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Background: Frailty is a geriatric condition that is associated with an increased risk of mortal-

ity and functional decline. To date, mainly the Groningen Frailty Indicator (GFI) and Hospital 

Safety Management (VeiligheidsManagementSysteem [VMS]) frailty score are used to determine 

frailty in several hospitals in the Netherlands. However, it is yet unknown, which method has 

the best predictive value on clinical outcomes.

Objective: The aim of this study was to investigate the predictive value of GFI and VMS on 

clinical outcomes among patients who underwent hip fracture surgery.

Design: This is a prospective observational cohort study.

Methods: We selected all patients aged 70 years or higher, who underwent hip fracture surgery 

in our general hospital, between November 2014 and November 2015. Among all patients, 

VMS, GFI and Barthel-20 index (BI) were assessed. McNemar’s paired test and Cohen’s κ were 

used to examine the difference and the level of agreement between the two scoring methods. 

Kaplan–Meier and multivariable regression analyses were performed to determine overall 

survival and mortality, respectively, 3 years and 30 days after surgery.

Results: A total of 280 patients were included in the study. The median follow-up was 

25 months. No systematic difference was found between the two methods (P=0.237), while 

a fair level of agreement could be measured (κ=0.363 [95% CI =0.23–50]). VMS showed a 

statistically significant difference in overall survival as compared to nonfrail patients (57 vs 80%, 

respectively [P
logrank

 ,0.001] with an HR of 3.5 [95% CI =2.1–5.7; P,0.001]). Classification 

according to GFI yielded a lower but still significant HR 2.3 (95% CI =1.2–4.1; P=0.008).

Conclusion: VMS can be used in classifying frailty, whereby VMS frailty score is associated 

with clinical outcomes as overall survival mortality in older patients with hip fracture and who 

underwent surgery.
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Introduction
The number of elderly people is rising in the Netherlands, from 2.9 million people aged 

above 65 years in 2017 to 4.8 million in 2040.1 Hip fractures are a leading cause of mor-

bidity and mortality in elderly, an incidence of 18,000 patients above the age of 50 years 

in the Netherlands has been described.2 Among others, the overall outcome of hip fracture 

patients reflects the prefracture condition of the patient and is a summation of many factors. 

Identification of these factors can be used to identify patients who are frailer and might 

need a different approach during and after hospital stay. Frailty is a geriatric condition 

characterized by an increase in vulnerability to external stressors3,4 and has shown to be 

predictive for adverse postoperative outcomes in patients with hip fracture.5,6
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In the Netherlands, a proven feasible, valid, and reliable 

instrument for measuring frailty is the Groningen Frailty 

Indicator (GFI).7,8 The internal consistency is 0.68–0.81. The 

GFI consists of 15 questions to determine the level of frailty; 

it establishes physical, cognitive, social, and psychological 

impairments and gives a score at a scale of 0–15. A GFI score 

of 4 or higher suggests frailty.9 An alternative for scoring 

frailty in the Netherlands is the Hospital Safety Management 

(VeiligheidsManagementSysteem [VMS]) frailty score.10 

VMS was based on the following three questions: one about 

cognitive impairment or confusion during earlier admissions, 

one about falls in the last 6 months, and one question about 

physical impairments.10 When falling and another question 

scored yes, frailty was assumed. It is already known that VMS 

frailty score is correlated with mortality.11 To our knowledge, 

no previous studies investigated the predictive value of the 

GFI and VMS frailty scores on 30-day mortality or functional 

decline in patients with hip fracture. We performed a study in 

which we aimed to investigate the predictive value on adverse 

outcome of the GFI and VMS frailty scores in older patients 

with hip fracture and who underwent surgery.

Methods
Study population
This prospective observational cohort study was performed in 

a general hospital. All patients at the age of 70 years or older, 

who were admitted to our hospital with a primary proximal 

hip fracture and underwent surgery, were recruited. Recruit-

ment and data collection were carried out between November 

2014 and December 2015. Exclusion criteria were fractures 

distal from subtrochanteric fracture, periprosthetic fractures, 

pathological fractures, and admission to another department 

than the orthopedics/surgical or internal medicine/geriatric 

department.

Data collection
Baseline data involved demographic characteristics, multi-

morbidity, medication use, nutritional status, functional status, 

surgical treatment, anesthesia technique, delirium during 

admission, date of admission, and date of surgery. Delirium 

was considered to be present, when delirium was reported by 

a member of the geriatric team or when the Delirium Observa-

tion Screening (DOS) scores were at least three times above 

three and were fluctuating during the day.12 Data of mortality 

were collected from the municipality population register at 

one point after about 3 years after surgery. Morbidities were 

classified into the following five categories: diabetes mellitus, 

cardiovascular disease (heart disease, cerebrovascular acci-

dent, transient ischemic attack, renal failure, or hypertension), 

neurodegenerative disease (dementia and Parkinson’s disease), 

chronic obstructive pulmonary disease (COPD; asthma, or 

fibrosis), and cancer. We combined medication with identical 

ATC3 codes, with polypharmacy defined as the use of five or 

more prescriptions with different ATC3 codes at admission.

Frailty was determined with two instruments, such as 

the GFI and the VMS, at admission or within 24 hours after 

admission.

Nutritional status was determined with the Short Nutri-

tional Assessment Questionnaire (SNAQ). A SNAQ score of 

two or more is assumed to be related to a moderate-to-severe 

risk of malnourishment.13 Daily living activities were mea-

sured with the Barthel-20 index (BI),14 at the day of admission 

to evaluate prefracture functional status. Degree of functional 

status change was based on assessing the difference in BI 

scores between baseline and 2 months after surgery.

All tests were part of the usual clinical care. Four trained 

medical staff members performed all tests to reduce interob-

server disagreement. It was intended that all tests on a patient 

were taken by one and the same medical staff member.

Statistical analyses
Descriptive statistics was used to describe the baseline 

characteristics of the population and the outcome variables. 

Because of the lack of a golden standard to use as a refer-

ence, no sensitivity and specificity analyses were performed. 

McNemar’s paired test was used to determine whether 

there was a systematic difference between the two frailty 

scoring methods. Cohen’s κ was used to measure the level 

of agreement between the two methods. Univariate analyses 

were performed with the Pearson chi-squared or Fisher’s 

exact tests for dichotomous variables and the parametric 

independent t-test or nonparametric Mann–Whitney U test 

for continuous variables. Spearman and Pearson correlations 

were used to determine the correlation between the potential 

independent variables. In a multivariate logistic regression 

model, the predictive value of the frailty scoring methods 

and other patient characteristics on functional decline and 

mortality was determined. Stepwise regression analyses 

were performed to determine potential independent predic-

tive variables for mortality and survival. These included 

logistic regression to examine 30-day mortality and Cox 

regression to examine overall survival as clinical outcome. 

Kaplan–Meier analysis was used to examine the difference 

in overall survival between frail and nonfrail patients clas-

sified by VMS and GFI. Potential confounders were age in 

two groups, smoking, gender, classification of frail by GFI 

or VMS, malignancy, and multimorbidity at baseline, such 

as chronic pulmonary diseases, cardiovascular disease, and 
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living in a nursing home. Receiver operating characteristic 

curve analysis was not performed, since this would only 

consider the occurrence of events and not time to event. 

A P-value of ,0.05 was considered as statistically signifi-

cant. SPSS (Version 24) was used for the analysis.

Ethical approval
The study protocol was approved by the local medical eth-

ics committee (Medisch Ethische Toetsingscommissie, 

Zwolle; study number 14.0110). Written informed consent 

was obtained from all patients by the participating medical 

doctor or nurse. All data were analyzed anonymously. The 

study protocol was registered prior to the start of the study at 

trailregister.nl (NTR5058). The “Strengthening the Reporting 

of Observational Studies in Epidemiology” (STROBE) state-

ment was used to describe this observational cohort study.15

Results
A total of 286 patients were included in the study. The median 

follow-up was 25 months. The characteristics are presented in 

Table 1. The mean age was 83 years, and 75% of the patients 

were female. Prevalence of delirium during admission was 

21%, 9% of the patients died within 30 days after surgery, 

and 26% of the patients died within 1 year after surgery. 

Multimorbidity, polypharmacy, and living in a nursing home 

before admission were associated with an increased 1-year 

mortality risk.

Frailty
A total of 277 patients completed the VMS, and 189 patients 

completed the GFI. Both tests were completed by 185 patients. 

A total of 76 (41%) patients were identified as frail according 

to both instruments, whereas 51 (28%) patients were identi-

fied as nonfrail in both instruments. A total of 24 patients 

scored frail in the VMS and not in the GFI, and 34 patients 

scored frail in the GFI and not in the VMS. Paired analysis 

showed that there was no difference between the two diag-

nostic tools (P=0.237) in addition to a fair level of agreement 

(κ=0.363 [95% CI =0.23–50]). In the group patients without 

GFI scores, fewer patients stayed in a nursing home before 

admission (9 vs 22%) and fewer patients were known with 

neurodegenerative disease (17 vs 44%). Other variables were 

comparable. An increase in positive answers on the VMS 

questionnaire was associated with an increase in mortality, 

polypharmacy, malnutrition, and living in a nursing home 

before admission.

Functional decline
For 62% of all patients, the BI scores were assessed at 

two moments. In 8% of the patients, functional decline was 

Table 1 Characteristics and outcome measures

Total, N=286

Age (years), mean (SD) 83.0 (6.6)

Gender, n (%)

Male 71 (25)

Female 215 (75)

Multimorbidity, n (%)

Cardiovascular disease 206 (72)

Neurodegenerative disease 75 (26)

Chronic pulmonary disease 32 (11)

Diabetes mellitus 63 (22)

Cancer 17 (9)

Polypharmacy,a n (%) 186 (65)

Living in a nursing home, n (%) 38 (13)

Dependency in ADL,b n (%) 33 (18)

Risk for malnutrition,c n (%) 32 (14)

Frail by VMS,d n (%) 160 (58)

Frail by GFI,e n (%) 113 (60)

Operation technique, n (%)

(Hemi)arthroplasty 126 (44)

Internal fixation 160 (56)

General analgesia, n (%) 145 (51)

Delirium, n (%) 57 (21)

Functional decline,f n (%) 22 (8)

30-Day mortality, n (%) 25 (9)

1-Year mortality, n (%) 75 (26)

Notes: aPolypharmacy was defined as the use of five or more prescriptions with 
different ATC3 codes at admission. bDependency in ADL, score ,15 on BI. cBased 
on SNAQ $1. dFrail according to VMS (Hospital Safety Management) was defined as 
two or more questions scored yes. eFrail according to GFI when the total score was 
4 or higher. fDecline in BI score 2 months after surgery.
Abbreviations: ADL, activities of daily living; BI, Barthel-20 index; GFI, Groningen 
Frailty Index; SNAQ, Short Nutritional Assessment Questionnaire; VMS, Veiligheids-
ManagementSysteem.

found (Table 1). The mean age of the patients with func-

tional decline was 86 years, of whom 86% was female. The 

prevalence of frailty was 68 and 71% according to VMS 

frailty score and GFI, respectively. Functional decline was 

significantly associated with VMS (P=0.003) and (hemi)

arthroplasty operation technique (P=0.015) (Table 2). 

Unfortunately, multivariate logistic regression analysis with 

functional decline as outcome was not possible due to the 

high number of missing BI scores.

Table 2 includes patients’ characteristics and their pos-

sible association or relation with patient outcomes as func-

tional decline, 30-day mortality, and overall mortality.

Mortality
Nine percentage of all patients died within 30 days after sur-

gery (Table 1). The median age was 85 years, and 56% of the 

patients were female (Table 2). The prevalence of frailty was 
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Table 2 Characteristics and univariate analyses by patient outcome

Functional declinec  
N=22 (%)

Significant 30-day mortality  
N=25 (%)

Significant Overall mortalityd  
N=105 (%)

Significant

Age (years), mean (SD) 86.0 (6.0) 85.0 (6.0) 85 (6.0)

Gender (male) 3 (14) 0.269b 11 (44) 0.020a 29 (28) 0.405a

Cardiovascular disease 18 (82) 0.200b 24 (96) 0.004b 86 (82) 0.005a

Neurodegenerative disease 5 (23) 0.165a 9 (36) 0.245a 41 (39) 0.000a

Chronic pulmonary disease 1 (5) – 5 (20) 0.143a 16 (15) 0.098a

Diabetes mellitus 4 (18) – 8 (32) 0.208a 30 (29) 0.042a

Polypharmacye 18 (82) 0.081b 21 (84) 0.047b 76 (72) 0.047a

Living in a nursing home 0 – 5 (20) 0.301a 23 (22) 0.001a

Risk for malnutritionf 4 (18) 0.074b 5 (33) 0.029a 22 (21) 0.000a

Frail by VMSg 15 (68) 0.003a 20 (91) 0.001b 80 (76) 0.000a

Frail by GFIh 15 (71) 0.063a 11 (79) 0.165b 47 (45) 0.001a

Operation technique  
([hemi]arthroplasty)

4 (18) 0.015b 14 (56) 0.208a 45 (43) 0.756a

Delirium 2 (9) 0.732b 10 (18) 0.008a 34 (60) 0.000a

Notes: Values are number (percentage) of patients. aPearson Chi-squared test. bFisher’s exact test. cDecline in Barthel-20 index score 2 months after surgery. dData of 
mortality were collected from the population register at one point after two till 3 years after surgery. ePolypharmacy was defined as the use of five or more prescriptions 
with different ATC3 codes at admission. fBased on SNAQ, $1. gFrail according to VMS (Hospital Safety Management) was defined as two or more questions scored yes. hFrail 
according to GFI when the total score was 4 or higher. Bold text indicates a statistically significant correlation (P,0.05).
Abbreviations: GFI, Groningen Frailty Index; SNAQ, Short Nutritional Assessment Questionnaire; VMS, VeiligheidsManagementSysteem.

91 and 79% according to VMS and GFI, respectively. Of 

these patients, 84% had polypharmacy and 96% of them suf-

fered from cardiovascular disease. In the univariate analysis, 

VMS was significantly associated with 30-day mortality and 

overall mortality. Other factors associated with mortality were 

being male, delirium during hospitalization, polypharmacy, 

presence of cardiovascular disease, and malnutrition.

Figure 1 shows the Kaplan–Meier curves of the overall 

survival among patients with a hip fracture classified as frail 

(blue line) and not frail (red line) by VMS. Patients who were 

classified as frail with VMS showed a significantly worse 

survival than nonfrail patients (overall survival: 57 vs 80%, 

respectively; P
logrank

 ,0.001). These results were similar 

when patients were classified according to the GFI method 

Figure 1 Overall survival analysis for patients with a hip fracture classified as frail and nonfrail using the VMS scoring method.
Notes: VMS (Hospital Safety Management) was defined as two or more questions scored yes. Red line is not frail by VMS, and the blue line is frail by VMS.
Abbreviation: VMS, VeiligheidsManagementSysteem.
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(58 and 81%) (data not shown). The corresponding hazards 

of death were statistically significant (HR
VMS

 =3.5; 95% 

CI =2.1–5.7, P,0.001, and HR
GFI

 =2.3; 95% CI =1.2–4.1, 

P=0.008). Other independent variables of survival in the 

regression model were age higher than 83 years (HR =2.6; 

95% CI =1.5–4.2, P,0.001) and presence of chronic pulmo-

nary disease (HR =0.46; 95% CI =0.2–0.9, P=0.013).

Discussion
In this study, we showed that elderly patients who underwent 

surgery for hip fracture classification as frail by VMS and GFI 

are associated with a significantly decreased overall survival. 

Other independent risk factors for survival were higher age 

and presence of chronic pulmonary disease. In addition, 

classification as frail according to VMS was significantly 

associated with a functional decline after surgery and with 

30-day mortality.

VMS
The results of this study are generally consistent with the 

sparse literature on VMS frailty and outcomes in patients 

with hip fracture. Patients classified by the VMS as “frail 

older people” had a higher risk of dying.11 Another study 

in elderly patients stated that the best predictive power for 

adverse outcome was found by identifying patients at risk 

aged 70–80 years and scoring positive on three or four VMS 

domains or aged .80 years and scoring positive on one or 

more of the VMS domains.16 The fourth domain in that study 

was undernutrition. We used three VMS questions about 

cognitive impairment or confusion during earlier admission 

periods, activities of daily living (ADL) limitations, and 

falling. We found that VMS frailty (scoring positive on one 

of the other questions than falling) was predictable for 30-day 

mortality, overall mortality, and functional decline. The only 

study that studied VMS frailty in a population elderly with 

hip fracture showed that VMS score for delirium risk was 

predictive for clinical outcome.17

GFI
The existence of higher numbers of missing scores on the GFI 

frailty score was probably explained by the usability of this 

questionnaire. The GFI was more difficult to complete than 

was expected beforehand. During data collection, researchers 

experienced problems in answering the questions in patients 

with decline in cognitive functioning and, sometimes, they 

scored themselves less frail than they actually were.

Another explanation for the missing scores is the 

inaccurate computer system for selecting eligible patients.

Only one study assessed GFI in patients with hip frac-

tures (N=30). The main study was conducted for vertebral 

fracture patients. A frailty score of 67% was mentioned only 

for the total study population.18 Previous studies about the 

GFI have reported good internal consistency with adequate 

validity.7,8,11,19 In the present study, GFI was not able to 

predict 30-day mortality and 1-year mortality. There was an 

association between GFI and functional decline; however, 

due to high numbers of missing BI scores, we could not 

accurately carry out the analyses. Previous studies compared 

GFI frailty scores only with other frailty measurements, not 

with patients’ outcomes such as mortality, functional decline, 

delirium, length of stay, and quality of life.

In this study, chronic pulmonary disease seemed to be 

protecting with regard to overall mortality. This is inconsis-

tent with earlier studies. Earlier studies in patients with hip 

fracture showed that patients with chronic pulmonary disease 

have higher risk of passing away than those without chronic 

pulmonary disease.20,21 In these studies, patients above the 

age of 40 or 65 years were included. A similar study, as ours, 

did not describe pulmonary disease separately but used the 

Charlson comorbidity index for counting comorbidity.17

Strengths and limitations
The present study has several strengths. It was performed in 

a general hospital, few exclusion criteria were used, and our 

study population is a representative group of older patients 

with hip fracture. To our knowledge, no previous studies 

investigated the predictive value on adverse outcome of GFI 

and VMS frailty scores in patients with hip fracture.

There were also limitations in this study. Functional 

decline by Barthel-20 index is probably not the most relevant 

outcome of patients after hip fracture. Researchers noticed, 

during data collection, that in most cases, several months 

after surgery, the maximum scores on mobility were reached 

when patients still experienced decline in mobility. Our 

population was too small for exploring predictive values for 

30-day mortality in multivariate analyses. Frailty scoring by 

VMS and the cutoff point were based on clinical expertise in 

elderly patients of the geriatric specialists/researchers. The 

VMS frailty score is based on a commonly accepted guideline 

in the Netherlands but applied in different ways.

Implications for practice
Frailty should be assessed by VMS in every patient aged 

70 years or higher with hip fracture. VMS frailty score is eas-

ier to complete than GFI and is also statistically comparable 

with GFI. When two or more questions are answered with 
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yes, the patient with hip fracture should be documented as 

frail. For the outcomes assessed in the study, the VMS might 

be more appropriate than the GFI.

Further research
Further research is necessary to explore which values predict 

30-day mortality and to explore the predictive value of frailty 

on adverse outcome in patients as duration of stay, delirium, 

functional decline, and quality of life. When knowing these 

predictive values, it is crucial to explore in what way we 

can improve adverse outcome in patients with hip fracture 

in order to realize the main goal of these patients; returning 

to prefracture functional level.

Furthermore, especially in frail patients, the situation 

before admission is relevant for decision making, in choosing 

surgery or not and setting other treatment goals. Therefore, 

a geriatric comprehensive assessment including GFI prob-

ably is relevant for other purposes. Moreover, in this study, 

frailty was assessed during hospital stay but might also be 

suitable in the situation before admission. These elements 

should also be the focus of further research.

Conclusion
VMS frailty scores can be used in establishing frailty and 

thereby adverse outcome as overall survival and 30-day 

mortality in older patients with hip fracture.

Disclosure
The authors report no conflicts of interest in this work.
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