ORIGINAL RESEARCH

A Pilot of a Randomized Control Trial of Melatonin
and Vitamin C for Mild-to-Moderate COVID-19

Corey Fogleman, MD, FAAFP, Donna Cohen, MD, MSc, Alison Mercier, MD,
Daniel Farrell, MD, Jennifer Rutz, MD, Kellie Bresz, MS, and Tawnya Vernon, MPH

This study aimed to help determine the effect of dietary supplements on symptom course and quality of life in

patients with mild-to-moderate COVID-19 infection.

Design: We modified the Wisconsin Upper Respiratory Symptom Survey (WURSS) to conduct a 3
arm, parallel, randomized, double-blind, placebo-controlled trial, enrolling patients with mild-to-mod-
erate symptoms of COVID-19 infection. Patients took placebo (7 = 34), vitamin C 1000 mg (z = 32), or

melatonin 10 mg (n = 32) orally for 14 days.

Outcomes: Ninety Eight (98 out of 104 recruited; mean age = 52 years) patients completed the study.
Outcomes were calculated as differences from baseline scores on each of 2 WURSS-derived surveys and an-
alyzed using a spline regression analysis. Regarding symptom progression, those patients taking placebo
and vitamin C progressed at the same rate. When compared with those taking placebo (coefficient = -1.09
(95% confidence interval [CI] = -1.39 to -0.8) the group taking melatonin had a faster resolution of symp-
toms (coefficient = -0.63 [95% CI -1.02 to -0.21] P =.003). By day 14 all 3 groups had reached plateau.

Quality-of-life impact analysis demonstrated that the group taking vitamin C improved at the same
rate as the group taking placebo (coefficient = -0.71 (95% CI = -1.11 to -0.3)). The group taking mela-
tonin (coefficient = -1.16 (95% CI = -1.75 to - 0.57) P <.005) had a faster improvement in quality-of-

life. By day 14 all 3 groups had reached plateau.

Conclusion: Vitamin C 1000 mg once daily has no effect on disease progression. Melatonin 10 mg
daily may have a statistically significant effect but it is unclear if this represents a clinically significant
benefit to those with mild-to-moderate symptoms of COVID-19 infection. Further study is warranted. (J

Am Board Fam Med 2022;35:695-707.)
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Introduction

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) emerged in 2019 and has caused an
international pandemic of infection known as corona-
virus disease of 2019 (COVID-19). COVID-19
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infection creates oxidative stress and in severe cases
can cause an exponential cytokine cascade resulting
in cellular dysfunction and ultimately end organ
damage.'! We speculated based on clinical experience
that patients diagnosed with this infection might take
nutritional supplements despite limited evidence to
support their use. Vitamin C (ascorbic acid) and mel-
atonin (N-acetyl-5-methoxytryptamine) have been
suggested as potential therapies to protect against the
acute lung injury and other sequelae characteristic of
COVID-19 infection.”™* These antioxidizing agents
may disrupt the cytokine cascade to prevent further
end organ damage in the setting of acute infection.
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There is inconclusive support for the use of
Vitamin C in the treatment of respiratory disease.
An animal study demonstrated that mice with vita-
min C deficiency have impaired immune response
associated with higher pathologic lung dysfunction
when exposed to influenza HINT1 virus.” Vitamin C
levels decrease in those with acute illness, suggesting
possible benefit in supplementation at the time of
illness.®

While Cochrane reviews have shown consist-
ent benefit of prophylactic vitamin C on the com-
mon cold symptom duration, trials of vitamin
C as therapy once patients have the common
cold are not definitive.”® Regarding its use in
COVID-19 infection, 4 out of 5 patients with
COVID-19 given a combination of antioxidants,
including vitamin C, either orally or by IV subse-
quently had lower inflammatory markers.” A sepa-
rate study of 17 inpatients hospitalized with
COVID-19 treated with intravenous vitamin C
every 8 hours demonstrated decreased inflamma-
tory markers and oxygen demand.'® This data
highlights the need for further controlled trials of
vitamin C as a low-risk intervention for infections
such as COVID-19.

The age-related decline in endogenous melato-
nin production may put older adults at greater risk
of severe COVID-19 infection.!! Furthermore,
melatonin has immunomodulatory effects that may
be beneficial in treating COVID-19 infection; for
example, melatonin inhibits NFkB activation and
NLRP3 inflammasome activation, which are medi-
ators of viral proliferation and survival.>'? Mela-
tonin also reduces oxidative lung injury and inflam-
matory cell recruitment during viral infections."* In
a recent study of 74 hospitalized patients with
COVID-19 infection in Tehran, Iran, subjects
were randomized to standard-of-care versus the
addition of melatonin 3mg 3 times daily for
14 days. There was a shorter time to discharge
(8.15 vs 4.65 days) without significant difference in
intensive care unit (ICU) admissions or 28-day
mortality; there were also lower C-reactive protein
levels in the melatonin group.'* Another open-label
study of 96 patients demonstrated melatonin
improved sleep scores and oxygen levels of ICU
patients with COVID-19."> Melatonin supplemen-
tation is available over the counter in the Uni-
ted States and there is interest in melatonin’s thera-
peutic potential for treatment of those infected with
COVID-19.'"7 Family physicians would like to

know how best to advise patients about use of over
the counter supplements during infection with
COVID-19.

The Wisconsin Upper Respiratory Symptom
Survey (WURSS) is a standardized measure that
has been validated for assessing the symptoms and
impact of upper respiratory disease; it contains
questions elucidating disease course as well as the
effect those symptoms have on the patient’s ability
to perform activities while sick.'®° It should be
noted that modified versions of the WURSS are
not validated; however, we reached out to the lead
author who granted permission to use a modified
version.

Methods
From October 5, 2020, until June 21, 2021, we con-
ducted a three-arm, parallel randomized, double-
blind placebo-controlled trial in Lancaster County,
Pennsylvania. This study received Institutional
Review Board approval at Penn Medicine Lancaster
General Health (PMLGH) and all procedures fol-
lowed were in accordance with the ethical standards
of PMLGH and the Helsinki Declaration of 1975
as revised in 1983. Participants were recruited from
among patients testing positive for COVID-19
using real-time reverse transcriptase polymerase
chain reaction at PMLGH testing sites. Patients
were sent automated e-mails through their elec-
tronic chart portal and invited to enroll via a web-
page describing the study. They were then called by
our research coordinator who further screened their
charts to determine eligibility. (See Figure 1)
Patients were eligible for inclusion in the study if
they met the following criteria: experienced fewer
than 6 days of infection-related symptoms; English
or Spanish speaking; greater than or equal to
40 years of age; ability to use e-mail; and had a pri-
mary care physician within the PMLGH system.
Patients were excluded if they were hospitalized,
incarcerated, or taking melatonin, vitamin C
(greater than 100 mg daily) or warfarin. Patients
were sent the study description electronically
and if interested, were consented over the phone
and through e-mail, allowing the research coor-
dinator to collect digital signatures. Once con-
sented, participant e-mail accounts were set up
to receive automatic REDCap surveys that were
emailed on a daily basis until day 14 and then
again on day 30.
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Sample size was based on current volume of
positive test results in June 2020 in Lancaster
County, Pennsylvania. Before the start of the
study, we conducted a power analysis suggesting
that, if our endpoint was hospitalization and we
hoped to detect a difference of 6.5% between ei-
ther of the treatments arms and the placebo arm,
we would have needed to recruit 151 patients per
arm or a total of 453 patients for an appropriately
powered study.

We did not perform an interim analysis and
stopped our study due to resource limitations—
including inadequate funding and a decreasing
number of patients being diagnosed with COVID-
19 infection in our area—in June 2021.

After enrollment, participants were randomized
to 1 of the 3 groups, to receive a matched encapsu-
lation of either vitamin C 1000mg, melatonin
10mg, or placebo (cornstarch) at bedtime for
14 days. Doses were chosen because they are easily
obtained over-the-counter, and represented rela-
tively little risk to most patients. Once-daily dosing
allowed each patient in the trial to take an identical
looking capsule in an identical way. Randomization
was performed using random number seed to gen-
erate randomization sequence, blocked at 30 for ev-
ery 30 subjects enrolled and randomized, ensuring
there were 10 randomized to each of the 3 groups.
Randomization was uploaded into REDCap and
only visible to the data architect and the pharmacist

Figure 1. CONSORT flow diagram for supplements for COVID-19 study.
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who sent patients their assigned medication.
Participants were blinded to their assigned group
and were not paid for their time. All physicians and
analysts were blinded to the participants’ group
until after data analysis.

Study supplement was mailed on the day of
enrollment. On average, participants began taking
their study drug by day 3 of the study. Participants
completed an initial survey and then daily question-
naires for 14 days—the inidal included background
questions—that contained a survey of both symp-
tom severity and quality-of-life impact. (See
Figures 2 and 3) We determined the time to receive
study medication by including a question on the
daily survey regarding whether the patient had
taken the study supplement in the past 24 hours.

Thus, we were able to monitor which day of the
survey they started taking the study supplement.

The rating scales regarding symptom severity
and quality-of-life impact were modified from the
WURSS and specific to infection with COVID-
19 as determined during early pandemic phase
evaluation and documentation at CDC symptom
tracker.”’®?!  Although no longer validated if
modified, the WURSS has been extensively used
and, starting with some of the early validation/
reliability studies, has been shown to be valid and
reliable. Thus, in May 2020, we added questions
about COVID-19 specific symptoms, including
fever; chills; muscle/body aches; diarrhea; abdom-
inal pain; loss of taste or smell; headache; and lack
of energy. [See Figures 2 and 3]

Figure 2. Initial survey was filled out electronically by participant after establishing REDCap interface and com-
pleted with the research coordinator’s telephone-based assistance to clarify any concerns.

Supplements for COVID 19 Study Initial Survey

Please complete the survey below and press submit when you are done.

Thank you!

What supplements are you taking? Include multivitamins as well as any other prescription or over the
counter/minerals. For each of these, please document the date you began taking it:

If you are on Vitamin C, what dose specifically?

If you are on melatonin, what dose specifically?

Date of symptom onset:

Overall, once you started having symptoms, how sick have you been?

Not sick Very Mild Mild

o] (] o] (0]

Moderate Severe

(0] (o] (0] (0]

For each symptom listed below, please rate from 0 (not at all) to 7 (very severely) how much you

experienced the symptom today:

o

Fever

Chills

Cough

Shortness of Breath

Sore Throat

Muscle/body aches

Diarrhea

Abdominal Pain/nausea/vomiting
Loss of smell or taste

Headache

Lack of Energy
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Figure 2. Continued.

If you answered severe to at least 1 of the symptom questions, please contact your primary care

provider (PCP) to follow up.

For the symptoms above, please rate from 0 (not at all) to 7 (very severely) how much they affected
your ability to do each of the items below in the past 24 hours:

o
[u

Think clearly

Sleep well

Live your personal life
Breathe easily

Work inside the home
Work outside the home
Accomplish daily activities

Interact with others

O O o o o o o o o
O O O o o o o o o

Walk, climb stairs, exercise

2

w
S
[0}
a
~

O O O O o o o o o
O O O o o o o o o
O O O o o o o o o
O O O O O o o o o
O O O O o o o o o
O O O 0O o o o o o

Compared to the rest of the days symptoms | feel like my symptoms today are?

Resolved ¥ery Much better  Somewhat better A little better The same A little worse Somewhat worse

ery much worse

0 (0] (0] (0]

0

Do you have any of the following?

Yes

Diabetes (0]
Asthma or COPD (o]
High blood pressure e}

The symptom section asked patients to rank the
following symptoms on an 8-point scale from 0 (do
not have this symptom) to 7 (greatest symptom severity):
fever, chills, cough, shortness of breath, sore throat,
muscle/body aches, diarrhea, abdominal pain, nau-
sea, vomiting, loss of smell or taste, headache, and
lack of energy. The quality-of-life impact section
asked patients to rank on an 8-point scale the
effect these symptoms had on their quality-of-life
in the following areas from 0 (no impact at all) to 7
(severe impact): think clearly, sleep well, live your
personal life, breathe easily, work inside the
home, work outdoors around the home, accom-
plish daily activities, interact with others, walk,
climb stairs, and exercise. Low scores indicated
that symptoms were minimal or quality of life was
not affected.

Assessment of our data began in July 2021 by
team statisticians at the PMLGH Research Ins-
titute using an intention-to-treat analysis, ana-
lyzing survey data regardless of whether partici-
pants took their study drug. The primary

(0] (0] (0]

endpoint of this study was to determine whether
treatment with Vitamin C or melatonin resulted
in a change in symptom score trajectory over the
course of the study compared with those taking
placebo. A secondary endpoint was to determine
the course of symptom progression in outpa-
tients with COVID-19. (See Table 2-5)

For statistical analysis, the symptom and qual-
ity-of-life scores were totaled per participant and
then regression was calculated as a daily difference
compared with baseline. Thus, on entry to the
study, a participant’s total score was used as base-
line and then each day the difference from that
initial score was calculated. If scores remain
unchanged, then from one day to the next the
graphical representation would be horizontal,
whereas a great change from one day to the next
would be represented as nearing vertical. (See
Figures 2 and 3)

Symptoms and quality-of-life impact scores were
examined separately, using the same method so that
the daily difference in total score for each was
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analyzed using a spline regression analysis. Spline
regression analysis allowed us to break the study pe-
riod into sections based on the inflection points in
the change in scores. This involved dividing the
14day periods into 3 segments that best fit the
curves of the graphs (days 1 to 3, days 3 to 9, and
days 9 to 14). We then compared the slope of each
line segment to determine if there was a difference
in the rate of recovery for each group and compared
this to placebo. This comparison described the dif-
ferences in rate of symptom resolution or quality of
life resolution compared with placebo. A lack of
improvement would thus mean a difference of zero,
and on the graph would be represented as zero
slope or a horizontal line. (See Figures 4 and 5)

We conducted reliability estimates with a stand-
ardized Cronbach’s « for baseline scores, all daily
responses and for each day. These were calculated
for the combined 20 items and for the symptom
and activities subsections (See Table 6). We found
satisfactory reliability estimates for our modified
WURSS for assessment of symptoms of COVID
19 patients.

Changes to Study Protocol

We initially proposed recruiting only patients age 50
and older. Due to concerns about low enrollment,
criteria were expanded in October 2020 to enroll
patients age 40years and older. In January 2021 we
asked participants to fill out an additional daily sur-
vey at the 30-day mark, identical to those completed
on days 2 through fourteen, to determine if they
were still experiencing symptoms. Fifty patients
completed the survey, and the results are included in
Table 2 and 3 but are not part of the regression anal-
ysis. Notably, the predeclared primary and second-
ary endpoints did not change during the course of
the research or during post hoc analysis.

Results

A total of 104 patients were recruited; 6 dropped
out. Of the 6 who withdrew from the study, 2 did
not receive their medication; 1 reported drowsiness
after 1 day; 3 dropped out without giving a reason.
The remaining participants (n = 98) randomized to
the 3 arms (34 received placebo, 32 received vita-
min C and 32 received melatonin) had similar

Figure 3. Daily survey (2 Pages) was sent electronically by REDCap to participant daily from day 2 until day 14

and once again on day 30.

Supplements for COVID-19 Study Daily Survey

Please complete the survey below and press submit when you are done.

Thank you!

How do you feel today?

In the past 24 hours, did you take your prescribed supplements? O Yes O No

Are there any changes in the supplements you are taking? O Yes O No

What changed?

For each symptom listed below, please rate from 0 (not at all) to 7 (very severely) how much you

experienced the symptom today:

Fever [o]
Chills o
Cough (o}
Shortness of Breath (o]
Sore Throat o
Muscle/body aches (o}
Diarrhea o
Abdominal Pain/nausea/vomiting o]
Loss of smell or taste o
Headache o

Lack of Energy o

2 3 4 5 6 7
o (0] [o] (o] o (o]
(o] (o] (o] (o] (o] (o]
o (o] (o] (o] o (0]
o (0] [o] (o] o [o]
o (o] (o] (o] o (o]
o (0] (o] (o] o (0]
(o] (0] (o] (o] o (o]
o (o] (o] (o] o (o]
(o] (0] [o] (o] o (o]
o (o] (o] (o] o (o]
o (0] (o] (o] o (o]

If you answered severe to at least 1 of the symptom questions, please contact your primary care provider (PCP) to follow up
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Figure 3. Continued

For the symptoms above, please rate from 0 (not at all) to 7 (very severely) how much they affected
your ability to do each of the items below in the past 24 hours:

0

Think clearly o]
Sleep well o]
Live your personal life o]
Breathe easily [0}
Work inside the home o
Work outside the home o
Accomplish daily activities o
Interact with others (o]
Walk, climb stairs, exercise o

1

o

o

2 3 4 5 6 7
(o] (o] o o (o} (0]
(o] o] o o (o} (0]
o o o o (o] (0]
(o] (o] o o o o
(o] (o] o o (o} (0]
(o] (o] o o (o} (0]
(o] (o] o o (o} (0]
o o o o (o] (0]
o o o (o] (o] o

Compared with yesterday | feel like my symptoms today are?

Resolved Very Much better ~ Somewhat better A little better

(o] o] o] o]

How many hours did you sleep last night?

The same

Alittle worse Somewhat worse ~ Very much worse

o] (o] (o] 0]

Do you feel that you are experiencing any of the following side effects from the prescribed

supplements?

O Nausea

0O Vomiting

O Heartburn

0 Stomach cramps

O Headache

O Fragmented sleep

0O Confusion

Do you feel these side effects are severe enough to warrant stopping the supplements?

O Yes

ONo

Please call the Research Coordinator to discuss side effects

distribution of age, comorbidities (including diag-
nosis of cancer, diabetes, COPD, asthma, and high
blood pressure), rates of vaccination and rates of
receipt of monoclonal antibody infusion therapy,
which became available in Lancaster in February
2021. Study analysis was by original assigned group,
indicating an intention-to-treat. There were no
deaths, hospitalizations or significant adverse events
among participants in this study. See Table 1.
There were no significant differences between
the 3 groups when comparing baseline survey
scores for symptoms or quality of life (activity).
(see Table 1) There was no significant difference
in first or third segments of the spline regression
—correlating to survey scores from days 1 to 3
and days 9 to 14—in comparison of the change in
total symptom survey and quality of life scores.

(See Tables 4 and 5; Figures 4 and 5) There was
also no difference in second segment symptom score
slope between those participants taking placebo
(coefficient: -1.09; 95% confidence interval (CI):
-1.39 to -0.8) and vitamin C (coefficient: 0.22; 95%
CI: -0.2 to -0.63; P=.3I).

The group taking melatonin, however, had a dif-
ferent second segment slope (coefficient: -0.63;
95% CI: -1.02 to -0.21; P=.003) compared with
the placebo group, demonstrating that during the
second time period, days 3 to 9, patients in the mel-
atonin group began to feel better faster.

Similarly, the quality-of-life impact analysis
demonstrated that compared with the group taking
placebo (coefficient: -0.71; 95% CI: -1.11 to -0.3)
the group taking vitamin C (coefficient: 0.45; 95%
CL: -1.03 to 0.12; P=.12) improved at the same
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rate. However, the group taking melatonin had a
different second segment slope (coefficient: -1.16;
95% CI: -1.75 to - 0.57; P<.00I) compared with
the placebo group, demonstrating that during the
peak of their illness, days 3 to 9, patients in the mela-
tonin group had faster improvement in quality of
life. The changes identified here were between sur-
vey scores on consecutive days of the study, and thus
represent small changes over a brief period of time.
By study day 14, all 3 groups were approaching a
plateau in improvement in both symptoms and qual-
ity of life. (See Figures 4 and 5) The results of the
final survey demonstrate that at 30 days, many partic-
ipants were still experiencing some symptoms. Many
participants’ quality-of-life were still impacted as
well; the 30-day results were similar to results noted
at day 14. [See Tables 2 and 3]. Analysis of raw data

for each of the symptoms and quality of life indices
did not reveal any other notable differences between
the 3 groups.

Notably, we also asked about duration of sleep on
each daily survey. Comparing the patient reported
sleep duration among the groups, we could not
detect any difference between the duradon reported
by patients in the melatonin arm from beginning to
end of study nor between those using melatonin and
those in the vitamin C or placebo arms.

Discussion
In this study, analysis of survey results allowed us to

track daily symptom and quality of life improve-
ment. Change from baseline symptom score and
baseline quality-of-life score indicated improvement,
with a steeper spline regression slope indicating faster

Figure 4. Supplements for COVID-19 symptom score regression analysis.

Symptom Score Regression Analysis:
Difference from Baseline

5

101

Change in Score

-15-

-201

T T T T T T

1 2 3 4 5 6

T T T T T T T T

7 8 9 10 M 12 13 14

Days From Baseline

Placebo — VitC
Melatonin

Symptom Score Regression Analysis: Survey of symptoms included: 1. Fever, 2. Chills, 3. Cough, 4.
Dyspnea, 5. Sore throat, 6. Body aches, 7. Diarrhea, 8. Abdominal pain/nausea 9. Anosmia/ageusia, 10.

Headache 11, Lack of energy

Patients rated symptom severity from O (none) to 7 (severe) on surveys. Baseline scores were calculated
as average total scores on baseline survey. Higher scores on baseline represent more or more severe
symptoms; change from baseline represented hereis with respect to score on the baseline survey,
indicating improvement on daily survey #1, #2, #3 etc.

Placebo change in score on day 1 = (score on daily survey # 1) minus (score on baseline survey).

Placebo change in score on day 2 = (score on daily survey # 2) minus (score on baseline survey)

Placebo change in score on day 3 = (score on daily survey # 3) minus (score on baseline survey) etc.

If scores remain the same on 2 consecutive days, then the change from baseline would be identical and
the graphical representation would be horizontal, whereas a great change from 1 day to the next would
be represented graphically as nearing vertical. Comparison of the slopes suggests different response
rates; that is, if the 3 groups were improving at the same rate, regression lines would be parallel.
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Figure 5. Supplements for COVID-19 quality of life regression analysis.

Quality of Life Score Regression Analysis:
Difference from Baseline
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Melatonin

Quality of Life Regression Analysis: Survey of quality-of-life included: 1. Lack of energy 2. Ability to think

clearly 3. Ability to sleep well 4. Ability to live your personal life 5. Breathe easily 6. Work inside the house

7. Do outdoor (yard) work 8. Accomplish daily activities 9. Interact with others 10. Walk/ climb
stairs/exercise.

Patients rated quality of life impact from 0 (no impact) to 7 (severe) on each survey. Baseline score was
calculated as average total patient score on baseline survey. Higher scores at baseline represent worse
quality of life; change from baseline represented here is with respect to score on the baseline survey,
indicating improvement on daily surveys #1, #2, #3 etc.

Placebo change in score on day 1 = (score on daily survey # 1) minus (score on baseline survey).

Placebo change in score on day 2 = (score on daily survey # 2) minus (score on baseline survey)

Placebo change in score on day 3 = (score on daily survey # 3) minus (score on baseline survey) etc.

If scores remain the same on 2 consecutive days, then the change from baseline would be identical
and the graphical representation would be horizontal, whereas a great change from 1 day to the next
would be represented graphically as nearing vertical. Comparison of the slopes suggests different
response rates; that is, if the 3 groups were improving at the same rate, regression lines would be

parallel.

improvement. Participants taking vitamin C
1000 mg once daily had similar regression pat-
terns to those on placebo, indicating no difference
in improvement rates. On the other hand, partici-
pants taking melatonin 10mg once daily had
faster improvement of symptoms and quality-of-
life scores.

This trial was designed to look for a difference
in the symptom and quality of life course of
COVID 19 patients taking melatonin 10 mg or
vitamin C 1000 mg once daily versus placebo and
to model disease trajectory. While vitamin C
1000 mg once daily appeared to offer no benefit,
we did detect a statistical difference in the course
of those taking melatonin 10 mg once daily. It
remains unclear, however, whether this statistical
difference represents a clinically significant

benefit. Larger, more robust trials should be
conducted to investigate whether melatonin sup-
plementation can ind-eed alter the course of
COVID-19 infection in a clinically meaningful
way. Patients infected with COVID-19 whose
recovery process could be accelerated by safe, ac-
cessible supplements might return to work and
life activities faster and thus meaningful inter-
ventions may have an impact on society as a
whole.

Limitations of this study include the small
number of enrollees (n = 104), which is too small
in most cases to generate adequate power.
Further, there were delays to participants taking
their study drug, because of time lag from date-
of-symptom onset to testing for COVID-19
infection; from testing to knowing results; from
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Table 1. Baseline Demographic Characteristics by Group of All Study Participants

Placebo (n=34) Vitamin C (n=32) Melatonin (n=32) P-Value

Age, median (IQR), years 54 (11) 50(9) 52 (149 0.30
Body mass index (BMI), median (IQR) 33 (12) 32(7) 3109 0.57
Female sex, n (%) 24 (71%) 19 (59%) 21 (66%) 0.63
Diabetes, n (%) 6 (18%) 5 (16%) 5 (16%) 0.97
Asthma or chronic obstructive pulmonary disease, n (%) 8 (24%) 7 (22%) 4 (13%) 0.48
High blood pressure, n (%) 11 (32%) 7 (22%) 7 (22%) 0.53
Smoking, n (%) 4 (12%) 1 (3%) 2 (6%) 0.38
Completed COVID immunization before completing

study, n (%) 0(0%) 1 (3%) 1 (3%) 0.58
Received monoclonal antibody therapy (Bamlanivimab),

before completing study, n (%) 3(9%) 0(0%) 3(9%) 0.21
Enrolled in cancer registry at time of study, n (%) 3(9%) 2 (6%) 4 (13%) 0.69
Days from symptom onset to consent, median (IQR) 42) 42 4 (1) 0.11
Days from consent to taking supplements, median (IQR) 2(0) 2(2) 2(2) 0.92
Median baseline total symptom score (IQR) 18 (18) 24 (17.5) 27 (22) 0.37
Median baseline total activity score (IQR) 13.5 (25) 19.5 (23.5) 27 (19) 0.35

Demographic variables by group. P-values calculated by Kruskal-Wallis for: age, BMI, day ranges, and baseline scores; x? for: sex, di-
abetes, asthma/COPD, high blood pressure, smoking, completed COVID-19 immunization before enrollment, Bamlanivimab, and

cancer registry status.
Abbreviations: IQR, interquartile range.

result to enrollment; and from enrollment to
delivery of study drug. When testing capacity
improved over the course of the study period,
delays improved as well. While the majority of
participants were taking their study drug by the
third day after enrollment, that may have been
up to 7 days into illness course. A delay from di-
agnosis to treatment has been shown to minimize
any positive effect of treatment.®'®!” Nevert-
heless, the concept of this study is generalizable
because many patients do not present for evalua-
tion on the first day of symptoms and there may
be a lag time while accessing and awaiting labo-
ratory test results.

The strengths of this study include accessibility
of our surveys, in English and Spanish, and to those
isolated in their homes. There was a very low drop-
out rate (6%) and ultimately 76% (75/98) of

remaining participants completed at least 10 sur-
veys. This study has a robust design of randomized,
double-blind, placebo-matched control trial.

Conclusion

We describe the use of a modified WURSS scale to
measure outcomes of treatment targeting patients
with COVID-19 infection. This analysis suggests
the need for further validation and reliability study
as a modified version would be useful in future
studies in patients with mild-to-moderate viral-
COVID-19 infections.

Vitamin C has long been touted as a potential
remedy for various viral illnesses, yet a recent trial
of vitamin-C (8000 mg) and zinc gluconate supple-
mentation, either alone or in combination in outpa-
tients with COVID-19 infection in Ohio and

Table 2. Average Symptom Score for Participants per Group on Representative Days

Baseline Day 3 Day 9 Day 14 Day 30
Placebo (SD) 2224 (14.21) 13.70 (9.16) 5.42 (6.69) 3.38 (4.09) 221(3.57)
Vitamin C (SD) 2459 (11.81) 12.86 (8.67) 7.00 (5.71) 4.42 (4.48) 3.87 (9.72)
Melatonin (SD) 26.38 (14.97) 18.40 (13.52) 6.05 (6.76) 4.59 (8.40) 4.09 (6.07)

Note: Higher scores indicate more or more severe total symptoms.
Abbreviations: SD, standard deviation.
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Table 3. Average Quality-of-Life Score for Participants per Group on Representative Days

Baseline Day 3 Day 9 Day 14 Day 30
Placebo (SD) 18.62 (16.11) 12.07 (12.59) 5.35 (9.67) 4.00 (8.57) 3.79 (8.23)
Vitamin C (SD) 21.41 (14.52) 13.83 (12.22) 6.84 (8.09) 6.04 (8.11) 6.40 (14.39)
Melatonin (SD) 23.53 (14.92) 20.96 (16.14) 8.05 (12.61) 5.00 (11.48) 2.55 (4.20)

Note: Higher scores indicate more or more severe total symptoms.
Abbreviations: SD, standard deviation.

Florida failed to show a difference in mean time to
achieve a 50% reduction in symptoms.”? Subjects
in that study were reportedly enrolled within 1 to 2
days of testing positive although the duration of
symptoms before enrollment was not analyzed;
there was no placebo control; and there was no
quality-of-life impact analysis.”? In another study,
inpatient analysis of high dose intravenous vitamin
C (6g/24 hours) added to standard of lopinavir/rito-
navir and hydroxychloroquine in hospitalized
COVID-19 patients demonstrated no benefit with
regard to outcomes of length of hospital stay,
length of ICU stay, oxygen demand or mortality
compared with standard care alone.”’ Finally a
meta-analysis of 6 studies (n = 572 patients)
revealed that Vitamin C, when given orally or intra-
venously, does not improve mortality, ICU length
of stay, hospital length of stay, or need for mechani-
cal ventilation.”

Our study is the first of which we are aware
to describe testing melatonin in ambulatory

patients with COVID-19 infection, although ret-
rospective analyses have suggested that patients
who take melatonin supplement are at decreased
risk for manifesting symptoms of COVID-19
and have decreased mortality risk if they do con-
tract the infection.””?® Although we had
hypothesized that any effect melatonin might
have on potential outcomes would be secondary
to the amount of sleep those using melatonin
experienced, post hoc analysis revealed there was
no difference between the average reported sleep
duration of those in the melatonin arm compared
with sleep reported by those in the other
two arms. Thus, melatonin’s impact on disease
course may be related to its immunomodulatory
and antioxidant effects."”> We suggest further
larger scale investigation to determine reprodu-
cibility and elucidate whether melatonin can
truly hasten recovery and return to activity, as
there is a clinically significant role for treatments
for those with mild-to- moderate COVID-19

Table 4. Symptom Score Spline Regression Analysis Slope Coefficients

Coefficient Std. Err. P-Value 95% Interval

First segment slope spline (days 1 to 3)

Referent Group (Placebo) —2.86 0.55 <0.001 (—3.93, -1.79)

Vitamin C 1.11 0.76 0.14 (—0.37,2.6)

Melatonin 1.23 0.77 0.11 (—0.29,2.74)
Second segment slope spline (days 3 to 9)

Referent Group (Placebo) -1.09 0.15 <0.001 (—1.39, —0.8)

Vitamin C 0.22 0.21 0.31 (—0.2,0.63)

Melatonin —0.63 0.22 0.003 (—1.06, —0.21)
Third segment slope spline (days 9 to 14)

Referent Group (Placebo) —0.08 0.19 0.69 (—0.46, 0.3)

Vitamin C 048 027 0.08 (~1.01, 0.05)

Melatonin —0.04 0.28 0.88 (—0.6,0.51)

Note: these slope coefficients represent change over a very short period of time, ie 3-4 days.

Correlates with Figure 2.
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Table 5. Quality-of-Life Score Spline Regression Analysis Slope Coefficients

Coefficient Std. Err. P-Value 95% Interval

First segment slope spline (days 1 to 3)

Referent Group (Placebo) -3.31 0.76 <0.001 (—4.79, —1.82)

Vitamin C 1.28 1.05 0.22 (—0.78, 3.33)

Melatonin 2.23 1.07 0.04 0.13,4.34)
Second segment slope spline (days 3 to 9)

Referent Group (Placebo) —0.71 0.21 0.001 (—1.11, —0.3)

Vitamin C —0.45 0.29 0.12 (—1.03,0.12)

Melatonin —1.16 0.30 <0.001 (=1.75, -0.57)
Third segment slope spline (days 9 to 13)

Referent Group (Placebo) —0.23 0.27 0.39 (—0.76, 0.3)

Vitamin C —0.02 0.38 0.96 (—=0.76, 0.72)

Melatonin —0.23 0.39 0.56 (—1,0.549)

Note: these slope coefficients represent change over a very short period of time, ie 3-4 days.

Correlates with Figure 3.

infection. Further, it would be valuable to deter-
mine whether melatonin may have any impact on
so called “long haul syndrome.”

It is now apparent that the pandemic and infec-
tion with COVID-19 will challenge us for the
foreseeable future. Trials conducted with a
WURSS or modified WURSS scale—including
studies of low risk, accessible options—may prove
valuable as we try to help patients overcome their
illnesses and return to routine household, work,
and school activities. Over-the-counter supple-
ments such as vitamin C and melatonin are rela-
tively safe, accessible and affordable; knowledge
about their utility will aid primary care providers
as they advise patients. Primary care providers
will continue to need treatment options for first
time and break-through infections; thus, we urge
continued study to clarify the role these supple-
ments may play, if any, in the care of patients with
COVID-19.

Jessica Mace, PharmD with Penn/Lancaster General Health in
Lancaster PA; Pharmacist assisted with study, provided essential
materials was not paid. Kelly Fogleman, MPT with Penn/Lancaster
General Health in Lancaster PA, Volunteer assisted with study,
conducted research (hands-on conduct of the experiments and data
collection) was not paid, Peter Rippberger, DO with Penn/
Lancaster General Health in Lancaster PA, Volunteer assisted with
study, conducted research (hands-on conduct of the experiments
and data collection) was not paid., Michael Horst, PhD with Penn/
Lancaster General Health in Lancaster PA Consultant and advisor,
was not paid, Brian Young, MD with Penn/Lancaster General
Health in Lancaster PA Consultant and advisor, was not paid.

To see this article online, please go to: bttp://jabfm.org/content/
33/5/695 full.
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