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Abstract

Objectives: The effects of the novel coronavirus on the
musculoskeletal system have been reported with wide
variability. The purpose of this study was to determine
the prevalence of musculoskeletal symptoms and if these
correlated with other patient characteristics.

Methods: This was a retrospective review of 685 admitted
patients who were found to be positive for COVID-19
during their admission. Based on a standard COVID-19
questionnaire, we recorded complaints of new onset
myalgias, joint pain, back pain, and muscle weakness and
performed a chart review for all existing comorbidities.
Statistical analyses were performed to determine the as-
sociation between various comorbidities and orthopedic
manifestations of COVID-19 patients.

Results: Of the 685 patients who tested positive for
COVID-19, 186 patients presented with at least one or-
thopedic manifestation (27.1%). Patients that experi-
enced orthopedic manifestations were significantly
younger at 53.7 years of age compared to 58.1 years of
age (p = 0.003) with a significantly higher BMI (body
mass index) at 32.6 versus 30.0 (p = 0.022). Patients that
had diabetes or were obese had significantly higher rates
of orthopedic manifestations while those that had heart
or lung disease had significantly fewer.

Conclusion: Obese and diabetic patients had significantly
higher rates of orthopedic symptoms during COVID-19
infection. Further studies need to be carried out in
these populations to determine if these comorbidities
during infection have an effect on the musculoskeletal
system in the perioperative setting and after recovery
from infection.
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Introduction

The worldwide spread of the novel coronavirus, SARS-
CoV-2, has left many questions relating to the pathophysi-
ological and clinical course of COVID-19. Since its emer-
gence, there has been discussion about the presentation of
the virus and reports of various organ system manifestations.
The clinical features of this disease range from asymptomatic
patients to acute respiratory distress and multiple organ
dysfunction, while the most common symptoms include fe-
ver, cough, and dyspnea. There has also been a number of
musculoskeletal symptoms such as myalgia, arthralgia, and
generalized muscle fatigue.l While these symptoms are not
uncommon in viral infections, the extent to which this
novel virus affects the musculoskeletal system is not fully
understood as the literature remains limited with regards to
the prevalence and relationship of these symptoms to
various comorbidities.

Musculoskeletal manifestations in viral illnesses have
been attributed to the inflammatory immune response
through various cytokines, particularly interleukin (IL)-6
and tumor necrosis factor (TNF)-oz.2 The levels of 1L-6 and
TNF-« in both plasma and respiratory secretions have been
directly correlated with the magnitude of severity in
COVID-19 positive patients, particularly in patients with
common comorbidities that may be further contributing to
their increased inflammatory state.>* Some recent studies
also suggest that the mechanism behind COVID-19
myalgia may vary from the cytokine storm seen in typical
viral infections. With an elevation of lactate dehydrogenase
and the absence of creatine kinase, one study suggested that
COVID-19 myalgias may be enhanced through a novel
mechanism related to muscle ischemia rather than just cell
death.’

Various comorbidities that lengthen the course of infec-
tion and increase the severity of disease may also play an
exacerbating role in musculoskeletal symptoms (myalgia,
arthralgia, etc.). Many comorbidities, such as type 2 diabetes
mellitus, coronary artery disease, and chronic obstructive
pulmonary disease, are thought to cause chronic inflamma-
tion and an imbalance in immune regulation, particularly
when under the load of a viral infection.®’ These patients are
far more susceptible to COVID-19 complications as the
virally-induced cytokine storm further intensifies the immune
dysregulation and leads to worse outcomes.

Identifying which comorbidities are associated with
increased musculoskeletal symptoms may provide benefit in
the clinical estimation of disease progression. We know very
little about the viral pathogenesis of COVID-19 and its ef-
fect on the musculature, or if there are concerns for or-
thopedic procedures in patients that have active or recent
infection. Our purpose is to report the prevalence of
musculoskeletal manifestations in COVID-19 patients and
expose any relationships that may exist between various
comorbidities and these symptoms.

Materials and Methods

This was a retrospective review of 685 admitted COVID-
19 positive patients at a single institution. We included all
patients that were found to be positive for COVID-19 at any
point during their stay, whether presenting with COVID
symptoms or those that were incidentally positive without
symptoms. The cohort spanned a period of 16 weeks based
on admission date. Patients that were not able to respond to
a nursing COVID questionnaire (e.g., intubated on arrival)
were excluded from this study.

Demographics and data collection

We collected a range of demographic data for each pa-
tient, including age, race, sex, smoking status, length of stay,
reason for admission, ICU (intensive care unit) admission,
intubation, and death. Patient comorbidities were also
collected. Orthopedic manifestations were collected and
categorized into myalgia, joint pain, back pain, and general
fatigue/weakness. Chart review was performed by four in-
dividuals reviewing emergency department physician notes,
hospital admission notes, and discharge summaries. Obesity
was noted for any patient whose body mass index (BMI) was
greater than 30. Patients were classified with heart disease if
they had congestive heart failure, cardiomyopathies, or a
history of coronary artery disease.

Statistical analysis

Statistical analyses and data processing were performed
using SAS/STAT version 14.3 (SAS Institute, Cary, North
Carolina, USA) to determine the association between
various comorbidities, ICU stay, mortality, and the ortho-
pedic manifestations of COVID-19 patients. The frequencies
of cohort demographics and descriptive statistics were
calculated and analyzed using Pearson’s chi squared test, the
likelihood ratio, and the NPARIWAY procedure (ANOVA)
as appropriate. The critical value for significance was set at
<0.05 for all statistical tests.

Results

Of the 685 patients that tested positive for COVID-19,
185 patients presented with at least one orthopedic mani-
festation (27.1%). Table 1 shows the demographics for our
patient cohort. Patients that experienced orthopedic
manifestations were significantly younger at 53.7 years of
age versus 58.1 years of age (p = 0.003) while having a
significantly higher BMI at 32.6 versus 30.0 (p = 0.022).
There was no significant correlation between orthopedic
manifestation and race, sex, length of stay, ICU admission,
death, or smoking status.

Of these 685 positive tests, 457 patients presented with
COVID-19 related symptoms. The rate of new onset ortho-
pedic manifestations among patients presenting with
COVID-19 symptoms was higher at 32.4% (148 patients). In
total, 259 (37%) patients were 65 years of age and older, 370
patients were male, 244 (35.6%) patients had been diagnosed
with diabetes, 385 (56.1%) had been diagnosed with hyper-
tension, 212 (30.9%) had a BMI of 30 or greater, and 185
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Table 1: Demographics of all admitted COVID-19 patients.

Population Demographics

N = 685 Ortho Manifest (—) Ortho Manifest (+) p-Value
(n = 500) (n = 185)

Sex M = 272 (54%) M = 98 (53%) 0.78
F = 228 (46%) F =87 (47%)

Race Black/AA = 272 (55%) Black/AA = 113 (62.7%) 0.12
White = 194 (39.3) White = 55 (30.5%)
Hispanic = 28 (5.7%) Hispanic = 12 (6.7%)

Age* Average = 58.1 Average = 53.7 0.006

BMTI* Average = 30.0 Average = 32.6 0.022

AA, African American; BMI, body mass index; (*) indicates statistical significance.

Table 2: Orthopedic manifestations of COVID-19-positive patients by comorbidity.

Orthopedic Manifestations Based on Comorbidity, n (%)

Comorbidities Population Size (N = 685) Exhibited Orthopedic Manifestations p-value

Hypertension

No HTN 300 81 (27%) 0.73

HTN 385 104 (27%)

Obesity*

BMI <30 473 104 (22%) 0.001

BMI >30 212 81 (38.21%)

Type II Diabetes*

No Diabetes 441 107 (24.26%) 0.029

Diabetes 244 78 (31.98%)

Heart Disease™

None 500 147 (29%) 0.020

CHF/CAD 185 38 (20.54%)

COPD*

None 620 176 (28.39%) 0.012

COPD 65 9 (13.85%)

Smoking

History of Smoking 276 68 (24.6%) 0.61

No History of Smoking 349 98 (28.1%)

BMI, body mass index; CAD, coronary artery disease; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease;

HTN, hypertension; (*) indicates statistical significance.

(27%) patients had been diagnosed with coronary artery
disease. In total, 104 (15.2%) patients had been diagnosed
with chronic obstructive pulmonary disease (COPD) and/or
asthma.

Table 2 shows the prevalence of orthopedic
manifestations in COVID-19 patients stratified by
comorbidities. Obesity, type 2 diabetes, heart disease,
and COPD/asthma comorbidities all showed a significant
correlation with the musculoskeletal symptoms of
COVID-19. Of the COVID-19 patients whose BMI was

Table 3: Odds ratio by comorbidity for risk factors.

less than 30, 22% experienced orthopedic manifestations
compared to 38.21% of those whose BMI was equal or
greater than 30 (p < 0.0001). Overall, 31.98% of the
patients that had type 2 diabetes experienced orthopedic
symptoms compared to only 24.26% of patients in the
non-diabetic population (p = 0.03). We also found that
20% of patients with heart disease experienced orthope-
dic manifestations compared to 29% of those without
heart disease (p = 0.02). Finally, 28.39% of patients with
no COPDj/asthma had orthopedic manifestations

Odds Ratio Based on Comorbidity

Odds Ratio Orthopedic Manifestations

Yes, n (%) No, n (%) Odds Ratio Confidence Interval
Obesity 81 (38.2%) 131 (61.8%) 2.19 1.54—3.12
Diabetes 78 (32%) 166 (68%) 1.47 1.04—2.07
Heart Disease 38 (20.5%) 147 (79.5%) 0.62 0.4139 0.9310
COPD 9 (13.8%) 56 (86.2%) 0.41 0.1963 0.8373

COPD, chronic obstructive pulmonary disease.
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compared to 13.85% of patients with COPD/asthma
(p = 0.012).

Table 3 shows the odds ratios for patients with obesity
and diabetes (1.47 and 2.19, respectively). The odds ratios
for patients with heart disease and COPD/asthma were
0.62 and 0.41 respectively.

Discussion

In the wake of the COVID-19 pandemic, concerns have
been raised about the pathogenesis of the disease and its
effects on various organ systems, including the musculo-
skeletal system. Very few studies have reported the preva-
lence of musculoskeletal symptoms in the COVID-19
positive population. In the study presented above, we found
the overall rate of orthopedic manifestations to be 27.1%
with a higher occurance in diabetic and obese patients.

As the obesity epidemic continues to grow each year,
attention has been drawn to its potential effects on
communicable diseases. An excessive BMI is a well
acknowledged risk factor for severe symptoms in several
viral illnesses including influenzas and COVID-19.571" Due
to a chronic state of inflammation, these patients exhibit
poor antiviral responses to influenza virus infection along
with an impaired ability to recover.' In every case, obesity
has been linked to excessive respiratory and cardiac
symptoms and a worse prognosis. Studies have shown that
these patients have a heightened risk for acute respiratory
distress syndrome, length of stay in the ICU, and the need
for a ventilator. Animal studies have demonstrated that
viral titers and viral spread in the respiratory epithelia are
greater in obese subjects, thus leading to a worse disease
burden."? Inflammatory markers, specifically 1L-6, TNFa,
and type I interferons, have been shown to have a delayed
onset at the beginning of the illness but undergo significant
elevations as the disease progresses when compared to sub-
jects with a normal BMI." Leptin levels have also been
shown to be elevated and have a stimulative effect on
inflammation in this cohort while adiponectin (anti-
inflammatory adipokine) have been shown to be reduced.'
In line with data from previous studies that investigated
the compounding effect of obesity on the viral syndrome,
the results of our study also suggests that there may be an
excessively heightened inflammatory state when an obese
patient is inoculated with COVID-19, as inferred by our
findings of increased musculoskeletal inflammation in these
patients. While several studies have demonstrated that
obesity can exacerbate almost every cardiac or respiratory
symptom of COVID-19, no studies to date have shown that
musculoskeletal symptoms are also elevated in these pa-
tients."” In the present study, we found patients with a BMI
greater than 30 presented with more musculoskeletal
symptoms (38.2% versus 22%) and were 1.47 times more
likely to experience these symptoms.

In addition to obesity, diabetes mellitus type 2 is also a
well-established risk factor for viral illnesses, including
COVID-19. Several studies have reported higher rates of
admission to intensive care units, the use of a ventilator, and
the mortality of diabetic patients; this rate can be 3.1-fold
higher than non-diabetic patients infected with other respi-
ratory viral illness outbreaks such as SARS.®!'®!7 Similarly,

data published from this most recent pandemic has
demonstrated that diabetic patients have far higher rates of
mortality and severe illness. One study from Italy reported
up to two thirds of patients that died from COVID-19
were diagnosed with diabetes.'® Interestingly, one study
that examined patients with diabetes as a singular
comorbidity reported significantly higher levels of internal
tissue damage in diabetic patients compared to patients
with no comorbidities.'” In addition, these authors
demonstrated that diabetes may be an independent risk
factors for elevated levels of IL-6, serum ferritin,
erythrocyte sedimentation rate, and C-reactive protein,
thus indicating a higher inflammatory state in diabetic
individuals. Diabetes is an independent risk factor for the
severe progression of COVID-19 due to a greater inflam-
matory state.!” This was clearly demonstrated in our current
patient cohort as significantly greater levels of orthopedic
symptoms were seen in patients that had a diagnosis of
diabetes.

Heart disease has been documented as the most common
form of comorbidity among hospitalized and deceased
COVID-19 patients.zo Studies have also reported that
patients with cardiac illnesses have higher levels of
inflammatory markers; however, there are no studies
demonstrating heart disease as an independent risk factor
for elevated cytokines in these patients. Despite heart
disease being a disease with a high inflammatory state,”!
our study did not reflect the higher levels of inflammation
within muscular tissue as measured by patient-reported
myalgias. In fact, this study showed significantly lower
rates of myalgias in patients with heart disease. This may be
due to the localized pathophysiology of heart disease, as it
primarily affects the microvasculature of coronary vessels.
Similarly, COPD has been recognized as an independent risk
factor for severe pneumonia and poor outcomes. Studies
have postulated that this is likely to be due to poor lung
reserve and the increased expression of angiotensin con-
verting enzyme-2 in diseased lungs.22 Reports of COPD
among COVID-19 patients in the ICU have varied tremen-
dously.Bf25 As in the case of heart disease, COPD is a
localized inflammatory condition with minimal systemic
symptoms. In this study, patients with documented COPD
demonstrated significantly lower rates of musculoskeletal
symptoms as compared to patients without COPD.

Complaints of musculoskeletal pain have been widely
reported in the literature, especially in the initial reports
during the COVID-19 pandemic. One study reported that the
rate of myalgias was 20.7%; however, this was a small
sample size of only 174 patients in a study that was focused
on patients with diabetes as the only comorbidity.w It is
likely that musculoskeletal complaints are a result of a
heightened systemic inflammatory state as demonstrated by
the higher rates of myalgias in obese and diabetic patients.
However, our study did not find any correlation between
reported myalgias and ICU stay or overall length of stay.
In addition, we suspect that the lower rates of myalgias in
heart disease patients and COPD patients may be due to
the relatively localized nature of these conditions and the
more rapid deterioration of these patients. Based on our
study and literature review, we suspect that patients with
obesity and diabetes have an increased prevalence of
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orthopedic manifestations of COVID-19 due to their pre-
existing chronic inflammatory state.

This retrospective chart review was based primarily on
physician notes and patient-reported symptoms from a sin-
gle, large academic institution. Therefore, limitations exist.
Patients may not have been adequately screened for
musculoskeletal complaints or may have been in too poor of
a condition to respond appropriately. In addition, errors in
the provided documentation may have limited this study.
Diversity in the patient population was limited to a single
geographic location and institution. Despite these limita-
tions, this is the first study to analyze the prevalence of or-
thopedic manifestations in patients positive for COVID-19,
while also accounting for common comorbidities.

Orthopedic manifestations in COVID-19 are seen more
often in patients with an increased BMI and diabetes mellitus
type 2. Obese and diabetic patients are also at greater risk for
more severe COVID-19 symptoms due to a heightened in-
flammatory response. Myalgias may indicate a worsening
prognosis in these patients; however, more studies need to be
performed to fully confirm this. Future studies may focus on
the outcomes of orthopedic surgery in patients that have tested
positive perioperatively and whether the common complaint
of myalgias and joint pain may have further implications in
this surgical cohort. Another future consideration is the long-
term effects of COVID-19 on the musculoskeletal system.

Conclusion

Patients admitted with COVID-19 and a history of
obesity or type 2 diabetes mellitus demonstrated significantly
increased rates of orthopedic manifestations. Further inves-
tigation is now warranted to determine if myalgias are an
indicator for a worsening prognosis and if there is an elevated
risk for these patients, especially in the setting of orthopedic
procedures and injuries. Identifying medical comorbidities
and their effects on other disease states have a vital
epidemiological role and could provide avenues for future
therapies for at-risk populations who are diagnosed with
COVID-19.
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