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Abstract
Objective
In this study, we aimed to investigate whether zinc provided in Age-Related Eye Disease Study 2 (AREDS2)
vitamins is associated with a decreased risk of contracting coronavirus disease 2019 (COVID-19).

Materials and methods
We conducted a retrospective observational cohort study involving patients at a retina-only practice who
were provided a questionnaire at each visit to assess whether they were symptomatic of or had contracted
COVID-19. Those who answered yes to testing positive for COVID-19 were retrospectively analyzed and
categorized based on their AREDS2 vitamin use, and a Pearson’s chi-squared test was performed.
Demographic data and past ocular history were also analyzed.

Results
A total of 8,426 unique patients, including 2,111 with a diagnosis of age-related macular degeneration
(AMD), were seen from April 1, 2020, to April 9, 2021. A total of 110 patients (1.3%) reported contracting
COVID-19 and had positive COVID-19 tests. The average age of those who had contracted COVID-19 in this
study was 68.3 years; 51.8% were male, 30.1% had AMD, 28.2% had diabetic retinopathy, 24.5% had surgical
retinal disease, 11.8% had retinal vascular disease, and 4.5% had other disease states. Of the COVID-19-
positive patients, 27.3% (30/110) took AREDS2 vitamins, while 72.7% (80/110) patients did not. A chi-
squared analysis was performed, which was not statistically significant (p=0.667).

Conclusions
Oral zinc supplementation, in the form of AREDS2 vitamins, is not associated with a protective effect
against contracting COVID-19.
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Introduction
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which causes coronavirus disease 2019
(COVID-19), is a single-stranded, positive-strand RNA virus that belongs to a larger group of human
coronaviruses including those that cause Severe Acute Respiratory Syndrome (SARS) and Middle East
Respiratory Syndrome (MERS). The highly contagious nature of the virus, rapid infection rate, and continual
mutations have led to poor management outcomes with conventional anti-viral treatment [1]. Symptoms of
those infected with SARS-CoV-2 (COVID-19) range from being asymptomatic to respiratory failure followed
by multiorgan failure and death. The initial therapeutic approach largely consists of patient isolation with
supportive medical care until hospitalization is required [2-5]. The availability of safe and highly effective
COVID-19 vaccines has increased the possibility of sustainable control of the virus’s spread both in the US
and worldwide. The messenger RNA (mRNA) vaccines were initially 95% effective against COVID-19 but
were found to be less effective against the Omicron variant. Another anti-viral vaccine that was developed,
Janssen viral vector COVID-19 vaccine, was reported to have a 67% efficacy at ≥14 days [6,7]. However, the
latest surge in COVID-19 infections has been associated with BA.2.12.1, a sub-variant of Omicron, and the
effectiveness of vaccines against the Omicron variant or other new variants is still unclear. Recent studies
on this topic indicate that two doses of Moderna or Pfizer/BioNTech mRNA vaccines provide a relatively
lower protection against the Omicron variant of COVID-19 and effectivity may wane over time, requiring at
least one booster dose, especially in immunocompromised or elderly patients in whom the initial
vaccination may not have generated a robust immune response [8]. The effectiveness of vaccines against the
Omicron variant is not yet known.

Given the continued need for better treatment options for patients infected with COVID-19, multiple clinical
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trials are underway to assess the efficacy of certain vitamins and supplements in the treatment of COVID-19.
Clinical trials studying the effectiveness of vitamin C, vitamin D, medical cannabis, and zinc are currently in
progress (NCT04335084, NCT03944447, NCT04551339). The preventive and therapeutic efficacy of zinc for
the treatment of COVID-19 is also under investigation [9]. 

Zinc is an essential bio-metal required for the maintenance and strength of the adaptive and innate immune
system [10]. Zinc deficiency has been associated with pathologic conditions such as delayed wound healing
and tissue repair, and increased risk of critical illness [11-13]. Furthermore, zinc supplementation has also
been shown to inhibit viral replication for the common cold and respiratory syncytial virus infections
[14,15]. More importantly, zinc has been reported to inhibit SARS-CoV RNA-dependent RNA polymerase in
vitro [16]. While zinc supplementation shows much promise as a therapeutic agent for patients with SARS-
CoV-2, little data is available regarding its prophylactic usage against SARS-CoV-2, even though it has been
studied as a preventative agent against other viruses [17].

Many patients with age-related macular degeneration (AMD) take Age-Related Eye Disease Study 2
(AREDS2) vitamins, a common long-term, supplemental approach to reduce the risk of progression of
macular degeneration, which contains 80 mg of zinc, in the form of zinc oxide [18]. As AREDS2 vitamins
have been proven to be safe and are largely accessible, there has been an interest in further studies regarding
their usefulness as a prophylactic treatment for those at risk for COVID-19 [19]. We conducted a
retrospective analysis to examine whether zinc supplementation in the form of AREDS2 vitamins could
prophylactically reduce the risk of contracting COVID-19.

Materials And Methods
We performed a retrospective analysis of data on patients seen at a retina-only private practice in Southern
California during the period from April 1, 2020, through April 9, 2021. Local Institutional review board (IRB)
approval was obtained (IRB00012874 Retina Consultants of Orange County IRB #1; approval #: 2021-002-
RCOC). All data were fully anonymized before they were accessed, and they were collected in accordance
with the Health Insurance Portability and Accountability Act (HIPAA). The IRB committee waived the
requirement for informed consent. The study adhered to the tenets set forth in the Declaration of Helsinki.

At each visit, at the beginning of the pandemic, patients were required to answer a questionnaire to assess
whether they had contracted COVID-19 or possessed symptoms suspicious of infection (Appendix 1). This
form was discontinued in April 2021, as vaccinations became more widely available, and the local numbers
of positive patients decreased.

This was done to safely care for all patients during the ongoing pandemic. As part of routine intake, the
patients are queried about all medications they take, including the specific eye vitamin formulation and
other supplements. This information is routinely confirmed by the physician.

Patients who tested positive for COVID-19 and those with suspicious symptoms and later tested positive for
COVID-19 were included in the analysis. The electronic medical records of study patients were reviewed.
Patients' age, gender, primary retinal pathology, and use of AREDS2 vitamins and other supplements were
recorded.

Patients positive for COVID-19 were then categorized based on their usage of AREDS2 vitamins, and a
Pearson’s chi-squared test was performed. A p-value less than 0.05 was considered statistically
significant. All analyses were performed using R statistical software (R Foundation for Statistical Computing,
Vienna, Austria).

Results
A total of 8,426 unique patients were seen from April 1, 2020, through April 9, 2021. Among those, a total of
110 patients (1.3%) had contracted COVID-19 and had positive COVID-19 tests. One patient died due to
COVID-19-related complications (mortality rate: 0.91%). The average age of patients who contracted
COVID-19 was 68.3 years (range: 26-93 years) and 51.8% were male. Of those patients who tested positive
for COVID-19, 30.1% had AMD, 28.2% had diabetic retinopathy, 24.5% had surgical retinal disease, 11.8%
had retinal vascular disease, and 4.5% had other disease states. Of the COVID-19-positive patients, 30
routinely took AREDS2 vitamins, while 80 did not take AREDS2 vitamins. Those who took the AREDS2
vitamins did not differ significantly in age, sex, or past ocular history (Table 1).
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Variables Frequency Percentage Mean

Gender    

Male 57 51.8%  

Female 53 48.2%  

Age   68.3

History    

Age-related macular degeneration (AMD) 33 30.0%  

Diabetic retinopathy 31 28.2%  

Surgical retinal disease 26 23.6%  

Retinal vascular disease 12 10.9%  

Other disease states  8 7.3%  

TABLE 1: Baseline demographics and clinical characteristics

A chi-squared analysis was performed (95% CI: −0.066 to 0.111; p=0.667), which was not statistically
significant (Table 2).

 AREDS2 vitamin supplementation No AREDS2 vitamin supplementation Total Statistics

COVID-19-positive 30 80 110 Chi-squared=0.18487

COVID-19-negative 2081 6235 8316 95% CI: -0.66 to 0.111

Total 2111 6315 8426 p=0.6672

TABLE 2: 2x2 chi-square contingency table analysis between AREDS2 vitamin supplementation
and COVID-19 contagion status
AREDS2: Age-Related Eye Disease Study 2; COVID-19: coronavirus disease 2019

Discussion
As COVID-19 quickly became widespread among the general population, many non-essential businesses
were closed. Elective surgeries were delayed and there was concern that the rising number of patients
infected with COVID-19 would threaten the healthcare systems worldwide. Many physicians used
telemedicine to limit the spread. While this was the case for many specialties, many patients with retinal
diseases required timely medical treatments. During the first 10 weeks of the pandemic, only those patients
requiring intravitreal injections or laser therapy, for any diagnosis, were cared for, as well as those retinal
patients who required urgent or emergent surgical care. Systems were put in place for social distancing and
patients were given a form at each visit to see if they had contracted COVID-19. Those patients who had
COVID-19 or its symptoms were asked to reschedule their appointment for two weeks. Notably, patients
with AMD needed continued anti-VEGF treatment.

We sought to study whether prophylactic zinc could reduce the risk of contracting COVID-19. We
hypothesized that if patients took zinc in the form of AREDS2 vitamins and if this led to a lower incidence of
COVID-19, then there might be indirect evidence to suggest that zinc supplementation would
prophylactically reduce the risk of contracting COVID-19. First, we looked into all COVID-19-positive
patients. We classified them by diagnosis and history to see if they took AREDS2 supplementation. In
general, patients were asked at least several times a year if they were taking their AREDS vitamins, which
consist of 500 mg vitamin C, 400 IU vitamin E, 80 mg zinc, 2 mg copper, 10 mg lutein, and 2 mg
zeaxanthin. This regimen has been shown to be effective in slowing the progression of AMD from
intermediate to advanced forms by 25% [20].

Of the supplemental components noted within the AREDS 2 vitamin, zinc and vitamin C have
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become particularly noteworthy topics for consideration for both preventive and therapeutic treatment of
COVID-19. Vitamin C is easily obtained in our diet and is in many multivitamins at therapeutic levels,
making it more difficult to study. Zinc is known to play an important role in viral immunity and, more
notably, is linked with the transmission of coronavirus [16]. Specifically, angiotensin-converting enzyme 2 is
a zinc metalloprotease, which is important for the cellular entry of COVID-19 [21]. Additionally, zinc has
been shown to inhibit viral RNA-dependent RNA polymerase, specifically against SARS-CoV in vitro [16]. A
recent meta-analysis examining zinc for the prevention and treatment of respiratory tract infections (RTIs)
found some evidence to suggest that zinc might prevent some symptoms and shorten the duration of the
RTIs [22]. Although much has been theoretically reported on the immunological benefits of zinc
supplementation, to the best of our knowledge, there has been no study examining the effect of prophylactic
zinc on reducing the risk of contracting COVID-19.

Given its association with immune system function and antiviral replication properties, the consideration of
zinc as a prophylactic supplement has been previously proposed [10,14-16]. Additionally, zinc is readily
accessible to the public and commonly sold at health stores either alone or in combination with other
vitamins. When zinc is sold as a supplement alone, it typically contains between 30-50 mg of zinc and when
it is in combination with vitamin C, it typically has 30 mg of zinc. Most AREDS2 vitamin formulations sold
over the counter have between 40-80 mg of zinc. These characteristics supposedly make zinc an ideal
supplement for prophylactic treatment and such attention to zinc has led to studies of zinc supplementation
in patients hospitalized with COVID-19.

A recent observational study looking at high doses of daily oral zinc sulfate (440 mg) in hospitalized COVID-
19 patients showed no significant difference in the risk of in-hospital mortality [23]. Furthermore, a
randomized clinical trial looking at the effects of zinc gluconate (50 mg), ascorbic acid (8000 mg), or a
combination of the two reported no significant decrease in the duration of symptoms compared to standard
of care [24]. This data is consistent with our results indicating that oral prophylactic supplementation of
zinc through AREDS2 vitamins did not appear to protect patients from contracting COVID-19. This finding
could be attributed to several factors.

The bioavailability of zinc as a therapeutic agent is highly affected by the route of administration [25].
Dietary factors and absorption are known to play a major role in the bioavailability of oral supplementation.
Phytates, a compound found in whole grains, cereals, nuts, and seeds, is reported to have a chelating effect
on zinc in the intestines and can cause up to almost 80% variance in zinc absorption when taken orally [26].
Furthermore, zinc uptake by enterocytes is a saturable process such that those cells that are replete with
zinc typically have absorption percentages in the range of 16-50% [27]. Our study, as well as clinical trials
assessing the efficacy of zinc supplementation against COVID-19, used an oral method of delivery. This may
partially explain the lack of significance seen in our study, given the variability in the absorption of oral zinc
and additional intestinal regulatory mechanisms.

Given the possible limited bioavailability with oral zinc supplementation, other methods of delivery have
been considered, including intravenous (IV) zinc administration. This approach could result in higher
bioavailability as it bypasses the major intestinal regulatory mechanisms. Furthermore, IV administration
could allow for increased control of dosage. Clinical trials are currently underway in Australia to determine
whether IV administration of zinc can improve clinical outcomes in patients who have contracted COVID-19
(ACTRN12620000454976). If such benefits are found, additional studies should be considered on the
administration of prophylactic IV zinc supplementation. Specifically, this should be offered to those
susceptible to increased morbidity and mortality due to COVID-19, including the immunocompromised and
elderly population as well as those with multiple comorbidities such as chronic obstructive pulmonary
diseases, obesity, cardiovascular conditions, and diabetes mellitus [28,29].

This study has several limitations. Our sample size was relatively small (110 patients who contracted
COVID-19). Also, as vaccines became more prevalent, and the local numbers of positive cases decreased, the
practice stopped administering the form about recent COVID-19 exposure. Therefore, the study did not
examine if there were positive effects of the vaccine and zinc supplementation. The study did not examine
disease severity based on zinc prophylaxis since only a few patients were hospitalized and only one mortality
was encountered in the study. Given that this is a retrospective, cohort analysis, its results could be
impacted by confounding variables. Patients self-reported whether they were compliant with taking their
prescribed AREDS2 supplementation and, therefore, zinc intake. Although patients were thoroughly
questioned regarding what vitamins they took at the time of evaluation, they may have taken additional
over-the-counter zinc supplements and failed to disclose this information. Some patients may take AREDS
vitamins for diagnoses other than AMD. Some patients with AMD may not take the vitamins, although
patients with AMD are strongly encouraged to take the vitamins and they are queried about their compliance
at nearly every visit. Also, patients who do not have AMD are encouraged not to take the vitamins since the
AREDS trials did not show any benefits for such individuals. Patients with AMD tend to be older, and hence
they may not travel or leave home as much as other patients, which could confound the data, albeit it would
sway the data more in favor of zinc prophylaxis. We would not have been able to confirm if a patient ceased
vitamin intake but still continued to report compliance. Patients may have also failed to inform us that they
had contracted COVID-19. There is a possibility that asymptomatic patients existed in this study population
who were unaware that they had contracted the disease. We could not account for those patients.
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Conclusions
Oral zinc supplementation has been widely purported to reduce symptomatic viral days. It has also been
recommended to be used as a prophylaxis for viral infections. It has been speculated that it may help reduce
the chance of contracting COVID-19. Zinc is readily available over the counter and is used in the AREDS
supplements for macular degeneration. Elderly patients are at increased risk of complications from COVID-
19, and hence if zinc supplementation could reduce the chance of contracting COVID-19, that would be
highly beneficial. However, based on our findings, oral zinc supplementation in the form of AREDS2
vitamins is not associated with a protective effect against contracting COVID-19.

Appendices

Name: Date of Birth: Medical Record Number:

Provider:  Date:

Initial screening questions:   

Do you have any of the following? Yes No

Cough   

Sore throat   

Congestion unrelated to seasonal allergies:   

Fever   

Nausea or vomiting   

Diarrhea   

New Loss of taste or smell   

Have you been around anyone that has tested positive for COVID-19 in the last 30 days?   

Have you tested positive for COVID-19 in the last 30 days?   

TABLE 3: Appendix 1. Questionnaire provided to all patients at each visit from April 1, 2020,
through April 9, 2021, for assessing symptomatology and contraction of COVID-19

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. IRB00012874 Retina
Consultants of Orange County IRB #1 issued approval 2021-002-RCOC. Animal subjects: All authors have
confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance
with the ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All
authors have declared that no financial support was received from any organization for the submitted work.
Financial relationships: All authors have declared that they have no financial relationships at present or
within the previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or activities that could
appear to have influenced the submitted work.
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