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A B S T R A C T   

Background: Chronic fatigue (CF) is a complex phenomenon without clear etiology that may require long-term 
treatment, but to date, no specific therapy has been identified for it. Some botanicals might be helpful in the 
management of CF. Among these botanicals, quercetin demonstrates its capacity to modulate multiple biological 
pathways and acknowledged major properties in CF: antioxidant, anti-inflammatory, immunomodulating, 
improving exercise endurance, enhancing mitochondrial biogenesis, repairing mitochondrial dysfunction. 
Purpose: Given this background, the aim of this study was to evaluate if a 2-month period of daily Quercetin 
Phytosome™ 500 mg supplementation is of benefit for the relief of CF. 
Methods: The primary end point has been the evaluation of fatigue, by Fatigue Impact Scale (FIS-40). The sec-
ondary end points have been the assessment of sleep, by Pittsburgh Sleep Quality Index (PSQI), evaluation of 
muscle performance, by short physical performance battery and by wearable armband-shaped sensor in order to 
evaluate the number of steps, body composition, by DXA and quality of life by Short-Form 12–Item Health 
Survey (SF-12). 
Results: Seventy-eight subjects (42 F; 36 M) (mean age 56 ± 9) reporting CF symptoms, completed the study 
(placebo/supplement 38/40). The FIS-40 mean difference changes between groups (supplement minus placebo) 
was − 10.583 points (CI95% − 11.985; − 9.182) (p < 0.001). Also, statistically significant changes between 
groups have been recorded in Pittsburgh Sleep Quality Index − 2.040 points (CI95%: − 2.770; − 1.309), p <
0.01), number of steps 1443.152 (CI95%: 1199.556; 1686.749), and SPPB (score) 0.248 (CI95%: 0.105; 0.391) 
(p < 0.001). 
Conclusion: The quercetin supplementation counterbalances CF symptoms.   

1. Introduction 

Until today’s fast-paced living conditions, phenomena like unrea-
sonable diet, lack of exercise, irregular work and rest, lack of sleep, 
mental tension, high psychological pressure, and long-term bad mood 
are widespread [42,43]. As a result, more and more people are in a 

sub-health state (a special state between health and illness) and facing 
"unexplained fatigue". 

Fatigue was defined as “an overwhelming, debilitating and persistent 
feeling of burnout that reduces the person’s ability to perform activities 
of daily living, including working effectively and performing customary 
family and social duties” [29,36]. If the fatigue is persisting for more 

Abbreviations: BMI, body mass index; CF, chronic fatigue; CVs, coefficients of variants; DXA, dual-energy X-ray absorptiometry; FFM, fat free mass; FIS-40, fatigue 
impact scale; HFD, high fat diet; PSQI, Pittsburgh sleep quality index; QG, quercetin group; QoL, quality of life; SF-12, short form- 12 Item health survey; SPPB, short 
physical performance battery; TUG, time up and go. 
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than 6 months is called chronic fatigue (CF). It was reported that up to a 
third of adults experience chronic fatigue for six months or more [37]. 
To date, there was no definitely effective intervention with coherence 
and reproducibility in treatment of CF [19]. 

So, fatigue is a complex and comprehensive physiological phenom-
enon without clear etiology and may require long-term medication [24]. 
Current CF therapy consists in the use of over-the-counter and pre-
scription drugs to address specific symptoms, coupled with varying 
levels of physical and psychological support. 

An alternative could be the use of natural supplements with proved 
effectiveness. In particular, a recent review reported the possible effi-
cacy of some natural derivatives in the treatment of fatigue and chronic 
fatigue, including also the muscle fatigue deriving from intensive 
training [24]. Among these botanicals reported by Luo and colleagues, 
quercetin is supported by an extensive scientific literature in animal and 
in vitro models, that demonstrated its ability to modulate multiple 
biological pathways and acknowledged the major properties helpful for 
relief of CF, i.e, the antioxidant, anti-inflammatory and immunomodu-
lating properties, the improvement of exercise endurance, as well as 
activities of enhancing mitochondrial biogenesis and repairing mito-
chondrial dysfunction [11,22,33,38,1,44]. Therefore, quercetin fulfills 
the need for multifactorial action potential that is suitable for counter-
balancing the symptoms of CF. 

Quercetin is a flavonoid belonging to the flavonol subfamily and it is 
one of the most studied polyphenols because of its numerous biological 
activities. It is also the most abundant flavonoid in nature. 

Considering improving exercise endurance, numerous studies 
demonstrated that quercetin has anti-fatigue capacity. The results of a 
preclinical study showed that dietary supplementation of quercetin 
significantly prolonged the swimming time to exhaustion and improved 
anti-fatigue capacity; these findings suggest that quercetin can improve 
fatigue resistance by reducing muscle damage and increasing fatty acid 
β-oxidation [8]. Riva and colleagues [31] showed scientific evidence of 
positive effects due to the high antioxidant capacity of Quercetin Phy-
tosome™: in triathletes, the supplementation of Quercetin Phytosome™ 
was more effective than placebo in reducing oxidative stress (by mea-
surement plasma free radicals), even if fatigue was not assessed in this 
study. 

. A reduction of both fatigue and tiredness was observed in two trials 
in early stage Covid-19 patients supplemented for 30 days by 500 mg of 
Quercetin Phytosome™ twice in a day [9,10]. 

The aim of the present pilot study was to evaluate if a 2-month period 
of quercetin supplementation (500 mg Quercetin Phytosome™) is of 
benefit in the relief of CF symptoms and in the improvement of quality of 
life. 

2. Materials and methods 

2.1. Population 

A randomized, double-blind, placebo-controlled trial was conducted 
in subjects who complain CF symptoms. The subjects were recruited 
from the Dietetic and Metabolic Unit of the “Santa Margherita” Institute, 
University of Pavia, Italy. 

Inclusion criteria were subjects aged 18 years or older, of both 
genders, provided signed written informed consent and complain 
symptoms of fatigue from different etiologies, as reported in Table 1. 
Symptoms accepted for inclusion were recorded using a self-reported 
fatigue score assessed using the validated Fatigue Impact Scale (FIS- 
40) that comprised chronic tiredness impacts related to physical, 
cognitive and psychosocial functions. 

Exclusion criteria were: any clinical condition for chronic fatigue 
(untreated hypothyroidism, sleep apnea, narcolepsy, medication side 
effects, and iron deficiency anemia and others); previous diagnosis not 
unequivocally resolved (chronic hepatitis, malignancy); past or current 
neuropsychiatric disorders (major depressive disorder with psychotic or 

melancholic features, bipolar disorder, schizophrenia, delusional dis-
order, dementias, anorexia nervosa, bulimia nervosa); and concomitant 
participation in all kinds of other clinical trials within 30 days prior to 
study inclusion; inability to follow the instructions or to complete the 
supplementation satisfactorily; failure to provide signed informed con-
sent; use of certain drugs/supplements that might influence outcome in 
the last 90 days or whose withdrawal might be a relevant problem; 
anticoagulant treatment; pregnancy or breast-feeding; smoking, alcohol 
intake or substance abuse; obesity (BMI > 35 kg/m2). 

The experimental protocol was approved by the Ethics Committee of 
the University of Pavia (ethical code Number: 0912/01072022) and was 
registered at ClinicalTrials.gov under registration number: 
NCT05730660. All the volunteers gave their written informed consent to 
participate. 

2.2. Primary endpoint 

The prospectively defined main outcome measure was the mean 
difference changes in self-reported fatigue scores assessed using the 
validated Fatigue Impact Scale (FIS-40) from baseline to the final study 
visit held two months later. The study was powered to detect a 3-point 
difference between active treatment group and placebo. The FIS-40 
comprises 40 items divided into three domains that describe how 
perceived fatigue impacts upon cognitive (10 items), physical (10 
items), and psychosocial functioning (20 items) over the previous four 
weeks. Each item is scored from 0 (no fatigue) to 4 (severe fatigue). The 
total FIS-40 score is calculated by adding together responses from the 40 
questions (score range 0–160). Higher scores indicate more functional 
limitations due to severe fatigue [12,15]. 

2.3. Secondary endpoints 

2.3.1. Pittsburgh Sleep Quality Index 
Sleep disturbances were assessed through the self-administered 19- 

item Pittsburgh Sleep Quality Index (PSQI) questionnaire. Scores are 
obtained on each of seven domains of sleep quality: subjective sleep 

Table 1 
Baseline demographic characteristics of study participants (n = 78) who 
completed the final assessment.  

Variable Placebo 
(n = 38) 

QG 
(n = 40) 

Total sample 
(n = 78) 

P-value 
between 
Groups at 
baseline* 

Age (years) 55.92 ±
8.67 

56.28 ±
10.00 

56.10 ±
9.32  

0.868 

Female/males 20/18 22/18 42/36   
Height (m) 1.68 ± 0.10 1.65 ± 0.07 1.67 ± 0.09  0.210 
Weight (kg) 84.90 ±

12.74 
81.52 ±
9.40 

83.17 ±
11.21  

0.185 

BMI (kg/m2) 30.07 ±
2.01 

29.76 ±
1.80 

29.91 ±
1.90  

0.475 

Waist 
circumference 
(cm) 

103.37 ±
10.54 

100.80 ±
9.42 

102.05 ±
10.00  

0.260 

VAT (g) 1343.84 ±
723.98 

1116.90 ±
581.90 

1227.46 ±
660.61  

0.130 

Fat Mass (g) 35,059.00 
± 9757.69 

34,323.60 
± 6524.43 

34,681.87 
± 8212.72  

0.695 

Fat Free Mass (g) 47,091.71 
± 7773.73 

44,599.20 
± 6364.53 

45,813.50 
± 7150.33  

0.125 

Fatigue Etiology      
- Long Covid 11 10 21   
- Post traumatic 

stress 
1 3 4   

- Sine causa 26 27 53   

Data are expressed as means ± standard deviation (SD). 
QG: Quercetin Phytosome™ supplemented group; BMI: body mass index; VAT: 
Visceral Adipose Tissue. 
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quality, sleep latency, sleep duration, habitual sleep efficiency, sleep 
perturbations, use of sleeping medication, and daytime dysfunction. 
Each component is scored from 0 to 3 (0 = no sleep problems and 3 =
severe sleep problems). The global PSQI score ranges from 0 to 21 
points, with scores of ≥ 5 indicating poorer sleep quality [5]. 

2.4. Body composition 

Body composition (FFM, fat mass, and gynoid and android fat dis-
tribution) was measured by dual-energy X-ray absorptiometry (DXA) 
with the use of a Lunar Prodigy DXA (GE Medical Systems). The in vivo 
coefficients of variants (CVs) were 0.89% and 0.48% for whole body fat 
(fat mass) and FFM, respectively. Visceral adipose tissue volume was 
estimated using a constant correction factor (0.94 g/cm3). The software 
automatically places a quadrilateral box, which represents the android 
region, outlined by the iliac crest and with a superior height equivalent 
to 20% of the distance from the top of the iliac crest to the base of the 
skull [26]. 

2.5. Nutritional assessment 

Body weight (to the nearest 0.1 kg) and height (to the nearest 0.5 cm) 
were measured according to standard procedures, and body mass index 
(BMI) was derived accordingly [13]. A trained dietitian was responsible 
for the evaluation of calories and protein intake. At inclusion visit a 24 h 
dietary recall (with the aid of the caregiver) was performed using a food 
atlas, while at the end of study a calibrated dietetic spring scale was used 
to weigh all foods served and returned on consecutive days. A computer 
program (DR3 v3.1.0; Sintesi Informatica Srl, Milano, Italy) was used to 
estimate the energy and the macronutrient content of consumed food, 
including nutritional supplementation. 

2.6. Quality of life (QoL) assessment 

Quality of life was assessed for each participants: by the Short-Form 
12–Item Health Survey (SF-12) questionnaire, consisting of a short, 
generic health-status measure reproducing the physical and the mental 
summary scores of the SF-36 by addressing eight health domains 
(physical functioning, role physical, bodily pain, general health, vitality, 
social functioning, role emotional, and mental health) [39]. 

2.7. Evaluation of physical performance 

It comprised multiple tests. Gait speed was evaluated by the 4 m 
walking test, asking the patients to walk at their usual pace and taking 
into account the best time of two attempts. Patients could use an assis-
tive device, if needed. Specifically, the patient was asked to walk: down 
a hallway through a 1 m zone for acceleration, a central 4 m “testing” 
zone and a 1 m zone for deceleration (the patient should not start to slow 
down before the 4 m mark), starting and stopping the timer with the first 
footfall after the 0 m line and the 4 m line, respectively [2]. Lower body 
leg strength and endurance were investigated through the chair-stand 
test (time required to rise five consecutive times from a chair without 
arm rests) [17]. Composite evaluation of mobility, balance, walking 
ability, and fall risk was performed using the timed up and go (TUG) test, 
which assesses the time taken to rise from an arm chair, walk 3 m, turn, 
walk back, and sit down again [27]. Finally, we considered the Short 
Physical Performance Battery (SPPB), which consists of three compo-
nents: gait speed, chair-stand test, TUG, and balance (three different 
tests assessing ability to stand with the feet together in the side-by-side, 
semi-tandem, and tandem positions). Accordingly, each component was 
scored from 0 (not possible) to 4 (best performance); the scores add up to a 
total score ranging from 0 to 12 [16]. 

2.8. Wearable armband-shaped sensor 

Total steps were evaluated using a wearable armband-shaped sensor, 
SenseWear Pro2 Armband, dressed for 72 h, during the 2 weeks before 
the start of the study and during the last 2 week of the study. 

2.9. Dietary supplement 

In the supplemented group, named Quercetin Group (QG), 40 sub-
jects received the supplementation of Quercetin Phytosome™ 500 mg/ 
day in 2 divided doses or, whereas the 38 subjects received placebo 
(placebo group). Quercetin Phytosome™ was formulated as (white) 
film-coated tablets, each containing 250 mg of Quercetin Phytosome™ 
and food-grade ingredients. In order to guarantee the fast bio-
accessibility of quercetin, thus improving its bioavailability [30], 
Quercetin Phytosome™ film-coated tablets were characterized by fast 
disaggregation time (<30 min). Placebo was formulated as (white) 
film-coated tablets indistinguishable in appearance from Quercetin 
Phytosome™ tablets. 

2.10. Statistical analysis 

Baseline data have been presented as the mean values ± standard 
deviation of the mean (SEMs) unless otherwise indicated. The normal 
distribution of the variables was checked using the Shapiro Wills test 
and using Q-Q graphs. Baseline differences in demographic and clinical 
characteristics between the groups (placebo and supplementation) were 
examined using independent t tests. The homogeneity of the variances 
was estimated by using Levene’s test. One-factor covariance ANCOVA 
test was used for continuous variables to determine differences among 
the two treatments. The same model was also used to compare changes 
of the variables (supplementation minus placebo) adjusting for age and 
gender. Correlations between changes pre-post in supplemented group 
have been estimated by the Pearson’s correlation coefficient when the 
assumptions of normality were met and by the Spearman’s correlation 
coefficient when the assumptions of normality were not met. We per-
formed all analysis on an intention-to-treat basis. A p < 0.05 value was 
considered significant. Statistical Package for the Social Sciences version 
28 software was used to perform the statistical analysis (SPSS Inc, Chi-
cago, IL, USA). 

3. Results 

A total of 78 adults (42 F; 36 M) (mean age 56 years old ± 9) were 
randomly assigned to a supplementation group and completed the study 
(38 placebo and 40 QP). The dropout rates did not significantly differ 
between the two group and placebo group. Briefly, dropouts were 2 in 
the placebo group, lost to follow-up visit (Fig. 1). 

Baseline demographic parameters are reported in Table 1, together 
with the description of the different etiologies of fatigue symptoms. As 
for baseline demographic features, also clinical characteristics (Table 2) 
were similar in both groups. 

Table 3 and Fig. 2 show the mean difference changes in the primary 
and secondary outcomes. The changes differ significantly between the 
groups (supplement minus placebo effect) for almost all FIS-40 TEST 
items with chance in total score of − 10.583 (CI95% − 11.985; − 9.182) 
(p < 0.001). Statistically significant changes in Pittsburgh Sleep Quality 
Index have been recorded, specifically for Efficiency, Sleeping pills and 
Total score − 2.040 (CI95%: − 2.770; − 1.309) (p < 0.01). Adjusted 
between-group difference was significant also for Steps (number) 
1443.152 (CI95%: 1199.556; 1686.749), and SPPB (score) 0.248 
(CI95%: 0.105; 0.391) (p< 0.001). 

Considering body composition parameters (visceral adipose tissue, 
fat free mass, fat mass), no significant differences were observed in the 
supplemented group vs placebo. However, a reduction of fat mass was 
statistically significant only intragroup in the supplemented group. 
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Regarding quality of life, an increase of Physical-SF 12 of + 3.131 
(CI95%: 0.992; 5.271) was observed after supplementation. 

Table 4 reports the results of Pearson correlation analysis between 
the mean difference changes (t1-t0) in QG group, which reported a 
significant change in Table 3. 

In QG the overtime decreases of sleeping pills (r = − 0.314 *; 

p< 0.01) was associated simultaneously to the decrease of total Pitts-
burgh Sleep Quality Index (r = − 0.384; p < 0.01). 

A positive statistically significant association was also recorded be-
tween the changes in Pittsburgh Sleep Quality Index and changes in 
Physical-SF 12 (r = 0.353; p <0.01). 

4. Discussion 

This is the first study in literature that evaluated the use of a lecithin- 
based delivery form of quercetin (Quercetin Phytosome™) at 500 mg/ 
day for 2 months as of benefit for CF. The main finding of this double- 
blind placebo-controlled clinical study was a statistically significant 
relief in fatigue symptoms in supplemented group in respect of placebo 
administration. All three domains of related to fatigue, cognitive, 
physical and psychosocial functioning were positively involved. 

Comparing our results with the results of previous studies that 
evaluated the efficacy of dietary supplements of different compositions 
on chronic fatigue, we find that the effect size of quercetin supplemen-
tation is about 10% and is greater than the effect size of 3 g Korean red 
ginseng supplementation which turns out to be equal to 7% in the Won- 
Suk study [7] in a middle-aged and moderate level of CF patients, even if 
that another fatigue assessment scale (The Chalder fatigue severity 
questionnaire) has been used compared to our study [35]. 

Also considering the effect of 400 mg/day of dry ethanolic extract of 
R. rosea which was studied in subjects with prolonged or chronic fatigue 
symptoms, assessed by Multidimensional Fatigue Inventory 20, the ef-
fect size is 8% [23], therefore lower than the result of the present study. 

There is evidence that quercetin in vitro and in animal studies has an 
anti-inflammatory and anti-fatigue effectiveness (Chen 2018). This is 
the first clinical evidence specifically related to fatigue symptoms, only 
partially suggested by previous pilot studies in Covid-19 subjects [9,10]. 

The improvement of the cognitive functioning, could be explained by 
the neuroprotective effect that is exerted by quercetin, as demonstrated 
in animal models [28]. Moreover, in vitro quercetin demonstrated the 
increase of gene expression of adenosine A1 receptors in the brain; 
specifically, quercetin had the highest affinity for this receptor [4]. 
Quercetin exhibits α7nAChR/Nrf2/HO-1-mediated neuroprotection 
against STZ-induced mitochondrial toxicity and cognitive impairments 
in experimental rodents [34]. 

As secondary endpoint, the sleep quality recorded with PSQI was 
significantly improved by quercetin supplementation in respect to 
placebo. 

Regarding quality of life, an increase of Physical-SF 12 of + 3.131 
(CI95%: 0.992; 5.271) was observed after supplementation, even if, with 
surprise, the intragroup difference is not statistically significant. 

We also noted a discrepancy between the average values of the fa-
tigue test at baseline (which are in line with the values presented in 
other studies, such as in the study by Castro-Marrero [6] and the values 
of the SF-12 test. We then considered some explanations. The main one 
concerns the overestimation of fatigue by patients with chronic fatigue. 
Already in 1996 it was reported that fatigue can be overestimated in 
patients with chronic fatigue [14]. This situation is confirmed in 
numerous subsequent studies [25]. Moreover, we also considered that 
the shortened version of the SF 12 test is not adequate for assessing 
quality of life in patients with chronic fatigue, but that the SF 36 test 
probably needs to be used, although other studies, albeit conducted in 
different settings, such as obese patients [40,41], have demonstrated 
that SF-12 and the SF-36 are highly correlated, and both summary 
measures of the physical and mental components in the SF-12 explained 
about 90% of the variation in the same summary measures in the SF-36. 
However, no studies have demonstrated this correlation in patients with 
CF. 

Finally, as a secondary end point, the evaluation of body composi-
tion, using DXA, and of muscle function, using SPPB and the step count 
by wearable arm band, were also included in order to evaluate both the 
direct efficacy of quercetin on these functions and the efficacy mediated 

Fig. 1. Flow diagram of the study.  

Table 2 
Baseline test scores of study participants who completed the final assessment.  

Test scores Placebo 
(n = 38) 

QG 
(n = 40) 

Total 
sample 
(n = 78) 

P-value 
between 
Groups at 
baseline 

FIS-40 TEST 
Cognitive 10 29.95 

± 4.04 
30.48 
± 3.33 

30.22 
± 3.68  

0.530 

Physical 10 31.79 
± 3.79 

32.7 ± 3.03 32.26 
± 3.43  

0.243 

Psychosocial 20 63.29 
± 5.36 

64.15 
± 4.43 

63.73 
± 4.89  

0.441 

Total 125.03 
± 7.09 

127.33 
± 6.51 

126.21 
± 6.85  

0.140 

Pittsburgh Sleep Quality Index 
Sleep quality 1.76 ± 0.71 1.75 ± 0.74 1.76 ± 0.72  0.937 
Sleep latency 1.55 ± 0.64 1.58 ± 0.59 1.56 ± 0.62  0.874 
Sleep duration 1.61 ± 0.72 1.65 ± 0.70 1.63 ± 0.70  0.781 
Efficiency 1.61 ± 0.72 1.63 ± 0.74 1.62 ± 0.72  0.905 
Disturbance 1.82 ± 0.69 1.78 ± 0.66 1.79 ± 0.67  0.791 
Sleeping pills 1.53 ± 0.69 1.63 ± 0.67 1.58 ± 0.68  0.522 
Daytime 

dysfunction 
1.08 ± 0.27 1.15 ± 0.43 1.12 ± 0.36  0.387 

Total 12.66 
± 1.92 

12.75 
± 1.89 

12.71 
± 1.89  

0.832 

Other outcomes 
Steps (number) 2597.42 

± 722.66 
2684.55 
± 861.96 

2642.10 
± 793.21  

0.631 

SPPB 11.84 
± 0.37 

11.75 
± 0.44 

11.79 
± 0.41  

0.320 

Physical-SF 12 37.68 
± 11.45 

35.34 
± 8.88 

36.48 
± 10.22  

0.315 

Mental-SF 12 44.58 
± 11.88 

43.18 
± 9.47 

43.86 
± 10.67  

0.564 

Data are expressed as means ± standard deviation (SD). 
QG: Quercetin Phytosome™ supplemented group; SPPB, short physical perfor-
mance battery; BMI, body mass index; VAT, visceral adipose tissue. 
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Table 3 
Within group (pre post) and between group (treatment minus placebo effect) mean difference changes from baseline (from day 0 to the end of the supplementation) for 
all investigated variables during the supplementation period * in bold: value with p < 0.05.  

Variable PLACEBO 
Intra-Group 
Δ Change (CI 95%) 

PLACEBO 
Intra-Group 
Δ Change in 
Percentage (%) 

QG 
Intra- 
Group Δ 
Change 
(CI 
95%) 

QC 
Intra-Group 
Δ Change in 
Percentage 
(%) 

Effects 
between Groups (QG minus placebo) Δ 
Change (CI 95%) 

P-value between 
group 

FIS-40 TEST  
Cognitive 10 (score) 0.87 (0.09; 1.65) +3 -2.95 

(− 3.71; 
− 2.19) 

-10 -3.82 (− 4.91; − 2.74) 0.001 

Physical 10 (score) 0.76 (0.12; 1.39) +2 -3.12 
(− 3.74; 
− 2.50) 

-9.5 -3.87 (− 4.77; − 2.89) 0.001 

Psychosocial 20 (score) 0.16 (− 0.46; 0.78) +0.2 -2.73 
(− 3.33; 
− 2.13) 

-4.2 -2.89 (− 3.75; − 2.03) 0.001 

Total (score) 1.79 (0.78; 2.79) +1.4 -8.80 
(− 9.78; 
− 7.82) 

-7 -10.58 (− 11.99; − 9.18) 0.001 

Pittsburgh Sleep Quality Index  
Sleep quality (score) -0.05 (− 0.28; 0.17) -3 -0.15 

(− 0.37; 
0.07) 

-8.5 -0.10 (− 0.41; 0.12) 0.537 

Sleep latency (score) 0.05 (− 0.14; 0.25) 3 -0.18 
(− 0.37; 
0.02) 

-11.5 -0.23 (− 0.50; 0.05) 0.101 

Sleep duration (score) 0.21 (− 0.07; 0.50) +13 -0.30 
(− 0.58; 
− 0.03) 

-18 -0.52 (− 0.91; − 0.12) 0.011 

Efficiency (score) 0.26 (0.01; 0.51) +16 -0.20 
(− 0.44; 
0.04) 

-12 -0.46 (− 0.80; − 0.11) 0.010 

Disturbance (score) 0.05 (− 0.20; 0.31) +3 -0.28 
(− 0.53; 
− 0.03) 

-16 -0.33 (− 0.69; 0.03) 0.071 

Sleeping pills (score) 0.37 (0.15; 0.59) +24 -0.08 
(− 0.29; 
0.14) 

-5 -0.45 (− 0.76; − 0.14) 0.005 

Daytime dysfunction 
(score) 

0.00 (− 0.08; 0.08) 0 -0.08 
(− 0.16; 
0.01) 

-7 -0.08 (− 019; 0.04) 0.196 

Total (score) -0.81 (− 1.34; − 0.29) -6 -2.85 
(− 3.36; 
− 2.34) 

-22 -2.04(− 2.77; − 1.31) 0.001 

Other outcomes  
Steps (number) -198.28 (− 372.69; 

− 23.88) 
-8 1244.87 

(1074.88; 
1414.86) 

+47 1443.15 (1199.56; 1686.75) 0.001 

SPPB (score) 0.00 (− 0.10; 0.10) 0 0.25 (0.15; 
0.35) 

+2 0.25 (0.11; 0.39) 0.001 

Weight (kg) -0.98 (− 1.60; − 0.37) -1 -1.59 
(− 2.19; 
− 0.99) 

-2 -0.61 (− 1.47; 0.25) 0.165 

BMI (kg/m2) 0.38 (− 1.46; 0.71) +1 -1.28 
(− 2.33; 
− 0.22) 

-4 -0.90 (− 2.42; 0.62) 0.241 

Waist circumference 
(cm) 

-1.20 (− 2.08; − 0.32) -1 -1.25 
(− 2.10; 
− 0.39) 

-1 -0.04 (− 1.27; 1.19) 0.946 

VAT (g) 770.24 (− 431.24; 
1971.72) 

+57 -49.91 
(− 1220.95; 
1121.14) 

-4 -820.15 (− 2498.30; 858.01) 0.333 

Fat Mass (g) -547.03 (− 1805.59; 
711.53) 

-1.5 -2158.40 
(− 3385.07; 
− 931.72) 

-6 -1611.37 (− 3369.25; 146.51) 0.072 

Fat Free Mass (g) -666.70 (− 1077.97; 
− 255.43) 

-1 -187.34 
(− 588.19; 
213.51) 

-0.4 479.36 (− 95.07; 1053.80) 0.101 

Physical-SF 12 2.60 (0.40; 4.79) +7 3.13 (0.99; 
5.27) 

+9 0.535 (− 2.532; 3.60) 0.729 

Mental-SF 12 -3.19 (− 4.90; − 1.47) -7 -2.01 
(− 3.69; 
− 0.34) 

-5 1.17 (− 1.23; 3.57) 0.333 

QG: Quercetin Phytosome™ supplemented group; SPPB, short physical performance battery; BMI, body mass index; VAT, visceral adipose tissue; CI, confidence 
interval; 95% Confidence of interval. 
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by the improvement in fatigue. 
A statistically significant change has been demonstrated only in the 

supplemented group for short physical performance battery and for 
number of steps. We can therefore hypothesize that a reduction in fa-
tigue in the supplemented group resulted in an improvement in daily 
physical activities. 

It is very attractive to see how closely these results are linked to each 
other; we can speculate that the reduction of fatigue symptoms reported 
in supplemented group allows the amelioration of quality of life with an 
increase in daily movement, as demonstrated by the significant increase 
in the number of steps, with a consequent improvement in physical 
performance, as demonstrated by the results of the SPPB, resulting also 
in improved sleep. Even the reduction of adipose tissue, although not 
statistically significant between groups, but only intragroup in the 
supplemented group, could be a consequence of this increase in physical 
activity. 

Regarding the reduction of adipose tissue, our study is in agreement 
with a previous placebo-controlled double-blind parallel-group com-
parison study by Saito and colleagues. In that trial for subjects with BMI 

of ≥25 kg/m2, daily intake of tea containing 110 mg quercetin glyco-
side for 12 weeks significantly decreased visceral fat area [32]. The 
mechanism underlying suppression of fat accumulation by quercetin 
was indicated to involve suppression of the expression of peroxisome 
proliferator-activated receptor γ, which is related to fat accumulation, 
and sterol regulatory element-binding protein 1 and fatty acid synthase 
which are related to fatty acid synthesis. Also the increase of the 
expression of cAMP which is related to lipolysis, could be associated to 
the reduction of fat accumulation, as reported in animal models [3,20, 
21]. Moreover, preclinical studies have demonstrated that dietary sup-
plementation with quercetin attenuated high fat diet (HFD)-induced 
obesity and insulin resistance by increasing energy expenditure through 
a mechanism involving skeletal muscle mitochondrial adaptations [18]. 

Despite the significant findings obtained in the present investigation, 
there are some limitations. Thus, future studies using larger sample sizes 
and including a wide spectrum of biomarkers are required. In particular, 
it should be noted that we did not measure antioxidant and inflamma-
tory markers and inflammation could have been present as related to the 
observed general fatigue. In addition, our sampling was based on 

Fig. 2. Within-group mean changes from baseline (from day 0 to the end of the supplementation).  

Table 4 
Pearson correlations between Δ-changes (t1-t0) in supplementation group based on the statistically significant makers in Table 3.   

Δ sppb Δ steps Δ FIS-40 Δ Efficiency Δ Sleeping pills Δ Pittsburgh tot 

Δ Sppb 1 0.183 0.274 0.000 0.166 0.099 
Δ Steps  1 0.242 -0.115 -0.314* -0.384* 
Δ FIS-40   1 0.058 -0.041 0.213 
Δ Efficiency    1 -0.150 0.245 
Δ Sleeping pills     1 0.295 
Δ Pittsburgh      1  

* Pearson correlations are in the upper triangular matrix with P values (in bold: P < 0.05) 
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individuals suffering from chronic fatigue from different etiologies and 
different timelines. 

Although these preliminary results are promising, they need further 
confirmation from large cohort studies. 
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