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Abstract
Introduction  Hip fracture patients are fragile, and the majority fail to fully recover to their pre-fracture functional level, 
resulting in an increase in institutionalization. We aimed to investigate risk factors for being dependent at discharge and for 
failure to return to independent living 12 months after a hip fracture.
Materials and methods  From 2011 to 2017, all surgically treated hip fracture patients admitted from their own homes were 
included in this prospective cohort study. Patient characteristics were registered, including age, sex, lifestyle, comorbidities, 
pre-fracture New Mobility Score (NMS), biochemical measures, fracture type, and surgical method. Dependency was meas-
ured at discharge using a cumulated ambulatory score (CAS < 6) and the timed-up-and-go test (TUG > 20 s). At 12 months, 
patients were interviewed regarding residence, NMS, and care needs. Multivariable logistic regression was used, reporting 
odds ratio (OR) with 95% confidence intervals (CI).
Results  A total of 2006 patients were included in the study with data regarding their hospital stay and discharge. In all, 
1342 patients underwent follow-up at 12 months. The risk factors found to be associated with dependency at discharge were 
mostly static. Modifiable variables associated with dependency at discharge (CAS < 6) were hypoalbuminemia (OR: 1.94, 
95% CI 1.38–2.71), not having been mobilized to standing within 24 h (OR: 1.88, 95% CI 1.12–3.15), and general anesthesia 
(OR: 1.35, 95% CI 1.07–1.71). Failure to return to independent living at 12 months was found in 10% of the patients, and 
was primarily associated with patient characteristics and proxy variables for comorbidities, but also with dependency at 
discharge (CAS < 6).
Conclusions  Mobilizing patients to standing within 24 h from hip fracture surgery was vital in maximizing short-term func-
tional recovery. Failure to return to independent living was seen in the frailest patients. However, the majority remained in 
their own home with little increase in care needs.

Keywords  Hip fracture · Functional outcome · Functional recovery · Institutionalization · Cumulated ambulation score · 
Timed-up-and-go

Introduction

The World Health Organization (WHO) and the United 
Nations have coined 2021–2030 the decade of healthy aging 
[1]. The WHO defines this as: "the process of developing 
and maintaining the functional ability that enables wellbe-
ing in older age" [1]. The WHO highlights functional abil-
ity, including meeting basic needs and being mobile as key 
terms [1]. However, for the patient sustaining a hip fracture 
is a catastrophic event and often associated with adverse 
outcomes including disability and mortality. Hip fractures 
often lead to deterioration in function with increased care 
needs that make independent living impossible and results 
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in institutionalization. In Western countries, 10–36% of 
patients sustaining a hip fracture are institutionalized within 
12 months after their fracture [2–4]. Previous studies have 
identified risk factors for failure to return to independent 
living, such as age, cognitive status, comorbidities, and pre-
fracture functional level [5–7]. Additionally, a recent study 
found that a low functional level at discharge predicted fail-
ure to return to independent living 12 months after the hip 
fracture [4].

Early identification of patients at specific risk of func-
tional loss and long-term institutionalization due to hip frac-
ture is important. However, hip fracture patients’ short-term 
functional recovery has not previously been in focus, since 
most studies have investigated only predictors of long-term 
functional recovery [10–12]. One focus of hip fracture treat-
ment should be timely and focused rehabilitation aiming at 
regaining pre-fracture function, enabling patients to remain 
in their own homes and preserve their independence. A key 
element in the improvement of functional recovery after hip 
fracture surgery is identification of modifiable risk factors 
that may be targeted by interventions. However, systemic 
reviews have highlighted the lack of consistent findings 
regarding risk factors for poor functional recovery [8, 9].

The present study aimed to describe risk factors for 
dependency at discharge in a hospital setting with a short 
length of stay (LOS) and subsequent failure to return to inde-
pendent living at 12 months following hip fracture surgery.

Patients and methods

This was an observational cohort study using prospectively 
and consecutively collected data from the Holstebro Hip 
Fracture Database, Denmark. Patients were included in the 
Hip Fracture Database if they were surgically treated for a 
hip fracture (femoral neck fracture, intertrochanteric frac-
ture, or subtrochanteric fracture) at our institution between 
June 2011 and December 2017. All patients in the database 
who were living independently in their own homes at the 
time of their hip fracture were considered for inclusion. 
Excluded were patients with non-fragility hip fracture (e.g., 
caused by pathology or high-energy trauma), not surgically 
treated, operated at another hospital, and patients who died 
during their acute hospital stay. If a patient experienced a 
second hip fracture during the study period, the second frac-
ture was not included.

Data were gathered prospectively by nurses, physiothera-
pists, and doctors at four time points; the day of admission, 
day 1 post-operatively, the day of acute hospital discharge, 
and 12 months post-operatively. One project nurse double 
checked the registration papers and the database to ensure 
the date quality and completeness of data after the patient's 
discharge. Nurses, physiotherapists, and doctors were 

continuously trained in reporting to the database, thereby 
minimizing variation in reporting practices during the study 
period.

Patient characteristics

Age was categorized into < 75, 75–84, and ≥ 85 years. The 
patients' gender, residence, smoking status, weekly alcohol 
consumption, and any visual impairment were documented. 
Body Mass Index (BMI), derived from the patients' height 
and weight, was categorized based on the World Health 
Organization into underweight (< 18.5 kg/cm2), normal 
weight (18.5–25 kg/cm2), and overweight (> 25 kg/cm2) 
[13]. Height was primarily patient reported, whereas weight 
was obtained by weighing the patients. Fractures were 
grouped into intra- or extracapsular fractures based on pre-
operative radiographs [14].

Proxy variables for comorbidities

Using the American Society of Anesthesiologists (ASA) 
classification system, the treating anesthesiologist assessed 
the patients' comorbidity status. ASA score was dichoto-
mized into ASA 1–2 and ASA 3–5. Patients were divided 
into cognitively fit or cognitively impaired based on previ-
ous diagnoses of dementia or similar. Blood results included 
hemoglobin, albumin, and 25-hydroxy-vitamin D, with the 
lower limit at 10 g/dl for hemoglobin, 35 g/dl for albumin, 
and 50 µmol/l for 25-hydroxy-vitamin D. The pre-fracture 
functional level was based on the New Mobility Score 
(NMS) [15]. The NMS is a self-reported measure that cate-
gorizes a patient's ability to complete three functional activi-
ties: indoor walking, outdoor walking, and shopping. Each 
activity is given a score between 0 and 3, yielding a final 
score between 0 and 9, where 9 represents independent with 
no aid in all three activities, and 0 represents being unable 
to perform any of the activities. The NMS has a high inter-
tester reliability, and a cut-off point of six has been shown to 
be predictive of functional recovery [16, 17]. Patients were 
divided into a high pre-fracture functional level with a score 
of 6 or above, and a low functional group with a score of 5 
or below.

Hospital‑related variables

Hospital-related variables included time to surgery, surgical 
method, type of anesthesia, mobilization to standing within 
24 h of surgery, post-operative pain management, discharge 
destination, LOS, and all-cause readmission within the first 
year.

Patients were treated with either screws or total hip 
arthroplasty for femoral neck fractures, while patients 
with intertrochanteric fractures were treated with dynamic 
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hip screw with or without trochanteric stabilizing plate or 
intramedullary nails. Subtrochanteric fractures were treated 
with intramedullary nails.

Physiotherapy was initiated on the first post-operative day 
on weekdays as well as during weekends with the intention 
to have the patient standing and with full weight-bearing 
from the first mobilization. However, if the surgeon assessed 
the fracture as unstable only partial weight-bearing was 
achieved. The first mobilization was documented; so was 
whether the patient was mobilized to standing—including 
any reason for not being mobilized to standing. Patients were 
categorized as no indication for mobilization, i.e., if they 
were without pre-fracture standing ability, had very complex 
fractures, or were admitted to the intensive care unit after 
surgery. Hence, these patients were not part of the analyses 
regarding mobilization.

Time to surgery was calculated from admission and 
divided into less than 24 h, 24–36 h, or more than 36 h from 
admission based on national guidelines [14, 18]. All frac-
tures were surgically managed according to a previously 
published local protocol [19]. After surgery, patients either 
received only oral pain management with opioids (primarily 
morphine) and paracetamol or a combination of oral pain 
management and an epidural catheter in the initial three 
days.

Patients were primarily rehabilitated in the orthope-
dic ward and discharged with a rehabilitation plan and an 
individually assigned number of follow-up sessions with 
a municipal physiotherapist. Patients requiring extensive 
rehabilitation were discharged to a rehabilitation facility. 
Discharge destination was documented; own home, protec-
tive living, nursing home, rehabilitation, or transferred to 
another hospital.

Outcomes

The primary outcome was independence measured by the 
Cumulated Ambulation Score (CAS) assessed by the physi-
otherapist immediately before discharge. The CAS is a reli-
able outcome measure that evaluates a patient's ability to: 
get in and out of bed, sit down and stand up, and walk with 
or without a mobility aid [20, 21]. The scores for each task 
(0–2 points) are combined to provide a total score between 
0 and 6, where 6 implies independence in all three tasks 
and 0 indicates the inability to perform any of the tasks 
despite assistance. Studies have demonstrated the CAS to 
be a valid predictor of functional recovery in patients with 
hip fracture [21, 22]. The total CAS score was dichotomized 
into whether the patient regained complete independence 
(CAS = 6) or not (CAS score ≤ 5) [22]. At discharge, patients 
also had a timed-up-and-go (TUG) test. The TUG test meas-
ures the time in seconds that a person requires to rise from 
a standardized chair, walk 3 m with or without the use of 

walking aids, and return to the chair and sit down [23]. The 
TUG test is a reliable outcome measure that has been dem-
onstrated to predict functional outcomes after a hip fracture 
[24, 25]. Based on previous research, a cut-off point of 20 s 
was chosen, meaning that a TUG test of less than 20 s indi-
cated independence [23, 26, 27].

All patients who were alive 12 months after surgery 
received a telephone call by a project nurse; 77% of the sur-
viving patients or their close relatives or caregivers were 
reached. A standardized questionnaire was completed, and 
it was documented if the patients had changed residence. 
Patients had changed residence if they had moved from 
independent living to either protective living or to a nursing 
home at the 12-month follow-up, with the hip fracture being 
the primary reason for the change of residence. Furthermore, 
the respondent was asked about changes in care needs com-
pared with their care need prior to their hip fracture.

Statistical analysis

Continuous variables were presented as median with inter-
quartile range (IQR). Categorical variables were summa-
rized as frequencies and percentages. A univariable logistic 
regression analysis was conducted to explore risk factors for 
dependency at discharge and failure to return to independent 
living. The independent variables are presented in Table 1. 
Furthermore, CAS and TUG were used as independent vari-
ables in the analysis of failure to return to independent liv-
ing. The dependent variables were CAS = 6 and TUG < 20 s 
for dependency at discharge and failure to return to inde-
pendent living at 12 months. Multivariable logistic regres-
sion was conducted adjusting for age, gender, ASA score, 
cognitive function, pre-fracture functional level, mobiliza-
tion, and fracture type reporting odds ratio (OR) with 95% 
confidence intervals (95% CI). All analyses were conducted 
using the statistical package STATA version 17.

Ethics

The study was registered with the national data protection 
agency; under national law, there is no requirement for writ-
ten consent for non-interventional studies. The study was 
funded by the department only and received no external 
funding. The authors have no conflicts of interest to declare.

Results

In the study period, 3047 patients were diagnosed with a hip 
fracture at our institution. Among these, 1047 patients were 
excluded, and 2006 patients were included in the study of 
short-term functional recovery (Fig. 1). Clinical character-
istics of the 2006 eligible patients are presented in Table 1. 
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Within the first year, 253 patients died and 411 were lost to 
follow-up, which left 1342 patients for the analyses of risk 
factors for failure to return to independent living (Fig. 1).

Dependency at discharge

The median CAS was 4 (IQR: 3), with 613 (31%) patients 
being independent at discharge (CAS = 6). Multiple risk 
factors were identified for CAS ≤ 5 after adjusting for con-
founders. For patient characteristics; older age, overweight, 
extracapsular fractures, and pre-fracture NMS ≤ 5 were asso-
ciated with an increased risk of being dependent at discharge 
(Table 2). For proxy variables for comorbidity, high ASA 
score, cognitive impairment, and hypoalbuminemia were 
associated with increased risk of being dependent at dis-
charge (Table 2). For hospital-related variables; not having 
been mobilized to standing within 24 h, displaced intraca-
psular fracture treated with total hip arthroplasty (THA), 
transfer to another hospital, and longer LOS were associ-
ated with an increased risk for being dependent at discharge 
(Table 2). Only 398 (20%) patients could perform TUG 
at discharge, and only 84 (21%) of the patients performed 
it in less than 20 s. More patients treated with THA were 
able to perform the TUG test and complete it within 20 s 
(p < 0.001). Extracapsular fracture and post-operative ane-
mia were associated with an increased risk of dependency 
measured by TUG > 20 s at discharge (Table 2).

Table 1   Demographics of the total study population at discharge

Total 2006 (100)

Patient characteristics
 Age (years) 80 (71–86)

Sex
  Female 708 (35)
  Male 1298 (65)

 Pre-fracture smoking status
  Smoker 484 (24)
  Non-smoker 1451 (72)

 Pre-fracture alcohol consumption
  > 7 units per week 49 (2)
  ≤ 7 units per week 1861 (93)

 BMIa

   < 18.5 kg/m2 185 (9)
  18.5–25 kg/m2 1128 (56)
  > 25 kg/m2 666 (33)

Pre-fracture functional level (NMSb)
 NMS ≤ 5 511 (25)
 NMS ≥ 6 1425 (71)

Visual impaired
 Yes 221 (11)
 No 1701 (85)

Fracture type
 Intracapsular fracture 1066 (53)
 Extracapsular fracture 936 (47)

Proxy variables for comorbidities
  ASAc

  ASA 1–2 1241 (62)
  ASA ≥ 3 723 (36)

Cognitive status
 Cognitive impaired 145 (7)
 Cognitive fit 1854 (92)

Post-operative hemoglobin
   < 10 g/dl 484 (24)
   ≥ 10 g/dl 1516 (76)
Albumin
   < 35 g/l 397 (20)
   ≥ 35 g/l 1609 (80)
 25(OH)vitamin D

   < 50 µmol/l 890 (44)
   ≥ 50 µmol/l 859 (43)
Hospital-related variables
 Post-operative mobilization

   < 24 h from surgery 1698 (85)
   > 24 h of surgery 170 (8)
 Time from admission to surgery

   < 24 h 1489 (74)
  24–36 h 237 (12)
  > 36 h 251 (13)

Surgical method
 Internal fixation 1289 (64)

Values are presented as number of patients (percentage) for nominal 
data and as median (25–75% quartiles) for data in scales, n = 2006. 
Missing values omitted
a Body mass index
b New mobility score
c American society anesthesiologists
d Total hip arthroplasty

Table 1   (continued)

Total 2006 (100)

 THAd 711 (35)
Anesthesia technique
 Spinal anesthesia 838 (42)
 General anesthesia 1166 (58)

Post-operative pain management
 Oral pain management 1908 (95)
 Epidural catheter 86 (4)

Discharge destination
 Own home 1297 (65)
 Nursing home 84 (4)
 Rehabilitation 534 (27)
 Transferred to another hospital 69 (3)

Length of stay (days) 6 (4–7)
Readmitted within 12 months 764 (38)
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A total of 13 (1%) patients were discharged without 
walking aids, 90% were discharged with a walking aid, and 
9% were discharged without walking ability.

Failure to return to independent living

The 1 year questionnaires were completed via a telephone 
interview with the patient in 83% (1.114 patient) of the 
cases. The majority of the patients (1.297 patients (65%)) 
were discharged directly to their own homes. Failure to 
return to independent living was reported for 136 (10%) 
patients. The following risk factors were identified; old 
age, extracapsular fracture, cognitive impairment, low 
pre-fracture NMS, discharge to rehabilitation, and being 
dependent at discharge (CAS = 6) (Table 3). Care needs 
were reported to have increased in 274 patients (26%); 
752 patients (71%) reported the same level as before their 
hip fracture. Furthermore, 667 (50%) patients regained 
their pre-fracture NMS at 12 months, whereas 600 (45%) 
patients experienced a decrease in their NMS; and 75 
(5%) patients either had no information on pre-fracture or 
12-month NMS.

Discussion

We set out to investigate a vast number of risk factors for 
both short-term functional recovery and failure to return 
to independent living following hip fracture surgery. Only 
one-third of patients gained independence before discharge, 
based on a CAS value of 6, which was predictive of return-
ing to independent living at 12 months. Multiple risk factors 
were identified, some of which will be discussed below. In 
general, patients with poor health (physically, cognitively, 
and functionally) before their fracture were at higher risk 
of being dependent at discharge. Even so, some modifiable 
factors were identified, such as post-operative mobilization 
and anesthesia type. For failure to live independently at 
12 months, pre-fracture health greatly impacted the ability 
to remain in the patient's own home.

Dependency at discharge

Older patients with multiple comorbidities and low pre-
fracture functional level (NMS ≤ 5) had poorer short-
term functional outcomes; this observation is in line with 
the findings reported in other publications [8, 28]. In 

Fig. 1   Flowchart for the inclu-
sion process to the study and 
follow-up

Pa�ents with hip fracture admi
ed 
between January 2011 and 

December 2017 
n = 3,029    Excluded from the study (34%) 

   - Pathological fracture, n = 15 
   - Periproste�c fracture, n = 11 
   - Not surgically treated, n = 8 
   - Missing informa�on, n = 11 
   - Duplicates, n = 171 
   - Admi
ed from nursing home, n = 738 
   - Died during the hospital stay, n = 60 
   - Operated at another hospital, n = 9

Pa�ents included in the analyses 
for short-term func�onal 

recovery    
n = 2,006

Lost to follow-up, (33%)
- Died within 12 months, n = 253 

    - 12-month telephone interview  
      a
empted without contact, n = 411

Pa�ents included in the analyses 
for failure to return to 

independent living 
n = 1,342
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our study, patients who were not mobilized to standing 
within 24 h had an increased risk of being dependent at 
discharge, which shows the importance of getting patients 
back on their feet quickly after surgery. Likewise, time to 
mobilization was suggested as an underlying mechanism 
in the association between functional outcome and static 
factors, such as comorbidities, cognitive impairment, and 

fracture [9]. Early mobilization reduces the amount of 
time spent immobilized, which is important as immobi-
lization carries an increased risk of complications such 
as pneumonia [29]. Furthermore, early mobilization has 
been shown to reduce mortality and disability following 
a hip fracture [30–32]. Common causes for not achieving 
early mobilization may be pain, nausea, and fatigue, which 

Table 2   Risk ratios for dependency at discharge predicted by CAS1 < 6 and TUG​2 > 20 s

Odds ratios with 95% confidence intervals, n = 2006
a Cumulated ambulation score
b Timed-up and go
c Body mass index
d New mobility score
e American society anesthesiologists
f Total hip arthroplasty
g Length of stay
1 n = 398

Variables CASa TUG​b1

Univariate analysis 
OR (95% CI)

Multivariate analy-
sis OR (95% CI)

Univariate analy-
sis OR (95% CI)

Multivariate 
analysis OR (95% 
CI)

Patient characteristics
 Age (ref. < 75 years)
 75–84 years 2.43 (1.94–3.04) 2.09 (1.61–2.71) 1.53 (0.88–2.64) 1.56 (0.85–2.87)

   ≥ 85 years 5.68 (4.29–7.51) 4.39 (3.20–6.03) 0.79 (0.41–1.52) 0.87 (0.39–1.94)
 Male sex (ref. female sex) 0.93 (0.76–1.13) 1.05 (0.82–1.35) 0.54 (0.33–0.89) 0.61 (0.35–1.07)
 Pre-fracture smokers (ref. non-smokers) 0.77 (0.62–0.96) 1.02 (0.78–1.34) 1.92 (0.99–3.74) 1.79 (0.87–3.70)
 Pre-fracture alcohol consumption > 7 units per week (ref. ≤ 7 

units per week)
0.67 (0.37–1.22) 0.84 (0.41–1.71) 0.77 (0.15–3.91) 0.91 (0.14–5.77)

BMIc (ref. 18.5–25 kg/m2)
   < 18.5 kg/m2 1.08 (0.77–1.52) 0.89 (0.59–1.35) 1.00 (0.41–2.43) 0.83 (0.33–2.08)
  > 25 kg/m2 1.07 (0.86–1.32) 1.29 (1.00–1.66) 0.75 (0.45–1.27) 0.78 (0.44–1.39)

 Visual impairment (ref. no visual impairment) 1.36 (0.98–1.88) 0.83 (0.56–1.21) 0.87 (0.40–1.92) 0.88 (0.37–2.06)
 NMSd ≤ 5 points (ref. NMS ≥ 6 points) 6.03 (4.41–8.24) 4.34 (3.03–6.21) 0.59 (0.27–1.28) 0.79 (0.27–2.30)
 Extracapsular fracture (ref. intracapsular fracture) 2.58 (2.11–3.17) 3.10 (2.45–3.93) 2.07 (1.15–3.76) 2.47 (1.26–4.86)

Proxy variables for comorbidities
 ASAe ≥ 3 (ref. ASA 1–2) 2.98 (2.37–3.74) 2.22 (1.71–2.90) 1.20 (0.66–2.21) 1.35 (0.67–2.74)
  Cognitive impairment (ref. cognitive fit) 9.84 (4.57–21.19) 6.34 (2.67–15.04) 0.44 (0.10–1.87) 0.51 (0.09–3.03)

 Post-operative anemia (ref. no anemia) 2.37 (1.83–3.06) 1.25 (0.92–1.70) 3.37 (1.30–8.71) 3.16 (1.04–9.57)
 Hypoalbuminemia (ref. normal albumin) 2.75 (2.05–3.67) 1.94 (1.38–2.71) 0.96 (0.45–2.02) 0.92 (0.40–2.10)
 25(OH)vitamin D < 50 µmol/l (ref. ≥ 50 µmol/l) 0.97 (0.79–1.19) 1.02 (0.80–1.30) 0.67 (0.40–1.13) 0.77 (0.43–1.36)

Hospital-related variables
 Post-operative mobilization > 24 h from surgery (ref. < 24 h) 3.12 (1.96–4.95) 1.88 (1.12–3.15) 1.62 (0.36–7.34) 1.47 (0.30–7.20)

Time from admission to surgery (ref. < 24 h)
 24–36 h 1.07 (0.79–1.45) 0.95 (0.65–1.38) 1.25 (0.53–2.95) 1.34 (0.52–3.49)

   > 36 h 1.20 (0.89–1.63) 1.09 (0.75–1.59) 1.18 (0.54–2.56) 1.28 (0.50–3.30)
 THAf (ref. internal fixation) 0.82 (0.67–1.00) 1.86 (1.35–2.57) 1.00 (0.61–1.62) 1.64 (0.89–3.03)
 General anesthesia (ref. spinal anesthesia) 1.55 (1.28–1.89) 1.35 (1.07–1.71) 1.18 (0.73–1.93) 1.09 (0.64–1.87)
 Post-operative epidural catheter (ref. oral pain management) 0.59 (0.35–1.00) 0.71 (0.39–1.28) 0.56 (0.12–2.54) 0.70 (0.15–3.30)
 LOSg (per day) 1.20 (1.15–1.26) 1.12 (1.06–1.18) 1.08 (0.96–1.21) 1.12 (0.96–1.32)
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may be targeted with multimodal pain management, rehy-
dration, and medical optimization. We found no associa-
tion between epidural catheter use as post-operative pain 
management and independence at discharge. However, this 
may be due to only 4% of the patients receiving an epi-
dural catheter. Regional nerve blocks have previously been 
found to reduce time to first-time mobilization, surgical 

delay, and LOS, influencing outcomes like mortality and 
readmissions [33–35]. Compared with general anesthe-
sia, spinal anesthesia was associated with an improved 
short-term independence. However, there is a potential 
selection bias of patients by the anesthesiologist, where 
healthier patients are more likely to receive spinal anesthe-
sia and, therefore, may be more likely to regain function. 

Table 3   Odds ratio (OR) for 
failure to return to independent 
living at 12 months, n = 1342

Displayed with 95% confidence intervals (95% CI)
a Body mass index
b New mobility score
c American society anesthesiologists
d Total hip arthroplasty
e Length of stay
f Timed-up and go
g Cumulated ambulation score

Variables Univariate analysis 
OR (95% CI)

Multivariate 
analysis OR (95% 
CI)

Patient characteristics
 Age (ref. < 75 years)
 75–84 years 1.92 (1.21–3.04) 1.83 (1.11–3.02)

   ≥ 85 years 2.66 (1.65–4.31) 2.25 (1.32–3.85)
 Male sex (ref. female sex) 1.02 (0.70–1.48) 1.15 (0.76–1.74)
 Pre-fracture smokers (ref. non-smokers) 0.60 (0.38–0.97) 0.71 (0.43–1.19)
 Pre-fracture alcohol consumption > 7 units per week (ref. ≤ 7 

units per week)
0.30 (0.04–2.24) 0.41 (0.05–3.20)

 BMIa (ref. 18.5–25 kg/m2)
   < 18.5 kg/m2 0.97 (0.50–1.89) 0.84 (0.41–1.75)
   > 25 kg/m2 0.89 (0.60–1.30) 0.90 (0.59–1.36)
 Visual impairment (ref. no visual impairment) 1.29 (0.75–2.22) 1.09 (0.61–1.95)
 NMSb ≤ 5 points (ref. NMS ≥ 6 points) 3.45 (2.36–5.05) 2.50 (1.65–3.80)
 Extracapsular fracture (ref. intracapsular fracture) 1.39 (0.97–1.98) 1.65 (1.12–2.42)

Proxy variables for comorbidities
 ASAc ≥ 3 (ref. ASA 1–2) 1.96 (1.36–2.81) 1.34 (0.89–2.00)
 Cognitive impairment (ref. cognitive fit) 6.00 (3.56–10.10) 4.48 (2.54–7.91)
 Post-operative anemia (ref. no anemia) 1.87 (1.28–2.74) 1.39 (0.89–2.15)
 Hypoalbuminemia (ref. normal albumin) 1.58 (1.03–2.43) 1.41 (0.88–2.24)
  25(OH)vitamin D < 50 µmol/l (ref. ≥ 50 µmol/l) 0.97 (0.66–1.42) 0.95 (0.62–1.44)

 Hospital-related variables
 Post-operative mobilization > 24 h from surgery (ref. < 24 h) 1.74 (0.99–3.07) 1.19 (0.63–2.24)

Time from admission to surgery (ref. < 24 h)
 24–36 h 0.90 (0.49–1.65) 0.81 (0.42–1.58)

   > 36 h 1.50 (0.91–2.49) 1.44 (0.82–2.51)
 THAd (ref. internal fixation) 0.85 (0.58–1.24) 0.86 (0.46–1.58)
 General anesthesia (ref. spinal anesthesia) 0.87 (0.61–1.25) 1.03 (0.69–1.53)
 Post-operative epidural catheter (ref. oral pain management) 0.81 (0.36–1.83) 0.95 (0.40–2.27)
 LOSe per day 1.00 (0.99–1.02) 1.01 (0.95–1.08)
 Readmitted within 12 months (ref. not readmitted) 1.64 (1.15–2.35) 1.43 (0.97–2.12)

Short-term functional recovery
 TUG​f > 20 s (ref. < 20 s) 0.59 (0.18–2.00) 0.51 (0.13–1.95)
 CASg ≤ 5 (ref. CAS = 6) 3.38 (2.06–5.53) 1.86 (1.06–3.26)
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We attempted to adjust for this by including ASA score, 
cognitive function, and pre-fracture NMS in our model. 
However, some residual confounding may remain. Pre-
vious studies have found no differences between general 
anesthesia and spinal anesthesia regarding functional 
recovery [36, 37]. However, Fields et al. found more com-
plications post-operatively in patients receiving general 
anesthesia that could delay mobilization [38].

Patients treated with THA carried an increased risk of 
being dependent at discharge. However, this is most likely 
a result of a 3-month movement restriction (hip flexion > 90 
degrees, hip adduction > 0 degrees, and hip internal rota-
tion > 0 degrees) following THA surgery. These restrictions 
hamper activities in the CAS such as getting in and out of 
bed, and may explain the association found between THA 
and dependency at discharge in the present study. This is 
supported by patients treated with THA being more likely to 
complete the TUG test, which may indicate a better walking 
ability at discharge.

A longer LOS was associated with dependency meas-
ured by the CAS; which is confirmed in a recent study that 
showed a similar trend [22]. It would have been expected 
that patients admitted for a longer period of time would dis-
play decreased dependency as they would have had a longer 
period to recover and therefore had more rehabilitation. 
Likely, the explanation is reverse causality where patients 
more rapidly regaining function being discharged sooner, 
rather than early discharge ensuring better functioning. Fur-
thermore, more dependent and frail patients may be admitted 
for an extra day or 2 after receiving the needed hospital care 
while awaiting transfer to a rehabilitation facility or nurs-
ing home. LOS varies considerably between countries and 
has been reported to range from 1 to 55 days, which may to 
some extent be explained by differences in time to surgery 
and length of in-hospital rehabilitation [9]. Obviously, these 
factors may influence the short-term in-hospital functional 
recovery.

A recent study found that the initial functional recovery 
during the acute hospital stay was a good predictor for func-
tional recovery after a subsequent rehabilitation stay [39]. 
Furthermore, regaining CAS has previously been shown to 
predict 30-day readmission and mortality. The study also 
showed that each additional CAS point patients regained 
improved their functional recovery even among patients 
who did not regain total independence upon discharge [22]. 
Therefore, it is crucial to find ways to improve short-term 
functional recovery as this may subsequently improve long-
term functional recovery, thereby reducing mortality and 
readmissions.

Only 20% of patients were able to perform the TUG test at 
discharge, supporting the statement by others that the TUG 
test may not be the optimal measure for functional assess-
ment in the acute phase following hip fracture surgery [40]. 

This indicates a need for more objective measurements for 
functional recovery validated in patients with hip fracture.

Failure to return to independent living

Sustaining a hip fracture can have considerable conse-
quences for the patient, including forgoing independent liv-
ing due to diminished function and increased care needs. 
Similar to Dyer et al., we found that 10% of patients became 
institutionalized due to their hip fracture [3]. Furthermore, 
our results align with risk factors found for institutionali-
zation and increased care needs among patients with hip 
fractures identified in the previous studies [4, 5, 7, 41]. Gen-
erally, this indicates that patients with good health (cog-
nitive and functional) have a better chance of returning to 
independent living.

Similar to the results by Gamboa-Arango et  al., our 
results showed that dependence measured by CAS predicted 
failure to return to independent living at 12 months [4]. Fur-
thermore, a recent study showed that short-term functional 
recovery predicted long-term functional recovery [39]. As 
declining function and increased care needs affect the abil-
ity to live independently, a focus on improving short-term 
functional recovery after hip fracture may help maintain pre-
operative functions and independency. However, as this is an 
observational study, no conclusions regarding causality can 
be made, and it may be argued that the healthiest patients 
who are mobilized more quickly regain independence at dis-
charge, and continue to live independently.

Strengths and limitations

The strengths of this study were the large study population 
and the detailed prospective data collection with consecu-
tive inclusion of all admitted patients, including cognitively 
impaired patients, and with few missing values. On the other 
hand, this study also carries several limitations. We had no 
information about patients’ post-surgery weight-bearing 
limitations, which would influence short-term functional 
recovery, in particular. Additionally, marital status, cohabita-
tion, and educational level may potentially affect the ability 
to live independently, along with residual confounding. As 
the 1 year follow-up relied on a questionnaire, recall bias is 
inherent.

Conclusion

Most of the risk factors associated with dependency at dis-
charge were static. However, mobilizing patients to stand-
ing within 24 h from hip fracture surgery was associated 
with achieving independency at discharge, as measured 
by CAS = 6, which, in turn, was associated with return to 
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independent living at 12 months. Patients not returning to 
independent living following hip fracture surgery were typi-
cally frailer than those who did return. However, the prog-
nosis was generally good and the majority of the patients 
remained in their own home with little increase in care 
needs.
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