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 Abstract

Objective: To investigate the medium and long-term consequences of the COVID-19 disease and its impact on the functional 
capacity of patients. A clinical evaluation of the incidence of Fibromyalgia Syndrome (FMS) among COVID-19 survivors. 

Methods: Retrospective study of 30 patients confirmed with COVID-19 who were evaluated at our pulmonary office in Lin-
den, NJ, 6 months after the onset of symptoms. The 30 patient consisted of 18 women and 12 men with a mean (SD) age of 
55 (10.7) years. Hospital admitted 13 (43%) patients, length of hospital stay 16 (5.85) days, 3 or more post-COVID symptoms 
in all patients. The evaluation included the following: lung volumes (total lung capacity (TLC), vital capacity (VC), functional 
residual capacity (FRC), residual volume (RV)), spirometry (forced vital capacity (FVC), forced expiratory volume in one sec-
ond (FEV1), and the ratio of these values FEV1/FVC), diffusion capacity of the lungs for carbon monoxide (DLCO), 6-minute 
walk test (6MWT), chest radiographs, CT of chest, musculoskeletal evaluation (hand grip strength capacity) and health re-
lated quality of life (HRQoL) by Short Form-36 Questionnaire (SF-36).

Results: The most relevant post-COVID symptoms were sleep disturbance 97%, shortness of breath 90%, chest pain 63%, 
post-nasal drip 60%, cough 21% and back pain 20%. The pulmonary function test performed on 16 survivors revealed 10 
(62.5%), 12 (75%), 8 (50%) and 11 patients (69%) were < 80% of predicted values of the FVC, FEV1, TLC, and DLCO respec-
tively. The CT of the chest showed that the ground-glass opacity (GGO) and the consolidations were persistent in 7 and 3 
subjects, respectively. The 6MWT distance for 15 women was 270 (154.51) m, and for 10 men was 266 (144.67) m. The HGSC 
for 10 women was 11 (3.31) kilogram-force (kgf) for the right hand and 10 (4.14) kgf for the left hand. The HGSC for 6 men 
was 28 (16.99) kgf for the right hand and 26 (16.12) kgf for the left hand. There were 15 patients assessed through the SF-36 
survey, showing that the most affected domains were the general health (GH), role physical (RP), mental health (MH), and en-
ergy/fatigue (EF). Twenty-seven patients (80%) of our population showed more than 6 multisite pain (MSP) locations, more 
usually at the chest, upper back, lower back and limbs associated with fatigue and sleep disturbance for at least 3 months.

Conclusion: This study has shown a significant reduction in the functional capacity and HRQoL of patients after COVID-19 
infection. These chronic post-COVID symptoms were similar to those found in patients with Chronic Fatigue Syndrome/Fi-
bromyalgia. We recommended our patient to initiate an early rehabilitation program called COVID-19 rehabilitation exercise 
modalities (CREM), to mitigate the Post-acute COVID-19 syndrome (PACS)
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Introduction

Over the last several months, the U.S. healthcare system has 
challenged the consequences of the Severe Acute Respiratory 
Syndrome Coronavirus 2 (SARS-CoV-2) outbreak. After the 
acute phase of the disease, patients return to our clinic report-
ing ongoing symptoms such as: chest pain, back pain, fatigue, 

myalgias, cough, post-nasal drip, shortness of breath, sleep 
fragmentation, memory loss, anxiety, and depression. As a re-
sult, patients have demonstrated inability to return to a regu-
lar pattern of activity along with a reduction in their physical 
capacity that negatively affects their overall performance at 
work. Therefore, the question arises as to how we can classify 
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those patients who continue to exhibit symptoms of Coronavi-
rus Disease 2019 (COVID-19) after their initial phase, and what 
follow up protocols we should use to further support them 
[1, 2].

Multiple risk factors correlate with the outcome of the dis-
ease, and need to be established during our first encounter 
with these patients. The two most important factors of this 
acquisition include their prior immune status and the viral 
load level of COVID-19 that each individual patient had ex-
posed. Those two aspects will generate the “Cytokine Storm”, 
an exaggerated immune response from the host to the SARS-
CoV-2 infection [3]. Other important risk factors include age 
and preexisting comorbidities such as hypertension, coronary 
artery disease, congestive heart failure, diabetes mellitus, 
asthma, chronic obstructive pulmonary disease, pulmonary fi-
brosis and cancer [4, 5]. Studies so far suggest that 15 - 20% of 
patients with multiple comorbidities who were infected with 
SARS-CoV-2 develop severe respiratory syndrome or septic 
shock [6]. The mortality rate for COVID-19 has been reported 
three times higher in patients with diabetes mellitus and two-
and-a-half times higher in patients with hypertension [7].

In our practice we observed that the majority of patients com-
plained of easy fatigability, weakness, multiple body aches, 
shortness of breath and sleep disturbance, symptoms very 
similar to those present by patients with Fibromyalgia (FM). 
After the SARS-CoV pandemic in 2003, Modolfosky et al [8], 
found a connection between chronic pain, fatigue, psychologi-
cal distress and fragmented sleep in a group of healthcare pro-
fessionals that resulted in their failure to work productively 
at least a year after the diagnosis of this acute illness. Fibro-
myalgia is a chronic and often debilitating disorder character-
ized by widespread musculoskeletal pain. Other FM symptoms 
commonly include tenderness, stiffness, fatigue, sleep frag-
mentation, mood disturbance and reports of worsening symp-
toms following mild exertion [9]. Several studies on FM have 
shown that an insufficient muscle repair process after a viral 
process and impaired anti-inflammatory mechanism blunted 
by immune exhaustion, would result in worsening muscle 
pain, stiffness, and fatigue [10].

Our primary objective in this study was to identify the me-
dium and long-term consequences of the COVID-19 and the 
impact it has on patient functional capacities. Furthermore, 
we evaluated the incidence of Fibromyalgia in patients who 
had been exposed to SARS-CoV2, compared with the finding 
in patients who suffered the SARS-CoV infection in 2003 [11, 
12, 13] (Figure 1).

COVID-19 positive patients should always be evaluated by a 
Primary Care Physician (PCP), to determine the severity of 
their symptoms and the next step on their medical treatment. 
Patients with mild to moderate symptoms are sent home with 
an appropriate treatment plan and follow up. Additionally, pa-
tients with severe symptoms should be evaluated at Emergen-
cy Department (ED), for their high risk of developing COVID-19 
pneumonia.

Methods

Participants 

From March 1 to April 31, 2020, 30 patients with a positive re-
verse transcriptase-polymerase chain reaction (rRT-PCR) test 
for SARS-CoV2, were followed up for 6 months to evaluate the 
medium and long-term consequences of COVID-19 infection. 
There were 18 women and 12 men with a mean (SD) age of 
55 (10.7) years. This retrospective study evaluated 30 patients 
with SARS-CoV2 at our local hospitals (Trinitas Regional Medi-
cal Center, Robert Wood Johnson University Hospital, Newark 
Beth Israel Medical Center, Overlook Medical Center and Rah-
way), after surviving the major outbreak during the months 
of March and April of 2020. Hospital admitted 13 (43%) pa-
tients, length of hospital stay 16 (5.85) days, 3 or more post-
COVID symptoms in all patients. These patients complained 
of easy fatigability associated with musculoskeletal weakness 
and joint pain that interfered with their regular activities and 
reduced their work capacity.

Assessment 

All patients were followed up within the pulmonary practice for 
6 months after they were discharged from the hospital or af-
ter a partial recovery following the disease onset. During each 
visit, subjects were interviewed about post-COVID symptoms 
such as chest pain, back pain, fatigue, myalgias, cough, post-
nasal drip, shortness of breath, sleep fragmentation, memory 
loss, anxiety, and depression. In addition, each patient under-
went a clinical evaluation for fibromyalgia points, pulmonary 
function testing, chest radiographs, CT of chest, 6-minute walk 
test (6MWT), musculoskeletal evaluation (Hand Grip Strength 
Capacity) and completed the medical outcomes SF-36 survey 
to measure Health Related Quality of Life (HRQoL). 

Figure 1: COVID-19 Infection Roadmap for PCP.
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Fibromyalgia Evaluation

In 2019, the Analgesic Anesthetic and Addiction Clinical Trial 
Translations Innovations Opportunities Networks (ACTTION) 
in association with the U.S. Food and Drug Administration 
(FDA) and the American Pain Society (APS), initiated the ACT-
TION-APS FM taxonomy to provide an evidence-based diag-
nostic system for FM. This approach allows us to diagnose FM 
in our population. All patients with FM would have multisite 
pain (MSP) in at least 6 sites of the total possible locations 
(head, right arm, left arm, chest, abdomen, upper back and 
spine, lower back and spine including buttocks, right leg and 
left leg), and a moderate to severe sleep problem or fatigue. 
Additionally, the MSP plus fatigue or sleep problems must 
have been present for at least 3 months [14].

Pulmonary Function Test (PFT) 

An Easyone Pro Spirometry device was used to measure pa-
tient lung volumes of each individual subject such as total 
lung capacity (TLC), vital capacity (VC), functional residual ca-
pacity (FRC) and residual volume (RV). A spirometry test (pre 
and post bronchodilator) was conducted to obtain forced vital 
capacity (FVC), forced expiratory volume in 1 second (FEV1), 
FEV1/FVC ratio, and the diffusion capacity of the lungs for car-
bon monoxide (DLCO). These tests were achieved following 
the standards of the American Thoracic Society.

Radiographic Manifestations 

Patients with a positive rRT-PCR test and clinical evidence of a 
viral pneumonia, were evaluated first with an anteroposterior 
projection of the chest, using an X-ray unit following the pro-
tocols of each medical institution. Several radiographic studies 
[15, 16], found that during the initial diagnosis of COVID-19, 
the chest X-rays sensitivity ranged only between 33-69%, sug-
gesting that chest X-rays are not recommended as a screen 
method in COVID pneumonia. However, the CT of Chest was 
found to be more sensitive than rRT-PCR in confirming the di-
agnosis, with a 98% of sensitivity rate.

The radiographic manifestations of COVID pneumonia in-
cluded multifocal and bilateral ground glass opacities (GGO) 
and consolidation with peripheral and basal predominance. 
The GGO is the early manifestation and it is defined as a hazy 
hyperattenuated area without obscuration of the underlying 
vessels, caused by partial filling of the alveolar spaces. The 
consolidation usually appeared 10 to 12 days after the GGO, 
and will often be seen organized altogether during the course 
of the disease. Other less common presentations were septal 
thickening, bronchiectasis, pleural effusion, thickening of the 
adjacent pleura, bronchovascular bundle distortion, lymph-
adenopathy and cavitation [17].

With an Image 20/20 Digital X-ray System under the American 
College of Radiology X-ray performance standards, patients 
identified with COVID pneumonia during their hospitalization 
completed a serial follow up chest X-rays to evaluate the pro-
gression, consistency, and improvement of their lung damage 
after recovery.

6 Minutes Walk Test (6MWT) 

In 2002, The American Thoracic Society introduced the 6MWT 
as a submaximal level of functional capacity that reflects the 

exercise level that each individual needs to perform their ac-
tivities of daily living. The 6MWT is used to measure the dis-
tances that a patient can walk along a 30 meters (flat surface) 
hallway in 6 minutes. It has been designated to measure func-
tional capacity, as well as a predictor of morbidity and mortal-
ity in patients with moderate to severe heart or pulmonary 
disease. The age, height, weight and sex are undependable 
variables that needs to be in consideration during the inter-
pretation of the 6MWT [18]. 

Oliveira et al [19] conducted an observational prospective 
study in Porto in 2018 on a population of 158 healthy subjects 
between 18 to 70 years old to establish reference equations 
and predict the correction of the undependable variables dur-
ing the analysis of the 6MWT. They determined that 6MWT 
decreases 1.6 meters per year of age, 4.0 per unit of BMI, and 
increases 0.892 meters per beat per minute. Furthermore, on 
average males walk 58.4 meters more than females (p<0.001). 
In our study the 6MWT data sets were corrected with the 
Oliveira equation for an accurate presentation.

6MWT= Distance(m) - 1.6 x Age - 4.0 x BMI + 0.9 x HR + 58.4 
x Sex 

Musculoskeletal evaluation (Hand Grip Strength Capacity) 

The Hand Grip Strength Capacity (HGSC) has been utilized to 
estimate the musculoskeletal performance in patients that 
require an appropriate evaluation of their functional capac-
ity. HGSC has been considered a good index of overall muscle 
strength and it will be depleted in patients with Chronic Ob-
structive Pulmonary Disease (COPD)[20]. We used a Jamar® 
hydraulic hand dynamometer to take five bilateral measure-
ments to each patient and the average value was compared 
with the normative grip strength data provided by Jamar® 
company.

Health Related Quality of Life (HRQoL) 

The Short Form-36 (SF-36) is a scale used to evaluate the 
Health Related Quality of Life (HRQoL) status in a population. 
This tool is utilized for comparing the effect of various health 
conditions on the quality of life of a patient, without being as-
sociated with any specific disease. The SF-36 form evaluated 8 
domains through 36 questions to assess the physical, mental 
and social welfare of each subject. Those domains are: physi-
cal functioning (PF), role -physical (RP), role-emotional (RE), 
bodily pain (BP), social functioning (SF), general health (GH), 
mental health (MH) and energy/fatigue (EF). A score for each 
domain ranges from 0 to 100, with the lowest scores (floor 
scores) indicating the more disable status. Scale scores were 
calculated using the SF-36 OrthoToolKit on the web, devel-
oped by Dr. Cathay Sherbourne [21]. She specializes in health 
outcomes measures in adults and children.

Statistical Data Analysis

Data analysis was carried out using Google spreadsheet with 
descriptive statistics. Mean (and SD) and 95% Confidence of 
Interval (95% CI) were used to present average values for nor-
mal data.

Results

The mean age for the group was 55 (SD,10.7) (range, 28 to 
85 years of age) and of the 30 patients, 60% were women. 
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Thirteen patients were hospitalized, and the mean length of 
stay was 16.1 (SD, 5.85) days. Three patients (10%) received 
non-invasive ventilation and 2 patients (7%) were intubated. 
Each individual patient was assessed for a mean of 2 (SD, 
1.09) visits over the next 6 months after the onset of their 
COVID-19 symptoms. The majority of those patients were 
evaluated within the first month after their hospital discharge. 
Many patients presented symptoms related to their previ-
ous COVID infection over a mean of 138 (95% CI 133 to 143) 
days. The symptoms were frequently seen in all 30 (100%) 
patients. Furthermore, chest pain was reported in 19 (63%) 
patients and back pain in 6 (20%) patients. While 21 (70%) of 
those patients presented cough symptoms, it was described 
as intermittent in 3 (10%), persistent/dry in 11 (37%), persis-
tent/white in 1 (3%), white in 3 (10%), and chronic in 3 (10%) 
patients. From those 21 patients with cough, 11 (33%) were 
former smokers and 2 (7%) were current smokers. Post-nasal 
drip (PND) and sialorrhea were symptoms frequently present 
in the study. We observed 18 (60%) patients with PND alone, 
2 (7%) patients with sialorrhea alone, and 2 (7%) patients with 
both PND and sialorrhea. Exactly 27 (90%) patients reported 
shortness of breath on exertion and 2 (7%) were on oxygen 
therapy at the moment of their evaluation. Another observed 
symptom was sleep disturbance, which affected 29 (97%) pa-
tients, characterized by snoring in 16 (53%) patients, excessive 
daytime sleepiness in 10 (33%) patients, sleep fragmentation/
decreased total sleep time in 8 (27%) patients and obstructive 
sleep apnea in 9 (30%) patients.

The principal comorbidities observed in the study were car-
diovascular in 16 (53%) patients divided as hypertension in 
14 (47%), chronic atrial fibrillation in 3 (9%), coronary artery 
disease in 2 (7%), congestive heart failure in 1 (3%) and pul-
monary embolism in 1 (3%) patients. Endocrine comorbidities 
were observed in 23 (77%) patients, characterized by obesity 
in 15 (50%), diabetes mellitus type 2 in 7 (23%), diabetes mel-
litus type 1 in 1 (3%), hypothyroidism in 4 (13%) and pancre-
atic cancer in 1 (3%) patients. Respiratory comorbidities were 
observed in 6 (20%) patients, characterized by chronic rhinitis 
in 2 (7%), asthma in 2 (7%), chronic obstructive pulmonary 
disease in 1 (3%), and pneumothorax in 1 (3%) patients. Mus-
culoskeletal comorbidities were observed in 4 (13%) patients, 
characterized by rheumatoid arthritis in 2 (7%) patients, sys-
temic lupus erythematosus in 1 (3%) patient and fibromyal-
gia in 1 (3%) patient. Renal comorbidities were observed in 3 
(10%) patients, characterized by end stage renal disease in 2 
(7%) patients and acute kidney disease in 1 (3%) patient.

Physical Examination (PE) 

During their PE, none of the patients presented fever or any 
other symptoms of acute illness. All patients reported were 
not able to return to their normal activities within the first 
month after the onset of their COVID-19 infection. There were 
6 (20%) patients treated with hydroxychloroquine during their 
acute phase. The average systolic blood pressure observed 
was 124 mmHg (95% CI 117 to 131). The average diastolic 
blood pressure observed was 74 mmHg (95% CI 71.5 to 76.5). 
The average Body Mass Index obtained was 31.3 (95% CI 28.8 
to 33.8). The average pulse was 79.27 beats per minute, and 
the average oxygen saturation was 97.03% on rest. Exactly 29 
patients (97%) showed over 6 sites of pain, located at bilat-

eral elbows, chest, upper back, hips and bilateral knee. One 
patient showed a left upper weakness and another was noted 
with alopecia during the examination. Two patients suffered 
shingles throughout their COVID-19 recovery. One patient had 
a severe eosinophilia observed in the course of her hospital-
ization. Only one patient was sent to pulmonary rehabilitation 
after hospital discharge. Most patients were educated about 
pulmonary and physical rehabilitation at our clinic.

Pulmonary Function Test 

There were 16 (53%) patients that performed a pulmonary 
function test, while the others were excluded due to their 
symptoms or incapacity to perform the test. The FVC per-
centage was reduced from the predicted value in 10 (63%) 
patients, FEV1 percentage was reduced from the predicted 
value in 12 (75%) patients and the FEV1/ FVC percentage was 
reduced from the normative value in 3 (19%) patients. Abnor-
malities in the Diffusion Lung Capacity (DLCO) were observed 
in 11 (37%) patients, being lower in the more severe pneu-
monia cases. The lung values were also affected in those sur-
vivor patients, such as the TLC and FRC percentages, which 
were reduced from the normal value in 8 (50%) and 9 (56%) 
patients respectively. The RV percentage was observed under 
the normative value in 3 (19%) patients (Table 1).
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Radiographic Manifestations

A total of 14 chest X-rays were performed, as follow ups, in pa-
tients with previous abnormal chest X-rays in their acute phase 
of COVID-19. Those images were obtained 3 to 6 weeks after 
onset of COVID-19 symptoms. Ground glass opacities (GGO) 
were the most common abnormality patterns observed on the 
chest X-rays. In 4 (28%) patients, the abnormalities were re-
solved, in 2 (14%) patients they were improved, and in 1 (7%) 
patient GGO was persistent at the peripheral location of the 



left lower lung. The second most common abnormality was 
the consolidation that was improved in 4 (28%) patients. They 
observed GGO changes and consolidation together that im-
proved in 2 (14%) patients. Six (43%) patients were presented 
with no chest X-rays abnormalities.

Exactly 13 Chest CTs were performed on 7 patients with previ-
ously abnormal Chest CTs and on 6 patients with abnormal 
chest X-rays and pulmonary function tests. GGO appeared to 
be the most common finding seen in 7 (54%) patients bilater-
ally and at the peripheral locations, in one (8%) patient the 
GGO findings were improved, and in another patient those 
findings were resolved. The consolidation was observed in 3 
(23%) patients bilaterally and at the peripheral locations and 
it was improved in one (8%) patient. Only one patient showed 
GGO and consolidations at the peripheral simultaneously. 
Pulmonary nodules were noted in the mediastinal region in 
2 (15%) patients and in the subpleural region in one (8%) pa-
tient. Other changes observed were reticular changes in one 
(8%) patient, honeycomb changes at the bases of the lungs in 
another (8%) patient and apical lung fibrosis in only one (8%) 
patient. 

In this study 6 of the 11 patients with a low diffusion capacity 
were present with bilateral GGO in the chest CT, and 4 of them 
were previously treated for a rheumatological condition such 
as FM, RA and SLE. The patient with SLE showed bilateral up-
per lung fibrosis on her CT scan (Table 2).

6-Minute Walking Test (6MWT) 

Twenty-five patients performed the 6MWT during the next 
three months after the onset of their symptoms. Five patients 
were unable to carry out the test. The 6MWT mean distance 
coverage by the 25 patients was 268.52 (SD,147.6) m (range, 
37 to 444 m). The 6MWT mean distance walked for 15 women 
was 270 (SD,154.51) m (range, 37 to 444 m), and for 10 men 
the mean distance was 266 (SD,144.67) m (range, 74 to 444). 
Tachycardia (>120 bpm) was observed in 2 patients at the end 
of the study, one male who had barotrauma during his intuba-
tion and one female with obesity and hypothyroidism. Clini-
cal significant desaturation (<90%) was observed in 4 patients 
associated with insufficient traveling distance, as a result of 
decreased FEV1 and DLCO with normal chest x-rays except in 
one patient. 

We correlated the 6MWT distance (m) with the age and sex of 
each individual patient. Oliveira’s equation was used to cor-
rect the undependable variables (age, height, weight, sex and 
heart rate), and allow us to represent the range of distance 
that must be covered by each patient. We observed 8 survi-
vors who presented with limited walking distance. Six of them 
were obese, 5 had at least one comorbidity such as acute 
kidney injury (AKI), rheumatoid arthritis (RA), end stage renal 
disease (ESRD), coronary artery disease (CAD) or congestive 
heart failure (CHF), 4 had low performance during the HGSC 
bilaterally and also they reported 5 domains at floor level on 
their SF-36 survey (PF, RP, GH, MH and EF), 3 of them had ab-
normal pulmonary function tests, 2 of them were afflicted by 
end stage renal disease and only one patient exhibited con-
solidations and pulmonary nodules on the imaging studies 
during her follow up evaluation (Figure 2).
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Figure 2: The 6MWT Traveling Distance in Post-COVID Patients.

The 6 Minutes Walking Test was used to measure the travel-
ing distance in our patients with post COVID symptoms. The 
Oliveira’s equation was used to correct the predicted distance. 
This figure has patients divided by sex and age group. Patients 
with negative values walked a shorter distance than the aver-
age person for that age group.

Musculoskeletal Evaluation (HGSC) 

Sixteen patients completed the HGSC test during the first fol-
low up evaluation between 3 to 6 weeks after their COVID out-
break. The mean HGSC for 10 women was 11 (SD,3.31) kgf for 



the right hand and 10 (SD,4.14) kgf for the left hand. The low-
est outcome was obtained from a young lady with SLE, who 
had a mean of 5.4 kgf and 3.6 kgf at the right and left hand 
respectively. She became infected by shingles after COVID 
and showed pulmonary fibrosis at the CT of chest. The mean 
HGSC for 6 men was 28 (SD,16.99) kgf for the right hand and 
26 (SD,16.12) kgf for the left hand. The lowest outcome was 
obtained from an adult man who was suffering with tendinitis 
and fatigue for one month. He had a mean of 10.4 kgf and 
8.4 kgf at the right and left hand respectively. He also suffered 
from shingles after COVID and showed GGO and consolida-
tions at the CT of chest. 

Health Related Quality Of Life (HRQOL) 

Fifteen patients were assessed through the SF-36 survey to 
evaluate the HRQoL after the outbreak. In our model of CO-
VID-19 patients, HRQoL was affected by GH, RP, MH and EF, 
while PF, BP, SF and RE were less affected. The PF mean was 31 
(SD,26.9), within a range 5 to 70; RP mean was 25 (SD,36.59), 
within a range 0 to 100; RE mean was 53 (SD,25.40), within a 
range 8 to 100; BP mean was 41 (SD,30.49), within a range 0 to 
100; SF mean was 44 (SD,26,33), within a range 0 to 100; GH 
mean was 25 (SD,17.05), within a range 5 to 75; MH mean was 
27 (SD,22.09), within a range 0 to 75; and the EF with a mean 
of 30 (SD,22.91), within a range 0 to 75. 

Four patients were reported with the floor scores in the 8 do-
mains of the HRQoL. The patient with the lowest score was an 
adult woman with previous asthma and morbid obesity, who 
was hospitalized for 2 weeks and showed consolidation at her 
chest X-rays and a decreased HGSC. The second low score was 
a young woman with SLE and status post shingles, who was 
not hospitalized by COVID pneumonia but was positive for 
around 2 months with an abnormal pulmonary function test 
(low FVC%, low FEV1% and low DLCO), decreased HGSC and 
a chest CT with pulmonary fibrosis. The third low score was 
reported for an adult woman with DM1, CAD and hypothy-
roidism, who was hospitalized with COVID pneumonia for 3 
weeks and showed an abnormal pulmonary function test (low 
FVC%, low FEV1% and low DLCO), decreased HGSC and a chest 
CT with resolved GGO. The fourth patient developed AKI dur-
ing his hospitalization for almost 2 months, though he was not 
intubated, and his pulmonary function tests were abnormal 
(low FVC%, low FEV1% and low DLCO), decreased HGSC and 
resolved GGO on his follow-up chest X-rays.

Discussion

To our knowledge, the medium and long-term consequenc-
es of post COVID-19 infection have been primarily analyzed 
in previous studies through phone or video call follow-ups, 
without appropriate face-to-face communication [22, 23, 24, 
25, 26, 27]. In this study, patients underwent a complete in-
person physical, respiratory, functional capacity and health 
related quality of life evaluation. We found that in those pa-
tients who have recovered from COVID-19, 100% reported 
persistence of symptoms, especially fatigue, body aches and 
sleep disturbance for more than 2 months. During their fol-
low-ups, the examiners noted the presence of a general stress 
and negative psychological effect that COVID-19 infection had 
left on the quality of life of those patients. Of our population, 
27 patients (80%) showed more than 6 MSP locations, more 

usually at the chest, upper back, lower back and limbs associ-
ated with fatigue and sleep disturbance for at least 3 months. 
These patients were educated and treated as FM patients dur-
ing their follow-ups. 

When we compared the data results with those obtained dur-
ing the outbreak of SARS in 2003, we found multiple analo-
gies that helped us to understand this pandemic better. During 
the first SARS pandemic, Hui et al [28], on his clinical study 
of 110 survivors follow-up for 6 months, found that many of 
them revealed multiple patchy GGO and interstitial thicken-
ing consistent with pulmonary fibrosis on their chest CT. Hui 
and colleagues assumed that those patients with SARS were 
undergoing an immune mediated alveolitis that led those pa-
tients to significant parenchymal fibrosis and lung function 
impairment. Subjects were unable to return to near normality 
until 6 to 12 months later, but the DLCO remained abnormal in 
up to 80% of patients after the first year of recovery. In effect 
the SARS-CoV-2 induced the alveolar cell death with the pos-
terior accumulation of the apoptotic and necrotic cell detritus 
in the lumen of the alveolus and the subsequent liberation of 
macrophages-derivatives. This elicits a cytokine storm and fi-
nally promotes the hyaline membrane formation and the sub-
sequent Acute Respiratory Distress Syndrome (ARDS) [29]. 

Xianoneng et al [30], described the pulmonary function in 
110 hospital discharged patients with COVID-19 infection 
from mild illness to severe pneumonia. Abnormalities were 
noted in DLCO in 51 cases (47.2%), TLC in 27 (25%), FEV1 in 
15 (13.6%), FVC in 10 (9.1%) and FEV1/FVC in 5 (4.5%). We 
performed pulmonary function in 16 patients and we got ab-
normalities in DLCO in 11 cases (69%), TLC in 8 (50%), FEV1 in 
12 (75%), FVC in 10 (63%) and FEV1/FVC in 3 (19%). As a me-
dium and long-term consequence of COVID-19 the impaired 
lung function associated with those imaging changes will be 
correlated with the fatigue, body aches, and sleep disturbance 
that our patients are showing during their follow-ups. These 
symptoms create the impression of being chronic fatigue syn-
drome/myalgic encephalomyelitis (CSF/ME) [31]. In 2015 the 
Institute of Medicine (IOM), now the National Academy of 
Medicine (NAM), established a new clinical diagnostic criteria 
for the CSF/ME, that requires the following three symptoms: 
“A substantial reduction or impairment in the ability to engage 
in pre-illness level of occupational, educational, social or per-
sonal activities, that persist for more of 6 months accompa-
nied by fatigue”, “post-exertional malaise” and “unrefreshed 
sleep”. Additionally, either “cognitive impairment or ortho-
static intolerance following other manifestations is required 
to be present [32]. 

The IOM reported on its consensus “Beyond myalgic encepha-
lomyelitis/chronic fatigue syndrome: Redefining an illness”, 
there is sufficient evidence to indicate that CFS/ME can follow 
infection with EBV and possibly other specific viral infections. 
For this reason, it is important how we follow our COVID-19 
patients during the acute phase of the infection, such as Le-
rner et al, described in 2007 during the antiviral treatment of 
54 patients to subset the CFS/ME symptoms [33]. It is man-
datory that we enforce the pharmacological management of 
the National Institute of Health (NIH) based on the disease se-
verity [34], to reduce the prevalence of the post-COVID acute 
syndrome (PACS) (Figure 3).
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Pharmacologic management of patients with COVID-19 based 
on disease severity developed by the National Institute of 
Health of US. Image downloaded from the National Health In-
stitute www.covid19treatmentguidelines.nih.gov

In our practice we generated a questionnaire that helped 
us properly address our post-COVID evaluation, so we could 
better understand the most appropriate modality of treat-
ment for each patient (Figure 4). The majority of patients 
complained about excessive fatigue and shortness of breath 
on exertion, and during their physical examination 29 (97%) 
exhibited tenderness over the trigger points. Many of those 
symptoms were associated with anxiety for not being able to 
return to their previous health status. Pulmonary rehabilita-
tion (PR) was previously ordered only to one patient during 
his hospital discharge; however, after their follow-up evalua-
tion 5 (17%) of those patients were included in the program 
of pulmonary rehabilitation at the Rahway Hospital. In review 
of pulmonary rehabilitation in COVID-19 patients, Md Abu Ba-
kar and colleagues [35], found evidence that early participa-
tion in PR enhances exercise capacity, alleviates fatigue and 
strengthens the respiratory muscles in patients with various 
forms of respiratory disorders. The PR also reduces depression 

and anxiety and it improves the HRQoL.
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Figure 3: Pharmacologic Management of Patients with COVID-19 
Based on Disease Severity. 

This questionnaire identifies the severity of the dysfunction 
generated by the disease in each patient. It also helps coordi-
nate an appropriate medical and therapeutic plan.

The inclusion criteria for PR were affected during the COVID-19 
pandemic, due to the patients isolation, and their limitation to 
access to in-person rehabilitation. Around the world, for pa-
tients in isolation PR was conducted by educational videos, 
instruction manuals, or remote consultation (Table 3).

Figure 4: Post-COVID-19 Evaluation Questionnaire.



For critical inpatients, there should be no early PR interven-
tions. Severe COVID-19 cases develop functional motor defi-
cits impacting weaning from mechanical ventilation, long 
term outcomes and hospital mortality. Rehabilitation protocol 
includes active exercises performed at bedside, balance train-
ing in statics and dynamics, programs to prevent fall and low-
intensity exercises of limb and trunk muscles. 

In the US, The PACER project (Post-Acute COVID-19 Exercise 
and Rehabilitation project) is a free series of modules led by 
APTA (Academic of Cardiovascular & Pulmonary Physical Ther-
apy), and presented from a panel of leading experts to pre-
pare clinicians for the challenges generated during the PACS 
rehabilitation [36]. Once the patient is referred to PR, and af-
ter an adequate H&P, the therapist needs to set up the goals 
of each individual patient. Those goals are based on 4 basic 
principles: (Figure 5).

Figure 5: Pulmonary Rehabilitation Four Basic Principles.

The graphic shows the four basic principles of pulmonary re-
habilitation and how they are affected during the post-acute 
COVID syndrome.

In this study, the COVID-19 survivors revealed a restrictive 
ventilation defect and impaired diffusion capacity, associated 
with GGO opacities on chest X-rays and CT of chest. Including 
in the most severe cases we were able to observe pulmonary 
fibrosis. Therefore, starting rehabilitation at an early stage of 
the COVID-19 infection is fundamental, because it decreases 
the possibility of those patients developing a severe disease. 
Hence, and following the dogmas formulated for Jian-Min 
Chen et al [37], during the application of the Eight-Segment 
rehabilitation exercise in people with COVID-19, we wrote the 
COVID Rehabilitation Exercise Modalities (CREM). The CREM 
protocol (Table 4) was designed to educate our patients during 
their post-COVID rehabilitation. It is indicated for patients who 
suffered a mild illness to a moderated COVID-19 pneumonia, 
and for those patients who are experiencing PACS. Patients 
must be free of fever/dyspnea/tachypnea/embolism and car-
diac arrhythmias, and need to have adequate control of their 
blood pressure (<140/90) and oxygen saturation (>90%). Each 
patient needs to be educated about the use of the incentive 
spirometer and the pulse oximeter to be able to evaluate his/
her performance. Additionally, they must carry a daily logbook 
and contact our office in case of evidence of any oxygen de-
saturation less than 90% [38, 39]. 

Every patient should be evaluated by a physician before re-
turning to work [40, 41]. At the moment of the follow-up visit, 
it is very important to have a negative rRT-PCR. There are a se-
ries of physical and therapeutic outcome measurements that 
include the following parts: the functional capacity question-
naire (Figure 6), the physical function evaluation (STST, HGSC, 

                                                                                                                                                                       jcmimagescasereports.org 
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COVID Rehabilitation 
Exercise Modalities 
(CREM)

CREM 1: Bedside 
Exercises (Day 1 
to 5)

Respiratory exercises: 
Slow inhalation and ex-
halation through the 
nose and mouth 10 
times a day with ad-
equate resting between 
each session.

Pursed lip breathing

Diaphragmatic breathing

Paced breathing

Deep breathing

Paired breathing

Stretching exercises: 
Hold for 5 seconds and 
repeat each exercise 2 
to 3 times a day in ac-
cordance with your tol-
erance.

Bear hug

Neck stretching

Shoulder shrugs

Arm extended over head

Transversus abdominis

Static glutes

Static quadriceps

Pedal exercises

Straight leg raise

Hip abduction and adduction

Hip and knee flexion

Bridging

Sitting exercises: Sit at 
the side of your bed and 
hold for 5 seconds and 
repeat each exercise 2 
to 3 times a day in ac-
cordance with your tol-
erance.

Neck circles

Head turns

Shoulder circles

Shoulder abduction and adduc-
tion

Arm circles

Arm front stretching

Side bends

Tummy twist

Knee straightening

Knee lift

Ankle circles

CREM 2: Balance 
and Standing 
exercises (Day 5 
to 7)



6MWT), the respiratory function evaluation (PFT’s, chest X-
rays or CT chest), and the Health Related Quality of Life (SF-
36). In this study, we observed that many patients were un-
able to return to work due to their limitation to carry out their 
physical and therapeutic evaluations. At 6 months after CO-
VID-19 onset, 18 patients (60%) were still experiencing at least 
one symptom, more frequently fatigue on exertion, dyspnea, 
multiple body aches and/or sleep disturbance. At the end of 
the study 4 (13%) patients were unable to return to work and 
needed to apply for a permanent disability [42, 43]. 

Post-acute COVID syndrome patients before returning to their 
previous jobs, must have a functional capacity assessment 
with a suitable tool.

There are several limitations to this study. First, a small num-
ber of patients were included in the study, and from those only 

Figure 6: Functional Capacity Questions.

16 to 25 (53 to 83%) survivors completed all the assessments 
over the 6 months. The reason for the default rate was the 
physical limitation due to their fatigue and shortness of breath 
during exertion. Second, 20 (67%) patients of our population 
had medical comorbidities that impacted their capacity to 
perform the assessments. Third, the most critical patients that 
were hospitalized for more than 6 months, were not reflected 
in this study.

Conclusions

This study has shown a significant reduction in the functional 
capacity and HRQoL of patients after COVID-19 infection. All 
of our patients showed fatigue, dyspnea, multiple body aches 
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Balance exercises: Stand 
behind a steady of a 
solid chair and hold on 
the back of it. Then you 
repeat each exercise 2 
to 3 times a day in ac-
cordance with your tol-
erance.

Toe raises

Heel raises

One leg stand

Back leg raises

Lateral leg raises

Knee flexion

Heel-toe standing

Marching on the spot

Standing exercises: Hold 
for 5 seconds and re-
peat each exercise 2 to 
3 times a day in accor-
dance with your toler-
ance.

Sit to Stand test (STST)

Chair squat

Wall pushups

Calf stretches

Heel-toe walking

CREM 3: Walk-
ing Distance 
Stations (Day 7 
to 14)

Inside Walking: Start 
walking a short distance 
(e.g, from the bedroom 
to the bathroom) with 
a low exercise intensity 
and rest when you feel 
tired. Repeat the walk-
ing distance 3 times a 
day.

Day 7: 10 feet

Day 8: 15 feet

Day 9: 20 feet

Day 10: 30 feet

Outside Walking: Once 
you are clear from isola-
tion you should be able 
to walk outside. Start 
walking with a fam-
ily member supervising 
you. Repeat the walking 
distance 3 times a day.

Day 11: 50 feet

Day 12: 75 feet

Day 13: 100 feet

Day 14: 150 feet

CREM 4: Return 
to Work (Day 14 
to 28)

Activities of Daily Living 
(ADL’s):

Barthel Index or Functional In-
dependence Measure (FIM)

Cognitive Function:

The Mini-Mental State Exami-
nation (MMSE)

The Montreal Cognitive Assess-
ment (MoCA)

Physical Function:

Sit to Stand test (STST)

Hand Grip Strength Capacity 
(HGSC)

6-Minute Walk Test (6MWT)

Respiratory Function:

Spirometry

Diffusion Capacity of the Lungs 
for Carbon Monoxide (DLCO)

Quality of Life

Short form-36 (SF-36) or Euro-
pean Quality of Life-5 dimen-
sions (E5-QL)



and sleep disturbance at the first month of follow-up. Almost 
half of the COVID-19 survivors showed a restrictive lung dis-
ease associated with an impaired DLCO, and GGO changes on 
the chest X-rays. After the 6 months of the study, 60% of the 
patients still complained about their lingering COVID symp-
toms. These chronic post-COVID symptoms were similar to 
those found in patients with chronic fatigue syndrome/fibro-
myalgia. We recommended our patient to initiate an early re-
habilitation program called CREM, to mitigate the PACS.
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