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a b s t r a c t 

Background: The loss of pre-fracture basic mobility status is associated with increased mortality and any 

readmission after hip fracture. However, it is less known if the loss of pre-fracture mobility has impact 

on acquiring a post-discharge infection. 

Purpose: To examine if the loss of pre-fracture basic mobility status at hospital discharge was associ- 

ated with hospital-treated or community-treated infections within 30-days of hospital discharge after hip 

fracture. 

Methods: Using the nationwide Danish Multidisciplinary Hip Fracture Registry from January 2014 through 

November 2017, we included 23,309 patients undergoing surgery for a first-time hip fracture. The Cumu- 

lated Ambulation Score (CAS, 0-6 points) was recorded using questionnaire at admission (pre-fracture 

CAS) and objectively assessed at discharge. The loss of any CAS-points at discharge compared with pre- 

fracture CAS was calculated and dichotomized (yes/no). Using Cox regression analyses, we estimated the 

hazard ratio (HR) with 95% confidence interval (CI) of any hospital-treated infection, hospital-treated 

pneumonia or community-treated infection adjusted for sex, age, body mass index, Charlson Comorbidity 

Index, residential status, type of fracture, and length of hospital stay (LOS). 

Results: Total of 12,046 (62%) patients lost their pre-fracture CAS status at discharge. Among patients who 

had lost their pre-fracture CAS, 6.0% developed a hospital-treated infection compared to 4% of those who 

did not lose their pre-fracture CAS. Correspondingly, 9.2% versus 6.2% developed a community-treated 

infection. The risk of 30-day post-discharge infection increased with increasing loss of any CAS points. 

The adjusted HRs for patients who had lost their pre-fracture CAS status, compared to patients who did 

not, was 1.34 (CI: 1.16-1.54) for hospital-treated infection, 1.35 (CI: 1.09 – 1.67) for pneumonia and 1.36 

(CI: 1.21-1.52) for community-treated infection. 

Conclusion: In this large national cohort study, we found that loss of pre-fracture basic mobility status 

upon hospital discharge was strongly associated with 30-day post-discharge risk of developing infection. 

These findings suggest a clinical importance of carefully focusing on regaining the pre-fracture basic mo- 

bility before discharging the patient. 

© 2021 The Author(s). Published by Elsevier Ltd. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Hip fracture is a leading cause of hospitalization among elderly 

1] . Sustaining a hip fracture is associated with a 30-day mortal- 

ty of approximately 10 %, as well as a long range of complications 

2] . A common, yet severe, complication is postoperative infections. 

bout 15 % of hip fracture patients are reported to develop infec- 

ion that require hospitalization within 30-days of surgery [3] . An 
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nfection following hip fracture surgery is associated with a three- 

old increased mortality risk [4] , and shown to be the most com- 

on cause of death within 30 days of hip fracture surgery [5] . Fur-

hermore, postoperative infection adversely effects quality of life 

nd hospital costs [6] . 

The risk of developing a postoperative infection after hip frac- 

ure surgery depends on the interplay among multiple associated 

atient-, surgery-, and health-care-related factors [7–10] . Some risk 

actors cannot be modified like age, gender, the pre-fracture ambu- 

atory status, or comorbidity [8] , but other can be modified just 

efore surgery, during hospitalization, or after surgery. To guide 

he development and implementation of targeted interventions in 

linical practice and reduce the risk of infections, there is a need 

or more knowledge about modifiable risk factors. The ambulatory 

tatus of patients with hip fracture seems as a modifiable factor 

hrough focused and intensive physiotherapy [11] . 

Regaining pre-fracture basic mobility, measured by cumulated 

mbulation score (CAS), in the acute care setting following hip 

racture surgery has shown to be associated with decreased mor- 

ality and reduced readmission risk in a large population-based co- 

ort study [12] . Furthermore, the basic mobility status upon acute 

ospital discharge is an independent risk factor for mortality up to 

 years after hip fracture surgery [13] . In addition, early mobiliza- 

ion of surgical patients has shown to decrease the risk of postop- 

rative pneumonia [ 14 , 15 ]. To our knowledge, no previous studies 

ave investigated the risk of postoperative infections in general or 

he risk of several common specific infections in relation to regain 

f pre-fracture mobility in the acute care setting. 

In this population-based cohort study, we investigated the as- 

ociation between regaining pre-fracture basic mobility, measured 

y CAS, at the time of acute hospital discharge and the 30-day 

ost-discharge risk of hospital-treated infection. Furthermore, since 

ome infections do not require hospitalization, and will instead 

e treated by a general practitioner, this study also investigated 

ommunity-treated infections, based on redeemed antibiotic pre- 

criptions. 

ethod 

tudy design 

The study is a cohort study. Regaining pre-fracture basic mo- 

ility at the time of hospital discharge (yes/no) was the primary 

xposure. While the secondary outcome was the number of CAS 

oints lost . While 30-day post-discharge infection, both hospital- 

reated and community-treated was the outcome measured. 

etting and participants 

Data from Danish medical registries were used. These encom- 

asses the entire Danish population which has a tax-supported 

ealth care system with free access to care [16] . All patients ad- 

itted to a hospital with a first time hip fracture from 1 January 

014 until 1 December 2017 were included. 

asic mobility 

Basic mobility was evaluated by the CAS [17] , which is a mea- 

ure of independence with regard to getting in and out of bed, 

it-to-stand-to-sit from a chair with armrests and indoor walking. 

ach of the three activities is assessed on a scale of 0-2 points 

0 = Not able, despite human assistance and verbal guidance. 

 = Able to, with human assistance and/or verbal guidance from 

ne or more persons. 2 = Able to safely, without human assistance 

r verbal guidance), resulting in a CAS score from 0 to 6 points. 

he CAS has since 2012 been used in the Danish Multidisciplinary 
1834 
ip Fracture Registry (DMHFR) to assess pre-fracture mobility sta- 

us and mobility status at discharge. The change in CAS from pre- 

racture to discharge was dichotomized, in regained mobility ver- 

us not regained mobility. Further, the number of CAS points lost 

t discharge compared to pre-fracture was recorded. 

nfections 

Hospital-treated infections were identified by means of the In- 

ernational Classification of Diseases (ICD-10) codes 10 th revision 

n the Danish National Patient Registry (DNPR) [19] for primary 

nd secondary diagnoses among hospitalized patients. We iden- 

ified the first date after discharge date on which a patient was 

ospitalized with 1) any common severe infections, and 2) pneu- 

onia, 

Community-treated infections were obtained from the Danish 

ational Health Service Prescription Database [18] (DNHSPD) as 

ny redeemed antibiotic prescriptions based on the Anatomical 

herapeutic Chemical Classification System (ATC) codes. 

Both hospital-treated infections and community-acquired infec- 

ions were obtained within 30-day of discharge, both to ensure 

nly alive patients where included and to secure identical follow- 

p time for all patients despite length of hospitalization. 

Supplementary table 1a-1b shows a full list of ICD-10 codes and 

TC codes used to identify infections and antibiotics. 

ovariates 

We collected data on gender, age, Body Mass Index (BMI), type 

f fracture and length of hospital stay from the DMHFR. From the 

NPR, we collected data on comorbidities 10 years prior to hip 

racture surgery. Based on ICD-codes for diagnoses, we computed 

 Charlson comorbidity index (CCI) [19] score, and categorized pa- 

ients into one of the three levels of comorbidity: no comorbidity 

CCI score = 0), low comorbidity (CCI score = 1-2) and high co- 

orbidity (CCI score ≥ 3). The list of ICD-10 codes used to calcu- 

ate CCI is listed in supplementary table 2. 

ata sources 

The DMHFR [ 20 , 21 ] is a nationwide clinical quality registry. All 

ip fracture patients aged ≥ 65 years operated at Danish hospitals 

ith a cervical (S720), pertrochanteric (S721), or subtrochanteric 

S722) femoral fracture have been registered since 2003. The DNPR 

as registered all non-psychiatric hospital admissions since 1977, 

nd all hospital outpatient and emergency room visits since 1995. 

he DNPR contains records of dates of admission and discharge, 

ischarge diagnoses, and up to 20 secondary discharge diagnosis 

odes according to ICD-10 [22] . 

tatistics 

We grouped patients in those who regained their pre-fracture 

AS score and those who did not. We tabulated patient character- 

stics by each group. 

Patients were included from January 2014 through November 

017 and followed 30 days from discharge. 

We calculated 30-day risk of any hospital-treated infection, 

ospital-treated pneumonia, and 30-day risk of any community- 

reated infection. We calculated crude and adjusted hazard ratios 

HRs) with 95% confidence intervals (CI) using Cox proportional 

azard regression models. HR was adjusted for gender, age, CCI, 

MI, pre-fracture residential status, type of fracture and length of 

ospital stay. The analysis was performed overall and stratified in 

ender, age, CCI, BMI, residential status, type of fracture and length 

f hospital stay. Lastly, we compared patients with the loss of one 
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o six CAS points with patients without any loss of CAS point, also 

sing adjusted Cox proportional hazard ratio. 

All statistical analyses were performed in STATA 15.1. 

The content of this paper follows the Strengthening the Report- 

ng of Observational Studies in Epidemiology (STROBE) [23] guide- 

ines and the Reporting of studies Conducted using Observational 

outinely-collected Data (RECORD) [24] guidelines. 

The study was approved by the Danish Data Protection Agency 

registered at Aarhus University record number 2016-051-0 0 0 0 01, 

d-number 880). According to Danish law, it was not necessary to 

btain permission from the Scientific Ethics Committee because 

atients were not contacted, and no study interventions were con- 

ucted. 

esults 

In total, 23,309 patients from 23 hospitals were identified, 

f whom 22,090 were alive at discharge. The final study co- 

ort included 19,553 (88.5 %) patients with both a pre-fracture 

nd discharge CAS score. Regarding the final study cohort, 38.4 % 

n = 7,507) of patients had regained their pre-fracture CAS score 

t discharge ( Table 1 ). 

Patient who had regained their pre-fracture CAS score were 

ounger, had less comorbidity, were more often living at their own 

ome and more often underwent surgery for a femoral neck frac- 

ure. 

Patients not included due missing data on pre-fracture or/and 

ischarge CAS score (n-2537) were more often men, had more 
Fig. 1. Percentage of patients acquiring a hospital-t

1835 
omorbidity, had more often a femoral neck fracture, had longer 

ength of hospital stay and had more missing information on 

MI and residential status. Patients with missing CAS data had a 

lightly higher infection risk (supplementary table 3). Patients with 

issing CAS data had a slightly higher infection risk (supplemen- 

ary table 3). 

For the complete case analysis in the cox regression, a total of 

6,622 patients were included, due to exclusion of 2931 patients 

ue to missing information on BMI or residential status. 

0-day post discharge hospital-treated infection and pneumonia 

The total risk of a hospital-treated infection within 30 days 

f discharge was 4.8% (n = 362) for patients regaining their pre- 

racture CAS compared with 7.4% (n = 890) for those who did not. 

he risk of hospital-treated infection, hospital-treated pneumonia 

nd community-treated infection increased with number of CAS 

oint lost ( Fig. 1 , supplementary figure 1 and supplementary fig- 

re 2). The adjusted HR for hospital-treated infection was 1.34 

95% CI:1.16 – 1.54) among patients who did not regained their 

re-fracture CAS compared with patients who did ( Table 2 ). The 

Rs in adjusted and stratified analysis, the increased risk ranged 

rom 1.11 (95% CI:0.79 – 1.56) to 1.55 (95% CI: 1.22 – 1.96) if 

re-fracture CAS was not regained (supplementary table 4). When 

ooking at number of CAS points lost among patients who did not 

egain their pre-fracture CAS score, there was no increased risk of 

ny hospital-treated infection if one or two points were lost com- 

ared with patients who did regain their pre-fracture CAS. How- 
reated infection within 30-days of discharge. 
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Fig. 2. Hazard ratios of 30-days post-discharge hospital-treated infection. 

Table 1 

Characteristics of patients. Complete cohort (n = 19,553). 

Pre-fracture CAS regained at discharge Total, n (%) 

No, n (%) Yes, n (%) 

Total 12,046 7507 

Women 8525(70.8) 5217 (69.5) 13,742 (70.3) 

Men 3521 (29.2) 2290 (30.5) 5811 (29.7) 

Age 

65-79 3475 (28.8) 4017 (53.5) 7492 (38.3) 

80-89 5473 (45.5) 2730 (36.4) 8203 (42.0) 

> 89 3098 (25.7) 760 (10.1) 3858 (19.7) 

Comorbidity (CCI) 

No comorbidity (0 point) 4195 (34.8) 3352 (44.7) 7547 (38.6) 

Low comorbidity (1-2 points) 4994 (41.5) 2729 (36.3) 7723 (39.5) 

High comorbidity ( > 3points) 2857 (23.7) 1426 (19.0) 4283 (21.9) 

Body Mass index (BMI) 

Underweight ( < 18.5) 1632 (13.5) 964 (12.8) 2596 (13.3) 

Normal (18.5-24.9) 5014 (41.6) 3229 (43.0) 8243 (42.1) 

Overweight (25-29.9) 2784 (23.1) 1887 (25.1) 4671 (23.9) 

Obese ( ≥30) 882 (7.3) 523 (7.0) 1405 (7.2) 

Missing 1734 (14.5) 904 (12.1) 2638 (13.5) 

Residential status 

Own home 7997 (66.4) 6343 (84.5) 14,340 (73.3) 

Nursing home 3469 (28.8) 830 (11.1) 4299 (22.0) 

Missing 580 (4.8) 334 (4.4) 914 (4.7) 

Fracture type 

Femoral neck 6073 (50.4) 4775 (63.6) 10,848 (55.5) 

Per- and subtrochanteric 5973 (49.6) 2732 (36.4) 8705 (44.5) 

Length of hospital stay (days) 

0 – 7 5591 (46.4) 3784 (50.4) 9375 (48.0) 

7 – 12 4105 (34.1) 2632 (35.1) 6737 (34.5) 

> 12 2350 (19.5) 1091 (14.5) 3441 (17.6) 

1836 
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Table 2 

Cox regression with crude and adjusted hazard ratio for 30-day post-discharge any hospital-treated infection, pneumonia and community-treated 

infection. Complete case analysis (n = 16,622). 

Variable Number of infections Crude HR (95% CI) ∗Adjusted HR (95% CI 

Pre-fracture CAS not regained Pre-fracture CAS regained 

Hospital-treated infection 724 294 1.64 (1.43 – 1.88) 1.34 (1.16 – 1.54) 

Pneumonia 344 127 1.80 (1.47 – 2.21) 1.35 (1.09 – 1.67) 

Community-treated infection 1116 470 1.63 (1.47 – 1.82) 1.36 (1.21 – 1.52) 

∗ Adjusted for gender, age, Charlson comorbidity index, Body mass index, residential status, fracture type and length of hospital stay 

Fig. 3. Hazard ratios of 30-days post-discharge pneumonia. 
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ver, there was an increased risk of 1.70 (95% CI: 1.31 – 2.21) if 

ve to six points were lost, compared with patients who did re- 

ain their pre-fracture CAS score (thus did not lost any CAS points 

t discharge) ( Fig. 2 and supplementary table 5). 

For hospital-treated pneumonia, the total risk within 30 days 

f discharge were 2.1% (n = 154) for patients regaining their pre- 

racture CAS compared with 3.5% (n = 421) for those who did not. 

he adjusted HR for pneumonia showed a 1.35 (95% CI:1.09 –

.67) times higher risk if the pre-fracture CAS was not regained 

 Table 2 ). The HRs in adjusted and stratified analysis ranged from 

.91 (95% CI: 0.59 – 1.40) to 1.66 (95% CI: 1.22 -2.27) if pre-fracture 

AS was not regained (supplementary table 6). When looking at 

umber of CAS points lost, there was no increased risk if one or 

wo points was lost. While there was an increased risk of 2.04 (95% 

I: 1.41 – 2.94) if five or six points were lost, compared with pa- 

ients without any loss of CAS points at discharge (supplementary 

able 7 and supplementary Figure 1). 
p

1837 
Figs. 3 and 4 

0-day post discharge community-treated infections 

The total risk of a community-treated infections within 30 days 

f discharge were 7.7% (n = 575) for patients regaining their pre- 

racture CAS compared with 11.5% (n = 1381) for those who did not. 

he adjusted HR for community-treated infection showed a 1.36 

95% CI:1.21 – 1.52) times higher risk if the pre-fracture CAS was 

ot regained ( Table 2 ). The HRs in adjusted and stratified analy- 

is, the increased risk ranged from 1.22 (95% CI: 0.98 – 1.51) to 

.68 (95% CI: 1.25 -2.27) if pre-fracture CAS was not regained (sup- 

lementary table 8). When looking at number of CAS points lost, 

here was an increased risk of 1.14 (95% CI: 0.99 - 1.32) if one or

wo point was lost, and 1.73 (95% CI: 1.38 – 2.16) if five or six 

oints were lost, compared with patients without any loss of CAS 
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Fig. 4. Hazard ratios of 30-days post-discharge community-treated infection. 
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oints at discharge (supplementary table 9 and supplementary Fig- 

re 2). 

iscussion 

In this nationwide population-based study of 19,553 hip frac- 

ure patients, we found that the risk of hospital- or community 

reated infection was markedly increased for those patients who 

ad not regained their pre-fracture CAS at the time of discharge 

ompared with those who had. The same applied when only in- 

estigating pneumonia as a specific hospital-treated infection. Fur- 

hermore, an increased risk of all 3 outcomes were seen with the 

umber of CAS points lost. 

omparison with previous literature 

Only few studies have investigated patient’s mobility on the risk 

f infection after hip fracture. Furthermore, these studies have fo- 

used solely on the pre-fracture ambulatory level [8] or the time 

o ambulation [9] . Our study results are well aligned with the re- 

ults of previous studies [ 8 , 9 ] which found that low pre-fracture

mbulatory level and longer time to ambulation were associated 

ith higher risk of pneumonia during admission. Regarding our 

ndings on the number of CAS point lost and infections; over- 

ll an increased risk was seen with the loss of 3 or more CAS 

oints. The same trend was seen in a study on regaining mobil- 

ty after hip fracture and the mortality and readmission risk [12] . 

owever, for mortality and readmission, the risk increased from 
1838 
he first point lost. These findings are important, as achievement 

f independent mobility should be the primary goal, the closer 

o independent mobility the patient get, the risk of infection de- 

reases. Therefore, the present study contributes with new evi- 

ence to the sparse knowledge on the association of mobility and 

ostoperative infection, that recovery of pre-fracture mobility re- 

uce the risk of postoperative infections in general, pneumonia 

nd community-acquired infections. Interestingly, our findings also 

uggest that normal weight patients, patients in the youngest age 

ategory and patients with the shortest length of hospitals stay are 

t the highest risk of any hospital-treated infection and pneumonia 

f they do not regain their pre-fracture CAS level. This may be due 

o a faster discharge for younger and more fit patients, and thereby 

ot receiving a proper treatment. However, no causality can be de- 

ermined from the present study. 

obilization of hip fracture patients 

It is known that physical activity and mobility reduces the risk 

f infection [25] . It is also the consensus that physical activity re- 

uces the risk of community-acquired pneumonia among elderly 

26] . It is recommended that elderly hip fracture patients are mo- 

ilized, at the latest, the day after surgery and should receive reg- 

larly physical therapy [27] . Thus, patients with a low ambula- 

ory status during the first postoperative days are at greater risk 

f death or experiencing a medical complication within 30 days 

f surgery for a hip fracture [ 8 , 9 , 28 ]. Correspondingly, patients

ot recovering their pre-fracture basic mobility status at the time 
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[  

[  

[

f acute hospital discharge, experience an increased risk of re- 

dmission or death within 30 days of discharge [12] . Hip fracture 

atients are shown to have low levels of physical activity during 

ehabilitation [29] and are thereby of a high risk of infectious com- 

lications. Positively, a smaller study showed that patients with hip 

racture were more physical active after reaching an independent 

AS level [30] , while patients not independently mobilised (CAS < 

) within the first week after acute high-risk abdominal surgery 

ore often experienced a pulmonary complication compared to 

hose independent [31] . 

trengths and limitations 

This study was based on nationwide population-based cohort 

esign, prospectively collected individual-level data, and complete 

ollow-up of all patients. We included more than 20,0 0 0 patients 

ith free-of-charge and equal access to healthcare services. An- 

ther strength is our exposure, regain of pre-fracture CAS, since 

AS is a validated and reliable measure in patients with hip frac- 

ure [ 17 , 27 , 28 ]. Lastly, we adjusted for a number of potential con-

ounders. 

A potential limitation of this study regards the validity of data 

n postoperative infections, since these are collected by a variety 

f clinicians as part of daily routine work, this might introduce 

ondifferential misclassification. However, hospital-treated infec- 

ions, including pneumonia, based on ICD-10 codes from DNPR has 

hown a high positive predictive value in other patient groups [32] . 

dditionally, we only included infection diagnosis which hospi- 

als receives payments for upon registration. Therefore, we assume 

hat all patients treated for an infection are correctly registered. 

nother potential limitation is that not all patients who received 

urgery for a hip fracture during the study period was included, 

ue to missing CAS data for unknown reasons. However, patients 

ith missing CAS data did not differ markedly from the rest of the 

tudy population, except from having more missing information on 

MI and residential status (supplementary table 3), therefore this 

ill only introduce nondifferential misclassification. 

onclusion 

In this large national cohort study, we found that loss of 

re-fracture basic mobility status, measured as CAS, upon acute 

ospital discharge was strongly associated with 30-day post- 

ischarge risk of developing infections in general, pneumonia and 

ommunity-treated infections. Furthermore, an increased risk was 

een with the loss of 3 or more CAS points. Therefore, achievement 

f independent mobility is suggested as a primary goal, the closer 

o independent mobility the patient get, the risk of infection de- 

reases. These findings also suggest a clinical importance of care- 

ully focusing on regaining the pre-fracture basic mobility before 

ischarging the patient from the acute care hospital. However, to 

rove the efficacy of focused physiotherapy to decrease the risk of 

ostoperative infections randomized controlled clinical trials will 

e needed. 
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