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ABSTRACT
Background Hip fracture is a leading cause of disability 
and mortality among older people. During the COVID- 19 
pandemic, orthopaedic care pathways in the National 
Health Service in England were restructured to manage 
pressures on hospital capacity. We examined the indirect 
consequences of the pandemic for hospital mortality 
among older patients with hip fracture, admitted from 
care homes or the community.
Methods Retrospective analysis of linked care home 
and hospital inpatient data for patients with hip fracture 
aged 65 years and over admitted to hospitals in England 
during the first year of the pandemic (1 March 2020 
to 28 February 2021) or during the previous year. We 
performed survival analysis, adjusting for case mix and 
COVID- 19 infection, and considered live discharge as 
a competing risk. We present cause- specific hazard 
ratios (HRCS) for the effect of admission year on hospital 
mortality risk.
Results During the first year of the pandemic, there 
were 55 648 hip fracture admissions: a 5.2% decrease 
on the previous year. 9.5% of patients had confirmed or 
suspected COVID- 19. Hospital stays were substantially 
shorter (p<0.05), and there was a higher daily chance 
of discharge (HRCS 1.40, 95% CI 1.38 to 1.41). Overall 
hip fracture inpatient mortality increased (7.2% in 
2020/2021 vs 6.4% in 2019/2020), but patients without 
concomitant COVID- 19 infection had lower mortality 
rates compared with the year before (5.3%). Admission 
during the pandemic was associated with a 11% increase 
in the daily risk of hospital death for patients with hip 
fracture (HRCS 1.11, 95% CI 1.05 to 1.16).
Conclusions Although COVID- 19 infections led to 
increases in hospital mortality, overall hospital mortality 
risk for older patients with hip fracture remained largely 
stable during the first year of the pandemic.

INTRODUCTION
During the COVID- 19 pandemic, the 
number of emergency hospital admissions 
to the English National Health Service 
(NHS) decreased substantially.1 2 An 
exception were admissions for falls and 

fragility fractures, which continued to 
present at similar rates and were managed 
as a surgical priority.2–7 Hip fracture is a 
major cause of accidental disability and 

WHAT IS ALREADY KNOWN ON THIS 
TOPIC

 ⇒ The COVID- 19 pandemic led to rapid 
changes in hip fracture treatment 
pathways and protocols in the National 
Health Service in England, particularly 
during the first months of the outbreak, 
but the impact of these on quality 
of care and outcomes for patients is 
uncertain.

 ⇒ The indirect effect of the pandemic on 
hospital mortality is difficult to assess as 
patients were discharged more quickly, 
which might have led to displacement 
of deaths from hospitals to care homes 
or to people’s own homes.

WHAT THIS STUDY ADDS

 ⇒ Using a competing risk approach, we 
show that during the first year of the 
pandemic inpatient mortality risk did 
not increase substantially for older 
patients who were admitted with hip 
fracture.

HOW THIS STUDY MIGHT AFFECT 
RESEARCH, PRACTICE OR POLICY

 ⇒ This study provides new evidence 
regarding the indirect impact of the 
COVID- 19 pandemic, as the effect of 
rapid changes in treatment pathways 
and protocols on patient outcomes has 
not yet been fully understood.

http://qualitysafety.bmj.com/
http://www.health.org.uk/
http://dx.doi.org/10.1136/bmjqs-2022-014896
http://dx.doi.org/10.1136/bmjqs-2022-014896
http://dx.doi.org/10.1136/bmjqs-2022-014896
http://orcid.org/0000-0001-5249-619X
http://orcid.org/0000-0002-6809-2517
http://orcid.org/0000-0003-4271-5488
http://orcid.org/0000-0001-5994-1583
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjqs-2022-014896&domain=pdf&date_stamp=2022-08-01


2 Grimm F, et al. BMJ Qual Saf 2022;0:1–10. doi:10.1136/bmjqs-2022-014896

Original research

death, and the most common traumatic injury for older 
people requiring hospital admission and emergency 
surgery.8 In England alone, approximately 65 000 
people suffer this injury each year.9 While outcomes 
have gradually improved over the last decade, patients 
suffering a hip fracture in England continue to have 
higher mortality rates than in other high- income coun-
tries.10 11

The COVID- 19 pandemic impacted hip fracture 
care in several ways. There is already ample interna-
tional evidence on the direct effect of COVID- 19 on 
patients with hip fracture, demonstrating that concur-
rent COVID- 19 infection increases the risk of serious 
complications and mortality.12–15 Additionally, the 
pandemic affected orthopaedic services in England, 
which underwent rapid restructuring in response to 
pressures on hospitals, with redeployment of theatre 
staff, equipment and facilities to critical care and 
medical wards.16

The rapid changes in treatment pathways and proto-
cols and the risk of hospital- acquired COVID- 19 
infections have led to concerns that some hip frac-
ture quality standards may have slipped.14 The lack 
of auditing during this period has added to these 
concerns, as data submissions to national audits and 
pay- for- performance initiatives, which link reimburse-
ment to the achievement of quality metrics, were 
suspended at the onset of the pandemic to free up 
staff capacity.17 18 Conversely, pressures on bed avail-
ability, recommendations to offer less invasive surgical 
management and an emphasis on prompt rehabilita-
tion and expedited discharge may have preserved or 
improved care quality and patient outcomes.4 There-
fore, there is an urgent need to investigate the indi-
rect consequences of the COVID- 19 pandemic on 
mortality outcomes for patients with hip fracture, 
including patients not directly affected by the infec-
tion. Since length of hospital stay for patients with 
hip fracture fell during the pandemic and there was 
an overall displacement of deaths from hospitals to 
private homes and care homes, this analysis neces-
sarily needs to consider earlier hospital discharge as 
competing event for hospital death.14 19

In the UK, 3.4% of the population over 65 live in a 
residential care setting, but care home residents account 
for a disproportionate percentage (around 30%) of 
hip fracture admissions due to their higher risk of falls 
and resulting fractures due to frailty, osteoporosis and 
other comorbidities.20–22 This population is also at high 
risk of poor outcomes from COVID- 19 infection.23 
In England, there are two main types of care homes: 
residential care homes, which provide accommodation 
and help with personal care, and nursing homes, which 
additionally provide 24- hour nursing care. Character-
istics of residents differ between the two care home 
types, and in nursing homes a higher proportion of 
residents were found to be in their last year of life.24 25 
Both populations have complex healthcare needs due 

to the high prevalence of multimorbidity, functional 
dependence and cognitive impairments.24–27

This study examines such indirect effects of the 
pandemic on hip fracture care and in- hospital mortality 
for older patients admitted for hip fracture from resi-
dential care, from nursing homes or from their own 
home (living in the community). We compared the 
number of admissions and their outcome with patients 
with hip fracture admitted during the year before 
using a competing risk survival analysis approach, 
taking into account the direct effect of concurrent 
COVID- 19 infections.

METHODS
Data sources
We used pseudonymised administrative data on 
hospital admissions from Secondary Uses Service 
(SUS), a national database of NHS- funded hospital 
activity in England. At the time of data extraction, 
SUS data were available until the end of June 2021. 
Care homes are not reliably recorded as the source of 
admission; therefore, we identified residents through 
linkage to the patient index from the National Health 
Applications and Infrastructure Services, as previ-
ously described.2 24 28 Patient addresses were matched 
to Unique Property Reference Numbers, which were 
cross- referenced to care home addresses and charac-
teristics (up to October 2020) from the Care Quality 
Commission, the regulator of social care services in 
England. Linkage to mortality records was not avail-
able for this data extract and we were unable to 
determine if patients died after hospital discharge. 
Processing of addresses and linkage of patient informa-
tion was carried out by the National Commissioning 
Data Repository. Data were anonymised in line with 
the Information Commissioner’s Office’s code of prac-
tice on anonymisation.

Study populations
For each patient, we linked electronic health records to 
create continuous inpatient spells (CIPS) from admis-
sion to discharge, even when this included transfers 
between hospitals.29 30 We included CIPS that started 
between 1 March 2019 and 28 February 2021 and 
where the method of admission was an emergency, 
the age at admission was 65 years or older and the 
primary diagnosis code was a fracture of the hip joint 
(International Classification of Diseases, 10th edition 
or ICD- 10 codes S72.0, S72.1 or S72.2). We excluded 
CIPS where the administrative category was private 
patient or where admission occurred via a Mental 
Health Crisis Resolution Team.

Cohorts were divided based on whether the admis-
sion occurred in the year before the pandemic (1 March 
2019 to 29 February 2020) or the first year of the 
pandemic (1 March 2020 to 28 February 2021), and 
whether the patient address matched to a care home 
on the date of admission. March 2020 was chosen as 
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the start of the period of interest during the pandemic, 
as this was when NHS providers were advised to reor-
ganise care priorities and free up inpatient capacity, 
and emergency care attendances among the general 
public started to decrease.1 31 Patients with hip frac-
ture from care homes were further split into subgroups 
based on care home type (residential or nursing), using 
information provided by the regulator as to whether 
nursing care was being provided to some residents in 
the home. If patients matched to multiple care homes, 
care home opening and closing dates were used to 
exclude implausible matches. If this was not sufficient 
to resolve multiple matches (n=22, 0.12% of admis-
sions from care homes), we chose the care home with 
the earliest opening date, or if they were identical, the 
nursing home. Online supplementary figure S1 shows 
a data flow chart with details of inclusion and exclu-
sion criteria.

Hospital mortality
Hospital deaths were identified if the patient died 
according to either the SUS discharge destination vari-
able (79=not applicable—patient died or stillbirth) or 
the SUS discharge method variable (4=died). Hospital 
deaths were indexed to the admission date, and 
mortality rates were calculated using all hip fracture 
admissions as denominator.

Covariates
Patient sex and age at admission were taken from the 
patient index. Hip replacement and repair procedures 
were categorised into total hip replacement, partial 
hip replacement or osteosynthesis (placement of a 
screw, plate, pin or internal fixation) using Office of 
Population Censuses Surveys Classification of Surgical 
Operations and Procedures (OPCS4) codes (online 
supplemental table S1).11 The date and time of the 
procedure were not available in the data extract used 
for this study. The presence of conditions related to 
the updated Charlson Comorbidity Index (excluding 
HIV/AIDS) and conditions related to frailty was deter-
mined using primary or secondary diagnosis codes 
of all admissions up to 3 years prior to the index 
admission.32–35 Diagnoses of suspected or confirmed 
COVID- 19 were determined using ICD- 10 codes 
U07.1 and U07.2.

Statistical analysis
The similarity between baseline characteristics of 
cohorts was evaluated using standardised mean differ-
ences (R package ‘tableone’). These are defined as the 
difference in means of a given characteristic expressed 
as a percentage of the pooled SD, with a cut- off value 
of 10% indicating a negligible imbalance between 
groups.36 The measure allows comparisons of the 
magnitude of difference between groups, rather than 
of statistical significance, can be used across variables 
of different scales and is not dependent on sample size. 

Wilcoxon- Mann- Whitney tests were used to compare 
the distribution of hospital length of stay between 
admission years.

We followed a competing risk time- to- event anal-
ysis approach to examine the association between the 
admission period and hospital death, the outcome 
of interest, with live discharge being a competing 
risk (R packages ‘survival’ and ‘survminer’). This 
was necessary since being discharged alive precludes 
the occurrence of the event of interest. Therefore, 
simply censoring patients at discharge would violate 
the assumption of non- informative censoring and 
lead to incorrect and potentially biased results.37–39 
We used Cox proportional hazard models to estimate 
multivariable- adjusted cause- specific HRs (HRCS, 
with 95% CIs) for hospital death and live discharge, 
comparing admissions during the first year of the 
pandemic with admissions during the prior 12 months 
(modelled as a binary variable). Alternative approaches 
were considered, including Fine- Gray models. These 
are based on the subdistribution hazard and model the 
effect of covariates on cumulative incidences rather 
than risk. However, initial exploration showed that the 
structure of our dataset was not compatible with the 
assumption of proportional subdistribution hazards 
(not shown). In addition, subdistribution HRs do not 
have a straightforward interpretation relating to the 
changes of epidemiological risk and are therefore not 
as well suited for aetiological questions.38 39

We fitted a single Cox model for each outcome, which 
included a variable for patient residence (commu-
nity, residential care home or nursing home). Models 
with and without an interaction term for admission 
year and patient residence were tested. The interac-
tion term did not significantly improve model fit for 
the mortality outcome (likelihood ratio test: p>0.05) 
and no significant interaction was found; therefore, 
it was not included in the final models. To select the 
relevant variable set for case mix adjustment between 
admission periods, known causes of confounding 
were conceptualised using causal diagrams (directed 
acyclic graphs or DAGs; online supplementary figure 
S2) and the minimal sufficient adjustment set was 
determined (R package ‘ggdag’).40 Patient age and 
sex, individual comorbidities relating to frailty and 
the Charlson Comorbidity Index (but not the score 
itself), COVID- 19 infection and procedure type were 
included as covariates in the final models.41 Patient 
age was modelled as 10- year age bands (as shown in 
table 1), after examining graphs of the continuous 
variable against the martingale residuals of the null 
model (R function ‘ggcoxfunctional’). The propor-
tional hazards assumption was checked using Schoen-
feld residuals (online supplementary figure S3). To 
test whether the model was able to fully account for 
the direct impact of COVID- 19 infection, a sensitivity 
analysis was conducted where patients with a record 
of confirmed or suspected COVID- 19 were excluded 
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Table 1 Characteristics of people aged 65 and over who were admitted to National Health Service hospitals in England with hip 
fracture before the pandemic (March 2019–February 2020) and during the COVID- 19 pandemic (March 2020–February 2021), by patient 
residence

Residence Community Residential care home Nursing home

Admission year 2019/2020 2020/2021 2019/2020 2020/2021 2019/2020 2020/2021

n 48 934 46 663 5689 5132 4105 3853
Female (%) 34 476 (70.5) 32 571 (69.8) 4457 (78.3) 4041 (78.7) 2913 (71.0) 2783 (72.2)
Age (%)
  65–69 2998 (6.1) 2645 (5.7) 74 (1.3) 61 (1.2) 70 (1.7) 81 (2.1)
  70–74 5392 (11.0) 5019 (10.8) 172 (3.0) 171 (3.3) 219 (5.3) 189 (4.9)
  75–79 7420 (15.2) 7224 (15.5) 439 (7.7) 433 (8.4) 445 (10.8) 399 (10.4)
  80–84 10 808 (22.1) 10 156 (21.8) 971 (17.1) 896 (17.5) 796 (19.4) 751 (19.5)
  85–89 12 009 (24.5) 11 350 (24.3) 1614 (28.4) 1415 (27.6) 1158 (28.2) 1011 (26.2)
  90–95 7736 (15.8) 7654 (16.4) 1588 (27.9) 1402 (27.3) 964 (23.5) 976 (25.3)
  95+ 2571 (5.3) 2615 (5.6) 831 (14.6) 754 (14.7) 453 (11.0) 446 (11.6)
Mean age in years* 83 (8) 83 (8) 88 (7) 87 (7) 86 (7) 86 (7)
Charlson Comorbidity Index (%)
  0 27 894 (57.0) 26 399 (56.6) 1764 (31.0) 1612 (31.4) 1199 (29.2) 1141 (29.6)
  1 6480 (13.2) 6168 (13.2) 312 (5.5) 314 (6.1) 194 (4.7) 245 (6.4)
  2 6168 (12.6) 5915 (12.7) 1743 (30.6) 1521 (29.6) 1268 (30.9) 1131 (29.4)
  3 3789 (7.7) 3657 (7.8) 931 (16.4) 871 (17.0) 681 (16.6) 590 (15.3)
  4+ 4603 (9.4) 4524 (9.7) 939 (16.5) 814 (15.9) 763 (18.6) 746 (19.4)
Mean Charlson Comorbidity Index* 1.11 (1.70) 1.13 (1.72) 1.98 (1.79) 1.95 (1.76) 2.11 (1.87) 2.09 (1.89)
  Metastatic cancer with solid tumour 872 (1.8) 841 (1.8) 45 (0.8) 39 (0.8) 60 (1.5) 70 (1.8)
  Other malignant cancer 2977 (6.1) 2976 (6.4) 272 (4.8) 213 (4.2) 265 (6.5) 253 (6.6)
  Chronic pulmonary disease 8918 (18.2) 8472 (18.2) 895 (15.7) 862 (16.8) 717 (17.5) 655 (17.0)
  Congestive heart failure 4976 (10.2) 4820 (10.3) 700 (12.3) 591 (11.5) 522 (12.7) 500 (13.0)
  Dementia 4782 (9.8) 4543 (9.7) 3152 (55.4) 2761 (53.8) 2266 (55.2) 2013 (52.2)
  Diabetes with chronic complications 1078 (2.2) 1064 (2.3) 86 (1.5) 87 (1.7) 77 (1.9) 106 (2.8)
  Hemiplegia or paraplegia 792 (1.6) 769 (1.6) 98 (1.7) 102 (2.0) 98 (2.4) 95 (2.5)
  Moderate or severe liver disease 264 (0.5) 245 (0.5) <10 (<0.2) <10 (<0.2) 15 (0.4) 10 (0.3)
  Mild liver disease 863 (1.8) 943 (2.0) 93 (1.6) 83 (1.6) 79 (1.9) 77 (2.0)
  Rheumatological disease 2407 (4.9) 2335 (5.0) 260 (4.6) 220 (4.3) 163 (4.0) 165 (4.3)
  Renal disease 6765 (13.8) 6747 (14.5) 1 097 (19.3) 1 057 (20.6) 810 (19.7) 796 (20.7)
Frailty
  Number of conditions* 0.71 (1.11) 0.73 (1.13) 1.72 (1.39) 1.75 (1.43) 1.85 (1.47) 1.85 (1.48)
  Anxiety or depression 4771 (9.7) 4631 (9.9) 914 (16.1) 889 (17.3) 706 (17.2) 670 (17.4)
  Cognitive impairment 9385 (19.2) 9372 (20.1) 3729 (65.5) 3341 (65.1) 2734 (66.6) 2540 (65.9)
  Dependence 1726 (3.5) 1508 (3.2) 653 (11.5) 601 (11.7) 612 (14.9) 580 (15.1)
  Falls and fractures 11 205 (22.9) 10 916 (23.4) 2541 (44.7) 2297 (44.8) 1901 (46.3) 1772 (46.0)
  Incontinence 1724 (3.5) 1732 (3.7) 531 (9.3) 558 (10.9) 503 (12.3) 496 (12.9)
  Mobility problems 4580 (9.4) 4560 (9.8) 1031 (18.1) 951 (18.5) 817 (19.9) 794 (20.6)
  Pressure ulcers 1485 (3.0) 1556 (3.3) 360 (6.3) 336 (6.5) 321 (7.8) 293 (7.6)
COVID- 19 infection
  Confirmed or suspected 94 (0.2) 4293 (9.2) <10 (0.2) 554 (10.8) <10 (0.2) 417 (10.8)
Procedure (%)
  None 3381 (6.9) 3220 (6.9) 421 (7.4) 384 (7.5) 332 (8.1) 304 (7.9)
  Osteosynthesis 21 102 (43.1) 19 818 (42.5) 2488 (43.7) 2297 (44.8) 1833 (44.7) 1744 (45.3)
  Partial replacement 19 776 (40.4) 20 397 (43.7) 2735 (48.1) 2419 (47.1) 1896 (46.2) 1773 (46.0)
  Total replacement 4675 (9.6) 3228 (6.9) 45 (0.8) 32 (0.6) 44 (1.1) 32 (0.8)
  Length of stay in days† 15 (18) 13 (14) 13 (13) 11 (10) 11 (9) 10 (8)
Patients admitted in 2019/2020 can have a record of COVID- 19 if they were still in hospital in 2019/2020.
*Mean (SD).
†Median (IQR).



5Grimm F, et al. BMJ Qual Saf 2022;0:1–10. doi:10.1136/bmjqs-2022-014896

Original research

and resulting cause- specific HRs were compared 
with the initial model. We used R (V.4.0.3) for data 
processing and statistical analysis and SAS (V.7.12) for 
data cleaning and analysis of comorbidities.42

RESULTS
Study populations
During the pandemic, there were 5132 hip fracture 
admissions for people from residential care, 3853 for 
nursing home residents and 46 663 for people living 
in the community who met the inclusion criteria 
(table 1), respective decreases of 9.8%, 6.1% and 
4.6% compared with the year before. The decrease 
in monthly admissions from care homes was more 
pronounced during the last months of the study period 
(from November 2020, see online supplementary 
figure S4), which could be related to declining care 
home occupancies between March 2020 and February 
2021.43

The demographic characteristics and comorbidity 
burden of patients admitted with hip fracture during 
the pandemic were broadly similar to the previous 

year (figure 1). The median length of hospital stays 
during the pandemic decreased by 2 days for people 
from residential care (p<0.001) or from the commu-
nity (p<0.001), and by 1 day for people from nursing 
homes (p=0.013). Between March 2020 and February 
2021, 10.8% of patients with hip fracture from resi-
dential care and from nursing homes had confirmed or 
suspected COVID- 19, compared with 9.2% of patients 
from the community. Patients with hip fracture with 
COVID- 19 infections stayed in hospital for longer on 
average (online supplementary figure S5 and online 
supplementary table S2). For patients with hip fracture 
from the community, those with COVID- 19 infections 
were slightly older, were less likely to be female and 
had a higher number of comorbidities. Patients with 
hip fracture without COVID- 19 infections who were 
admitted during the pandemic were similar to patients 
with hip fracture admitted during the year before.

There was a slight increase in the proportion of 
patients with hip fracture from care homes who under-
went fracture fixation during the pandemic (table 1). 
Partial hip replacement remained the most common 
procedure for patients from residential and nursing 
homes. People admitted from the community showed a 
clear shift from total to partial hip replacement during 
the pandemic, but few care home residents received 
a total hip replacement in either year. Patients from 
the community with a record of COVID- 19 were less 
likely to receive total hip replacements (online supple-
mentary figure S5 and online supplemental table S2). 
The proportion of patients from care homes who were 
managed non- surgically was broadly unchanged.

Hospital mortality
Inpatient mortality rates peaked around the begin-
ning of April 2020 and between November 2020 
and January 2021 (figure 2), which coincided with 
periods of high COVID- 19 community prevalence and 
COVID- 19- related mortality in the UK.44 45

Compared with the year before, mortality was 
higher during the first year of the pandemic for all 
groups (table 2). Mortality rates were highest in the 
subgroup of patients with hip fracture with confirmed 
or suspected COVID- 19, but mortality rates among 
patients with hip fracture without COVID- 19 who 
were admitted during the pandemic were lower 
compared with overall mortality in the previous year 
(table 2).

Cause-specific risks for hospital death and discharge
Models with and without an interaction term for 
admission year and patient residence were tested. The 
interaction term did not significantly improve model 
fit for the mortality outcome (likelihood ratio test: 
p>0.05) and no significant interaction was found, 
most likely due to the limited sample size in the care 
home groups (online supplemental table S3). The 
interaction term was therefore not included in the final 

Figure 1 Assessment of similarity of the characteristics between people 
aged 65 or over (with or without a diagnosis of confirmed or suspected 
COVID- 19) who were admitted to National Health Service hospitals in 
England for hip fracture before the pandemic (March 2019 - February 
2020) or during the COVID- 19 pandemic (March 2020 - February 2021), 
by patient residence. Age and Charlson Comorbidity Index were included 
as continuous variables. Rel = related, Anx&Dep = anxiety and depression, 
Cogn Impair = cognitive impairment, Mobility prob = mobility problems, 
Press ulcers = pressure ulcers, Cong heart fail = congestive heart failure, 
chr pulmon disease = chronic pulmonary disease, Rheum disease = 
rheumatological disease, Liver, mild = mild liver disease, Diabetes compl 
= diabetes with chronic complications, Plegia = hemiplegia or paraplegia, 
Liver mod/severe = moderate or severe liver disease, Met cancer = 
Metastatic cancer with solid tumour.
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model. Being admitted during the pandemic was asso-
ciated with a 11% increase in the daily risk of hospital 
death for patients with hip fracture (HRCS 1.11, 95% 
CI 1.05, 1.16; figure 3 and online supplemental table 
S4). Compared with 2019/2020, the daily chances of 
discharge for patients with hip fracture increased by 
40% (HRCS 1.40, 95% CI 1.38 to 1.41). These findings 
were broadly unchanged when only patients with hip 
fracture without a record of confirmed or suspected 
COVID- 19 were included in the regression analysis 
(online supplementary figure S6).

DISCUSSION
Principal findings
While the COVID- 19 pandemic was associated with 
significant excess mortality due to the virus in the 
population, the same period was not associated with 
a substantial change in hospital mortality risk for 
older patients with hip fracture. The daily chance of 
being discharged alive from hospital for patients with 
hip fracture was substantially higher during the first 
year of the pandemic, so that length of hospital stay 
fell markedly. This raises the question of whether 
earlier discharge from hospital during the pandemic 
led to a shift in place of death, with more deaths 
occurring outside of hospital. As we did not have 
access to linked mortality records, we were unable to 
determine whether this was the case. However, the 
national clinical audit of hip fracture recorded that 
30- day mortality rose from 6.5% in 2019 to 8.3% in 

Figure 2 Seven- day rolling average of daily inpatient mortality rate 
for patients admitted for hip fracture before the pandemic (March 
2019–February 2020) and during the COVID- 19 pandemic (March 2020–
February 2021), by admission date.

Table 2 Crude hospital mortality for patients aged 65 and over who were admitted for hip fractures before the pandemic (March 2019–
February 2020) and during the COVID- 19 pandemic (March 2020–February 2021), by patient residence and COVID- 19 status

Admission year COVID- 19 status Admissions Hospital deaths (%)

Community   
  2019/2020 All 48 934 3003 (6.1)
  2020/2021 All 46 663 3253 (7.0)
  No record 42 370 2194 (5.2)
  COVID- 19* 4 293 1059 (24.7)
Residential care home   
  2019/2020 All 5689 460 (8.1)
  2020/2021 All 5132 443 (8.6)
  No record 4578 295 (6.4)
  COVID- 19* 554 148 (26.7)
Nursing home   
  2019/2020 All 4105 289 (7.0)
  2020/2021 All 3853 296 (7.7)
  No record 3436 182 (5.3)
  COVID- 19* 417 114 (27.3)
*Confirmed or suspected.

Figure 3 Multivariable- adjusted cause- specific HRs (HRCS) and 95% 
CIs for the association between admission period (March 2019–February 
2020 or March 2020–February 2021) and hospital death or live discharge 
among patients with hip fracture aged 65 years and over. HRs are shown 
on a log scale. See online supplemental table S4 for effect estimates of all 
covariates. *p<0.05.

https://dx.doi.org/10.1136/bmjqs-2022-014896
https://dx.doi.org/10.1136/bmjqs-2022-014896
https://dx.doi.org/10.1136/bmjqs-2022-014896
https://dx.doi.org/10.1136/bmjqs-2022-014896
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2020. In comparison, this study found that hospital 
mortality rose from 6.4% to 7.2% (although meas-
ured between March and February, rather than across 
a calendar year). The difference in mortality rates 
observed during 2020 suggests that some deaths might 
have been displaced from hospitals to care homes or 
people’s own homes.

We also saw signs that recommendations on hip 
fracture management during the pandemic were being 
implemented, as evidenced by a shift towards partial 
hip replacements and shorter inpatient stays.4 This 
shift away from total hip replacements continued an 
existing trend that started after the publication of the 
HEALTH trial in 2019, which found no clinically 
relevant improvement in function and quality of life 
after total hip replacement, compared with partial hip 
replacement.46 However, this trend accelerated during 
the COVID- 19 outbreak when theatre and staff avail-
ability was limited and when procedures that involved 
less drilling and reduced aerosol generation were 
preferable.

Comparison with other studies
Our study cohort was similar to other large UK hip 
fracture cohorts in terms of sociodemographic, 
clinical and treatment- based characteristics.17 47 48 
Similar trends in hip fracture surgery towards more 
conservative management, reductions in length of 
stay and COVID- 19 infection rates were observed by 
others.6 49 50 The national clinical audit of hip fracture 
showed that 30- day mortality was three times higher 
for patients with COVID- 19 than for those without 
the infection.50 We found that hip fracture inpatient 
mortality was 4.7 times higher, reflecting how some 
COVID- 19- positive patients remained in hospital 
for prolonged periods of treatment and end- of- life 
care. There is also some international evidence that 
outcomes for patients with hip fracture did not deteri-
orate during the pandemic, even though length of stay 
decreased.15

Strengths and limitations
This study is the first national analysis of the indirect 
effect of the COVID- 19 pandemic on mortality risk 
for older people and care home residents admitted 
with hip fracture. Unlike previous studies, it captures 
all hip fracture admissions to NHS hospitals in 
England and covers both the first and second wave of 
the COVID- 19 outbreak. The analysis is based on a 
novel linkage methodology that enabled us to iden-
tify care home residents in routinely collected health-
care data with high specificity, since this is not reliably 
recorded in administrative records.28 However, a vali-
dation study showed that linkage methodology misses 
around 22% of care home residents and, although the 
address matching approach has since improved, our 
cohort of patients with hip fracture from the commu-
nity might include some care home residents. As the 

method relies on addresses held by general practitioner 
practices, we may not correctly identify residents who 
moved into a care home shortly before hospital admis-
sion, or who moved into a care home temporarily. This 
is more likely to affect records from the period prior to 
the pandemic, as fewer people moved into care homes 
during the pandemic.43

As hospital length of stay decreased during the 
pandemic, we chose a cause- specific survival analysis 
approach. For a more complete understanding, we 
report the effect of the exposure, the admission year, 
on both the event of interest, hospital death, and the 
competing event, live discharge. As the outcomes are 
mutually exclusive, this method estimates the instan-
taneous (in our case, daily) risk among the group of 
patients with hip fracture who have not yet experi-
enced the competing event, with other patients being 
censored.51 However, if exposure disproportionately 
increases the chances of the competing event, as was 
the case during the pandemic when patients with hip 
fracture were discharged more quickly, this could lead 
to an overestimation (upwards bias) of the mortality 
risk. Another key assumption is that the competing 
events occur independently of each other, which 
cannot be tested using the observed data.51

The multivariate regression models used in this 
study include an adjustment for COVID- 19 infec-
tion, but during the first months of the pandemic 
some infections might not have been detected due 
to the limited availability of testing. Previous studies 
also found that inpatient mortality was higher among 
patients with hip fracture who developed COVID- 19 
after surgery, but we were not able to determine 
whether the infection was acquired before or during 
the hospital stay.14 In addition, we were unable to 
determine whether patients had symptomatic disease 
and its level of severity. We did not have informa-
tion on other established hip fracture care quality 
markers, such as time to theatre or early mobilisa-
tion, but changes in these could have confounded the 
observed changes in hospital mortality. The pressure 
of COVID- 19 on hospitals, and any potential effects 
on care quality, likely fluctuated between the first 
wave of the pandemic in Spring 2020, the summer 
period and the second wave through Autumn and 
Winter 2020/2021. However, to maximise the avail-
able sample size, we included all hip fracture admis-
sions from the 12- month period covering the first and 
second waves of the pandemic. The uneven impact 
of COVID- 19 mortality on care homes, in combina-
tion with changes in care home occupancy and the 
influx of new residents, may have led to systematic 
changes in the risk of residents to experience hip frac-
ture.43 52 53 While the study cohorts of patients were 
comparable in observed characteristics across years, 
unobserved differences may have confounded the 
estimates.
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Implications
This study addresses a major concern regarding the 
management of frail older people with hip fracture 
during the COVID- 19 pandemic—namely whether 
the rapid changes in treatment pathways and proto-
cols had negative consequences for patient outcomes. 
Despite complex pressures on staff and hospitals, 
our study appears to show that hip fracture inpatient 
mortality among older people remained largely stable.

However, the observed reduction in length of stay 
requires urgent further exploration, in particular the 
impact this may have had on patient outcomes after 
discharge and whether this led to displacement of 
deaths from hospitals. To free up capacity for patients 
critically ill with COVID- 19 and to avoid hospital- 
acquired infections, hospitals were advised at the start 
of the pandemic to urgently discharge all patients 
who were medically fit to leave, many of which were 
discharged to care homes.31 54 Additional funding was 
made available to enable patients to leave hospital 
through ‘discharge to assess’ types of pathways.54

CONCLUSION
The COVID- 19 pandemic led to rapid changes in 
hip fracture treatment pathways and protocols in the 
NHS in England. Our findings suggest that mortality 
outcomes for this frail group of patients did not dete-
riorate, while hospitals were under enormous pressure 
from COVID- 19. Recent work comparing the care 
offered to patients with hip fracture in 11 different 
countries has shown that England has the longest 
length of stay in hospital after hip fracture; nearly 
three times the average in the USA and the Nether-
lands.48 The pandemic may, therefore, provide valu-
able lessons on how hip fracture care could be deliv-
ered more efficiently, which will be relevant at a time 
when orthopaedic units are facing major elective care 
backlogs. However, further research is needed to 
determine the impact of expedited hospital discharges 
on patient outcomes.
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