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Chapter 7

Functional recovery: design of a cohort 
study

van der Sijp M.P.L., van Eijk M., Niggebrugge A.H.P., du Pré K.J., Gussekloo J., Slagboom P.E., 
Suchiman H.E.D., Blauw G.J., Achterberg W.P. Functional recovery in older patients with a 
proximal femoral fracture: design of a cohort study. [submitted].
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Abstract

Background: Proximal femoral fractures are usually fragility fractures following minor trauma. 
The long-term effects are severe with significant mortality and morbidity characterized by impaired 
mobility and independence. These adverse outcomes are often attributed to high age, prevalent co-
morbidities and diminished physiological reserves (often referred to as frailty) in a predominantly 
older patient population. The aim of this project is to identify patient-related prognostic factors 
and study their impact on functional recovery within one year after surgery in older patients with a 
proximal femoral fracture. This knowledge could improve prognostic accuracy and highlight new 
areas for intervention programs.
Methods and design: This observational inception cohort study will include patients with a 
proximal femoral fracture. The primary outcome is a composite outcome defined as meeting the 
following three criteria: survival, returning to a prefracture living situation and recovery of mobil-
ity within 1 year after surgery. Besides standard regression analyses, the application of multi-state 
models will be explored. Prognostic factors that will be related to the outcome include nutritional 
state, handgrip strength, prefracture mobility, prefracture functional independence and cogni-
tion. Blood will be collected and stored for biomarker quantification and exploration of additional 
prognostic values using high-throughput proton nuclear magnetic resonance spectroscopy. Pa-
tients will be treated according to the routine local care pathway.
Results: In 2017 a pilot population of 490 proximal femoral fractures were treated in the study 
hospital’s hip fracture center, and included in a feasibility study. From this we estimated that ap-
proximately 186 patients will be eligible for inclusion annually, and unwillingness to participate is 
expected to be below 50%. Compared to the entire patient population, eligible patients were on 
average older, but with a more favourable ASA classification, better functionality, showed more 
independent living and more pertrochanteric femur fractures.
Discussion: This study uses a long-term composite outcome and will use both functional and 
biological prognosticators.
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Background

Proximal femoral fractures in older patients are strongly associated with adverse outcomes, with 
only half of all patients returning to pre-fracture mobility levels.1 Simultaneously, one-third of all 
previously community dwelling patients are permanently institutionalized2 and one-year mortal-
ity rates are estimated to be around 25%.3-5

Various definitions have been proposed for functional outcome in patients with proximal 
femoral fractures, and different methods have been explored to assess it.6 Different ways have 
been used to cope with the competing outcomes mortality and institutionalization when study-
ing functional outcome.7-9 Regarding these competing outcomes as failure to recover reflects the 
individuals’ changes on a successful recovery. Alternatively, a novel method using multi-state 
models allows for analyses of individual transitions in a recovery process with multiple (compet-
ing) outcomes.10 In addition, multi-state models can be used to prognose patient outcomes at any 
specific moment in the recovery process. The model can take into account the patient’s prefracture 
characteristics, aspects of treatment and all prior transition rates.11

These methods could provide new insight in the functional prognosis of patients and the 
relevant prognostic factors. Various prognostic factors of functional recovery, especially short 
term, have been studied previously.6 However, current prognostic accuracies remain poor and 
underlying mechanisms and mediators are still poorly understood6. The chief patient characteris-
tics previously identified as prognostic factors for long-term functional outcomes include age12-14, 
comorbidity14-17, cognition17-19 and prefracture functionality12-14, 16. While comorbidity and cognition 
fit well in a biopsychosocial model of health, age and prefracture function may be related to more 
basal underlying factors that define the patients’ physiology.20 These factors, however, have been 
little studied in proximal femoral fracture patients to date. Basic methods to define a patient’s 
functional capacities could involve more physical measurements. In older patients sarcopenia, de-
fined as a decreased muscle mass or muscle strength21, is an important determinant of function.22 
Assessing muscle strength using handgrip strength (HGS) is an easy-to-use technique and strongly 
correlated with general and lower extremity muscle strength.23 In patients with a proximal femoral 
fracture, HGS is an independent prognostic factor of long-term functional recovery.24, 25 Alterna-
tively, the fat free mass index (FFMI) can be used to measure muscle mass rather than strength. 
The FFMI is sometimes incorporated in malnutrition screening methods26 as malnutrition is 
a major risk factor for sarcopenia and is prevalent in admitted older patients.27 Consequently, 
malnourished patients with a proximal femoral fracture tend to have a slower recovery, poorer 
functional outcomes and a higher risk of mortality.28 Although a strong correlation between muscle 
strength, muscle mass, nutritional status and the patients’ functional capacity seems evident, their 
combined and independent effects on long-term functional recovery in patients with a proximal 
femoral fracture have not been studied in detail.
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Besides these physical assessments, the plasma protein, albumin, is frequently studied and often 
considered an important marker of a patients’ nutritional status. It is a prognosticator for mortality 
and adverse outcomes in various patient populations, including patients with a proximal femoral 
fracture.29-31 It has also been identified as an independent prognostic factor of function in patients 
recovering from ischemic stroke.32 Few other associations between the patients’ health status and 
routine blood results or metabolic profiles have previously been studied for prognostic purposes 
in older patients.31, 33 However, the circulatory metabolome may be a potentially novel, minimally-
invasive indicator of morbidity and mortality risks as it holds numerous different metabolites that 
provide information on the health status of the patient and on specific organ systems. Biochemical 
assessment of health and (the risks for) comorbidity defines biological age, which may ultimately 
provide a more accurate prognosis than chronological age.20, 34 Metabolomic profiles, composed of 
many different serum metabolite measurements, have mostly been studied in large, non-specific 
populations to find prognostic factors of all-cause mortality or the onset of specific diseases.35 Due 
to practical and economic reasons these techniques have had a limited impact in clinical practice 
to date. The prognostic value of serum markers for long-term functional outcomes of older trauma 
patients specifically has not been studied previously.

We hypothesize that these biological type of assessments of the patients’ health status will 
improve the prognostic accuracy of functional recovery. Because recovery from a proximal femo-
ral fracture is regarded primarily as a physical process, this study will focus on patients’ physical  
characteristics.

Objective
The aim of this study is to identify patient-related prognostic factors and study their impact on 
functional recovery within one year after surgery for older patients with a proximal femoral frac-
ture. The study will mainly focus on the areas outlined in the research questions below:
-	 How do the patient characteristics nutritional state, HGS, prefracture mobility, prefracture 

independence in ADL and cognition affect functional recovery within 1 year in older patients 
with a proximal femoral fracture?

-	 Can preoperative metabolic profiling be used for prognostics of functional recovery in patients 
with a proximal femoral fracture?

Methods and design

This protocol and the study accord with to the ‘Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE)’ statement guidelines for reporting observational studies.36 
Recruitment all consecutively admitted patients with a proximal femoral fracture (AO-classi-
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fication 31A/B)37 started in December 2018 at the level 1 trauma teaching hospital ‘Haaglanden 
Medical Center’ (HMC) in The Hague. Detailed in- and exclusion criteria are presented in Table 1. 
Eligibility for inclusion is assessed during admission by the research staff. The project is titled ‘Hip 
fractures: Inventorization of Prognostic factors and their Contribution towArds Rehabilitation in 
older pErsons’ (HIP CARE).

Outcomes

All outcomes are assessed during check-ups at 6 weeks, 3 months and 1 year after surgery. These 
are routine check-ups offered to all patients with proximal femoral fractures admitted to the 
Haaglanden Medical Center in The Hague, in accordance with a protocolled local care pathway.

Assessment of the primary outcome
The primary outcome of this study is the rate of successful recovery within one year after surgery, 
as defined by the combination of patient survival, a return to the prefracture living situation and 
recovery of mobility. These criteria are adaptations of the Tier 1 healthcare outcomes defined by 
Porter et al. (2010), which should be considered the most basic and important outcomes for all 
healthcare, and with significant socio-economic impact.38 Patients who meet all three criteria 
simultaneously at any point within the first year after admission (at 6 weeks, 3 months and 1 year) 
will be considered to have recovered successfully.
-	 Patient survival will be assessed using observed mortality, defined as death due to any cause. 

The time-to-event will be calculated based on the time of arrival in the emergency department.
-	 The living situation will be defined as the patients’ residence registered during admission (the 

patients’ prefracture living situation), at discharge (the discharge location) and at follow-up 
(6 weeks, 3 months and 1 year after surgery). The living situation will be categorized binomi-

Table 1. Inclusion and exclusion criteria for eligible study subjects.

Inclusion criteria Exclusion criteria

Age ≥70 years Pre-fracture residence in a nursing home

Unilateral fracture (AO type 31 A1-B3) Pathological fractures

Eligible for (geriatric) rehabilitation Severe cognitive impairment

Insufficient in the Dutch language

The eligibility assessment is performed by a combined assessment of the patient charts and patient and/or care-
giver interviews. Eligibility for (geriatric) rehabilitation is assessed weekly in a multidisciplinary team meeting 
and generally considered for patients who do not permanently reside in a nursing home. Severe cognitive impair-
ment is defined as a 6CIT ≥11 upon admission or an official diagnosis of dementia.



Chapter 7

- 162 -

ally based on the self-dependency of the patient. Patients either live independently (at home, 
either with or without professional homecare or in a residential home) or are permanently 
institutionalized in a nursing home (for long-term care). In terms of the primary outcome, 
success is considered as not permanently residing in a nursing home.

-	 Mobility will be scored using the Parker Mobility Score (PMS, also: New Mobility Score). This 
tool rates the use of an aid or assistance in three categories of ambulation, with 4 possible op-
tions covering an outcome range of 0-9.39 The PMS was developed specifically for patients with 
a proximal femoral fracture and has been shown to be a reliable and valid prognosticator of 
functional (rehabilitation) outcomes.39, 40 The tool has a high relative and absolute inter-tester 
reliability and little recollection bias when used to assess prefracture mobility.41 The PMS will 
be assessed and recorded during admission (as the patients prefracture mobility) and at each 
follow-up (6 weeks, 3 months and 1 year after surgery). Return to the individual prefracture 
level of mobility (follow-up PMS ≥ prefracture PMS) will be considered successful.

Secondary outcomes
-	 The individual outcomes which constitute the combined primary outcome (patient survival, 

living situation and mobility) will be considered as single secondary outcomes.
-	 Short-term assessments of the primary outcome will be measured at the 6 weeks and 3 months 

follow-up after surgery.
-	 Additional aspects of functionality will be assessed using a functional performance battery 

which includes Functional Ambulation Categories (FAC), the Short Physical Performance 
Battery (SPPB), as well as patient-reported assessments (the Katz Index of Independence in 
Activities of Daily Living (Katz-ADL) and the previously described PMS) at 6 weeks, 3 months 
and 1 year after surgery. The performance battery will be assessed during follow-up only when 
safe for patients. Patients with a FAC score ≥3, which implies need for continuous or inter-
mittent support during ambulation42, will not be assessed. The patient-reported assessments 
(Katz-ADL and PMS) will be evaluated for all patients during admission (considered as the 
patients’ prefracture functionality) and at follow-up.

	 o	� The Katz-ADL consists of 6 yes/no questions related to the patients’ self-dependence in 
general activities of daily living.43 It is a common indicator of a patient’s dependency and is 
part of the Dutch quality indicator for proximal femoral fractures (DHFA).44

	 o	� The Functional Ambulation Categories (FAC) score is a 6-point scale that facilitates assess-
ment of independence in ambulation through observation of the patient.42

	 o	� The Short-Physical-Performance-Battery (SPPB) is an objective tool assessing balance, 
walking speed and strength through a series of exercises.45 Outcome scores are categorized 
into ‘≤3’ (severe disability), ‘4-9’ (high risk of developing a disability) and ’>9’ (low risk).46 



- 163 -

Functional recovery: design of a cohort study

Patients who are unable to perform the assessments are assigned to the first category for 
the analyses.

-	 Readmission and reoperation up to 1 year after surgery.
-	 Delirium as diagnosed by the hospital psychiatrist using DSM-V criteria. When a patient is ad-

mitted, delirium risk is routinely assessed by ward nurses using the (Dutch) VMS theme ‘Frail 
Elderly’.47 Patients with an elevated delirium risk and patients with a low clinical suspicion 
of delirium are screened three times daily by trained nurses using the Delirium Observation 
Screening Scale (DOS) scores.48 When delirium is suspected, the hospital psychiatrist is con-
sulted for diagnosis and treatment.

-	 Quality of life (QOL) will be registered retrospectively during admission as the prefracture 
QOL and at 6-weeks, 3-months and 1-year outpatient follow-up using the Dutch version of the 
5-dimensional EuroQol (EQ-5D-5L).49

Baseline parameters
The independent association of the following baseline characteristics (exposures) and the primary 
outcome will be assessed: nutritional state, HGS, prefracture mobility, prefracture independence 
in ADL and cognition.
-	 Nutritional state will be assessed using the Mini Nutritional Assessment Short-Form (MNA-

SF). This nutritional screening tool is the most widely used tool in both literature and clinical 
settings, is designed for older patients and has been extensively validated in proximal femoral 
fracture patients.50 It combines five questions concerning food intake, weight loss, mobility, 
psychological stress and acute disease or neuropsychological problems with the BMI and/or 
FFMI. Patients with a MNA-SF score of 12-14 points are considered normal, patients with 8-11 
points are considered ‘at risk of malnutrition’ and patients with 7 points or less are considered 
‘malnourished’.50, 51

	 o	� BMI is calculated using patient weight and height ([weight] / [height]^2). The patients’ 
weight will be measured during admission in the emergency department when patients 
are transferred to the hospital bed using a ceiling-mounted lifter with built-in scale. The 
patients’ height will be measured in upright position or using the lower-leg method at the 
second outpatient clinical assessment.

	 o	� The FFMI will be measured during admission using a single-frequency Bioelectrical Im-
pedance Analysis (BIA) device (the Bodystat®500 by Bodystat Ltd).

-	 Handgrip strength (HGS) will be assessed during admission and at the second follow-up, three 
months after admission, using a Jamar handheld dynamometer (Lafayette Instrument Co). 
The highest force (measured in whole kilograms) out of three consecutive measurements with 
the dominant hand will be registered and used for analysis. Measurements are categorized as 
normal or abnormal based on reference values stratified for age and sex.52
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-	 Prefracture independence in ADL will be assessed using the Katz-ADL and prefracture mobil-
ity using the PMS of the period immediately before the fall.

-	 Using the Six Item Cognitive Impairment Test (6CIT), cognition will be rated in the emergency 
department during admission for all patients admitted without a previously known diagnosis 
of (any form of) dementia. Patients will be classified as cognitively impaired if they have a 
known diagnosis of dementia or a 6CIT score of ≥11.53

The following study parameters will be assessed during admission and included as potential con-
founders in the analyses: age, sex, general health score (using the ASA classification)54, prefracture 
fear of falling (using the 1-item fear of falling (FOF)55 during admission), fracture type, type of 
surgery (prosthesis or osteosynthesis) and perioperative anesthesia types (including preoperative 
Fascia Iliaca Compartment Blocks and either an intrathecal block with or without spinal morphine 
or general anesthesia during surgery).

Complications will be grouped and registered at discharge and at follow-up. Most have been 
described previously by van der Sijp et al. (2017).56

-	 Surgical complications (postoperative bleeding, postoperative bleeding, implant failure, im-
plant dislocation, implant luxation, femoral head necrosis, periprosthetic fractures, superficial 
wound infection, deep wound (prosthesis) infection, nerve damage).

-	 Non-surgical complications (anaemia (Hb<6.0), cardiac complications (including decompen-
sation, ischemia and arrhythmia), stroke, pressure sores, electrolyte disturbances, gastroin-
testinal bleeding, ileus, obstipation, ulcers, chronic obstructive pulmonary disease (COPD) 
exacerbations, pulmonary embolism, pneumonia, respiratory insufficiency, renal function 
disorders, sepsis, thrombosis, phlebitis, urinary tract infections, urinary retention, falling with 
or without a new fracture).

Blood samples
During admission blood will be obtained from the emergency department via a venepuncture 
for routine preoperative blood work. The routine blood tests include the sedimentation rate, 
erythrocytes, haemoglobin, haematocrit, leukocytes, thrombocytes, leukocyte differentiations, 
sodium, potassium, calcium, phosphate, creatinine, glomerular filtration rate, albumin, alkaline 
phosphates, glucose, thyroid stimulating hormones, free T4, parathyroid hormone, vitamin D and 
CRP.

After routine tests, residual blood (EDTA and heparin) will be prepared for long-term storage 
at -80°C. Until stored, all blood samples will be handled and tested only by the clinical laboratory 
of the study hospital. The stored blood will be used for biomarker quantification using high-
throughput proton nuclear magnetic resonance (NMR) spectroscopy (Nightingale Ltd, Helsinki, 
Finland). This method provides simultaneous quantification of circulating lipid concentrations, 



- 165 -

Functional recovery: design of a cohort study

lipoprotein subclasses, proteins, low molecular weight metabolites (including amino acids, fatty 
acids and ketone bodies and glycolysis precursors) and other small molecules. Outcomes are ex-
pressed in specific lipoprotein- and fatty acid composite scores and absolute molar concentration 
units. Details of experimentation and application of the NMR metabolomics platform have been 
given previously in various epidemiological cohort studies.29, 35, 57-59

Usual care and procedures

All assessments denoted in table 2 with an ‘A’ and all treatment aspects described below (unless oth-
erwise specified) have been part of routine care for all patients (admitted with an AO-classification 
31A/B fracture) since December 21, 2016 and are documented in the local care pathway protocol of 
the hip fracture center (HFC) at the Haaglanden Medical Center.

Table 2. Timeline for all routine and study procedures and assessments.

Procedure/Assessment Admission In-hospital 
treatment phase

6 weeks after
surgery

3 months after
surgery

12 months after
surgery

PMS Af A A A

Living situation A A A A

Survival A A A

Baseline measurements A

Blood samples A A

Katz ADL Af A A A

EQ-5D-5L Af A A A

6CIT A A A A

Nutritional screeningd A

FFMI B B

HGS B B

NRS pain A A A A

Complicationsb A A A A

FOFe Af A A A

Functional performance batteryc A A A

X-ray assessment A A Ab Ab

A. Routine assessments for standard care. B. Additional assessments for study purposes.
a For osteosyntheses only. b Any patient-reported complication in the previously described surgical and non-sur-
gical complication list and any reason for a postoperative readmission to a hospital.  c Short physical performance 
battery (SPPB), Functional Ambulation Categories (FAC). d SNAQ score and MNA-SF. e Fear of Falling; 1-item 
FOF during admission and Falls Efficacy Scale (FES) i7 at outpatient follow-ups. f Assessment of the prefracture 
situation. ADL activities of daily living, EQ-5D-5L 5-level 5-dimensional EuroQol, 6CIT Six Item Cognitive Im-
pairment Test, FFMI fat free mass index, HGS handgrip strength, NRS numeric rating scale.
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Usual care during admission
Patients admitted with a suspected proximal femoral fracture will be examined in the trauma 
bay of the emergency department. The admission will be coordinated by the resident on call, 
after consultation with the trauma- or orthopaedic surgeon on duty. Cognitive and malnutrition 
screenings will be conducted using the 6CIT and the SNAQ score. For older patients (≥70 years) 
geriatric specialists will be consulted for co-treatment. Surgery of the fracture will be performed 
by a combined trauma-unit consisting of trauma- and orthopaedic surgeons, preferably within 24 
hours. After surgery, patients will reside on a surgical ward dedicated to proximal femoral fracture 
patients. Patients will be visited daily during rounds by the ward doctor, a surgeon and a senior 
nurse. Twice weekly all patients will be discussed in a multidisciplinary team meeting that includes 
the trauma- or orthopaedic surgeon, ward doctor, geriatrician, ward nurse, physiotherapist, dieti-
cian and transfer nurse. The common goal is an uncomplicated recovery, with discharge 3 days 
after surgery to an appropriate rehabilitation setting.

Usual care during outpatient visits
The appropriate rehabilitation setting after discharge will also be discussed during the multi-
disciplinary team meetings. Patients who did not permanently reside in a nursing home before 
admission and are eligible for rehabilitation programs (either at home or in a rehabilitation nurs-
ing home) will be invited to visit the multidisciplinary outpatient clinic at 6 weeks, 3 months 
and 1 year after surgery. During these visits patients will be invited to see the doctor’s assistant, a 
physiotherapist, the geriatrician (for patients 70 years and older) and a trauma or orthopaedic sur-
geon. The various specialists focus on the patient’s functionality, fracture healing, complications, 
osteoporosis screening, fall prevention and general quality of life. The eligibility criteria for the 
multidisciplinary outpatient clinic visits apply for each subsequent outpatient visit and are briefly 
reassessed and discussed by the specialists during each outpatient visit. Patients participating in 
the study who do not attend the outpatient clinic for any reason will be contacted to offer a home 
visit by one of the researchers for the collection of solely the study data.

The assessments performed during routine outpatient visits cannot be performed in cogni-
tively impaired and non-ambulatory patients, as transport to the hospital and the outpatient visit is 
considered too burdensome. Instead, these patients will be called by phone for clinical assessment 
(either with the patient or a caregiver) at 6 weeks, 3 months and 1 year after surgery.

A pilot of this extensive follow-up regime started on January 1, 2017 and included approxi-
mately half (n=267) of the proximal femoral fracture patients admitted in 2017. Selection was based 
on certain weekdays and excluded patients operated on Saturday, Sunday and Wednesday. As of 
January 1, 2018, the extensive follow-up was available to all (approximately 500) patients with a 
proximal femoral fracture.
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Data registration
Starting on December 21, 2016, all patients admitted to the HMC with a proximal femoral fracture 
are registered in an external, coded database. Data are collected prospectively, simultaneously 
with the clinical notes in the original patient files taken during admission and all follow-up by 
various medical personnel.56 The database is used for national registration, internal quality of care 
checks and scientific purposes.44 The methodology of this data collection and of any subsequent 
observational studies has been approved by the institutional Medical Research Ethics Committee 
(METC Southwest Holland, protocol number 18-029). Patients are offered an opt-out for data col-
lection during admission. Explicit patient permission was considered unnecessary by the ethics 
committee due to the observational nature of the routine data collection.

In addition to this routine data collection, a subset of data is collected for the research pur-
poses of this study only (denoted with the letter B in table 2). These data are collected by research 
staff only, and stored in a separate coded and anonymized database. Additional ethical approval 
was obtained for this data subset from the same institutional Medical Research Ethics Committee 
(METC Southwest Holland, protocol number 18-081; NL66871.098.18). Written informed consent 
was obtained from all patients included in this section of the data collection. All patient data are 
handled according to Good Research Practice guidelines.

Statistical analysis plan

Patient characteristics and treatment aspects will be described using summary statistics and 
compared by univariable analysis. Missing data will be analyzed for patterns (not at random, at 
random, completely at random). Data missing at random will be imputed using multiple imputa-
tion techniques. Categorical data will be compared using the chi-squared test or Fisher’s exact test 
if numbers are insufficiently large (expected cell counts >5). The unpaired two-sample t-test will 
be used for continuous data with a normal distribution (reported with standard deviations), and 
the Mann–Whitney U test for non-normal distributions (Kolmogorov-Smirnov test of p< 0.05, 
reported with interquartile ranges, IQR).

The main analysis of this study assesses the associations between the exposures (nutritional 
state, HGS, prefracture mobility, prefracture independence in ADL and cognition) and the prima-
ry outcome (functional recovery) while considering potential confounding factors. The primary 
outcome will be analyzed using regression analyses, assessing the associations between exposures 
and the outcome.  Correlation coefficients will be calculated for all selected variables to check for 
multicollinearity (r > 0.8) using Spearman rank-order correlation methods for monotonic rela-
tionships, or ordinal variables and the Pearson product moment correlation for linear relationship 
between continuous variables. To prevent overfitting, the one-in-ten rule will be applied to deter-
mine how many prognostic factors can be derived from data in the multivariable analysis.60, 61 A 
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multi-state model, which includes the competing events of not returning to an independent form 
of living, or dying, will be used to explore patient transitions throughout the recovery process. 
Reasons for failure to follow up will be recorded and compared between the cohorts.

The metabolomic outcomes will be examined and if skewed LN-transformed to obtain normal 
distributions. A value of one will be added to all metabolites for which the value is below the 
detection limit. We will first base univariate analysis on all 226 available measurements and the 
novel scores we have previously generated from this platform.62 Due to the high correlation among 
the measurements, the selection of independently associated metabolites will be based on a subset 
of metabolites to prevent overfitting, or principal component analysis (PCA) will be applied to 
reduce data dimensions.

A p-value below 0.05 (p < 0.05) will be considered statistically significant for all outcomes. All 
statistical analyses will be performed using IBM SPSS statistics software for Windows version 25.0.

Sample size

No data are available on the combined outcome measure proposed in this manuscript. A recent 
study by Helminen et al. (2017) explores the effect of nutritional status on the recovery of mobility 
and mortality at 1 year after surgery. These are two of the three components of our combined 
outcome.7 Here, the response rate of unsuccessful recovery to prefracture levels of mobility for pa-
tients with normal nutritional scores was 48% (of this group, 16% died and of the surviving patients 
32% did not recover their mobility). The response rate of unsuccessful recovery to prefracture 
levels of mobility for patients with abnormal nutritional scores was 84% (of this group, 37% died 
and of the surviving patients 47% did not recover their mobility).

A logistic regression of the binary response variable (nutritional status) on the binary in-
dependent variable (recovery of mobility) with a sample size of 84 observations (of which 67% 
are in the malnourished group and 33% are in the control group) achieves 79% power at a 0.05 
significance level to detect a change in Prob(Y=1) from the baseline value of 0.84 to 0.48. This 
change corresponds to an odds ratio of 0.176. An adjustment was made since a regression analysis 
of the independent variable of interest on the independent variable prefracture mobility (which 
was considered the most significant covariate) in the logistic regression obtained an R-Squared of 
0.340 (using the feasibility data). Anticipating loss to follow-up of up to 40% due to incompliance 
and drop out, inclusion of at least 140 patients is required.

A limitation of this power calculation is that the effect of the third component of our combined 
outcome (return to prefracture living situation) is ignored.
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Feasibility study
Between January 1, 2017 and January 1, 2018, 487 patients were treated in the HFC for 490 proximal 

Table 3. Characteristics of all patients admitted in 2017 and those eligible for inclusion.

Patient characteristic All patients
n=267 (%)

Eligible patients
n=113 (42.3%)

P-value

Mean age (SD) 78.9 (14.0) 83.9 (6.9) <0.001

Sex (f) 182 (68.2) 80 (70.8) 0.429

ASA classification

I 16 (6.1) 2 (1.8)

II 110 (42.1) 56 (51.4)

III 120 (46.0) 46 (42.2)

IV 14 (5.4) 5 (4.6)

V 1 (0.4) 0 (0.0) 0.027

Cognitively impaireda 85 (32.4) 0 (0.0) <0.001

MNA-SF

14-12

<12

Katz-ADL

0-2 188 (73.7) 101 (89.4)

3-4 43 (16.9) 11 (9.7)

5-6 24 (9.4) 1 (0.9) <0.001

Living situation

Independent 149 (55.8) 158 (75.2)

Homecare 48 (18.0) 38 (18.1)

Residential home 13 (4.9) 25 (5.1)

Nursing home 49 (18.3) 0 (0.0)

Rehabilitation home 3 (1.1) 2 (1.8)

Other 5 (1.9) 1 (0.9) <0.001

Fracture type

FNF 155 (58.1) 57 (50.4)

PFF 112 (41.9) 56 (49.6) 0.031

Treatment

Prosthesis 102 (38.2) 43 (38.1)

Osteosynthesis 162 (60.7) 70 (61.9)

Conservative 3 (1.1) 0 (0.0) 0.324

SD standard deviation, f female, ASA American Society of Anesthesiologists,  a assessed using the 6CIT score 
(≥11) or a previous diagnosed form of dementia, MNA-SF Mini Nutritional Assessment - Short Form, ADL activi-
ties of daily living, FNF femoral neck fracture, PFF pertrochanteric (and subtrochanteric) femur fracture, italics 
indicate statistical significance.
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femoral fractures. Three patients were admitted with a second, contralateral fracture. Prospectively 
collected data on the admission were available for all patients, but extensive follow-up data (at 6 
weeks, 3 months and 1 year) were only available for 267 of the fracture admissions included in the 
pilot group, which are presented here in a feasibility study. The mean age of the pilot population 
was 78.9 years (SD ±14.0) and the majority (68.2%) was female (table 3). A severe cognitive impair-
ment (defined as a 6CIT ≥11 upon admission or an official diagnosis of dementia) was present 
in 85 patients (32.4%) during admission. Of the pilot population admitted in 2017, 113 (42.3%) 
would have been eligible for the current study because they had no cognitive impairment and were 
community dwelling, factors which constitute the main inclusion criteria for HIP CARE (table 
3). These patients were on average older (because of the age selection criterion), but with a more 
favourable ASA classification, better functionality, more independent living and more pertrochan-
teric femur fractures than the general population. Within this potential inclusion population there 
was an in-hospital mortality rate of 4.4% and a 1-year mortality rate of 16.8% (table 4). From this 
we extrapolate an estimated potential sample size of 211 patients of whom 186 are expected to 
complete the 1-year follow-up, based on 500 admitted patients with a proximal femoral fracture 
per year. Missed inclusions due to logistical reasons, unwillingness to participate and discontinua-
tion of follow-up in this older patient population are together estimated at no more than 50%. This 
anticipated inclusion of 93 patients annually would satisfy the required minimum of 140 patients 
within two years’ time.

Discussion

Hip fractures are a major cause of mortality, institutionalization, reduced mobility, functional 
decline, informal care giver burden and reduced quality of life in older patients. Although the 
overall quality of emergency medicine, surgical procedures and post-acute care has improved, the 

Table 4. Living situation of eligible patients before and after admission.

Living situation Admission Discharge 6 weeks 3 months 1 year

Independent 79 (69.9) 4 (3.5) 26 (23.0) 40 (35.4) 45 (39.8)

Homecare 27 (23.9) 8 (7.1) 26 (23.0) 38 (33.6) 27 (23.9)

Residential home 4 (3.5) 2 (1.8) 2 (1.8) 4 (3.5) 5 (4.4)

Nursing home 0 (0.0) 3 (2.7) 5 (3.4) 6 (5.4) 10 (8.8)

Rehabilitation home 2 (1.8) 91 (80.5) 42 (37.2) 10 (8.8) 3 (2.7)

Other 1 (0.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Mortality - 5 (4.4) 9 (8.0) 11 (9.7) 19 (16.8)

Unknown - - 3 (2.7) 4 (3.5) 4 (3.5)
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functional prognosis of this specific group is still poor.63 This poor prognosis is in part explained 
by the underlying causes of falls and fractures: the toll taken by a combination of chronic and 
acute geriatric syndromes and symptoms. Combinations of sarcopenia, osteopenia, malnutrition, 
comorbidity, polypharmacy, chronic infection, and cognitive decline are probably also responsible 
for the poor prognosis. However, although many prognostic studies have been performed, most 
looked at mortality only or used relatively short-term functional outcomes. Very few studies used a 
combined measure for success, and therefore excluded patients with an incomplete follow-up due 
to mortality.13, 15, 64 Another weakness of many prognostic studies is the lack of a good description 
of the usual care given, which makes interpretation and extrapolation to clinical practice relatively 
complicated. In addition, many of the older usual care situations are potentially suboptimal, as 
there has recently been a shift towards treatment in orthogeriatric units.  The vast majority of data 
is collected as part of the routine registrations by medical personnel instead of research staff, which 
may also reduce observer bias.

This study is unique in that it uses both short- and long-term outcomes (1-year), uses a com-
posite primary outcome which is relevant to the patient and society, and studies a combined set of 
patient characteristics including among others metabolomics, an approach that has not been done 
previously in this patient population. This study aims to include all community dwelling patients 
aged 70 and above admitted with a proximal femoral fracture, for whom functional recovery of 
independence in the activities of daily living will have a major impact, both on them personally 
and on society in economic terms. As indicated by the feasibility study, these patients, who lived 
independently and have no or a minor cognitive impairment, are expected to have a more favour-
able ASA classification and baseline functionality. However, severe complications and mortality 
during admission might further favour the fitter patients for inclusion due to the challenge of 
obtaining informed consent.

Integrated care strategies have already been shown to produce improvements in physical, 
nutritional and sarcopenia status among community‐dwelling elders.65 This indicates a better 
understanding of these characteristics and additional targeting of care to this patient group may 
further improve treatment outcomes. The outcomes of this study provide additional information 
that can provide building blocks for future comprehensive improvements for these integrated care 
strategies.

Limitations
Limitations inherent to observational cohort studies do apply. All patients with severe cognitive 
impairment, and those previously institutionalized are excluded. Although these represent a mi-
nority of all hip fracture patients, this exclusion criterium limits the generalizability of all findings. 
However, this study aims to study factors relevant for functional recovery in patients who are 
eligible for (geriatric) rehabilitation.
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The use of a composite outcome and novel analyses such as the multi-state model limits com-
parison across the existing evidence base.

Study status

Inclusion of patients and data collection began on December 20, 2018. Inclusion is ongoing and is 
expected to be completed in 2021, with the complete one-year follow-up available in 2022.
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