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Abstract 

Background:  COVID-19 pandemic has made the disease a major global problem by creating a significant burden on 
health, economic, and social status. To date, there are no effective and approved medications for this disease. Cur-
cumin as an anti-inflammatory agent can have a positive effect on the control of COVID-19 complications. This study 
aimed to assess the efficacy of curcumin-piperine supplementation on clinical symptoms, duration, severity, and 
inflammatory factors in patients with COVID-19.

Methods:  Forty-six outpatients with COVID-19 disease were randomly allocated to receive two capsules of cur-
cumin-piperine; each capsule contained 500 mg curcumin plus 5 mg piperine or placebo for 14 days.

Results:  Mean changes in complete blood count, liver enzymes, blood glucose levels, lipid parameters, kidney func-
tion, and c-reactive protein (CRP) were not significantly different between the two groups. There was a significant 
improvement in health status, including dry cough, sputum cough, ague, sore throat, weakness, muscular pain, head-
ache, and dyspnea at week 2 in both curcumin-piperine and placebo groups (P value < 0.05); however, the improve-
ment in weakness was more in the curcumin-piperine group than with placebo group (P value 025).

Conclusion:  The present study results showed that curcumin-piperine co-supplementation in outpatients with 
COVID-19 could significantly reduce weakness. However, in this study, curcumin-piperine co-supplementation could 
not significantly affect the other indices, including biochemical and clinical indices.
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Introduction
The coronavirus disease 2019 (COVID-19), first recog-
nized in Wuhan, Hubei province, China, in December 
2019, was declared as a global pandemic by the World 
Health Organization (WHO) [1]. The infection causes 
mild to severe respiratory symptoms in all age groups, 
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although the elderly and individuals with comorbidi-
ties like hypertension, diabetes mellitus, cardiovascular 
diseases, and obesity are at higher risk [2, 3]. The clini-
cal manifestation of the disease starts from 2 to 14 days 
after getting infected and mainly involves fever, cough, 
weakness, and shortness of breath [2, 4]. This disease 
can affect personal lives and whole economies, indus-
tries, and nations [5]. The mortality related to COVID-
19 is mainly caused by respiratory distress and acute 
respiratory distress syndrome (ARDS) [6]. High lev-
els of cytokine including interleukin (IL)-2, IL-17 [7], 
interferon-γ inducible protein, monocyte chemoattract-
ant protein (MCP)-1, macrophage inflammatory protein 
(MIP)1-α, granulocyte colony-stimulating factor (GSF), 
and tumor necrosis factor (TNF)-α contribute to ARDS 
[8, 9]. Oxygen therapy and other supportive care con-
tinue as the primary therapy for patients with COVID-19 
pneumonia [8] for symptomatic relief.

Curcumin, usually used as the yellow spice, is obtained 
from the roots of the Curcuma longa [10, 11]. Curcumin 
is a natural polyphenolic compound, which has pleio-
tropic therapeutic effects and is well known for its anti-
oxidant and anti-inflammatory activities [10, 12–14]. 
Curcumin is also known to decrease the expression 
of wide range of cytokines, which are associated with 
chronic inflammatory diseases [15]. In animal mod-
els, curcumin supplementation was shown to modulate 
inflammatory response and reduce respiratory distress 
[16]. Curcumin could bind to SARS-CoV-2 proteins and, 
thus, may have potential antiviral effects. The in silico 
docking studies discovered that curcumin could poten-
tially inhibit ACE2 and spike glycoprotein of the virus 
to suppress COVID-19 entry to the cell [6, 10, 17]. The 
proven anti-inflammatory activity of curcumin could 
prevent cytokine [8] storms, and the molecule may also 
be effective in alleviating the coagulation abnormalities 
observed in COVID-19 patients [17–19]. Furthermore, 
curcumin’s [8], immunomodulatory, anti-microbial, anti-
viral properties, and beneficial effects of curcumin on 
pneumonia are evidenced [20–22].

Due to the several unique properties of curcumin and 
its beneficial effects on different aspects of human health, 
several reviews and also some clinical trials have recently 
suggested that curcumin might have beneficial effects on 
signs and symptoms of COVID-19 [6, 19, 23–27]. Results 
from clinical trials showed that curcumin as a natural 
polyphenolic compound could be a potential treatment 
for COVID-19 infection [19, 23, 25, 28]. A review study 
reported some of the potential effects of curcumin such 
as inhibiting the entry of viruses to the cell, inhibiting 
encapsulation of the virus and viral protease [6]. Another 
study has shown that nano-curcumin can contribute to 
the increased rate of inflammatory cytokines especially 

IL-1β and IL-6 mRNA expression and cytokine secre-
tion in COVID-19 patients [29]. Although curcumin has 
low absorption, the addition of piperine improves its 
absorption and bioavailability of [30–32]. It is revealed 
that administration of piperine with curcumin resulted in 
2000% increase in bioavailability of curcumin [33]. There-
fore, in this study, we evaluated the effect of curcumin-
piperine co supplementation on clinical symptoms, 
duration, severity, and inflammatory factors in outpa-
tients with COVID-19.

Methods and materials
Study design and participants
This study was a parallel randomized, double-blind, pla-
cebo-controlled clinical trial evaluating the efficacy of 
co-supplementation of curcumin-piperine on COVID-
19 outpatients. Participants were recruited from referred 
outpatients who had COVID-19 confirmed via real-time 
polymerase chain reaction (RT-PCR) at the Motamed 
health center, affiliated with Isfahan University of Medi-
cal Sciences, Isfahan, Iran, from November 2020 to April 
2021. The summary of the study protocol, available in the 
Journal of Trials [34], was approved by the ethics com-
mittee of the Isfahan University of Medical Sciences, with 
the ethical code: IR.MUI.MED.REC.1399.049. In this 
study, we only reported the data obtained from COVID-
19 outpatients. This trial was conducted in accordance 
with the principles of the Declaration of Helsinki. All 
patients were informed regarding the objectives and pro-
cedures of the trial, who then provided written informed 
consent. The trial was registered in the Iranian Registry 
of Clinical trials with ID: IRCT20121216011763N46.

COVID-19 patients 18 to 65 years, with a diagnosis of 
COVID-19 confirmed by RT-PCR, were included in the 
trial. Patients with severe disease admitted to the hospi-
tal were excluded from the study. Other exclusion criteria 
were recent use of warfarin or other anticoagulant drugs 
and a history of sensitivity to herbal products such as tur-
meric and pepper. Patients unwilling to continue partici-
pation, compliance with the trial of less than 80%, or any 
adverse events were withdrawn from the trial.

Trial randomization and blinding
Eligible participants were randomly allocated in a ratio of 
1:1 to either the intervention group or the control group. 
Randomization was stratified according to sex (male vs. 
female), with the use of permuted block size of 4. The 
assignment sequences were provided by an independent 
statistician with the use of a random-number table and 
then were kept in opaque, sealed, numbered envelopes 
until the end of the eligibility criteria evaluation. Treat-
ment assignments were concealed from researchers and 
all patients until the completion of data analyses. In this 
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double-blind study, capsules (curcumin and placebo) 
were labeled A and B by the company in the packages 
with the same format. Capsules were similar in terms of 
size, shape, color, and odor. Investigators, participants, 
laboratory staff, outcome assessors, and data analyzers 
were blinded to treatment assignment until the comple-
tion of data analyses.

Intervention
Participants in the intervention group received two cap-
sules of curcumin-piperine; each capsule contained 500 
mg curcumin plus 5 mg piperine (totally, 1000 mg cur-
cumin and 10 mg piperine/ day) while those in the con-
trol group received matching placebo capsules; each 
capsule contained 505 mg maltodextrin (totally 1010 mg 
maltodextrin/ day). Patients were asked to consume two 
capsules/day for 14 days. The capsule curcumin-piperine 
and matching placebo were provided by the Sami Labs 
Limited (Bangalore, India). In both groups, patients were 
asked to consume capsules at 9 and 18 o’clock for 14 
days. Frequent phone calls obtained participants’ com-
pliance (assessed by counting the remaining capsule). All 
patients were visited by one physician in Motamed health 
center. All the subjects were given standard treatment 
as per their physician prescriptions and allowed to take 
their usual medications considering the fact that adjuvant 
treatment alone is not ethical.

Socio‑demographic and anthropometric parameter 
assessment
An expert nutritionist collected socio-demographic 
information using a structured interview. Demographic 
data including age, sex, marital status, education, medi-
cations, and underlying diseases including diabetes, 
hypertension, and heart diseases were collected from all 
subjects. In addition, weight was recorded with 0.1 kg 
accuracy, and height was measured with 0.1 cm accuracy 
with Seca scales. Then, body mass index (BMI) was cal-
culated using the following equation:

Clinical outcome assessment
An internal medicine specialist visited eligible patients 
and evaluated the clinical signs and symptoms of 
COVID-19 using a structural questionnaire. This ques-
tionnaire included these items: dry cough, sputum cough, 
ague, sore throat, weakness, muscular pain, headache, 
and dyspnea. The patient graded the severity of clinical 
symptoms for each item as very low, low, middle, high, 
and very high. The improvement of clinical symptoms 

weight
(

kg
)

/height2
(

height in meters squared
)

for each item was defined as a reduction of at least one 
degree from the baseline to the end of week 2 of the trial.

Biochemical outcome assessment
Fasting blood samples (5 ml) were collected before and 
after the trial. The samples were centrifuged at room 
temperature for 10 min to isolate serum and then were 
immediately stored at -80°C. The enzymatic methods 
with auto-analyzer were used to measure complete 
blood count (CBC), fasting blood sugar (FBS), serum 
cholesterol, triglyceride (TG), low-density lipoprotein 
(LDL), high-density lipoprotein (HDL), very low-density 
lipoprotein (VLDL), alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), lactate dehydroge-
nase (LDH), creatinine, blood urea nitrogen (BUN), and 
C-reactive protein (CRP) using commercial kits (Pars 
Azmun, Karaj, Iran).

Statistical analysis
The statistical package for the social sciences (SPSS) soft-
ware version 16 (SPSS Inc., Chicago, IL, USA) was used 
to analyze data. Within-group differences were ascer-
tained using Paired sample t-test (normally distributed 
variables), Wilcoxon rank-sum test (ordinal variables and 
non-normally distributed variables), and chi-squared test 
or Fisher’s exact test (nominal variables). Also, between-
group differences were ascertained using Independ-
ent Student’s t-test (normally distributed variables) and 
Mann-Whitney U test (ordinal variables and non-nor-
mally distributed variables). Data were reported as mean 
± standard deviation (SD) or frequency (percentage). A 
P-value of less than 0.05 was considered to indicate sta-
tistical significance.

Results
Among 88 patients with COVID-19 disease, 50 subjects 
met the inclusion criteria and were included in this trial. 
Four patients, two in the curcumin-piperine group and 
two in the placebo group, discontinued the trial. Finally, 
46 patients (23 in the curcumin group and 23 in the con-
trol group) completed the trial and were included in the 
statistical analysis (Fig.  1). No serious adverse effects 
were reported throughout the trial.

The mean age (SD) of patients was 47.63 (13.89) 
years, and the mean weight (SD) was 74.55 (16.27) kg. 
The demographic characteristics of participants in each 
group are shown in Table  1. The mean age, weight, 
height, and BMI did not differ significantly between the 
curcumin and placebo groups (P value >0.05). Also, the 
distribution of the patients in terms of gender, presence 
of diabetes, hypertension, heart diseases, drug usage, and 
levels of education was similar between the groups (P 
value >0.05).
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The mean changes in laboratory outcomes from base-
line to the end of the intervention period in each group 
are shown in Table  2. The mean WBCs, MCH, MCHC, 
and total cholesterol significantly increased in the placebo 

group at the end of the intervention period (P value <0.05). 
In the curcumin group, the mean RDW and total choles-
terol significantly increased at the end of the intervention 
period (P value <0.05). However, there were no significant 

Fig. 1  Screening, randomization, treatment, follow-up

Table 1  Patients’ demographic and anthropometric characteristics in the curcumin and placebo groups

Data are reported as mean ± standard deviation or frequency (percentage) as appropriate
† P values were calculated using the chi-squared test
†† P values were calculated using the Fisher exact test

*P values were calculated using the two-sample T test

Variables Curcumin group (N: 23) Placebo group (N: 23) P value

Male, n (%) 14 (60.9) 13 (56.5) 0.765†

Female, n (%) 9 (39.1) 10 (43.5)

Married, n (%) 18 (78.3) 19 (82.6) 0.710†

Age, years 43.74 ± 12.9 51.52 ± 13.8 0.056

Weight, kg 78.94 ± 12.9 73.39 ± 12 0.141

Height, cm 170.04 ± 9.7 165.34 ± 7.8 0.077

Body mass index (BMI), kg/m2 26.74 ± 3.9 26.35 ± 4.7 0.763

Diabetes, n (%) 7 (30.4) 5 (21.7) 0.502†

Hypertension, n (%) 5 (21.7) 6 (26.1) 0.730†

Heart diseases, n (%) 4 (17.4) 3 (13) 1††

Academic education, n (%) 12 (52.2) 9 (39.1) 0.375†

Drug usage, n (%) 13 (56.5) 16 (69.6) 0.359†
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Table 2  Mean changes of biochemical factors in the curcumin and placebo groups from baseline to 2-week intervention

Data are reported as mean ± standard deviation
† P values were calculated using the paired sample t test

*P values were calculated using the two-sample t test

Variables Group Before After P value† Mean change P value*

RBC (× 1012/L) Curcumin (N: 23) 5.00 ± 0.62 4.98 ± 0.58 0.668 − 0.02 ± 0.19 0.404

Placebo (N: 23) 4.83 ± 0.62 4.74 ± 0.48 0.246 − 0.09 ± 0.38

WBCs (×109 L) Curcumin (N: 23) 6.36 ± 1.73 6.33 ± 1.49 0.94 − 0.03 ± 1.68 0.053

Placebo (N: 23) 6.15 ± 1.68 7.22 ± 2.69 0.018 1.06 ± 1.97

Hb; g/dL Curcumin (N: 23) 14.47 ± 10.51 14.55 ± 10.56 0.544 0.09 ± 0.67 0.418

Placebo (N: 23) 13.74 ± 11.47 14.29 ± 8.06 0.318 0.55 ± 2.59

Hct; % Curcumin (N: 23) 42.60 ± 5.38 42.76 ± 5.33 0.721 0.17 ± 2.21 0.616

Placebo (N: 23) 40.72 ± 6.58 41.72 ± 4.18 0.525 1.00 ± 7.39

MCV; fL Curcumin (N: 23) 85.49 ± 8.40 84.73 ± 11.47 0.600 − 0.76 ± 6.82 0.562

Placebo (N: 23) 88.38 ± 5.04 88.46 ± 5.14 0.819 0.08 ± 1.68

MCH; pg Curcumin (N: 23) 29.03 ± 3.84 28.83 ± 4.27 0.658 0.19 ± 2.06 0.172

Placebo (N: 23) 29.90 ± 2.49 30.32 ± 2.64 0.003 0.42 ± 0.58

MCHC; g/dL Curcumin (N: 23) 33.86 ± 1.78 33.90 ± 1.73 0.836 0.04 ± 0.91 0.081

Placebo (N: 23) 33.77 ± 7.29 34.25 ± 1.68 0.004 0.48 ± 0.72

RDW; % Curcumin (N: 23) 13.45 ± 1.34 13.68 ± 1.58 0.039 0.23 ± 0.48 0.186

Placebo (N: 23) 13.41 ± 1.29 13.43 ± 1.39 0.885 0.02 ± 0.58

PLT; 103/μL Curcumin (N: 23) 262.28 ± 106.8 256.42 ± 67.29 0.772 − 5.85 ± 95.71 0.296

Placebo (N: 23) 203.9 ± 56.02 222.50 ± 70.61 0.150 18.55 ± 59.71

ESR; mm/h Curcumin (N: 23) 11.28 ± 11.90 11.23 ± 10.85 0.760 − 0.59 ± 9.17 0.556

Placebo (N: 23) 15.69 ± 13.96 13.52 ± 9.31 0.256 − 2.17 ± 8.93

PT; seconds Curcumin (N: 23) 10.58 ± 0.58 10.90 ± 1.01 0.161 0.31 ± 1.06 0.112

Placebo (N: 23) 10.87 ± 0.91 10.76 ± 0.86 0.466 − 0.12 ± 0.77

INR Curcumin (N: 23) 1.02 ± 0.05 1.05 ± 0.10 0.184 0.03 ± 0.10 0.137

Placebo (N: 23) 1.05 ± 0.05 1.05 ± 0.10 0.539 − 0.01 ± 0.05

FBS, mg/dL Curcumin (N: 23) 126.52 ± 77.52 126.78 ± 61.53 0.967 0.26 ± 30.19 0.633

Placebo (N: 23) 114.02 ± 42.34 109.61 ± 26.21 0.613 − 4.43 ± 41.47

LDH, U/L Curcumin (N: 23) 320.18 ± 59.23 323.28 ±72.38 0.869 2.74 ± 79.06 0.630

Placebo (N: 23) 354.24 ± 72.38 345.04 ± 62.16 0.628 − 9.47 ± 91.44

ALT, U/L Curcumin (N: 23) 25.52 ± 16.75 25.78 ± 14.73 0.288 − 2.74 ± 12.05 0.427

Placebo (N: 23) 40.26 ± 26.30 33.30 ± 18 0.146 − 6.95 ± 22.18

AST, U/L Curcumin (N: 23) 22.61 ± 8.30 22.00 ± 7.20 0.636 − 0.61 ± 6.09 0.151

Placebo (N: 23) 31.78 ± 17.52 25.86 ± 6.29 0.960 − 5.92 ± 16.32

Chol, mg/dL Curcumin (N: 23) 162.08 ± 33.22 181.34 ± 43.82 0.001 19.26 ± 24.67 0.800

Placebo (N: 23) 166.69 ± 38.30 188.08 ± 48.81 0.004 21.39 ± 31.53

TG, mg/dL Curcumin (N: 23) 168.61 ± 134 144.00 ± 103 0.239 − 24.61 ± 97.6 0.206

Placebo (N: 23) 140.52 ± 54.7 144.57 ± 58.7 0.665 4.04 ± 44.2

VLDL, mg/dL Curcumin (N: 23) 29.85 ± 14.59 26.61 ± 15.74 0.431 − 3.09 ± 18.48 0.365

Placebo (N: 23) 28.13 ± 10.80 28.82 ± 11.66 0.705 0.69 ± 8.69

LDL, mg/dL Curcumin (N: 23) 95.00 ± 26.44 100.39 ± 33.21 0.086 5.39 ± 14.35 0.409

Placebo (N: 23) 98.48 ± 24.91 108.22 ± 29.57 0.333 9.74 ± 20.49

HDL, mg/dL Curcumin (N:23) 41.39 ± 8.54 41.52 ± 5.18 0.932 0.13 ± 7.39 0.345

Placebo (N: 23) 38.43 ± 4.37 40.30 ± 5.47 0.068 1.87 ± 4.66

CRP; mg/L Curcumin (N: 23) 4.12 ± 2.83 3.26 ± 11.47 0.254 − 0.86 ± 3.55 0.846

Placebo (N: 23) 3.54 ± 2.54 2.63 ± 8.30 0.047 − 1.04 ± 2.35

BUN, mg/dL Curcumin (N: 23) 12.04 ± 2.78 12.04 ± 2.83 0.998 0.00 ± 2.16 0.824

Placebo (N: 23) 13.04 ± 3.46 13.21 ± 4.22 0.784 0.17 ± 3.02

Creatinine mg/dL Curcumin (N: 23) 0.74 ± 0.09 0.56 ± 0.53 0.043 − 0.17 ± 0.38 0.468

Placebo (N: 23) 0.61 ± 0.48 0.52 ± 0.53 0.328 − 0.09 ± 0.43

GFR, mL/min Curcumin (N: 23) 70.18 ± 19.39 75.86 ± 13.44 0.147 5.68 ± 19.44 0.231

Placebo (N: 23) 74.74 ± 17.52 75.26 ± 18.67 0.688 0.52 ± 6.14
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differences between the curcumin group and the placebo 
group (Table 3). Ten patients (77%) in the curcumin group 
and ten patients (77%) in the placebo group recovered 
from dry cough, with no significant difference between 
the two groups. Seven patients (87.5%) in the curcumin 
group and six patients (85.7%) in the placebo group recov-
ered from sputum cough, which there was no significant 
difference between the two groups. Four patients (66.7%) 
in the curcumin group and seven patients (100%) in the 
placebo group recovered from ague, which there was 
no significant difference between the two groups. Five 
patients (71.4%) in the curcumin group and five patients 
(83.3%) in the placebo group recovered from sore throat, 
which there was no significant difference between the two 
groups. Ten patients (83.3%) in the curcumin group and 
five patients (38.5%) in the placebo group recovered from 
weakness. This improvement was significantly greater in 
the curcumin group than in the placebo group (P value 
= 025). Seven patients (70%) in the curcumin group and 
seven patients (50%) in the placebo group recovered from 
muscular pain, which there was no significant difference 
between the two groups. Nine patients (69.2%) in the cur-
cumin group and four patients (50%) in the placebo group 
recovered from headaches, which there was no significant 
difference between the two groups. Five patients (62.5%) 
in the curcumin group and five patients (83.3%) in the pla-
cebo group recovered from dyspnea, which there was no 
significant difference between the two groups.

Discussion
Currently, the COVID-19 pandemic has made the disease 
a major global problem by creating a significant burden 
on health, economic and social status [35]. On the other 
hand, despite the relentless efforts by researchers all over 
the world, no effective treatment for this disease has 
been found yet [36]. Natural compounds are known to 
have several health benefits and may prove valuable as an 
adjunct therapy for this infection by reducing the sever-
ity and morbidity of the disease. Consequently, this study 
was performed to evaluate the efficacy of curcumin-pip-
erine co-supplementation on COVID-19.

The most important outcome of the present study was 
a significant reduction in weakness due to curcumin-pip-
erine co-supplementation. However, no significant differ-
ence was observed between the intervention and placebo 
groups in the other clinical symptoms and laboratory fac-
tors. However, findings of the present study are in contra-
diction with the results of the recent studies conducted 
in this field. For example, as mentioned in our study, only 
the feeling of weakness of the patients participating in the 
intervention group was significantly reduced compared 
to the control group, while in the other studies, most of 
the clinical symptoms such as weakness, muscle fatigue, 
cough, chill, sore throat, etc. have significantly decreased 
[8, 24, 37–39]. Regarding the inflammatory index of CRP, 
the results of prior studies were also contradictory. Some 
studies, such as Shafie et  al., have reported consistent 

Table 3  Within- and between-group comparisons of the clinical outcomes from baseline to the end of the intervention

Data are reported as frequencies
† Within-group comparisons with the use of the Wilcoxon rank-sum test

*Between-group comparisons with the use of the Mann–Whitney U test

Variables Positive cases Clinical outcomes P value† P value*

Improving No change

Dry cough Curcumin group: 13 10 3 0.002 1

Placebo group: 13 10 3 0.002

Sputum cough Curcumin group: 8 7 1 0.008 0.788

Placebo group: 7 6 1 0.014

Ague Curcumin group: 6 4 2 0.046 0.366

Placebo group: 7 7 0 0.008

Sore throat Curcumin group: 7 5 2 0.025 0.626

Placebo group: 6 5 1 0.025

Weakness Curcumin group: 12 10 2 0.002 0.025

Placebo group: 13 5 8 0.025

Muscular pain Curcumin group: 10 7 3 0.008 0.337

Placebo group: 14 7 7 0.008

Headache Curcumin group: 13 9 4 0.003 0.390

Placebo group: 8 4 4 0.046

Dyspnea Curcumin group: 8 5 3 0.025 0.441

Placebo group: 6 5 1 0.025
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results with the present study and did not observe any 
significant effect of nano-curcumin supplementation on 
CRP levels [39], while clinical and systematic reviews, 
in this case, have reported positive effects of various 
forms of curcumin supplements on CRP levels [26, 37]. It 
should be noted that the proposed mechanism of studies 
observing the positive effects of curcumin supplementa-
tion on clinical signs and inflammatory markers has been 
stated that curcumin can have beneficial effects on gene 
expression and balance between pro-inflammatory (IL-6 
and IL-1β) and anti-inflammatory factors (IL-10, IL-35, 
and TGF-α) and in this way, it can exert its effects on the 
control of this disease [26, 29, 40, 41]. Also, regarding the 
conflicting results of the present study and previous stud-
ies, we can point to factors such as differences in the type 
and dose of supplements used, as well as the duration of 
different studies. On the other hand, most other studies 
have been performed on hospitalized patients, while the 
present study has been performed on outpatients.

Excessive tiredness is a major complaint of COVID-19 
patients, which very often remains for a long time, resulting 
in disability, and poor life quality [42]. This chronic fatigue 
syndrome can have long-lasting effects like debilitating 
exhaustion, pain, memory impairment, and sleep abnormal-
ities [43, 44]. Currently, there is no medication to support 
fatigue and tiredness observed in COVID-19 patients. In 
this context, our study demonstrates the significant reduc-
tion in weakness and tiredness in patients supplemented 
with curcumin, suggesting its immense beneficial effect in 
log COVID.

Regarding the biochemical indices of WBCs, MCH, and 
MCHC, the values of the mentioned indices increased 
significantly in the placebo group after the end of the 
study. In the case of the WBCs, this significance was also 
observed marginally with the intervention group. The 
results of previous studies have shown a potential asso-
ciation between an increase in white blood cell count and 
severe COVID-19 [45]. A significant increase in MCH 
and MCHC [46] was observed in the placebo group, 
but the values were within the normal range. Therefore, 
considering the use of corticosteroids in the treatment 
process of COVID-19 and the increasing effect of these 
medicines on hemoglobin concentration, the results of 
the present study can be justified [47–49].

In the case of RDW, as reported in some animal and 
human studies, high doses of turmeric and curcumin can 
inhibit its absorption by binding to iron in the gastroin-
testinal tract and subsequently increase RDW levels [50–
52]. Also, due to the prevalence of malnutrition among 
patients with COVID-19, this increase observed in RDW 
can be attributed to malnutrition of nutrients such as 
vitamin B12 [53–56].

The results of the present study showed that cholesterol 
levels in both intervention and control groups increased 
after the end of the study. The findings of the present 
study are in contradiction with the reducing effects of 
curcumin on cholesterol levels, the observed results of 
other COVID-19 studies, and the effects of inflammation 
and infection [57–60]. This discrepancy in results may 
be due to the small sample size, the short duration of the 
study, or/and the study performed on outpatients.

Since fatigue and weakness are some of the most com-
mon complications of COVID-19 disease, eliminating this 
complication can be of particular importance [61, 62]. The 
main finding of the present study is a significant reduc-
tion in weakness in the curcumin-piperine co-supplement 
group compared with the placebo group. COVID-19 dis-
ease leads to muscle wasting resulting in systemic inflam-
mation, decreased physical activity, and lack of adequate 
nutrients, resulting in decreased muscle strength and a 
feeling of weakness [63, 64]. In previous studies, NF-kB 
has been mentioned as an effective factor and possible 
mechanism in muscle wasting through different catabolic 
situations [65–70]. As a result, by activity inhibition of 
NF-kB, curcumin can prevent muscle wasting and, conse-
quently, the feeling of weakness caused by it. In a recent 
study, Powar et.al. observed that supplementation with 
curcumin and piperine could ensure early symptomatic 
recovery from fever, cough, sore throat, and breathless-
ness. They also found that curcumin supplementation 
could help in the maintenance of oxygen saturation above 
94% without oxygen support, lesser deterioration, and 
better clinical outcomes compared to patients of the con-
trol group [71]. This study included mild, moderate, and 
severe COVID patients, while our study was restricted to 
patients with mild symptoms. In this study, most of the 
determining and important factors in this disease as well 
as the existing symptoms before and after the intervention 
have been investigated. However, there were limitations as 
follows: small sample size, study on outpatients, and sam-
pling from one center were some of the limitations of the 
present study, therefore RCT studies with larger sample 
size, a higher dosage of curcumin-piperine and sampling 
of hospitalized patients, and different centers are recom-
mended. Moreover, in this study, we did not consider bio-
markers of the curcumin to evaluate the rate of adherence.

Conclusion
The results of the present study showed that curcumin-
piperine co-supplementation in outpatients with 
COVID-19 can significantly reduce weakness. However, 
in this study, curcumin-piperine co-supplementation 
could not significantly affect the other indices, including 
biochemical and clinical indices. More clinical trials with 
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a larger sample size and higher dose and duration will be 
needed in the future to ascertain the use of curcumin as 
an adjunct therapy in COVID-19 patients.

Acknowledgements
This study was approved and funded by Isfahan University of Medical Sciences 
with grant number 199014.

Authors’ contributions
Study design: GA, AS, BI, MHR, and MB. Data gathering: DS, AM, SR, FK, and ME. 
Statistical analysis: GA, DS, BI, MHR, and MB. Drafting the manuscript: GA, AS, 
AM, SR, MM, ME, and MB. The authors read and approved the final manuscript 
before submission.

Funding
This study was approved and funded by Isfahan University of Medical Sciences 
with grant number 199014.

Availability of data and materials
The data that support the findings of this study are available from the cor-
responding author, upon reasonable request.

Declarations

Ethics approval and consent to participate
This trial was accepted by the ethics committee of the Isfahan University of 
Medical Sciences, with the ethical code: IR.MUI.MED.REC.1399.049. In this 
study, we only reported the data obtained from COVID-19 outpatients. This 
trial was conducted in accordance with the principles of the Declaration of 
Helsinki. All patients were informed regarding the objectives and procedures 
of the trial, who then provided written informed consent.

Consent for publication
Not applicable.

Competing interests
MM is the funder of the Sami-Sabinsa Group. The other authors have nothing 
to disclose.

Author details
1 Food Security Research Center, Isfahan University of Medical Sciences, PO 
Box: 00983137922110, Isfahan, Iran. 2 Anesthesia and Critical Care Research 
Center, Isfahan University of Medical Sciences, Isfahan, Iran. 3 Department 
of Community Nutrition, School of Nutrition and Food Science, Isfahan Uni-
versity of Medical Sciences, Isfahan, Iran. 4 Applied Biomedical Research Center, 
Mashhad University of Medical Sciences, Mashhad, Iran. 5 Biotechnology 
Research Center, Pharmaceutical Technology Institute, Mashhad University 
of Medical Sciences, Mashhad, Iran. 6 School of Medicine, The University 
of Western Australia, Perth, Australia. 7 Research Center of Oils and Fats, Ker-
manshah University of Medical Sciences, Kermanshah, Iran. 8 Sabinsa Corpora-
tion, East Windsor, NJ, USA. 9 Nosocomial Infection Research Center, Isfahan 
University of Medical Sciences, Isfahan, Iran. 10 Isfahan Endocrine and Metabo-
lism Research Center, Isfahan University of Medical Sciences, Isfahan, Iran. 

Received: 29 August 2021   Accepted: 2 May 2022

References
	1.	 Sohrabi C, Alsafi Z, O’Neill N, Khan M, Kerwan A, Al-Jabir A, et al. World 

Health Organization declares global emergency: a review of the 2019 
novel coronavirus (COVID-19). Int J Surg (London, England). 2020;76:71–6. 
https://​doi.​org/​10.​1016/j.​ijsu.​2020.​02.​034.

	2.	 BourBour F, Mirzaei Dahka S, Gholamalizadeh M, Akbari ME, Shadnoush 
M, Haghighi M, et al. Nutrients in prevention, treatment, and manage-
ment of viral infections; special focus on Coronavirus. Arch Physiol 
Biochem. 2020:1–10. https://​doi.​org/​10.​1080/​13813​455.​2020.​17911​88.

	3.	 Rothenberg E. Coronavirus disease 19 from the perspective of ageing 
with focus on nutritional status and nutrition management—a narrative 
review. Nutrients. 2021;13(4):1294. https://​doi.​org/​10.​3390/​nu130​41294.

	4.	 Lake MA. What we know so far: COVID-19 current clinical knowledge 
and research. Clin Med. 2020;20(2):124. https://​doi.​org/​10.​7861/​clinm​ed.​
2019-​coron.

	5.	 Brem A, Viardot E, Nylund PA. Implications of the coronavirus (COVID-
19) outbreak for innovation: which technologies will improve our lives? 
Technol Forecast Soc Chang. 2021;163:120451. https://​doi.​org/​10.​1016/j.​
techf​ore.​2020.​120451.

	6.	 Zahedipour F, Hosseini SA, Sathyapalan T, Majeed M, Jamialahmadi T, Al-
Rasadi K, et al. Potential effects of curcumin in the treatment of COVID-19 
infection. Phytother Res. 2020;34(11):2911–20. https://​doi.​org/​10.​1002/​
ptr.​6738.

	7.	 Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ. 
COVID-19: consider cytokine storm syndromes and immunosuppression. 
Lancet. 2020;395(10229):1033–4. https://​doi.​org/​10.​1016/​S0140-​6736(20)​
30628-0.

	8.	 Saber-Moghaddam N, Salari S, Hejazi S, Amini M, Taherzadeh Z, Eslami S, 
et al. Oral nano-curcumin formulation efficacy in management of mild 
to moderate hospitalized coronavirus disease-19 patients: an open label 
nonrandomized clinical trial. Phytother Res. 2021. https://​doi.​org/​10.​
1002/​ptr.​7004.

	9.	 Richardson P, Griffin I, Tucker C, Smith D, Oechsle O, Phelan A, et al. 
Baricitinib as potential treatment for 2019-nCoV acute respiratory disease. 
Lancet (London, England). 2020;395(10223):e30. https://​doi.​org/​10.​1016/​
S0140-​6736(20)​30304-4.

	10.	 Farhood B, Mortezaee K, Goradel NH, Khanlarkhani N, Salehi E, Nashtaei 
MS, et al. Curcumin as an anti-inflammatory agent: implications to radio-
therapy and chemotherapy. J Cell Physiol. 2019;234(5):5728–40. https://​
doi.​org/​10.​1002/​jcp.​27442.

	11.	 Ternullo S, Gagnat E, Julin K, Johannessen M, Basnet P, Vanić Ž, et al. 
Liposomes augment biological benefits of curcumin for multitargeted 
skin therapy. Eur J Pharm Biopharm. 2019;144:154–64. https://​doi.​org/​10.​
1016/j.​ejpb.​2019.​09.​016.

	12.	 Rafiq S, Raza MH, Younas M, Naeem F, Adeeb R, Iqbal J, et al. Molecular 
targets of curcumin and future therapeutic role in leukemia. J Biosci Med. 
2018;6(04):33. https://​doi.​org/​10.​4236/​JBM.​2018.​64003.

	13.	 Gupta SC, Patchva S, Koh W, Aggarwal BB. Discovery of curcumin, a 
component of golden spice, and its miraculous biological activities. Clin 
Exp Pharmacol Physiol. 2012;39(3):283–99. https://​doi.​org/​10.​1111/j.​1440-​
1681.​2011.​05648.x.

	14.	 Keihanian F, Saeidinia A, Bagheri RK, Johnston TP, Sahebkar A. Cur-
cumin, hemostasis, thrombosis, and coagulation. J Cell Physiol. 
2018;233(6):4497–511. https://​doi.​org/​10.​1002/​jcp.​26249.

	15.	 Jain SK, Rains J, Croad J, Larson B, Jones K. Curcumin supplementation 
lowers TNF-α, IL-6, IL-8, and MCP-1 secretion in high glucose-treated 
cultured monocytes and blood levels of TNF-α, IL-6, MCP-1, glucose, 
and glycosylated hemoglobin in diabetic rats. Antioxid Redox Signal. 
2009;11(2):241–9. https://​doi.​org/​10.​1089/​ars.​2008.​2140.

	16.	 Avasarala S, Zhang F, Liu G, Wang R, London SD, London L. Curcumin 
modulates the inflammatory response and inhibits subsequent fibrosis 
in a mouse model of viral-induced acute respiratory distress syndrome. 
PLoS One. 2013;8(2):e57285. https://​doi.​org/​10.​1371/​journ​al.​pone.​01349​
82.

	17.	 Maurya VK, Kumar S, Prasad AK, Bhatt ML, Saxena SK. Structure-based 
drug designing for potential antiviral activity of selected natural products 
from Ayurveda against SARS-CoV-2 spike glycoprotein and its cellular 
receptor. Virusdisease. 2020;31(2):179–93. https://​doi.​org/​10.​1007/​
s13337-​020-​00598-8.

	18.	 Rocha FAC, de Assis MR. Curcumin as a potential treatment for COVID-19. 
Phytother Res. 2020;34(9):2085–7. https://​doi.​org/​10.​1002/​ptr.​6745.

	19.	 Thimmulappa RK, Kumar MNK, Shivamallu C, Subramaniam KT, Rad-
hakrishnan A, Suresh B, et al. Antiviral and immunomodulatory activity 
of curcumin: a case for prophylactic therapy for COVID-19. Heliyon. 
2021;7(2):e06350. https://​doi.​org/​10.​1016/j.​heliy​on.​2021.​e06350.

	20.	 Bagherniya M, Khedmatgozar H, Fakheran O, Xu S, Johnston TP, Sahebkar 
A. Medicinal plants and bioactive natural products as inhibitors of NLRP3 
inflammasome. Phytother Res. 2021;35(9):4804–33. https://​doi.​org/​10.​
1002/​ptr.​7118.

https://doi.org/10.1016/j.ijsu.2020.02.034
https://doi.org/10.1080/13813455.2020.1791188
https://doi.org/10.3390/nu13041294
https://doi.org/10.7861/clinmed.2019-coron
https://doi.org/10.7861/clinmed.2019-coron
https://doi.org/10.1016/j.techfore.2020.120451
https://doi.org/10.1016/j.techfore.2020.120451
https://doi.org/10.1002/ptr.6738
https://doi.org/10.1002/ptr.6738
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1002/ptr.7004
https://doi.org/10.1002/ptr.7004
https://doi.org/10.1016/S0140-6736(20)30304-4
https://doi.org/10.1016/S0140-6736(20)30304-4
https://doi.org/10.1002/jcp.27442
https://doi.org/10.1002/jcp.27442
https://doi.org/10.1016/j.ejpb.2019.09.016
https://doi.org/10.1016/j.ejpb.2019.09.016
https://doi.org/10.4236/JBM.2018.64003
https://doi.org/10.1111/j.1440-1681.2011.05648.x
https://doi.org/10.1111/j.1440-1681.2011.05648.x
https://doi.org/10.1002/jcp.26249
https://doi.org/10.1089/ars.2008.2140
https://doi.org/10.1371/journal.pone.0134982
https://doi.org/10.1371/journal.pone.0134982
https://doi.org/10.1007/s13337-020-00598-8
https://doi.org/10.1007/s13337-020-00598-8
https://doi.org/10.1002/ptr.6745
https://doi.org/10.1016/j.heliyon.2021.e06350
https://doi.org/10.1002/ptr.7118
https://doi.org/10.1002/ptr.7118


Page 9 of 10Askari et al. Trials          (2022) 23:472 	

	21.	 Alikiaii B, Bagherniya M, Askari G, Sathyapalan T, Sahebkar A. Evaluation of 
the effect of curcumin on pneumonia: a systematic review of preclinical 
studies. Phytother Res. 2021;35(4):1939–52. https://​doi.​org/​10.​1002/​ptr.​
6939.

	22.	 Zorofchian Moghadamtousi S, Abdul Kadir H, Hassandarvish P, Tajik H, 
Abubakar S, Zandi K. A review on antibacterial, antiviral, and antifungal 
activity of curcumin. Biomed Res Int. 2014;2014:186864. https://​doi.​org/​
10.​1155/​2014/​186864.

	23.	 Soni VK, Mehta A, Ratre YK, Tiwari AK, Amit A, Singh RP, et al. Curcumin, 
a traditional spice component, can hold the promise against COVID-19? 
Eur J Pharmacol. 2020;886:173551. https://​doi.​org/​10.​1016/j.​ejphar.​2020.​
173551.

	24.	 Pawar KS, Mastud RN, Pawar SK, Pawar SS, Bhoite RR, Bhoite RR, et al. Oral 
curcumin with piperine as adjuvant therapy for the treatment of COVID-
19: a randomized clinical trial. Front Pharmacol. 2021;12:669362. https://​
doi.​org/​10.​3389/​fphar.​2021.​669362.

	25.	 Babaei F, Nassiri-Asl M, Hosseinzadeh H. Curcumin (a constituent of 
turmeric): New treatment option against COVID-19. Food Sci Nutr. 
2020;8(10):5215–27. https://​doi.​org/​10.​1002/​fsn3.​1858.

	26.	 Vahedian-Azimi A, Abbasifard M, Rahimi-Bashar F, Guest PC, Majeed M, 
Mohammadi A, et al. Effectiveness of curcumin on outcomes of hospital-
ized COVID-19 patients: a systematic review of clinical trials. Nutrients. 
2022;14(2):256. https://​doi.​org/​10.​3390/​nu140​20256.

	27.	 Miryan M, Soleimani D, Askari G, Jamialahmadi T, Guest PC, Bagherniya M, 
et al. Curcumin and piperine in COVID-19: a promising duo to the rescue? 
Adv Exp Med Biol. 2021;1327:197–204. https://​doi.​org/​10.​1007/​978-3-​
030-​71697-4_​16.

	28.	 Subhan F, Khalil AAK, Zeeshan M, Haider A, Tauseef I, Haleem SK, et al. 
Curcumin: from ancient spice to modern anti-viral drug in COVID-19 
pandemic. Life Sci. 2020;1(supplement):5.

	29.	 Valizadeh H, Abdolmohammadi-Vahid S, Danshina S, Gencer MZ, Ammari 
A, Sadeghi A, et al. Nano-curcumin therapy, a promising method in 
modulating inflammatory cytokines in COVID-19 patients. Int Immunop-
harmacol. 2020;89(Pt B):107088. https://​doi.​org/​10.​1016/j.​intimp.​2020.​
107088.

	30.	 Bhutani MK, Bishnoi M, Kulkarni SK. Anti-depressant like effect of cur-
cumin and its combination with piperine in unpredictable chronic stress-
induced behavioral, biochemical and neurochemical changes. Pharmacol 
Biochem Behav. 2009;92(1):39–43. https://​doi.​org/​10.​1016/j.​pbb.​2008.​10.​
007.

	31.	 Kulkarni SK, Bhutani MK, Bishnoi M. Antidepressant activity of curcumin: 
involvement of serotonin and dopamine system. Psychopharmacology. 
2008;201(3):435–42. https://​doi.​org/​10.​1007/​s00213-​008-​1300-y.

	32.	 Miryan M, Soleimani D, Askari G, Jamialahmadi T, Guest PC, Bagherniya M, 
et al. Curcumin and piperine in COVID-19: a promising duo to the rescue? 
In:  Identification of biomarkers, new treatments, and vaccines for COVID-
19. Switzerland: Springer; 2021. p. 197–204.

	33.	 Anand P, Kunnumakkara AB, Newman RA, Aggarwal BB. Bioavailability of 
curcumin: problems and promises. Mol Pharm. 2007;4(6):807–18. https://​
doi.​org/​10.​1021/​mp700​113r.

	34.	 Miryan M, Bagherniya M, Sahebkar A, Soleimani D, Rouhani MH, Iraj B, 
et al. Effects of curcumin-piperine co-supplementation on clinical signs, 
duration, severity, and inflammatory factors in patients with COVID-19: a 
structured summary of a study protocol for a randomised controlled trial. 
Trials. 2020;21(1):1–2. https://​doi.​org/​10.​1186/​s13063-​020-​04924-9.

	35.	 Cevik M, Bamford CGG, Ho A. COVID-19 pandemic-a focused review 
for clinicians. Clin Microbiol Infect. 2020;26(7):842–7. https://​doi.​org/​10.​
1016/j.​cmi.​2020.​04.​023.

	36.	 Ali MJ, Hanif M, Haider MA, Ahmed MU, Sundas F, Hirani A, et al. Treat-
ment options for COVID-19: a review. Front Med (Lausanne). 2020;7:480. 
https://​doi.​org/​10.​3389/​fmed.​2020.​00480.

	37.	 Ahmadi R, Salari S, Sharifi MD, Reihani H, Rostamiani MB, Behmadi M, et al. 
Oral nano-curcumin formulation efficacy in the management of mild 
to moderate outpatient COVID-19: a randomized triple-blind placebo-
controlled clinical trial. Food Sci Nutr. 2021;9(8):4068–75. https://​doi.​org/​
10.​1002/​fsn3.​2226.

	38.	 Hassaniazad M, Eftekhar E, Inchehsablagh BR, Kamali H, Tousi A, Jaafari 
MR, et al. A triple-blind, placebo-controlled, randomized clinical trial to 
evaluate the effect of curcumin-containing nanomicelles on cellular 
immune responses subtypes and clinical outcome in COVID-19 patients. 
Phytother Res. 2021;35(11):6417–27. https://​doi.​org/​10.​1002/​ptr.​7294.

	39.	 Honarkar Shafie E, Taheri F, Alijani N, Okhovvat AR, Goudarzi R, Borumand-
nia N, et al. Effect of nanocurcumin supplementation on the severity 
of symptoms and length of hospital stay in patients with COVID-19: 
a randomized double-blind placebo-controlled trial. Phytother Res. 
2022;36(2):1013–22. https://​doi.​org/​10.​1002/​ptr.​7374.

	40.	 Tahmasebi S, Saeed BQ, Temirgalieva E, Yumashev AV, El-Esawi MA, 
Navashenaq JG, et al. Nanocurcumin improves Treg cell responses in 
patients with mild and severe SARS-CoV2. Life Sci. 2021;276:119437. 
https://​doi.​org/​10.​1016/j.​lfs.​2021.​119437.

	41.	 Rattis BAC, Ramos SG, Celes MRN. Curcumin as a potential treatment for 
COVID-19. Front Pharmacol. 2021;12:675287. https://​doi.​org/​10.​3389/​
fphar.​2021.​675287.

	42.	 Sfera A, Osorio C, Del Campo CMZM, Pereida S, Maurer S, Maldonado JC, 
et al. Endothelial senescence and chronic fatigue syndrome, a COVID-19 
based hypothesis. Front Cell Neurosci. 2021;15:673217. https://​doi.​org/​10.​
3389/​fncel.​2021.​673217.

	43.	 Wilson C. Concern coronavirus may trigger post-viral fatigue syndromes. 
New Sci (1971). 2020;246(3278):10. https://​doi.​org/​10.​1016/​S0262-​
4079(20)​30746-6.

	44.	 Yong SJ. Long COVID or post-COVID-19 syndrome: putative pathophysi-
ology, risk factors, and treatments. Infect Dis. 2021;53(10):1–18. https://​
doi.​org/​10.​1080/​23744​235.​2021.​19243​97.

	45.	 Sun Y, Zhou J, Ye K. White blood cells and severe COVID-19: a Mendelian 
randomization study. medRxiv. 2020:2020.10.14.20212993. https://​doi.​
org/​10.​1101/​2020.​10.​14.​20212​993.

	46.	 Sarma P. Chapter 152. Red cell indices. In:  Clinical methods: the history, 
physical, and laboratory examinations. 3rd ed. Boston: Butterworths; 
1990.

	47.	 Strandberg O. CHAPTER VII: The influence of corticosteroid therapy on 
hematological values, bone marrow iron and iron absorption in patients 
with rheumatoid arthritis. Acta Med Scand. 1966;180(S454):127–41. 
https://​doi.​org/​10.​1111/j.​0954-​6820.​1966.​tb013​72.x.

	48.	 Bani-Sadr F, Hentzien M, Pascard M, N’Guyen Y, Servettaz A, Andreoletti 
L, et al. Corticosteroid therapy for patients with COVID-19 pneumonia: a 
before–after study. Int J Antimicrob Agents. 2020;56(2):106077. https://​
doi.​org/​10.​1016/j.​ijant​imicag.​2020.​106077.

	49.	 Zha L, Li S, Pan L, Tefsen B, Li Y, French N, et al. Corticosteroid treatment 
of patients with coronavirus disease 2019 (COVID-19). Med J Aust. 
2020;212(9):416–20. https://​doi.​org/​10.​5694/​mja2.​50577.

	50.	 Smith TJ, Ashar BH. Iron deficiency anemia due to high-dose turmeric. 
Cureus. 2019;11(1):e3858. https://​doi.​org/​10.​7759/​cureus.​3858.

	51.	 Chin D, Huebbe P, Frank J, Rimbach G, Pallauf K. Curcumin may impair 
iron status when fed to mice for six months. Redox Biol. 2014;2:563–9. 
https://​doi.​org/​10.​1016/j.​redox.​2014.​01.​018.

	52.	 Sultana GS, Haque SA, Sultana T, Ahmed AN. Value of red cell distribution 
width (RDW) and RBC indices in the detection of iron deficiency anemia. 
Mymensingh Med J. 2013;22(2):370–6.

	53.	 Liu A, Cong J, Wang Q, Mei Y, Peng Y, Zhou M, et al. Risk of malnutrition is 
common in patients with coronavirus disease 2019 (COVID-19) in Wuhan, 
China: a cross-sectional study. J Nutr. 2021;151(nxab009):1591–6. https://​
doi.​org/​10.​1093/​jn/​nxab0​09.

	54.	 Hong N, Kim CO, Youm Y, Choi JY, Kim HC, Rhee Y. Elevated red blood cell 
distribution width is associated with morphometric vertebral fracture in 
community-dwelling older adults, independent of anemia, inflammation, 
and nutritional status: the Korean Urban Rural Elderly (KURE) study. Calcif 
Tissue Int. 2019;104(1):26–33. https://​doi.​org/​10.​1007/​s00223-​018-​0470-9.

	55.	 García-Escobar A, Grande Ingelmo JM. Red cell volume distribution width 
as another biomarker. Card Fail Rev. 2019;5(3):176–9. https://​doi.​org/​10.​
15420/​cfr.​2019.​13.1.

	56.	 Ford J. Red blood cell morphology. Int J Lab Hematol. 2013;35(3):351–7. 
https://​doi.​org/​10.​1111/​ijlh.​12082.

	57.	 Hu X, Chen D, Wu L, He G, Ye W. Low serum cholesterol level among 
patients with COVID-19 infection in Wenzhou, China. SSRN Electron J. 
2020. https://​doi.​org/​10.​2139/​ssrn.​35448​26.

	58.	 Feingold KR, Grunfeld C. The Effect of Inflammation and Infection on 
Lipids and Lipoproteins. 2022 Mar 7.

	59.	 Ferguson JJA, Stojanovski E, MacDonald-Wicks L, Garg ML. Curcumin 
potentiates cholesterol-lowering effects of phytosterols in hypercho-
lesterolaemic individuals. A randomised controlled trial. Metabolism. 
2018;82:22–35. https://​doi.​org/​10.​1016/j.​metab​ol.​2017.​12.​009.

https://doi.org/10.1002/ptr.6939
https://doi.org/10.1002/ptr.6939
https://doi.org/10.1155/2014/186864
https://doi.org/10.1155/2014/186864
https://doi.org/10.1016/j.ejphar.2020.173551
https://doi.org/10.1016/j.ejphar.2020.173551
https://doi.org/10.3389/fphar.2021.669362
https://doi.org/10.3389/fphar.2021.669362
https://doi.org/10.1002/fsn3.1858
https://doi.org/10.3390/nu14020256
https://doi.org/10.1007/978-3-030-71697-4_16
https://doi.org/10.1007/978-3-030-71697-4_16
https://doi.org/10.1016/j.intimp.2020.107088
https://doi.org/10.1016/j.intimp.2020.107088
https://doi.org/10.1016/j.pbb.2008.10.007
https://doi.org/10.1016/j.pbb.2008.10.007
https://doi.org/10.1007/s00213-008-1300-y
https://doi.org/10.1021/mp700113r
https://doi.org/10.1021/mp700113r
https://doi.org/10.1186/s13063-020-04924-9
https://doi.org/10.1016/j.cmi.2020.04.023
https://doi.org/10.1016/j.cmi.2020.04.023
https://doi.org/10.3389/fmed.2020.00480
https://doi.org/10.1002/fsn3.2226
https://doi.org/10.1002/fsn3.2226
https://doi.org/10.1002/ptr.7294
https://doi.org/10.1002/ptr.7374
https://doi.org/10.1016/j.lfs.2021.119437
https://doi.org/10.3389/fphar.2021.675287
https://doi.org/10.3389/fphar.2021.675287
https://doi.org/10.3389/fncel.2021.673217
https://doi.org/10.3389/fncel.2021.673217
https://doi.org/10.1016/S0262-4079(20)30746-6
https://doi.org/10.1016/S0262-4079(20)30746-6
https://doi.org/10.1080/23744235.2021.1924397
https://doi.org/10.1080/23744235.2021.1924397
https://doi.org/10.1101/2020.10.14.20212993
https://doi.org/10.1101/2020.10.14.20212993
https://doi.org/10.1111/j.0954-6820.1966.tb01372.x
https://doi.org/10.1016/j.ijantimicag.2020.106077
https://doi.org/10.1016/j.ijantimicag.2020.106077
https://doi.org/10.5694/mja2.50577
https://doi.org/10.7759/cureus.3858
https://doi.org/10.1016/j.redox.2014.01.018
https://doi.org/10.1093/jn/nxab009
https://doi.org/10.1093/jn/nxab009
https://doi.org/10.1007/s00223-018-0470-9
https://doi.org/10.15420/cfr.2019.13.1
https://doi.org/10.15420/cfr.2019.13.1
https://doi.org/10.1111/ijlh.12082
https://doi.org/10.2139/ssrn.3544826
https://doi.org/10.1016/j.metabol.2017.12.009


Page 10 of 10Askari et al. Trials          (2022) 23:472 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	60.	 Alwi I, Santoso T, Suyono S, Sutrisna B, Suyatna FD, Kresno SB, et al. The 
effect of curcumin on lipid level in patients with acute coronary syn-
drome. Acta Med Indones. 2008;40(4):201–10.

	61.	 Townsend L, Dyer AH, Jones K, Dunne J, Mooney A, Gaffney F, et al. Persis-
tent fatigue following SARS-CoV-2 infection is common and independent 
of severity of initial infection. PLoS One. 2020;15(11):e0240784. https://​
doi.​org/​10.​1371/​journ​al.​pone.​02407​84.

	62.	 Çalıca Utku A, Budak G, Karabay O, Güçlü E, Okan HD, Vatan A. Main 
symptoms in patients presenting in the COVID-19 period. Scott Med J. 
2020;65(4):127–32. https://​doi.​org/​10.​1177/​00369​33020​949253.

	63.	 Holbrook JH. Weakness and fatigue; 2011.
	64.	 Wang P-Y, Li Y, Wang Q. Sarcopenia: an underlying treatment target dur-

ing the COVID-19 pandemic. Nutrition. 2021;84:111104. https://​doi.​org/​
10.​1016/j.​nut.​2020.​111104.

	65.	 Alamdari N, O’Neal P, Hasselgren P-O. Curcumin and muscle wasting: a 
new role for an old drug? Nutrition. 2009;25(2):125–9. https://​doi.​org/​10.​
1016/j.​nut.​2008.​09.​002.

	66.	 Penner CG, Gang G, Wray C, Fischer JE, Hasselgren P-O. The transcription 
factors NF-κB and AP-1 are differentially regulated in skeletal muscle dur-
ing sepsis. Biochem Biophys Res Commun. 2001;281(5):1331–6. https://​
doi.​org/​10.​1006/​bbrc.​2001.​4497.

	67.	 Li Y-P, Reid MB. NF-κB mediates the protein loss induced by TNF-α in 
differentiated skeletal muscle myotubes. Am J Phys Regul Integr Comp 
Phys. 2000;279(4):R1165–R70. https://​doi.​org/​10.​1152/​ajpre​gu.​2000.​279.4.​
R1165.

	68.	 Ladner KJ, Caligiuri MA, Guttridge DC. Tumor necrosis factor-regulated 
biphasic activation of NF-κB is required for cytokine-induced loss of skel-
etal muscle gene products. J Biol Chem. 2003;278(4):2294–303. https://​
doi.​org/​10.​1074/​jbc.​M2071​29200.

	69.	 Cai D, Frantz JD, Tawa NE Jr, Melendez PA, Oh B-C, Lidov HG, et al. 
IKKβ/NF-κB activation causes severe muscle wasting in mice. Cell. 
2004;119(2):285–98. https://​doi.​org/​10.​1016/j.​cell.​2004.​09.​027.

	70.	 Wyke S, Russell ST, Tisdale MJ. Induction of proteasome expression in 
skeletal muscle is attenuated by inhibitors of NF-κ B activation. Br J Can-
cer. 2004;91(9):1742–50. https://​doi.​org/​10.​1038/​sj.​bjc.​66021​65.

	71.	 Pawar KS, Mastud RN, Pawar SK, Pawar SS, Bhoite RR, Bhoite RR, et al. Oral 
curcumin with piperine as adjuvant therapy for the treatment of COVID-
19: a randomized clinical trial. Front Pharmacol. 2021;12:1056. https://​doi.​
org/​10.​3389/​fphar.​2021.​669362.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1371/journal.pone.0240784
https://doi.org/10.1371/journal.pone.0240784
https://doi.org/10.1177/0036933020949253
https://doi.org/10.1016/j.nut.2020.111104
https://doi.org/10.1016/j.nut.2020.111104
https://doi.org/10.1016/j.nut.2008.09.002
https://doi.org/10.1016/j.nut.2008.09.002
https://doi.org/10.1006/bbrc.2001.4497
https://doi.org/10.1006/bbrc.2001.4497
https://doi.org/10.1152/ajpregu.2000.279.4.R1165
https://doi.org/10.1152/ajpregu.2000.279.4.R1165
https://doi.org/10.1074/jbc.M207129200
https://doi.org/10.1074/jbc.M207129200
https://doi.org/10.1016/j.cell.2004.09.027
https://doi.org/10.1038/sj.bjc.6602165
https://doi.org/10.3389/fphar.2021.669362
https://doi.org/10.3389/fphar.2021.669362

	The efficacy of curcumin-piperine co-supplementation on clinical symptoms, duration, severity, and inflammatory factors in COVID-19 outpatients: a randomized double-blind, placebo-controlled trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 
	Trial registration: 

	Introduction
	Methods and materials
	Study design and participants
	Trial randomization and blinding
	Intervention
	Socio-demographic and anthropometric parameter assessment
	Clinical outcome assessment
	Biochemical outcome assessment
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


