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Background & aims: Recent studies have verified that the SARS-CoV-2 infection (from December 2019
has affected 123 million people throughout the world and more than 3 million people in Italy), can have
medium-term and long-term effects, collectively referred to as “post-Covid syndrome” or “long-Covid”
characterized by chronic fatigue, followed by muscle weakness, dyspnea and headache. Chronic fatigue
or chronic tiredness is a persistent symptom both in patients who have experienced a severe infection
and in those who have experienced a mild form of infection. Studies conducted on both patients dis-
charged from hospital and patients managed at home showed that there was no association between the
severity of the Coronavirus disease (Covid-19) and the subsequent chronic fatigue symptom. The aim of
this study was to evaluate the ability of a nutritional supplement based on vitamins, minerals, amino
acids and plant extracts (Apportal®) intake, to ameliorate the general health status in particular the
chronic fatigue symptom in subjects after SARS-CoV-2 negativity.
Methods: Participants were advised to take one sachet daily of Apportal® for 28 consecutive days. At the
beginning (T0), after 14 days (T1) and after 28 days (T2) of supplementation, general fatigue, mental
fatigue and Quality of Life indexes were evaluated through specific questionnaires. The assessment of
quality of life and health status were measured through the EuroQoL-5D questionnaire, chronic fatigue
using the FACIT-Fatigue questionnaire and mental fatigue using the modified Chalder questionnaire.
Results: 201 subjects were enrolled for the study; results showed a significant improvement in all in-
dexes analyzed after 14 and 28 days of supplementation. The main significant improvement was
observed after the first 14 days and it was further confirmed at 28 days as well. The RTE (Relative
Treatment Effect) trend about quality of life, health status, FACIT-Fatigue and mental fatigue in the three
questionnaires was statistically significant (Wald Statistic, p < 0.0001). The data of FACIT-questionnaire
showed an improvement of at least 1 unit in 76.62% of subjects after 14 days and in 90.05% of subjects
after 28 days. An improvement of 10-unit was found in about one third of subjects after 14 days and in
half of the subjects after 28 days.
Conclusions: This study shows that Apportal® can reduce chronic fatigue and improve quality of life and
health status in subjects after SARS-CoV-2 negativity due to the synergistic effect of its components.
© 2021 The Authors. Published by Elsevier Ltd on behalf of European Society for Clinical Nutrition and
Metabolism. This is an open access article under the CC BY license (http://creativecommons.org/licenses/

by/4.0/).
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1. Introduction

Since December 2019 to the date of writing of this article, the
Coronavirus pandemic (SARS-CoV-2) has affected 123 million
people worldwide and more than 3 million people in Italy. It has
been observed that after the acute phase of the viral disease some
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individuals do not completely return to their initial health condi-
tions but continue to manifest previous symptoms. Several studies
have verified that the SARS-CoV-2 infection can have medium- and
long-term effects, collectively called the “post-Covid syndrome” or
“long-Covid”. One of the symptoms most frequently reported by
patients with “long-Covid” was fatigue or chronic tiredness, fol-
lowed by muscle weakness, dyspnea, and headache [1].

Persistent fatigue lasting 6 months or longer can be defined as
chronic fatigue syndrome (CFS). The physiopathology of CFS is
controversial, but probably there is a relation with alterations of
nervous, endocrine and immune systems activities [2]. Studies
conducted on patients discharged from hospital and those
managed at home showed that there was no association between
the severity of Coronavirus (Covid-19) disease and subsequent
chronic fatigue [3]. Specifically, a study conducted in the USA states
that: (i) one in five out of the population examined among in-
dividuals aged 18e34 years without chronic diseases, were unable
to regain their initial health conditions after the end of the acute
phase; (ii) this prolongation of the disease had a major impact on
their quality of life as well as negative implications at a social level
[4].

A large cohort study conducted in China involved 1733 patients
after hospital discharge and found that after 6 months most pa-
tients showed at least one symptom, particularly fatigue or muscle
weakness, sleep difficulties, and anxiety or depression [5].

In Italy, as elsewhere in the world, several research teams have
addressed the issue of the persistence of symptoms after the SARS-
CoV-2 infection. Carfì et al. [6] confirmed that the main symptom
found in 53.1% of a group of 143 patients attending the post-Covid
outpatient clinic of the Gemelli Hospital in Rome was chronic fa-
tigue, and 44.1% reported a worsening of quality of life.

The consequences of Covid-19 disease on our organism are not
yet clear. The fatigue experienced by the patients after SARS-CoV-2
infection was similar to those noted with post-intensive care syn-
drome and other post-viral syndromes such as EpsteineBarr virus
infection [7]. Furthermore, in some studies have been postulated
similarities between Myalgic encephalomyelitis/chronic fatigue
syndrome (ME/CFS) and post-Covid syndrome [8].

In patients with severe Covid-19 disease admitted to intensive
care unit (ICU) fatigue symptoms may be improved through reha-
bilitation programs [9], but, as far as we know, there are no specific
solutions for the management of post-covid fatigue in non-ICU
patients.

At the same time, is well demonstrated that in other conditions,
such as oncology, post-operative or in the elderly, nutritional sup-
port with vitamins, minerals or plant extract have been shown to
help improving fatigue and quality of life [10e12].

2. Objectives

The aim of this study is to evaluate the response to the intake of
a nutritional supplement based on vitamins, minerals, amino acids,
and plant extracts (Apportal®, Pharmanutra Spa) in terms of
chronic fatigue symptoms improvement, in subjects with persis-
tent fatigue after SARS-CoV-2 negativity, managed at home by the
family doctor. The secondary aim is to assess the impact of the
supplementation on quality of life and mental fatigue on the study
population.

2.1. Methods

2.1.1. Participants
Participants were recruited from all over Italy, with a distribu-

tion of 25% in Northern Italy, 25% in Central Italy and 50% in the
South and Islands. The territorial distribution was deliberately very
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varied; there were no specific territorial clusters capable of por-
traying the entire Italian situation as realistically as possible. The
subjects enrolled had contracted Covid-19 and overcome the acute
phase of the infection (at least 3 days without fever and no other
symptoms except for ageusia and anosmia) but still reported
persistent fatigue. Patients who had been admitted to the intensive
care unit or had 3 or more chronic diseases were excluded.

2.1.2. Intervention
Participants were advised to take the food supplement Appor-

tal®, which contains 19 nutrients including group B vitamins,
minerals in Sucrosomial® forms such as iron, magnesium, zinc and
selenium, amino acids such as arginine and carnitine, and plant
extracts including Panax ginseng and Eleutherococcus senticosus.
Each participant was advised to take one sachet daily of Apportal®
for 28 consecutive days. At the beginning (T0), after 14 days (T1)
and after 28 days (T2) of supplementation, general fatigue, mental
fatigue and Quality of Life indexes were evaluated through specific
questionnaires.

2.1.3. Assessment
The assessment of quality of life and health status were

measured through the EuroQoL-5D questionnaire, chronic fatigue
using the FACIT-Fatigue questionnaire and mental fatigue using the
modified Chalder questionnaire.

The EQ-5D questionnaire is widely used as a screening tool in
large populations and consists of two sections: the first entails a
subjective evaluation of five dimensions (mobility, self-care, daily
activities, pain/discomfort and anxiety/depression) and each point
foresees graded answers from 1 to 3. Level 1 represents no prob-
lems, while level 3 represents extreme limitation. The second
section includes a visual analogue scale (VAS) assessment, graphi-
cally represented by a graduated scale from 0 (worst possible
health status) to 100 (best possible health status), where re-
spondents indicate their perceived level of health. For simplicity,
this scale was readjusted into integers ranging from 0 to 10 and the
score obtained in the first section was converted into the EQ-5D
index which is a score between 0 and 1 where 0 represents very
poor quality of life, and 1 perfect health. Therefore, two numerical
indices representing the subject's quality of life (EQ-5D index) and
health status were derived from the first questionnaire [13].

The FACIT-Fatigue questionnaire which consists of 13 items was
originally designed to understand the impact of asthenia on the
daily activities of cancer patients, but it has also been validated for
numerous other chronic diseases (e.g., rheumatoid arthritis, ane-
mia). Each question has 5 response options depending on the
severity ranging from “not at all” to “often”. The total points,
calculated according to the official scoring, is on a numerical scale
from 0 to 52, in which the higher the score the lesser the fatigue
[14].

For assessingmental fatigue, we used the Chalder questionnaire,
already cited in other studies on Covid-19 patients, but only using
the last 6 questions, which concern mental symptoms, and then
readjusting them on a Likert scale from 0 to 4, similar to the one in
the FACIT questionnaire. Summing the scores of the individual
answers yields a scale ranging from 0 to 24 where the higher score
represents greater mental fatigue.

2.2. Sample sizing

The main goal of the statistical analyses was the estimation of
the patients fatigue recovery, defined as the proportions of patients
who showed an increase of at least 5 units in the FACIT scale.
Aiming an increase in recovery of at least 10%, as compared to a
hypothesized 60% recovery in a non-treated sample, a power of 80%
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with alpha equal to 0.05 is guaranteed by a sample of 181 patients.
Considering a 10% loss at follow up, the sample required increases
to 200 patients.
2.3. Statistical analysis

The variables collected are described as mean ± standard de-
viation, median and interquartile range, or proportion, depending
on their distribution. The longitudinal data are analyzed with a
non-parametric method based on ranks [15], calculating the Rela-
tive Treatment Effects (RTEs), and using the Wald statistic for
comparisons on repeated measures and groups into which the
sample is divided. Considering a groupwithin a sample, the relative
RTE for that group is an estimate of the probability that the value
observed in any one component of the group is greater than the
value observed in any other component, selected at random from
the entire sample. Being a probability measure, the RTE will have a
value ranging between 0 and 1. After one way or two-way repeated
measure analysis, Bonferroni correction was used for post-hoc
comparisons. A value of p less than 0.05 was considered statisti-
cally significant. All statistical analyses were performed with the R
open-source software.
3. Results

A total of 201 subjects were enrolled; each of whom signed an
informed consent form regarding the study which was carried out
in compliance with Good Clinical Practices and in accordance with
the ethical principles of the Declaration of Helsinki. Data collected
for the 4 indices (Quality of life, Health Status, FACIT-Fatigue and
Mental Fatigue) allow to assess the trend in the general population.
The RTE (Relative Treatment Effect) was determined, allowing a
better understanding of the progression of the parameters
analyzed over time. The characteristics of the subjects analyzed are
shown in Table 1.
3.1. Analysis of the entire sample

The results of the 4 indices analyzed in the entire sample and
relative treatment effects (RTEs) are shown in Fig. 1.

The RTE trend concerning (i) quality of life, (ii) health status, (iii)
FACIT-Fatigue and (iiii) mental fatigue in the three questionnaires is
statistically significant (Wald Statistic, p < 0.0001). Furthermore,
the data between the three pairs of possible values were verified for
significance and found to be highly significant for all parameters
(p01 < 0.0001, p02 < 0.0001, p12 < 0.0001). The increase in the ab-
solute value and the RTEs of the EQ-5D index, health status and the
FACIT-Fatigue represent an improvement in the quality of life and a
reduced feeling of fatigue in the subjects. The decrease in the ab-
solute value and the RTE of the mental fatigue index represents an
improvement of this aspect in the interviewees.
Table 1
Sample characteristics.

Entire sample (n ¼ 201)

Age 48.11 ± 13.16
Male Gender 79 (39.3%)
Days since the onset of the disease 37 [30e46]
Days of fever 3 [1e5]
Hospitalization 15 (7.46%)
Other chronic diseases 39 (19.40%)
Pneumonia 19 (9.5%)
Smoking 19 (9.5%)
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3.2. Chronic fatigue improvement percentage

The results obtained from the analysis of the FACIT-Fatigue
questionnaire showed an improving trend for the population
analyzed. The percentage of subjects with a reduction in the total
score was assessed. By considering the reduction of at least 1 unit in
the questionnaire as an improvement, in the period between T0
and T1, 154 subjects improved (76.62%) and between T0 and T2, 181
subjects improved (90.05%). By considering the reduction of at least
5 units in the questionnaire as an improvement, in the period be-
tween T0 and T1, 115 subjects improved (57.21%), and between T0
and T3, 150 subjects improved (74.63%). By considering the
reduction of at least 10 units in the questionnaire as an improve-
ment, in the period between T0 and T1 65 subjects improved
(32.34%), and between T0 and T2, 102 subjects improved (50.75%).

3.3. Analysis according to gender

Based on the recent literature showing a different incidence of
chronic fatigue in females compared to males, we extrapolated two
subgroups divided by gender from our study population. Therefore,
the 4 indices under examination were analyzed in the male sub-
group (79 subjects) and female subgroup (122 subjects). The results
of the relative treatment effects (RTE) are illustrated in Fig. 2.

Within the same gender, for both male and female, the differ-
ences between each pair of questionnaires for all 4 indices analyzed
are statistically significant; the parallelism between the trends
statistically confirms that the two subgroups improve similarly.

Furthermore, when analyzing the differences between genders
(men vs women) at the various times, it can be observed how the
differences between genders are always statistically significant
(p < 0.0001), except for the RTE of health status at T0. The results of
the scores obtained from the individual questionnaires and the RTE
trend are shown in Fig. 3.

3.4. Chronic fatigue improvement percentage by gender

Likewise in the men-women subgroups, the number of
improved subjects was evaluated as a percentage by assessing
various improvement steps in the total score of the FACIT ques-
tionnaire. By considering the reduction of at least 1 unit in the
questionnaire, in the period between T0 and T1, 98women (80.33%)
and 56 men (70.89%) improved; in the period between T0 and T2
109 women (89.34%) and 72 men (91.13%) improved.

3.5. Analysis according to age

Since the pandemic affected most seriously elderly people, an
additional analysis parameter could be the age of the subjects. The
average age was 48 and subjects over 80 years of age were
excluded; therefore, an analysis was carried out by distinguishing 2
subgroups: subjects aged �60 years (28 subjects), for convenience
defined as “Elderly” and the others aged <60 years (173 subjects),
defined as “Young”. The results of the relative treatment effects
(RTEs) are shown in Fig. 3.

Within the same subgroup, both for the young and the elderly,
the differences between each pair of questionnaires for the 4
indices analyzed are statistically significant. Between the sub-
groups, only the differences in the RTE trend of the quality of life are
statistically significant; in the case of the other indices, statistical
significance is not reached due to the small number of the elderly
subgroup, although in the case of the RTE trend of mental fatigue in
the elderly subgroup at T1 (14 days) there is a numerically greater
improvement than in the young.



Fig. 1. A: results (median) and B: RTE trend for quality of life; C: results (median) and D: RTE trend for health status; E: results (median) and F: RTE trend for FACIT-Fatigue; G:
results (median) and H: RTE trend for mental fatigue (***p < 0.0001 for all pairs of questionnaires).

M.S. Rossato, E. Brilli, N. Ferri et al. Clinical Nutrition ESPEN xxx (xxxx) xxx

4



Fig. 2. A: results (median) and B: RTE trend for quality of life; C: results (median) and D: RTE trend for health status; E: results (median) and F: RTE trend for FACIT-Fatigue; G:
results (median) and H: RTE trend for mental fatigue (Significance between genders at all times:***p < 0,0001. Women Men; Women Men.)
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Fig. 3. A: results (median) and B: RTE trend for quality of life; C: results (median) and D: RTE trend for health status; E: results (median) and F: RTE trend for FACIT-Fatigue; G:
results (median) and H: RTE trend for mental fatigue (Significance between subgroups: ***p < 0,0001). (Young Elderly ; Young Elderly).
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3.6. Percentage of improvement in chronic fatigue by age

The number of subjects who improved as a percentage of the
total score of the FACIT questionnaire was also evaluated on the
young-elderly subgroups. By considering the reduction of at least 1
unit in the questionnaire, in the period between T0 and T1, 24
elderly subjects (85.71%) and 130 young subjects (75.14%)
improved; in the period between T0 and T2, 25 elderly subjects
(89.29%) and 156 young subjects (90.17%) improved.
4. Special cases

Within the studied sample, two subjects were identified who
reported persistent fatigue for much longer than the others, hence
it was deemed appropriate to carry out an ad hoc analysis of their
progress. The two subjects were a man, 56 years old, (Subject A)
and a woman, 29 years old, (Subject B) began the analysis 269 and
266 days respectively after the onset of the SARS-CoV-2 infection
(March 2020, “1st pandemic wave”). Table S1 shows the scores
from the FACIT-Fatigue and Mental Fatigue questionnaires. The
increase in the score of the FACIT-fatigue questionnaire represents
an improvement in the feeling of fatigue, while the decrease in the
mental fatigue index score represents an improvement in this
aspect.
5. Discussion

To the best of our knowledge, there is no other study to date that
has associated the intake of a nutritional supplement with the
reduction in chronic fatigue or an improvement in the quality of life
of patients with post-Covid syndrome.

The subjects were recruited nationwide and included because
they reported still feeling tired and fatigued more than one month
after the end of the acute phase of the disease. The data obtained
from the anamnesis confirm that they are representative of the
general situation: the average age (48 years) is in line with the
average age of those affected in the OctobereNovember 2020 wave,
which was 45e49 years according to the report from the Istituto
Superiore di Sanit�a [Italian National Institute of Health] on the
Covid-19 epidemic [16]; the higher incidence of chronic fatigue in
female subjects confirms the consistency of the data observed also
in other studies. Indeed, the study by Venturelli et al. conducted on
767 patients discharged from the hospital of Bergamo (Italy)
showed the higher incidence of post-Covid symptoms inwomen: in
fact, women had about twice the incidence of chronic fatigue [5,17].

The results on the whole population show a significant
improvement in the questionnaire’s score used to analyze fatigue
and quality of life after both 14 and 28 days of supplementation
with Apportal®. The improvement observed in patient symptoms
already after the first 14 days showed that the positive effect is not
solely attributable to the time elapsed since the end of the disease
but is due to the supplement as well. The effect of the supple-
mentation is further confirmed by the progressive improvement
observed also after 28 days. Moreover, Apportal® ameliorate gen-
eral condition also in two subjects with persistent fatigue who had
experienced the acute phase of the infection almost 9 months
before starting the investigation.

The data on the percentage of patients who improved FACIT-
questionnaire further confirm the benefit deriving from nutri-
tional treatment, showing an improvement of at least 1 unit in
76.62% of subjects after 14 days and in 90.05% of subjects after 28
days. Even more interesting is the result showing the 10-unit
improvement found in about one third of subjects after 14 days
and in half of the subjects after 28 days.
7

The analysis of the subgroups shows that both women and the
over-60s start the treatment with a higher degree of initial chronic
fatigue. Scores of fatigue and quality of life progressively ameliorate
in the same way as men and young people, as evidenced by the
relative trend effect (RTE) of the treatment.

The mental fatigue RTE trend for the over-60s subgroup high-
lights a greater benefit in this population after 14 days of supple-
mentation than in the others, even though it does not reach
statistical significance due to the small number of over-60s
analyzed in this study. It would be interesting to evaluate
whether this greater benefit observed in the mental improvement
of the over-60s is confirmed in a larger sample.

Mental symptoms have been evaluated and reported in many
post-Covid studies and in the most severe cases include severe
headache, myalgia, depression, and sleeping disorder. In other
subjects, a “brain fog” is reported, which is a mild cognitive decline
that consists of difficulties in concentration, memory and executive
abilities [18]. The “brain fog” symptoms are observed in the sample
analyzed in this study judging by the answers to the questions
concerning the feeling of anxiety, the ability to concentrate, the
ability to think clearly and memory. Indeed, the data emerging at
the end of the supplementation period show an improvement in
anxiety and mental fatigue scores, probably because a correction
with nutritional treatment can also act on psychological and not
just physical well-being.

The improvement observed following nutritional treatment in
subjects with chronic fatigue due to Covid-19 disease may be
related to the action of the nutrients contained in Apportal® and
their synergies on the same biological functions.

Indeed, it is well known that vitamins and minerals play a key
role in counteracting chronic physical and mental fatigue. Group B
Vitamins, Vitamin C, Iron andMagnesium are all involved in energy
metabolism andwhen supplemented in the right amounts, are able
to stimulate the physiological functions by inducing the body reach
a condition of self-sufficiency which has health benefits in terms of
physical and mental fatigue [19]. Calder in his review explained the
role of nutrition in the SARS-CoV-2 infection and showed that
nutrients such as Vitamin D, Zinc and Selenium can improve the
immune system response especially at such a stressful time as re-
covery from SARS-CoV-2 infection [20]. Nonetheless, some of the
substancesmentioned and contained in Apportal® (Niacin, Vitamin
C, Iron, Magnesium) have obtained specific health claims for the
reduction of tiredness and fatigue from the European Food Safety
Authority (EFSA), based on scientific evidence [21].

Besides, Apportal® contains plant extract like P. ginseng since
several studies confirmed its effect in counteracting chronic fatigue
in subjects with idiopathic chronic fatigue (ICF) and in chronic fa-
tigue syndrome (CFS). P. ginseng also showed a positive effect in
improvement of memory and cognitive performance on healthy
subjects [22]. The anti-fatigue effect and the mental fatigue
improvement observed after the supplementation could be also
obtained thanks to the presence of P. ginseng in the formulation.

As a last point, it should be considered that oxidative stress is
also a phenomenon closely related to persistent fatigue. Lee et al.,
who correlated the serum parameters of oxidative stress in healthy
and fatigued subjects, found that parameters such as ROS (Reactive
Oxygen Species) or SOD (Superoxide Dismutase) are significantly
higher in fatigued subjects than in healthy subjects [23]. Therefore,
a positive effect can also be attributed to antioxidant substances,
such as Coenzyme Q10, Lycopene, Selenium and Vitamin C.

Nutritional supplements aim to improve the overall well-being
of the subjects who take them, they do not have the ambition to
“heal” them. Indeed, subjects involved in this study reported
feeling better in terms of anxiety, fatigue and ability to concentrate,
which means that the goal has been achieved. Furthermore, the



M.S. Rossato, E. Brilli, N. Ferri et al. Clinical Nutrition ESPEN xxx (xxxx) xxx
supplementation with Apportal® could reduce the use of drugs
that are commonly used in these situations, thanks to its ability to
restore the physiological conditions of the body.

6. Limitation

This is an open-label observational trial and it has some limi-
tation. First of all, the study lacks a control group that will clarify if
the recovery occurs in the same way and at the same time even
without supplementation. It may also be useful to design a placebo-
controlled RCT and biochemical parameters or objective assess-
ments can also be taken into consideration, not only self-
administered questionnaires. Further studies are needed to assess
the effect of nutritional supplementation even in patients older and
with severe fatigue, especially when these symptoms persist for
long time after the end of the infection.

7. Conclusions

In conclusion, the novelty of this study is the demonstration that
a combination of nutrients can have a positive synergistic effect on
decreasing chronic fatigue in moderately fatigued subjects and
improving quality of life. This is the first evidence to offer a solution
for speeding up the recovery of subjects with chronic post-Covid
fatigue and appears to be effective in almost all subjects (90.05%),
regardless of gender, age, and severity of the previous disease.

The condition of chronic fatigue observed in these SARS-CoV-2
infected subjects is comparable to other chronic physical and
mental fatigue conditions found in subjects with other chronic
diseases. The results obtained from this study show that supple-
mentation with Apportal® can be a quick and easy opportunity to
counteract chronic fatigue.
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