gelder J, Lucke JA, Heim N, de Craen AJM, Lourens SD, 
Steyerberg EW, et al. Predicting mortality in acutely hospitalized 
older patients: a retrospective cohort study. Intern Emerg Med. 
2016;11:587–94. https​://doi.org/10.1007/s1173​9-015-1381-7.

	26.	 Vittinghoff E, McCulloch CE. Relaxing the rule of ten events 
per variable in logistic and cox regression. Am J Epidemiol. 
2007;165:710–8.

	27.	 Knobe M, Böttcher B, Coburn M, Friess T, Bollheimer LC, Hepp-
ner HJ, et al. Geriatric Trauma Center DGU®: evaluation of clini-
cal and economic parameters : a pilot study in a german university 
hospital. Unfallchirurg. 2019;122:134–46. https​://doi.org/10.1007/
s0011​3-018-0502-y.

	28.	 Grigoryan KV, Javedan H, Rudolph JL. Orthogeriatric care mod-
els and outcomes in hip fracture patients: A systematic review and 
meta-analysis. J Orthop Trauma. 2014;28:1–13.

https://www.nejm.org/doi/10.1056/NEJMcp1611090
https://www.nejm.org/doi/10.1056/NEJMcp1611090
https://doi.org/10.1016/j.clnu.2004.07.015
https://doi.org/10.1016/j.clnu.2004.07.015
https://doi.org/10.1007/s11739-015-1381-7
https://doi.org/10.1007/s00113-018-0502-y
https://doi.org/10.1007/s00113-018-0502-y

	Predictors of 30-day mortality in orthogeriatric fracture patients aged 85 years or above admitted from the emergency department
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Study design and patient selection
	Measurements
	Outcome
	Statistical analysis
	Multivariable analysis
	Subgroup analysis

	Results
	Baseline characteristics
	Missing data and multivariable analysis

	Discussion
	Red line and take-home message
	Comparison with previous studies
	Strengths and limitations
	Interpretation of results
	Clinical relevance

	Conclusion
	References




