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What do we already know about this 
topic?

Patients who experience good and moderate recovery in 
4 months post-discharge walking ability are less likely to 
lose independence following hip fracture, compared with 
patients with poor recovery.

How does your research contribute  
to the field?

Lean Body Mass (LBM) is scarcely investigated as a risk factor 
for institutionalization in older patients suffering hip fractures.

Association between institutionalization  
by 4 months post-discharge walking  
capacity and lean body mass in elderly  
hip fracture patients: Evidence from  
a Swedish Registry Based Study
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Abstract
Background and purpose: Losing independence is a main concern for hip fracture patients, and particularly not being able 
to return home. Given the large impact on quality of life by loss of independence and the high risk for institutionalization 
after hip fracture, it is of importance to identify modifiable risk factors for such negative outcomes. This study aimed to 
investigate the association between two such factors, that is, lean body mass and 4 months post-discharge walking capacity, 
and the risk of institutionalization in previously independent living older people who suffer a hip fracture. 
Patients and methods: A retrospective cohort study was conducted using Swedish national-based population registers. 
Patients ⩾60 years with a hip fracture during 2008–2017 were included from the Swedish National Registry for Hip Fractures. 
Risk of institutionalization over the 1-year period following a hip fracture was analyzed using logistic regression analyses 
adjusted for potential predictors and characteristics. 
Results: In total, 11,265 patients were included. Over the first year, 8% (95% CI: 8–9) of the patients with a hip fracture had lost 
independence, increasing to 15% (95% CI: 14–16) after 5 years. Poor recovery of post-discharge walking ability was associated 
with a higher odds ratio of losing independence compared with good recovery (OR 12.0; 95% CI: 7.8–18.4; p < 0.001). Having 
higher estimated lean body mass than 45 kg at index was associated with lower odds of losing independence. 
Conclusion: Maintaining lean body mass and mobility after a hip fracture is likely important from an individual as well as 
public health perspective.

Keywords
Hip fracture, institutionalization, walking capacity, lean body mass

Date received: 19 September 2023; accepted: 13 May 2024

1Quantify Research, Stockholm, Sweden
2 Department of Learning, Informatics, Management and Ethics, Medical 
Management Centre, Karolinska Institute, Stockholm, Sweden

3Theme Ageing, Karolinska University Hospital, Stockholm, Sweden
4 Department of Neurobiology, Care Sciences and Society, Division of 
Clinical Geriatrics, Center for Alzheimer Research, Karolinska Institutet, 
Stockholm, Sweden

5 Trauma and Reparative Medicine Theme, Karolinska University Hospital, 
Stockholm, Sweden

6 Department of Clinical Science, Intervention and Technology, Karolinska 
Institutet, Stockholm, Sweden

Corresponding author:
Fredrik Borgström, Quantify Research, Hantverkargatan 8, Stockholm 
112 21, Sweden. 
Email: Fredrik.borgstrom@quantifyresearch.com

1258409 SMO0010.1177/20503121241258409SAGE Open MedicineHallberg et al.
research-article2024

Original Article

https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/smo
mailto:Fredrik.borgstrom@quantifyresearch.com


2 SAGE Open Medicine

What are your research’s implications 
toward theory, practice, or policy?

Maintaining LBM and mobility after a hip fracture is likely 
important from an individual as well as public health 
perspective.

Introduction

Hip fractures are a major cause of morbidity and mortality. 
More than 20% of patients die within the first year of the 
fracture1,2 and survivors are often affected by a decrease in 
quality of life and reduced function.3 Less than half of the 
patients regain the level of function they had prior to the hip 
fracture,4,5 compromising an independent lifestyle. Losing 
independence is a main concern for hip fracture patients, and 
particularly not being able to return home.6–8 Between 10% 
and 20% of the survivors move into nursing homes in the 
year after the hip fracture.9

Many of the risk factors for nursing home admission after 
hip fracture are shared with those for increased risk of mor-
tality such as higher age, having more comorbid conditions 
and cognitive impairment.10,11 In addition, the combination 
of reduced muscle mass and physical function, that is, sarco-
penia,12,13 is a risk factor observed in at least 30%–40% of 
older people sustaining a hip fracture,14 a condition that is 
further aggravated after the fracture.15,16

Given the large impact on quality of life by loss of inde-
pendence and the high risk for institutionalization after hip 
fracture, it is of importance to identify potentially modifiable 
risk factors, both pre- and post-fracture, for such nonbenefi-
cial outcomes.

This study aimed to investigate the association between 
two potentially modifiable factors indicative of sarcopenia; 
that is, estimated LBM and 4 months post-discharge walking 
ability, and loss of independence, as defined as a major 
change in residential housing status5,17,18 for previously inde-
pendent living older people who suffer a hip fracture.

Patients and methods

Study design and study population

A retrospective population-based cohort study was condu-
cted using Swedish national-based population quality regis-
ters. Patients ⩾60 years with a hip fracture during the period 
of 1 January, 2008 to 31 December, 2017 were included from 
the Swedish National Registry of Hip Fractures (SHR). SHR 
is a National Quality Register collecting data on hip fracture 
patients and cover over 80% of all hip fracture patients in 
Sweden.19 The index date was defined as the date of the first 
hip fracture recorded in SHR 2008–2017. Information on 
demographic and clinical characteristics were gathered at 
index date or in the 5-year period prior to the index date. The 
data extraction was carried out in 2019 and at that time com-
plete data were available until the end of 2017. Updating 

with more recent years would require repeating the whole 
data extraction process which was not within the scope of the 
study.

Data regarding lead times, comorbidities, diagnosis, and 
surgical treatments in the SHR questionnaire20 are obtained 
from the medical records and are routinely validated by the 
registry and lead times, fracture classification and type of 
surgery have recently been validated against the National 
Patient Register.19

The information about walking ability and function in 
the SHR is self-reported and gathered by interviews which 
is optimal, in first person or by proxy, if the hip fracture 
patient is unable to be interviewed.21 The follow-up inter-
views are carried out at a follow-up visit, over the phone or, 
if that is not possible, through a questionnaire sent home. 
The follow-up at 4 months post-fracture is set to cover a 
complete measure of recovery and is used by 10 other dif-
ferent hip fracture registers worldwide, to enable compara-
bility.22 The questionnaires used at baseline and at 4 months 
include standardized questions adapted for nonclinical fol-
low-up of fractured patients and are included in a minimum 
common dataset developed by the Fragility Fracture 
Network and are being used for registry-based data collec-
tions in several countries.23

Additional data were retrieved from four national regis-
ters and linked together by the Swedish National Board of 
Health and Welfare using unique personal identifiers.24–27 
Information on hospitalizations and outpatient specialist vis-
its were collected from the National Patient Register and the 
Prescription Drug Register provided data on all prescriptions 
filled at pharmacies for the complete observable period for 
each patient. Confirmed dates of death were provided by the 
Cause of Death Register. The Social Services Register pro-
vided information on permanent living in special forms of 
housing. These national registers are mandatory to report to 
and are associated with a close to 100% completeness and 
coverage for the whole Swedish population.24,25 There is no 
risk of loss to follow-up for the study subjects except for the 
event of death or a move to another country over the obser-
vation period (2008–2017). Thus, the research data set 
includes all patients in Sweden available in the underlying 
data sources. For this reason, no sample size calculations 
were required.

Outcome and exposure variables

Institutionalization was defined as the change from living in 
own housing to living permanently in special forms of hous-
ing. Patients who live in special forms of housing already 
before the fracture were excluded from the analysis, as the 
investigated level of independence cannot decrease further 
for these patients.

Main explanatory variables were walking ability recovery 
and estimated LBM. Walking ability recovery was defined as 
a combined categorical measure (Poor, Moderate, Good) of 
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the two variables independent walking and use of walking 
aids as reported in SHR at 4 months post-fracture, as used 
previously in the literature (which also included walking 
speed).28

LBM, as a proxy for muscle mass, is an important consid-
eration for many physiologic processes and is key for the 
definition of sarcopenia, that is, the combined loss of muscle 
strength and muscle mass.12,13,29–31 LBM is ideally estimated 
with magnetic resonance imaging (MRI), or alternatively by 
dual-energy X-ray absorptiometry (DXA) which can esti-
mate appendicular lean soft tissue as a surrogate for skeletal 
muscle mass.32 As variables on muscle mass based on MRI 
or DXA was missing from the present study, predictive mod-
els were used to calculate estimated LBM based on anthro-
pometric assessments. Anthropometry is often used in large 
population-based studies as an inexpensive and accessible 
body composition assessment, validated by previous litera-
ture.33–35 The equation to estimate LBM was based on height, 
weight, and gender as collected in SHR before surgery (for 
full definition see Supplemental material Appendix).36–44

Potential predictors included demographics (age, gender), 
comorbidities (including cognitive status), lifestyle factors, 
days from fracture to surgery, and functional status prior to 
hip fracture.

Statistical analysis

Risk of loss of independence over the 1-year period follow-
ing a hip fracture was analyzed using a logistic regression 
adjusted for the potential predictors.

As a supportive analysis, loss of independence was also 
measured continuously over time, until death or end of data 
availability, using a time-to-event analysis with institution-
alization as failure event, adjusted for potential predictors. A 
proportional hazard regression model with the time to insti-
tutionalization as the event adjusted to the index independ-
ence status and potential predictors was performed. In 
addition, a sensitivity analysis excluding those patients that 
died during the first year was carried out.

Walking ability is measured at 4 months after fracture 
and to some extent overlaps institutionalization that can 
occur any time during the year. Recovery is something that 
occurs progressively over time, and even though walking 
ability is measured at 4 months, it should be a good meas-
ure for the whole recovery process that start soon after the 
hip fracture. To address this chronological overlap of the 
exposure and the outcome variable, a sensitivity analysis 
excluding patients being institutionalized prior 4 months 
was performed.

Analyses were also conducted over a subgroup of patients 
who had not been diagnosed with dementia at index.

A sensitivity analysis was performed by adding a variable 
with information on cohabitation to test for differences in 
risk of institutionalization over patients living alone or with 
spouse/partner. Another sensitivity analysis was carried out 

where all patients with poor pre-fracture walking ability 
were excluded.

The reference for each categorical variable was mostly 
based on considerations of the most common group in the 
population. All tests were two-tailed and an alpha value of 
0.05 was employed as the cutoff for statistical significance. 
RStudio version 1.3 (RStudio Inc., Boston, MA) and a licensed 
STATA version 16 (StataCorp LLC, College Station, Texas) 
was used for data management and statistical analysis.

Ethical approval

Ethical approval was obtained from the Regional Stockholm 
Research Ethics Committee at the Karolinska Institutet (ref-
erence number: 2018/887-31) on 16 May, 2018. Individual 
patient informed consent is not required for register studies 
on retrospective data in Sweden and was therefore not 
collected.

Results

In total, 67,774 patients were identified in the RIKSHÖFT 
register. After exclusion criteria, 11,265 patients were 
included in the final study population for the primary objec-
tive (Figure 1).

Mean age at time of hip fracture was 81 years and 70% of 
the patients were female (Table 1). Before fracture, the 
majority of patients walked alone outdoors and without aids. 
The share of patients who experienced good, moderate, or 
poor recovery in walking ability from hip fracture to 4 months 
after the fracture was evenly distributed (30%, 35%, and 
35%, respectively). The mean LBM was higher among 
patients with good walking ability recovery compared to 
moderate or poor recovery (Table 2).

Over the first year, 8% (95% CI: 8–9) of the patients with 
a hip fracture had lost independence, that is, they had moved 
into a special form of housing, increasing to 15% (95% CI: 
14–16) after 5 years. The proportion who lost independence 
from index to 60 months after index was significantly higher 
in patients with poor recovery in walking ability, compared 
with those with good or moderate recovery (Figure 2). After 
5 years, 29% (95% CI: 28–31) of patients who experienced 
poor recovery in walking ability had lost independence. The 
corresponding proportions for those who experience good 
and moderate recovery were 3% (95% CI: 3–5) and 14% 
(95% CI: 12–16), respectively. The restricted mean survival 
was 53 months (95% CI: 52.7–53.4) for all patients disre-
garding change in walking ability.

Odds and hazard ratio between risk factors and 
loss of independence

After adjusting for several patient characteristics including 
pre-fracture walking, the recovery in walking ability had a 
clear impact on the risk of becoming institutionalized over 
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1 year (Table 3). Poor recovery was associated with a higher 
odds ratio of losing independence compared with good 
recovery (OR 12.0; 95% CI: 7.8–18.4; p < 0.001) and the 
same tendency was seen for moderate recovery compared 
with good recovery (OR 3.5; 95% CI: 2.3–5.5; p < 0.001). 
Having an estimated LBM of at least 45 kg was numerically 
associated with lower risk of losing independence compared 
with LBM lower than 45 kg for all LBM categories (OR 
between 0.52 and 0.85 depending on LBM category), but 
only statistically significant for LBM categories 45–49 and 
55–59 (p < 0.001).

When measured continuously over time, the risk of losing 
independence was higher in patients with poor recovery 

compared with good recovery (HR 6.0; 95% CI: 4.5–7.8) and 
moderate recovery compared with good recovery (HR 2.6; 
95% CI: 2.0–3.4) (Table 3). The risk of losing independence 
was lower in patients with higher estimated LBM at index as 
LBM of at least 45 kg was significantly associated with lower 
risk of losing independence compared with LBM lower than 
45 kg (HR 0.69–0.50 depending on LBM category).

Subgroups and sensitivity analysis

Patients with a diagnosis of dementia had a higher risk of 
being institutionalized after hip fracture. To test the robust-
ness of the predicators, the main analysis was also run for 

Figure 1. Patient attrition from raw data to final study population for the primary objective.
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patients without dementia (95% of the population). For the 
subgroup analysis, the associations for walking ability recov-
ery and estimated LBM were similar as for the overall study 
population (Supplemental material Appendix, Table 4).

Results from the sensitivity analysis that included the 
variable cohabitation indicate that living alone increases the 
odds of institutionalization compared with living with a 
spouse or partner.

Overall, the strength of association between the outcome 
and the exposure variables (walking ability recovery and 
estimated LBM) was similar in the sensitivity analyses com-
pared to the main analysis (Table 5 in Supplemental material 
Appendix). However, in the analysis estimating the risk of 
institutionalization between 4 and 12 months after fracture, 

the odds of institutionalization was markedly higher for 
moderate and poor recovery.

Discussion

This study found that 8% of patients with a hip fracture lose 
their independence and moved from own living to special 
forms of housing within 1 year. After 5 years, 15% of the sur-
viving patients were institutionalized. Rates of institutionali-
zation in patients with hip fracture reported from previous 
studies varies and is dependent on studied age group. For 
example, in a study of 278 hip fracture patients at 7 Swedish 
hospitals, the rate of patients living in special housing 1 year 
after the fracture was reported at 5%.45 A study of 1503 
patients with hip fractures in England observed a 20% rate of 
discharge to nonhome location.46 However, this included 
short-term residences and rehabilitation facilities; therefore, 
the share of patients who permanently lived in special hous-
ing after the fracture may have been lower. The annual pro-
portion of individuals who transition to special forms of 
housing in the general Swedish population is approximately 
0.5% and 2% for a 65- and 85-year-old individual, respec-
tively.47 This indicates that the risk of losing independence is 
higher in patients who sustain hip fracture compared with the 
general population.

Table 1. Characteristics of patients.

Variable Primary objective 
(n = 11,265)

Age (years) at index
 Mean (SD) 80.6 (8.5)
Sex, n (%)
 Males 3473 (31)
 Females 7792 (69)
Length of follow-up (days)
 Mean (SD) 774 (477)
Time from fracture to surgery (days)
 Mean (SD) 1.1 (1.3)
Elixhauser comorbidity index
 Mean (SD) 1.1 (1.2)
Change in walking ability from hip fracture to 4 months post-
fracture, n (%)
 Good recovery 3382 (30)
 Moderate recovery 3994 (35)
 Poor recovery 3889 (35)
Pre-fracture independent walking, n (%)
 Walked alone outdoors 8693 (77)
 Walked only with company outdoors 751 (7)
 Walked alone but only indoors 1423 (13)
 Walked only with company indoors 247 (2)
 Could not walk 151 (1)
Pre-fracture use of walking aids, n (%)
 Walked without aids 6389 (57)
 One aid (cane/crutch) 768 (7)
 Two aids (canes/crutches) 250 (2)
 Rolling walker/walking frame 3654 (32)
 Wheel chair/bed bound 204 (2)
Estimated LBM, n (%)
 <45 4969 (44.1)
 45–49 2498 (22.2)
 50–54 1743 (15.5)
 55–59 1246 (11.1)
 60+ 809 (7.2)
Dementia, n (%) 572 (5)
Cancer, n (%) 2081 (18)

Table 2. Mean estimated lean body mass by walking ability 
category.

Walking ability Mean estimated LBM 95% CI

Good recovery 48.9 (48.6–49.2)
Moderate recovery 46.8 (46.5–47)
Poor recovery 46.1 (45.9–46.3)

LBM: lean body mass.

Figure 2. Proportion of who has lost independence by change in 
walking ability (number in parenthesis show the number of events 
during the time interval.
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Patients who experience good and moderate recovery in 
walking ability are less likely to lose independence follow-
ing hip fracture, compared with patients with poor recovery. 
Mobility difficulties have been found to predict further dis-
ability and loss of independence in older people.6 The cur-
rent findings add to this evidence. In addition, higher LBM 
at index was significantly associated with lower risk of  
losing independence, supporting previous data on mobility 

limitations in sarcopenic hip fracture patients 1 year after 
surgery.48 LBM is not extensively investigated as a risk fac-
tor for institutionalization in older patients suffering hip frac-
tures. Our findings corroborate observations of increased 
risk of nursing home admission when sarcopenia occurs.48 In 
our study, the impact of LBM remained both in size and sta-
tistical significance when body mass index was added as 
covariate (not shown), indicating that the estimation of LBM 

Table 3. Risk factors and loss of independence after hip fracture: odds ratio (first year), hazard ratio (continuously).

Variable name Loss of independence over 1 year Loss of independence continuously over time

Odds ratio 95% CI p-value Hazard ratio 95% CI p-value

Change in walking ability from index to 4 months after fracture (ref: Good recovery)
 Moderate recovery 3.52 (2.27–5.46) <0.001 2.60 (1.97–3.42) <0.001
 Poor recovery 12.01 (7.82–18.44) <0.001 5.95 (4.53–7.82) <0.001
Estimated LBM, kg (ref: <45)
 45–49 0.67 (0.54–0.83) <0.001 0.69 (0.59–0.82) <0.001
 50–54 0.73 (0.56–0.97) 0.027 0.68 (0.55–0.84) <0.001
 55–59 0.52 (0.37–0.74) <0.001 0.50 (0.38–0.66) <0.001
 60+ 0.85 (0.57––1.27) 0.430 0.62 (0.45–0.85) 0.003
 Male (ref: female) 1.25 (0.98–1.61) 0.075 1.47 (1.22–1.78) <0.001
Age group, years (ref: 85+)
 60–64 0.12 (0.02–0.86) 0.035 0.37 (0.15–0.93) 0.035
 65–69 0.65 (0.34–1.24) 0.188 0.63 (0.37–1.06) 0.083
 70–74 1.71 (1.16–2.53) 0.007 1.62 (1.18–2.21) 0.003
 75–79 1.98 (1.38–2.85) <0.001 2.02 (1.51–2.71) <0.001
 80–84 2.83 (2–4.01) <0.001 2.95 (2.23–3.9) <0.001
Days from fracture to surgery (ref: 0 days)
 1–2 days 0.82 (0.69–0.97) 0.019 0.89 (0.78–1.01) 0.074
 3–7 days 0.64 (0.44–0.94) 0.024 0.74 (0.55–1) 0.050
 >1 week 0.73 (0.32–1.67) 0.450 0.87 (0.48–1.59) 0.657
Pre-fracture independent walking
(ref: could not walk/walked only with company indoors)
 Walked alone outdoors 0.46 (0.35–0.62) <0.001 0.57 (0.45–0.71) <0.001
 Walked only with company outdoors, or 
walked alone but only indoors

0.83 (0.63–1.1) 0.203 0.89 (0.72–1.11) 0.313

Pre-fracture use of walking aids (ref: rolling walker/wheelchair/bed bound)
 No aids 0.75 (0.63–0.89) 0.001 0.77 (0.67–0.88) <0.001
 One or two aid(s) (cane/crutch) 0.96 (0.74–1.24) 0.736 0.93 (0.76–1.13) 0.473
 Elixhauser comorbidity index (continuous) 1.03 (0.96–1.1) 0.417 1.04 (0.99–1.1) 0.097
Specific comorbidities (ref groups: not having the comorbidity)
 Dementia 2.79 (2.24–3.47) <0.001 2.40 (2.04–2.82) <0.001
 Rheumatoid arthritis 0.78 (0.38–1.59) 0.493 0.83 (0.49–1.41) 0.489
 Osteoporosis treatment experience 0.90 (0.75–1.08) 0.243 0.96 (0.84–1.1) 0.541
 Glucocorticoid use 0.74 (0.57–0.97) 0.028 0.83 (0.68–1.01) 0.066
 Secondary osteoporosis 0.74 (0.54–1.01) 0.057 0.84 (0.65–1.07) 0.157
 Exposure to drugs that increase the risk 
of falls

1.13 (0.82–1.55) 0.452 1.18 (0.93–1.51) 0.177

Lifestyle factors (ref groups: not having the lifestyle factors)
 Current smoking 1.91 (0.76–4.78) 0.167 1.29 (0.68–2.45) 0.436
 Alcohol use 0.51 (0.18–1.42) 0.194 0.73 (0.35–1.54) 0.411
 Parent hip fracture 0.81 (0.44–1.48) 0.490 0.82 (0.5–1.34) 0.428
 Constant 0.17 (0.07–0.39) <0.001 0.17 (0.07–0.39) <0.001

LBM: lean body mass.



Hallberg et al. 7

added information beyond that of weight and height alone 
for the risk of institutionalization. Treatment of sarcopenia 
usually includes resistance exercise and protein supplemen-
tation, a combination that was shown to counteract sarcope-
nia in a 3-month intervention study in Swedish nursing home 
residents.49 An Australian multidomain treatment study in 
postsurgical hip fracture patients reported strikingly reduced 
1-year risk of nursing home admission.50

Both having a cognitive impairment51 and solitary living52 
have previously been shown to affect rates of institutionaliza-
tion after hip fracture. Our study demonstrated the robustness 
of walking ability recovery and LBM as predictors for insti-
tutionalization by showing similar rates of associations in 
subgroup (patients without dementia) and sensitivity analyses 
(including variable on cohabitation).

One unexpected finding was the reduced risk of institu-
tionalization with glucocorticoid use (OR: 0.74). We do not 
have any clear rationale for this, but some speculative expla-
nations could perhaps be that the invigorating effect of glu-
cocorticoids could lead to that some patients can return to 
home instead of going to long-term care. Another explana-
tion could be that glucocorticoids are usually less prescribed 
in patients with dementia and these patients are institutional-
ized to a larger extent.

Two recent studies from the United Kingdom have  
studied predictors of returning to own residence after a hip 
fracture. Hawley et al.53 found that patient factors such as 
cognitive impairment, malnutrition, delay to surgery due to 
medication, and service factors such as surgery delays due to 
logistical reasons and early morning admission were associ-
ated with a lower likelihood of returning to home. Nerve 
block prior arrival to the operating theater was associated 
with higher likelihood of being discharged to home.

Patel et al.54 studied hospital organizational factors 
associated with recovery of mobility and change in patient 
residence after hip fracture. They found that 19 factors 
independently predicted residence on hospital discharge. 
For example, if anesthetic lead for hip fracture had time 
allocated in their job plan and if hip fracture service clini-
cal governance meetings were attended by an orthopedic 
surgeon return to own residence was more likely.

Both studies mainly analyzed modifiable factors related 
to the hip fracture admission and hospital discharge and not 
the relation of patient recovery and long-term risk of institu-
tionalization as in our study. However, the factors studied by 
Patel et al. and Hawley et al. are likely to correlate with 
patient recovery and thus support the findings in our study.

Prevention of loss of independence and institutionaliza-
tion not only serves the interest of fracture patients. In view 
of the increasing numbers of frail older adults, the prevention 
of institutionalization is of great interest for policy makers 
and health care providers in general.11 Institutionalization 
also implies a considerable financial burden on the individ-
ual, the family, and society.55 A great financial benefit could 
be gained by preventing people from becoming dependent.

Strengths and limitations

Our study has some major strengths. This is a large study that 
relies on register-based data which are known to have a high 
degree of completeness. Reporting of certain variables used 
in this study is mandatory for the medical and care staff, 
thus, for health care visits and prescriptions all the necessary 
information can be expected to be present. The Swedish 
social security number allows following patients over time 
and allows data to be linked to other registers. Minimal 
exclusion criteria were applied; therefore, it could be argued 
that the study provides a more representative depiction of 
events in a real-world setting, compared with smaller, more 
selective studies, for example, that the study included 
patients with cognitive dysfunction which often is an exclu-
sion criterion in prospective studies of hip fracture patients.

We acknowledge that the study has limitations. Attrition 
bias may be present due to potential differences between 
patients who did and did not answer the 4-month follow-up 
questionnaire in SHR. Diagnoses of comorbidities were 
identified using diagnosis and procedure codes, which are 
subject to potential miscoding. The health registers included 
in the study do, however, cover all diagnoses and procedures 
in the hospital setting irrespective of where they occurred. In 
the very unlikely event that a patient’s health care visit or 
prescription would not have been captured at all by the reg-
isters, this instance of missing data would not be possible to 
identify.

We did not have access to information about time of 
mobilization and rehabilitation proceedings, which are 
known to affect outcomes after hip fracture. However, low 
variance is expected as Swedish guidelines stipulate a fast 
mobilization after surgery.

Another limitation is that LBM was estimated using pre-
dictive models based on anthropometrical assessments, 
rather than by devices like DXA or MRI. However, it has 
previously been shown that models based on age, height, and 
weight, predict LBM with reasonably low prediction error56 
and may be a feasible option in epidemiological studies 
where muscle or LBM measurements are missing.

Conclusions

Low LBM and restricted recovery in post-discharge walking 
ability is associated with an increased risk of institutionaliza-
tion after hip fracture in older patients living independently 
prior to the fracture. Thus, maintaining muscle mass and 
mobility by exercise and adequate nutrition in late life are 
likely key factors to avoid loss of independence post-frac-
ture, which is important both for the individual and from a 
societal perspective.
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