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A B S T R A C T

Background: There remains a need to identify low-cost interventions to improve coronavirus disease 2019 (COVID-19) outcomes. Vitamin
D and zinc play a role in respiratory infections and could hold value as part of therapeutic regimens.
Objectives: To determine the effect of vitamin D or zinc supplementation on recovery from COVID-19.
Methods: We conducted a double-blind, randomly assigned 2 x 2 factorial placebo-controlled trial with 1:1:1:1 allocation ratio, enrolling
nonpregnant adults with COVID-19 from hospitals in Mumbai and Pune, India (NCT04641195). Participants (N ¼ 181) were randomly
assigned to vitamin D3 (180,000 IU bolus, then 2000 IU daily), zinc (40 mg daily), vitamin D3 and zinc, or placebo, for 8 wk. Participants
were followed until 8 wk. The primary outcome was time to resolution of fever, cough, and shortness of breath. Secondary outcomes were
duration of individual symptoms; need for assisted ventilation; duration of hospital stay; all-cause mortality; and blood biomarkers,
including nutritional, inflammatory, and immunological markers.
Results: We observed no effect of vitamin D or zinc supplementation on time to resolution of all 3 symptoms [vitamin D hazard ratio (HR):
0.92; 95% confidence interval (95% CI): 0.66, 1.30; P ¼ 0.650; zinc HR: 0.94; 95% CI: 0.67, 1.33; P ¼ 0.745)]. Neither vitamin D nor zinc
supplementation was associated with secondary outcomes, except for increased endline serum vitamin D with vitamin D supplementation
[median (interquartile range) difference between endline and baseline for vitamin D: 5.3 ng/mL (–2.3 to 13.7); for no vitamin D: –1.4 ng/mL
(–5.6 to 3.9); P ¼ 0.003]. We observed nonsignificant increases in serum zinc at endline following zinc supplementation. There was no
evidence of interaction between vitamin D and zinc supplementation, no effect of either on hypercalcemia, and no adverse events.
Conclusions: Results suggest that neither vitamin D nor zinc supplementation improves COVID-19 treatment outcomes in this population.
However, much larger-scale evidence, particularly from populations with vitamin D or zinc deficiency and severe infection, is required to
corroborate our findings. This trial was registered at ClinicalTrials.gov and the Clinical Trials Registry of India as NCT04641195 and CTRI/
2021/04/032593 respectively.
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Introduction

COVID-19 is an acute respiratory illness caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and is
characterized by symptoms including cough, shortness of breath,
and fever [1,2]. In more severe cases, COVID-19 may lead to
outcomes including acute respiratory distress syndrome, septic
shock, and mortality [3]. With a global pandemic declared in
March 2020 [4], there have been over 754 million confirmed
COVID-19 cases and 6.8 million deaths attributed to COVID-19
as of February 5, 2023 [5,6]. Although overall incidence has
been declining in recent months, it remains notable, with over
10.5 million new cases and 90,000 related deaths reported be-
tween early January and early February 2023 [6]. Monitoring
continues for new variants and subvariants of concern, with
some, such as the recently-identified XBB subvariant, understood
to have enhanced transmissibility, including among individuals
with prior infection or vaccination [7–9]. Additionally, approx-
imately 10% of individuals who previously had COVID-19 are
estimated to experience post-COVID-19 condition or long
COVID, longer-term sequelae continuing beyond 4–12 wk
following infection [10]. The global health burden due to
COVID-19 thus remains substantial.

Effective measures to prevent SARS-CoV-2 infection and
transmission include wearing face masks, hand and respiratory
hygiene, vaccination, and testing [11–14]. For infected in-
dividuals, recommended treatments continue to evolve based on
emerging research. The current WHO living guideline on thera-
peutics and COVID-19, published on January 13, 2023, includes
strong recommendations for nirmatrelvir and ritonavir in non-
severe infection, and corticosteroids, IL-6 receptor blockers and
baricitinib in severe and critical infection [3]. Importantly, ac-
cess to recommended COVID-19 preventative resources and
therapeutic drugs may be limited in low- and middle-income
settings such as South Asia [15–17]. Given this, there remains
a need to explore additional effective and affordable in-
terventions that may be delivered at large scale to improve
outcomes among individuals with COVID-19.

Previous research has suggested that vitamin D and zinc may
play a role in the development and course of respiratory in-
fections, suggesting their potential utility as part of therapeutic
regimens for COVID-19 [18–20]. Vitamin D metabolites influ-
ence the expression of key signaling proteins involved in immune
response [21,22] and transmembrane proteins targeted by rhi-
noviruses [23] and have been shown to increase concentrations
of the antimicrobial peptide cathelicidin in respiratory epithelial
cells [22]. Recent meta-analyses of randomized controlled trials
have indicated a reduced risk of acute respiratory tract infections
(ARIs) and shorter duration of symptoms among individuals
supplemented with vitamin D [18,19]. On the contrary, zinc is
required for leukocyte and lymphocyte development and is also
involved in immunomodulatory signaling [24]. Zn2þ, in combi-
nation with pyrithione, has been shown to inhibit SARS-CoV
replication in cell cultures [24,25]. Additionally, zinc has been
hypothesized to play a role in the expression of ACE-2 [24], a key
receptor mediating entry of SARS-CoV-2 into cells [26]. Previous
evidence syntheses suggest that zinc supplementation shortens
the duration of ARI symptoms [19,20]. However, high-quality
evidence directly assessing the potential benefit of vitamin D
2

and zinc supplementation in COVID-19 remains limited and
unclear, particularly from lower resource settings [27,28].

It is important to gain a clear understanding of whether
vitamin D and zinc supplementation may improve COVID-19
outcomes in low- and middle-income populations such as those
in South Asia, where the burdens of vitamin D and zinc defi-
ciency are thought to be notable [29,30], and where such easily
accessible supplements may be particularly valuable. In this 2 x 2
factorial randomized controlled trial, we aimed to assess the
effect of vitamin D and zinc supplementation on treatment out-
comes among individuals with mild-to-moderate COVID-19 in
Mumbai and Pune, India.

Methods

Overview, ethics, and reporting
This was a multicenter, double-blind, randomly assigned,

placebo-controlled trial with a 2 x 2 factorial design and 1:1:1:1
allocation ratio. The methods of this trial have been outlined
[31] and are briefly described below. The trial was approved by
the following review boards: Institutional Review Board of the
Harvard T.H. Chan School of Public Health (protocol No.
IRB20-1425), University Health Network Research Ethics Board
(20-5775), Institutional Research Ethics Committee of the
Foundation for Medical Research (IREC No. FMR/IR-
EC/C19/02/2020), Institutional Review Board of Saifee Hospital
(project No. EC/008/2020) and King Edward Memorial Hospital
Research Centre Ethics Committee (KEMHRC ID No. 2027).
Permission to undertake the study was also obtained from the
Health Ministry’s Screening Committee, Government of India
[HMSC (GOI)-2021-0060]. Endorsement from the Drugs
Controller General of India was not required as the intervention
comprised micronutrient supplementation. This trial followed
CONSORT guidelines and was prospectively registered on
clincialtrials.gov (NCT04641195) and the clinical trials registry
of India (CTRI/2021/04/032593). This study was overseen by
an independent data and safety monitoring board, which was
responsible for regularly reviewing trial progress and safety and
efficacy endpoints [31]. The trial conformed to the principles
embodied in the Declaration of Helsinki.

Study setting and time frame
This trial was conducted at 2 sites: KEM Hospital (King

Edward Memorial Hospital and Research Centre), Pune, and
Saifee Hospital, Mumbai. Both were designated as COVID-19
dedicated hospitals by local municipal corporations. These hos-
pitals were chosen on the basis of existing research collabora-
tions and feasibility of conducting a research trial. Enrolment
was conducted from April 2021 and ended in February 2022, and
follow-up was completed in August 2022.

Population and eligibility criteria
This study was initially based among hospitalized patients.

Inclusion criteria were: age �18 y, RT-PCR-confirmed infection
with SARS-COV-2, oxygen saturation level �90, and written
informed consent. Exclusion criteria were: self-reported preg-
nancy, enrolment in other clinical trials, and daily use of multi-
vitamins for the past 1 mo. With the decline in incidence of
COVID-19 in India and to increase generalizability and enroll a

http://clincialtrials.gov
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wider range and number of symptomatic COVID-19 patients, in
June 2021, we: 1) broadened the population to include out-
patients, 2) added an inclusion criterion of Rapid Antigen Test-
confirmed SARS-COV-2 infection, 3) removed the inclusion cri-
terion oxygen saturation level �90, and 4) removed the exclu-
sion criterion recent daily multivitamin use.
Study procedures
Potential participants were approached and invited to enroll

by trained site hospital staff members when they presented to the
site hospitals. Following screening and informed consent, we
collected baseline blood samples, sociodemographic data; health
and clinical data; dietary measures; and COVID-19 symptoms,
treatment, and vaccination information. Participants were then
randomly assigned to 1 of 4 groups allocating them to 8-wk
supplementation with either: 1) vitamin D3 (180,000 IU single
bolus in the form of 3 tablets of 60,000 IU, then 2000 IU daily),
2) zinc (40 mg daily), 3) vitamin D3 and zinc, or 4) placebo. We
chose this dose of vitamin D3 as similar bolus and daily doses
have been shown to safely and quickly boost and sustain vitamin
D concentrations in previous studies, including among in-
dividuals with COVID-19 [28,32–34]. The 40 mg daily dose of
zinc was considered to be high enough to examine efficacy and
within tolerable upper intake limits [35], and similar doses have
also been examined in the context of COVID-19 [36,37]. To
ensure blinding of participants and staff, each participant
received 3 bolus tablets (either vitamin D3 or placebo) to be
consumed under supervision of site hospital staff and a supple-
ment bottle containing the full appropriate assigned regimen (1
tablet/d for 8 wk for all groups). Active and placebo tablets were
indistinguishable, and supplement containers (envelopes for
bolus doses and bottles for daily doses) were prelabeled with
codes (see Randomization and blinding below). Following
this, inpatient participants were directly observed taking their
supplements daily by the site hospital staff, and participants who
left the hospital (outpatients or inpatient participants who were
discharged) were reminded to take their supplements during
regular telephone follow-ups.

Following the baseline visit, participants were followed either
daily in person (if in hospital) or every 3 d via telephone (upon
leaving the hospital) for 8 wk to record information on COVID-
19 symptoms, supplement compliance, and any adverse events.
For hospitalized participants, we additionally collected infor-
mation on clinical measures, including vital signs, prescribed
medications and supplements, complications, and the need for
assisted ventilation. At 8 wk, an endline visit was conducted in
the hospital or at another private and convenient location. This
consisted of a clinical and physical examination, blood sample
collection, and data collection, including clinical information,
other medication or supplement use, compliance (including pill
count), and COVID-19 symptoms and updates to vaccination
status. Participants could also provide a subset of information via
telephone if an in-person visit were not possible. A final tele-
phone follow-up was then completed at 12 wk, where we
assessed COVID-19 symptoms and any updates to vaccination
status.

All informed consent and data collection procedures were
undertaken in an appropriate local language (Marathi, Hindi, or
English). All data were collected on standardized electronic
forms [38] and uploaded directly to a secure server. All
3

participants were provided care and treatment in line with In-
dian National Guidelines at the time [39–41] and were encour-
aged to visit the hospital at any time for medical attention if they
felt unwell.
Randomization and blinding
Randomization was in blocks of 20 and stratified by site. The

randomization list was prepared by an independent statistician
and assigned each participant’s randomization identifier to a
regimen code. Supplement containers were labeled with these
codes to maintain blinding. The actual regimen was known only
to the supplement manufacturer (Excellamed Laboratories Pri-
vate Limited) and to no other research staff or investigators and
was accessible to the data and safety monitoring board in a
sealed envelope. Unblinding was undertaken only after blinded
primary analyses were completed.
Outcomes
The primary outcome was time to resolution of all of fever,

cough, and shortness of breath. These symptoms have been most
commonly reported among individuals with COVID-19,
including in India, and assessed as part of previous trials on
vitamin D and zinc supplementation for ARIs [2,19,42]. At
baseline and at each follow-up, participants were asked whether
they had experienced each symptom that day and how many
days in total they had experienced the symptom. Information
collected at all follow-ups was then used to identify the timepoint
of resolution and calculate the duration of symptoms.

Secondary outcomes were the duration of individual symp-
toms, need for assisted ventilation, duration of hospital stay
(among inpatients), all-cause mortality, and blood biomarker
concentrations. Blood biomarkers were measured both at base-
line and endline (8 wk) and included nutritional measures
(serum 25(OH)D and calcium, and zinc in whole blood) and
immunological and inflammatory markers [serum ferritin, CRP,
lactate dehydrogenase and plasma D-dimer (a protein product of
fibrin degradation, that has been linked to inflammation and
indicated as a biomarker of severity for COVID-19 in previous
research)] [43], IL-6, angiopoietin-2, soluble triggering receptor
expressed on myeloid cells-1 (sTREM-1), IgG and IgM]. Sample
analysis was undertaken at nationally accredited laboratories
(nutritional biomarkers all measured in a single laboratory using
validated methods, ferritin, CRP, D-dimer, and lactate dehydro-
genase) or at the Foundation for Medical Research (IL-6,
angiopoietin-2, sTREM-1, IgG, and IgM). Because of the tech-
nical issues with sample assay kits, sTREM-1 could be measured
only for a subset of participants (see Supplementary Methods).
Sample size calculation
Sample size calculations used methodology for survival times.

Based on an assumption of time to recovery of 22.2 d and 5% loss
to follow-up, we estimated that enrolment of 700 participants
would provide �80% power to detect a moderate (25–30%) ef-
fect of either vitamin D or zinc supplementation, given a
maximum 30% true effect of the other treatment.
Statistical analysis
Primary analysis was by intent-to-treat, comparing vitamin D

supplementation with no vitamin D and zinc supplementation
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with no zinc. The primary outcome was analyzed using Cox
regression, and secondary outcomes were analyzed using Cox
regression (duration of individual symptoms and of hospital
stay), Poisson regression (need for assisted ventilation and hy-
percalcemia), and Wilcoxon rank sum tests (all blood biomarkers
at endline, and difference between endline and baseline); pri-
mary analyses were unadjusted. We performed additional pre-
specified analyses to assess the robustness of results. First, we
adjusted models examining clinical outcomes for site and key
baseline characteristics BMI (kg/m2), pre-existing conditions,
COVID-19 medications at baseline, supplement intake at base-
line, number of days participant had experienced any symptom
at baseline, age, and vaccination status at baseline). We similarly
examined biomarkers in linear regression models adjusted for
the same variables, and also for days since last vaccine dose, the
COVID-19 wave in India (second wave or third wave) during
which the participant was enrolled, days between baseline and
endline assessment, and baseline biomarker concentrations
where the outcome was endline biomarker concentrations.
Following this, we examined associations in models restricted to
participants with �90% compliance. Finally, we examined
interaction between vitamin D and zinc supplementation by
stratifying models and using likelihood ratio tests comparing
models with and without interaction terms, and examined in-
teractions between vitamin D or zinc supplementation and key
characteristics, including sex, age, and BMI, in a similar manner.
In further post hoc analyses, we also examined whether results
for vitamin D supplementation varied by baseline vitamin D
status (vitamin D <20 ng/mL compared with �20 ng/mL) using
similar methods. All analyses were undertaken using Stata 16
(StataCorp).
Patient and public involvement
Patients and the public were not involved in the design of this

study.

Results

This study ended before meeting its enrolment target of 700
participants because of a progressive decrease in COVID-19 cases
at sites and across India. In all, a total of 409 individuals were
FIGURE 1. Study enrolment and follow-up. LTFU, lost to foll
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screened during the course of the trial, of which 352 (86.1%)met
eligibility criteria (Figure 1). Of these, 181 (51.4%) consented to
participate in the study and were randomly assigned, 44 (24.3%)
to vitamin D and zinc, 46 (25.4%) to vitamin D, 48 (26.5%) to
zinc, and 43 (23.8%) to placebo. Overall, 10 (5.5%) participants
withdrew, and 6 (3.3%) were lost to follow-up between baseline
and the 8-wk endline follow-up. Of the 165 (91.2%) remaining
participants at endline, 9 (5.0%) participants did not provide
data for the endline follow-up. Thus, a total of 156 (86.2%)
participants had data collected at endline, with 130 (71.8%)
providing blood samples.

Baseline characteristics of the study population by treatment
arm are presented in Table 1. Participants were split generally
evenly across treatment arms. About 80% of participants each
were enrolled at KEM Hospital, were inpatients, and were aged
over 30 y. Close to half of all participants had graduate or
postgraduate education, and <1 tenth had primary education or
less. Over half were overweight or obese, and about one-third
had a pre-existing chronic condition. COVID-19 medication use
and supplement use at baseline were generally low (<5% except
for remdesivir), and participants had experienced COVID-19
symptoms (including but not limited to fever, cough, and
shortness of breath) for approximately 3 d before enrolment. At
least half of participants had received 1 or more doses of a
COVID-19 vaccine before enrolment (Table 1). Overall, at base-
line, 47.4% of participants had total serum vitamin D<20 ng/mL
and 12.4% had serum zinc <407 μg/dL (Supplemental Table 1).
For both comparisons (vitamin D compared with no vitamin D,
zinc compared with no zinc), we observed notable differences by
arm in the distribution of age, education level, BMI, pre-existing
conditions, remdesivir use, and vaccination status (Table 1).

At baseline, 133 participants had fever, cough, or shortness of
breath (Tables 2 and 3). The median (95% CI) time to resolution
of all 3 symptoms among participants in the vitamin D and no
vitamin D groups was 3 (2–5) d and 3 (2–4) d, with no evidence
of effect of vitamin D supplementation compared with no sup-
plementation on time to resolution (HR: 0.92; 95% CI: 0.66,
1.30; P ¼ 0.650; adjusted HR: 1.09; 95% CI: 0.72, 1.65; P ¼
0.673) (Table 2; Supplemental Table 3). Similarly, the median
(95% CI) time to resolution of all 3 symptoms in the zinc and no
zinc groups was 3 (2–4) d and 3 (2–4) d, with no association
between zinc supplementation and time to resolution (HR: 0.94;
ow-up; RAT, rapid antigen test; SpO2, oxygen saturation.



TABLE 1
Baseline characteristics of randomly assigned participants

n (%) or median (IQR)

Vitamin D No vitamin D Zinc No zinc

N 90 91 92 89
Hospital, n (%)
KEM 72 (80.0) 73 (80.2) 75 (81.5) 70 (78.7)
Saifee 18 (20.0) 18 (19.8) 17 (18.5) 19 (21.3)
Women, n (%) 43 (47.8) 45 (49.5) 45 (48.9) 43 (48.3)
Age, y, n (%)
18–29 20 (22.2) 10 (11.0) 16 (17.4) 14 (15.7)
30–44 23 (25.6) 32 (35.2) 19 (20.7) 36 (40.4)
45–59 28 (31.1) 23 (25.3) 25 (27.2) 26 (29.2)
60þ 19 (21.1) 26 (28.6) 32 (34.8) 13 (14.6)
Education
Illiterate, no formal, primary 8 (8.9) 7 (7.7) 8 (8.7) 7 (7.9)
Secondary 23 (25.6) 31 (34.1) 31 (33.7) 23 (25.8)
Graduate 34 (37.8) 31 (34.1) 30 (32.6) 35 (39.3)
Postgraduate 24 (26.7) 21 (23.1) 21 (22.8) 24 (7.0)
Missing 1 (1.1) 1 (1.1) 2 (2.2) 0 (0.0)
BMI, n (%)
<18.5 4 (4.4) 2 (2.2) 2 (2.2) 4 (4.5)
18.5–24.9 26 (28.9) 37 (40.7) 38 (41.3) 25 (28.1)
25–29.9 32 (35.6) 24 (26.4) 24 (26.1) 32 (36.0)
30þ 28 (31.1) 28 (30.8) 28 (30.4) 28 (31.5)
Pre-existing conditions, n (%)
Diabetes 12 (13.3) 26 (28.6) 21 (22.8) 17 (19.1)
Hypertension 16 (17.8) 29 (31.9) 26 (28.3) 19 (21.3)
Heart disease 6 (6.7) 8 (8.8) 5 (5.4) 9 (10.1)
Asthma 5 (5.6) 2 (2.2) 4 (4.3) 3 (3.4)
Other conditions 3 (3.3) 6 (6.6) 6 (6.5) 3 (3.4)
Any pre-existing condition, n (%) 29 (32.2) 43 (47.3) 38 (41.3) 34 (38.2)
Use of medications for COVID-19, n (%)
Favipiravir 2 (2.2) 1 (1.1) 2 (2.2) 1 (1.1)
Remdesivir 14 (15.6) 8 (8.8) 13 (14.1) 9 (10.1)
Dexamethasone 1 (1.1) 0 (0.0) 1 (1.1) 0 (0.0)
Antibody treatment 3 (3.3) 5 (5.5) 4 (4.3) 4 (4.5)
Molnupiravir 3 (3.3) 2 (2.2) 2 (2.2) 3 (3.4)
Anticoagulants 1 (1.1) 0 (0.0) 1 (1.1) 0 (0.0)
Other medications 0 (0.0) 1 (1.1) 0 (0.0) 1 (1.1)
Use of supplements at baseline, n (%) 1 (1.1) 0 (0.0) 0 (0.0) 1 (1.1)
Inpatients, n (%) 73 (81.1) 75 (82.4) 73 (79.3) 75 (84.3)
Number of days with symptoms, median (IQR) 3 (2–4) 3 (2–4) 3 (2–4) 2 (2–4)
Vaccination status at baseline, n (%)
No vaccination 16 (17.8) 20 (22.0) 16 (17.4) 20 (22.5)
1 dose 12 (13.3) 12 (13.2) 13 (14.1) 11 (12.4)
2 or 3 doses 44 (48.9) 50 (55.0) 47 (51.1) 47 (52.8)
Missing 18 (20.0) 9 (9.9) 16 (17.4) 11 (12.4)
Days since last vaccination at baseline, n (%) available 56 (62.2) 62 (68.1) 60 (65.2) 58 (65.2)
Median (IQR) days since the last vaccination 149.5 (63.5–231.5) 120.5 (45–205) 136 (50–216) 120.5 (56–203)
>30 d since the last vaccine dose at baseline 49 (87.5) 52 (83.8) 53 (88.3) 48 (82.8)
Received vaccine dose during follow-up, n (%)
Yes 9 (12.5) 13 (15.9) 9 (11.8) 13 (16.7)
No 63 (67.5) 69 (74.2) 67 (70.8) 65 (70.9)
Missing 18 (20.0) 9 (9.9) 16 (17.4) 11 (12.4)
Vaccine type, n (%)
Covishield (AstraZeneca) 60 (66.7) 71 (78.2) 64 (69.6) 67 (75.3)
Covaxin (Bharat Biotech) 9 (10.0) 9 (9.9) 9 (9.8) 9 (10.1)
Missing 21 (23.3) 11 (12.1) 19 (20.7) 13 (14.6)
COVID-19 wave, n (%)
Wave 2 58 (64.4) 62 (68.1) 59 (64.1) 61 (68.5)
Wave 3 32 (35.6) 29 (31.9) 33 (35.9) 28 (31.5)
Days between baseline and endline contact, n (%) available 80 (88.9) 84 (92.3) 81 (88.0) 83 (93.3)
Median (IQR) days between baseline and endline 86.5 (69.5–135) 97.5 (73.5–136.5) 94 (71–137) 94 (70–133)

Other conditions: neurologic conditions, endocrine disorders, chronic renal disease, prior gestational diabetes mellitus, tuberculosis, cancer, chronic
obstructive pulmonary disease, HIV, reproductive conditions, and alcohol use disorder. Other COVID-19 medications: ibuprofenþparacetamol.
No participants used tocilizumab or hydroxychloroquine as treatment for COVID-19.Wave 2 spanned from the beginning of the study (April 2021) to
December 15th, 2021. Wave 3 spanned from December 16th until the end of enrolment (the first participant enrolled in Wave 3 was on December
21st, 2021).
BMI, body mass index; COVID-19, coronavirus disease 2019; HIV, human immunodeficiency virus; IQR, interquartile range; KEM, King Edward
Memorial.
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TABLE 2
Effect of vitamin D supplementation compared with no vitamin D on primary and secondary outcomes

Vitamin D No vitamin D HR or risk ratio1 (95% CI) P value

Primary outcome
Fever, cough, or shortness of breath at baseline, n (%)
No 20 (22.2) 27 (29.7)
Yes 70 (77.8) 63 (69.2)
Missing 0 (0.0) 1 (1.1)
Days to resolution, median (95% CI) (N ¼ 132) 3 (2-5) 3 (2-4) 0.92 (0.66, 1.30) 0.650

Secondary outcomes
Fever at baseline, n (%)
No 45 (50.0) 54 (59.3)
Yes 45 (50.0) 37 (40.7)
Days to resolution, median (95% CI) (N ¼ 81) 2 (2–2) 2 (2–2) 1.02 (0.65, 1.59) 0.938
Cough at baseline, n (%)
No 36 (40.0) 35 (38.5)
Yes 54 (60.0) 56 (61.5)
Days to resolution, median (95% CI) (N ¼ 109) 3 (2–6) 3 (2–4) 0.88 (0.60, 1.28) 0.498
Shortness of breath at baseline, n (%)
No 77 (85.6) 80 (87.9)
Yes 13 (14.4) 10 (11.0)
Missing 0 (0.0) 1 (1.1)
Days to resolution, median (95% CI) (N ¼ 23) 3 (2–5) 2 (1–2) 0.78 (0.33, 1.84) 0.570
Days to discharge, median (95% CI) (N ¼ 147) 6 (5–7) 5 (4–6) 0.82 (0.59, 1.14) 0.236
Need for assisted ventilation1 (N ¼ 148), n (%)
No 70 (95.9) 71 (94.7)
Yes 2 (2.7) 2 (2.7)
Missing 1 (1.4) 2 (2.7) 1.00 (0.73, 1.38) 0.998

Estimates based on univariable Cox or Poisson regression models.
P for the test of proportional hazards assumption (global test) >0.05 for all outcomes for which Cox regression models were performed.
1 Risk ratio calculated for the need for assisted ventilation; HR calculated for all other outcomes.
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95% CI: 0.67, 1.33; P ¼ 0.745; adjusted HR: 0.91; 95% CI: 0.61,
1.34; P ¼ 0.630) (Table 3; Supplemental Table 3). Neither
vitamin D nor zinc supplementation affected duration or time to
TABLE 3
Effect of zinc supplementation compared with no zinc on primary and seco

Zinc

Primary outcome
Fever, cough, or shortness of breath at baseline, n (%)
No 25 (27.2)
Yes 66 (71.7)
Missing 1 (1.1)
Days to resolution, median (95% CI) (N ¼ 132) 3 (2–4)

Secondary outcomes
Fever at baseline, n (%)
No 55 (59.8)
Yes 37 (40.2)
Days to resolution, median (95% CI) (N ¼ 81) 2 (2–3)
Cough at baseline, n (%)
No 38 (41.3)
Yes 54 (58.7)
Days to resolution, median (95% CI) (N ¼ 109) 3 (2–5)

Shortness of breath at baseline, n (%)
No 76 (82.6)
Yes 15 (16.3)
Missing 1 (1.1)
Days to resolution, median (95% CI) (N ¼ 23) 2 (2–4)
Days to discharge, median (95% CI) (N ¼ 147) 6 (5–7)
Need for assisted ventilation1 (N ¼ 148), n (%)
No 68 (93.2)
Yes 3 (4.1)
Missing 2 (2.7)

Estimates based on univariable Cox or Poisson regression models.
P for test of proportional hazards assumption (global test) >0.05 for all ou
1 Risk ratio calculated for need for assisted ventilation; HR calculated for

6

recovery from individual symptoms, duration of hospital stay
among inpatients, and need for assisted ventilation (Tables 2 and
3; Supplemental Table 3). No deaths were recorded during
ndary outcomes

No zinc HR or risk ratio1 (95% CI) P value

22 (24.7)
67 (75.3)
0 (0.0)
3 (2–4) 0.94 (0.67, 1.33) 0.745

44 (49.4)
45 (50.6)
2 (1–2) 0.89 (0.57, 1.40) 0.616

33 (37.1)
56 (62.9)
3 (2–5) 0.96 (0.66, 1.41) 0.843

81 (91.0)
8 (9.0)
0 (0.0)
2 (1–.) 0.61 (0.25, 1.52) 0.291
6 (5–6) 0.83 (0.59, 1.15) 0.261

73 (97.3)
1 (1.3)
1 (1.3) 1.03 (0.75, 1.42) 0.864

tcomes for which Cox regression models were performed.
all other outcomes.
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follow-up, so the effect of supplementation on all-cause mortality
could not be assessed.

Among blood biomarkers, we observed no clear effect of
vitamin D or zinc supplementation apart from an increase in
serum vitamin D concentrations with vitamin D supplementa-
tion [median (interquartile range)] difference between endline
and baseline in vitamin D group: 5.3 ng/mL (–2.3 to 13.7); in
no vitamin D group: –1.4 ng/mL [(–5.6 to 3.9); P ¼ 0.003]. We
also observed nonsignificant increases in serum zinc concen-
trations at endline among participants supplemented with zinc
[median (IQR)] difference between endline and baseline in zinc
group: 59.2 μg/dL (–60.0 to 161.3); in no zinc group: 4.3 μg/dL
[(–81.9 to 146.0); P ¼ 0.353] (Table 4). At baseline, 51.2% and
43.6% of participants in the vitamin D and no vitamin D groups
had serum vitamin D <20 ng/mL, whereas, at endline, the
corresponding proportions were 31.6% and 42.9% (P ¼ 0.457
at endline), respectively. Additionally, 13.3% and 11.5% of
participants in the zinc and no zinc groups had serum zinc <407
μg/dL, whereas corresponding endline proportions were 6.9%
and 10.6% (P ¼ 0.328 at endline), respectively (Supplemental
Table 1).

No adverse events were observed in this study, and neither
vitamin D nor zinc supplementation was associated with risk of
hypercalcemia (Supplemental Table 2). In additional analyses,
results remained unchangedwhen adjusting for site and other key
characteristics (Supplementary Table 3, data not shown for bio-
markers). Of participants with available information (N ¼ 156),
127 (81.4%) consumed�90% of the supplements (Supplemental
Table 4). Restricting analyses to these participants did not
materially change results (Supplemental Tables 5–7). There was
no evidence of interaction between vitamin D and zinc supple-
mentation (Supplemental Tables 8 and 9, data not shown for
change in blood biomarker concentrations between baseline and
endline), and no evidence of interaction between either of the
supplements and key characteristics including age, sex and BMI
(data not shown). In post hoc sensitivity analyses, we observed no
clear significant differences in the effect of vitamin D supple-
mentation by baseline vitamin D status (<20 ng/mL compared
with �20 ng/mL), although there was some indication of po-
tential protective effects on time to discharge among those with
baseline serum vitamin D <20 ng/mL (Supplemental Table 10).

Discussion

Given previous evidence surrounding the role of vitaminD and
zinc in risk of and recovery from ARIs [18–20] and potential
underlying mechanisms [21–25], it is plausible that supplemen-
tation with these micronutrients could improve COVID-19 out-
comes. However, in this 2 x 2 factorial double-blind, randomly
assigned placebo-controlled trial based in India, we observed no
effect of vitamin D or zinc supplementation on time to resolution
of key COVID-19 symptoms. Furthermore, neither vitamin D nor
zinc supplementation affected other key parameters of treatment
outcome, including need for assisted ventilation, duration of
hospital stay among inpatients, and inflammatory and immune
biomarkers. Our results do not support the use of vitaminDor zinc
supplements as part of therapeutic regimens for COVID-19.
However, our results are based on a small sample size and a
specific population, and further experimental evidence to
corroborate these findings would be valuable.
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Previous experimental studies examining the effect of vitamin
D supplementation in the context of COVID-19 have been mainly
based in upper-middle-income or higher-income countries [28,
34,44–55], with just 1 study identified here based on a South
Asian population [44]. From the few studies examining risk of
SARS-CoV-2 infection, evidence has been inconsistent regarding
the potential benefit of vitamin D supplementation [52–55].
Additionally, studies assessing the effect of vitamin D supple-
mentation on individuals with COVID-19 have been mostly
based among small samples (N < 300), with mixed evidence
regarding impact [28,34,44–51,56,57]. Differences in the results
of these studies may be because of factors including severity of
COVID-19 at baseline, severity of vitamin D deficiency at base-
line, and the dose and duration of supplementation. To note,
studies identified here that indicated a positive impact of vitamin
D supplementation on a range of clinical outcomes were based
among participants with varying severity of COVID-19 [44–49].
However, importantly, of those studies that indicated a positive
effect of supplementation among individuals with COVID-19
[44–49], most were based exclusively among participants with
low vitamin D concentrations (<30 ng/mL), assessing the effect
of daily supplementation (at least initially) with doses ranging
from 5000–60,000 IU compared with placebo or lower dose
supplementation, and duration ranging from 7 d to �6 wk
[44–48]. One study was based among participants aged �65 y
and found a protective effect of supplementation with a single
400,000 IU dose compared with a 50,000 IU dose of vitamin D3
on 14-d mortality [49].

Among studies identified here that did not restrict to COVID-
19 patients with low baseline vitamin D concentrations or other
high-risk characteristics [28,34,50,51,57], results regarding the
impact of vitamin D supplementation were less definitive. This
included 3 studies among inpatients with mild, moderate, and
severe COVID-19, which found no effect of a single high dose of
vitamin D3 (100,000–500,000 IU) compared with placebo or no
supplementation on clinical outcomes including duration of
hospital stay, risk of intensive care unit admission, risk of mor-
tality [28,34,50,57], and multiple biomarkers including IL-6
[50]. Additionally, 2 small studies (N � 76) reported weak to
no evidence of effect of �7 and �14 d supplementation with
calcifediol and calcitriol on similar clinical outcomes, respec-
tively [51,56]. Data from our study are in line with this evidence,
suggesting that vitamin D supplementation in a COVID-19 pa-
tient population with vitamin D deficiency prevalence of about
50% and a range of underlying risk characteristics does not
improve outcomes. However, exact comparison of results is
limited, given the differences in study population characteristics
and regimens.

Evidence from previous trials regarding the effect of zinc on
COVID-19 risk and outcomes is more limited [27,36,37,58–61].
Although all studies identified here examined daily or
twice-daily supplementation, they differed with respect to the
dose (range: 15–80 mg) and duration (range: 5 d to 6 wk) of zinc
administered and outcomes studied [27,36,37,58–61]. None of
the identified studies exclusively enrolled populations with low
baseline zinc concentrations [27,36,37,58–61]. Among studies
examining the effect of zinc supplementation on risk of
COVID-19, there was no clear evidence of impact [37,58], in line
with previous evidence on zinc supplementation to prevent ARIs
[19]. In studies assessing zinc administered as part of therapeutic



TABLE 4
Nutritional, inflammatory, and immunologic biomarkers at baseline and endline, and differences between baseline and endline, across vitamin D and zinc treatment supplementation groups

Vitamin D No vitamin D P value Zinc No zinc P value

N Median (IQR) N Median (IQR) N Median (IQR) N Median (IQR)

Baseline
Nutritional biomarkers
Calcium, mg/dL 88 8.8 (8.4–9.3) 86 8.9 (8.3–9.3) 88 8.8 (8.4–9.4) 86 8.9 (8.4–9.2)
Zinc, ug/dL 88 469.4 (422.3–574.7) 89 522.9 (458.6–596.1) 90 496.8 (441.9–594.9) 87 492.7 (448.3–576.6)
Vitamin D, ng/mL 88 18.2 (10.6–30.0) 85 23.5 (11.4–29.3) 87 23.1 (10.7–33.4) 86 17.8 (11.0–27.6)

Inflammatory and immunologic biomarkers
CRP, mg/L 86 12.7 (5.0–35.5) 90 13.8 (5.4–32.0) 92 13.1 (5.0–39.6) 84 13.7 (5.8–32.7)
LDH, IU/L 77 240.0 (200.0–304.7) 77 249.0 (199.0–325.0) 79 233.0 (188.6–319.7) 75 249.0 (203.0–321.0)
D-dimer, ng/ml 80 402.2 (300.5–577.0) 88 451.0 (288.0–756.8) 89 443.0 (321.3–645.8) 79 381.8 (274.4–729.0)
Ferritin, ng/ml 79 119.8 (54.3–305.0) 81 164.0 (103.0–350.0) 85 161.5 (61.0–346.8) 75 150.8 (52.0–288.0)
IL-6, pg/ml 89 5.0 (2.7–10.5) 89 5.1 (3.0–10.1) 91 5.3 (3.0–11.1) 87 4.7 (2.3–9.5)
Ang-2, pg/ml 88 1140.4 (850.6–1594.2) 90 1233.3 (847.8–1714.1) 90 1250.4 (871.8–1778.6) 88 1135.6 (845.1–1522.1)
sTREM-1, pg/ml 22 150.2 (70.2–174.7) 26 143.5 (26.9–188.6) 22 150.2 (84.6–174.7) 26 137.6 (26.5–226.2)
IgG, U/mL 88 5.3 (0.4–81.3) 89 7.5 (1.0–94.0) 90 5.6 (0.9–113.9) 87 8.1 (0.4–46.2)
IgM, U/mL 88 2.8 (1.0–8.2) 89 3.1 (1.1–6.4) 90 3.1 (1.1–7.1) 87 2.9 (1.0–6.6)

Endline
Nutritional biomarkers
Calcium, mg/dL 59 9.4 (9.2–9.7) 65 9.5 (9.1–9.8) 0.998 59 9.4 (9.2–9.7) 65 9.5 (9.2–9.8) 0.371
Zinc, ug/dL 58 533.0 (457.5–619.8) 66 534.4 (476.9–611.2) 0.754 58 552.1 (463.3–655.2) 66 517.7 (457.6–595.8) 0.117
Vitamin D, ng/mL 57 26.7 (16.5–32.2) 63 22.0 (14.6–27.7) 0.034 57 24.1 (16.1–29.0) 63 22.4 (14.1–31.8) 0.665

Inflammatory and immunologic biomarkers
CRP, mg/L 60 2.3 (0.9 to 5.0) 66 2.2 (1.1 to 5.0) 0.813 58 1.8 (0.8 to 5.0) 68 2.4 (1.2 to 5.0) 0.227
LDH, IU/L 59 194.0 (152.0 to 255.0) 66 206.5 (170.8 to 248.0) 0.405 57 203.0 (169.0 to 236.8) 68 199.3 (162.1 to 257.0) 0.909
D-dimer, ng/ml 55 260.7 (191.1 to 342.0) 65 319.5 (225.3 to 402.2) 0.042 54 283.5 (205.1 to 368.6) 66 288.0 (205.1 to 383.1) 0.918
Ferritin, ng/ml 57 41.2 (16.0 to 91.0) 65 50.0 (22.0 to 110.0) 0.567 57 58.9 (23.3 to 111.1) 65 30.0 (15.3 to 107.0) 0.095
IL-6, pg/ml 53 2.7 (0.9 to 5.1) 61 2.6 (1.5 to 5.2) 0.643 53 2.3 (1.1 to 4.3) 61 3.2 (1.4 to 5.5) 0.100
Ang-2, pg/ml 53 1165.0 (760.3 to 1519.8) 61 1006.4 (763.0 to 1581.7) 0.438 53 1132.2 (791.3 to 1695.3) 61 992.8 (745.4 to 1478.9) 0.347
sTREM-1, pg/ml 22 99.9 (80.3 to 129.4) 26 125.4 (93.2 to 174.3) 0.142 22 110.7 (83.9 to 129.4) 26 113.3 (92.1 to 216.5) 0.385
IgG, U/mL 52 30.4 (10.3 to 74.7) 60 47.2 (15.4 to 100.2) 0.357 52 47.2 (14.5 to 92.6) 60 30.9 (10.0 to 86.3) 0.510
IgM, U/mL 52 3.1 (1.5 to 6.7) 60 2.7 (0.8 to 7.1) 0.704 52 3.4 (1.5 to 7.3) 60 2.5 (0.8 to 7.1) 0.536

Difference
Nutritional biomarkers
Calcium (mg/dL) 58 0.5 (0.1 to 1.0) 62 0.7 (0.1 to 1.1) 0.533 58 0.6 (0.1 to 1.1) 62 0.5 (0.1 to 1.1) 0.852
Zinc, ug/dL 57 46.1 (–30.8 to 147.8) 65 –12.4 (–107.8 to 139.7) 0.132 58 59.2 (–60.0 to 161.3) 64 4.3 (–81.9 to 146.0) 0.353
Vitamin D, ng/mL 56 5.3 (–2.3 to 13.7) 60 –1.4 (–5.6 to 3.9) 0.003 56 –0.6 (–4.9 to 7.9) 60 1.4 (–4.6 to 11.4) 0.315

Inflammatory and immunologic biomarkers
CRP (mg/L) 57 –8.2 (–28.2 to –1.3) 65 –10.6 (–32.4 to –1.6) 0.415 58 –8.7 (–33.1 to –1.3) 64 –10.3 (–28.9 to –1.5) 0.802
LDH (IU/L) 49 –32.0 (–113.7 to 25.0) 57 –35.0 (–108.0 to 11.0) 0.575 49 –30.0 (–110.0 to 13.0) 57 –46.0 (–114.0 to 14.0) 0.759
D-dimer (ng/ml) 49 –106.9 (–386.9 to –35.5) 63 –90.4 (–377.1 to –8.8) 0.790 53 –106.9 (–377.1 to –35.5) 59 –89.6 (–418.3 to 3.1) 0.652
Ferritin (ng/ml) 50 –36.7 (–139.0 to –4.0) 58 –99.8 (–260.0 to –35.4) 0.003 52 –66.0 (–179.1 to –8.3) 56 –75.8 (–154.6 to –17.5) 0.537
IL-6 (pg/ml) 53 –1.4 (–6.0 to 0.1) 59 –0.9 (–4.7 to 0.5) 0.859 53 –1.8 (–6.0 to –0.2) 59 –0.8 (–4.7 to 0.8) 0.246
Ang-2 (pg/ml) 52 80.4 (–347.3 to 360.7) 60 –17.9 (–534.3 to 307.2) 0.342 52 127.2 (–206.0 to 435.1) 60 –54.9 (–557.8 to 250.7) 0.046
sTREM-1 (pg/ml) 22 –42.3 (–69.3 to 28.4) 26 –23.6 (–50.0 to 33.9) 0.408 22 –43.0 (–69.3 to –1.5) 26 –13.5 (–65.5 to 51.4) 0.379
IgG (U/mL) 52 8.2 (–8.2 to 31.5) 59 5.9 (–12.4 to 35.3) 0.675 52 12.0 (–14.3 to 43.1) 59 5.8 (–10.4 to 28.2) 0.658
IgM (U/mL) 52 0.3 (–1.1 to 2.6) 59 0.0 (–2.5 to 2.9) 0.741 52 0.0 (–1.6 to 2.8) 59 0.0 (–2.1 to 3.2) 0.953

P values based on Wilcoxon rank sum tests.
Ang-2, angiopoietin-2; CRP, C-reactive protein; Ig, immunoglobulin; IL, interleukin; LDH, lactate dehydrogenase; sTREM-1, soluble triggering receptor expressed on myeloid cells-1.
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regimens for COVID-19, all based on relatively small sample
sizes, evidence was inconsistent [27,36,59–61]. One United
States-based placebo-controlled factorial trial suggested no effect
of daily supplementation with 50 mg zinc for 10 d, with or
without ascorbic acid, on clinical outcomes, including median
days to reach 50% reduction in fever, cough, shortness of breath,
and fatigue; hospitalization; and death [36]. Another
Egypt-based trial suggested no effect of adding zinc (50 mg daily
for 5 d) to a treatment regimen with hydroxychloroquine on
recovery within 28 d, need for mechanical ventilation, or mor-
tality [61]. On the contrary, a study based among inpatients and
outpatients with COVID-19 in Tunisia indicated protective ef-
fects of 15-d supplementation with 25 mg zinc compared with
placebo on mortality, intensive care unit admission, duration of
symptoms, and length of hospital stay [27]. Additionally, a
cluster-randomized trial based in Singapore indicated increased
IgG concentrations and conversion to neutralizing antibody
positivity among men supplemented with zinc (80 mg) and
vitamin C daily for 6 wk compared with those supplemented
with vitamin C only [59]. To our knowledge, ours is the first
study based in South Asia, adding to this evidence base on zinc
supplementation within the context of COVID-19.

An important consideration that may explain our results is the
small sample size of the study. We were unable to reach the
target of 700 participants because of a substantial decline in case
numbers as the study began enrolment – ultimately enrolling just
about 25% of this target. This may, to a certain extent, explain
the lack of effect observed in this study. However, we note that
small sample size was a limitation common to multiple other
identified previous studies above [28,36] – some of which did
observe positive effects of vitamin D and zinc supplementation
on COVID-19 outcomes [27,44–49,59,60]. Additionally, these
studies were based on participants with a range of disease se-
verities, including those with milder symptoms, similar to our
study population [27,44–49,59,60]. Furthermore, at endline,
most participants in the current study had consumed most of the
supplements, with resultant increases in serum vitamin D and
zinc in the supplemented groups. This indicates that other factors
may also at least partly explain the absence of effect observed in
the current study, including the baseline concentrations of
vitamin D and zinc deficiency in our study population and the
dose and duration of supplementation. As noted earlier, most
studies suggesting an effect of vitamin D supplementation were
based specifically on participants with low baseline vitamin D
concentrations and provided higher daily doses of vitamin D to
participants than in the current study, although for shorter pe-
riods of time and with no initial bolus dose [44–48]. On the
contrary, the 2 studies indicating some positive effects of zinc
supplementation were not limited to participants with baseline
zinc deficiency and examined shorter durations of supplemen-
tation with doses that were both higher and lower than in this
study [27,59]. In our post hoc analyses stratifying by baseline
vitamin D concentrations, we generally found no clear evidence
of greater impact of vitamin D supplementation among those
with low (<20 ng/mL) vitamin D status – although notably, we
were extremely limited by small sample sizes. Additional
large-scale studies would be valuable to explore with greater
statistical resolution the possible influence of these factors,
particularly vitamin D and zinc deficiency at baseline, on the
impact of supplementation.
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Important strengths of this study include its randomly
assigned, double-blind design, limiting potential confounding,
and minimizing bias because of the knowledge of supplement
administered. Additionally, the factorial design of the study
enabled the efficient examination of 2 potentially valuable in-
terventions for COVID-19. To our knowledge, this is one of the
first studies examining the effect of vitamin D and zinc supple-
mentation among individuals with COVID-19 in India and,
indeed, South Asia. This is key, given the dearth of population-
specific evidence to inform treatment recommendations in this
region. We measured a comprehensive set of clinical and other
indices, including key inflammatory and immunological bio-
markers, with regular follow-up of participants. Although there
were some participant withdrawals and losses to follow up by
endline, most occurred after the median duration of symptom
resolution, allowing us to assess the primary outcome for most
individuals with these data. Key limitations include the small
sample size of the study, with resultant decreased statistical
power to detect associations, as discussed above. We also did not
account for possible differences in COVID-19 treatments across
groups during the study. On average, endline measurements
occurred later than the targeted 8-wk point and later than the
median observed resolution of symptoms, which may have
limited our ability to capture important effects of supplementa-
tion on relevant biomarkers. Importantly, adjustment for length
of time between baseline and endline did not substantially
change estimates of effect for biomarker outcomes, suggesting
that inferences regarding the effect of supplementation at around
8 wk were robust.

In all, in this study, we observed no effect of vitamin D and
zinc supplementation on time to resolution of key symptoms and
other clinical and related outcomes among individuals with
COVID-19 in India. The results of the current study do not sug-
gest that these supplements would be beneficial to improve
outcomes in this and similar populations. However, given the
small size and specific population of this study, larger-scale ev-
idence, particularly based on populations with specific baseline
characteristics such as baseline vitamin D or zinc deficiency, is
required to corroborate these findings.

In summary, in a randomly assigned factorial trial in a small
population in India, neither vitamin D nor zinc supplementation
appeared to improve COVID-19 treatment outcomes. Large-scale
data are needed to corroborate findings.
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