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Background.  Detailed characteristics of rheumatic symptoms of coronavirus disease 2019 (COVID-19) were still unknown. We 
aim to investigate the proportions, characteristics, and risk factors of this condition.

Methods.  In this prospective, longitudinal cohort study, discharged patients with COVID-19 were interviewed face-to-face 
at 12 months after symptom onset. Rheumatic symptoms following COVID-19 included newly occurring joint pain and/or joint 
swelling. The risk factors of developing rheumatic symptoms were identified by multivariable logistic regression analysis.

Results.  In total, 1296 of 2469 discharged patients with COVID-19 were enrolled in this study. Among them, 160 (12.3% [95% 
confidence interval {CI}, 10.6%–14.3%]) suffered from rheumatic symptoms following COVID-19 at 12-month follow-up. The most 
frequently involved joints were the knee joints (38%), followed by hand (25%) and shoulder (19%). Rheumatic symptoms were inde-
pendent of the severity of illness and corticosteroid treatment during the acute phase, while elderly age (odds ratio [OR], 1.22 [95% 
CI, 1.06–1.40]) and female sex (OR, 1.58 [95% CI, 1.12–2.23]) were identified as the risk factors for this condition.

Conclusions.  Our investigation showed a considerable proportion of rheumatic symptoms following COVID-19 in discharged 
patients, which highlights the need for continuing attention. Notably, rheumatic symptoms following COVID-19 were independent 
of the severity of illness and corticosteroid treatment during the acute phase.
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As of 18 March 2022, coronavirus disease 2019 (COVID-19), 
caused by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), has been diagnosed in >462 million people 
worldwide, causing the death of >6 million [1]. A collection 
of long-term manifestations of COVID-19, including fatigue, 
shortness of breath, and loss of taste or smell, were identified 
by various follow-up studies from different countries and have 
been termed “postacute COVID-19 syndrome” [2]. Rheumatic 
symptoms as a long-term manifestation of COVID-19 have been 
frequently mentioned in published follow-up studies [3–11].

It was known that viral infection, such as parvovirus B19, 
hepatitis B and C, human immunodeficiency virus, and the 

alphaviruses, was recognized as an important cause of vi-
rally mediated arthritis, with a wide spectrum of rheumatic 
symptoms ranging from arthralgia to chronic arthritis [12]. 
Rheumatic symptoms after other coronavirus infection, such as 
severe acute respiratory syndrome (SARS) and Middle East res-
piratory syndrome, were also reported with an incidence of 10% 
and 32%, respectively. It is worth noting that, the incidence may 
be underestimated under the scenarios of high doses of gluco-
corticoids (cumulative doses during hospitalization of >1  g) 
[13–15].

Although the condition of rheumatic symptoms following 
COVID-19 has been noticed in some studies, the details of 
proportions and clinical characteristics have not yet been well 
described, and the risk factors of the presence of rheumatic 
symptoms following COVID-19 are unknown. Thus, the objec-
tive of this study was to investigate the proportion, describe the 
characteristics, and identify the potential factors of rheumatic 
symptoms following COVID-19 among discharged patients.

METHODS

Study Population and Patient Consent Statement

This prospective, single-center cohort study was conducted at 
the designated hospital at 12 months after COVID-19 symptom 
onset. All laboratory-confirmed patients admitted to the 

Open Forum Infectious Diseases

M A J O R  A R T I C L E

Received 4 February 2022; editorial decision 28 March 2022; accepted 30 March 2022; pub-
lished online 4 April 2022.

aD. C., Y. W., L. H., and X. G. contributed equally to this work.
bC. W. and B. C. contributed equally to this work.
Correspondence: Bin Cao, MD, Department of Pulmonary and Critical Care Medicine, China-

Japan Friendship Hospital, No. 2 Yinghua Dongjie, ChaoYang District, Beijing, 100029, PRC 
(caobin_ben@163.com).

Open Forum Infectious Diseases®2022
© The Author(s) 2022. Published by Oxford University Press on behalf of Infectious Diseases 
Society of America. This is an Open Access article distributed under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs licence (https://creativecommons.org/
licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the 
work, in any medium, provided the original work is not altered or transformed in any way, and that 
the work is properly cited. For commercial re-use, please contact journals.permissions@oup.com
https://doi.org/10.1093/ofid/ofac170

https://orcid.org/0000-0002-0824-9092
mailto:caobin_ben@163.com
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


2 • OFID • Cui et al

designated hospital met the diagnostic criteria for COVID-19 
[16]. A total of 2469 patients were discharged between 7 January 
and 29 May 2020 as previously reported [9].

All 2469 patients were eligible for inclusion. We contacted 
the patients in the order of the symptom onset date docu-
mented in their medical record via telephone. Patients were ex-
cluded if they met the following criterion: (1) those who died 
before the follow-up visit; (2) those living in a nursing or wel-
fare home; (3) those with a history of dementia or psychotic 
disease; or (4) those who had a history of rheumatic disease 
(including osteoarticular disease) or were immobile before or 
after discharge. Eligible patients were invited to participate in 
the face-to-face interview at the outpatient clinic of the hos-
pital, and 906 patients were lost to follow-up. A total of 1296 
patients who completed the interview and symptom question-
naire at the hospital from 16 December 2020 to 7 February 
2021 were enrolled in this study (Figure 1). We evaluated the 
proportions of self-reported rheumatic symptoms following 
COVID-19 through symptom questionnaire, and obtained de-
tailed characteristics.

The rheumatic symptoms following COVID-19 were de-
fined as self-reported newly occurring joint symptoms, in-
cluding joint pain and/or joint swelling. We list 10 joint groups 
(including hand, foot, wrist, ankle, jaw, elbow, shoulder, neck, 
hip, and knee) for patients to choose the location of the symp-
tomatic joint site (any other if yes, specify additionally). The 

hand joint group included the metacarpophalangeal joints 
(MCP), the distal interphalangeal joints (DIP), the proximal 
interphalangeal joints (PIP), and the interphalangeal joint of 
the thumb. Symptom localizing to the chest, abdomen, or back 
was not considered for further analysis. In addition, we con-
ducted the EQ-5D-5L questionnaire and 6-minute walking test 
to evaluate the quality of life (QoL) of patients.

As control, 3383 community-dwelling individuals without 
SARS-CoV-2 infection were recruited. Methods, inclusion, and 
exclusion criteria of control have been described previously 
[17]. For every SARS-CoV-2 survivor, we randomly sampled 
up to 1 individual with control, without replacement, matching 
age, sex, and comorbidities including cardiovascular disease, 
chronic respiratory disease, chronic kidney disease, hyperten-
sion, and diabetes (Figure 1).

The study was approved by the Research Ethics Commission 
of the designated hospital that enrolled the participants (KY-
2020-78.01, KY-2020-78.03). Written informed consent was 
obtained from all patients and controls.

Data Collection of COVID-19 Patients

Data collection consisted of 3 parts, including demographic 
data, acute phase data, and follow-up data. The patients’ 
demographic data were retrieved from electronic medical 
records, which included age, sex, education, and cigarette 
smoking.

Community-dwelling control 
3383 non-COVID-19 individuals 
24 Dec 2020–16 Jan 2021

2469 patients with COVID-19 discharged from 
Jin Yin-tan hospital between  7 Jan and 29 May 2020

12-month follow-up 
1296 COVID-19 patients completed the interview at hospital 
16 Dec 2020–7 Feb 2021 

267 patients excluded 
65 living in nursing or welfare home 
63 osteoarticular disease 
56 dementia or psychotic disease 
38 died before 12-month follow-up 
30 immobile before discharge 

7 rheumatic disease 
4 immobile after discharge 
4 incomplete symptom questionnaire results 

906 were lost to follow-up 

Matched by age, sex, comorbidities (cardiovascular disease, chronic 

respiratory disease, chronic kidney disease, hypertension, and diabetes) (1:1) 

: 

1181 non-COVID-19 individuals enrolled 1181 COVID-19 patients enrolled 

Figure 1. Flowchart of participants’ enrollment in this study. Abbreviation: COVID-19, coronavirus disease 2019.
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We collected clinical data during hospital stay for acute phase, 
such as symptoms, self-reported comorbidities, medication his-
tory, disease severity, and treatment record from the REDCap 
electronic database. The severity of disease was characterized by 
the highest 7-category scale during the hospital stay [18], which 
consisted of the following categories: scale 1, not hospitalized 
with resumption of normal activities; scale 2, not hospitalized, 
but unable to resume normal activities; scale 3, hospitalized, not 
requiring supplemental oxygen; scale 4, hospitalized, requiring 
supplemental oxygen; scale 5, hospitalized, requiring nasal 
high-flow oxygen therapy, noninvasive mechanical ventilation, 
or both; scale 6, hospitalized, requiring extracorporeal mem-
brane oxygenation, invasive mechanical ventilation, or both; 
and scale 7, death.

Follow-up data were collected via face-to-face interviews at 
the outpatient clinic of the hospital. Physicians were arranged 
for the patients to complete a structured symptom question-
naire to ask if the patients had any obvious discomfort after 
discharge. Patients with self-reported newly occurring and 
persistent rheumatic symptoms after COVID-19 were further 
asked for more details about their joint complaints. We pro-
vided 10 joint groups aforementioned for patients to choose 
from. For each pain joint location, an 11-point number of pain 
score ranging from 0 to 10 (0 no pain, 10 intolerable pain) was 
applied to evaluate the intensity [19]; scores were categorized as 
mild (1–3), moderate (4–6), and severe (7–10). Joint swelling 
was recorded at the same time.

Data Collection of Community-Dwelling Individuals Without COVID-19 

Data of community-dwelling individuals without COVID-19 
were collected via face-to-face interviews at their community 
center by medical staff from the same hospital. Demographic 
characteristics, personal medical history, and lifestyle informa-
tion were collected via standard questionnaires. Then, individ-
uals without COVID-19 underwent physical examination as 
well as prevalent symptoms and EQ-5D-5L questionnaires.

Statistical Analysis

Descriptive analyses of the continuous variables were expressed 
as median (IQR), and categorical variables were expressed as 
number (%). Demographic characteristics and clinical data 
for acute phase between patients with or without rheumatic 
symptoms following COVID-19 were shown. For the compar-
ison of health-related QoL and exercise capacity between the 
2 groups, we used the Mann-Whitney U test, χ2 test, or Fisher 
exact test where appropriate. Comparison of symptoms and 
health-related QoL between COVID-19 patients and controls 
was done with Mann-Whitney U test, χ2 test, or Fisher exact test 
where appropriate, as well.

The rheumatic symptoms following COVID-19 were in-
cluded as the dependent variable in a univariable logistic re-
gression model (crude association) and were then corrected 

for several covariables. Variables included in the multivariable 
adjusted logistic regression models are as follows: age; sex; co-
morbidity including hypertension, diabetes, and cardiovascular 
disease; disease severity; medical treatment including cortico-
steroids, antivirals, thymosin, and intravenous immunoglob-
ulin; length of hospital stay; and admission to intensive care 
unit (ICU). For association of sex, corticosteroids, antivirals, 
thymosin, and intravenous immunoglobulin, length of hospital 
stay, and admission to ICU with rheumatic symptoms, these 
variables were included in the models together with age, disease 
severity, and comorbidity including hypertension, diabetes, 
and cardiovascular disease. For association of disease severity 
and rheumatic symptoms, the aforementioned variables were 
all adjusted in the model, except for length of hospital stay and 
ICU admission. Disease severity was not included in the model 
when exploring the association of comorbidity with rheumatic 
symptoms. In the model for association of age and rheumatic 
symptoms, only age and sex were adjusted.

All tests were 2-sided, and P < .05 was considered statistically 
significant. Data were analyzed with the use of SAS version 9.4 
software. Statistical graphs were drawn with GraphPad Prism8, 
BioRender.com, and Adobe Illustrator 2020.

RESULTS

Demographic and Clinical Characteristics of Study Patients

Of 2469 discharged COVID-19 patients, 1296 who completed 
the face-to face follow-up visit at 12 months after illness onset 
(from 16 December 2020 to 7 February 2021) were included 
in the final analysis. Median follow-up time was 349.0 days 
(IQR, 337.0–361.0 days) from symptom onset to follow-up 
visit. The median age of the 1296 patients was 57.0 years (IQR, 
48.0–65.0), and 609 (47%) of them were women (Table 1). The 
most common comorbidity was hypertension (28%), followed 
by diabetes (12%) and cardiovascular disease (9%).

In total, 12.3% (95% confidence interval [CI], 10.6%–14.3%) 
of COVID-19 patients (160/1296) complained they were suf-
fering from at least 1 newly occurring or persistent rheu-
matic symptom after COVID-19. Of 160 patients, the median 
age was 60.0 years (IQR, 53.0–65.0 years), 90 (56%) of them 
were women, and 40 (28%) had college or higher education. 
Hypertension (29%), cardiovascular disease (13%), and dia-
betes (12%) were the most common comorbidities.

Factors Associated With Rheumatic Symptoms Following COVID-19

Supplementary Table 1 showed the relative risk of variables to 
presence of rheumatic symptoms following COVID-19. Older 
age, women, and prolonged hospital stay increased the risk of 
rheumatic symptoms, whereas rheumatic symptoms following 
COVID-19 were independent of the severity of illness and 
corticosteroid treatment during acute phase (Supplementary 
Table 2).

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac170#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac170#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac170#supplementary-data
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For exploring the risk factors associated with rheumatic 
symptoms, data were available from 1296 patients (1136 without 
and 160 with rheumatic symptoms), and 4 logistic regression 
models were performed. After multivariable adjustment, pa-
tients with older age had a higher risk of rheumatic symptoms 
(odds ratio [OR], 1.22 [95% CI, 1.06–1.40], per 10-year age 
increase). Compared with men, women had an OR of 1.58 (95% 
CI, 1.12–2.23) for presenting rheumatic symptoms following 
COVID-19 (Table 2).

Proportion and Characteristics of Rheumatic Symptoms Following 
COVID-19

Of 160 patients reporting rheumatic symptoms following 
COVID-19 at 12-month follow-up, the proportions in men and 
women were 10% (70/687) and 15% (90/609), respectively. The 
age distributions of rheumatic symptoms following COVID-19 
were shown in Figure 2: COVID-19 patients aged 51–60 years 
(15.6%) were the most affected group, followed by those aged 
>70 years (15.5%) and aged 61–70 years (13.2%). According to 

Table 1. Characteristics of Patients According to the Presence or Absence of Rheumatic Symptoms Following Coronavirus Disease 2019 at 12-Month 
Follow-up

Characteristic Total (n = 1296) 

Without Rheumatic 
Symptoms Following 
COVID-19 (n = 1136) 

With Rheumatic Symptoms 
Following COVID-19 (n = 160) 

Age, y, median (IQR) 57.0 (48.0–65.0) 57.0 (47.0–65.0) 60.0 (53.0–65.0)

Sex

Male 687 (53) 617 (54) 70 (44)

Female 609 (47) 519 (46) 90 (56)

Education

College or higher 346/1138 (30) 306/997 (31) 40/141 (28)

Middle school or lower 792/1138 (70) 691/997 (69) 101/141 (72)

Cigarette smoking

Never-smoker 1147/1263 (91) 1001/1106 (91) 146/157 (93)

Current smoker 84/1263 (7) 76/1106 (7) 8/157 (5)

Former smoker 32/1263 (3) 29/1106 (3) 3/157 (2)

Comorbidity

Hypertension 354/1264 (28) 308/1107 (28) 46/157 (29)

Diabetes 150/1263 (12) 131/1106 (12) 19/157 (12)

Cardiovascular diseases 116/1262 (9) 95/1105 (9) 21/157 (13)

Malignancy 35/1265 (3) 27/1108 (2) 8/157 (5)

COPD 19/1264 (2) 16/1107 (1) 3/157 (2)

Chronic kidney disease 15/1265 (1) 14/1108 (1) 1/157 (1)

Acute phase symptoms

Fever 1041/1265 (82) 907/1108 (82) 134/157 (85)

Cough 929/1264 (73) 810/1107 (73) 119/157 (76)

Productive sputum 359/1264 (28) 310/1107 (28) 49/157 (31)

Hemoptysis 22/1265 (2) 18/1108 (2) 4/157 (3)

Stuffy nose 13/1262 (1) 10/1106 (1) 3/156 (2)

Headache 65/1264 (5) 54/1108 (5) 11/156 (7)

Tachypnea 419/1264 (33) 363/1107 (33) 56/157 (36)

Myalgia/arthralgia 138/1262 (11) 123/1106 (11) 15/156 (10)

Fatigue 528/1264 (42) 455/1108 (41) 73/156 (47)

Gastrointestinal symptom 212/1264 (17) 185/1107 (17) 27/157 (17)

Highest 7-category scale during hospitalization

3: Admitted to hospital, not requiring supplemental oxygen 315/1265 (25) 278/1108 (25) 37/157 (24)

4: Admitted to hospital, requiring supplemental oxygen 856/1265 (68) 753/1108 (68) 103/157 (66)

5–6: Admitted to hospital, requiring HFNC, MV, ECMO, or combina-
tion

94/1256 (7) 77/1108 (7) 17/157 (11)

Treatment received during hospitalization

Corticosteroids 305/1265 (24) 262/1108 (24) 43/157 (27)

Antivirals 697/1265 (55) 608/1108 (55) 89/157 (57)

Thymosin 203/1265 (16) 180/1108 (16) 23/157 (15)

IVIG 248/1265 (20) 212/1108 (19) 36/157 (23)

Length of hospital stay, d, median (IQR) 13.8 (9.9–19.7) 13.8 (9.9–19.2) 14.5 (9.9–22.7)

Time from symptom onset to 12-mo follow-up, d, median (IQR) 349.0 (337.0–361.0) 349.0 (337.0–361.0) 352.0 (342.0–362.0)

ICU admission 54/1265 (4) 44/1108 (4) 10/157 (6)

Data are No. (%) or no./No. (%) unless otherwise indicated. The differing denominators used indicate missing data. 

Abbreviations: COPD, chronic obstructive pulmonary disease; ECMO, extracorporeal membrane oxygenation; HFNC, high-flow nasal cannula for oxygen therapy; ICU, intensive care unit; 
IVIG, intravenous immunoglobulin; MV, mechanical ventilation.
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the illness severity of COVID-19 during hospital stay, the pro-
portions in patients with scale 3, scale 4, and scale 5–6 were 
11.7% (37/315), 12.0% (103/856), and 18% (17/94), respectively.

Figure 3B showed the frequencies of joint sites among pa-
tients with rheumatic symptoms following COVID-19. The 

most common joint was the knee joint (38%), followed by hand 
(25%, including MCP, PIP, or DIP, etc) and shoulder (19%). For 
all rheumatic symptoms, joint pain only (86%) was mainly rep-
resented; joint pain concomitant with joint swelling (8%) and 
joint swelling only (5%) were relatively rare. The intensity of 
joint pain is detailed in Figure 3A and graded as mild to mod-
erate. Rheumatic symptoms reported in 1 joint site (86%) was 
the most common type, followed by in 2–4 joint sites (12%) and 
in ≥5 joint sites (3%; Figure 3C). There was no significant im-
provement in the proportions of COVID-19 patients with joint 
pain between 6-month and 12-month follow-up visits (P = .092; 
Supplementary Table 3).

Quality of Life and Six-Minute Walk Test in Patients With or Without 
Rheumatic Symptoms Following COVID-19

The EQ-5D-5L questionnaire was used to evaluate QoL. At 
12-month follow-up, all dimensions of health-related QoL 
were impaired in patients with rheumatic symptoms following 
COVID-19 compared with those without, including mobility, 
self-care, usual activity capabilities, pain/discomfort, and anx-
iety/depression (all P  <  .05; Supplementary Table 4). Patients 
with rheumatic symptoms had less distance walked in 6 minutes 
(480.0 vs 497.0 meters, P =  .018) compared to those without. 
There were no significant differences in the proportion of lower 
limit of the normal range between 2 COVID-19 patient groups 
(Supplementary Table 4).

Prevalence of Rheumatic Symptoms Among COVID-19 and Non–COVID-19 
Adults

To compare the prevalence of rheumatic symptoms between 
COVID-19 and non–COVID-19 adults, 3383 community-
dwelling individuals without SARS-CoV-2 infection were re-
cruited. A total of 1181 COVID-19 patients included in this 
study were matched to 1181 non–COVID-19 individuals. The 
differences in age, sex, and comorbidities between COVID-19 
and non–COVID-19 cohorts were eliminated after propensity 
score match (Supplementary Table 5). Of 1181 COVID-19 pa-
tients, 301 (25%) had at least 1 rheumatic symptom, which was 
significantly higher than for controls (89/1181 [8%], P < .0001). 
Pain joint sites and swelling joint sites are detailed in Table 3.

DISCUSSION

Arthralgia/arthritis has been increasingly reported in the set-
ting of COVID-19, which has aroused the attention of clinicians 
[20, 21], but several important issues remain unsettled. In this 
prospective cohort study, 12.3% of discharged patients devel-
oped rheumatic symptoms following COVID-19 at 12-month 
follow-up. Of the 160 patients presenting rheumatic symp-
toms, the most involved joint was the knee, followed by hand 
and shoulder. Joint pain was the most common presentation, 
with the pain intensity graded mild to moderate. Notably, rheu-
matic symptoms following COVID-19 were independent of the 

Table 2. Multivariable Logistic Regression Analysis for Risk Factors of 
Rheumatic Symptoms Following Coronavirus Disease 2019 at 12-Month 
Follow-up

Variable Odds Ratio (95% CI) 

Age (per 10-year age increase) 1.22 (1.06–1.40)

Sex

Men Ref

Women 1.58 (1.12–2.23)

Hypertension .90 (.60–1.34)

Diabetes .93 (.54–1.58)

Cardiovascular diseases 1.42 (.83–2.42)

Highest 7-category scale  
during hospitalization

3: Admitted to hospital, not requiring  
supplemental oxygen

Ref

4: Admitted to hospital, requiring supplemental  
oxygen

1.01 (.67–1.51)

5–6: Admitted to hospital, requiring  
HFNC, MV, ECMO, or combination

1.55 (.77–3.12)

Treatment during hospitalization

Corticosteroids 1.05 (.66–1.68)

Antivirals .95 (.67–1.35)

Thymosin .81 (.49–1.32)

IVIG 1.19 (.75–1.89)

Length of hospital stay, d 1.01 (1.00–1.03)

ICU admission 1.15 (.50–2.65)

For association of sex, corticosteroids, antivirals, thymosin, IVIG, length of hospital stay, 
and admission of ICU with rheumatic symptoms, these variables were included in the 
models together with age, disease severity, and comorbidity including hypertension, dia-
betes, and cardiovascular disease. For association of disease severity and rheumatic symp-
toms, the aforementioned variables were all adjusted for in the model, except for length of 
hospital stay and admission of ICU. Disease severity was not included in the model when 
exploring the association of comorbidity with rheumatic symptoms. In the model for asso-
ciation of age and rheumatic symptoms, only age and sex were adjusted. 

Abbreviations: CI, confidence interval; ECMO, extracorporeal membrane oxygenation; 
HFNC, high-flow nasal cannula for oxygen therapy; ICU, intensive care unit; IVIG, intrave-
nous immunoglobulin; MV, mechanical ventilation.
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Figure 2. Proportions of rheumatic symptoms following coronavirus disease 
2019 at 12-month follow-up according to age and sex.
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severity of illness and corticosteroid treatment during acute 
phase.

In comparison to community-dwelling controls, COVID-
19 patients reported significantly more rheumatic symptoms, 
indicating that COVID-19 patients did not recover to general 
status even 12 months after symptom onset. Previous studies 
suggest that viral infection is one of the well-recognized causes 
of arthralgia. Many kinds of viruses, including coronaviruses, 
can cause varying degrees of joint disease [12]. A large retro-
spective study from South Korea showed that ambient respira-
tory viral infections by coronavirus, parainfluenza virus, and 
metapneumovirus were associated with an increased number of 
incident rheumatoid arthritis [22].

On the basis of the published follow-up studies of COVID-
19 thus far, the proportion of self-reported rheumatic symp-
toms following COVID-19 ranged from 4.5% to 27.3% [3–9]. 
The differences in illness severity of the study populations, 
the differences in trial designs, and even the differences in 
virus strains might be the explanations for the varied pro-
portions. The prevalence of joint symptoms caused by other 
viral infections continues to evolve. Rubella, for instance, 
becomes less common due to vaccination, while some 

alphaviruses have become more widespread [12]. Although 
these viral infectious diseases in humans are usually self-lim-
iting, from the limited experience, rheumatic symptoms 
caused by these diseases usually lasts weeks to months and 
can be protracted [23].

The possible causes of rheumatic symptoms following 
COVID-19 may be musculoskeletal disorders before 
COVID-19, gout, or rheumatic symptoms specific following 
the infection with SARS-CoV-2, which need to be further 
demonstrated by an orthopedist or rheumatologist through 
complete examinations [24]. So far, the specific mechanism 
of rheumatic symptoms following COVID-19 remains un-
clear, but several hypotheses have been proposed. First, ex-
cessive or uncontrolled cytokine responses in COVID-19 
patients, including interleukin (IL) 17 and tumor necrosis 
factor, as important therapeutic targets in spondyloarthritis 
and psoriatic arthritis, also play an important role in the 
progress of COVID-19 [15]. Several studies showed that the 
elevated level of IL-4, IL-9, and IL-13 in COVID-19 patients 
also played differently in the joints [15, 25–27]. Additionally, 
some antirheumatic drugs also appear to have potential effi-
cacy in COVID-19, such as hydroxychloroquine, colchicine, 
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Figure 3. Proportions and severity of rheumatic symptoms following coronavirus disease 2019 (COVID-19) at 12-month follow-up. A, Joint pain intensity. The darker the 
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baricitinib, and tocilizumab [28]. Second, by means of im-
mune disorders and immune complex deposition, viral ar-
thritis such as hepatitis B and parvovirus [29, 30] have been 
proposed to contribute to the rheumatic symptoms following 
COVID-19. Third, SARS-CoV-2 antigens activate cross-reac-
tive T cells through molecular mimicry, or host self-antigens re-
leased from damaged tissue allow the activation of autoreactive 
T cells, which induce the pathological process [31].

Factors independently associated with rheumatic symp-
toms following COVID-19 at 12-month follow-up were being 
elderly and female. Similar conclusions have been reached by 
other virus infection studies. The result of a systematic review 
of chikungunya virus studies showed that older age and female 
sex were the major risk factors for persistent joint pain [32]. 
Recently, several studies reported that older age played an im-
portant role in adverse outcomes during acute and postacute 
COVID-19 [33]. Male sex was associated with an increased risk 
of severe COVID-19; but more women were experiencing “long 
COVID.” Notably, we found that rheumatic symptoms following 
COVID-19 were not associated with the severity of illness and 
corticosteroid treatment during acute phase. A cross-sectional 
study from Anaya et al has corroborated this finding [10].

When assessing the QoL in patients with rheumatic symp-
toms following COVID-19, all 5 aspects of EQ-5D-5L ques-
tionnaire were found to be impaired, reflecting the physical 
and mental impact of this condition. A prospective longitu-
dinal study of chikungunya virus–infected French military 
policemen showed that individuals presented with rheumatic 
morbidity, and impaired QoL persisted 6 years later [34]. In ad-
dition, SARS can also directly or indirectly affect multiple organ 
systems, including the musculoskeletal system. Incapacitating 
arthralgia, muscle dysfunction, osteoporosis, and osteonecrosis 
are common sequelae of SARS, causing a serious decline of the 
QoL and even disability [35]. In this study, we found that of all 
joint pains, the intensity was graded mild to moderate. Severe 
impairment of mobility, self-care, and usual activity capabilities 
were also rarely reported.

This study has several limitations. First, this is a single-
center study in a designated hospital for COVID-19 and spe-
cific to the virus strain that caused the Wuhan pandemic. 
Second, due to lack of mechanism exploration, the observed 
rheumatic symptoms following COVID-19 cannot be directly 
attributed to COVID-19. Third, there is a lack of more detailed 
investigation of symptoms, such as whether joint involvement 

Table 3. Rheumatic Symptoms According to Matched Coronavirus Disease 2019 (COVID-19) Patients at 12-Month Follow-up and Participants Without 
COVID-19

Variable Matched Non–COVID-19 Participants (n = 1181) Matched COVID-19 Patients at 12-Month Follow-up Visit (n = 1181) P Value 

Rheumatic symptoms 89 (8) 301 (25) <.001

Joint pain

Knee 45 (4) 166 (14) <.001

Shoulder 17 (1) 59 (5) <.001

Hand 8 (1) 49 (4) <.001

Elbow 2 (0) 21 (2) <.001

Neck 11 (1) 12 (1) .83

Foot 4 (0) 10 (1) .11

Hip 3 (0) 11 (1) .032

Ankle 1 (0) 8 (1) .013

Wrist 2 (0) 4 (0) .41

Joint swelling

Knee 6 (1) 11 (1) .22

Shoulder 1 (0) 1 (0) 1.00

Hand 2 (0) 8 (1) .06

Elbow 1 (0) 0 (0) 1.00

Neck 0 (0) 0 (0)

Foot 0 (0) 5 (0) .0084

Hip 0 (0) 0 (0)

Ankle 0 (0) 2 (0) .10

Wrist 1 (0) 2 (0) .56

Nonrheumatic symptoms

Tired 63 (5) 239 (20) <.0001

Muscle weak 22 (2) 159 (13) <.0001

Myalgia 6 (1) 64 (5) <.0001

Headache 34 (3) 94 (8) <.0001

Data are presented as No. (%). For every severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) survivor, 1 community-dwelling individual without SARS-CoV-2 infection was ran-
domly sampled without replacement, matching age, sex, and comorbidities including cardiovascular disease, chronic respiratory disease, chronic kidney disease, hypertension, and diabetes.

Abbreviation: COVID-19, coronavirus disease 2019.
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is symmetrical, and further examination methods, such as 
joint imaging and serologic markers. In the future, longer fol-
low-up studies are needed to dynamically observe the changes 
of rheumatic symptoms following COVID-19, together with 
surveys of related medical expenses. Further studies are needed 
to uncover mechanisms of arthralgia following COVID-19.

CONCLUSIONS

We found a considerable proportion of rheumatic symptoms 
following COVID-19 in discharged patients at 12 months after 
symptom onset, which highlights the need for continuing atten-
tion. Notably, rheumatic symptoms following COVID-19 were 
independent of the severity of illness and corticosteroid treat-
ment during the acute phase. Our data may provide reference 
and evidence for future clinical research and related patholog-
ical mechanism hypothesis of COVID-19.
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