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Background: To date, the effects of COVID-19 pneumonia on health-related quality of life (HRQoL) and dyspnoea
are unknown.
Methods: In a real-life observational study, 20 patients with COVID-19-related pneumonia received usual care plus
erdosteine (300 mg twice daily) for 15 days after hospital discharge following local standard operating procedures. At
discharge (T0) and on Day 15 (T1), participants completed the St George’s Respiratory Questionnaire (SGRQ), the
modified Medical Research Council (mMRC) scale of dyspnoea during daily activity, the BORG scale for dyspnoea
during exertion, and Visual Analogue Scale (VAS) for dyspnoea at rest. Paired t-tests compared scores at T0 and T1.
Results: The mean (SD) SGRQ total score decreased from 25.5 (15.5) at T0 to 16.9 (13.2) at T1 (p<0.01); 65% of
patients achieved a clinically important change of ≥4 points. SGRQ domain scores (symptoms, activity, and impact)
were also significantly reduced (all p<0.01). The mean (SD) VAS score decreased from 1.6 (1.7) to 1.4 (2.5); p<0.01.
The mean mMRC score decreased significantly (p=0.031) and 30% of patients achieved a clinically important change
of ≥1 point. The mean (SD) Borg score increased from 12.8 (4.2) to 14.3 (2.4); p<0.01.
Conclusion: The present proof of concept study is the first to report HRQoL in patients with COVID-19. During 15
days after hospital discharge, patients reported significant improvements in HRQoL and dyspnoea at rest and during
daily activities.
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Introduction
Since the start of the Coronavirus disease 2019 (COVID-19)

pandemic due to infection with Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2), relatively little attention
has been paid to the health-related quality of life (HRQoL) of
patients with COVID-19 following discharge from hospital.
Discharged COVID-19 patients who had severe disease (charac-
terised by moderate to severe pneumonia) may experience ongo-
ing/recurrent symptoms (including dyspnoea, cough, asthenia,
fatigue) [1,2], persistent impairment of lung function and exercise
capacity [3], and psychological or psychosocial problems, which
could impact their daily functioning and HRQoL in both the short-
and long-term [4]. Dyspnoea, the subjective experience of breath-
ing discomfort, typically develops 7 or 8 days after the onset of
symptoms of COVID-19 and is prevalent in patients with severe
disease [2,5-8]. Dyspnoea is the only symptom predictive of severe
COVID-19 and intensive care unit (ICU) admission [9]. After hos-
pital discharge, patients with severe COVID-19 may continue to
experience dyspnoea both at rest and during exercise or daily
activities. To aid recovery/rehabilitation, it is important to assess
how much breathlessness impacts a patient’s functioning and
HRQoL and implement appropriate interventions/treatment [10]. 

The aim of this real-life study was to assess the HRQoL and
symptoms (especially dyspnoea) of COVID-19 patients during the
first 15 days after discharge home from hospital. 

Methods

Study design
This was an observational, single-centre, open-label, real-world,

proof of concept study of patients with COVID-19 following their
discharge from the Respiratory High-Dependency Care Unit
(RHDU) of Luigi Sacco University Hospital, Milan, Italy, after treat-
ment for COVID-19-related pneumonia. The study was conducted
between 1 April 2020 and 30 June 2020. While hospitalised in the
RHDU, all participants had taken part in an observational study
(NCT04307459; Comitato Etico Milano Area I; 17263/2020) for
COVID-19-related pneumonia and severe respiratory failure, where
they received standard care represented by oxygen supplementation
and continuous positive airway pressure (CPAP) applied according
to a management algorithm previously described [11]. Unless con-
traindicated, patients received hydroxychloroquine, lopinavir/riton-
avir, antibiotics, xanthines, enteral nutrition and hydration, follow-
ing local standard protocols and the Italian Society of Infectious and
Tropical Diseases (SIMIT) recommendations [12,13]. Intravenous
methylprednisolone was used in critically ill patients and patients
with severe pneumonia at a maximum dose of 1 mg/kg per day in
accordance with expert consensus statements [13,14] and following
the American Thoracic Society and Infectious Diseases Society of
America guidelines [15]. Immunomodulation with off-label
tocilizumab, a recombinant humanised anti-human interleukin (IL)-
6 receptor monoclonal antibody, at a dosage of 8 mg/kg body weight
was administered in patients with signs of hyper-inflammatory syn-
drome and elevated levels of IL-6 [12]. Patients also received pro-
phylactic low molecular weight heparin (LMWH) or were switched
to a therapeutic dose of LMWH if already on chronic anticoagulant
therapy or had signs of deep vein thrombosis or pulmonary
embolism, or presented with D-dimer values >5,000 mg/L fibrino-
gen equivalent units (FEU). After discharge from hospital, all partic-
ipants received usual care and add-on erdosteine 300 mg capsules
twice daily for 15 days.

Patients
Participants of the inpatient observational study with COVID-

19-related pneumonia and severe respiratory failure
(NCT04307459) were eligible for this real-life study if they were
discharged from hospital to home. To be eligible for hospital dis-
charge, all patients were required to have two negative SARS-CoV-
2 reverse transcription-polymerase chain reaction (RT-PCR) tests of
nasopharyngeal swabs within a 48-h period. Patients were excluded
from the study if they had clinically significant or unstable concur-
rent disease that necessitated discharge from hospital to a rehabilita-
tion unit, nursing home or long-term health care facility. 

Data collection and questionnaires
Patient demographic and disease characteristics were collected

at hospital admission and other clinical features/parameters, labo-
ratory and imaging findings, and treatments used during hospitali-
sation were recorded. 

Four questionnaires were completed by participants at the time
of hospital discharge (T0) and on Day 15 post-discharge (T1): the
St George’s Respiratory Questionnaire (SGRQ), the modified
Medical Research Council (mMRC) scale of dyspnoea during
daily activity, the Borg Rating of Perceived Exertion (RPE) for
dyspnoea during exertion, and a Visual Analogue Scale (VAS) for
dyspnoea at rest. All questionnaires were self-administered and in
the Italian language. Follow up assessment with the clinician was
performed at T1 by telephone call. 

The SGRQ is a pulmonary-specific HRQoL questionnaire that
is divided into three domains measuring symptoms (including dys-
pnoea), activity limitation, and the social and emotional impact of
disease [16]. Patients consider the last 15 days when rating these
domains. The score range for each domain and the total score is
from 0 (no impairment/ no effect on quality of life) to 100 (maxi-
mum impairment/ maximum perceived distress); thus, a higher
score represents greater impairment or a poorer HRQoL. A 4-point
change in the SGRQ total score is considered a clinically meaning-
ful difference or a minimal clinically important difference (MCID)
[17]. The mMRC dyspnoea scale grades the impact of dyspnoea on
daily activities over the last 7 days, thereby quantifying the disabil-
ity or physical limitations associated with dyspnoea [18,19]. It is a
5-point scale with scores ranging from 0-4, where 0 = I only get
breathless with strenuous exercise; 1 = I get short of breath when
hurrying on the level or up a slight hill; 2 = I walk slower than peo-
ple of the same age on the level because of breathlessness or I have
to stop for breath when walking at my own pace on the level; 3 =
I stop for breath after walking 100 meters or after a few minutes on
the level; 4 = I am too breathless to leave the house or I am breath-
less when dressing [20]. A 1-point change in the mMRC scale has
been used to represent a clinically significant change [21].

The Borg RPE scale is a categorical scale that consists of
descriptors linked to numbers where respondents rate their per-
ceived level of exertion/physical activity and associated dyspnoea
for the last time they performed an exercise of moderate intensity
(e.g. climbing stairs or walking uphill). The scores range from 6
(no exertion) to 20 (maximal exertion) [20,22].

The dyspnoea VAS was a 10 cm horizontal line with anchors
at each end and the descriptors 0 (no dyspnoea) and 10 (max dys-
pnoea), and a mark at 5 (in the middle of the VAS scale). Patients
were asked to rate their dyspnoea at rest at the time of the assess-
ment by putting a cross on the horizontal line. 

Statistical analysis
The data are presented as mean ± standard deviation (SD) or n

(%). Paired t-tests were used to compare scores at T0 and T1. The
n (%) patients who achieved a ≥4-point reduction in the SGRQ
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total score and ≥1-point reduction in the mMRC dyspnoea score
was determined; these patients were considered to have achieved
the MCID. For all tests, p<0.05 was considered statistically signif-
icant. Statistical analyses were performed using IBM SPSS
Statistics for Windows, ver. 23.0. Armonk, NY.

Results

Patient characteristics
The study included 20 consecutive patients hospitalised in the

RHDU for COVID-19-related pneumonia and severe respiratory
failure who recovered and were discharged home. All 20 patients
had two negative RT-PCR tests for SARS-CoV-2 from nasopha-
ryngeal swabs prior to hospital discharge and were not required to
be in quarantine for 14 days at home. The demographic and clini-
cal characteristics of the patients at hospital admission are sum-
marised in Table 1. They had a mean age of 55 years and 85% were
men. All patients had confirmed COVID-19 (positive swab test for
SARS-CoV-2) and 60% had comorbid cardiovascular disease,
most frequently hypertension (40%), and four patients (20%) had
chronic respiratory disease (COPD/asthma). The mean (SD)
PaO2/FiO2 ratio at admittance was 283 (106) mmHg, and 9 patients
(45%) had moderate/severe respiratory failure. Out of the 20
patients, 75% had severe COVID-19 according to the WHO inter-
im guidance [23]. Mean duration of hospitalisation was 17.7 days.

During hospitalisation, patients received conventional O2 ther-
apy (70%) and/or helmet CPAP (50%). Also, 65% of patients were
treated with corticosteroids, 90% with LMWH, 70% with antibi-
otics, 50% with hydroxychloroquine, 45% with lopinavir/ritonavir,
and 15% with tocilizumab.  After hospital discharge, patients dis-
continued all COVID-19 therapy received during hospitalisation,
except for three patients who continued prophylactic LMWH due
to high D-dimer values. At home, patients continued their usual
therapy for chronic conditions (e.g., hypertension, COPD, etc.) in
addition to erdosteine treatment. 

Quality of life and dyspnoea
All 20 patients completed the four questionnaires at both T0

and T1 (i.e., no patients were lost to follow up) and the mean (SD)
scores are summarised in Table 2. At hospital discharge, the mean
SGRQ total score was 25.5 and the mean scores for the domains of
symptoms, activity and impact were 33.7, 35.7 and 17.3, respec-
tively. During the 15 days after hospital discharge, there was a sig-
nificant reduction in SGRQ total score and in each of the three
domain scores (symptoms, activity and impact). The Borg RPE
mean score for dyspnoea on exertion was significantly lower at
hospital discharge (1.28) than at Day 15 (14.3), whereas the mean
VAS score for dyspnoea at rest was significantly higher at hospital
discharge (1.6) than at Day 15 (1.4). The mean mMRC score
decreased significantly from 1.1 to 0.9 between T0 and T1, show-
ing a reduction in the impact of dyspnoea on daily activities. When
patients were stratified by mMRC level at hospital discharge and
Day 15 (Figure 1), the number of patients at mMRC levels 1 and 4
decreased from T0 to T1, the number of patients at mMRC level 2
increased from T0 to T1 and there was no change in the number of
patients at mMRC level 3.

Figure 2 shows that 65% of patients achieved a clinically sig-
nificant improvement in the SGRQ total score between hospital
discharge and Day 15, and 30% of patients achieved a clinically
significant improvement in the mMRC dyspnoea scale from T0 to
T1.

Discussion
To the best of our knowledge, this real-life, proof of concept

study is the first to report the HRQoL of patients with COVID-19.

Table 1. Demographics and clinical parameters of participants at
hospital admission and in-hospital treatment. Data are presented
as mean (SD) unless otherwise indicated. 

Characteristic                                   COVID-19 patients (n=20)

Age, years                                                                                 55 (15)
Males, n (%)                                                                          17 (85.0)
BMI, kg/m2                                                                              24.1 (5.2)
Current or ex-smoker, n (%)                                               8 (40)
SARS-CoV-2 positive swab, n (%)                                    20 (100.0)
Duration of hospitalisation, days                                    17.7 (11.5)
Gas exchange                                                                                 
       Respiratory rate, breaths/min                                      28 (8)
       SpO2, %                                                                               91 (3)
       pH                                                                                    7.44 (0.02)
       PaO2, mmHg                                                                    87 (37.2)
       PaCO22, mmHg                                                                41 (6.2)
       PaO2/FiO2, mmHg                                                          283 (106)
PaO2/FiO2 severity, n (%)                                                            
       ≤ 100, mmHg                                                                     2 (10)
       101-200, mmHg                                                                 2 (10)
       201-300, mmHg                                                                 5 (25)
       >300, mmHg                                                                     11 (55)
Blood count and biochemistry                                                   
       Haemoglobin, g/l                                                           12.8 (1.8)
       Platelets, per 109/ L                                                      278 (135)
       White blood cells, per 109/ L                                       9.3 (5.9)
       Neutrophils, per 109/ L                                                  7.1 (5.7)
       Lymphocytes, per 109/ L                                                1.4 (0.7)
       D-dimer, mg/L FEU                                                     2887 (4126)
       Troponin T, ng/l                                                               62 (158)
Radiological pattern, n (%)                                                        
       Interstitial                                                                       20 (100)
       Bilateral ground glass opacities                                  15 (75)
       Parenchymal consolidations                                         9 (45)
Comorbidities, n (%)                                                                   
       Cardiovascular diseases                                                      
       Any cardiovascular disease                                          12 (60)
       Hypertension                                                                    8 (40)
       Ischaemic heart disease                                                3 (15)
       Heart failure                                                                      1 (5)
Other                                                                                               
       Asthma                                                                               3 (15)
       Diabetes mellitus                                                            2 (10)
       COPD                                                                                   1 (5)
       Active solid cancer                                                           1 (5)
In-hospital treatment, n (%)                                                     
       LMWH                                                                                18 (90)
       Antibiotics                                                                        14 (70)
       O2 therapy                                                                        14 (70)
       Corticosteroids                                                               13 (65)
       CPAP                                                                                   10 (50)
       Hydroxychloroquine                                                       10 (50)
       Lopinavir/ritonavir                                                           9 (45)
       Tocilizumab                                                                       3 (15)

BMI, body mass index; COPD, chronic obstructive pulmonary disease; CPAP, continuous positive
airway pressure; FEU, fibrinogen equivalent units; LMWH, low molecular weight heparin; SpO2,
peripheral oxygen saturation; PaO2, partial arterial pressure of oxygen; PaCO2, partial arterial
pressure of carbon monoxide; PaO2/FiO2, ratio between PaO2 and fraction of inspired oxygen.
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We used a respiratory-specific instrument (SGRQ) to determine
HRQoL after hospital discharge following treatment for COVID-
19-related pneumonia and severe respiratory failure. After 15 days
from hospital discharge, patients reported a statistically and clini-
cally significant improvement in their overall HRQoL, as shown
by the increase in SGRQ total score. This was accompanied by sig-
nificant improvements in all domains of the SGRQ (symptom,
activity and impact). Also, for 65% of patients, the change in
SGRQ total score exceeded the MCID of 4 points.  

These findings are important because they show a rapid
improvement in HRQoL in the first two weeks after hospital dis-
charge among patients who had been treated in hospital for severe
COVID-19 and who were still experiencing symptoms (especially
dyspnoea) at the time of discharge. The mean SGRQ total score
decreased from 25.5 points at hospital discharge to 16.9 points at
Day 15. The latter score shows that patients still have an impaired
HRQoL relative to a general population-based norm (8.41), but it
is lower than the SGRG total scores reported for patients with asth-
ma (males 23.15, females 21.68) and for patients with COPD
(males 18.18, females 12.55) [24]. 

There are no published studies of HRQoL scores in COVID-19
patients to compare our findings with. However, a systematic
review of the long-term (>3 months) outcomes of patients who had
been hospitalised with Severe Acute Respiratory Syndrome
(SARS) or Middle East Respiratory Syndrome (MERS), showed
that HRQoL (measured using the SF-36 generic instrument) was
still considerably reduced at 6 months after hospital discharge
compared with normal healthy subjects [25]. HRQoL was assessed
using the SGRQ in a few studies of SARS survivors. In a 12-month
prospective follow up of SARS patients after hospital discharge,
the SGRG total score improved from a median of 24 points at 3
months to 17 points at 6 months and 18 points at 12 months [26].
Similarly, the mean SGRG total score for SARS survivors in
another study was 15.1 points at 12 months follow up [27].
Survivors of acute respiratory distress syndrome (ARDS) also
reported a reduced HRQoL [28], although few studies used the
SGRQ and only assessed HRQoL several months after hospital
discharge [29]. However, in a small observational study of nine
patients who survived ARDS due to severe influenza A (H1N1)
pneumonitis, the median SGRQ total score decreased from 29.4
points at 1 month post-discharge to 4.6 points at 6 months post-dis-
charge [30]. It is difficult to make comparisons between survivors
of ARDS (who are generally treated in an ICU and have a high
mortality rate) and the non-ICU hospitalised COVID-19 patients in
our study. 

Dyspnoea is one of the major clinical features of COVID-19
and is common among patients with severe disease, as in the pre-
sent study. Even after hospital discharge, patients can continue to
experience dyspnoea and relief of breathlessness is an important
aim of treatment/rehabilitation. As patients can modify their level
of breathlessness by changing their degree of physical activity, it is
important to assess dyspnoea at rest and during exercise or daily
activities. 

All 20 patients in our study had dyspnoea at the time they were
discharged home from hospital. As they would have had limited
movement during hospitalisation and likely became more active at
home, the different measures of dyspnoea were used are particular-
ly informative. Our results show that dyspnoea at rest (VAS) and
the impact of dyspnoea on daily activities (mMRC) improved sig-
nificantly during the 15 days following hospital discharge.
Notably, three out of the four patients with a high level of dysp-
noea at hospital discharge (mMRC level 4) were no longer at this
level on day 15. The reduction in the number of patients at mMRC
level 1 on Day 15 and the increase in the number of patients at
mMRC level 2, probably reflects greater patient activity post-dis-

Table 2. Quality of life and dyspnoea scores at hospital discharge
(T0) and at 15 days post-discharge (T1) for the 20 patients.

                                   At discharge (T0)   At 15 days (T1)       p*
                                         Mean (SD)            Mean (SD)            

SGRQ°                                                                                                                         
    Symptoms (range 0-100)      33.7 (18.0)                     16.7 (12.9)             <0.01
    Activity (range 0-100)            35.7 (24.2)                     28.3 (23.3)             <0.01
    Impact (range 0-100)            17.3 (15.9)                     10.6 (10.7)             <0.01
    Total score (range 0-100)     25.5 (15.5)                     16.9 (13.2)             <0.01
    Borg RPE# (range 6-20)          12.8 (4.2)                       14.3 (2.4)              <0.01
    VAS§ (range 0-10)                     1.6 (1.7)                         1.4 (2.5)               <0.01
    mMRC^ (range 0-4)                 1.1 (1.2)                         0.9 (0.9)                 0.03

*p-values for comparisons between T0 and T1 were calculated using paired t-tests; SGRQ, Saint
George’s Respiratory Questionnaire: °lower score denotes better health-related quality of life;
RPE, rate of perceived exertion: #lower score denotes lower level of exertion and associated dys-
pnoea; VAS, Visual Analogue Scale: §lower score denotes less dyspnoea at rest; mMRC, modified
Medical Research Council dyspnoea scale: ^lower score denotes less activity limitation due to
dyspnoea. 

Figure 1. Changes in mMRC dyspnoea scale after discharge.
Number of patients stratified by level on the mMRC dyspnoea
scale at hospital discharge (T0) and 15 days post-discharge (T1).
Level 1 = I get short of breath when hurrying on the level or up a
slight hill; level 2 = I walk slower than people of the same age on
the level because of breathlessness or I have to stop for breath when
walking at my own pace on the level; level 3 = I stop for breath
after walking 100 meters or after a few minutes on the level; level
4 = I am too breathless to leave the house or I am breathless when
dressing.

Figure 2. Proportion of patients that reached the MCID in SGRQ
and mMRC after discharge. Percentage of patients (n=20) who
achieved a clinically important change in the SGRQ total score
(MCID ≥ 4 points) and in mMRC dyspnoea scale score (MCID
≥ 1 point) between hospital discharge and Day 15. MCID mini-
mal clinically important difference.
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charge. Similarly, the higher mean Borg RPE score on Day 15
compared with that at hospital discharge probably reflects the
patients becoming more active during the two weeks after dis-
charge, thereby increasing the score for dyspnoea on effort.

Like other coronavirus infections, SARS-CoV-2 infection of
the respiratory tract may induce oxidative stress, which reflects an
imbalance between the production of free radicals or ROS and the
antioxidant defence system [31,32]. Some line of evidence current-
ly suggests that excessive production of free radicals or ROS may
lead to a dysregulated innate immune response, glutathione reple-
tion, excessive inflammation and the cytokine storm seen in some
patients with severe COVID-19 pneumonia [33]. The addition of
erdosteine to usual therapy was driven by the hypothesis that
antioxidant therapy might be beneficial in reducing the oxidative
stress perpetrated by the viral infection by restoring the reduced
glutathione in the respiratory system, thus promoting molecular
and cellular repair [33].

The major strength of this study is that it is the first to assess
HRQoL in patients following their discharge from hospital after
treatment for moderate/severe COVID-19. Also, we used question-
naires that are widely used and well-validated, and there was no
loss to follow up as all patients completed these questionnaires.

Study limitations
Our real-life, proof of concept study has several limitations.

First, the sample size was small because not all COVID-19 patients
in the RHDU were discharged home; approximately 50% of
patients were discharged to other hospitals for rehabilitation. Also,
some patients could not be enrolled in our study because they were
homeless and unavailable for follow up post-discharge. Moreover,
at the time the study was done, the number of patients in hospital
with severe COVID-19 was declining and study enrolment stopped
when the last patient in the RHDU was discharged home. Another
limitation of our study is the lack of a comparison or control group,
which limits the interpretation of our findings. In fact, the anti-oxi-
dant erdosteine was added to the usual care in all patients at hospi-
tal discharge, so that any speculation on the independent effects of
erdosteine on the improvements in quality of life should be taken
with great caution. Indeed, a comparative, randomized trial would
could be needed to verify the potential hypothesis that erdosteine
can facilitate lung healing affecting quality of life or respiratory
symptoms. Finally, the duration of the follow up period could have
biased the results, limiting the observation to an initial curve of the
post-discharge dynamics of symptoms and quality of life in
patients with COVID-19. 

Conclusions
Our real-life study is the first to report the objective assessment

of HRQoL of patients with COVID-19. The results suggest that
patients who had been treated in hospital for COVID-19-related
pneumonia and severe respiratory failure had an impaired HRQoL
at hospital discharge, which improved significantly during the first
15 days post-discharge. The improvements in overall HRQoL were
clinically significant in approximately two-thirds of patients and
were accompanied by significant improvements in the domains of
symptoms, activities and impact. In addition, dyspnoea at rest and
during daily activities improved during the 15 days post-discharge.
To confirm our results, further studies are warranted to explore the
long term effects and consequences of COVID-19 pneumonia on
patients’ quality of life and respiratory symptoms.
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