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Abstract
Chronic COVID syndrome is characterized by chronic fatigue, myalgia, depression and sleep disturbances, similar to 
chronic fatigue syndrome (CFS) and fibromyalgia syndrome. Implementations of mitochondrial nutrients (MNs) with diet 
are important for the clinical effects antioxidant. We examined if use of an association of coenzyme Q10 and alpha lipoic 
acid (Requpero®) could reduce chronic covid symptoms. The Requpero study is a prospective observational study in which 
174 patients, who had developed chronic-covid syndrome, were divided in two groups: The first one (116 patients) received 
coenzyme Q10 + alpha lipoic acid, and the second one (58 patients) did not receive any treatment. Primary outcome was 
reduction in Fatigue Severity Scale (FSS) in treatment group compared with control group.  complete FSS response was 
reached most frequently in treatment group than in control group. A FSS complete response was reached in 62 (53.5%) 
patients in treatment group and in two (3.5%) patients in control group. A reduction in FSS core < 20% from baseline at T1 
(non-response) was observed in 11 patients in the treatment group (9.5%) and in 15 patients in the control group (25.9%) 
(p < 0.0001). To date, this is the first study that tests the efficacy of coenzyme Q10 and alpha lipoic acid in chronic Covid 
syndrome. Primary and secondary outcomes were met. These results have to be confirmed through a double blind placebo 
controlled trial of longer duration. 
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Abbreviations
ALA  α-Lipoic acid
CFS  Chronic fatigue syndrome
CoQ10  Coenzyme Q10
FAS  Modified fibromyalgia assessment status
FSS  Fatigue severity scale
ME/CFS  Myalgic encephalomyelitis/chronic fatigue 

syndrome
SARS-CoV-2  Severe acute respiratory syndrome
SSS  Symptoms severity scale
VAS  Visual analog scale
WPI  Widespread pain index

Introduction

The severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) was isolated for the first time in China in 
December 2019. Since then, more than 175 million people 
worldwide have been infected and over 3.8 million people 
died for severe ARDS due to interstitial bilateral pneumonia 
linked to the SARS-CoV-2 disease (COVID-19) [1]

The most common symptoms of patients with COVID-19 
are fever, cough, shortness of breath, and myalgia/fatigue 
[2]. Anosmia and dysgeusia have been reported in 33–80% 
of patients with COVID-19 [3].

Clinical manifestations of COVID-19 disease range from 
asymptomatic infection to fatal ARDS syndrome [4, 5].

After more than two years, to date, numerous studies have 
shown that some patients who recovered from COVID-19 
develop a chronic post-viral syndrome, characterized by 
chronic fatigue, variable nonspecific myalgia, depression and 
sleep disturbances. Other persistent symptoms may include 
cognitive and mental disturbances, chest and joint pain, pal-
pitations, dysfunction of smell and taste, cough, headache, 
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and gastrointestinal dysfunction. [6]. All laboratory exami-
nations are normal, inflammation markers included.

This new entity has been called “Long Covid-19” (other 
name has been used for this entity, such as “Long COVID-
19,” “post-acute COVID-19,” “persistent COVID-19 symp-
toms,” “chronic COVID-19,” “post-COVID-19 manifesta-
tions,” “long-term COVID-19 effects,” “post COVID-19 
syndrome,” “ongoing COVID-19,” “long-term sequelae,” 
or “long-haulers” as synonyms [7–9]).

Recently, The National Institute for Health and Care 
Excellence (NICE) defined the stages of SARS-CoV-2 dis-
ease in relation to the time of onset of symptoms [10, 11] 
and proposed the following definition.

1. Acute COVID-19 infection: Signs and symptoms of 
COVID-19 for up to 4 weeks. [11]

2. Symptomatic COVID-19: Signs and symptoms of 
COVID-19 from 4 to 12 weeks not explained by an 
alternative diagnosis [11]

3. Post-COVID-19 syndrome: Signs and symptoms that 
develop during or following an infection consistent 
with COVID-19, continue for > 12 weeks and are not 
explained by an alternative diagnosis [11]

Long-term symptoms following acute COVID-19 have 
been observed across the whole spectrum of acute disease 
severity.

These long-term adverse effects of COVID-19 are very 
similar to those experienced by patients with chronic fatigue 
syndrome (CFS) and fibromyalgia syndrome [12, 13].

Several studies were conducted in these years to clarify 
the pathogenesis of SARS-CoV-2 infection and mechanisms 
of cellular damage, both for acute illness and for chronic 
covid syndrome.

SARS-CoV-2 enters cells via the angiotensin-converting 
enzyme 2 (ACE2) receptor [14].

The presence of the ACE-2 receptor in numerous organs 
and tissues such as the oral and nasal mucosa, lungs, heart, 
gastrointestinal tract, liver, kidneys, spleen, brain, and arte-
rial and venous endothelial cells is linked to the cellular 
damage of the COVID-19 virus to different organs and tis-
sues [15, 16]

Once inside the cells, SARS-CoV-2 replicates and 
matures. Activation of immune response results in an inflam-
matory response that ends in the recruitment of inflamma-
tory cells and the release of cytokines [17].

The COVID-19 cytokine storm (overproduction of > 150 
inflammatory cytokines and chemical mediators released by 
immune or nonimmune cells) [18] determines rapid prolif-
eration and hyperactivation of T cells, macrophages, and 
natural killer cells.

Oxidative stress is also recognized as a major pathoge-
netic factor in several viral infections.

The main role of mitochondria is to supply cells with 
energy. The main role of mitochondria is to supply cells 
with energy, Inflammation related to COVID-19 could lead 
to a decrease in the synthesis of ATP.

Inefficient of ATP synthesis as well as dysregulation 
in fatty acid and amino acid metabolism have been sug-
gested to be also implicated in CFS pathogenesis [19]

The anti-inflammatory properties of mitochondrial 
nutrients (MNs) are well documented in the literature [20, 
21]. The dietary implementation of MNs seems to prevent 
the uncontrolled production of mitochondrial reactive oxy-
gen species (mtROS), responsible of mitochondrial dam-
age and mitochondrial dysfunction.

Recent reviews have been focused on the potential clini-
cal effects of dietary implementations with coenzyme Q10 
(CoQ10) [22, 23] and α-lipoic acid (ALA) [24, 25]. They 
have different and complementary roles in mitochondrial 
function, associated with a strong antioxidant actions.

Coenzyme Q10 (CoQ10- ubiquinone), characterized 
by a side chain consisting of ten isoprenoid units, is an 
integral component of the mitochondrial respiratory chain 
[26] and a gene expression modulator [27]. CoQ10 is also 
introduced through the diet. These properties inspired 
its use in clinical practice as food supplement. Levels of 
CoQ10 can decrease both in acute and chronic illness lead-
ing to a decreased cellular energy production and to free 
radical overproduction. As dietary supplement, CoQ10 has 
low toxicity and does not induce serious adverse effects 
in humans [28, 29]. As documented by Cordero and col-
leagues, the inflammasome complex activation and release 
of proinflammatory cytokines are implicated in the patho-
physiology of fibromyalgia. This activation is mediated 
by CoQ10 deficiency and oral CoQ10 treatment reduces 
inflammasome activity. [30]

α-lipoic acid (ALA) is a powerful endogenous and exog-
enous antioxidant. The active metabolite is represented by 
its reduced form (dihydrolipoic acid). ALA is part of Krebs 
cycle, as a co-factor of mitochondrial enzymes [31, 32]. Its 
dietary supplementation is safety [33]. Its antioxidant and 
immunomodulatory activity has been well studied.

ALA regulates several processes, such as nucleic acid 
synthesis and ATP production, via the citric acid cycle [34].

As recently summarized [35], ALA has been tested in 
several chronic disease correlated to immunoinflammatory 
conditions like metabolic syndrome and diabetic neuropa-
thy. Additionally, an antiviral effect has been postulated, 
suggesting its clinical use for co-treatment of several viral 
infections.

ALA acting as a free radical scavenger and co-factor of 
ATP production, so that could modulate the course of an 
infection.

Moreover, a recent study by Sadeghiyan Galeshkal-
ami et al. [34] reported the benefits of ALA and coQ10 



Clinical and Experimental Medicine 

1 3

combination on experimental diabetic neuropathy by modu-
lating oxidative stress and apoptosis.

These pharmacological properties suggested us to use 
ALA via dietary implementation in patients with, acting as 
booster of CoQ10.

The combined use of these two therapeutic agents could 
provide a synergic effect in treatment of chronic covid syn-
drome, increasing energy production and reducing cellular 
oxidative stress.

Given these assumptions, we decided to investigate 
whether the use of coenzyme Q10 and alpha lipoic acid 
could reduce chronic covid symptoms.

Methods

Starting from these clinical and pathogenetic considera-
tions and evaluating the multidisciplinary nature of chronic 
COVID-19 disease, in March 2021, a post-covid syndrome 
clinic was founded at our internal medicine department.

The mission of our clinic was to identify patients who 
had developed post-covid syndrome and give them a 

pharmacologic and non-pharmacologic support to alleviate 
symptoms, mostly fatigue.

The Requpero study, approved by the Ethics committee 
of “ASL Brindisi,” is a prospective observational study in 
which, of 200 consecutive patients, evaluated from June 
2021 to October 2021, we enrolled 174 ones who met inclu-
sion criteria (Table 1).

Inclusion criteria were patients aged 18–81 who con-
tracted COVID-19 and who met the 2015 National Academy 
of Medicine diagnostic criteria for myalgic encephalomyeli-
tis/chronic fatigue syndrome (ME/CFS) (Fig. 1).

Patients with fatigue secondary to pathological clinical 
conditions justifying this symptomatology and/or patients 
with a previous diagnosis of chronic fatigue syndrome or 
fibromyalgia were excluded (Table 1). Other clinical condi-
tions were excluded by an anamnestic questionnaire, com-
plete physical examination, vital parameters at rest (blood 
pressure, O2 saturation, heart rate, body temperature), blood 
tests, first level cancer screening.

Study population was divided in two groups: the first 
one (116 patients) received coenzyme Q10 + alpha lipoic 
acid—given every day for two months at a dose of 100 mg of 

Table 1  Inclusion and exclusion 
criteria

Inclusion criteria Exclusion criteria

Patients aged 18–81 who contracted COVID-19 Fatigue secondary to patho-
logical clinical conditions 
justifying this symptoma-
tology

Patients met 2015 National Academy of Medicine diagnostic criteria for 
myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS)

Previous diagnosis of 
chronic fatigue syndrome 
or fibromyalgia was 
excluded

Fig.1  The 2015 National Academy of medicine diagnostic criteria for ME/CFS
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coenzyme Q10 + 100 mg of lipoic acid bid—and the second 
one (58 patients) not received this treatment.

Patients in both groups received multimodal therapy, 
based on analgesic drugs (mostly paracetamol ore codeine), 
COXIB/NSAIDs, antidepressant drugs (mostly duloxetine, 
for its pain modulation effect), anticonvulsant with analgesic 
effect (pregabalin and gabapentin) psychological/psychiatric 

counselling, physio-kinesiotherapy, physical reconditioning, 
yoga/pilates.

At baseline (T0) and after 60 days (T1), patients were 
administered the following questionnaires.

1. Fatigue severity scale (FSS) (Fig. 2)
2. WPI (Fig. 3)

Fig. 2  FSS

Fig. 3  WPI
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3. SSS (Fig. 4)
4. Visual Analogue Scale (VAS) pain (Fig. 5)
5. VAS fatigue (Fig. 6)
6. VAS sleep (Fig. 7)

The primary end-point was to evaluate the efficacy of 
the association of coenzyme Q10 and alpha lipoic acid in 
reducing fatigue, expressed as a reduction of at least 50% 
(total response) from the baseline or at least 20% (partial 
response) in Fatigue Severity Scale (FSS) (Fig. 2) from T0 
to T1. Patients were defined “non-responders” if FSS score 
improvement at T1 was < 20%.

Fig. 4  SSS

Fig. 5  VAS pain

Fig. 6  VAS fatigue
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Secondary end-points were to evaluate the modification 
in VAS fatigue, VAS pain, VAS sleep, Widespread Pain 
Index (WPI), Symptoms Severity Scale (SSS) and modified 
Fibromyalgia Assessment Status (FAS) from baseline at the 
second month. Response was assessed for this scores at the 
same way of FSS response (responders, partial responders, 
non-responders).

All patients signed a consent form before study.

Statistical analysis

Data were analyzed with “Stata MP17” software. Con-
tinuous variables between groups were evaluated with the 
Student’s t test. Continuous variables between T0, T1 and 
groups were evaluated with repeated measures ANOVA test. 
Chi-square test was used for categorical variables.

The outcome differences between treatment and control 
group were evaluated with multivariate linear regression, 
adjusted for age, sex, BMI, hospitalization, time passed from 
SARS-CoV-2 molecular test positivity. Correlation coeffi-
cients were calculated, with a confidence interval of 95% 
(95% CI). For all test, a significant p value was reported 
as < 0.05.

Results

From June to October 2021, we evaluated 174 patients with 
previous SARS-CoV-2 infection with persistence of sys-
temic symptoms, such as fatigue, mental confusion, sleep 
disturbances, arthromyalgia, dyspnea, Headache.

The mean age of the participants was 51 years (interquar-
tile range (IQR) 18–81 years). The sample was composed 
of 51% (89/174) of male patients and 49% (85/180) female 
patients.

52% had comorbidities. The most frequent ones were 
chronic lung disease (16%, 28/174), diabetes mellitus (13%, 

23/174), psychiatric diseases (7.5%, 13/174), rheumatic dis-
eases (9.8%, 17/174).

Only 17.8% (31) of patients had been previously hospital-
ized for severe respiratory SARS-CoV-2 pneumonia.

The remaining 82.2% had mild/moderate symptoms dur-
ing the acute phase.

The mean duration of chronic covid symptoms was 
5.9 months (IQR 1–19 months).

The most common symptoms were fatigue (80%), 
impaired concentration (68%), sleep disorders (85%) dis-
turbed smell and/or taste (60%), memory loss (45%), dysp-
nea (21%) and arthromyalgias (64%).

Of 174 patients recruited, 116 (66.7%) were assigned to 
treatment group and 58 were assigned to control group. The 
characteristics of the patients in the two groups were similar 
at baseline (Table 2).

The primary end-point was to evaluate the effectiveness 
of the association of coenzyme Q10 and alpha lipoic acid 
in reducing fatigue, expressed as a reduction in Fatigue 
Severity Scale (FSS), at the second month (T1), of at least 
50% (complete response) from the baseline (T0) or at least 
20% (partial response) from the baseline (T0). A reduc-
tion in FSS < 20% from baseline at T1 was considered as a 
non-response.

There were no differences between control group and 
treatment group at baseline in mean FSS, VAS fatigue, VAS 
pain, VAS sleep, WPI, FAS, SSS (Table 3).

Overall, mean FSS at T1 was lower in treatment group 
(p < 0.0001). (Table 3).

The differences in reduction in clinimetric indices 
between groups were confirmed by ANOVA test (Table 4).

A complete FSS response was reached most frequently 
in treatment group than in control group. A FSS complete 
response was reached in 62 (53.5%) patients in treatment 
group and in two (3.5%) patients in control group. A reduc-
tion in FSS score < 20% from baseline at T1 (non-response) 
was observed in 11 patients in the treatment group (9.5%) 
and in 15 patients in the control group (25.9%) (p < 0.0001).

Fig. 7  VAS sleep
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Similar results have been obtained by analyzing all the 
other scores, with the biggest differences observed between 
groups for VAS pain, WPI, FAS. (Table 5).

Multivariate linear regression detected significant differ-
ences between groups in:

− FSS (coef. = -9.8; 95%CI = -12.7–69; p < 0.0001)
− SSS (coef. = -2.2; 95%CI = -2.7–16; p < 0.0001)
− WPI (coef. = -2.0; 95%CI = -2.5–14; p < 0.0001)
− FAS (coef. = -6.6; 95%CI = -7.7–5.4; p < 0.0001)
−  VAS pain coef. = -2.0; 95%CI = -2.4–1.5; p < 0.0001)
− VAS sleep (coef. = -2.3; 95%CI = -2.8–1.8; p < 0.0001)
− VAS fatigue (coef. = -1.9; 95%CI = -2.5–1.4; 
p < 0.0001)

Discussion

SARS-CoV-2 is a new viral entity; the clinical presentation 
is variable [3–5].

A subset of patients with acute SARS-CoV-2 infection 
develop some persistent symptoms lasting many months (6), 
the so-called chronic covid syndrome [36–40].

Table 2  The characteristics of the patients

Variabile Control group Treatment group Total p-value

Age; yr, mean ± SD (range) 50.3 ± 11.3 (28–75) 51.7 ± 13.8 (18–81) 51.2 ± 13.0 (18–81) 0.520
Male; n (%) - 34 (58.6) 55 (47.4) 89 (51.2) 0.163
BMI; mean ± SD (range) 31.8 ± 6.2 (22.7–53.0) 31.0 ± 5.4 (20.7–53.0) 31.2 ± 5.7 (20.7–53.0) 0.423
Time from SARS-CoV-2 molecular test 

positivity; months, mean ± SD (range)
5.4 ± 2.7 (1–15) 5.9 ± 3.7 (1–19) 5.8 ± 3.4 (1–19) 0.836

Hospitalized patients; n (%) 9 (15.5) 22 (19.0) 31 (17.8) 0.575
Hospitalization days; n (%)
  <10 days
  >10 days

1 (11.1) 8 (88.9) 2 (9.1) 20 (90.9) 3 (9.7) 28 (90.3) 0.863

Diabetes; n (%) 7 (12.1) 16 (13.8) 23 (13.2) 0.752
Ischemic cardiomyopathy; n (%) 0 (0.0) 2 (1.7) 2 (1.2) 0.315
Heart failure; n (%) 0 (0.0) 0 (0.0) 0 (0.0) –
Chronic respiratory syndrome; n (%) 10 (17.2) 18 (15.5) 28 (16.1) 0.770
Psychotropic drug use; n (%) 2 (3.5) 3 (2.6) 5 (2.9) 0.748
Psychiatric disease; n (%) 6 (10.3) 7 (6.0) 13 (7.5) 0.308
Neurologic disease; n (%) 2 (3.5) 2 (2.6) 5 (2.9) 0.748
Autoimmune disease; n (%) 6 (10.3) 11 (9.5) 17 (9.8) 0.857

Table 3  Comparison between group in clinimetric indices at T0 and 
T1

Control group Treatment group All patients p-value

VAS fatigue
T0 6.0±1.8 (0–10) 6.3±2.5 (0–10) 6.2±2.3 (0–10) 0.413
T1 4.3±1.9 (0–8) 2.8±1.9 (0–8) 3.3±2.0 (0–8) <0.0001
VAS pain
T0 4.8±1.8 (0–8) 4.7±2.6 (0–9) 4.7±2.4 (0–9) 0.911
T1 4.0±1.6 (0–7) 1.9±1.7 (0–8) 2.6±1.9 (0–8) <0.0001
VAS sleep
T0 5.8±2.8 (0–10) 6.2±2.7 (0–10) 6.1±2.7 (0–10) 0.318
T1 4.4±2.4 (0–8) 2.6±2.0 (0–7) 3.2±2.3 (0–8) <0.0001
FSS
T0 27.1±8.6 (12–46) 32.4±17.0 (7–63) 30.6±14.9 (7–63) 0.608
T1 19.7±7.6 (7–40) 15.2±8.6 (2–40) 16.7±8.5 (2–40) <0.0001
WPI
T0 4.3±3.6 (1–19) 4.3±3.6 (0–19) 4.3±3.6 (0–19) 0.941
T1 3.3±3.1 (0–15) 1.4±2.1 (0–10) 2.0±2.6 (0–15) <0.0001
FAS
T0 15.4±8.2 (0–35) 16.8±7.1(0–36) 16.3±7.5 (0–36) 0.259
T1 12.0±6.9 (0–29) 6.8±4.5 (0–20) 8.6±6.0 (0–29) <0.0001
SSS
T0 5.9±2.8 (0–11) 6.1±2.9 (0–12) 6.0±2.9 (0–12) 0.589
T1 4.0±2.1 (0–7) 2.0±1.6 (0–6) 2.7±2.0 (0–7) <0.0001

Table 4  Statistical analyses by ANOVA test

Score Group com-
parison

Time comparison Time and 
group interac-
tion

FSS 0.845 <0.0001 <0.0001
VAS fatigue 0.038 <0.0001 <0.0001
VAS pain 0.001 <0.0001 <0.0001
VAS sleep 0.074 <0.0001 <0.0001
WPI 0.053 <0.0001 <0.0001
FAS 0.061 <0.0001 <0.0001
SSS 0.020 <0.0001 <0.0001
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A recent study [41] published in the Lancet by Bin Cao 
shows how the medium- and long-term effects of COVID-
19 disease are very disabling and not always diagnosed. 
The study was conducted on over 1,700 patients discharged 
between January and May from Wuhan, the Chinese city that 
hosted the first outbreak of the pandemic.

After 6 months from the acute phase of the infection, a 
proportion of patients, ranging from 60 to 80% [9–11], con-
tinued to live with at least one symptom related to the dis-
ease, mostly fatigue, muscle weakness, but also depression, 
anxiety and insomnia and other constitutional symptoms.

Some patients developed visible pulmonary damage or, 
for example, renal dysfunctions, but the most frequent symp-
tom was the so-called fatigue, conditioning severe limita-
tions in activities of daily living. After acute phase, 63% of 
patients suffered from it. 26% developed sleep disturbances 
and 23% experience anxiety or depression.

These symptoms are described also in chronic fatigue 
syndrome (also called myalgic encephalomyelitis) [13]. 
This syndrome is also described among the possible seque-
lae of other infectious diseases, such as SARS coronavirus 

[42], Epstein-Barr virus [43–45], enteroviruses [46], human 
herpesvirus-6 [47], Ebola virus [46], West Nile virus [48], 
Dengue virus [49], parvovirus [50]; Borrelia burgdorferi 
[51], Coxiella burnetii [52], Mycoplasma pneumoniae [53], 
Giardia lamblia [54].

Many study groups compared long covid syndrome with 
chronic fatigue syndrome. More patients hospitalized with 
SARS-CoV-2 disease may develop a “post-viral syndrome 
which is strikingly similar to myalgic encephalomyelitis/
chronic fatigue syndrome [46]”.

The lack of a known etiology or pathophysiology, the 
variability of symptoms, the lack of clear physical signs, the 
normality of laboratory tests, the association with anxiety 
and depression, have all contributed to the social stigma of 
ME/CFS. [46]. It has often been called an “invisible dis-
ease”, as patients may appear healthy, when, in reality, they 
are seriously ill.

In the comparison between long Covid syndrome and 
ME/CFS, the only difference is that chronic fatigue syn-
drome, to be diagnosed, requires the persistence of the 
symptoms described above for at least 6 months, while the 

Table 5  Percentage of 
responders, partial responders 
and non-responders for each 
outcome measure (comparison 
between groups)

Score Control group Treatment group All patients p value

FSS; n (%)
 Non-responders 15 (25.9) 11 (9.5) 26 (14.9) <0.0001
 Partial responders 41 (70.6) 43 (37.0) 84 (48.3)
 Responders 2 (3.5) 62 (53.5) 64 (36.8)

VAS fatigue; n (%)
 Non-responders 19 (32.8) 14 (12.0) 33 (19.0) <0.0001
 Partial responders 34 (58.6) 35 (30.2) 69 (39.7)
 Responders 5 (8.6) 67 (57.8) 72 (41.3)

VAS pain; n (%)
 Non-responders 33 (56.9) 19 (16.4) 52 (29.9) <0.0001
 Partial responders 25 (43.1) 37 (31.9) 62 (35.6)
 Responders 0 (0.0) 60 (51.7) 60 (34.5)

VAS sleep; n (%)
 Non-responders 19 (32.8) 11 (9.5) 30 (17.2) <0.0001
 Partial responders 34 (58.6) 32 (27.6) 66 (37.9)
 Responders 5 (8.6) 73 (62.9) 78 (44.9)

WPI; n (%)
 Non-responders 24 (41.4) 13 (11.2) 37 (21.2) <0.0001
 Partial responders 29 (50.0) 16 (13.8) 45 (25.9)
 Responders 5 (8.6) 87 (75.0) 92 (52.9)

FAS; n (%)
 Non-responders 22 (37.9) 6 (5.2) 28 (16.1) <0.0001
 Partial responders 34 (58.6) 26 (22.4) 60 (34.5)
 Responders 2 (3.5) 84 (72.4) 86 (29.4)

SSS; n (%)
 Non-responders 9 (15.5) 9 (7.8) 18 (10.3) <0.0001
 Partial responders 44 (75.9) 19 (16.4) 63 (36.2)
 Responders 5 (8.6) 88 (75.8) 93 (53.5)
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duration of symptoms in the long covid syndrome is not yet 
well known.

Immune and metabolic dysregulation may be a driver of 
chronic inflammation in recovered COVID-19 patients [55], 
that might be responsible to mitochondrial dysfunction [56, 
57] and oxidative stress.

Many studies have shown that mitochondrial dysfunction 
is involved in persistence and severity of symptoms associ-
ated with SARS-CoV-2 infection [56–59]. Their dysfunction 
and aging contribute to the production of oxygen radicals 
(mtROS) which increase cell oxidative damage [60–62], 
inflammasome hyperactivation and apoptosis [63–65]. For 
these reasons, mitochondria are now considered central hubs 
in regulating innate immunity and inflammatory responses 
[66, 67]

Many studies seem to show that the improvement of 
mitochondrial turnover contributes to the decrease in inflam-
mation and the restoration of the immune system activity 
[68–71].

In SARS-CoV-2 infection, mitochondrial dysfunction 
could be one of the most important element that determines 
not only the severity of the clinical manifestations but also 
the chronicization of the disease [72–74].

In line with these data and assuming that the pathogenesis 
of chronic covid syndrome, at least partially, is linked with 
a mitochondrial dysfunction and cellular oxidative stress, 
we tested in a group of patients the oral administration of 
100 mg bid of coenzyme Q10 and 100 mg bid of alpha lipoic 
acid.

Despite the short follow-up period, we demonstrated a 
clinical benefit, suggesting the rapid effect of this therapy. 
On the other hand, because of the short follow-up duration, 
we do not know if this clinical benefit persists over time.

Our results, all based on subjective indices, were defi-
nitely in favor of the treatment group.

Considering clinical response extent is to be remarked 
that the majority of patients in the control group (41 patients, 
70.6%) still had a partial response (− 20/50% of FSS at T1). 
Considering that non-response, partial response and com-
plete response ranges have been established arbitrarily, effec-
tive response differences between Group are mitigated. The 
rate of response reported also in control group is probably 
due to multimodal therapy used in both groups, based, as 
mentioned, on analgesic drugs (mostly paracetamol ore 
codeine), COXIB/NSAIDs, intrarticular/intrabursal/peri-
tendinous steroid/hyaluronic acid injections, antidepressant 
drugs (mostly duloxetine, for its pain modulation effect), 
anticonvulsant with analgesic effect (pregabalin and gabap-
entin) psychological/psychiatric counselling, physio-kinesi-
otherapy, physical reconditioning, yoga/pilates.

The most important difference is in the percentage of 
total responders (reduction in FSS at T1 > 50%) between 
treatment and control group (62% vs 2%). Notably, response 

differences were also confirmed in all composite scores, in 
VAS pain and in VAS fatigue.

This study has several limitations.
For what concerns scientific rationale, a mitochondrial 

dysfunction in chronic Covid syndrome has not been dem-
onstrated yet. As mentioned above, patients’ clinical char-
acteristics and symptoms closely resemble those of ME/
CFS and fibromyalgia. Pathogenesis of these syndromes, 
however, has also not yet been clarified.

Considering the study design, clinimetric indices used 
in our study were borrowed from ME/CSF and fibromyal-
gia and, they are not validated in chronic Covid syndrome. 
Remarkably, they are very appropriate to monitor the 
large majority of chronic Covid syndrome clinical aspects 
(fatigue, arthromyalgias, headache, mood disturbance, sleep 
disturbances, mental fog).

Another limit of our study is that it is not placebo 
controlled.

To date, this is the first study that tests the efficacy of 
coenzyme Q10 and alpha lipoic acid in chronic Covid syn-
drome. Primary and secondary outcomes were met. These 
results have to be confirmed through a double blind placebo 
controlled trial of longer duration.
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