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Abstract

Purpose: The aims were to: (1) determine 1-year mortality rates for hip fracture
patients during the first UK COVID-19 wave, and (2) assess mortality risk associ-
ated with COVID-19.

Methods: A nationwide multicentre cohort study was conducted of all patients
presenting to 17 hospitals in March-April 2020. Follow-up data were collected one
year after initial hip fracture (‘index’) admission, including: COVID-19 status,
readmissions, mortality, and cause of death.

Results: Data were available for 788/833 (94.6%) patients. One-year mortality was
242/788 (30.7%), and the prevalence of COVID-19 within 365 days of admission
was 142/788 (18.0%). One-year mortality was higher for patients with COVID-19
(46.5% vs. 27.2%; p < 0.001), and highest for those COVID-positive during index
admission versus after discharge (54.7% vs. 39.7%; p = 0.025). Anytime COVID-19
was independently associated with 50% increased mortality risk within a year of
injury (HR 1.50, p = 0.006); adjusted mortality risk doubled (HR 2.03, p < 0.001) for
patients COVID-positive during index admission. No independent association was
observed between mortality risk and COVID-19 diagnosed following discharge (HR
1.16, p = 0.462). Most deaths (56/66; 84.8%) in COVID-positive patients occurred
within 30 days of COVID-19 diagnosis (median 11.0 days). Most cases diagnosed
following discharge from the admission hospital occurred in downstream hospitals.
Conclusion: Almost half the patients that had COVID-19 within 365 days of frac-
ture had died within one year of injury versus 27.2% of COVID-negative patients.
Only COVID-19 diagnosed during the index admission was associated indepen-
dently with an increased likelihood of death, indicating that infection during this
time may represent a ‘double-hit’ insult, and most COVID-related deaths occurred

within 30 days of diagnosis.
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1 | INTRODUCTION

Patients sustaining a hip fracture are especially vulnerable to con-
tracting and dying from Coronavirus Disease 2019 (COVID-19) and
account for a large number of inpatient deaths from COVID-19.
(Clement, Ng, et al., 2020; Clement, Hall, et al., 2020; Hall et al., 2020)
Nevertheless little is known about the prevalence of infection once
patients are discharged from the acute hospital stay, and the long-
term effects of COVID-19 on hip fracture patients remains unclear.

Findings of previous studies by the International Multicentre
Project Auditing COVID-19 in Trauma and Orthopaedics (IMPACT)
Group found that, after adjusting for confounding factors, the risk of
30-day mortality for hip fracture patients with COVID-19 was three
times greater than COVID-negative patients (COVIDSurg, 2021;
Hall, Clement, MacLullich, White, et al., 2021; Hall et al., 2020; Hall &
Public Health Scotland, 2021). The multinational IMPACT-Global Hip
Fracture Audit demonstrated that, in the context of COVID-19
infection, increased age, male sex, frailty, and pre-existing renal and
pulmonary disease were associated with an increased 30-day mor-
tality risk (Hall, Clement, IMPACT-Global, et al., 2022; Hall, Clement,
MacLullich, Simpson, Johansen, et al., 2022; Hall, Clement, MacLul-
lich, Simpson, White, et al., 2022). However, it is unclear whether the
increased risk of death from COVID-19 is diminished once patients
are past the peri-injury period, whether timing of infection relative to
the hip fracture is important, and if the all-cause mortality for pa-
tients affected (at any time) by COVID-19 is significantly different to
that of COVID-negative patients.

Nosocomial transmission of SARS-CoV-2 may have accounted for
around half of all cases of COVID-19 around the time of hip fracture
(Hall, Clement, MacLullich, Ojeda-Thies, et al., 2021; Hall, Clement,
MacLullich, White, et al., 2021; Hall, Duckworth, et al., 2021). Despite
this, there is little evidence concerning the prevalence of COVID-19 in
patients following discharge from hospital, or the patterns of trans-
mission in this patient group where there is often a need for extended
periods of care in inpatient hospital or rehabilitation facilities
(‘downstream’ hospitals) or residential care settings.

The primary aim of this nationwide multicentre study was to
determine the 1-year mortality rate for patients with hip fracture
during the first UK COVID-19 wave. Secondary aims were to assess
mortality risk associated with: (1) COVID-19 diagnosed during the
initial hip fracture (‘index’) acute hospital admission, and (2) COVID-
19 diagnosed following discharge from the acute hospital.

2 | METHODS

The International Multicentre Project Auditing COVID-19 in Trauma
and Orthopaedics (IMPACT) Group is a clinical audit network

established to facilitate investigation into the effects of the

COVID-19 on hip fracture patients. (Hall, 2020 (2); Hall & Public
Health Scotland, 2021) A multicentre observational cohort study was
conducted of all patients presenting with a hip fracture to 17 Scottish
hospitals between 1%t March and 14™" April 2020 and data were
collected pertaining to patient, injury, and management factors,
COVID-19 status, and outcomes. The findings, which related to risk
of acquiring infection, routes of transmission, and 30-day mortality,
were presented in the IMPACT-Scot Report 2 (Hall, Clement,
MacLullich, Ojeda-Thies, et al., 2021; Hall, Clement, MacLullich,
White, et al.,, 2021; Hall, Duckworth, et al., 2021). The current study
collected follow-up data up to 365 days after the date of index
admission (defined as the time between initial presentation and
discharge from the acute unit that provided definitive hip fracture
care) and included: COVID-19 status, date of positive COVID-19
status, discharge destination, readmission to acute hospital, reason
for readmission, survival status, primary cause of death, and whether
COVID-19 was a contributing factor to death (defined as death
within 28 days of a positive COVID-19 diagnosis, or COVID-19 listed
on the death certificate) (Office for National Statistics, 2021). Data
were collected by clinicians or specialist hip fracture audit co-
ordinators local to each unit in accordance with UK Caldicott prin-
ciples, and anonymised data were submitted to the central IMPACT
Project Lead Team (Caldicott, 1999).

2.1 | Inclusion and exclusion criteria

The current study included all patients in the IMPACT-Scot Report 2,
which applied the Scottish Hip Fracture Audit of all patients aged
50 years and over and admitted with an acute hip fracture to any of
the participating hospitals over the study period (15t March to 15t
April 2020). (Hall, Clement, MacLullich, Ojeda-Thies, et al., 2021;
Hall, Clement, MacLullich, White, et al., 2021; Hall, Duckworth,
et al., 2021; (SHFA), n.d.) Intracapsular and extracapsular fractures of
the proximal femur up to and including the subtrochanteric region
(defined as 5 cm distal to the lesser trochanter) were included. Per-
iprosthetic fractures and isolated fractures of the public ramus, ac-
etabulum and greater trochanter were excluded.

2.2 | Data collection

Follow-up data were collected from electronic patient records (EPR)
by clinicians and specialist audit coordinators in each unit using a
bespoke digital IMPACT Revisited data collection tool which utilised
data-validated fields to ensure accuracy and consistency of coding,
thus increasing intra- and inter-observer reliability. Data collectors
had continuous access to the audit designer (AH) for queries. In
addition to the verification of the original IMPACT-Scot Report 2
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dataset, which included demographics, injury factors, comorbidities
and laboratory blood results, data were collected for all patients
including: length of index acute admission; discharge destination;
COVID-19 status (and date of positive any diagnosis); readmission to
acute hospital (and clinical reason); mortality status, and cause of
death (including primary cause, whether COVID-19 was a contrib-
uting factor, and whether there was a positive COVID-19 diagnosis
within 28 days of death) (Office for National Statistics, 2021). All
variables were examined up to 365 days following the index date of

admission.

2.3 | Statistical methods

Statistical analysis was performed using RStudio (Integrated Devel-
opment for R. Rstudio, PBC, Boston, MA, USA) using the following
packages: finalfit; survival; survminer; tableOne, and tidyverse.
Continuous variables were assessed for significant differences be-
tween groups using an independent paired t-test, and categorical
variables were assessed using a Chi-square test. Kaplan-Meier
analysis was used to assess 365-day survival and Log rank was
used to compare survival between COVID-19 negative patients,
COVID-19 positive patients diagnosed during the index stay, and
COVID-19 positive patients diagnosed after discharge from the index
stay.

Logistic regression analysis was used to determine factors
associated with an increased likelihood of a positive COVID-19
diagnosis. Factors demonstrating an association (p < 0.1) on uni-
variable analysis were included in a multivariable logistic regression
model, and factors significantly associated (p < 0.05) with an
increased likelihood of positive COVID-19 diagnosis were taken as
confounding factors and used to build a proportional hazards model.
A Schoenfeld test determined that the proportional hazard assump-
tions were upheld, and Cox proportional hazard regression analysis
was used to assess the independent association of COVID-19 status
and 365-day mortality. A p-value of <0.05 was defined as statistically
significant.

3 | RESULTS

One-year follow-up data were collected from 16 study centres, ac-
counting for 788/833 (94.6%) of patients from the original study, and
one study centre did not participate. There were 528 (67.0%) female
and 260 (33.0%) male patients with a mean age of 80.5 years
(standardised mean difference (SMD) 10.3 years). Table 1 describes
the study cohort according to mortality status at 1 year. There were
99/788 (12.6%) patients that died within 30 days of admission for hip
fracture, and a total of 242/788 (30.7%) died within 365 days. Cause
of death data were available for 155/242 (64.0%) and are described
in Table 2. Cause of death was not obtainable in 87/242 (35.0%)
patients due to the inaccessibility of the Medical Certificate of Cause
of Death.

WILEY_ 77

3.1 | Prevalence of COVID-19 and mortality at one
year: Univariate analyses

There were 142/788 (18.0%) patients that were diagnosed with
COVID-19 within 365 days of the date of index hip fracture admission
(Table 2). There were 64/142 (45.1%) patients that were diagnosed
with COVID-19 during the index admission, and 78/142 (54.9%) that
received a positive COVID-19 diagnosis after discharge from the acute
stay. Of the 78 COVID-19 diagnoses made after the acute stay 34
(43.5%) were made within 30 days of discharge, and 25/34 (73.5%)
were made in patients that had been discharged to downstream hos-
pital settings. COVID-19 was documented as a contributing factor in
61/242 (25.2%) of deaths and was the primary cause (as stated on the
Medical Certificate of Cause of Death) in 40/242 (16.5%) patients,
making it the most frequent single cause of death reported. Figure 1
demonstrates the timing of positive COVID-19 cases and the duration
of survival from the date of COVID-19 diagnosis.

The 1-year mortality rate for patients that were diagnosed with
COVID-19 at any time was significantly higher than for those that did
not have COVID-19 (46.5% vs. 27.2%, p < 0.001, log rank test
(Figure 2)). Further, the rate of mortality at one year for patients that
were diagnosed with COVID-19 during the index hospital stay was
significantly lower than for patients diagnosed with COVID-19 after
discharge (54.7% vs. 39.7%, p = 0.025, log rank test), and mortality
rates for both groups were significantly lower than for patients that
did not have COVID-19 at any time (p < 0.001 and p = 0.025
respectively, log rank test (Figure 3). The 1-year mortality rate for
the 25 patients who were discharged to a downstream hospital
setting and diagnosed with COVID-19 within 30 days of discharge of
the acute admission hospital stay was 44.0%.

3.2 | Effect of COVID-19 on mortality at one year:
Multivariate analyses

Logistic regression analysis was used to determine factors positively
associated with a positive COVID-19 diagnosis. Factors that
demonstrated an association (p < 0.1) with an increased likelihood of
COVID-19 on univariable analysis were included in a multivariable
model. Those with a significant (p < 0.05) association with a COVID-
19 diagnosis on multivariable analysis included: age, male sex and
higher ASA grade (Table 3). These factors were included in Cox
proportional hazard regression analysis to determine the indepen-
dent effect of COVID-19 status on on-year survival (Table 4). A
COVID-19 diagnosis at any time was independently associated with a
50% increased risk of death within a year of injury (HR 1.50, 95%ClI
1.13-2.01, p = 0.006). A positive COVID-19 diagnosis during the
acute admission was associated with a two-fold increased likelihood
of death within 365 days of admission (HR 2.03, 95%Cl 1.40-2.93,
p < 0.001). A COVID-19 diagnosis made after discharge from the
acute hospital stay was not associated with a significantly increased
risk of death at one year when controlling for confounding factors
(HR 1.16, 95%Cl 0.78-1.70, p = 0.462).



708 Wl LEY HALL ET AL

TABLE 1 Patient demographics, nottingham hip fracture score, residence, place of injury, comorbidity, anaesthesiologists (ASA) grade,
COVID-19 status, and time of COVID-19 diagnosis, according to 365-day mortality

Alive Dead
Patient factor (n = 546) (n = 242) p-value® SMD
Mean age, yrs (SD) 79.0 104 83.9 9.3 <0.001 0.488
Sex, n (%) <0.001 0.279
Male 158 28.9 102 42.1
Female 388 711 140 57.9
Nottingham hip fracture score, n (%) <0.001 0.614
0-3 130 23.8 18 7.4
4-6 350 64.1 148 61.2
>7 66 12.1 76 314
ASA grade, n (%)
1 7 13 0 0 <0.001 0.618
2 128 234 19 7.9
& 312 57.1 140 57.9
4 40 7.3 55 22.7
5 2 0.4 3 1.2
Not recorded 56 10.3 25 10.3
Pre-fracture residence, n (%) <0.001 0.572
Home/Sheltered housing 433 79.3 129 53.3
Care/Nursing home 92 16.8 93 38.4
Acute hospital 21 3.8 20 8.3
Injury location, n (%) 0.001 0.314
Outdoor 111 20.3 33 13.6
Home/Indoor 409 74.9 180 74.4
In hospital 25 4.6 29 12
Missing 1 0.2 0 0
Major comorbidity, n (%)
Not present Reference Reference
Cardiovascular 343 62.8 160 66.1 0.302 0.086
Renal 104 19 79 326 <0.001 0.323
Pulmonary 155 284 84 34.7 0.09 0.136
Dementia 154 28.2 105 43.4 <0.001 0.338
Cancer 40 7.3 36 14.9 0.001 0.242
Diabetes mellitus 92 16.8 51 211 0.187 0.108
COVID-19 status, n (%) <0.001 0.335
COVID-19 negative 470 86.1 176 72.7

COVID-19 positive 76 13.9 66 27.3
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TABLE 1 (Continued)
Alive Dead
Patient factor (n = 546) (n = 242) p-value® SMD
Timing of COVID-positive diagnosis (%) <0.001 0.357
During index stay 29 38.2 35 53.0
After index stay 47 61.8 31 47.0
Mean time from index admission date, days (SD) 97.7 116.3 537 84.3 0.014 0.436

Note: Differences with a p-value < 0.1 are highlighted in bold.
Abbreviation: SMD, standardised mean difference.

2Chi-square for categorical variables, independent pairs t-test for continuous variables.

3.3 | Readmissions and associated morbidity

There were 221/788 (28.0%) patients that were readmitted to an
acute hospital within 365 days of presentation with hip fracture; 56/
788 (7.1%) patients were admitted for falls (making falls the most
common reason for readmission) and in 32 cases a new fracture had
been sustained (Table 2). Non-COVID respiratory system conditions
were also common reasons for readmission (31/788; 3.9%), and in 9/

788 (1.1%) cases COVID-19 was given as the reason for readmission.

3.4 | The effect of timing of a post-discharge
COVID-19 diagnosis on survival

A sub-group analysis of 1-year mortality following fracture was
conducted for the 78 patients that were COVID-positive after
discharge from the acute stay. These patients were dichotomised into
those diagnosed with COVID-19 before or after 15t January 2021.
This date was selected because it was assumed that the majority of
hip fracture patients in Scotland are likely to have received COVID-
19 vaccination by this time and might reasonably be expected to
demonstrate the protective effects conferred by the vaccine
observed in patients of similar characteristics (Sheikh et al., 2021).
There were 61/78 (78.2%) patients diagnosed COVID-positive before
1% January 2021, and 1-year mortality was 41.0%. There were 16/78
(20.5%) patients diagnosed COVID-positive after 15t January 202,
and in this group the mortality 1 year after fracture was 31.2%.

3.5 | Timing of deaths among patients with
COVID-19

The median survival time from initial presentation for COVID-
negative patients was 90.2 days compared to 34.0 days for
COVID-positive patients. The median time from presentation to
COVID-19 diagnosis was 17.0 days (for those diagnosed during the
index admission) and 49.0 days (for those diagnosed following
discharge). The median time from COVID-19 diagnosis to death was
11.0 days for all COVID-positive patients (10.0 and 11.0 days for

those diagnosed during the index admission and after discharge,

respectively). Only 10/66 (15.2%) deaths among COVID-positive
patients occurred beyond 30 days of COVID-19 diagnosis, which is
demonstrated by clustering of these deaths shortly following diag-
nosis (Figure 1).

3.6 | Missing data

Missingness analysis revealed that American Society of Anaesthesi-
ologists (ASA) grade was missing for 81/788 (10.2%) of patients, and
of these 61 (75.3%) related to patients from two of the study centres.
Further investigation determined that this is accounted for by data
collection omission relating to the unavailability of records, rather
than to the respective subjects, therefore these data were handled as

missing completely at random (MCAR).

4 | DISCUSSION

This nationwide multicentre cohort study provides the first long-term
follow-up of patients that suffered a hip fracture during the COVID-
19 pandemic. It has demonstrated that COVID-19 affecting these
patients was independently associated with a 50% increased risk of
death within a year of fracture. COVID-19 was a contributing factor
in at least a quarter of all observed deaths during the study period.
The majority of deaths in COVID-positive patients occurred within a
month of contracting the disease, and patients diagnosed with
COVID-19 during the acute hip fracture admission were especially
vulnerable, with a two-fold increased risk of death within a year of
injury compared to those without COVID-19. Nearly half of the
COVID-19 diagnoses made after the acute stay occurred within a
month of discharge, and the majority of these were in patients in
continuing care institutions.

Although the 1-year mortality rate of patients that were diag-
nosed with COVID-19 within a year of hip fracture was significantly
higher than that of patients without COVID-19 (46.5% vs. 27.2%
respectively), when controlling for confounding factors COVID-19
only had a significant effect on mortality when COVID-19 arose
during the index hip fracture admission. This may be due to a ‘double-

hit” effect in which SARS-CoV-2 infection contracted during a period
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TABLE 2 Patient demographics, nottingham hip fracture score, residence, length of stay, discharge destination, readmission, and
mortality according to COVID-19 status

COVID-19 negative COVID-19 positive
Patient factor (n = 646) (n = 142) p-value® SMD
Mean age, yrs (SD) 79.8 10.6 83.6 8.3 <0.001 0.390
Sex, n (%)
Male 203 314 57 40.1 0.057 0.183
Female 443 68.6 85 59.9
Nottingham hip fracture score, n (%) <0.001 0.399
0-3 135 20.9 13 9.2
4-6 408 63.2 90 634
>7 103 15.9 39 27.5
ASA grade, n (%) <0.001 0.441
1 7 11 0 0
2 134 20.7 13 9.2
3 370 57.3 82 57.7
4 69 10.7 26 18.3
5 2 0.3 8 2.1
Not recorded 64 9.9 18 12.7
Pre-fracture residence 0.093 0.197
Home/Sheltered housing 471 72.9 91 64.1
Care/Nursing home 142 220 43 30.3
Acute hospital 33 51 8 5.6
Mean length of index stay, days (SD) 10.7 10.1 14.2 18.3 0.001 0.241
Discharge destination, n (%) <0.001 0.818
Home/Sheltered housing 282 43.7 16 11.3
Care/Nursing home 134 20.7 33 23.2
Rehab/Continuing care 187 28.9 71 50.0
Acute hospital 12 1.9 4 2.8
Died before discharge 29 45 16 11.3
Not recorded 2 0.3 2 14
Readmitted after index stay
No 461 714 98 69.0 0.648 0.051
Yes 185 28.6 44 31.0
Reason for readmission, n (%) <0.001 1.032
COVID-19 0 (0] 9 6.3
Falls (No further fracture) 20 3.1 4 2.8
Falls (with further fracture) 23 3.6 9 6.3
Delirium 10 1.5 2 1.4
Functional decline 6 0.9 1 0.7
Renal/Urinary 12 1.9 2 1.4
Gastrointestinal 20 3.1 2 14
Respiratory (non-COVID-19) 28 4.3 3 2.1
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TABLE 2 (Continued)
COVID-19 negative COVID-19 positive

Patient factor (n = 646) (n = 142) p-value® SMD
Cardiac 15 23 1 0.7
Cerebrovascular accident 3 0.5 0 0
Planned surgery 4 0.6 2 14
Other 40 6.2 5 3.5
Not recorded 4 0.6 4 238
No readmission 461 71.4 98 69.0

Death within 365 days, n (%) <0.001 0.407
No 470 72.8 76 535
Yes 176 27.2 66 46.5

Survival from injury, d (%) <0.001 0.437
<30 66 10.2 33 232
31-60 41 6.3 14 9.9
61-90 16 2.5 5 3.5
91-365 53 8.2 14 9.9
>365 470 72.8 76 535
Mean survival time,” days (SD) 91.8 99.2 78.0 98.9

Principal cause of death, n (%) <0.001 0.940
COVID-19 0 0 40 28.2
Renal/Urinary 2 0.3 0 0
Gastrointestinal 8 12 1 0.7
Respiratory (non-COVID-19) 34 5.3 10 7.0
Cardiac 9 14 1 0.7
Cerebrovascular accident 8 12 1 0.7
Other 40 6.2 3 21
Hip fracture 9 14 0 0
Not recorded 74 11.5 13 9.2
Not applicable 462 715 73 514

Did COVID-19 contribute to death? n (%) <0.001 1.368
No 186 28.8 7 4.9
Yes 0 0 61 43.7
Not recorded 1 0.2 0 0
Not applicable 459 711 73 51.4

Note: Differences with a p-value < 0.1 are highlighted in bold.
Abbreviation: SMD, standardised mean difference.

2Chi-square for categorical variables, independent pairs t-test for continuous variables.

POnly patients that died within 365 days of admission.

of particular vulnerability (fracture and surgery) is especially dele-
terious to health. This vulnerability to contracting, and dying from,
COVID-19 appears to be a feature of fragility fracture patients but is
not demonstrated in orthopaedic patients undergoing planned

essential surgery (Clement et al., 2021; Clement, Hall, et al., 2020).

The 30-day mortality rate for COVID-negative patients was
10.2% in the current study, which is higher than the rate observed in
pre-COVID years (typically <7%), and higher than the overall 30-day
mortality rate observed by the SHFA for all patients (COVID-positive
and negative) in 2020 (Public Health Scotland, 2021). This may
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reflect natural variation in patient survival since the current study
only presents data for patients admitted over a short period, or may
indicate that cases of COVID-19 went undetected. Another possible
explanation is that mortality was higher for all patients due to the

major disruptions experienced by hip fracture services, including the

breakdown of multidisciplinary hip fracture services, reduced access
to operating theatres, and management of patients on disparate non-
specialist wards that is associated with reduced quality of care and
increased risk of nosocomial infection (Hall, Clement, MacLullich,
Ojeda-Thies, et al., 2021; McMurdo & Witham, 2013; Patel
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et al,, 2020). Acute hip fracture services require the delivery of highly
specialised multidisciplinary care to meet the complex needs of pa-
tients, and adherence to evidence-based national standards has been
shown to be associated with better outcomes, including lower mor-
tality rates, shorter length of hospital stay, and a higher chance of
discharge back to the pre-fracture level of care (Farrow et al., 2018,
2020, 2021; Metcalfe et al., 2019).

Almost half of the cases of COVID-19 diagnosed within a year of
a hip fracture were identified within the first 30 days of discharge
from the acute stay, and the majority of these cases were in patients
who were discharged to a downstream care facility (i.e. an inpatient
or residential unit other than an acute hospital). This is a concern
given the high incidence of nosocomial infection demonstrated by our
previous study, which showed that around half of all COVID-19 cases
diagnosed early in the patient journey (within 30 days of initial
presentation) were presumed to be hospital-acquired (Hall, Clement,
MacLullich, White, et al., 2021). The findings of the current study,
which demonstrate a large proportion of cases diagnosed after
discharge to continuing care settings, indicates that the rate of
nosocomial transmission remained high within downstream care fa-
cilities. The 1-year mortality rate of 44% observed for these patients
further supports the introduction of robust infection prevention and
control measures in healthcare settings, pathways to protect patients
that have previously been identified as especially vulnerable, and the
development of reliable intra- and inter-unit contract tracing. These
measures remain important despite the widespread uptake of
COVID-19 vaccination in this at-risk population because of the
emergence of vaccine resistant coronavirus strains. Interestingly, the
mortality rate of patients diagnosed with COVID-19 after discharge
was slightly lower for cases identified after 15t January 2021. This

may reflect a survival advantage conferred by vaccination, but

further work is required before a causal link can be drawn in the hip
fracture population.

The majority of deaths in patients with a history of COVID-19
occurred within a month of COVID-19 diagnosis, after which the
risk of death at each time point for COVID-positive patients was
similar to COVID-negative patients. This may indicate that the
increased mortality risk conferred by COVID-19 is particularly
relevant during the acute infection, or during a period of increased
vulnerability due to injury or surgery. Although deaths occurring later
in this group were less common, COVID-19 may still have an
enduring deleterious effect on health and level of function following
hip fracture. Prior to sustaining a hip fracture over 70% of patients in
the current study lived in a low-care needs setting (home or shel-
tered housing), but only 38% were discharged from the acute inpa-
tient stay to an equivalent level of care and a large proportion
required continuing care in a higher-care needs facility. A signifi-
cantly greater proportion of COVID-negative patients were dis-
charged back to low-care demand settings compared to COVID-
positive patients, which may indicate that patients who are
affected by COVID-19 and survive beyond the acute stay may have
increased frailty and higher care needs. More work is required to
better determine the long-term effects of COVID-19 on frailty,
performance status, and health and social care needs.

This study has several strengths. Firstly, the data were collected
using a bespoke audit system by specialist local audit coordinators
and clinicians who were familiar with each study centre and their
records processes. Secondly, the data collected in the follow-up study
were cross-referenced with the original datasets in order to verify
their accuracy and assess for completeness. Thirdly, the study was
carried out at a national level and represents the care of hip fracture

patients across Scotland. This study provides important follow-up
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TABLE 3 Logistic regression analysis of factors associated with a positive COVID-19 diagnosis

Variable
Age
Each increasing year
Sex
Female
Male
ASA grade
1

2
3
4

5

Nottingham hip fracture score

0-3
4-6
>7

Pre-fracture residence
Home/Sheltered housing
Care/Nursing home
Acute hospital

Injury location
Outdoor
Indoor
In hospital

Major comorbidity
Cardiovascular disease
Renal disease
Pulmonary disease
Dementia
Cancer

Diabetes

OR (univariable)

1.04 (1.02-1.06, p < 0.001)

Reference

1.46 (1.00-2.12, p = 0.046)

N/A

Reference

2.28 (1.27-4.42, p = 0.009)
3.88 (1.91-8.25, p < 0.001)

15.46 (2.37-125.83, p = 0.004)

Reference
2.29 (1.28-4.41, p = 0.008)
3.93 (2.04-8.01, p < 0.001)

Reference
1.57 (1.04-2.35, p = 0.031)
1.35 (0.52-2.68, p = 0.068)

Reference
0.72 (0.38-1.45, p = 0.336)
0.48 (0.22-1.07, p = 0.068)

1.20 (0.87-1.65, p = 0.266)
1.76 (1.18-2.62, p = 0.005)
1.08 (0.73-1.59, p = 0.697)
1.74 (1.20-2.52, p = 0.003)
0.67 (0.31-1.27, p = 0.029)
1.32 (0.90-1.92, p = 0.157)

OR (multivariable)

1.03 (1.00-1.06, p = 0.044)

Reference

1.69 (1.10-2.1, p = 0.018)

N/A

Reference

1.59 (0.83-3.04, p = 0.164)
2.36 (2.09-5.11, p = 0.030)

10.66 (1.51-75.54, p = 0.018)

Reference
1.01 (0.47-2.16, p = 0.980)
1.20 (0.40-3.59, p = 0.747)

Reference
0.83 (0.46-1.52, p = 0.550)
0.38 (0.20-2.38, p = 0.141)

Reference
0.52 (0.19-1.42, p = 0.202)
0.47 (0.15-1.44, p = 0.185)

N/A
1.19 (0.77-1.85, p = 0.438)
N/A
2.55 (0.90-2.65, p = 0.111)
0.55(0.26-1.17, p = 0.119)
N/A

Note: Differences with a p-value < 0.1 are highlighted in bold.

data related to longer-term outcomes in hip fracture patients during
the COVID-19 pandemic and, as evidence emerges from other clin-
ical audits, the findings could be combined to inform clinicians and
health and social care administrators about the ongoing needs of this
vulnerable patient group (Hall, Duckworth, et al., 2021). Further-
more, the findings of this large nationwide study of hip fracture pa-
tients may be generalisable to other frail populations, and are thus
relevant to the ongoing strategic and clinical management of the
COVID-19 pandemic and future communicable disease outbreaks.
Some limitations to the study should be acknowledged. The

prevalence of COVID-19 is likely to have been underestimated due

to the lack of widespread testing capacity early in the pandemic, and
because of the frequency of ‘atypical’ features of COVID-19 in the
older population (BGS, 2020). The unavailability of a death certificate
in one-third of patients, which was typically due to a death occurring
in the community rather than an acute hospital may have also
resulted in the underestimation of the number of deceased patients
that were judged to have died from COVID-19. Additionally, the data
presented are from patients that sustained a hip fracture early in the
COVID-19 pandemic and prior to the availability of vaccination,
which has been shown to reduce incidence and severity of COVID-19
(Sheikh et al., 2021). This may be considered a strength in light of
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TABLE 4 Cox proportional hazard regression analysis of the
independent effect of a positive COVID-19 diagnosis on 365-day
mortality, adjusted for factors associated with a positive
COVID-19 diagnosis

Covariate HR (multivariable)
Age

Each increasing year 1.04 (1.03-1.06, p < 0.001)

Sex
Female Reference
Male 1.96 (1.51-2.54, p < 0.001)
ASA grade
1 N/A
2 Reference
3 1.72 (1.12-2.65, p = 0.013)
4 3.91 (2.41-6.32, p < 0.001)
5 3.88 (1.15-13.14, p = 0.029)

COVID-19 status

Negative Reference

Positive (any time) 1.50 (1.13-2.01, p = 0.006)

Positive (during index stay) 2.03 (1.40-2.93, p < 0.001)

Positive (after index stay) 1.16 (0.78-1.70, p = 0.462)

Note: Concordance = 0.70 (SE = 0.016). Differences with a p-value < 0.1
are highlighted in bold.

recent concerns about incomplete vaccination and vaccination
booster programmes, as well as the emergency of SARS-CoV-2
strains that demonstrate resistance to both vaccine-mediated and
previous infection-mediated immunity (Wang et al., 2021). Similar
such studies are unlikely to be feasible now. Future work should
utilise existing clinical audit mechanisms to monitor long-term effects
on a population-wide level, and the compilation of data from multiple
national hip fracture audit programmes (adhering to a minimum
common clinical dataset) would ensure generalisability to a range of
regions and healthcare contexts (Hall, Duckworth, et al., 2021;
Johansen et al., 2022).

5 | CONCLUSION

Almost half of the hip fracture patients affected by COVID-19 had
died within a year of injury and COVID-19 was a contributing
factor in a quarter all observed deaths. A positive COVID-19 status
at any point within a year of hip fracture was independently
associated with a 50% increased risk of death in the same period,
and the majority of deaths in COVID-positive patients occurred
within a month of diagnosis of the disease. When adjusting for
confounding factors, only a COVID-19 diagnosis made during the
acute admission was associated with an increased mortality risk,

and this group had a two-fold increased risk of death within a year

of fracture compared to COVID-negative patients. This may reflect
a ‘double hit’ insult in which patients are more vulnerable to con-
tracting and dying from COVID-19 during a period of acute illness
and emergency surgery.
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