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Introduction

Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-
CoV-2) was the infectious agent that caused coronavirus dis-
ease-19 (COVID-19) during the 2019 pandemic [1]. The first cas-
es of the infection were reported in the city of Wuhan, China, 
and gradually spread worldwide [1]. The SARS-CoV-2 infected 
the population of 223 countries and overwhelmed the health-
care systems resulting in the prolonged shutdown of many cit-
ies around the world [2]. To date, over 593 millions cases and 
over 6 million deaths have been documented globally [2]. The 
highest number of cases was in the U.S., India, and Brazil [2]. In 
the U.S., COVID-19 was the third leading cause of death in 2020 
with 375,000 deaths [2]. 

SARS-CoV-2 is an enveloped virus from the order of Nido-
virales and genera alphacoronavirus [3]. The virus is transmit-
ted to a new host through direct or indirect exposure to the 
respiratory droplets of an infected host [3]. SARS-CoV-2 binds to 
Angiotensin-Converting Enzyme (ACE) receptors in the respira-
tory tract and small intestine infiltrating the cells and causing an 
infection [3]. The incubation period of the virus is 4 to 6 days [4]. 
The symptoms of COVID-19 that manifest are a combination of 
fever, chills, fatigue, headache, cough, dyspnea, malaise, myal-
gias, pharyngitis, anosmia, and ageusia [3]. Infections from the 
SARS-CoV-2 last 15 days on average [5]. However, the symptoms 
persist for 21 days or longer in about 25% of those infected [5].

The pathophysiology of COVID-19 may arise from the acti-
vation of various inflammatory markers. The virus up-regulates 
the gene expression of Nuclear Factor-κB (NF-κB) and by ex-
tension the proinflammatory arachidonic cascade and the pro-
duction of proinflammatory eicosanoids [3]. In addition, NF-κB 

stimulates the release of inflammatory interleukins (IL), specifi-
cally IL-1, IL-6, and IL-8, Tumor Necrosis Factor α (TNF-α), and 
Monocyte Chemotactic Protein (MCP)-1 [3]. In addition, elevat-
ed levels of C-Reactive Protein (CRP) were observed in patients 
with severe COVID-19 [6]. 

Another factor that contributes to the pathophysiologic 
state of COVID is oxidative stress [7]. Reactive Oxygen Species 
(ROS) intensify the inflammatory process with the potential to 
exacerbate symptoms during an infection [7]. Consequently, 
prooxidants amplify inflammation causing further damage to 
endothelial and nervous tissue, resulting in neuroinflammation, 
and disrupting the formation of neurotransmitters [7]. 

Conventional medicine utilizes vaccinations to decrease 
the incidence of COVID and medications for the treatment of 
SARS-CoV-2 infections. Vaccine efficacy varies from 66.9% to 
95% depending on the agent administered [8]. However, after 
2 months, the effectiveness of the vaccine begins to decline 
[8]. The 2 dose regimen for the Pfizer BNT162b2 and Moderna 
mRNA-1273 effectiveness is diminished from 94.5% and 95.9% 
respectively to a 66.6% and 80.3% respectively [8]. In addition, 
vaccines do not prevent an infection. It reduces the severity 
and potential for hospitalization and death [8]. However, one 
study found that 37.7% of hospitalized patients in a cohort of 
434 were fully vaccinated [9]. While medications have some 
benefit for the treatment of COVID, the safety and the efficacy 
of these pharmaceuticals varies for moderate and severe cases 
and none have reduced the incidence of mortality [10,11]. 

Consequently, the use of natural supplements may provide 
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a therapeutic benefit for the treatment of COVID. Research in-
dicates that itamin D, quercetin, and zinc can ameliorate the 
symptoms of coronavirus infections [3]. A possible explanation 
for the improvement in symptoms observed with the supple-
mentation of these nutraceuticals may be an attenuation of 
inflammatory mediators and an increase in antioxidant activity 
[3]. An additional effect of these supplements is the potentia-
tion of immune function, which may augment the body’s natu-
ral defense system, increasing the ability of the body to fight 
the infection [3]. The purpose of this case report is to explore 
the treatment of COVID utilizing the combination of vitamin D, 
quercetin, and zinc.

Case Report

A telehealth call was conducted with a 23 year-old female 
that tested positive for COVID. She received the 2 dose regimen 
of Moderna and 1 booster several months prior to the onset of 
her infection. Her symptoms onset 6 days prior to the appoint-
ment and consisted of fatigue, fever, chills, myalgias, pharyngi-
tis, and a headache. The day after the onset of her symptoms 
she developed a productive cough and persistent nasal conges-
tion. She took a 200mg tablet of Over-The-Counter (OTC) Advil 
3 times a day on days 1, 2, and 3 of her infection. By day 4, her 
fever, chills, pharyngitis, headache, and myalgias had dissipated 
and she discontinued the use of Advil. 

However, her productive cough, nasal congestion, and fa-
tigue remained unchanged and severe. She rated her cough at 
7 out of 10 on a numeric scale with 0 being the least severe 
and 10 being the most severe. Her nasal congestion was rated 
at 10 out of 10. She reported that she had to blow her nose 
every 10-15 minutes. The combination of her cough and nasal 
congestion disrupted her sleep. She was only able to sleep for 
about 2 hours. The patient experienced severe fatigue, which 
she rated at 9 out of 10. Ageusia and anosmia began 4 days after 
the onset of her infection. By the time of her appointment, she 
estimated that the severity of ageusia and anosmia was 6 out of 
10. Her symptoms are outlined in Table 1.

The patient was a healthy female with no chronic diseases. 
She took her temperature at the time of the appointment, 
which was 98.9° F. As it was a telehealth call, no other exam 
was performed. The treatment strategy consisted of 5,000 IU of 
vitamin D, 100mg of zinc, and 1,000mg of quercetin 3 times a 
day with meals until the resolution of her symptoms. 

Results

On day 7 of her infection, she was able to purchase gener-
ic brands of vitamin D and zinc at a local store and took them 
twice after her appointment. At the end of the day, her cough, 
ageusia, and anosmia remained unchanged. However, she felt 
an alleviation of her nasal congestion, which was 7 out of 10. 
She felt the need to blow her nose every 30 minutes and slept 
for 5 hours that night. She reported that her fatigue improved 
as well and was rated at 6 out of 10. 

On day 8 of her infection, she was able to purchase quercetin 
at a local store and began taking vitamin D, zinc, and quercetin 
3 times a day. That evening her cough was reduced to a 1 out of 
10, but her nasal congestion was still ranked at 7 out of 10. She 
was blowing her nose more often and felt the need to blow her 
nose 5 times every 30 minutes. Despite her need to blow her 
nose more often, she was able to sleep for 5 hours that night. 
Her ageusia and anosmia slightly declined to 4 out of 10. She 
rated her fatigue at 4 out of 10.

On day 9 of her treatment, her cough had resolved and her 
nasal congestion was a 3 out of 10. She blew her nose 1 time an 
hour. She rated her fatigue at a 2 out of 10 and her sleep pattern 
normalized at her typical 8 hours that night. Her ageusia and 
anosmia was 2 out of 10. 

On day 10, her fatigue, ageusia, and anosmia had abated 
and was rated at a 0 out of 10. She was able to breathe better 
through her nose and ranked her nasal congestion at a 1 out of 
10. She was blowing her nose 1 time every 2-3 hours. Her nasal 
congestion was at a 1 out of 10 on day 11 of her treatment and 
was resolved by day 12. Her symptoms after treatment are out-
lined in Table 2.

Discussion

This was a case of a previously triple-vaccinated female with 
COVID that experienced a partial relief of her symptoms after 
the administration of OTC Advil. However, her productive cough, 
nasal congestion, ageusia, anosmia, fatigue, and interrupted 
sleep persisted. A natural medicine therapeutic approach may 
have improved her symptoms and resolved her infection.

Each of the supplements chosen has been employed as a 
monotherapy to attenuate symptoms of COVID and promote 
the resolution of the infection. A case-series signifies the posi-
tive attributes of supplementing with zinc for the treatment of 
COVID. The case-series demonstrated that supplementing with 
less than 50mg of zinc a day did not improve COVID symptoms 
while supplementing with over 100mg of zinc a day diminished 
symptoms and resolved the infection [3]. On average, the pa-
tient’s symptoms began to abate over a 10 to 14 day period 
while using over 100mg of zinc as a monotherapy [3]. Conse-
quently, zinc may have had an impact on her infection, but the 
rapid decline in her symptoms was probably influenced to a 
greater degree by vitamin D or quercetin or the combination of 
the 3 supplements. 

Vitamin D is essential for treating COVID. Studies indicate 
that individuals with low serum vitamin D are more susceptible 
to upper respiratory tract infections, especially COVID, and that 
a vitamin D deficiency associated with a severe infection [12-
19]. Sabico et al determined that a dosage of 5,000 IU a day 
of vitamin D could diminish the severity of the infection and 
improve cough and ageusia [2]. In addition, supplementing with 
vitamin D can resolve COVID after about 5 to 9 days [3]. This 
may reveal that vitamin D was the more valuable supplement 
included in the regimen, although it is impossible to determine.

However, one study using 500mg of quercetin 3 times a day 
resolved COVID symptoms after 7 days in 57% of patients com-
pared to 19% receiving standard care [21]. A second study by Di 
Pierro et al revealed that patients with mild to moderate COVID 
that ingested 1,000mg of quercetin 2 times a day had a 9.2% 
chance of being hospitalized and had a 1.3% chance of requir-
ing ventilation. Quercetin also prevented mortality [22]. This 
was much lower than the standard therapy group. In this group, 
participants had a 28.9% chance of being hospitalized and a 
19.7% chance of requiring ventilation with 10.5% of those re-
ceiving standard care being admitted to the intensive care unit, 
and 3.9% dying [22]. This data reflects the positive attributes of 
utilizing quercetin for the treatment of COVID, signifying that it 
may have had an impact in this case.

All 3 supplements can have a beneficial effect when utilized 
for the treatment of COVID. In this case, supplementing with 
vitamin D and zinc appeared to have an immediate effect. These 
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supplements were used on day 1 of the treatment and at the 
end of day 1 she experienced a slight improvement in her nasal 
congestion and fatigue. The next day quercetin was added to 
the treatment regimen and the severity of her cough was re-
duced from 7 out of 10 to 1 out of 10 by the end of the 2nd day 
of treatment. This could imply that using quercetin in conjunc-
tion with zinc and vitamin D generated a synergistic effect that 
alleviated her cough and improved her overall condition. This 
seems probable as synergism between zinc and quercetin has 
been observed in the research. Unfortunately, the data related 
to the combination of the 3 supplements is limited.

For this case, the improvement in her symptoms may have 
been associated with the ability of the supplements to reduce 
inflammation and oxidative stress and enhance immune func-
tion. NF-κB, IL-1, IL-6, IL-8, TNF-α, MCP-1, and CRP activity is 
elevated during a coronavirus infection [3]. Vitamin D, zinc, and 
quercetin have the ability to down-regulate the activation of 
NF-κB and inhibit the secretion of IL-1, IL-6, IL-8, TNF-α, MCP-1, 
and CRP [3,24-26].

Oxidative stress contributes to the pathophysiology of CO-
VID [7]. Supplementation with vitamin D, zinc, and quercetin 
can mitigate oxidative stress. Vitamin D, zinc, and quercetin 
up-regulate glutathione peroxidase activity [27-29]. In addition, 
zinc and quercetin can increase antioxidant status through an 
increase in the activity of superoxide dismutase, glutathione-
S-transferase, and catalase [27,28,30,31]. The combination of 
the anti-inflammatory and antioxidant properties of the supple-
ments may have been responsible for diminishing her symp-
toms.

An additional effect of these supplements that may have 
contributed to the resolution of her symptoms is their capacity 
to act as immunostimulants. Vitamin D up-regulates the con-
version of monocytes to macrophages and augments phagocy-
tosis [3]. Quercetin also enhances phagocytic activity and the 
function of natural killer cells [3]. Zinc promotes and maintains 
the immune response regulated by the innate and adaptive im-
mune systems [3]. In addition, the mineral increases the tran-
scription of immune proteins and the division of immune cells 
[3]. Stimulating the immune system may fortify the natural im-
mune defense systems of the body.

Limitations

There are several limitations in this case. The first limita-
tion is that the treatment strategy was used for a single case. 
Other individuals may not have a favorable response. However, 
as each individual treatment has been shown to be effective, 
the combination of the supplements may have assisted with the 
resolution of her COVID symptoms. Another limitation is that 
the assessment of her improvements was based on a subjective 
numeric scale, which could be attributed to the placebo effect. 
A limitation is that the appointment was conducted via tele-
health and all correspondences were via email. Consequently, a 
formal exam was not performed on the patient and the patient 
could not be physically evaluated while following the progress 
of her infection. This was unavoidable as the patient was in-
fected with a contagious disease and to minimize the exposure 
of the healthcare professional and staff the appointment was 
performed electronically. This may have led to miscommunica-
tions or misinterpretations of her progress. Lastly, as a combina-
tion therapy was employed, it is impossible to determine which 
supplement may have had the greatest influence on her infec-
tion or if the supplements generated synergism.

Conclusion

A patient with COVID responded favorably to a treatment 
approach using vitamin D, zinc, and quercetin.

References

1.	 Alsharif W, Qurashi A. Effectiveness of COVID-19 diagnosis and 
management tools: A review. Radiography (Lond). 2021; 27: 
682-687.

2.	 Cascella M, Rajnik M, Aleem A, Dulebohn SC, Di Napoli R. Fea-
tures, Evaluation, and Treatment of Coronavirus (COVID-19). In: 
StatPearls. Treasure Island (FL): StatPearls Publishing. 2022.

3.	 Martin BR, Richardson J. An Exploratory Review of Potential Ad-
junct Therapies for the Treatment of Coronavirus Infections. J 
Chiropr Med. 2021; 20: 199-217.

4.	 McAloon C, Collins Á, Hunt K, Barber A, Byrne AW, et al. In-
cubation period of COVID-19: a rapid systematic review and 
meta-analysis of observational research. BMJ Open. 2020; 10: 
e039652.

5.	 Lane A, Hunter K, Lee EL, Hyman D, Bross P, et al. Clinical char-
acteristics and symptom duration among outpatients with CO-
VID-19. Am J Infect Control. 2022; 50: 383-389.

6.	 Zeng F, Huang Y, Guo Y, Yin M, Chen X, et al. Association of in-
flammatory markers with the severity of COVID-19: A meta-
analysis. Int J Infect Dis. 2020; 96: 467-474.

7.	 Vollbracht C, Kraft K. Oxidative Stress and Hyper-Inflammation 
as Major Drivers of Severe COVID-19 and Long COVID: Implica-
tions for the Benefit of High-Dose Intravenous Vitamin C. Front 
Pharmacol. 2022; 13: 899198.

8.	 Lin DY, Gu Y, Wheeler B, Young H, Holloway S, et al. Effectiveness 
of Covid-19 Vaccines over a 9-Month Period in North Carolina. N 
Engl J Med. 2022; 386: 933-941.

9.	 Fatima S, Zafar A, Afzal H, Ejaz T, Shamim S, et al. COVID-19 in-
fection among vaccinated and unvaccinated: Does it make any 
difference? PLoS One. 2022; 17: e0270485.

10.	 Cheng Q, Chen J, Jia Q, Fang Z, Zhao G. Efficacy and safety of cur-
rent medications for treating severe and non-severe COVID-19 
patients: an updated network meta-analysis of randomized 
placebo-controlled trials. Aging (Albany NY). 2021; 13: 21866-
21902.

11.	 Vegivinti CTR, Evanson KW, Lyons H, Akosman I, Barrett A, et al. 
Efficacy of antiviral therapies for COVID-19: a systematic review 
of randomized controlled trials. BMC Infect Dis. 2022; 22: 107.

12.	 Siddiqui M, Manansala JS, Abdulrahman HA, Nasrallah GK, 
Smatti MK, et al. Immune modulatory effects of vitamin D on 
viral infections. Nutrients. 2020; 12: 2879.

13.	 Medrano M, Carrillo-Cruz E, Montero I, Perez-Simon JA. Vitamin 
D: effect on haematopoiesis and immune system and clinical ap-
plications. Int J Mol Sci. 2018; 19: 2663. 

14.	 Meltzer DO, Best TJ, Zhang H, Vokes T, Arora V, et al. Association 
of vitamin D status and other clinical characteristics with CO-
VID-19 test results. JAMA Netw Open. 2020; 3: e209722.

15.	 Hastie CE, Pell JP, Sattar N. Vitamin D and COVID-19 infection 
and mortality in UK Biobank. Eur J Nutr. 2021; 60: 545–548.

16.	 D’Avolio A, Avataneo V, Manca A, Cusato J, De Nicolo A, et al. 
25-Hydroxyvitamin D concentrations are lower in patients with 
positive PCR for SARS-CoV-2. Nutrients. 2020; 12: 1359.

17.	 Sulli A, Gotelli E, Casabella A, Paolino S, Pizzorni C, et al. Vitamin 
D and lung outcomes in elderly COVID-19 patients. Nutrients. 

https://pubmed.ncbi.nlm.nih.gov/33008761/
https://pubmed.ncbi.nlm.nih.gov/33008761/
https://pubmed.ncbi.nlm.nih.gov/33008761/
https://pubmed.ncbi.nlm.nih.gov/34924893/
https://pubmed.ncbi.nlm.nih.gov/34924893/
https://pubmed.ncbi.nlm.nih.gov/34924893/
https://pubmed.ncbi.nlm.nih.gov/32801208/
https://pubmed.ncbi.nlm.nih.gov/32801208/
https://pubmed.ncbi.nlm.nih.gov/32801208/
https://pubmed.ncbi.nlm.nih.gov/32801208/
https://pubmed.ncbi.nlm.nih.gov/34780804/
https://pubmed.ncbi.nlm.nih.gov/34780804/
https://pubmed.ncbi.nlm.nih.gov/34780804/
https://pubmed.ncbi.nlm.nih.gov/32425643/
https://pubmed.ncbi.nlm.nih.gov/32425643/
https://pubmed.ncbi.nlm.nih.gov/32425643/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9100929/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9100929/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9100929/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9100929/
https://pubmed.ncbi.nlm.nih.gov/35020982/
https://pubmed.ncbi.nlm.nih.gov/35020982/
https://pubmed.ncbi.nlm.nih.gov/35020982/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9286242/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9286242/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9286242/
https://pubmed.ncbi.nlm.nih.gov/34531332/
https://pubmed.ncbi.nlm.nih.gov/34531332/
https://pubmed.ncbi.nlm.nih.gov/34531332/
https://pubmed.ncbi.nlm.nih.gov/34531332/
https://pubmed.ncbi.nlm.nih.gov/34531332/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8802260/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8802260/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8802260/
https://pubmed.ncbi.nlm.nih.gov/32967126/
https://pubmed.ncbi.nlm.nih.gov/32967126/
https://pubmed.ncbi.nlm.nih.gov/32967126/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6164750/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6164750/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6164750/
https://pubmed.ncbi.nlm.nih.gov/32880651/
https://pubmed.ncbi.nlm.nih.gov/32880651/
https://pubmed.ncbi.nlm.nih.gov/32880651/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7449523/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7449523/
https://pubmed.ncbi.nlm.nih.gov/32397511/
https://pubmed.ncbi.nlm.nih.gov/32397511/
https://pubmed.ncbi.nlm.nih.gov/32397511/
https://pubmed.ncbi.nlm.nih.gov/33668240/
https://pubmed.ncbi.nlm.nih.gov/33668240/


Submit your Manuscript | www.austinpublishinggroup.com Austin J Clin Immunol 9(2): id1055 (2023) - Page - 04

Austin Publishing Group

2021; 13: 717.

18.	 Alguwaihes AM, Sabico S, Hasanato R, Al-Sofiani ME, Megdad 
M, et al. Severe vitamin D deficiency is not related to SARS-
CoV-2 infection but may increase mortality risk in hospitalized 
adults: a retrospective case-control study in an Arab Gulf coun-
try. Aging Clin Exp Res. 2021; 33: 1415–1422.

19.	 Cereda E, Bogliolo L, Klersy C, Lobascio F, Masi S, et al. Vitamin 
D 25OH deficiency in COVID-19 patients admitted to a tertiary 
referral hospital. Clin Nutr. 2021; 40: 2469–2472.

20.	 Sabico S, Enani MA, Sheshah E, Ajohani NJ, Aldisi DA, et al. Ef-
fects of a 2-week 5000 IU versus 1000 IU vitamin D3 supple-
mentation on recovery of symptoms in patients with mild to 
moderate Covid-19: a randomized clinical trial. Nutrients. 2021; 
13: 2170.

21.	 Di Pierro F, Iqtadar S, Khan A, Mumtaz SU, Chaudhry MM, et 
al. Potential clinical benefits of quercetin in the early stage of 
COVID-19: results of a second, pilot, randomized, controlled and 
open-label clinical trial. Int J Gen Med. 2021; 14: 2807–2816. 

22.	 Di Pierro F, Derosa G, Maffioli P, Bertuccioli A, Togni S, et al. Pos-
sible therapeutic effects of adjuvant quercetin supplementation 
against early-stage COVID-19 infection: a prospective, random-
ized, controlled, and open-label study. Int J Gen Med. 2021; 14: 
2359–2366. 

23.	 Refat MS, Hamza RZ, Adam AMA, Saad HA, Gobouri AA, et al. 
Quercetin/Zinc complex and stem cells: A new drug therapy to 
ameliorate glycometabolic control and pulmonary dysfunction 
in diabetes mellitus: Structural characterization and genetic 
studies. PLoS One. 2021; 16: e0246265.

24.	 Foroughi M, Maghsoudi Z, Ghiasvand R, Iraj B, Askari G. Effect 
of Vitamin D Supplementation on C-reactive Protein in Patients 
with Nonalcoholic Fatty Liver. Int J Prev Med. 2014; 5: 969-75.

25.	 Mousavi SM, Djafarian K, Mojtahed A, Varkaneh HK, Shab-Bidar 
S. The effect of zinc supplementation on plasma C-reactive pro-
tein concentrations: A systematic review and meta-analysis of 
randomized controlled trials. Eur J Pharmacol. 2018; 834: 10-16.

26.	 Mohammadi-Sartang M, Mazloom Z, Sherafatmanesh S, Ghor-
bani M, Firoozi D. Effects of supplementation with quercetin on 
plasma C-reactive protein concentrations: a systematic review 
and meta-analysis of randomized controlled trials. Eur J Clin 
Nutr. 2017; 71: 1033-1039.

27.	 Kara E, Gunay M, Cicioglu I, Ozal M, Kilic M, et al. Effect of zinc 
supplementation on antioxidant activity in young wrestlers. Biol 
Trace Elem Res. 2010; 134: 55-63.

28.	 Granado-Serrano AB, Martín MA, Bravo L, Goya L, Ramos S. 
Quercetin modulates Nrf2 and glutathione-related defenses in 
HepG2 cells: Involvement of p38. Chem Biol Interact. 2012; 195: 
154-64.

29.	 Ansari MGA, Sabico S, Clerici M, Khattak MNK, Wani K, et al. 
Vitamin D Supplementation Is Associated with Increased Glu-
tathione Peroxidase-1 Levels in Arab Adults with Prediabetes. 
Antioxidants (Basel). 2020; 9: 118.

30.	 Xu D, Hu MJ, Wang YQ, Cui YL. Antioxidant Activities of Quer-
cetin and Its Complexes for Medicinal Application. Molecules. 
2019; 24: 1123.

31.	 Martins MDPSC, Oliveira ASDSS, Martins MDCCE, Carvalho VBL, 
Rodrigues LARL, et al. Effects of zinc supplementation on gly-
cemic control and oxidative stress in experimental diabetes: A 
systematic review. Clin Nutr ESPEN. 2022; 51: 28-36.

https://pubmed.ncbi.nlm.nih.gov/33668240/
https://pubmed.ncbi.nlm.nih.gov/33788172/
https://pubmed.ncbi.nlm.nih.gov/33788172/
https://pubmed.ncbi.nlm.nih.gov/33788172/
https://pubmed.ncbi.nlm.nih.gov/33788172/
https://pubmed.ncbi.nlm.nih.gov/33788172/
https://pubmed.ncbi.nlm.nih.gov/33187772/
https://pubmed.ncbi.nlm.nih.gov/33187772/
https://pubmed.ncbi.nlm.nih.gov/33187772/
https://pubmed.ncbi.nlm.nih.gov/34202578/
https://pubmed.ncbi.nlm.nih.gov/34202578/
https://pubmed.ncbi.nlm.nih.gov/34202578/
https://pubmed.ncbi.nlm.nih.gov/34202578/
https://pubmed.ncbi.nlm.nih.gov/34202578/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8238537/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8238537/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8238537/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8238537/
https://pubmed.ncbi.nlm.nih.gov/34135619/
https://pubmed.ncbi.nlm.nih.gov/34135619/
https://pubmed.ncbi.nlm.nih.gov/34135619/
https://pubmed.ncbi.nlm.nih.gov/34135619/
https://pubmed.ncbi.nlm.nih.gov/34135619/
https://pubmed.ncbi.nlm.nih.gov/33661932/
https://pubmed.ncbi.nlm.nih.gov/33661932/
https://pubmed.ncbi.nlm.nih.gov/33661932/
https://pubmed.ncbi.nlm.nih.gov/33661932/
https://pubmed.ncbi.nlm.nih.gov/33661932/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4258669/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4258669/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4258669/
https://pubmed.ncbi.nlm.nih.gov/30012497/
https://pubmed.ncbi.nlm.nih.gov/30012497/
https://pubmed.ncbi.nlm.nih.gov/30012497/
https://pubmed.ncbi.nlm.nih.gov/30012497/
https://pubmed.ncbi.nlm.nih.gov/28537580/
https://pubmed.ncbi.nlm.nih.gov/28537580/
https://pubmed.ncbi.nlm.nih.gov/28537580/
https://pubmed.ncbi.nlm.nih.gov/28537580/
https://pubmed.ncbi.nlm.nih.gov/28537580/
https://pubmed.ncbi.nlm.nih.gov/19597720/
https://pubmed.ncbi.nlm.nih.gov/19597720/
https://pubmed.ncbi.nlm.nih.gov/19597720/
https://pubmed.ncbi.nlm.nih.gov/22197970/
https://pubmed.ncbi.nlm.nih.gov/22197970/
https://pubmed.ncbi.nlm.nih.gov/22197970/
https://pubmed.ncbi.nlm.nih.gov/22197970/
https://pubmed.ncbi.nlm.nih.gov/32013162/
https://pubmed.ncbi.nlm.nih.gov/32013162/
https://pubmed.ncbi.nlm.nih.gov/32013162/
https://pubmed.ncbi.nlm.nih.gov/32013162/
https://pubmed.ncbi.nlm.nih.gov/30901869/
https://pubmed.ncbi.nlm.nih.gov/30901869/
https://pubmed.ncbi.nlm.nih.gov/30901869/
https://www.sciencedirect.com/science/article/abs/pii/S2405457722004326
https://www.sciencedirect.com/science/article/abs/pii/S2405457722004326
https://www.sciencedirect.com/science/article/abs/pii/S2405457722004326
https://www.sciencedirect.com/science/article/abs/pii/S2405457722004326

	Introduction
	Case Report 
	Results
	Discussion
	Limitations
	Conclusion
	References

