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Purpose: Coronavirus disease 2019 (COVID-19) has brought an unprecedented change in wellbeing globally. The spread of the
pandemic reportedly reduced the incidence of activity-related trauma, while that of fragility fractures remained stable. Here, we aimed
to identify the risk factors associated with the prognosis of SARS-CoV-2 negative elderly patients with hip fractures.
Patients and Methods: This retrospective study included elderly patients with hip fractures between 1st January and 9th May during
the COVID-19 pandemic (Experiment group) and the same period from 2017 to 2019 (Control group). Perioperative mortality,
complications, and functional recovery were compared between two groups of different time frame in the total cohort and patients who
received surgical treatment. Multiple linear regression was carried out to identify the risk factors influencing the prognosis of COVID-
negative elderly patients with hip fractures.
Results: The proportion of patients with admission time less than 24 hours and the 6-month postoperative Parker score were
significantly decreased during COVID-19 compared with the pre-COVID-19 period (p < 0.001). Multiple linear regression demon-
strated that TTA (defined as time from injury to admission), rehabilitation after discharge and outpatient follow-up were associated
with the 6-month Parker score in the total population (p < 0.001) and in patients who received surgical treatment (p < 0.001).
Conclusion: Elderly patients with hip fractures had a poorer prognosis in epidemic period despite being COVID-19 negative. Factors
including timely admission, postoperative follow-up, and rehabilitation could optimize safety and significantly improve the prognosis
of elderly COVID-19 negative patients with hip fractures, even during a pandemic.
Keywords: COVID-19, COVID-negative, elderly hip fracture, Parker score

Introduction
Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), was
first reported in Wuhan, China, on Dec 31, 2019.1 Immediately after Wuhan imposed an unprecedented cordon sanitaire,
Shanghai launched a first-level response mechanism on January 24 2020, with measures including traffic control, home
self-isolation, and restricted access to the community. On March 11, 2020, the World Health Organization (WHO)
declared a pandemic. The leading clinical symptoms are fever and cough, usually combined with the ground-glass
opacity found via computed tomography (CT), and abnormality in blood routine examination was associated with the
severe cases.2–4 As of June 10, 2022, there are over 530 million cumulative confirmed cases and over 6.3 million
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cumulative deaths worldwide, of which China has a cumulative total of over 3.2 million confirmed cases and over 18
thousand deaths. The outbreak of COVID-19 has brought changes to people’s physical and psychological wellbeing.5

Elderly hip fracture patients, especially those with underlying comorbidities such as hypertension, diabetes, chronic
lung disease, and cardiovascular and cerebrovascular diseases, are particularly vulnerable to developing complications
from COVID-19 infection.6,7 The spread of the pandemic was reported to reduce the incidence of activity-related trauma,
while that of fragility fractures remained stable.8,9 Considering the unsatisfactory outcomes of hip fractures in the
elderly,10,11 their treatment should be prioritized even during COVID-19. A meta-analysis has found that a delay to
surgery of more than 48 hours increases mortality,12 and in recent years, studies have increasingly shown that elderly
patients with hip fractures could benefit from earlier treatment within 24 h, 12 h, and even 6 h after radiographic
diagnosis if the patient’s physical condition allows.13–17 While all aforementioned researches have focused on in-hospital
delays, those occurring before hospital admission have been neglected.

COVID-19 has taken extensive public medical resources, affecting the emergency treatment of hip fractures in the
elderly. During COVID-19, as a result of the lockdown policy, hip fractures in elderly patients exhibited changes in their
incidence (including ratio of male to female incidence), type, severity, and patient age.5,18–20 More importantly, elderly
patients with hip fractures may face a treatment delay due to lack of space in hospital, reduced access due to quarantine
measures, and additional screening before admission. Usually, an operative delay is defined as an interval between the
time of radiographic diagnosis and the operation. An additional delay from the injury to the hospital presentation (pre-
hospital delay) is usually neglected but should be acknowledged.21 The influence of COVID-19 on elderly hip fracture
patients infected with SARS-CoV-2 has been well studied.22–24 However, to our knowledge, research on elderly patients
with hip fractures and without SARS-CoV-2 during the COVID-19 period is limited, but is important since it could
enable planning of hip fracture treatment for elderly patients in future public health emergencies. Besides, the present
study could also provide evidence of the relationship between some overlooked risk factors and the prognosis of elderly
hip fractures. The aims of the present study were to analyze whether time from injury to admission (TTA) or time from
diagnosis to surgery (TTS) increases 6-month mortality rates and affects postoperative functional recovery for elderly
patients with hip fractures and to identify other potentially modifiable factors that affect prognosis in such patients
diagnosed as COVID-19-negative.

Materials and Methods
Subject
This retrospective study included elderly patients with hip fractures (femoral neck fractures and intertrochanteric
fractures) between 1st January and 9th May from 2017 to 2020 in Shanghai Sixth People’s Hospital, China. Patients
in 2020 between 1st January and 9th May were recruited to the Experiment group, while those in 2017–2019 of the same
periods were considered the Control group. The inclusion criteria were as follows: (i) participants aged ≥65 years old; (ii)
confirmed diagnosis of a first hip fracture; (iii) COVID-19 negative during the study. The exclusion criteria were: (i)
Multiple fractures; (ii) history of previous hip fracture; (iii) hip fractures caused by high-energy injury; (iv) pathological
fracture. After admission, the operation was arranged as soon as possible if the patient’s physical condition permits. If the
patient has surgical contraindications or refuses the operation for other reasons, traction or brace fixation and discharge
conservative treatment. All participants were aware of the purpose of the study and provided signed informed consent.
The study was reviewed by the ethics committee of Shanghai Sixth People’s Hospital (approval number: 2017–152) and
registered with the China Clinical Trial Center (registration number: “ChiCTR-ONC-17,013,389”). The study protocol
followed the principles of the Declaration of Helsinki (as revised in Brazil 2013).

Assays
Patient information, including demographic characteristics, imaging data, laboratory examinations, treatments, complica-
tions, outcomes, interviews and follow-up visits were all obtained from electronic medical records of the hospital
information system. Baseline data collected from each patient included: TTA, TTS, pre-existing medical conditions, type
of hip fracture, treatment methods. Follow-up data included: perioperative complications, mortality, postoperative
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complications, six-month mobility after discharge, postoperative rehabilitation site and follow-up way (outpatient follow-
up or other). TTA was defined as the time in hours from injury to the admission, and TTS was defined as that from the
radiographic diagnosis of the fracture until the start of the surgical procedure. TTA > 24 hours was defined as a pre-
hospital delay (Admission delay), while TTS > 48 hours was considered as an in-hospital delay (Surgical delay). Surgical
duration is defined as the time from the start of the skin incision to the end of the operation. The Parker Mobility Scale
consists of three questions based on the sum of the mobility assessment in three different situations. Each question valued
0–3 points, the total score is between 0 and 9. All participants enrolled in the present study were free of COVID-19. The
Parker mobility score25 was used to evaluate the prognosis of hip fractures in this cohort.

Statistical Analysis
Baseline data were compared between the Experiment and Control group. Continuous variables were expressed as means
± standard deviation, and categorical variables as percentages. The normality of continuous variables was tested to
determine the statistical method used in further analysis. Baseline variables were tested between two groups using the
independent samples t-test or Mann–Whitney test, and qualitative data were compared using the Pearson’s chi-squared
test or Fisher’s exact test (when appropriate) for proportions. Multiple linear regression was performed to adjust the
identified confounding factors (based on P-value from the univariate analysis, combined with clinical expertise and
previous studies) and calculate the effect values (odds ratios (OR) or beta) with 95% confidence intervals (CI). Data
analysis was performed using SPSS software (version 25) and SAS software (version 9.4). The p-values were two-sided,
and a value <0.05 was considered statistically significant.

Results
A total of 1622 elderly patients with hip fractures were recruited during the study periods. Table 1 describes the
demographics of the study groups. The number of elderly patients with hip fractures from 1st January to 9th May in 2020
was slightly higher than the average number from 1st January to 9th May in 2017–2019 (average of 397). The groups
were similar in terms of age, sex, height, treatment type, fracture type, hypertension, diabetes, heart failure or
hyperlipidemia on admission, perioperative pulmonary embolism or pneumonia, 6-month postoperative mortality and
baseline Parker scores (p > 0.05). Admission was delayed for a higher proportion of patients during the COVID-19 period
(Experiment group) than prior to this period (Control group). During the COVID-19 period, patients also had higher
weight, higher incidence of perioperative deep venous thrombosis (DVT), lower 6-month Parker score post-fracture,
lower rehabilitation hospital occupancy rate and outpatient follow-up rate (p < 0.001).

Table 2 presents demographics of patients who chose operative treatment. Compared with patients in the control
group, patients in the COVID-19 period had longer surgery duration (p < 0.001), the proportion of TTA < 24 h and TTS
< 48 h were significantly decreased (p < 0.001). Similar to the total population, patients who chose surgical treatment
also showed differences in weight, incidence of perioperative DVT, 6-month postoperative Parker score, rehabilitation
hospital occupancy rate and outpatient follow-up rate between Experiment and Control groups (p < 0.05).

In the multiple linear regression model test for normality, a quantile-quantile plot showed a normal distribution of
residuals (Figures 1 and 2). Multiple linear regression analysis was performed to examine the association between
various potential indicators and 6-month postoperative Parker scores for the total population (Table 3). This model
indicated that better 6-month postoperative Parker scores were associated with age, baseline Parker scores, TTA < 24 h,
diabetes, hospital rehabilitation, and outpatient follow-up (p < 0.05).

For patients who received surgical treatment, the multiple linear regression model revealed that 6-month post-
operative Parker score was significantly related to age, baseline Parker scores, TTA < 24 h, TTS < 48 h, diabetes, and
hospital rehabilitation (p < 0.001) (Table 4).

Discussion
The present study focused on the risk factors associated with the prognosis of elderly patients with hip fractures,
providing several key insights into such patients without SARS-CoV-2 during the COVID-19 pandemic. Firstly, TTA,
which has been neglected in previous research, was found to be significantly associated with postoperative prognosis
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(6-month postoperative Parker scores). Secondly, the prognosis is significantly affected by the patient’s location after
discharge and outpatient follow-up. Specifically, for all elderly hip fracture patients included in the present study, hospital
rehabilitation and outpatient follow-up significantly improved 6-month postoperative Parker scores, while for patients
who underwent surgery, hospital rehabilitation was beneficial for prognosis but outpatient follow-up had no significant
impact. Thirdly, the impact of delay from injury to operation in elderly hip fracture patients deserves more attention, to
increase the scientific basis for effective disease management outside of hospital, and because the overall delay might
partly explain disagreement about the need for surgery to be conducted as soon as possible after admission.

After the outbreak of COVID-19 in China, the Chinese government implemented multifactorial prevention measures
to restrict people’s movement and avoid their contact with suspected cases; for example, patients diagnosed as SARS-
CoV-2 positive were admitted to specialized hospitals. These measures proved highly effective in restricting the spread of
COVID-19. During the pandemic, our hospital received only patients free of SARS-CoV-2, confirmed via nucleic acid
detection and chest computerized tomography. Compared with the non-pandemic period, the injury mechanism and
epidemiology of traumatic fractures have changed dramatically in China, while the incidence of fragility fractures, such
as hip fractures in the elderly, remains stable.8 In the present study, the number of elderly hip fracture patients at the
height of the epidemic was similar to that in the same periods in 2017–2019. During a pandemic such as COVID-19,
knowledge of these trends is of great importance, because of the high morbidity and mortality of elderly patients with hip
fractures. Both for the total population and patients who received operations, the percentage of patients with TTA < 24 h,
in rehabilitation hospital, and with outpatient follow-up were significantly decreased in experiment group when compared

Table 1 Comparison of Characteristics Between Patients Recruited During COVID-19 and in the Same Period of
2017–2019 Admitted to Hospital with a Diagnosis of Elderly Hip Fracture

Characteristics Experiment Group (N =431) Control Group (N = 1191) P value

Age (y) 79.85 ± 8.35 79.34 ± 8.22 0.274

Sex

Male 132 (30.63%) 368 (30.90%) 0.917
Height (cm) 160.56 ± 11.18 160.71 ± 7.50 0.749

Weight (kg) 59.52 ± 11.94 57.74 ± 10.17 0.003

Treatment type
Operative 324 (75.17%) 847 (71.12%) 0.107

Fracture type
FNF 253 (58.70%) 692 (58.10%) 0.829

TTA < 24 h 251 (58.23%) 905 (75.99%) <0.001

Admission with comorbidities
Hypertension 162 (37.60%) 503 (42.23%) 0.093

Diabetes 78 (18.10%) 211 (17.72%) 0.859

Heart failure 41 (9.51%) 143 (12.01%) 0.162
Hyperlipidemia 17 (3.94%) 48 (4.03%) 0.938

Complications prior to discharge

DVT 113 (26.22%) 223 (18.72%) 0.001
PE 0 (0.00%) 3 (0.25%) 0.297

Pneumonia 13 (3.02%) 31 (2.60%) 0.651

6-month mortality postoperatively 15 (3.48%) 38 (3.20%) 0.772
Baseline Parker score 8.17 ± 1.74 8.19 ± 1.72 0.827

6-month Parker score post-injury 4.14 ± 3.12 5.24 ± 3.31 <0.001

Postoperative rehabilitation site
Hospital 86 (19.95%) 373 (31.32%) <0.001

Follow-up

Outpatient 66 (15.31%) 647 (54.32%) <0.001

Note: Data are presented as the mean ± standard deviation.
Abbreviations: TTA, admission delay; DVT, deep venous thrombosis; PE, pulmonary embolism.
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with the control group. In addition, surgical duration was increased and the percentage of patients with TTS < 48 was
decreased during COVID-19, which might be affected by COVID-19, such as traffic control or the fear of the epidemic.
However, there were no significant differences in 6-month mortality postoperatively between experiment and control
group. And, for those who chose surgical treatment, the perioperative mortality in experiment group (O) was similar with
that in control group (O). The same mortality rate between groups might be attributed to advances in medical technology
or relatively low sample size.

During COVID-19, TTA and TTS were both delayed to some extent, providing an opportunity to investigate the
relationship between TTA/TTS and the postoperative prognosis of elderly hip fracture patients more objectively. For hip
fractures in the elderly, accelerated surgery has generated increasing attention17 and the issue is controversial since
proponents of a delay believe it provides the opportunity to optimize patients’ medical status, thereby decreasing the risk
of perioperative complications.26 It is neither logical nor ethical to study a delay to surgery, particularly since patients
with more severe illness are most likely to suffer a delay, meaning that groups in such a study would be heterogeneous.
Previous research has attempted to address this by retrospectively stratifying patients by health status to control for
illness severity, but has been limited by low statistical power.21,27–29 Previous studies have often neglected TTA, which
may present risk for elderly hip fracture patients due to a lack of medical care. In the present study, TTA > 24 h (but not
TTS > 24 h) was an independent risk factor for six-month DVT, which may have resulted from the delay to in-hospital
care. Earlier admission after fracture may benefit elderly hip fracture patients even if surgery is delayed after admission.
In this study, compared with patients during the period from 2017 to 2019, the percentage of patients who chose
conservative treatment in a period during COVID-19 pandemic was significantly higher. One important reason could be

Table 2 Characteristics of Elderly Patients with Hip Fractures Who Received Operative Treatment Between Experiment
and Control Group

Characteristics Experiment Group (O) (N = 324) Control Group (O) (N = 847) P value

Age (y) 79.35 ± 8.37 78.33 ± 7.93 0.053

Height (cm) 160.59 ± 9.15 160.54 ± 7.41 0.929

Weight (kg) 59.46 ± 11.10 57.78 ± 10.20 0.014
Fracture type

FNF 191 (58.95%) 492 (58.09%) 0.789

TTA < 24 h 205 (63.27%) 660 (77.92%) <0.001
TTS < 48 h 193 (59.57%) 606 (71.55%) <0.001

Surgical duration (h) 1.4±0.6 1.2±0.5 <0.001
Admission with comorbidities

Hypertension 112 (34.57%) 435 (51.36%) <0.001

Diabetes 69 (21.30%) 127 (14.99%) 0.010
Heart failure 32 (9.88%) 114 (13.46%) 0.097

Hyperlipidemia 16 (4.94%) 31 (3.66%) 0.319

Perioperative complications
DVT 87 (26.85%) 145 (17.12%) <0.001

PE 0 (0%) 1 (0.08%) 0.536

Pneumonia 10 (3.09%) 24 (2.83%) 0.818
Perioperative mortality 12 (3.70%) 27 (3.19%) 0.660

Baseline Parker score 8.23 ± 1.68 8.24 ± 1.73 0.981

6-month Parker score postoperatively 4.24 ± 3.18 5.79 ± 3.21 <0.001
Postoperative rehabilitation site

Hospital 66 (20.37%) 314 (37.07%) <0.001

Follow-up
Outpatient 45 (13.89%) 539 (63.64%) <0.001

Notes: Experiment group (O) and control group (O) mean patients who received operative treatment of corresponding groups recruited in the present
study. Data are presented as the mean ± standard deviation.
Abbreviations: TTA, admission delay; TTS: surgical timing delay; DVT, deep venous thrombosis; PE, pulmonary embolism.
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patients’ concern that long-term medical care could make them susceptible to nosocomial COVID-19 infection.30–33

These patients should be observed carefully in the recovery period.
Although surgical treatment can reduce the patient’s pain duration and improve function associated with hip fracture

in elderly patients, long-term rehabilitation is required for functional independence.34 Under normal circumstances,
elderly patients with hip fractures have been recommended to rehabilitate in hospital for further recovery and to attend
for follow-up visits 1.5, 3, 6, 12 and 24 months after discharge. However, both rehabilitation and follow-up were

Figure 1 Quantile-Quantile plot of residuals in the multiple linear regression model for the total population.

Figure 2 Quantile-Quantile plot of residuals in the multiple linear regression model for patients who received surgical treatment.
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impacted by the pandemic, with negative outcomes. In recent years, home-based rehabilitation has generated increasing
interest for its positive effect on the physical and mental functions of patients with various ailments.35–37 Home-based
rehabilitation with proper guidelines could aid in the recovery of elderly hip fracture patients during COVID-19. In
addition, the Internet healthcare based on 5G communication technology should be widely applied to guide patients
online with no face-to-face contact, and may be particularly meaningful during COVID-19 and other similar periods.

Our findings suggest that the age of elderly patients with hip fractures in the epidemic period was significantly higher
than that in the non-epidemic period, consistent with previous research.5 During the epidemic period, most industries
stopped production, besides, outdoor activities, unnecessary travel and transportation were canceled, affecting mostly
young and middle-aged adults. However, the elderly people who ordinarily stay at home, especially those with hip
fractures, were more likely to have low-energy fractures due to a decrease in exercise and change to sedentary lifestyle
during the epidemic period.18 In patients who chose surgical treatment, TTA was significantly longer during COVID-19
than in the non-pandemic period, with resulting significant increases in preoperative complications such as DVT,
indicating a link between TTA and DVT.

Table 4 Results of Multiple Linear Regression Analysis for Patients Who
Received Operative Treatment on 6-Month Parker Score Postoperatively

Variable Regression Coefficient (95% CI) P value

Age (y) −0.050 (−0.068 – −0.032) <0.001

Height (cm) 0.001 (−0.019–0.020) 0.936
Weight (kg) 0.007 (−0.007–0.022) 0.322

Baseline Parker 0.158 (0.075–0.241) <0.001

Pre-hospital DVT 0.346 (−0.020–0.712) 0.064
TTA < 24 h 0.814 (0.499–1.129) <0.001

TTS < 48 h 3.782 (3.474–4.090) <0.001

Hypertension −0.200 (−0.497–0.096) 0.185
Diabetes −0.690 (−1.076 – −0.305) <0.001

Hyperlipidemia 0.219 (−0.485–0.923) 0.542

Hospital rehabilitation 1.390 (1.091–1.689) <0.001
Outpatient follow-up 0.202 (−0.083–0.487) 0.165

Note: Adjusted R2=48.0%.
Abbreviations: DVT, deep venous thrombosis; TTA, admission delay; TTS: surgical timing delay.

Table 3 Results of Multiple Linear Regression Analysis on 6-Month Parker
Score Postoperatively

Variable Regression Coefficient (95% CI) P value

Age (y) −0.068 (−0.086 – −0.050) <0.001

Height (cm) 0.009 (−0.009–0.027) 0.347

Weight (kg) 0.008 (−0.007–0.023) 0.287
Baseline Parker scores 0.303 (0.217–0.389) <0.001

Prehospital DVT −0.189 (−0.558–0.181) 0.316

TTA < 24 h 1.567 (1.248–1.887) <0.001
Hypertension 0.050 (−0.263–0.363) 0.752

Diabetes −0.995 (−1.394 – −0.596) <0.001
Hyperlipidemia 0.519 (−0.224–1.261) 0.171

Hospital rehabilitation 1.662 (1.335–1.988) <0.001

Outpatient follow-up 0.410 (0.100–0.719) 0.009

Note: Adjusted R2=19.9%.
Abbreviations: DVT, deep venous thrombosis; TTA, admission delay.
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To our knowledge, this is the first research to focus on identifying risk factors associated with hip fractures in SARS-
CoV-2-negative elderly patients during COVID-19. We believe the present study may provide a guideline for countries
and regions still affected by the pandemic. However, some potential limitations should be considered. Firstly, this is
single-center study with a relatively small sample size; secondly, the results may only apply to hospitals handling patients
who are COVID-19 negative; thirdly, follow up extended to only six months, which is insufficient to investigate long-
term outcomes in COVID-19-negative elderly hip fracture patients. Further study should be conducted addressing these
limitations.

Conclusion
To summarize, elderly patients with hip fractures tend to have worse outcomes during COVID-19, despite being free of
the disease. TTA, which has been neglected in previous research, is a risk factor for the incidence of perioperative DVT
and postoperative functional recovery, while TTS was not associated with perioperative complications in the present
study. This means that delays in admission to hospital may be much more dangerous than those after admission, and TTA
should be minimized in elderly patients with hip fractures. Furthermore, postoperative follow-up and postoperative
rehabilitation are independent risk factors associated with prognosis, which should be implemented during the pandemic.
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