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Abstract 

Background/Objectives: Long COVID is characterised by persistent symptoms such as 
fatigue, pain, cognitive impairment, sleep disturbances, and reduced quality of life (QoL) 
following SARS-CoV-2 infection. Proposed mechanisms include persistent immune acti-
vation, chronic inflammation, oxidative stress, endothelial dysfunction, mitochondrial 
disturbances, and virus-induced cellular senescence. Current management is largely sup-
portive, highlighting the need for complementary strategies targeting these pathways. 
Natural polyphenols such as quercetin and curcumin possess anti-inflammatory, antioxi-
dant, immunomodulatory, and potential senolytic properties that may modulate multiple 
pathways implicated in Long COVID. This study aimed to explore the potential comple-
mentary effects of oral quercetin–curcumin co-supplementation, administered alongside 
usual symptomatic management, in adults with persistent Long COVID symptoms. 
Methods: This single-centre, open-label, single-arm, pragmatic exploratory study en-
rolled 15 adults with Long COVID in an outpatient real-life clinical practice setting. Par-
ticipants received a nutraceutical formulation containing quercetin (65 mg) and Curcuma 
longa extract standardised to provide 42 mg curcumin (Nasafytol®), administered as two 
capsules twice daily for 8 weeks in addition to standard care. The primary endpoint was 
change in overall symptom burden assessed using the COVID-19 Yorkshire Rehabilita-
tion Scale (C19-YRS). Secondary outcomes included fatigue (Fatigue Severity Scale, FSS), 
pain (Brief Pain Inventory—Short Form, BPI-SF), cognitive function (Patient-Reported 
Outcomes Measurement Information System Cognitive Function Short Form 8a, PRO-
MIS-CF-8a), mood (Hospital Anxiety and Depression Scale, HADS), sleep quality (Pitts-
burgh Sleep Quality Index, PSQI), autonomic symptoms (Composite Autonomic Symp-
tom Score-31, COMPASS-31), and health-related QoL (Medical Outcomes Study 36-Item 
Short-Form Health Survey, SF-36). Results: After 8 weeks, overall symptom burden 
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significantly decreased (C19-YRS median 50 to 32; q = 0.018). Significant reductions were 
observed in patient-reported fatigue (q = 0.006), pain severity and interference (q = 0.006), 
and improved physical health-related QoL (SF-36 PCS; q = 0.025). Numerically favourable 
changes were also observed in cognitive function, anxiety, sleep quality, and autonomic 
symptoms, although these did not reach statistical significance. The supplementation was 
generally well tolerated with no serious adverse events. Conclusions: Quercetin–curcu-
min co-supplementation was associated with lower patient-reported symptom burden, 
fatigue, and pain and better physical health-related QoL after 8 weeks of supplementation 
in adults with Long COVID. These observed findings represent treatment-associated 
changes within this uncontrolled exploratory study and should be interpreted cautiously. 
Further evaluation in adequately powered randomised placebo-controlled trials is war-
ranted. Trial registration: ClinicalTrials.gov (ID NCT06974058). 

Keywords: long COVID; polyphenols; quercetin; curcumin; supplements; complemen-
tary therapy; Nasafytol® 
 

1. Introduction 
Long COVID, also referred to as post-COVID condition, is a multisystem disorder 

characterised by persistent, relapsing, or newly emerging symptoms that usually occur 
within three months of acute SARS-CoV-2 infection, last for at least two months, and can-
not be explained by an alternative diagnosis [1]. It has emerged as an important public 
health challenge, affecting a substantial proportion of individuals recovering from 
COVID-19 and causing prolonged impairment in physical functioning, cognitive perfor-
mance, psychological well-being, and health-related quality of life (QoL) [1–5]. The clini-
cal presentation is heterogeneous and commonly includes fatigue, cognitive dysfunction 
(“brain fog”), musculoskeletal pain, dyspnoea, sleep disturbances, autonomic dysfunc-
tion, and neuropsychological symptoms, many of which may persist for months after the 
initial infection [1–5]. 

Although the pathophysiology of Long COVID remains incompletely understood, 
increasing evidence suggests that persistent immune dysregulation, chronic inflamma-
tion, oxidative stress, endothelial and microvascular dysfunction, mitochondrial impair-
ment, dysautonomia, and virus-induced cellular senescence contribute to the persistence 
of symptoms following acute SARS-CoV-2 infection [1–5]. Collectively, these intercon-
nected mechanisms provide a biological rationale for exploring adjunctive interventions 
capable of simultaneously targeting multiple pathogenic pathways. 

Despite the growing recognition of Long COVID, effective pharmacological treat-
ment options remain limited. Current management is largely supportive and symptom-
directed, including rehabilitation programmes, psychological support, and management 
of organ-specific complications [2,3,5–7]. Consequently, there is considerable interest in 
identifying safe adjunctive therapies capable of modulating the biological mechanisms 
implicated in persistent post-COVID symptoms [1–5]. 

Among the adjunctive therapeutic strategies being investigated, naturally occurring 
polyphenols have attracted increasing attention because of their generally favourable 
safety profile and their antioxidant, anti-inflammatory, immunomodulatory, and endo-
thelial-protective properties. Among these, quercetin and curcumin (Curcuma longa L. 
(Zingiberaceae)) are of particular interest because they simultaneously modulate multiple 
biological pathways implicated in both acute and Long COVID [8–20]. Randomised clin-
ical trials have shown that, when administered alongside standard care, supplementation 
with quercetin or curcumin individually was associated with improvements in clinical 
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outcomes and inflammatory markers [8–20], while adjunctive supplementation with the 
combined quercetin–curcumin formulation was associated with faster symptom resolu-
tion, earlier viral clearance, and improved clinical recovery in patients with mild-to-mod-
erate COVID-19 managed in outpatient settings [21,22]. Similar benefits, including earlier 
hospital discharge and improved clinical outcomes, have also been reported in hospital-
ised patients receiving the same formulation alongside standard care [23]. Collectively, 
these clinical findings suggest that modulation of multiple biological pathways may con-
tribute to improved recovery following SARS-CoV-2 infection. 

The clinical benefits observed with quercetin, curcumin, and their combination are 
biologically plausible given their pleiotropic biological activities and complementary 
mechanisms of action. Experimental studies have demonstrated that both compounds in-
dividually modulate multiple biological pathways implicated in COVID-19 pathophysi-
ology, including nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB), 
mitogen-activated protein kinase (MAPK), and NOD-like receptor family pyrin domain-
containing 3 (NLRP3) inflammasome signalling, oxidative stress, endothelial dysfunction, 
and the production of pro-inflammatory cytokines such as interleukin-6 (IL-6), tumour 
necrosis factor-α (TNF-α), and interleukin-1β (IL-1β) [8–20]. Emerging evidence also sug-
gests that quercetin possesses senolytic activity, providing a potential mechanism for at-
tenuating virus-induced cellular senescence and its associated pro-inflammatory secre-
tory phenotype [13]. Although both polyphenols influence many of the same biological 
processes implicated in COVID-19, their mechanisms are only partially overlapping, with 
each compound modulating distinct as well as shared molecular targets. Consequently, 
co-supplementation has the potential to broaden modulation of interconnected patho-
genic processes through their complementary biological activities. Given the complex and 
multifactorial nature of Long COVID, simultaneously targeting these complementary 
pathways provides a strong biological rationale for evaluating quercetin–curcumin co-
supplementation in patients with persistent post-COVID symptoms. 

However, despite the biological rationale and encouraging evidence from acute 
COVID-19, clinical evidence evaluating quercetin–curcumin supplementation in individ-
uals with established Long COVID remains lacking. Given the overlap between the mech-
anisms implicated in acute COVID-19 and those proposed to sustain persistent post-
COVID symptoms, it is plausible that this combination may provide benefit beyond the 
acute phase of infection. Nevertheless, to the best of our knowledge, this hypothesis has 
not previously been evaluated in a prospective clinical study involving individuals with 
Long COVID. 

Therefore, the present pragmatic exploratory clinical study aimed to evaluate the po-
tential adjunctive effects of oral quercetin–curcumin co-supplementation, administered 
alongside usual symptomatic management, in adults with persistent Long COVID. Spe-
cifically, we investigated changes in overall symptom burden, fatigue, pain, cognitive 
function, mood, sleep quality, autonomic symptoms, and health-related QoL following 
eight weeks of supplementation. As an exploratory single-arm study, the primary objec-
tive was to generate preliminary clinical evidence and estimate the magnitude of potential 
treatment-associated changes to inform the design of future adequately powered random-
ised controlled trials. 

2. Results 
Baseline demographic and clinical characteristics of the study population are sum-

marised in Table 1. A total of 15 adults with persistent Long COVID symptoms were en-
rolled in this pragmatic exploratory study (Figure 1). Of these, 14 participants completed 
the study, whereas one participant withdrew during follow-up at their own discretion. 
The median age of the study population was 37.00 (IQR 20.00) years, and the median body 
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mass index (BMI) was 24.60 (IQR 10.35) kg/m2. Baseline vital signs were within physio-
logical ranges, including systolic and diastolic blood pressure, heart rate, respiratory rate, 
and body temperature. Acute SARS-CoV-2 infection occurred predominantly in 2021 
(67%), followed by 2022 (27%) and 2023 (7%). Most participants experienced a non-severe 
acute disease course, with 93% managed in a home-based setting and only one participant 
requiring hospitalisation. Long COVID symptoms developed primarily between 3 and 6 
months after acute infection, with a relatively even distribution within this interval. At 
baseline, two-thirds of participants reported no relevant comorbidities, whereas approxi-
mately one-third had at least one pre-existing medical condition. The majority of partici-
pants (93%) were fully vaccinated against COVID-19 at the time of enrolment. 

Table 1. Baseline clinical characteristics of the study population (n = 15). 

Characteristic Overall 1 
Age (years) 37.00 [20.00] 
Weight (kg) 69.00 [12.50] 

Body mass index (kg/m2) 24.60 [10.35] 
Systolic blood pressure (mmHg) 130.00 [7.50] 
Diastolic blood pressure (mmHg) 85.00 [9.00]  

Heart rate (bpm) 80.00 [5.50] 
Respiratory rate (breaths/min) 15.00 [1.00]  

Body temperature (°C) 36.70 [0.30] 
Year of acute COVID-19 infection  

2021 10 (67%) 
2022 4 (27%) 
2023 1 (6.7%) 

Acute COVID-19 severity  
Home-Based Recovery 14 (93%) 

Hospitalised 1 (6.7%) 
Time to Long COVID onset  

3 months post-infection 4 (27%) 
4 months post-infection 5 (33%) 
5 months post-infection 2 (13%) 
6 months post-infection 4 (27%) 

Comorbidity  
No 10 (67%) 
Yes 5 (33%) 

COVID-19 vaccination status  
Fully vaccinated 14 (93%) 
Not Vaccinated 1 (6.7%) 

1 Data are presented as median (interquartile range [IQR]) for continuous variables and n (%) for 
categorical variables. 
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Figure 1. CONSORT-style participant flow diagram. 

2.1. Changes in Overall Symptom Burden 

At baseline, participants exhibited a substantially higher symptom burden compared 
with their self-reported pre-COVID status across all major domains of the COVID-19 
Yorkshire Rehabilitation Scale (C19-YRS) (Wilcoxon paired test FDR-adjusted, q ≤ 0.003, r 
≥ 0.8), confirming the persistence and clinical relevance of Long COVID symptoms (Figure 
2). These retrospective pre-COVID comparisons were based on participant self-reported 
recall and are therefore exploratory and contextual in nature rather than formal longitu-
dinal comparator assessments. Following 8 weeks of supplementation, participants re-
ported lower overall symptom burden scores compared with baseline. The total C19-YRS 
score decreased from a median (IQR) of 50 (27.5) at baseline to 32 (12) at Week 8 (q = 0.018, 
r = 0.78) (Figure 2A), corresponding to an approximate 36% reduction in global symptom 
severity. 
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Figure 2. Longitudinal changes in Long COVID symptom burden assessed using the COVID-19 
Yorkshire Rehabilitation Scale (C19-YRS) following 8 weeks of supplementation. Panels show (A) 
total symptom burden score, (B) symptom severity score, (C) functional limitation score, (D) overall 
perceived health score, (E) additional symptom score, and (F) expanded total score. Boxplots show 
retrospectively self-reported pre-COVID, baseline, and Week 8 scores. Boxes represent the inter-
quartile range (IQR), the centre line indicates the median, whiskers extend to 1.5 × IQR, and points 
represent individual participants. Wilcoxon signed-rank tests with FDR correction were used for 
paired comparisons. Pre-COVID assessments represent retrospective self-reported estimates and 
are provided for exploratory contextual comparison only. * q ≤ 0.05; ** q ≤ 0.01. 

Consistent reductions were observed across individual C19-YRS domain scores (q ≤ 
0.023, r ≥ 0.67). Symptom severity scores decreased from 31.5 (21) to 19 (9) (q = 0.018) (Fig-
ure 2B), while functional limitation scores decreased from 11 (9) to 8.5 (6.5) (q = 0.023) 
(Figure 2C). Participants also reported an improvement in overall perceived health status, 
with scores decreasing from 5 (2.75) to 3 (2) (q = 0.023) (Figure 2D). 

Similar reductions were observed in additional symptom domains, with both the ad-
ditional symptom score and the expanded total score showing significant reductions at 8 
weeks (52 (22.25) vs. 33.5 (41.25), q = 0.023 (Figure 2E), and 102 (40) vs. 68 (66.5), q = 0.018 
(Figure 2F), respectively). 
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Collectively, these findings demonstrate a lower patient-reported Long COVID 
symptom burden at Week 8 compared with baseline. 

2.2. Changes in Fatigue 

Lower fatigue scores were observed at Week 8 compared with baseline, as assessed 
using the Fatigue Severity Scale (FSS), and they were consistently observed across multi-
ple fatigue-specific assessment tools (Figure 3). The total FSS score decreased from a me-
dian (IQR) of 41 (10) at baseline to 28 (13) at Week 8 (q = 0.006, r = 0.83), corresponding to 
a reduction in overall fatigue burden (Figure 3A). Consistent findings were observed 
when evaluating the mean FSS score, which declined from 4.56 (1.11) at baseline to 3.11 
(1.44) at 8 weeks (q = 0.006), corresponding to lower fatigue severity scores (Figure 3B). 
Fatigue intensity assessed using the Visual Analogue Fatigue Scale (VAFS) also declined 
significantly, from 7 (1) to 4 (1) (q = 0.006), corresponding to an approximate 43% reduction 
in perceived fatigue severity (Figure 3C). Overall, lower fatigue scores were consistently 
observed across the different fatigue assessment instruments. 

 

Figure 3. Longitudinal changes in fatigue-related outcomes following 8 weeks of supplementation. 
Panels show (A) Fatigue Severity Scale (FSS) total score, (B) FSS mean score, and (C) Visual Ana-
logue Fatigue Scale (VAFS) fatigue intensity score. Boxes represent the interquartile range (IQR), 
the centre line indicates the median, whiskers extend to 1.5 × IQR, and points represent individual 
participants. Wilcoxon signed-rank tests with FDR correction were used for paired comparisons. ** 
q ≤ 0.01. 

2.3. Changes in Pain-Related Outcomes 

Lower pain-related scores were observed at Week 8 compared with baseline, as as-
sessed using the self-reported Brief Pain Inventory—Short Form (BPI-SF) (Figure 4). Both 
pain severity and pain interference scores declined over the intervention period. The Pain 
Severity (PS) score decreased from a median (IQR) of 4.75 (2.25) at baseline to 0 (0) at Week 
8 (q = 0.006, r = 0.86), corresponding to lower pain severity scores (Figure 4A). Similarly, 
the Pain Interference (PI) score decreased from 4.14 (2) at baseline to 0 (2.57) at 8 weeks (q 
= 0.006, r = 0.86), reflecting a reduced impact of pain on daily functioning (Figure 4B). 
Overall, lower pain-related scores were consistently observed across both BPI-SF do-
mains. 



Pharmaceuticals 2026, 19, 1202 8 of 21 
 

https://doi.org/10.3390/ph19081202 

 

Figure 4. Longitudinal changes in pain-related outcomes assessed using the self-reported Brief Pain 
Inventory—Short Form (BPI-SF) following 8 weeks of supplementation. Panels show (A) pain se-
verity score and (B) pain interference score. Boxes represent the interquartile range (IQR), the centre 
line indicates the median, whiskers extend to 1.5 × IQR, and points represent individual participants. 
Wilcoxon signed-rank tests with FDR correction were used for paired comparisons. ** q ≤ 0.01. 

2.4. Changes in Cognitive Function, Emotional Well-Being, and Sleep Quality 

Cognitive function, assessed using the Patient-Reported Outcomes Measurement In-
formation System Cognitive Function Short Form 8a (PROMIS-CF-8a), showed numeri-
cally higher scores over the 8-week intervention period, although changes did not reach 
statistical significance. PROMIS-CF-8a T-scores increased from a median (IQR) of 38.33 
(8.66) at baseline to 42.74 (7.35) at Week 8 (q = 0.15, r = 0.4), consistent with better perceived 
cognitive functioning (Figure 5A). Measurement reliability remained stable over time, as 
reflected by consistent standard error estimates (median (IQR): 2.21 (0.07) vs. 2.20 (0.07)). 

Emotional well-being demonstrated differential patterns across anxiety and depres-
sive symptoms (Figure 5B,C). Anxiety levels assessed using the Hospital Anxiety and De-
pression Scale—Anxiety Subscale (HADS-A) decreased from 10 (3) at baseline to 7 (3) at 8 
weeks (q = 0.085, r = 0.72), consistent with lower anxiety scores. Depressive symptoms 
assessed using the HADS—Depression Subscale (HADS-D) also decreased numerically 
from 10 (4.5) to 9 (6) (q = 0.11, r = 0.55) (Figure 5C), although this change did not reach 
statistical significance. 

Sleep quality, evaluated using the Pittsburgh Sleep Quality Index (PSQI), also 
showed numerically lower scores (Figure 5D). Median PSQI scores decreased from 11 (9) 
at baseline to 9 (5) at 8 weeks (q = 0.085, r = 0.54), consistent with lower self-reported sleep 
disturbance scores, although the difference was not statistically significant. 

Overall, numerically lower anxiety, depressive symptom, and sleep disturbance 
scores, together with higher PROMIS-CF-8a scores, were observed at Week 8 compared 
with baseline, although not all changes reached statistical significance. 
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Figure 5. Cognitive function, emotional well-being, and sleep quality following 8 weeks of supple-
mentation. Panels show (A) PROMIS Cognitive Function—Short Form 8a (PROMIS-CF-8a) T-score, 
(B) Hospital Anxiety and Depression Scale—Anxiety Subscale (HADS-A), (C) Hospital Anxiety and 
Depression Scale—Depression Subscale (HADS-D), and (D) Pittsburgh Sleep Quality Index (PSQI) 
global score. Boxes represent the interquartile range (IQR), the centre line indicates the median, 
whiskers extend to 1.5 × IQR, and points represent individual participants. Wilcoxon signed-rank 
tests with FDR correction were used for paired comparisons. ° q ≤ 0.1 indicates a statistical trend. 

2.5. Changes in Autonomic Dysfunction 

Autonomic symptoms, assessed using the self-reported Composite Autonomic 
Symptom Score-31 (COMPASS-31), demonstrated a trend toward improvement over the 
8-week intervention period. The total COMPASS-31 score decreased from a median (IQR) 
of 31.12 (26.67) at baseline to 20.22 (19.57) at Week 8 (q = 0.063, r = 0.8), suggesting a re-
duction in dysautonomia-related symptom burden (Figure 6A). Domain-specific analyses 
indicated that this numerical change was primarily driven by the gastrointestinal domain, 
which decreased from 8.04 (4.46) at baseline to 5.36 (4.46) at 8 weeks (q = 0.077) (Figure 
6B). No statistically significant changes were observed in the remaining COMPASS-31 do-
mains, including orthostatic intolerance, vasomotor, secretomotor, bladder, and pupillo-
motor symptoms (Figure S1)  

 

Figure 6. Longitudinal changes in autonomic dysfunction assessed using the self-reported Compo-
site Autonomic Symptom Score (COMPASS-31) following 8 weeks of supplementation. Panels show 
(A) COMPASS-31 total score and (B) COMPASS-31 gastrointestinal domain score. Boxes represent 
the interquartile range (IQR), the centre line indicates the median, whiskers extend to 1.5 × IQR, and 
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points represent individual participants. Wilcoxon signed-rank tests with FDR correction were used 
for paired comparisons. ° q ≤ 0.1 indicates a statistical trend. 

2.6. Changes in Health-Related Quality of Life 

Health-related QoL was assessed using the Medical Outcomes Study 36-Item Short-
Form Health Survey (SF-36) to evaluate changes in physical and mental well-being fol-
lowing the intervention (Figure 7). 

The Physical Component Summary (PCS) score increased from a median (IQR) of 
40.18 (12.90) at baseline to 46.84 (4.57) at Week 8 (q = 0.025, r = 0.87) (Figure 7A), corre-
sponding to higher physical health-related QoL scores. 

The Mental Component Summary (MCS) score also increased from 39.98 (10.95) to 
43.97 (4.39) over the intervention period (Figure 7B); however, this change did not reach 
statistical significance (q = 0.093, r = 0.49). 

To evaluate the combined QoL profile, an exploratory Permutational Multivariate 
Analysis of Variance (PERMANOVA) based on Euclidean distances was performed. This 
analysis suggested a difference in the combined PCS–MCS profile between baseline and 8 
weeks (R2 = 0.076, p = 0.0005) (Figure 7C). Given the exploratory study design and the very 
small sample size, this finding should be regarded as exploratory and interpreted cau-
tiously and considered supportive of the univariate PCS and MCS results rather than in-
dependently establishing a global treatment effect. 

 

Figure 7. Changes in health-related quality of life following 8 weeks of Nasafytol® supplementation. 
Panels show (A) SF-36 Physical Component Summary (PCS) T-score, (B) SF-36 Mental Component 
Summary (MCS) T-score, and (C) individual-level changes in the combined PCS–MCS profile be-
tween baseline and Week 8. For boxplots, boxes represent the interquartile range (IQR), the centre 
line indicates the median, whiskers extend to 1.5 × IQR, and points represent individual participants. 
Wilcoxon signed-rank tests with FDR correction were used for paired comparisons. Overall changes 
in the combined PCS–MCS profile were explored using PERMANOVA (Euclidean distance, 9999 
permutations). * q ≤ 0.05; ° q ≤ 0.1. 

2.7. Safety, Tolerability, and Adherence 

Overall, the supplementation was well tolerated throughout the 8-week intervention 
period. No serious adverse events were reported, and no participants discontinued the 
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study due to adverse effects. Adherence to the supplementation regimen was high based 
on participant self-report, review of supplement use, and weekly follow-up contacts. Ad-
herence assessment was additionally supported by a review of supplement use/returned 
supplement packaging, and overall adherence to supplementation was estimated to be 
greater than 90% across the study population. 

Three participants reported mild and transient gastrointestinal symptoms during the 
early phase of supplementation, including abdominal discomfort and mild gastrointesti-
nal upset. These symptoms were clinically assessed by the investigators as possibly re-
lated to supplementation. These symptoms were self-limited, resolved spontaneously 
without medical intervention, and did not require discontinuation or dose adjustment of 
the study supplement. 

Adverse events and tolerability were assessed through participant self-report during 
weekly follow-up contacts and at the Week 8 assessment visit. Adverse events were eval-
uated clinically based on symptom severity, duration, need for medical intervention, and 
suspected relationship to supplementation; however, formal standardised adverse event 
grading scales were not prospectively applied given the exploratory nature of the study. 

No clinically significant safety concerns were identified during the study period. 

3. Discussion 
This pragmatic, exploratory, real-world study assessed the potential complementary 

effects of oral co-supplementation with quercetin and curcumin administered alongside 
usual symptomatic management in individuals experiencing persistent Long COVID 
symptoms. The principal findings were that lower within-participant scores for symptom 
burden, fatigue, and pain and higher physical health-related QoL scores were observed 
following the 8-week study period. Numerically higher cognitive-function scores and 
lower anxiety, depressive-symptom, sleep-disturbance, and autonomic-symptom scores 
were also observed, although these changes did not reach statistical significance. Collec-
tively, these findings provide preliminary clinical evidence to support further evaluation 
of polyphenol-based adjunctive interventions in adequately powered randomised con-
trolled trials [2,3,6,7,24]. 

One of the most notable findings of this study was the reduction in global symptom 
burden assessed using the C19-YRS. Lower scores were observed across multiple C19-
YRS domains at Week 8 compared with baseline, including symptom severity, functional 
limitation, and perceived overall health. Long COVID is characterised by a heterogeneous 
constellation of multisystem symptoms that can persist for months after the initial infec-
tion, often resulting in significant functional impairment and reduced QoL [1–5]. The ap-
proximately 36% reduction in global symptom burden score observed in this study is con-
sistent with a potential improvement in patient-reported symptom burden; however, for-
mally established minimal clinically important difference (MCID) thresholds for the C19-
YRS in exploratory Long COVID intervention studies remain limited, and therefore these 
findings should be interpreted cautiously. 

Fatigue represents one of the most frequently reported and disabling symptoms in 
Long COVID and is often described as persistent, relapsing, and disproportionate to phys-
ical activity [1–5]. In the present study, fatigue severity decreased consistently across mul-
tiple measurement approaches, including the FSS and the VAFS. The magnitude of reduc-
tion observed across fatigue-related measures, including the FSS and VAFS, is consistent 
with a potentially meaningful reduction in patient-reported fatigue; however, the clinical 
significance of these changes should be interpreted cautiously given the exploratory, un-
controlled design of the study. These findings are particularly relevant because fatigue 
has been strongly linked to persistent immune activation, mitochondrial dysfunction, and 
oxidative stress in post-viral syndromes [1–5]. Both quercetin and curcumin have been 
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shown to modulate inflammatory signalling pathways, reduce oxidative stress, and influ-
ence mitochondrial function [9,10,12,16,18,19]. Through these mechanisms, these com-
pounds may plausibly influence the biological processes underlying fatigue in Long 
COVID. 

Lower pain-related scores were observed at Week 8 compared with baseline. Both 
pain severity and pain interference scores declined markedly over the intervention period, 
corresponding to lower pain intensity and lower pain interference with daily functioning. 
The observed reductions in pain-related scores are consistent with potentially clinically 
relevant reductions in patient-reported pain burden and functional interference; however, 
these findings require confirmation in controlled studies. Musculoskeletal pain and gen-
eralised body discomfort are commonly reported in individuals with Long COVID and 
may arise from persistent inflammatory responses, immune dysregulation, and neuroim-
mune sensitisation following viral infection [2,3,6,7,24]. Curcumin has been extensively 
studied for its anti-inflammatory and analgesic properties, partly mediated through inhi-
bition of NF-κB signalling and suppression of pro-inflammatory cytokine production 
[12,25–27]. Quercetin similarly exhibits anti-inflammatory and antioxidant activities and 
has been shown to inhibit several inflammatory mediators involved in viral-induced in-
flammation [28–30]. The combined modulation of inflammatory and oxidative pathways 
by these compounds provides biological plausibility for the observed reductions in pa-
tient-reported pain-related scores, although these mechanisms were not directly evalu-
ated in the present study [2,3,6,7,24]. 

Although changes in cognitive function, emotional well-being, and sleep quality did 
not reach statistical significance, consistent numerical changes were observed across these 
domains. Cognitive impairment, often referred to as “brain fog,” is a common neurologi-
cal manifestation of Long COVID and has been linked to neuroinflammation, endothelial 
dysfunction, and microvascular injury [2,3,6,7,24]. Experimental studies suggest that both 
quercetin and curcumin exert neuroprotective and anti-inflammatory effects, including 
modulation of oxidative stress and inflammatory signalling pathways within neural tis-
sues [31–38]. While the present study was not powered to detect modest neuropsycholog-
ical changes, the observed pattern of findings supports further investigation of these do-
mains in larger studies. 

Autonomic dysfunction has also been increasingly recognised as a key feature of 
Long COVID, frequently presenting with symptoms such as orthostatic intolerance, gas-
trointestinal disturbances, and manifestations resembling postural orthostatic tachycardia 
syndrome (POTS) [1–5]. In the present study, autonomic symptom burden assessed using 
the COMPASS-31 scale showed numerically lower scores, particularly within the gastro-
intestinal domain. Although these changes did not reach statistical significance, the ob-
served direction of change warrants further investigation in adequately powered studies. 
Persistent inflammation, endothelial dysfunction, and neuroimmune signalling have been 
proposed as potential contributors to autonomic disturbances in Long COVID [2,3,6,7]. 
Polyphenolic compounds such as quercetin and curcumin have been shown to modulate 
oxidative stress, endothelial function, and inflammatory signalling pathways, providing 
biological plausibility for further investigation of these compounds in autonomic mani-
festations of Long COVID [26,39,40]. 

Higher physical health-related QoL scores were observed at Week 8 compared with 
baseline. The PCS score of the SF-36 increased significantly after supplementation, corre-
sponding to higher perceived physical health status. Although higher physical QoL scores 
were observed, interpretation of their clinical relevance should remain cautious in the ab-
sence of a comparator group and established intervention-specific Minimal Clinically Im-
portant Difference (MCID) thresholds for Long COVID populations. Although the mental 
component score did not reach statistical significance, exploratory multivariate analysis 
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suggested a difference in the combined PCS–MCS QoL profile. This finding should be 
interpreted cautiously given the exploratory study design and small sample size and con-
sidered supportive of the univariate findings rather than independent evidence of an 
overall treatment effect. 

The observed findings are biologically plausible given the complementary molecular 
actions of quercetin and curcumin. Both compounds possess anti-inflammatory, antioxi-
dant, and immunomodulatory properties and have been shown to influence key signal-
ling pathways implicated in COVID-19 pathogenesis, including NF-κB, MAPK, and 
NLRP3 inflammasome activation [9,12,26,28,29,37,39]. In addition, both compounds have 
been reported to reduce pro-inflammatory cytokine production and improve endothelial 
function, processes that are increasingly recognised as important contributors to Long 
COVID pathophysiology [9,12,26,28,29,37,39]. 

Virus-induced cellular senescence has also been reported as a potential mechanism 
contributing to persistent inflammation and tissue dysfunction following SARS-CoV-2 in-
fection [13]. Virus-induced senescence can generate a senescence-associated secretory 
phenotype characterised by sustained release of inflammatory mediators and pro-throm-
botic factors [13]. Quercetin has been identified as a potential senolytic compound capable 
of modulating senescence-associated inflammatory pathways, providing an additional bi-
ologically plausible mechanism through which it could influence post-viral inflammatory 
processes [13]. 

The present findings are also consistent with previous clinical studies investigating 
quercetin and curcumin supplementation in acute COVID-19 [10,11,16–18,20]. Random-
ised clinical trials evaluating the combination of these compounds have reported acceler-
ated symptom resolution and earlier viral clearance in mild-to-moderate COVID-19 out-
patients [21,22]. In hospitalised patients, supplementation with the same combination was 
associated with improved clinical condition and earlier hospital discharge compared with 
standard care [23]. Although these studies were conducted in the acute phase of infection, 
the biological mechanisms targeted by these compounds—including inflammation, oxi-
dative stress, and endothelial dysfunction—are also implicated in the pathophysiology of 
Long COVID. The present exploratory study provides preliminary clinical observations 
supporting further investigation of this combination in the post-acute phase of SARS-
CoV-2 infection. Although quercetin and curcumin have been reported in previous exper-
imental and clinical studies to modulate inflammatory, oxidative stress, endothelial, and 
senescence-related pathways, the present study did not directly evaluate mechanistic bi-
omarkers. Therefore, the proposed biological mechanisms underlying the observed clini-
cal improvements remain hypothetical and should be interpreted cautiously. 

From a clinical perspective, the findings of this study provide preliminary evidence 
that polyphenol-based nutritional interventions warrant further investigation as a safe 
and accessible complementary strategy for individuals experiencing persistent symptoms 
after COVID-19. Given that current Long COVID management strategies remain largely 
supportive and symptom-oriented, interventions capable of targeting underlying inflam-
matory and oxidative pathways represent a biologically plausible adjunctive approach 
that warrants further investigation [2,3,6,7]. Importantly, the intervention was adminis-
tered alongside routine symptomatic management without modification of participants’ 
existing medical treatment, demonstrating the feasibility of evaluating this complemen-
tary approach in a real-world clinical setting. 

Nevertheless, several limitations of this exploratory study should be acknowledged. 
First, the non-randomised, open-label, single-arm design without participant or investi-
gator blinding and without a placebo or comparator group precludes causal attribution of 
the observed changes to the intervention, as placebo effects, spontaneous symptom vari-
ability, regression to the mean, and the natural course of Long COVID may have 
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contributed to the findings. In addition, participants continued individualised concomi-
tant medications and supportive therapies as part of routine clinical care. Although these 
treatments remained stable throughout the intervention, their potential contribution to 
the observed changes cannot be excluded. Second, the relatively small sample size limits 
statistical power and the generalisability of the results. No formal sample size calculation 
was performed because the study was intentionally designed as an exploratory, hypoth-
esis-generating investigation rather than to formally evaluate efficacy. Third, although 
most participants were fully vaccinated against COVID-19, the study was not designed or 
powered to evaluate the potential influence of vaccination status on persistent symptoms 
or treatment response [41]. Fourth, the 8-week follow-up period may not fully capture the 
fluctuating and often prolonged natural history of Long COVID or the durability of the 
observed changes. Finally, although validated patient-reported outcome measures were 
used throughout the study, these remain subjective and may be influenced by recall, ex-
pectation, and reporting biases. Furthermore, objective biological markers and plasma 
concentrations of quercetin and curcumin were not assessed, limiting direct evaluation of 
the biological mechanisms underlying the observed findings and systemic exposure to the 
intervention. Future studies should combine validated patient-reported outcome 
measures with objective laboratory biomarkers to better characterise the biological effects 
of quercetin–curcumin co-supplementation in Long COVID. Consequently, the findings 
should be interpreted as preliminary and hypothesis-generating. Future adequately pow-
ered randomised, placebo-controlled trials with longer follow-up and incorporation of 
objective biomarkers of inflammation, oxidative stress, endothelial function, and immune 
activation, together with functional outcome measures, are warranted to confirm these 
findings and further elucidate the mechanisms of action of quercetin–curcumin co-sup-
plementation in Long COVID. 

4. Materials and Methods 
4.1. Study Design and Setting 

This was a single-centre, open-label, single-arm, pragmatic exploratory interven-
tional study conducted in the outpatient clinics of Lady Reading Hospital—Medical 
Teaching Institution (LRH-MTI), Peshawar, Pakistan. 

The study was performed between June 2025 and November 2025 in a real-world 
clinical practice setting. The intervention was administered as complementary therapy 
alongside standard of care, without modification of participants’ routine medical manage-
ment. The objective was to explore the potential complementary effects of combined oral 
supplementation with quercetin and curcumin, administered with standard care, on per-
sistent post-COVID-19 symptom burden in adults experiencing Long COVID. 

The study protocol was approved by the Institutional Review Board (IRB), Lady 
Reading Hospital—MTI, Peshawar, Pakistan (Ref. No.: 267/LRH/MTI; 19 June 2025), and 
the Research Ethics Committee (REC), Liaquat University of Medical & Health Sciences 
(LUMHS), Jamshoro, Pakistan (Approval No.: LUMHS/REC/-735; 13 May 2025). The 
study was conducted in accordance with the principles of the Declaration of Helsinki and 
Good Clinical Practice (GCP) guidelines. Written informed consent was obtained from all 
participants prior to enrolment. The study was prospectively registered at ClinicalTri-
als.gov (Identifier: NCT06974058, registered on 12 May 2025). 

4.2. Participants 

Participants were recruited from outpatient clinics at Lady Reading Hospital—Med-
ical Teaching Institution (LRH-MTI), Peshawar, Pakistan. Adults aged 18–75 years with a 
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prior RT-PCR-confirmed history of SARS-CoV-2 infection at least 6 months before enrol-
ment were screened for eligibility. 

Inclusion criteria were (i) persistent post-COVID-19 symptoms for at least 3 months 
following acute infection, consistent with WHO diagnostic criteria for Long COVID [42]; 
(ii) mild-to-moderate overall symptom burden, defined as a baseline total score of ≥25 and 
≤60 on the C19-YRS, with no individual symptom rated in the severe range (score ≥8); (iii) 
stable medical condition without hospitalisation within the preceding 3 months; and (iv) 
willingness and ability to comply with the study protocol, including follow-up assess-
ments and adherence to supplementation. 

Exclusion criteria included (i) known hypersensitivity or allergy to quercetin or cur-
cumin; (ii) severe or uncontrolled chronic illness (e.g., advanced heart failure, chronic kid-
ney disease requiring dialysis, or severe liver disease); (iii) regular use of quercetin or cur-
cumin or other polyphenol-based dietary supplementation within the preceding 3 months 
or current use at the time of screening; (iv) use of anticoagulant therapy (e.g., warfarin, 
heparin, direct oral anticoagulants); (v) acute illness at the time of screening; (vi) preg-
nancy or breastfeeding; (vii) use of systemic immunosuppressive medications or cortico-
steroids within the past month; and (viii) significant psychiatric disorders that could in-
terfere with study participation or compliance. 

4.3. Supplementation 

Participants received an oral nutraceutical formulation containing quercetin and tur-
meric extract (Nasafytol®, Tilman S.A., Baillonville, Belgium), administered as a comple-
mentary therapy alongside their standard of care. Each capsule contained 65 mg of bioac-
tive quercetin and a bioactive extract of Curcuma longa standardised to 42 mg of curcumin. 
The supplementation regimen consisted of two capsules per administration, taken twice 
daily after meals (breakfast and dinner), providing a total daily intake of 260 mg of quer-
cetin and 168 mg of curcumin, for 8 weeks. The selected dosing regimen was based on 
prior clinical experience using the same curcumin–quercetin formulation (Nasafytol®) in 
previous COVID-19 clinical studies, in which the same dosing schedule demonstrated ac-
ceptable tolerability and exploratory clinical benefits in mild-to-moderate COVID-19 pa-
tients [21–23]. The intervention was administered as complementary therapy alongside 
standard of care, without modification of participants’ routine medical management. 
Standard care consisted of routine symptom-directed management according to usual 
clinical practice, which included pharmacological treatments such as analgesics (e.g., pa-
racetamol or non-steroidal anti-inflammatory drugs), antidepressants, sleep medications, 
and inhaled therapies for respiratory symptoms, as well as rehabilitation-based interven-
tions depending on the individual patient’s symptom profile. Concomitant medications 
and symptom-directed therapies being used as part of routine clinical care were docu-
mented at baseline and monitored throughout the study period during follow-up assess-
ments and weekly telephone contacts. A summary of concomitant symptom-directed 
therapies and supportive management used during the study period is provided in Table 
S1. Participants were instructed not to initiate any new nutraceutical or polyphenol-based 
supplements during the intervention. Adherence was estimated through participant self-
report at the 8-week follow-up visit and review of supplement use and was monitored 
and reinforced through weekly telephone contacts during the intervention period. 

4.4. Outcome Measures and Study Assessments 

Study assessments were conducted at baseline and at Week 8. All outcome measures 
were collected using validated patient self-administered questionnaires during study vis-
its. 
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The study’s primary endpoint was the change in overall Long COVID symptom bur-
den from baseline to Week 8, assessed using the C19-YRS [43]. The C19-YRS is a validated 
patient-reported outcome measure developed specifically for post-COVID-19 syndrome, 
assessing symptom severity and functional impact across multiple domains, with higher 
total scores indicating greater symptom burden. Total and domain-specific scores (symp-
tom severity, functional limitations, overall health, and additional symptoms) were calcu-
lated according to the original C19-YRS scoring framework, in which individual items are 
rated on a 0–10 numerical scale and summed to generate domain and total scores, as pre-
viously described by O’Connor et al. [43]. 

Secondary endpoints included changes in individual symptom domains and related 
patient-reported outcomes, including the following: 

Fatigue was assessed using the FSS, a 9-item self-administered questionnaire evalu-
ating the impact of fatigue on daily activities and functioning; each item is rated on a 7-
point Likert scale, with higher scores indicating greater fatigue severity [44]. 

Pain was assessed using the BPI-SF, a validated 9-item self-administered patient-re-
ported questionnaire that measures both pain intensity (0–10 numerical rating scale) and 
the degree to which pain interferes with daily activities, with higher scores indicating 
greater pain severity and interference [45]. 

Mood status (anxiety and depressive symptoms) was assessed using the HADS, a 14-
item self-report tool comprising separate anxiety and depression subscales, with higher 
scores reflecting greater psychological symptom burden [46]. 

Perceived cognitive function was assessed using the PROMIS-CF-8a, an 8-item stand-
ardised patient-reported measure evaluating difficulties in memory, attention, and mental 
clarity, with higher T-scores indicating better perceived cognitive functioning [47]. 

Sleep quality was assessed using the PSQI, a validated self-administered patient-re-
ported questionnaire that evaluates subjective sleep quality and sleep disturbances over 
the preceding month, with higher global scores indicating poorer sleep quality [48]. 

Dysautonomia-related symptoms were assessed using the COMPASS-31, a validated 
self-administered patient-reported questionnaire that quantifies autonomic symptom 
burden across multiple domains (e.g., orthostatic intolerance, gastrointestinal, vasomotor, 
secretomotor, bladder, and pupillomotor symptoms), with higher total scores indicating 
greater autonomic symptom severity [49]. 

Health-related QoL was assessed using the SF-36, which generates physical and men-
tal health component scores, with higher scores representing better perceived health sta-
tus [50]. 

Supplement tolerability and safety were assessed through participant-reported ad-
verse events at the Week 8 follow-up visit and during weekly telephone contacts through-
out the intervention period. No objective laboratory safety measurements were per-
formed. 

4.5. Statistical Analysis 

Given the exploratory nature of the study, the relatively small sample size, and the 
potential non-normal distribution of patient-reported outcome measures, non-parametric 
statistical methods were used throughout. Continuous variables are presented as median 
(interquartile range [IQR]) and categorical variables as numbers (%). Paired comparisons 
between baseline and Week 8 were performed using the Wilcoxon signed-rank test. To 
account for multiple comparisons, p-values were adjusted using the Benjamini–Hochberg 
false discovery rate (FDR) procedure, with adjusted p-values reported as q-values. Effect 
sizes for paired Wilcoxon analyses were calculated as r = |Z|/√N, where Z is the stand-
ardised Wilcoxon statistic, and N is the number of paired observations, and were inter-
preted descriptively given the exploratory single-arm design. 
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Health-related QoL was assessed using both univariate and multivariate approaches. 
Changes in the SF-36 Physical Component Summary (PCS) and Mental Component Sum-
mary (MCS) scores were evaluated using paired Wilcoxon tests. An exploratory PER-
MANOVA based on Euclidean distance and 9999 permutations while accounting for 
within-subject pairing was performed to assess overall changes in the combined PCS–
MCS profile. Given the exploratory design and small sample size, PERMANOVA findings 
were considered supportive of the univariate analyses and should be interpreted cau-
tiously. 

PROMIS-CF-8a raw scores were converted to standardised T-scores according to 
published scoring algorithms and normative reference values [51,52]. SF-36 domain and 
component summary scores were calculated and normalised using the lbscorer R package 
[53]. All tests were two-sided, with FDR-adjusted q < 0.05 considered statistically signifi-
cant, whereas values of 0.05 ≤ q < 0.10 were interpreted descriptively as non-significant 
trends. Statistical analyses and graphical visualisations were performed in R (version 
4.5.0) [54], using the ggplot2 [55], microbAIDeR [56], and vegan [57] packages. 

4.6. Sample Size Considerations 

Given the exploratory nature of the study, no formal sample size calculation was per-
formed. A sample of 15 participants meeting eligibility criteria during the study period 
was enrolled. The study was designed to generate preliminary data and estimate effect 
sizes to inform future, adequately powered randomised controlled trials. 

5. Conclusions 
This exploratory, real-world clinical study provides preliminary evidence that oral 

co-supplementation with quercetin and curcumin warrants further investigation as a po-
tentially useful complementary supportive strategy in adequately powered randomised 
controlled trials. Supplementation was associated with lower patient-reported overall 
symptom burden, fatigue, and pain scores, together with improved physical health-re-
lated QoL within this uncontrolled exploratory study. However, these treatment-associ-
ated findings should be interpreted cautiously and should not be considered evidence of 
efficacy, given the uncontrolled exploratory study design, until confirmed in adequately 
powered randomised placebo-controlled trials. If confirmed, these findings may support 
the potential role of polyphenol-based interventions as part of a multimodal therapeutic 
approach for Long COVID. 
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https://www.mdpi.com/article/10.3390/ph19081202/s1, Table S1: Concomitant symptom-directed 
therapies and supportive management during the study period (n = 15). Figure S1: Longitudinal 
changes in the remaining autonomic symptom domains assessed using the self-reported Composite 
Autonomic Symptom Score (COMPASS-31) following 8 weeks of supplementation. 

Author Contributions: Conceptualisation, A.K. (Amjad Khan), F.R., S.U.M., and I.U.; methodology, 
A.K. (Amjad Khan), F.R., S.U.M., and I.U.; validation, A.K. (Amjad Khan) and I.U.; investigation, 
F.R., S.U.M., and A.K. (Ayesha Kanwal); data curation, A.K. (Amjad Khan) and R.J.; software and 
formal analysis, G.C.; resources, A.K. (Amjad Khan); writing—original draft preparation, A.K. (Am-
jad Khan); writing—review and editing, A.K. (Amjad Khan), F.R., S.U.M., R.J., I.U., A.K. (Ayesha 
Kanwals), and G.C.; supervision, A.K. (Amjad Khan) and I.U.; project administration, A.K. (Amjad 
Khan). All authors have read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Institutional Review Board (IRB), Lady Reading Hospital—



Pharmaceuticals 2026, 19, 1202 18 of 21 
 

https://doi.org/10.3390/ph19081202 

MTI, Peshawar, Pakistan (Ref No.: 267/LRH/MTI; 19 June 2025), and the Research Ethics Committee 
(REC), Liaquat University of Medical & Health Sciences (LUMHS), Jamshoro, Pakistan (Approval 
No.: LUMHS/REC/-735; 13 May 2025). 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 
study. 

Data Availability Statement: The original contributions presented in this study are included in this 
article. Further inquiries can be directed to the corresponding author. 

Acknowledgments: The authors thank all participants for their participation and valuable contri-
bution to this study. The authors also acknowledge Tilman S.A. (Baillonville, Belgium) for providing 
the Nasafytol® supplement used in this study. Tilman S.A. had no role in the study design, conduct 
of the study, participant recruitment, data collection, statistical analysis, interpretation of the results, 
manuscript preparation, or decision to publish the findings. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 
1. Hou, Y.; Gu, T.; Ni, Z.; Shi, X.; Ranney, M.L.; Mukherjee, B. Global Prevalence of Long COVID, its Subtypes and Risk factors: 

An Updated Systematic Review and Meta-Analysis. Open Forum Infect. Dis. 2025, 12, ofaf533. 
https://doi.org/10.1093/ofid/ofaf533. 

2. Davis, H.E.; McCorkell, L.; Vogel, J.M.; Topol, E.J. Long COVID: Major findings, mechanisms and recommendations. Nat. Rev. 
Microbiol. 2023, 21, 133–146. https://doi.org/10.1038/s41579-022-00846-2. 

3. Peluso, M.J.; Deeks, S.G. Mechanisms of long COVID and the path toward therapeutics. Cell 2024, 187, 5500–5529. 
https://doi.org/10.1016/j.cell.2024.07.054. 

4. Rahmati, M.; Udeh, R.; Kang, J.; Dolja-Gore, X.; McEvoy, M.; Kazemi, A.; Soysal, P.; Smith, L.; Kenna, T.; Fond, G.; et al. Long-
Term Sequelae of COVID-19: A Systematic Review and Meta-Analysis of Symptoms 3 Years Post-SARS-CoV-2 Infection. J. Med. 
Virol. 2025, 97, e70429. https://doi.org/10.1002/jmv.70429. 

5. Zeraatkar, D.; Ling, M.; Kirsh, S.; Jassal, T.; Shahab, M.; Movahed, H.; Talukdar, J.R.; Walch, A.; Chakraborty, S.; Turner, T.; et 
al. Interventions for the management of long COVID (post-COVID condition): Living systematic review. BMJ 2024, 387, e081318. 
https://doi.org/10.1136/bmj-2024-081318. 

6. Crook, H.; Raza, S.; Nowell, J.; Young, M.; Edison, P. Long COVID—Mechanisms, risk factors, and management. BMJ 2021, 374, 
n1648. https://doi.org/10.1136/bmj.n1648. 

7. Liu, Y.; Gu, X.; Li, H.; Zhang, H.; Xu, J. Mechanisms of long COVID: An updated review. Chin. Med. J. Pulm. Crit. Care Med. 
2023, 1, 231–240. https://doi.org/10.1016/j.pccm.2023.10.003. 

8. Beşler, Z.; Bayraktar, D.; Koçak, M.; Kızıltan, G. Investigation of potential effects of quercetin on COVID-19 treatment: A sys-
tematic review of randomized controlled trials. Clin. Sci. Nutr. 2024, 6, 107–117. https://doi.org/10.62210/ClinSciNutr.2024.86. 

9. Colunga Biancatelli, R.M.L.; Berrill, M.; Catravas, J.D.; Marik, P.E. Quercetin and Vitamin C: An Experimental, Synergistic Ther-
apy for the Prevention and Treatment of SARS-CoV-2 Related Disease (COVID-19). Front. Immunol. 2020, 11, 1451. 
https://doi.org/10.3389/fimmu.2020.01451. 

10. Di Pierro, F.; Khan, A.; Iqtadar, S.; Mumtaz, S.U.; Chaudhry, M.N.A.; Bertuccioli, A.; Derosa, G.; Maffioli, P.; Togni, S.; Riva, A.; 
et al. Quercetin as a possible complementary agent for early-stage COVID-19: Concluding results of a randomized clinical trial. 
Front. Pharmacol. 2022, 13, 1096853. https://doi.org/10.3389/fphar.2022.1096853. 

11. Imran, M.; Thabet, H.K.; Alaqel, S.I.; Alzahrani, A.R.; Abida, A.; Alshammari, M.K.; Kamal, M.; Diwan, A.; Asdaq, S.M.B.; 
Alshehri, S. The Therapeutic and Prophylactic Potential of Quercetin against COVID-19: An Outlook on the Clinical Studies, 
Inventive Compositions, and Patent Literature. Antioxidants 2022, 11, 876. https://doi.org/10.3390/antiox11050876. 

12. Kali, A.; Charles, M.V.P. Curcumin as a Promising Therapy for COVID-19: A Review. Glob. J. Med. Pharm. Biomed. Updat. 2024, 
19, 2. https://doi.org/10.25259/GJMPBU_78_2023. 

13. Lee, S.; Yu, Y.; Trimpert, J.; Benthani, F.; Mairhofer, M.; Richter-Pechanska, P.; Wyler, E.; Belenki, D.; Kaltenbrunner, S.; Pammer, 
M.; et al. Virus-induced senescence is a driver and therapeutic target in COVID-19. Nature 2021, 599, 283–289. 
https://doi.org/10.1038/s41586-021-03995-1. 



Pharmaceuticals 2026, 19, 1202 19 of 21 
 

https://doi.org/10.3390/ph19081202 

14. Nicoliche, T.; Bartolomeo, C.S.; Lemes, R.M.R.; Pereira, G.C.; Nunes, T.A.; Oliveira, R.B.; Nicastro, A.L.M.; Soares, É.N.; da 
Cunha Lima, B.F.; Rodrigues, B.M.; et al. Antiviral, anti-inflammatory and antioxidant effects of curcumin and curcuminoids in 
SH-SY5Y cells infected by SARS-CoV-2. Sci. Rep. 2024, 14, 10696. https://doi.org/10.1038/s41598-024-61662-7. 

15. Roy, A.V.; Chan, M.; Banadyga, L.; He, S.; Zhu, W.; Chrétien, M.; Mbikay, M. Quercetin inhibits SARS-CoV-2 infection and 
prevents syncytium formation by cells co-expressing the viral spike protein and human ACE2. Virol. J. 2024, 21, 29. 
https://doi.org/10.1186/s12985-024-02299-w. 

16. Sawangjit, R.; Sadoyu, S.; Manosanthipaibul, S.; Teerawattanapong, N.; Puttarak, P.; Wanaratna, K.; Charoensup, R.; Hiransai, 
P.; Meetam, T.; Chaiyakunapruk, N. Effectiveness and safety of turmeric for the treatment of COVID-19: An updated systematic 
review and meta-analysis of randomized controlled trials. Complement. Ther. Med. 2025, 95, 103295. 
https://doi.org/10.1016/j.ctim.2025.103295. 

17. Shafiee, A.; Athar, M.M.T.; Shahid, A.; Ghafoor, M.S.; Ayyan, M.; Zahid, A.; Cheema, H.A. Curcumin for the treatment of 
COVID-19 patients: A meta-analysis of randomized controlled trials. Phytother. Res. 2023, 37, 1167–1175. 
https://doi.org/10.1002/ptr.7724. 

18. Vahedian-Azimi, A.; Abbasifard, M.; Rahimi-Bashar, F.; Guest, P.C.; Majeed, M.; Mohammadi, A.; Banach, M.; Jamialahmadi, 
T.; Sahebkar, A. Effectiveness of Curcumin on Outcomes of Hospitalized COVID-19 Patients: A Systematic Review of Clinical 
Trials. Nutrients 2022, 14, 256. https://doi.org/10.3390/nu14020256. 

19. Zahedipour, F.; Hosseini, S.A.; Sathyapalan, T.; Majeed, M.; Jamialahmadi, T.; Al-Rasadi, K.; Banach, M.; Sahebkar, A. Potential 
effects of curcumin in the treatment of COVID-19 infection. Phytother. Res. 2020, 34, 2911–2920. https://doi.org/10.1002/ptr.6738. 

20. Ziaei, S.; Alimohammadi-Kamalabadi, M.; Hasani, M.; Malekahmadi, M.; Persad, E.; Heshmati, J. The effect of quercetin sup-
plementation on clinical outcomes in COVID-19 patients: A systematic review and meta-analysis. Food Sci. Nutr. 2023, 11, 7504–
7514. https://doi.org/10.1002/fsn3.3715. 

21. Khan, A.; Iqtadar, S.; Mumtaz, S.U.; Heinrich, M.; Pascual-Figal, D.A.; Livingstone, S.; Abaidullah, S. Oral Co-Supplementation 
of Curcumin, Quercetin, and Vitamin D3 as an Adjuvant Therapy for Mild to Moderate Symptoms of COVID-19-Results from 
a Pilot Open-Label, Randomized Controlled Trial. Front. Pharmacol. 2022, 13, 898062. https://doi.org/10.3389/fphar.2022.898062. 

22. Ujjan, I.D.; Khan, S.; Nigar, R.; Ahmed, H.; Ahmad, S.; Khan, A. The possible therapeutic role of curcumin and quercetin in the 
early-stage of COVID-19-Results from a pragmatic randomized clinical trial. Front. Nutr. 2022, 9, 1023997. 
https://doi.org/10.3389/fnut.2022.1023997. 

23. Gérain, J.; Uebelhoer, M.; Costes, B.; Herman, J.; Pietri, S.; Donneau, A.F.; Monseur, J.; Henrotin, Y. NASAFYTOL(®) supple-
mentation in adults hospitalized with COVID-19 infection: Results from an exploratory open-label randomized controlled trial. 
Front. Nutr. 2023, 10, 1137407. https://doi.org/10.3389/fnut.2023.1137407. 

24. Castanares-Zapatero, D.; Chalon, P.; Kohn, L.; Dauvrin, M.; Detollenaere, J.; Maertens de Noordhout, C.; Primus-de Jong, C.; 
Cleemput, I.; Van den Heede, K. Pathophysiology and mechanism of long COVID: A comprehensive review. Ann. Med. 2022, 
54, 1473–1487. https://doi.org/10.1080/07853890.2022.2076901. 

25. Hajimirzaei, P.; Eyni, H.; Razmgir, M.; Abolfazli, S.; Pirzadeh, S.; Ahmadi Tabatabaei, F.S.; Vasigh, A.; Yazdanian, N.; Ramezani, 
F.; Janzadeh, A.; et al. The analgesic effect of curcumin and nano-curcumin in clinical and preclinical studies: A systematic 
review and meta-analysis. Naunyn Schmiedebergs Arch. Pharmacol. 2025, 398, 393–416. https://doi.org/10.1007/s00210-024-03369-
0. 

26. Hewlings, S.J.; Kalman, D.S. Curcumin: A Review of Its Effects on Human Health. Foods 2017, 6, 92. 
https://doi.org/10.3390/foods6100092. 

27. Sahebkar, A.; Henrotin, Y. Analgesic Efficacy and Safety of Curcuminoids in Clinical Practice: A Systematic Review and Meta-
Analysis of Randomized Controlled Trials. Pain. Med. 2015, 17, 1192–1202. https://doi.org/10.1093/pm/pnv024. 

28. Aggarwal, D.; Chaudhary, M.; Mandotra, S.K.; Tuli, H.S.; Chauhan, R.; Joshi, N.C.; Kaur, D.; Dufossé, L.; Chauhan, A. Anti-
inflammatory potential of quercetin: From chemistry and mechanistic insight to nanoformulations. Curr. Res. Pharmacol. Drug 
Discov. 2025, 8, 100217. https://doi.org/10.1016/j.crphar.2025.100217. 

29. Ferraz, C.R.; Franciosi, A.; Emidio, N.B.; Rasquel-Oliveira, F.S.; Manchope, M.F.; Carvalho, T.T.; Artero, N.A.; Fattori, V.; 
Vicentini, F.T.M.C.; Casagrande, R.; et al. Chapter 15—Quercetin as an antiinflammatory analgesic. In A Centum of Valuable Plant 
Bioactives, Mushtaq, M., Anwar, F., Eds. Academic Press: Cambridge, MA, USA, 2021; pp. 319–347. https://doi.org/10.1016/b978-
0-12-822923-1.00023-6. 

30. Liu, C.; Liu, D.Q.; Tian, Y.K.; Mei, W.; Tian, X.B.; Xu, A.J.; Zhou, Y.Q. The Emerging Role of Quercetin in the Treatment of 
Chronic Pain. Curr. Neuropharmacol. 2022, 20, 2346–2353. https://doi.org/10.2174/1570159x20666220812122437. 



Pharmaceuticals 2026, 19, 1202 20 of 21 
 

https://doi.org/10.3390/ph19081202 

31. Benameur, T.; Giacomucci, G.; Panaro, M.A.; Ruggiero, M.; Trotta, T.; Monda, V.; Pizzolorusso, I.; Lofrumento, D.D.; Porro, C.; 
Messina, G. New Promising Therapeutic Avenues of Curcumin in Brain Diseases. Molecules 2021, 27, 236. 
https://doi.org/10.3390/molecules27010236. 

32. Chiang, M.C.; Tsai, T.Y.; Wang, C.J. The Potential Benefits of Quercetin for Brain Health: A Review of Anti-Inflammatory and 
Neuroprotective Mechanisms. Int. J. Mol. Sci. 2023, 24, 6328. https://doi.org/10.3390/ijms24076328. 

33. Jain, J.; Hasan, W.; Biswas, P.; Yadav, R.S.; Jat, D. Neuroprotective effect of quercetin against rotenone-induced neuroinflam-
mation and alterations in mice behavior. J. Biochem. Mol. Toxicol. 2022, 36, e23165. https://doi.org/10.1002/jbt.23165. 

34. Kaundal, R.S.; Pandey, T.; Pandey, V. Exploring the therapeutic potential of quercetin: Mitigating neuroinflammation. Neurosci. 
Behav. Physiol. 2024, 54, 1082–1097. https://doi.org/10.1007/s11055-024-01640-8. 

35. Li, G.; Wu, Q.; Wang, C.; Deng, P.; Li, J.; Zhai, Z.; Li, Y. Curcumin reverses cognitive deficits through promoting neurogenesis 
and synapse plasticity via the upregulation of PSD95 and BDNF in mice. Sci. Rep. 2025, 15, 1135. https://doi.org/10.1038/s41598-
024-82571-9. 

36. Small, G.W.; Siddarth, P.; Li, Z.; Miller, K.J.; Ercoli, L.; Emerson, N.D.; Martinez, J.; Wong, K.-P.; Liu, J.; Merrill, D.A.; et al. 
Memory and Brain Amyloid and Tau Effects of a Bioavailable Form of Curcumin in Non-Demented Adults: A Double-Blind, 
Placebo-Controlled 18-Month Trial. Am. J. Geriatr. Psychiatry 2018, 26, 266–277. https://doi.org/10.1016/j.jagp.2017.10.010. 

37. Wang, W.; Zhao, R.; Liu, B.; Li, K. The effect of curcumin supplementation on cognitive function: An updated systematic review 
and meta-analysis. Front. Nutr. 2025, 12, 1549509. https://doi.org/10.3389/fnut.2025.1549509. 

38. Yang, Y.; Liu, X.; Wu, T.; Zhang, W.; Shu, J.; He, Y.; Tang, S.-J. Quercetin attenuates AZT-induced neuroinflammation in the 
CNS. Sci. Rep. 2018, 8, 6194. https://doi.org/10.1038/s41598-018-24618-2. 

39. Aghababaei, F.; Hadidi, M. Recent Advances in Potential Health Benefits of Quercetin. Pharmaceuticals 2023, 16, 1020. 
https://doi.org/10.3390/ph16071020. 

40. Anand David, A.V.; Arulmoli, R.; Parasuraman, S. Overviews of Biological Importance of Quercetin: A Bioactive Flavonoid. 
Pharmacogn. Rev. 2016, 10, 84–89. https://doi.org/10.4103/0973-7847.194044. 

41. Sadat Larijani, M.; Bavand, A.; Banifazl, M.; Ashrafian, F.; Moradi, L.; Ramezani, A. Determination of COVID-19 Late Disorders 
as Possible Long-COVID and/or Vaccination Consequences. J. Prim. Care Community Health 2024, 15, 21501319241251941. 
https://doi.org/10.1177/21501319241251941. 

42. A Clinical Case Definition of Post COVID-19 Condition by a Delphi Consensus, 6 October 2021. Available online: 
https://www.who.int/publications/i/item/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1 (ac-
cessed on 1 January 2025). 

43. O’Connor, R.J.; Preston, N.; Parkin, A.; Makower, S.; Ross, D.; Gee, J.; Halpin, S.J.; Horton, M.; Sivan, M. The COVID-19 York-
shire Rehabilitation Scale (C19-YRS): Application and psychometric analysis in a post-COVID-19 syndrome cohort. J. Med. Virol. 
2022, 94, 1027–1034. https://doi.org/10.1002/jmv.27415. 

44. Krupp, L.B.; LaRocca, N.G.; Muir-Nash, J.; Steinberg, A.D. The fatigue severity scale. Application to patients with multiple 
sclerosis and systemic lupus erythematosus. Arch. Neurol. 1989, 46, 1121–1123. https://doi.org/10.1001/arch-
neur.1989.00520460115022. 

45. Cleeland, C.S.; Ryan, K.M. Pain assessment: Global use of the Brief Pain Inventory. Ann. Acad. Med. Singap. 1994, 23, 129–138. 
46. Zigmond, A.S.; Snaith, R.P. The hospital anxiety and depression scale. Acta Psychiatr. Scand. 1983, 67, 361–370. 

https://doi.org/10.1111/j.1600-0447.1983.tb09716.x. 
47. Cella, D.; Riley, W.; Stone, A.; Rothrock, N.; Reeve, B.; Yount, S.; Amtmann, D.; Bode, R.; Buysse, D.; Choi, S.; et al. The Patient-

Reported Outcomes Measurement Information System (PROMIS) developed and tested its first wave of adult self-reported 
health outcome item banks: 2005–2008. J. Clin. Epidemiol. 2010, 63, 1179–1194. https://doi.org/10.1016/j.jclinepi.2010.04.011. 

48. Buysse, D.J.; Reynolds, C.F., 3rd; Monk, T.H.; Berman, S.R.; Kupfer, D.J. The Pittsburgh Sleep Quality Index: A new instrument 
for psychiatric practice and research. Psychiatry Res. 1989, 28, 193–213. https://doi.org/10.1016/0165-1781(89)90047-4. 

49. Sletten, D.M.; Suarez, G.A.; Low, P.A.; Mandrekar, J.; Singer, W. COMPASS 31: A refined and abbreviated Composite Auto-
nomic Symptom Score. Mayo Clin. Proc. 2012, 87, 1196–1201. https://doi.org/10.1016/j.mayocp.2012.10.013. 

50. Ware, J.E., Jr.; Sherbourne, C.D. The MOS 36-item short-form health survey (SF-36). I. Conceptual framework and item selection. 
Med. Care 1992, 30, 473–483. 

51. Healthmeasures: PROMIS Short Form v2.0—Cognitive Function 8a. Available online: https://www.healthmeasures.net/im-
ages/PROMIS/manuals/PROMIS_Cognitive_Function_Scoring_Manual.pdf (accessed on 1 March 2026). 



Pharmaceuticals 2026, 19, 1202 21 of 21 
 

https://doi.org/10.3390/ph19081202 

52. Iverson, G.L.; Marsh, J.M.; Connors, E.J.; Terry, D.P. Normative Reference Values, Reliability, and Item-Level Symptom En-
dorsement for the PROMIS® v2.0 Cognitive Function-Short Forms 4a, 6a and 8a. Arch. Clin. Neuropsychol. 2021, 36, 1341–1349. 
https://doi.org/10.1093/arclin/acaa128. 

53. Braglia, L. lbscorer: Miscellaneous Scoring Functions. R Package Version 0.3. Available online: 
https://github.com/lbraglia/lbscorer (accessed on 1 March 2026). 

54. R Core Team. R: A Language and Environment for Statistical Computing. R Foundation for Statistical Computing: Vienna, Austria, 
2025. Available online: https://www.r-project.org/ (accessed on 1 March 2026). 

55. Wickham, H. ggplot2: Elegant Graphics for Data Analysis; Springer-Verlag: New York, NY, USA, 2016. 
56. Fabbrini, M.; Conti, G. _microbAIDeR: An Ensemble of Functions for Easier and Quicker Preliminary Microbiome Analysis_. R 

Package Version 0.3.2. 2025. Available online: https://github.com/FabbriniMarco/microbAIDeR (accessed on 1 March 2026). 
57. Oksanen, J.; Simpson, G.; Blanchet, F.; Kindt, R.; Legendre, P.; Minchin, P.; OʹHara, R.; Solymos, P.; Stevens, M.; Szoecs, E.; et 

al. vegan: Community Ecology Package. R Package Version 2.7-5. 2026. Available online: https://CRAN.R-project.org/package=ve-
gan (accessed on 1 March 2026). 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 
people or property resulting from any ideas, methods, instructions or products referred to in the content. 

 


