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Abstract: With the advent of COVID-19, the attitude of health authorities around the world, led
mainly by the West, demanded a level of proof as evidence for cheap, non-patented remedies while
promoting expensive, patented, and untested remedies by using emergency use authorization and
special provisions afforded to the status of a pandemic emergency. Western science has neither a
tested nor a valid historical basis of a logical system that informs to authenticate scientific practices.
Here we use a logical heuristic derived from ancient Buddhist logic, which is consistent with the
conduct of modern science. We applied the heuristic to show that enough evidence was available
for using cost-effective early therapies such as vitamin D supplementation as a public health
measure during the first half of 2020. Strong supporting evidence has since accumulated. Apart
from political and financial decisions incompatible with science and other conflicts of interest, a
critical barrier to evaluating and approving early therapies appears to be the fallacy that the
randomized controlled trial (RCT) is the superior proof method in medical hypotheses, including
those for nutrients. Logically, no reason exists why properly designed retrospective, ecological, and
naturalistic studies with adequate sample sizes and applied appropriate statistical methods would
not be as valid as RCTs, especially when elucidating a causative factor instead of treatment. That
assertion is particularly true for nutrient deficiencies, interventions, and other cost-effective
therapies. Leading health authorities’ failure or refusal to consider other study types (because of
either poor logic or vested interest) probably contributed to the spread of misinformation,
symptomatic disease, complications, and deaths from COVID-19. Partial immunity derived from
vaccines and the later development of more contagious variants—and thus a sense of acceptance
that SARS-CoV-2 had progressed from a pandemic to an endemic—shows the hollowness of the
initial promotions and mandates of vaccines as a cure. Adequate knowledge was available in 2020
to advise that SARS-CoV-2 will continue to mutate, with variants emerging a few times per year,
making the vaccine less effective. Emerging evidence confirms that natural immunity better
protects against new variants than vaccination against the spike protein. Had vitamin D been
adopted as part of the public health measure through a broader supplementation program in 2020
or even today (through sun exposure or as a prophylactic or adjunct therapy early on), the viral
spread and symptomatic disease may have been suppressed, with minimal lockdowns and
quarantine, and economic harm. The pandemic could have been halted with a significantly
reduced need for hospitalization, complications, and deaths, potentially saving millions of lives.

Keywords: 25-hydroxyvitamin D; 25(OH)D; 1,25(0H):D; immunity; pandemic; SARS-CoV-2;
logic; cost-benefit; ivermectin; randomized-controlled trial; RCT; epidemiological studies;
vitamin D

1. Introduction

Within months of the onset of the COVID-19 pandemic, several Western health
authorities advised against using masks [1], recommended hydroxychloroquine (HCQ)
[2,3], and discounted vitamin D supplementation’s potential advantage as a defense
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against the virus [4,5]. This is despite the predicted major benefits of vitamin D
sufficiency in controlling SARS-CoV-2 from February 2020 [6].

The common buzzwords used against and to discredit those economic, early
intervention measures have been either alleged lack of evidence, RCTs, or potential
(unknown) harm. Such responses had a chilling effect on free experimentation using
available knowledge and approved medications for other purposes (i.e., repurpose
agents). Some publications may have been suppressed, and others were forced to
withdraw [7]. The catchphrase “lack of evidence” implicitly pointed to the belief that
randomized controlled trials (RCTs) are the only acceptable standard of proof that a
remedy was effective.

The situation was exacerbated by the development of vaccines against the
SARS-CoV-2 virus. Western countries, media, and drug companies took center stage, a
practice that continues. Special dispensation was given to the development and approval
of vaccines under emergency use authorization (EUA)—a fast track for relatively new or
experimental methods such as mRNA vaccines and new antiviral agents—while
denigrating programs that pursued effective generic agents and vaccines. The critique of
the latter may have been justified if not for the uncritical acceptance of the former, for
which “lack of evidence” appeared not to apply. In the best-case scenario, the latter had
only one or two RCTs per agent with biased data analyses.

Events after those decisions have shown the limitations of dependency on
technology, biased decisions, and conflicts of interest, resulting in the failure to control
the pandemic. Such contradictions between statements and results indicate significant
underlying logical problems with the call for evidence (when empirical evidence already
existed) among medical luminaries. They demand not evidence but some proof, an
inference made without empirical evidence that could be susceptible to subjective bias.

1.1. Evidence versus Proof

The COVID-19 pandemic and health authorities” initial responses led to many writeups,
including newspaper articles [8] pointing out their poor logic (a justified challenge to the
credibility of mainstream medicine). Thus, even laypeople could see early on the
contradictions in the mindset of health administrators (particularly their attempts to
manipulate outcomes and take refuge in evidence). Evidence and proof have different
meanings, the former being empirical and the latter a logical conclusion. In science today,
concepts such as “necessary and sufficient,” exclusion of confounding factors,
generalizability, repeatability, and convergence in seeking evidence to support or refute
scientific hypotheses are taken for granted. However, the origins of those concepts and
the support for their use, from a logical perspective, are not evident in the Western
history of science, despite the belief that Francis Bacon initiated it in 1620 CE [9].

Bacon [10] was the first European to advocate for the inductive method—the
importance of empirical data before inference. However, no evidence indicates that he
used that method to develop any logical system. He developed the idea of lists and
columns to test causation, allegedly giving rise to the experimental method. Kant,
Popper, and later European philosophers placed logic or deduction ahead of empirical
observations. Kant was explicitly influenced by the religious dogma of the day, whereas
Popper’s appeal to the logical refutability of experiments was more subtle [11,12].

By contrast, 2000 years before, Payasi Sutta of the Buddhist Canon (using metaphor)
described experimentation, indicating that the knowledge of the experimental method
was familiar to the people of ancient India (herein referred to as Indians) [11]. That
tradition involves evidence of the evolution of logic, mathematics, and scientific
innovation congruently over a long period.

Thousands of years before the common era, the ancient Indian tradition of science
and logic expected that one must always start with an empirical fact before making any
deduction. A deduction without empirical fact is necessarily invalid. Further, Indian
schools of thought considered other forms of knowledge, such as analogy and authority:
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however, Buddhist scholars rejected both as redundant. Buddhist preachers and
philosophers confined themselves to the empirical (e.g., cause-and-effect), and deduction
was taken in sequence as the appropriate procedure to validate knowledge.

Thus, a pre-Buddhist theory of knowledge was established before the emergence of
the Buddhists, 2500 years ago. The evidence of the philosophy of science of the era from
600 BCE can be gleaned from many Buddhist texts, which show the evolution of a series of
ideas of Indian and Asian origin. Three concepts developed in Buddhist literature and
discourse from the sixth-century BCE to the sixth-century CE. The ideas arise from a
paradigm that logically parallels (empirical) practices of ancient Indian and modern
science. We show those putative logical connections to scientific practice below.

1.2. The Three Logical Methods for Making Inferences
1.2.1. Catuskoti

Figure 1 (I) shows the nature of the fourfold logical system that gradually evolved
in India in the second to first-millennium BCE, starting from a basic binary logic of
excluded middle to the form shown in Table 1 by the sixth-century BCE [Catuskoti (te-
tralemma) that Buddhist literature].

Both A A
&B (Not B)

Not A Neither
(B) A norB

Figure 1. (I) The tabular form of Catuskoti (tetralemma) in Buddhist literature takes the form of the
options A, not A (here depicted as B), both A and not A, and neither A nor not A. Here, B, identified
as not A, is not the same as the not A in Boolean (binary) logic, which would be all things that are
not A. However, B here means either the absence of A or the presence of something other than A,
which is either opposite or complementary (thus, items in cell B are limited). In contrast, the
universe of other possibilities is in the lower right cell (equivalent to the blue section D in the
diagram). (II) Diagram of Catuskoti: A, B (not A), C (both A and not A represented by the capsule
containing A and B), D (neither A nor not A). A and B form an exclusive OR (X-OR) relationship. In
contrast, C and D form its logical complement (X-NOR), as shown in tables 1 and 2 (figure 1(II)
adapted from [13,14]).

This is the classic Buddhist tetralemma, probably developed by the time of
Siddhartha Gautama, codified as Catuskoti by Nagarjuna (~150-250 CE) [15,16]. It
provides examples, particularly in Brahmajala Sutta [15,16]. That form of logic is applied
to any phenomenon, whether for a dichotomy (A and not A) or alternatives (A and B and
neither A nor B): Such is considered a mutually exclusive and exhaustive set [13,14,16,17].

Table 1. XOR error-correcting gate showing the equivalent of A or not A (B) but not both in
Catuskoti. Here, vitamin D deficiency is “A” and other confounders are promoted from part D in
figurel(II) to part B to test whether they lead to low immunity without vitamin D; either vitamin D
deficiency or the confounder but not both should lead to low immunity, A@B = 1). Here, A®B is
the symbol for XOR (exclusive OR).

A B A®B
0 0 0
1 0 1
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Table 2. XNOR error-correcting gate showing the equivalent of both A and not A (B) or neither A
nor not A in Catuskoti. Here, A is SARS-CoV-2 load and B is innate immunity (inputs), and A=B =
1 gives a true output = 1 of susceptibility to COVID-19. In the example of vitamin D deficiency
tested against other confounders (A = B = 0), those correlated with SARS-COV-2 as having an
impact on susceptibility could be promoted to XOR to test against vitamin D as a cause of low
immunity (output in the above XOR table). Thus, the potential exists to model a quantum machine
learning paradigm with a theoretical capacity to simulate scientific hypothesis testing, given that
XOR and XNOR are complementary and could be suitable as orthogonal axes for a vector space.

A B ~( A®B)
0 0 1
1 0 0
0 1 0
1 1 1

1.2.2. Dignaga’s Identity (Correlation) versus Causation

Later, India’s sixth-century Buddhist logician Dignaga (480-550 CE) derived a mutually
exclusive, exhaustive set of logical relations regarding “cause and effect” relationships.
The proof was provided by Dharmakirti in Nyaya Bindu Tika (seventh-century CE) [15].
It was developed to analyze empirical knowledge logically.

In that logical system, in contrast to Catuskoti (which was logically related to the
existence of phenomena and their error-free identification), the logic used was a
separation of phenomena and their relationships, considering that such associations
occur according to three conditions:

1. At a given instant, the relationship here could only be between similar phenomena
classified as logically the same by convention, known as identity (cf. Aristotelian
categories and quantum entanglement).

2. A relationship between different phenomena at different instants is defined as cau-
sation.

3. Negation—either classification of objects by identity is false, or an inferred causative
relationship is false—and both could not be true at any instant [15].

1.2.3. Indian Form of Logical Inference

As shown earlier, the Catuskoti logic for assertions about the existence of phenomena
and the Dignaga trilemma of relations form a system of logic in which necessary and
sufficient (universal) assertions could be made based on (inductive) observations.
Buddhist inference for oneself (based on earlier Indian systems) also involved the
following approach concerning premises in an assertion: its necessary —

1. presence in the subject of the inference (the quality, or phenomenon A),

2. presence in similar instances (generalizability), and

3. absence in dissimilar instances [15].

The preceding rules for inference are based on empirical observation first, thus
compatible with (empirical) science.

Those three logical approaches —Catuskoti, followed by Dignaga’s trilemma and the
Indian approach to inference—form a logical algorithm (or heuristic) that could guide
scientific practice, as shown in Figure 2. Those logical templates could serve as a link
between logic and examination of the validity of empirical hypotheses as follows:

Catuskoti permits iterated examination of multiple possibilities or alternate
explanations compared to a primary hypothesis. The primary hypothesis is binary (A or
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not A). However, the complementary logic (A and not A or neither A nor not A) helps
examine alternative hypotheses: an important part of modern science. The last logical
assertion, neither A nor not A, means that entirely different phenomena of confounding
factors may exist that need to be considered.

Logically, the perfect examination of confounding factors would involve the
universe of all possibilities. In practice, scientists choose from the most likely
confounders. Catuskoti permits a further extension by examining the relationship of
confounders to the primary factor. So, any member of the confounders could be
promoted to A and other members promoted to not A, generating a hypothesis that
evaluates the relative contribution of each to an outcome. For example, the mathematical
equivalent of such logic would be multiple regression analysis or decision trees.

1.3. Elaborations on Logical Methods

Elaborating on the question of factors leading to susceptibility to COVID-19 (the disease,
not the cause), one would see that immediate causes are both SARS-CoV-2 infectious
(viral)load (A) and overwhelmed (or weakened) immune system (B), whereas many
other possibilities would need to be relegated to “other factors” in part D (Figure 1-1I). As
part of a further iteration, vitamin D deficiency could be considered an immediate cause
of low immunity (part A), whereas all other susceptibilities could be promoted (from part
D to part B) to consider whether they lead to low immunity without vitamin D. The
concept is further clarified using equivalent logic gates in Tables 1 and 2.

Dignaga’s trilemma offers the concepts of categorical (identity) and cause-and-effect
relations as well as space and time constructs for modeling explanations, thus serving as
a logical basis for the construct validity of a hypothesis. One could explore various
hypotheses, including those designed to explore a question about categories (e.g.,
nomenclature) or a causal question. That approach covers the universe of possibilities in
empirical science in space and time. Any developed construct or an explanatory model
must be based on those constructs. Applying Dignaga’s trilemma ensures that such
scientific hypotheses are well grounded in an empirical base.

The inference for self gives the opportunity to logically construct an experiment in
which one assesses the index hypothesis against the alternative (e.g., null hypothesis).
Doing so provides the logical basis for the internal validity of a putative hypothesis, and
its relationship to statistical testing is clarified below. Thus, the three logical constructs
create an underlying cognitive base for designing experiments and analyzing results and
are a form of error correction against any bias that may otherwise creep in.
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CATUSKOTI
(Iterated logical decisions
about classification of
phenomena and their
validity in the universe of
possibhilities)

DIGNAGA’S TRILEMMA
Causal & Identity relations

(universal interpretation of
observed and inferred
phenomena)

External validity
(consider all
possibilities to rule
out generalize)

Necessary
and sufficient

conditions

Construct validity

(Models based on

empirical
observation)

Specific to

general
conclusion
Internal validity
(testing the
hypotheses)

Buddhist/ Vaisesika
Inference
(logical basis for
experimental testing by
separating confounders)

Figure 2. Cascade or flow diagram form of Buddhist logical systems with Catuskoti (iterated
classification of phenomena) and Dignaga’s trilemma (causal and identity relations with negation),
which are used in sequence to develop a model of necessary and sufficient conditions. That step is
followed by a binary inference (logical base for experimental testing—the A and B in Catuskoti) to
guide validation and generalizability. Although the logical systems appear to precede empirical
application here: in reality, the logical conclusions are based on previous empirical findings. The
logic here is used mainly as an error-correcting mechanism.

1.4.3. Relationship of the Preceding Logical Algorithm to Mathematics (Statistical Tests)

Whereas the described logical systems offer necessary templates for gross error
correction, more precise endeavors (for example, engineering and science, such as
navigation and astronomy) would demand more precise error correction involving
mathematical techniques. Developments in trigonometry and calculus from the 6th to
16th Centuries CE in India are examples of using mathematics to increase the precision of
error correction beyond logic [12,18]. Methods in statistics can be outlined analogously to
the three logical systems.

First, statistical tests are generally applied to constructs that logically pose a binary
problem (i.e., either A or not A, excluding the middle). Dignaga’s trilemma and
“inference for self” pose such questions. Regarding Dignaga’s trilemma, which deals
with the complementary realities of either correlation or causation, correlation
coefficients provide initial statistical validation for a correlation. However, according to
Dignaga, correlation means a form of classification under one identity and is antithetical
to causation. Statistical correlation is not that clear. If a correlation is found, it could be
due to identity or causal relation. The commonly used aphorism “correlation is not
causation” exemplifies that ambiguity.

For two given temporally separated correlated variables, an excellent logical case
can then be made that a causal relationship exists. The objection would, however, be
raised that an intervening variable is present, which is the actual cause. Even so, the
earlier variable would have a causal relationship even if it is not the most proximal. For
the alternative of identity where one is looking for differences or similarities (of group
membership), either standard statistics of difference between means or more complex
methods such as cluster analysis could be used.

To deal with the issue of intervening confounders, one could use multiple regression
analysis, which assesses the strengths of correlation of each of several putative causes
while accounting for all others. Those statistical methods depend on the investigators’
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having already logically identified confounding factors and a temporal relationship [19].
For statistics using machine learning, in which the computer algorithm makes decisions
about the choice of variables and their temporal relationships, Markov chains or
processes can be used [20].

Concerning inference for self, again using binary logic, the statistical alternative
usually involves reducing bias and variance between members of the same group and
enhancing the variance between (usually) two populations. Examples are the Student
t-test (for parametric data) and the chi-square test (for nonparametric data) or analysis of
variance (sometimes using multivariate analysis) for more complex situations. Similar
statistics also could be used to explore group differences for questions concerning
identity (classification).

1.5. Catuskoti, Data Science, and Statistics

Catuskoti is the logic least susceptible to algorithmic treatment for statistical processes
and requires logical iterating through multiple confounding variables. However,
machine learning can use algorithms that deal with multiple variables and generate
principal components. This statistical analysis aims to reduce bias (the equivalent of error
or deviation from a population norm) and variance, which involves reducing the number
of variables by leaving out highly correlated confounding variables.

The problem with the latter is that those essential variables may be disregarded in
an analysis. In a later example, vitamin D is considered the proximal causal variable for
reduced passive immunity and is the outcome of several other factors, which are
confounded as risk factors for COVID-19. If one is unaware of this and applies the
algorithm uncritically, vitamin D’s importance may be diluted by the statistical
technique. Thus, using Catuskoti logic, the investigator may already be able to use
external knowledge of basic science to realize vitamin D as an essential variable. Besides,
machine learning may have some remedies for missing important data [21]. Room may
be available to develop the data science further so that Catuskoti logic could be
incorporated into an algorithm.

A decision tree model is one possible strategy for incorporating Catuskoti logic into
statistics and scientific data. One example is a random forest [22] with confounding
variables as features to allow deriving a variable that may be the candidate variable to be
tested in a hypothesis (that uses the logic of the excluded middle or Exclusive-OR).
Decision trees make binary decisions and would be the equivalent of iterating through
confounding factors in pairs. The method can be used for both categorical and numerical
dependent variables. Further discussion is beyond this article’s scope. However, decision
trees are methods of validation in hypothesis testing and would be congruent with the
nature of Catuskoti, which provides logical validity to conclusions of a hypothesis
(elaborated later).

Considering the evident inclusion of XOR and XNOR logic within Catuskoti, a room
may be available for using that logic to develop new neural network models. Neural
networks use the nonlinear logistic function as the statistical procedure, which induces
binary decisions in the network. It tries to simulate cortical function in terms of building
the identity of a perceived item from simple categories into more complex formations
[23]. The advent of the deep learning model in neural networks added another
dimension, backpropagation, along with a mathematical concept, gradient descent
involving derivatives [24]. Deep learning methods inherently improved algorithms in
many modern processes, such as visual object recognition, speech recognition, complex
problem solving, drug discovery, and genomics.

Deep learning discovers intricate structures in large data sets using the
backpropagation algorithm [24], which is crucial for data analysis of evolving complex
subjects such as new and repurposed agents for COVID-19 and their clinical outcomes.
As indicated earlier, the origin of the calculus (infinite series) originally involved error
correction. Deep learning then brings together three additional forms of error correction:
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binary logic, statistics, and calculus. Deep learning paradigms have been applied to the
COVID-19 pandemic, but cost-effective early interventions such as vitamin D,
ivermectin, and others have not been examined [25]. Particularly important when the
dose-responses are nonlinear, as with nutrients, such as vitamin D.

Meanwhile, reasons exist to consider the mammalian cortex as representing dual or
complementary functions in the left and right hemispheres [26]. Theoretically, one can
use the dual logic gates of XOR and XNOR as analogies of left and right hemi-cortical
functions and thus a suitable model for neural networks. Recursive loops between an
XOR-based and an XNOR-based neural network may then obviate backpropagation but
solve the challenge of the neural network purely as a forward propagation system.
Gradient descent may still be used during the recursion between the two logic systems.
We will show that Catuskoti logic functions as a pattern recognition error-correcting
system, which is what neural networks do.

The connection between underlying logic and statistical precision can be developed,
thus creating a chain of connection between empirical facts and stages of inference. That
approach would increase precision in error correction, leading to conclusions, the
validity of which is measurable (e.g., using statistical parameters). The difficulties with
the practice of modern (Western) science are that its roots involve assumptions of
universal truths (ignoring inevitable uncertainty in empirical observations) and
adherence to deterministic models of reality, which rely on continuity (see below).

1.6. Potential Errors in the Model of Determinism and Assumption of Universal Truths

Even if we accept that we live in a contingent empirical world, by using correct logic, we
can still conduct experiments allowing us to glimpse the underlying reality. Doing so is
impossible in the epistemology of determinism, which makes free will and empirical
experiments irrelevant [12,18]. Unfortunately, in addition to determinism, the European
logic of placing presumed universal truths above empirical observations (in the form of
laws of nature) persisted beyond European Enlightenment [12,18].

Universal truths cannot be established in the empirical realm. Instead, the
mechanism used is the probability (or internal validity by reducing error and enhancing
covariance) of a cause-and-effect relationship determined through statistics (avoiding
type I error of rejecting the null hypothesis by chance and type II error of failing to reject
the null hypothesis owing to inadequate power). Although the most detailed statistics are
necessary when the effect size is large, and if strict experimental controls could be met,
such luxury is not available often (in emergencies, such as in a rapidly spreading
pandemic).

Nevertheless, appropriate statistical methods have been developed to measure the
likelihood of cause-and-effect findings in naturalistic settings. Inferential statistics, such
as multiple regression analysis, could infer causal relationships, even in retrospective
analyses with multiple correlations. Such statistical tests (null hypothesis) of
experimental hypotheses are not performed in a vacuum. The results must be interpreted
in the context of other scientific evidence.

1.7. Statistical Paradigms and Evidence-Based Medicine

According to the paradigm of evidence-based medicine (EBM), the designs and methods
used in naturalistic settings are considered inferior to those of RCTs only by convention
[27]. In practice, scientists seek repeatable and converging evidence (from different
perspectives) of a cause-and-effect relationship (external validity by generalizability).
The specter of determinism coupled with the idea of universal truths may have
inadvertently corrupted EBM as its proponents unconsciously fell for the idea that
absolute precision (determinism) or a close analogy (here, RCTs) is equated with the best
evidence.

Further, if an independent explanatory model based on other independent
experiments or studies (providing construct validity) exists, the forms of the validation
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described so far form a sort of proof in that overall validity can be inferred through
convergent validation (That precise measurement based on a deduction devoid of
empirical context is not necessarily valid. Here validity is derived from the empirical
context and the context of scientific knowledge already available. If such a connection is
absent or tenuous, the deduction should be suspect with a statistical precision of little
value.)

One could ignore the fallacy of RCTs’ being superior by remembering that no
perfect universal truth is ever “proved” in science. RCTs are idealized experiments
(assuming optimized study designs) and afford a degree of certainty, but not to the
extent of a controlled physical or biological experiment. RCTs do not purvey universal
truths. The algorithm proposed above, using Buddhist logic, serves as a logical template
(for cognitive error correction) and statistical methods to guide decisions regarding such
results. That assertion is illustrated concerning the relation between COVID-19 and
vitamin D levels. For brevity, this algorithm is referred to as the Nalanda paradigm in
honor of Dignaga, who resided at the Nalanda university in India.

2. Vitamin D Deficiency as an Explanation for Susceptibility to COVID-19: A Base
for Logical Analysis

We first considered the costs of supplementation with vitamin D (converted into a
powerful and essential compound, calcitriol, generated within cells in the body). While
this sets the stage for considering questions regarding its efficacy for prophylaxis and
acute treatment, mechanisms and locations for generating calcitriol must be considered.
The overwhelming quantity of circulating calcitriol is generated within proximal renal
tubular cells that are crucial for musculoskeletal activities and calcium/magnesium
metabolism [28,29]. However, this picomolar calcitriol concentration in the circulation is
insufficient to enter extra-renal target cells. Therefore, most non-musculoskeletal
functions, as with autocrine and paracrine signaling of immune cells, are driven by a
three-orders of the magnitude of calcitriol concentration generated within these cells
[30,31].

When calculating the costs of any intervention, it must include the economic cost
(cost of intervention/ of a drug or a nutrient), opportunity costs, and cost of investigations
and managing adverse effects. Vitamin D has been proven safe, even at high doses of
15,000 IU/day [32,33] (and is economical, costing less than $8/person/year) [34]. Thus, the
costs associated with vitamin D supplementation are exceedingly low. In considering
vitamin D’s potential benefits, we discuss the following citations, which examine the
impact of its deficiency on COVID-19. For comprehensive and critical reviews of the
relationship of vitamin D to COVID-19 [35,36].

2.1. Vitamin D and COVID-19: Review of Crucial Papers Published in 2020
2.2.1. Inductive Evidence

This section outlines the evidence for the relationship between vitamin D deficiency and
COVID-19 susceptibility in the first half of 2020. If approached logically, the evidence
would have shown that vitamin D supplementation is an essential public health measure
in the fight against COVID-19. Early in 2020, a postulate was made based on inductive
observation (descriptive statistics). That postulate considered the gradation of incidence,
morbidity, and mortality associated with COVID-19 according to latitude, season, and
age.

People with darker skin living in temperate climatic regions—in higher
latitudes—experienced significantly increased morbidity and mortality from COVID-19.
The common factor is a higher percentage of people with severe vitamin D deficiency
[6,37]. Based on these observations alone, recommendations should have been made in
2020 for enhanced vitamin D supplementation (to attain vitamin D sufficiency in
communities) as an effective preventive strategy [32].
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2.2.2. Deductive Evidence and Generalizability

After the preceding inductive observation, several retrospective studies further evaluated
the hypothesis of vitamin D deficiency and COVID-19 using (deductive) inference. They
showed similar evidence, although the assignment of groups according to vitamin D
level may have biased the results. While many researchers considered serum 25(OH)D
concentrations of either 20 or 30 ng/L as sufficient [38], others considered either 40 or 50
ng/mL as the minimum serum concentration needed to overcome SARS-CoV-2 infection
[36,39-43].

Because of the mentioned diversity, combining those mentioned above two diverse
groups of clinical studies in meta-analyses, not surprisingly, would not provide a robust
conclusion of the benefits of vitamin D supplementation for COVID-19. Therefore, when
designing meta-analyses, individual studies with proper study designs, especially the
cut-off limits of measured serum 25(OH)D used for vitamin D adequacy (classification of
vitamin D), must be considered before inclusion.

Despite these limitations, relevant odds ratios from published data point to vitamin
D deficiency as a strong indicator of the severity of COVID-19 and deaths [44-46]. In
addition to the error in the estimation of vitamin D sufficiency by groups like the Institute
of Medicine [47,48] and National Dietary Guidelines groups [49,50], Veugelers and
Ekwaru [51] and Schwalfenberg [52] pointed out that the doses recommended for
achieving even the lower value for sufficiency were made as the result of a major
statistical error [51,53-55].

Table 3 summarizes the findings of seven studies submitted for publication in 2020.
Five are in hospital settings, one is a population study based on data from extensive
health services, and the last is an epidemiological study. Studies were analyzed
according to to sample size, vitamin D and COVID-19 status classification, and statistical
tests used to emphasize effect size and significance. Five of the six clinical settings used as
the index variable for the COVID-19 status and pre-existing vitamin D level as the
criterion. One (Chicago study) looked at vitamin D level as the independent variable
against which COVID-19 susceptibility was tested.

Table 3. Study designs of papers from six clinical settings examining COVID-19 and insufficient
vitamin D levels.

Location Rx Infection Infection Severity Mortality
(dependent variable)
Chicago X
Switzerland X
Spain X
UK X ITU vs. NS
non-ITU ward
Iran Clinical status X
Israel X Hospital vs. OP

[ITU, intensive therapy unit; NS, not significant; OP, outpatient].

2.3. Correlations between Circulating 25-Hydroxyvitamin D and Clinical Outcomes

The impact of vitamin D status on susceptibility to infection and its prognosis were
assessed from different perspectives in multiple centers around the world (see Table 3 for
study design and Table 4 for results).

According to the modern scientific paradigm, because studies mentioned are
naturalistic, observational, or cross-sectional and not prospective experimental in design,
a conclusion of causation is impossible. However, as pointed out, statistical tests offer
ways to evaluate the intrinsic validity of inferences drawn from such observations.
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Vitamin D deficiency or insufficiency increases the susceptibility to viral infections and
precedes SARS-CoV-2 infection [56]. The converging findings from various parts of the
world using different designs give the hypothesis external validity (see Tables 3 and 4).

Three study results were significant for that relationship. One study reported no
association between mortality and vitamin D level, but that was the UK study that either
indicates lives saved because of active treatment (including large bolus doses of vitamin
D) or lack of power owing to a relatively small sample size. One study (Iran) confirms a
statistically significant association with mortality (see Figure 3).
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Figure 3. Scatterplot comparing vitamin D level with mortality. Deaths are depicted
in red, and the dotted line indicates a vitamin D level of 40 ng/mL (100 nmol/L)
(reproduced from Maghbooli et al. [57]). Three studies evaluated the effect size regarding
odds ratio or relative risk (Chicago, Israel, and Iran). The Spanish study performed a post
hoc analysis of the power of the study, which provided good power for infection risk but
not for severity, possibly because of the relatively small sample size. The Iranian study
gives a relative risk level (1.59) for severity but only the significance level for mortality.

The most robust finding is for susceptibility to infection in the two more extensive
studies (Chicago and Israel), both of which give stratified levels of vitamin D and control
groups without COVID-19. The relative risk for infection in the Chicago study is 1.77, and
the Israeli study gave the crude odds ratio for deficiency (1.58) and insufficiency (1.59).
Combining data from both studies yields an odds ratio of about 1.5 to acquire COVID-19
for subjects with vitamin D serum levels below 30 ng/mL compared with the preceding
findings.

The results of all study designs converge on a relationship between vitamin D
insufficiency/deficiency and susceptibility to COVID-19, which implies a causal
relationship. For the internal validity of the inference that vitamin D deficiency causes
susceptibility to the acquisition of COVID-19 and its severity, one can consider the
significance and effect size associated with the results of those studies. All properly
conducted studies showed statistically significant evidence that vitamin D deficiency is
associated with an increased risk of COVID-19 infection.

Using hospitalization as a measure of severity and adjusting for confounding
factors, the Israeli study failed to show a significant statistical result despite an odds ratio
of 1.95, the vulnerability to SARS-CoV-2 infection associated with vitamin D deficiency.
That outcome may be due to a relatively small proportion of hospitalized patients (<10%),


https://doi.org/10.20944/preprints202210.0135.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 October 2022 d0i:10.20944/preprints202210.0135.v1

12 of 43

and given confounding factors such as age, the study may not have had enough statistical
power to generate the needed effect size. Thus, despite a trend showing that vitamin D
deficiency leads to a more severe infection with SARS-CoV2, including increased
mortality, robust evidence indicates that deficiency is associated with an increased risk of
infection with an increased odds of 50% more [44,58].

All clinical studies except two (Meltzer et al. [98] and Merzon et al. [40]) collected
blood for vitamin D estimates during admission, showing low serum 25-hydroxyvitamin
D [25(OH)D] concentrations. That finding raised the possibility of reverse causality (i.e.,
vitamin D level reduced by infection). However, the two larger studies mentioned earlier
and the epidemiological study discussed below used 25(OH)D concentrations, measured
before infection and hospitalization [56]. The effect sizes for all studies are comparable,
indicating that the measured vitamin D level essentially represented prior levels and not
cause by the infection.

A mentioned extensive epidemiological study from the United States confirmed the
above assertion. That study showed a significantly reduced infection rate between
deficient and adequate levels (reducing by 35%; that is, the increased risk of infection in a
deficient subject is 50% more than that of a subject with an adequate vitamin D level of 30
ng/mL or 75 nmol/L) [56]. The same study reports a further 27% reduction in the rate of
infection between adequate and high levels of vitamin D. Therefore, subjects with high
levels of vitamin D (55 ng/mL or 137.5 nmol/L) are almost half as likely to be infected as a
deficient subject (see Figure 4). The study also explores the increased risk of infection for
African Americans and those with a darker skin color living in northern latitudes.
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Figure 4. Relation of SARS-CoV-2—positive rate and serum 25-hydroxyvitamin D [25(OH)D]
concentrations in the World Health Organization study population (weighted second-order
polynomial regression fit to the data). The smooth line is a second-order polynomial fitting the
data: (unadjusted odds ratio = 0.979 per 1-ng/mL increment, 95% confidence interval, 0.977-0.980)
(reproduced with modifications from Kaufman et al. [56]).

The study used vitamin D levels in a database, thereby giving temporal separation
between the measured 25(OH)D level and COVID-19 susceptibility. Because this was a
large study, it strengthens the supposition that acute samples taken in hospitals
essentially represented past vitamin D levels and were not due to reverse causation.

As with naturalistic or retrospective studies, the studies with greater power have not
been able to look more closely at the severity of COVID-19 associated with vitamin D.
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However, studies in hospital settings have yielded statistically significant findings of
severity and mortality associated with vitamin D deficiency. Performing post hoc power
analysis on those studies may be worthwhile to consider how robust the findings of
severity and mortality are. Also, a high effect size of severity was not significant when
adjusted for confounders. The relationship of confounders to vitamin D may also alter
the significance, which will be covered next. Based on published data, one can conclude
that internal validity exists for the association between vitamin D insufficiency and
COVID-19 susceptibility. Table 4 summarizes those results.

Table 4. Studies exploring vitamin D’s impact on COVID-19

N (Loca- Vitamin D | Deficient, <20 | Insufficient, 20- | Sufficient, >30 Statistics, Effect Size and Sig-
tion), Ref. | measured ng/mL 30 ng/mL ng/mL nificance
Sample(s)
107 107 PCR* Mann-Whitney U
(Swiss), (N=27) PCR- (N = 80) Power N/A
D’Avolio 111 24.6 p <0.004
et al. [46]
134 (UK), 134 ITU, 81% (19% Non-ITU ward Student -test, Mann—Whitney U
Panagiotou >20 ng/mL) Power N/A
et al. [45] 39.1% (60.9% <20 ng/mL) p <0.02
413 216 pa- Hospital, 13.9 | Community, 20.9 Student ¢-test
(Spain), tients, 197 82.2% defi- 52.8% “sufficient” Power for infection ~1.00
Hernandez | community cient Power for severity, 0.4
etal. [59] control p <0.0001
611 (Iran), | 235 patients Mortality (20%) Mortality Student #-test
Maghbooli Severe disease (77.2%) (9.7%, 6.3% Mann-Whitney U
et al. [57] with >40 ng/ p<0.04
mL) RR=1.59
Severe disease (severity)
(63.6) p<0.02
4341 (Chi- 499 172 143 184 RR=1.77
cago), COVID+ (32 = COVID* (19 = COVID* (20 - p<0.02
Meltzer et 19%) 13%) 11%)
al. [44]
7807 (Isra- 782 105 598 79 Crude OR: Deficient, 1.58 (p <
el), Merzon | (COVID-19 (13.4%) (76.5%) (10.1%) 0.0002)
et al. [58] positive) Insufficient, 1.59 (p < 0.0053)
915 5050 1060
7025 (13.1%) (71.8%) (15.1%) Adjusted OR: 1.95 (p = 0.061); 1.45
(COVID-19 (p <0.001)
negative) Hospitaliza- Hospitalization | Hospitalization
tion Infection likeli- Infection like-
Infection like- hood lihood
lihood
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191,779 191,779 39,190 27,870 30-34 ng/mL Polynomial regression
(USA), 12,321 >54 ng/mL OR = 0.979 per 1-ng/mL increment
Kaufman N/A 20-30 ng/mL and 35-54 ng/ml R2=0.96
et al. [56] Student t-test and 2
Reduction in incidence of p <0.001
COVID-19 p <0.001
Deficiency vs. adequate, 35%
Adequate vs. high, 27%

ITU, intensive treatment unit; N/A, not available or applicable; OR, odds ratio; RR, relative risk.

2.4. Common reasons for the Failure of Nutrient RCTs

Pharmaceutical agents behave differently from nutrients, which are natural
compounds. Moreover, the biological effects of the vitamin D dose-response relationship
in humans are nonlinear and, at higher doses, may reflect as a J-shaped curve [60]. Such
findings confirm that population-wide vitamin D supplementation can achieve the
intended positive clinical outcomes, such as overcoming COVID-19 [6,61-63]. For
vitamin D, dosing regimens, binding to vitamin D-binding protein for transportation,
saturation and dissociation coefficients, and metabolism of nutrients are much different
from those in pharmaceutical agents [64,65]. Consequently, some of the nutrient-related
RCTs that treated vitamin D as a pharmaceutical agent (as some aspects of the VITAL
clinical study [66]) not surprisingly failed because they.

Therefore, regardless of the size or expenses of the RCT, the reported failures of
vitamin D trials [66] were not due to a lack of effect but due to flawed study designs [31],
in conjunction with failure to adhere to Heaney’s criteria for causality in a biological
system [67]. Consequently, those studies report negative results and misleading
conclusions because of researchers’ failure to understand vitamin D’s biology and
physiology. Consequently, such studies unnecessarily muddle the literature and
regressive of the understanding of the biology of vitamin D. Some studies related to
sepsis/ infections, including SARS-CoV-2, failed essentially because of a lack of
understanding of how immune cells are boosted by “locally” available proper
concentrations of nutrients (e.g., intracellularly generated calcitriol) within those cells.
One such fallacy is administering calcitriol, expecting it to enter immune cells and boost
them, which does not happen [31].

Other reasons for the flaws in reaching valid conclusions from futile RCTs include
failure to (or inadequate numbers) measure baseline (assure deficiency) and achieved
concentrations of 25(OH)D (intended biological activity), but reliance upon doses
administered. Many such studies had too small sample sizes, administered ineffective
vitamin D doses, had an inappropriate frequency of administration, had a too short
duration, and allowed participants to take over-the-counter supplements as in the case
of the VITAL study and a few others [65,68,69]. Consequently, in their final
recommendations, these researchers repeat the jargon that “more RCTs are necessary”
and “association is not causation,” etc., before a firm conclusion can be reached on the
benefits of vitamin D [70] not only in COVID-19 but also in other health ailments.
However, hundreds of other studies have confirmed that vitamin D has fulfilled Hill’s
criteria as a “cause and effect” [71], including COVID-19. Analyses of those studies have
been published recently [71].

2.5. Vitamin D and COVID-19: Later Studies and Meta-Analyses

In late 2020, two papers were published that assessed the inference of vitamin D
insufficiency as a cause of susceptibility further than the earlier papers. The first study
was a quasi-experimental study from France [72], and the other was a prospective
experimental design from India [73]. Both confirmed the hypothesis that vitamin D
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deficiency increases the vulnerability to poor outcomes in COVID-19, including
increased mortality, with the former confirming a treatment effect.

2.5.1. Negative Studies and Study Design Errors

The only negative study from 2020 was published in early 2021 [74]. Significant study
design errors were present, including inadequate controls and a single high-dose vitamin
D treatment given in the late stages of critically ill COVID-19 patients. When the trial was
conducted, it was known that a person in the late stage of the disease would not respond
to vitamin D. In part, that lack of response occurs because vitamin D takes more than four
days to become active in the body, especially in acutely ill patients [31] but not
necessarily because of using an initial (high) loading dose of vitamin D [75] (more
discussion in section 3.4). Had the authors used partially activated vitamin D and
calcifediol, the study would have had a positive outcome —yet still not as good as if that
treatment had been administered early in the disease [31]. For more information since
2020, see vdmeta.com, which lists all published studies (positive and negative) using
vitamin D and other early therapies in COVID-19.

All negative studies in vdmeta.com shared two characteristics:
1. They enrolled subjects with advanced COVID-19 (late-stage disease, most patients
in intensive care units).
2. They failed to use calcifediol, which acts within 4 hours of administration and boosts
the immune system [31].

This meta-analysis (vdmeta.com) shows that 85% of all studies report a positive effect of
vitamin D use, and 93% show a positive effect on vitamin D sufficiency (75 nmol/L or 30
ng/mL). In comparison, all early treatment studies were positive. Overall, an estimated
38% improvement occurs because of vitamin D use (enough before infection or acute
treatment). For sufficiency studies, the improvement increases to 55%, indicating that
prophylactic supplementation is valuable.

Cui and Tian [76] used a relatively insensitive Mendelian randomization technique
to assess how vitamin D concentration affects COVID-19 susceptibility. Some researchers
use that method as a shortcut alternative for RCTs, particularly for observational studies,
because control and randomization can be conducted on existing larger genetic
databases. One example is the use of an allele that makes half the Japanese population
sensitive to alcohol because of an enzyme deficiency [77]. Thus, susceptibility to
alcoholism could be examined by using that group as a control against those with
alcoholism. The single-nucleotide polymorphisms associated with vitamin D were
derived from a genetic database without clear enunciation of an empirical causal link
between the genome and the phenotype associated with vitamin D deficiency and, thus,
susceptibility to the putative outcome. That was a significant weakness of the paper by
Cui and Tian [76].

Further, vitamin D supplementation in the vulnerable population may have reduced
group statistical differences. That outcome must be further anticipated as a problem
because the odds ratios were in a similar range for all examined outcomes. The result is
likely to be an instrumental error. Hastie and colleagues [78] used UK Biobank data and
concluded that vitamin D levels did not contribute to COVID-19 outcomes. Vitamin D
levels reportedly did not contribute to the risk of infection, hospitalization, or mortality
after controlling for confounders such as obesity, diabetes, and hypertension.

Confounders associated with vitamin D “insufficiency” dilute vitamin D’s impact in
any regression analysis. Using a method such as the random forest methodology is more
appropriate to uncover the most critical factor(s) out of possible confounders. However,
the sample size (N = 449) by Hastie and colleagues [78] is too small to make definitive
conclusions. By contrast, if the number of confounders is limited to the preceding,
performing such an analysis may still be worthwhile. A more detailed critique of
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statistical methods used by Hastie and colleagues is available in a letter to the editor by
Davies, Mazess, and Benskin [79].

2.5.2. Positive Studies: Proper Study Designs

In contrast to the negative study mentioned earlier, it is possible to review one of the
latest studies reported in the vdmetadata.com analysis. In that study, De Niet and
colleagues (2022) [80] used a double-blind control design in which hospitalized
COVID-19 patients were treated early with multiple doses of vitamin Ds (25,000 IU) for
up to 6 weeks. Even though calcifediol was not used, each treated patient received
100,000 IU of vitamin Ds in the first four days, followed by six-weeks of weekly
maintenance. The outcomes for the treatment group versus the placebo were favorable
and statistically significant, using chi-square and Student t-tests. Although the study is
weaker, it reported significant findings, such as length of hospital stay (4 days for
treatment vs. eight days for placebo), showing a large effect size.

2.5.3. Meta-Analyses: A Contrast between Negative and Positive Study Design

In addition to the studies listed at vdmeta.com, we reviewed seven other published
meta-analyses. Two had negative conclusions regarding vitamin D deficiency’s
association with COVID-19 [81,82]. Of the other five, Shah and colleagues [83] was a
systematic review of meta-analyses that included others [84-87].

All five, including Shah and colleagues [83], reported a significant association
between the recommended supplementation and acute treatment-related improved
clinical outcomes. All positive meta-analyses looked at pooled data from a moderate
number of studies. Negative meta-analyses divided studies into four groups of about
three each. According to common sense and Jackson and White [88], using a number of
small studies reduces the statistical power and causes problems with the validity of using
the normal distribution.

Further, in all meta-analyses using tools to grade “quality and bias,” most papers
are classified as poor or moderate. Therefore, the studies or instruments in classifying
retrospective studies should be questioned. Also, one meta-analysis (Chen et al. [81])
wrongly identified that the population sample of Hastie and colleagues [78] accessed
about 350,000 (the UK Biobank data) but missed the fact that the actual patient sample
size was only 449 [78]. Contribution from the remaining large (epidemiological) study of
Kaufman and colleagues [56] could have been diluted by a relatively small negative
study identified with a large sample size.

2.5.4. Later Studies: Miscellaneous

Vdmeta.com points out that vitamin D supplementation could lead to increased
susceptibility to COVID-19 based on admissions data and considers catabolic enzyme
induction as one of the reasons. However, enzymes that naturally break down vitamin D
should maintain equilibrium. By contrast, people already supplemented if susceptible
could have independent vulnerabilities (e.g., genetic or immunological factors) [89].

The contrast in design between positive and negative studies raises an essential
point in science practice. Although controls are used to keep confounding factors
“constant,” experiments also must be conducted to maximize the likelihood of showing a
positive (as expected by the hypothesis) effect. For example, to show the interference
pattern in Young's famous double-slit experiment [90], the slits must be close enough
together. In the preceding example, the positive paper (section 2.5.2) correctly designed
the RCT so that the treatment was early and prolonged, as inferred from previous data.
The construct validity of the hypothesis must be explored by examining scientific
evidence to explain why vitamin D may increase susceptibility to COVID-19.

2.6. More Scientific Evidence Would Model Vitamin D’s Contribution to the Etiology and
Amelioration of COVID-19 (Construct Validity)
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Sufficiently valid evidence exists for vitamin D deficiency as a cause of susceptibility to
COVID-19. Then one must consider possible mechanisms that could explain such
susceptibility, for which multiple confounding factors could be considered risk factors.
Aging and increased body mass index contribute to vitamin D deficiency, with both
associated with hypertension and cardiovascular diseases and contributing to vitamin D
deficiency.

Independently of other factors, vitamin D deficiency contributes to type 2 diabetes,
insulin resistance, and metabolic syndrome [91,92]. Other than the genetic vulnerability,
those confounding factors are not as proximal as vitamin D deficiency as a cause for
COVID-19 and its complications [93]. Innate and adaptive immunities are adversely
affected by infections such as COVID-19; advanced age synergistically worsens the
outcome, as seen in diabetes and neuroendocrine processes [94]. Beyond those factors,
clinical outcomes of COVID-19 and other serious infections (sepsis) are significantly
affected by infamm-aging and the cytokine storm [95,96].

The aforementioned phenomena explain a disproportionately large proportion of
COVID-19 infectious outbreaks and deaths occurring in facilities for the elderly, the
developmentally disabled, and nursing homes. Residents of such facilities tend to have
multiple comorbidities, severe vitamin D deficiency, and poor health [97].
Hypovitaminosis is a common determinant among the elderly due partly to lack of
sunlight exposure, reduced ability to generate vitamin D in the skin, low appetite, and
reduced intestinal absorption of nutrients [96]. Thus, it is logical to assume that vitamin D
supplementation and/or adequate daily sun exposure can prevent and treat infections,
especially COVID-19 [97]. Considering reverse causality, if an infection causes further
reduction, it is likely to exacerbate the immune crisis (another reason for having a
sufficient buffer) for people with marginal or low vitamin D levels.

Finally, converging evidence shows that vitamin D has an impact via gene
expression and activation of vitamin D receptor-related pathways. For viral diseases,
especially COVID-19, the non-hormonal form of active vitamin D (calcitriol) significantly
modulates the immune system [31]. It stimulates immune cells, produces antimicrobial
peptides, reduces proinflammatory and stimulating anti-inflammatory cytokines, and
downregulates the renin-angiotensin hormonal system [33,34,52,98-105]. That system is
vital in increasing the concentration of the angiotensin-converting enzyme 2 (ACE2)
enzyme, reducing the viral load and angiotensin II, and reducing inflammation and
oxidative stress [106]. Vitamin D adequacy should prevent the cytokine storm and acute
respiratory distress syndrome, markedly reducing deaths from COVID-19 [107,108].

During SARS-CoV-2 infections at early stages, vitamin D supplementation
significantly reduced COVID-19-associated length of hospital stay, reduced frequent
need for oxygen, and reduced mortality, mainly with high doses [109]. Moreover,
vitamin D deficiency markedly increases both risk of acquiring and the severity of viral
infections, especially coronaviruses. Vitamin D deficiency and its rectification can affect
viral infections such as influenza [110,111].

2.7. ACE2’s Role in SARS-CoV-2 Infections

Susceptibility due to vitamin D deficiency may be postulated mainly for SARS-CoV-2, the
virus responsible for COVID-19. The virus enters cells by initial attachment to the ACE2
receptor and later reduces ACE2’s availability for its primary function. Thus, vitamin D-
deficient subjects may hypothetically have insufficient passive immunity and cause an
imbalance in the level of angiotensin II.

In addition to altering immune responses, elevated angiotensin II levels may also
lead to increased membrane-bound ACE2 receptor density that might facilitate viral
attachment and cellular entry. That process would validate the hypothesis that vitamin D
deficiency increases RAS activity and susceptibility to COVID-19. Low vitamin D may be
a critical contributor to the excessive cytokine activity seen in COVID-19. Increased
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angiotensin II levels may also lead to some of COVID-19’s vascular consequences. Figure
5 shows vitamin D’s role concerning other confounders and susceptibility to COVID-19.
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Figure 5. Flowchart showing multiple hypothetical confounding factors all related to vitamin D
deficiency. Vitamin D deficiency, in turn, leads to multiple deficits in the innate immune system
(low macrophage function, renin-angiotensin, and angiotensin-converting enzyme 2 [ACE2]
dysfunction and imbalanced anti-inflammatory function).

Vitamin D sufficiency is an essential protective factor in immune function and several
other body systems and conditions, including cardiovascular disease, hypertension,
diabetes, cancer, and Alzheimer’s disease. [68].

2.8. Interactions of Vitamin D with Caspases

Recently, further evidence has linked vitamin D deficiency to COVID-19 susceptibility
via caspase-6 [112]. Moreover, caspase-3 cleaves the vitamin D receptor [113]. Caspase-3
activates caspase-6, although the latter could be activated independently [112].
Meanwhile, vitamin Ds induces caspase-3 production [114]. A homeostatic loop probably
exists between vitamin D and caspases.

Caspase-6 breaks down specific viral proteins, and the fragments can then attach to
cellular proteins, vital in producing interferon, thus interfering with its production (see
below) [112]. Suppose vitamin D deficiency caused low concentrations of caspase-3 and
-6. Then apoptosis (an essential mechanism for suppressing viral replication induced by
vitamin D3 and caspases) also may be slowed. Thus, two cellular mechanisms to suppress
viral replication are blocked. Vitamin D deficiency is therefore likely to facilitate
increased viral replication as well as the cytokine storm and intravascular consequences
of COVID-19.

The caspase-6 enzyme, a cysteine-aspartic acid protease, breaks down cellular
structural protein in infected cells, typically facilitating apoptosis. However, it also
breaks down the nucleocapsid protein, the products of which inhibit interferon.
Therefore, an inhibitor of caspase-6 should reduce the replication and spread of
coronaviruses, including SARS-CoV-2, given that there are other paths to apoptosis.
Despite that natural preventive mechanism, coronaviruses developed a way to overcome
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it by exploiting caspase-6. Whereas the antiviral drug molnupiravir (Lagevrio) targets
viral ribonucleic acid, nirmatrelvir, and ritonavir (Paxlovid) target viral proteases,
making viruses develop resistance. In contrast, agents that inhibit caspase-6 seem
unlikely to have antiviral drug resistance.

3. Applying Logical Proof to Vitamin D in COVID-19

Considering costs and benefits and evidence of vitamin D status in both vulnerability to
and amelioration of COVID-19, we can now consider using the Nalanda paradigm to
examine such empirical evidence.

The following logical assertions are illustrated in Figures 2 and 5:

1. All confounding factors will be placed in part D of the Catuskoti diagram (Figure 1
(II)). Such factors as aging, obesity, diabetes, and having dark skin are not the im-
mediate causes of susceptibility to COVID-19. Instead, those factors are all associ-
ated with vitamin D deficiency. Logically, then, using identity relations described
by Dignaga, those confounding factors are identified with vitamin D deficiency.

2. Low innate immunity and the COVID-19 (SARS-CoV-2) virus could be considered
as cells A and B in Catuskoti. Both A and B (i.e., C) cause COVID-19, which could be
considered necessary and sufficient (universally) for the development of COVID-19
and its complications.

3. Vitamin D as the identity of all preexisting confounders could now, under
Dignaga’s causation relation, be considered the immediate (or proximal) cause of
low immunity (that vitamin D deficiency and sufficiency appear to be associated
with COVID-19 outcome in many settings throughout the world and further con-
firmation in an epidemiological study practically represents a universal assertion).

4. After observing the results of the preceding studies as an experimental design under
Buddhist/Vaisesika inference, we could assert that vitamin D deficiency is signifi-
cantly present in nearly all groups with severe COVID-19 (see Table 3). Such defi-
ciency is significantly absent in those with no evidence of disease [46,105], and those
with sufficient levels had a significantly lower incidence and severity
[45,56-59,93,101,104,105,115].

We, therefore, assert that this is necessary and sufficient proof that vitamin D deficiency
is a significant cause of vulnerability to severe COVID-19 and that appropriate sun
exposure or vitamin D should be used as a supplement for prevention. Such reasoning
would have permitted immediate actions and avoided adding to the mistakes made
during the first half of 2020. In our proof, empirical evidence is primary, and deduction is
subordinate. Having shown the proof by using the Nalanda paradigm, one could explore
other forms of critique of illogical decisions made by public health officials during and
even before the COVID-19 pandemic.

3.1. The (I))logical Problem with RCTs’ Being the “Gold Standard.”

So, how did public health officials miss such logically and statistically apparent facts?
Comments made by decision-makers about using vitamin D as a prophylactic appear to
imply that the lack of RCTs constitutes a lack of evidence (as in EBM). Requiring RCTs to
show vitamin D (a nutrient) deficiency in the etiology of vulnerability to COVID-19 is
challenging. Also, drug companies control such RCTs [116,117]: The lack of accepted
proof for treatment effect is assumed to mean that the etiology is absent (which is not the
case).

However, the absence of evidence is not evidence of absence. Misinterpreting
differences that do not reach significance (identifying it as a negative study, when it is
not, a type II error) or when insufficient RCT studies are reported does not mean that the
particular agent is ineffective [118] or that the researchers found nothing of clinical
importance [119]. Therefore, interpreting negative trials (primarily because of study
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design errors) or insufficient numbers of published RCTs as evidence of a treatment’s
ineffectiveness is incorrect and imprudent. Also, dozens of studies of vitamin D (and
ivermectin) in prevention and treatment and their published clinical trial evidence for
COVID-19 are ignored, undermined, mistakenly dismissed, or willfully suppressed by
regulators and leading health authorities, mainly to maintain EUA status for COVID
vaccines.

The insistence on RCTs may follow the (judgmental) assumption that vitamin D
deficiency is just an associated factor with other causes of susceptibility to the virus. A
series of logical arguments mentioned earlier showed that to be a fallacy. The insistence
on having RCTs data, even before evaluating already available evidence or approving
nutrient supplements, ignores the serious perils of vitamin D deficiency. That is most
likely a fundamental cause of increasing susceptibility to the virus and falsely equates
vitamin D supplementation as (an acute) treatment (such as the attitude toward
mask-wearing). “Masks could make you worse” was a statement that covered health
administrators' lack of masks available for health professionals in early 2020.

Those logical misconceptions (an implicit expectation that RCTs yield universal
truths and the false dichotomy of equating replenishing a causal absence as an
independent treatment) strangle medical science. In managing COVID-19, the vehement
objection by some scientists and doctors to using cost-effective agents, such as vitamin D,
ivermectin, and HCQ, are examples. That assertion should not be confused with
advocating against the RCT approach but rather reminding that RCTs have their place
among other validation methods. Their limitations should be kept in mind by using the
correct logic.

3.2. Introducing Bias and Cherry-Picking Studies Leads to False Conclusions

Furthermore, the U.S. Food and Drug Administration’s (FDA’s) ‘emergency’ acceptance
of mRNA and other COVID vaccines under EUA to prevent SARS-CoV-2 infections and
complications of COVID-19 silenced discussion of vitamin D and other reportedly highly
successful cost-effective treatments. That occurred not only among prominent health
organizations and the mainstream media but also on social media. Those outlets
stipulated and confirmed no adequate, approved, and available alternatives (for
prevention or treatment) for COVID-19 to justify the approval of COVD vaccines, new
monoclonal antibodies, and antiviral therapies [120].

Consequently, vitamin D (as well as other economic supplements and repurposed
drugs such as ivermectin) has been subject to a mass media and social media blockade.
The costs of withholding such treatments that have no or few risks remain unknown.
This is parallel to the massive direct and opportunity costs and loss of livelihood
following excessive lockdowns and curfews by authoritarian administrations
disregarding the basic biology of the SARS-CoV-2 [121].

Despite overwhelming evidence in favor of vitamin D, several factors led to flawed
conclusions by some authors. In the case of Quinn and colleagues [122], selection bias
(and subjective analysis of video data, not peer-reviewed articles), intrinsic bias, and
unfamiliarity with recently published scientific data on vitamin D and its beneficial
effects on human health, particularly on COVID-19. That YouTube analysis could be
considered a disservice to the scientific community [122]. A few such analyses are
contrary to the overwhelming majority of conclusions from published studies that
vitamin D significantly benefits people infected with COVID-19 [122]. Cherry-picking
videos or studies in meta-analyses and making unwarranted extrapolations to
peer-reviewed publications is fundamentally unscientific. Other review articles may have
displayed such bias using pseudo-empirical data or cherry-picking to reach false
inferences.

3.3. Biased Assumptions about Confounders Could Lead to Wrong Conclusions
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One critical confounder is having a higher percentage of older adults in the community.
Hence in addition to the age factor, comorbidities and vitamin D deficiency contribute to
higher rates of complications and death [37,123]. Meanwhile, the same confounders that
increase vulnerability to COVID-19 coincide with those with a higher prevalence of
severe vitamin D deficiency [6,61,124]. Commonly identified comorbidities include
obesity, diabetes, hypertension, and cardiovascular, renal, and cerebrovascular diseases
[93,125-127]. The statistical pitfall of the correlation between those confounders and
vitamin D levels was discussed earlier.

The fallacy of being distracted by various confounders and insisting on
inappropriate increasing levels of evidence during an emergency, as with COVID-19
when a cause (and therefore the remedy) is evident, can be seen in the following excerpt:

“Suppose, Malunkyaputta, a man was wounded by an arrow thickly smeared with
poison, and his friends and companions, his kinsmen and relatives, brought a surgeon to
treat him. The man would say: ‘I will not let the surgeon pull out this arrow until I know
whether the man who wounded me was a noble or a brahmin or a merchant or a worker.’
And he would say: ‘I will not let the surgeon pull out this arrow until I know the name and
clan of the man who wounded me;...until I know whether the bowstring that wounded me
was fiber, reed or sinew or hemp or bark;...until I know whether the shaft that wounded me
was wild or cultivated until I know with what kind of sinew the shaft that wounded me was
bound —whether that of an ox or a buffalo or a deer or a monkey;...until I know what kind of
arrowhead it was that wounded me—whether spiked or razor-tipped or curved or barbed or
calf-toothed or lancet-shaped.”” All this would still not be known to that man, and
meanwhile, he would die.”

— Shorter Discourse to Malunkyaputta, Majjima Nikaya 63, The Tripitaka.

3.4. Cost-Effective Early Therapies for COVID-19 and Their Inappropriate Use

For any infection, many studies reported that the best clinical outcomes are obtained by
administering preventive therapies at the proper dose as soon as possible after infection.
Treatments for COVID-19 that started late, as in intensive-care settings, led to worse
outcomes than did an early intervention with economic, cost-effective agents such as
vitamin D, HCQ, ivermectin, or even expensive therapies such as antiviral agents and
monoclonal antibodies.

Here we focus only on cost-effective early therapies, which cost less than $5 to treat a
COVID-19 patient. To obtain the best clinical outcomes, it is crucial to administer the
proper dose of medication at the right frequency. Figure 6 shows how the effectiveness of
medication fades with delayed treatment.
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Figure 6. The importance of starting therapies as soon as possible after diagnosis or hospitalization.
The longer the delay, the less effective the treatment (modified from c19early.com).

3.5. Using Inappropriate Therapeutic Serum 25(OH)D Concentrations Leads to Poor Clinical
Outcomes

Several peer-reviewed publications confirmed that people with serum 25(OH)D
concentrations <12 ng/mL (i.e., severe vitamin D deficiency) are at the greatest risk of
SARS-CoV-2 infection, complications, and deaths [36,128,129]. Rapidly raising serum
25(OH)D concentrations using cholecalciferol or calcifediol reduced the risk of
complications and deaths from COVID-9 and other infections [68,130-137]. People
maintaining serum 25(OH)D concentrations 230 ng/mL compared with <20 ng/mL not
only had significantly lower risk of SARS-CoV-2 infection (hazard ratio [HR] = 0.66 [95%
confidence interval (CI), 0.57-0.77]) and a lower risk of severe outcome (HR = 0.72 [95%
CL, 0.52-1.00]) and lower mortality (HR = 0.66 [95% CI, 0.46-0.97]). Those findings are
further elaborated in section 3.6.

Calcifediol treatment had similar outcomes but with a faster response. A real-time
meta-analysis is available online with 89 vitamin D-COVID-19 clinical studies, including
20 RCTs [138] (Vitamin D for COVID-19: real-time analysis of all 300 studies
(c19vitamind.com). Ninety-three clinical treatment studies were subject to a
meta-analysis which showed improvement (67% for early and 48% for late treatment)
compared to 30% for prophylaxis (reasons for this discrepancy of porphylaxis being
ineffective in hospitalised patients were discussed earlier). Calcifediol was more effective
than cholecalciferol. The analysis includes poorly designed clinical studies. Once again, a
positive result in the meta-analysis, even with poorly designed negative studies, shows
the robustness of the effect size.

3.6. Acute Treatment with Vitamin D Shows the Need for RCTs, but Poor Design Can Subvert
Them

Treatment with loading doses of vitamin D is a sensible and needed approach to rapidly
increase serum 25(OH)D concentrations to boost the innate immunity system [93]. That
regimen reduces morbidity, complications, and mortality while having minimal risk of
adverse effects. The evidence of hypercalcemia with substantial repeated doses of
vitamin D is equivocal and could be managed safely through monitoring and treatment
[139,140], such as with vitamin K2 and magnesium. Little if any evidence exists of
complications after upfront loading of a single vitamin D megadose [141].

Nevertheless, such intervention requires the level of proof of an RCT. Although
exceedingly rare, the adverse effect of high doses of vitamin D is not necessarily as
rigorously established as for, say, HCQ or ivermectin. Several RCTs with adequate
statistical power have already been published [142,143] (https://vdmeta.com). Those
RCTs and other controlled prospective clinical studies have added value: Results lend
credibility to the hypothesis and point to adjunctive treatment alternatives. Later
meta-analyses further confirmed those findings. The point, however, is that during an
emergency, at a minimum, population-wide public health measures could have been
considered (because the costs of treatments, as indicated earlier, were minimal).

Poorly designed studies, such as VITAL, inadvertently suggested that vitamin D
supplements are unnecessary, extending to the whole population experimental findings
on the risk of bone fracture found in a young population sample without available
information on vitamin D status [144]. The danger is that the media echoed such and
disseminated false narratives worldwide. Whereas, for the COVID-19 pandemic, vitamin
D supplementation is an effective preventive and therapeutic tool and should have been
considered from early 2020, particularly for people at high risk of vitamin D deficiency.
Furthermore, some authors also suggest a possible role of vitamin D dietary
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supplementation in preventing and caring for the post-COVID syndrome (also called
“long COVID”), for which no evidence-based therapy is yet available [145].

Contrary to some of VITAL’s conclusions, several studies have shown that having a
serum 25(OH)D concentration >30 ng/mL (in some studies, a minimum concentration of
40 or 50 ng/mL) significantly reduced morbidity and mortality from COVID
[31,57,135-137,146-150]. Other studies reported between 40 and 60 ng/mL for better
clinical outcomes [68,130,151,152]. The immune system is robust when serum 25(OH)D
concentrations are maintained at >50 ng/mL. It will have positive clinical outcomes [31].
The COVID-19 restrictions (lockdown and curfews) significantly reduced serum
25(OH)D concentrations in children [153].

3.7. Some Published Vitamin D Guidelines and Governmental Recommendations Are Wrong

Several vitamin D guidelines have been published to minimize health risks from vitamin
D deficiency [31,154-156], including protecting the musculoskeletal system and
stimulating and maintaining proper immune responses. The latter needs more than
two-fold higher circulating vitamin D and 25(OH)D concentrations [31]. Nevertheless,
virtually all governmental and most scientific societies’ recommendations focused only
on the musculoskeletal system and ignored the benefits of other body systems.

Despite supporting evidence from thousands of scientific articles, mentioned
organizations maintain that serum 25(OH)D concentrations of about 20 ng/mL and a
daily intake of 400 IU (10 ug) is sufficient [157]. The government’s recommended intake
of vitamin D, 10 pg per day, will only maintain serum 25(OH)D concentrations above 25
nmol/L (10 ng/mL) and barely prevent rickets [158]. Such a concentration has virtually no
protective effects on the immune system [31,75]. They are outdated.

For example, the European Food Safety Agency and others recommend 800 IU/day
for the aging population. Meanwhile, the Scientific Advisory Committee on Nutrition
(SACN, UK) and National Institute for Health and Care Excellence (NICE) [158-160], the
U.S. Institute of Medicine (IoM), and the European Food Safety Agency recommend an
upper limit of 4000 IU/day for adults [161].

The Association of UK Dietitians recently recommended 400 IU per day [162].
Researchers from the Irish TILDA study recommended daily doses of 600-800 IU and
800-1000 IU/day for people older than 70 years [163]. Other researchers recommend 800-
2000 IU/day for older adults [164]. Taking such doses fails to increase serum 25(OH)D
concentrations above 30 ng/mL. Consequently, for controlling infections such as
SARS-CoV-2, daily intakes of <4000 IU for non-obese adults are no better than placebos to
boost the immune system [130]. Although those intake levels are adequate to maintain
the musculoskeletal system and prevent rickets and osteomalacia, they are uniformly
insufficient for all other body systems, especially immune functions [31,165-167].

Despite the availability of data and guidelines [48,67,154], many researchers,
including National Institutes of Health-funded studies such as the VITAL study, failed to
adhere to the fundamentals. Consequently, it wasted millions of taxpayers’ funds.
Therefore, conclusions reported from such studies are unreliable and cannot be
generalized. In addition to the described use of faulty assumptions and reasoning may
also have contributed to decisions about cost-effective remedies such as vitamin D.
Besides these, evidence mounts other reasons and conflicts of interest for regulators’
unconscionable decisions (see section 4 for information).

3.8. Regulations, Ethics, and COVID Vaccines:

COVID-19 is a global problem [6], which every country dealt with differently, especially
in the chosen model and its complications [168-171]. Nevertheless, many countries
looked forward and followed the guidance from the WHO and the U.S. Centers for
Disease Control and Prevention (CDC) but later found that many of those
recommendations were faulty. From SARS-CoV-2’s nature as a coronavirus, researchers
knew it was likely to evolve into new variants more than once a year [172]. It was evident
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that COVID vaccines will drive mutagenesis and immune evasion by new variants of
SARS-CoV-2. That knowledge was available when the pandemic began.

Instead of pursuing time-tested methods of vaccine production (inducing antibodies
against the whole viral envelope) [173], the dominant Western nations pursued
inadequately tested methods of vaccine production, claiming that these methods could
produce larger quantities rapidly, but with no understanding of clinical outcomes and
consequences of such judgments. Many of those decisions were based on increasing
shareholder values. Companies' primary driver was profit-making, with impunity and
legal protections arising from adverse reactions. Such pronounced legal safeguards
allowed them to cut corners, take shortcuts, and deal with regulators. Besides, global
patent protections hindered developing countries from generating their COVID vaccines
at a fraction of the cost. The questionable ethical and legal processes involved in
approvals were compounded by the lack of availability and the prohibitive cost charged
by vaccine companies.

Had appropriate vaccine production methods been used, prompt relaxation of
patent restrictions, and enhanced the global population immunity, along with other
public health measures, preventing or delaying the emergence of the world-devastating
SARS-CoV-2 variants might have been possible. That would have had the potential for
eradicating SARS-CoV-2, which neither industry nor governments want to follow.
Physical distancing and universal mask-wearing are easily implemented public health
measures; universal screening for vitamin D sufficiency and supplementation could
easily have been another.

3.9. Vaccines’ Inability to Suppress SARS-CoV-2 Variants: A Reason to Consider
Immunomodulatory Treatments

Owing to rapid mutation, SARS-CoV-2 cannot be suppressed or eliminated by
vaccines alone. Some mutations make the virus more transmissible (generally less lethal
for its survival, but it also could increase lethality in due course) and harder to detect
(immune evasion) and treat. Inmune competition and immune evasion occur mainly in
fully vaccinated (i.e., immunized) persons and some with post-COVID syndrome [174].
As a result of putting all the eggs in the vaccine basket, the world is now faced with
SARS-CoV-2’s becoming endemic.

Emerging evidence now indicates that people with natural immunity (from past
infection) are more protected from severe outcomes of COVID-19 than people with
vaccine-mediated immunity [43,175]. That outcome may be particularly true for methods
seeking an antibody response to the spike protein alone [176]. Gathering similar data for
populations exposed to the traditional vaccines from China and India would be
interesting. It is logical to assume that a vitamin D-sufficient population [i.e., for
suppressing infections, a circulating 25(OH)D concentration >50 ng/mL] [31] exposed to
SARS-CoV-2 would develop mild or no symptoms and produce a higher titer of
neutralizing antibodies against the proteins of the whole viral envelope. That approach
would allow the formation of a more effective, longer-lasting [43,177] natural immunity
template [178] and significantly reduce the risk of the post-COVID syndrome.

The logical course would have been to strengthen both passive and active immunity
(at least for susceptible populations) by enhancing population vitamin D levels and
deploying vaccines using enhanced traditional methodologies against Spike and core
proteins. That would have retarded the emergence of new variants of SARS-CoV-2. Had
that approach been carried out earlier, it may have eased the burden of combating the
pandemic. The non-susceptible population, if exposed to the virus, could have developed
lasting herd immunity, preventing further viral evolution.

4. Regulators’ Reasons for Approving No Cost-Effective Early Therapies

When an RCT or a prospective study is designed, it aims to produce outcomes in the
future and is looking for predictive validity. By contrast, observational studies are not
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burdened with such. The conceptual problem with prediction is that without past
repeatable results, it becomes a superstitious expectation of validation through clever
prediction (akin to, e.g., astrology). Prediction should not be tried without past repeated
results (such as smoke always being associated with fire). Thus, any prospective
experimental design always requires previous observational studies to be analyzed
rigorously or else be a repeatability study based on a previous prospective study.

Medical science has many other examples in which RCTs would have been
inappropriate or not required, and observational data were accepted: tobacco use and
lung cancer, penicillin to treat pneumonia, aspirin for headaches, diuretic for heart
failure, appendectomy, and cholecystectomy [27].

Whether because of flawed policies, conflicts of interest, or both, regulatory
authorities such as FDA and governing/recommending bodies such as the World Health
Organization (WHO), SACN, and CDC refused to accept any unpatented agents or
repurposed drugs to prevent and treat COVID-19 [157,159,161]. The standard excuse was
“insufficient” RCTs to prove the validity claim that vitamin D is effective against
COVID-19. That declaration is despite more than 100 clinical studies that reported using
various doses of vitamin D for COVID-19—see vdmeta.com [84,142,167,179,180].
Moreover, convincing RCT data were published by Martineau and others in acute
respiratory tract viral infections even in 2017 [181,182] and many since 2020 for
COVID-19 [36,129,138].

4.1. Could the Public Rely on Regulatory Authorities for Proper Approval of Drugs?

In medicine (drug approvals) and health care, RCTs are considered superior to
observational, ecological, and retrospective clinical studies to show causality. As
described, dozens of published RCTs showed significantly reduced SARS-CoV-2
infection, risk of complications, and deaths in the context of treatment with vitamin D
[36,129,138]. As a conservative design, using a vitamin D dose of 4000 IU/d for 30 days
increased serum 25(OH)D concentration from 18 to 26 ng/mL versus 17 to 19 ng/mL in
the control group in the intention-to-treat analysis In the per-protocol analysis, despite
raising serum 25(OHD concentration raised only by about ten ng/mL, infection of
SARS-CoV-2 in the vitamin D-treated group was reduced by 78% (95% CI, 0.08-0.59)
[167].

When overwhelming evidence is reported worldwide concerning cost-effective
early therapies, such as vitamin D and ivermectin, should WHO, FDA, and CDC wait
until multiple RCT results are available while thousands are dying? That did not happen
with any EUA for COVID vaccines, monoclonal antibodies, or antiviral agents. Vitamin
D and ivermectin are generic agents; thus, large drug companies are not interested in
RCTs or propagating them for the betterment of society. Broader evidence suggests that
conflicts of interest of regulators and health organizations prevented the approval of
highly cost-effective repurposed agents used to prevent and treat SARS-CoV-2 infection.

4.2. Consequences of Bias and Autocratic Suppression of Critical Evidence

Overall, data from reported clinical studies have satisfied Hill’s criteria for causality [183]
in a biological system [184]. Despite the vast published information described earlier,
policymakers and regulators with conflicts of interest or unfamiliar with the emerging
data disregard the health benefits of vitamin D, especially for COVID-19 continue to
ignore scientific data.

Meanwhile, governments, regulators, and health authorities, in conjunction with the
mass media and social media platforms, blocked information related to effective early
therapies such as vitamin D, ivermectin, and melatonin by using the standard
pharmaceutical disinformation playbook [116,117,185]. Over the past two years,
government authorities and global health agencies have intimidated academics,
physicians, and health care workers, directly via threats and through the mass media, not
only preventing the dissemination of information but also penalizing them for
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prescribing highly cost-effective repurposed agents that save lives (see
https://covid19criticalcare.com/).

4.3. Regulatory Objections to Approving Cost-Effective Repurposed Agents to Prevent and Treat
COVID-19

In contrast, despite RCTs’ that have less absolute efficacy (as opposed to the reported
very high relative efficacy —which is misleading), even with lesser effect sizes, drug
regulators accepted one or two RCTs from vaccines, antiviral agents, and monoclonal
antibodies as sufficient to approve patented and expensive new COVID agents.
Meanwhile, statements and publications, including FDA, CDC, and WHO reports,
continue using the misleading “relative” efficacies as percentages that markedly
exaggerate real effectiveness instead of using “absolute” reduction of hospitalizations,
complications, or deaths. This is a statistical tactic that pharmaceutical companies
continue to use to mislead (i.e., grossly exaggerate) the efficacies of drugs.

That behavior seems not to be an accident but rather a deliberate choice to deceive
the uninformed public by coercing the regulators. The absolute effectiveness of the
agents mentioned is significantly usually less than 5%, which was reported in
publications, and more than 90% that are quoted in FDA approval reports from studies
that used proper doses of vitamin D and ivermectin [36,150,186,187]. Astonishingly, in
September 2022, as per the NBC, FDA stated that no clinical study data are necessary to
approve new omicron-based vaccines (micron-boosters) under the EUA [188].

The main reason for refusal even to consider repurposed agents such as vitamin D
and ivermectin, according to regulators such as FDA and the European Medicines
Agency, was that if any such agent were accepted and approved to prevent or treat
COVID-19, the EUA status for using vaccines, antiviral agents, and monoclonal
antibodies would be automatically revoked. By contrast, after publications of RCTs that
used calcifediol [142,148,151,152,189,190], its use was accepted as an effective therapy for
COVID-19 in countries such as Spain and Italy [151,191].

Although widely accepted, once selection criteria are taken care of to balance
confounders, no logical basis exists to consider prospective data superior to retrospective
data. Depending on the circumstances, both methods have pros and cons; if the correct
constraints are applied, equivalent results should be obtained. If sufficient to reduce type
I and type II errors, the statistical methods used in retrospective studies with small
samples should be accepted as valid, especially with convergent evidence. The
attachment to RCTs as the gold standard for evidence and the sources of bias shown here
hide philosophical assumptions deeply embedded in Western superstition (see section 5).

5. Recapitulating the Deeper Logic behind Errors of Decision-Making

Accepting RCTs as the arbiter of truth carries implicit assumptions: the expectation of
universal truths or laws, determinism, and nature as a perfect continuum instead of its
empirically evident atomic nature. The assumptions derive from Christian theology, in
which deductive proofs are considered superior to empirical ones [11,12,18]. For RCTs,
empirical data are obtained from narrow populations: Controls and exclusions further
minimize generalizability. That leaves deduction (statistical analysis, often married to the
ideal of the continuous distribution —bell curve) as the primary arbiter of truth [192].

5.1. Fallacies Related to Deduction, Universal Truth, and RCTs

Because of underlying assumptions, problems are associated with accepting the bell
curve (normal distribution). One is the assumption of continuity: however, most data are
not continuous. Even continuous data such as blood vitamin D level ultimately estimate
the number of 25(OH)D molecules (as concentration) in a specific volume—1 mL of
blood, nonlinear with the dose ingested. Despite these, those data are considered
continuous only by convention. For most practical purposes, the distinction does not
matter, and the normal distribution approximates the distribution of a large enough data
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set. The actual empirical data are never continuous but appear approximately like a
continuum.

A symmetric and specific shape is assumed for the normal distribution. Although
physical models of the universe strongly suggest symmetry, that is not the case for
samples of data sets in medicine or other sciences. Once again, the shape is
approximately related to the idealized normal distribution.

The central limit theorem proves that many empirically based distributions could
approximate the normal distribution for large sample sizes. The classical proof uses
Taylor’s theorem, and by extension, all modern proofs involve limits. The normal
distribution is, however, merely a convenient tool to simplify calculations of statistical
inference. However, it is often presented as reflecting the underlying reality —a principal
influence in placing deduction ahead of the empirical.

Such assumptions can be problematic when dealing with distributions with a skew
or long tails and small samples. Those problems are solved by using discrete
distributions or statistics with relatively simple logic designed for small samples. Also,
assumptions behind normal distributions may plague meta-analyses, especially when
studies with small sample sizes are used or the analysis includes few articles [88].

Aligned with the primacy of deductive proof, that approach leads to universal
truths. Thus, all other methods (especially empirical evidence) are considered inferior.
The retrospective studies have deficits, chief among them potentially missing data.
Modern statistics and data science can readily deal with the problem of missing data, as
occurs in analyzing large data sets [193].

Thus, no valid logical reasons exist to consider retrospective data (and relatively
small samples with large effect sizes) intrinsically inferior to an RCT. An RCT conducted
under the auspices of a pharmaceutical company may have considerable room for bias
during data collection and interpretation [117]. Further, retrospective data from several
sources bring a broader empirical basis and are thus more generalizable than an RCT.

RCTs (with or without placebo) are not always necessary and, in some
circumstances, are impossible: A few examples were discussed earlier. Medicine as a
discipline should investigate and accept a logical system and philosophies allied to all
empirical evidence and not depend solely on RCTs or expert consensus. As discussed
above, both have inherent flaws.

5.2. How Did Western Medicine Fail the Test of Logic?

The answer to the question of how Western medicine failed the test of logic may lie in
philosophy, which underlies the logical base. First, the principle underlying Dignaga’s
trilemma, Indian inference, and all Western logic take the form of dichotomies, thus
simplifying the logical arguments. However, Catuskoti is more complex and involves a
tetralemma. That approach could be simplified to an intersection of two dichotomies,
which could iterate to produce a more robust error-correcting mechanism than the
approach of one dichotomy. Raju [12] used similar logic as a starting point and a
conclusion about structured time (based on empirical evidence) to derive the modern
logic of quantum mechanics in the microphysical realm. Similarly, we show that
Catuskoti logic also could be used as an error-correcting mechanism in analyzing
macrophysical phenomena (such as viruses and immune systems).

Notably, the second dichotomy of Catuskoti (both A and not A and neither A nor
not A) is the dual logic of excluded middle (either A or not A; Figure 1). That dichotomy
provides the sort of empirical context required to validate the latter logic. Without that
validation, one could use just inference (or deduction) to make conclusions without
reference to the empirical. Thus, although statistical inference permits increased
precision, the context imposed by Catuskoti leads to valid conclusions. Both validity and
precision are fundamental goals in seeking scientific truth. The example of vitamin D
levels and COVID-19 has illustrated that concept, whereas opposing views appear to be
opinions depending principally on inference.
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5.3. Applying Logical Models to Western Medical Studies

Raju’s [11] model of levels of underlying rationale in analyzing empirical phenomena as
described includes an additional, deeper level below logic, which is the philosophical
stance that directs it. According to Raju [11], the underlying dominant philosophy of the
Christian church (requirement of eternity, continuity, and determinism, which results
from the concept of a transcendent God) may influence Western thinkers to expect
universally applicable proofs. Non-Western medical scientists and health professionals
could also be considered “colonized” in their ideas.

However, health advisers in non-Western countries may not be influenced by the
more profound Western philosophy underlying the inconsistent application of logic.
Instead, they may have taken the logic of empiricism at face value and applied it without
adhering to any unconscious philosophical position. Although the such application is
evident in the early adoption of mask-wearing and later adoption of HCQ and ivermectin
by some as treatment alternatives, we know of no country adopting population-wide
supplementation of vitamin D. Ironically, some provinces in Spain and Italy have
instituted acute treatment with vitamin D in people affected by COVID-19 and on
hospital admission. What factors could keep those two nations from submitting to
conventional Western wisdom?

An alternative hypothesis could be that Western capitalism, with its attendant
influence on educational processes via relationships with the pharmaceutical industry,
has influenced the thinking of health bureaucrats [117]. Most research programs being
dominated by RCTs, as study designs by pharmaceutical corporations, are targeted to
obtain drug approvals. Consequently, they tend to minimize the value and the impact of
simpler but more profound science research and inductive observations, such as
retrospective, ecological, and naturalistic designs with appropriate statistics as seen.
Figure 7 shows philosophy’s relations to other levels of scientific discourse.

Empirical World

INDUCTION
(Scientific theory from observation)

DEDUCTION
(Mathematical inference and testing)

LOGIC
(Meta-mathematical basis for deduction)

PHILOSOPHY
(Criteria for choosing scientific
theories and the basis for logic)

Figure 7. A layered approach to scientific practice (adapted from Raju [11], p. 451).

In contrast to Western philosophy and logic, the Buddhist philosophy, which
influenced the Nalanda paradigm and Indian science, asserts reality as impermanent,
atomic, and non-deterministic. One could say that empirical observation informs logic
and philosophy in that paradigm instead of a force of philosophy and logic that enforces
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axioms on developing theories and hypotheses. In scientific practice, the accepted
wisdom is to analyze empirical data and infer explanatory models and philosophy of
reality. Although that approach permits a loop providing feedback from established
philosophy or model of reality to interpretation of future empirical observations, it is
more likely that the model must be adjusted to meet contrary empirical findings. To not
accept a contrary empirical finding immediately without reproducibility is reasonable.
However, Raju uncovered a deep flaw in science dominated by the West in which
superstitious beliefs have long influenced the development of scientific models.

6. Discussion

We examined evidence that vitamin D deficiency is a key (proximal) cause of
susceptibility to COVID-19, developing complications and death. We tested the impact of
interpreting that evidence by using a heuristic based on ancient Buddhist logic. Using
that logical template allowed us to clarify the context that logic could offer in medical
sciences.

Vitamin D sufficiency gives a straightforward reason why people in tropical
countries and the homeless (living outdoors) have better survival outcomes in
COVID-19. That finding contrasts with outcomes in temperate countries, especially
people with darker skin with an exceedingly high prevalence of severe vitamin D
deficiency, particularly during winter. Their immune systems are thus impaired, making
them highly vulnerable to contracting COVID-19 and developing complications.

We showed how such simple logic could relate to more complex modern
mathematical techniques. Because most scientists and health professionals are unfamiliar
with the logic underlying the most complex statistical and mathematical techniques, a
simpler logic model may assist in critically examining complex research results. Research
lacking the contextual validity afforded by logically applying Catuskoti-like logic but
using mainly statistics to justify conclusions (without empirical scientific constructs)
should be suspect. The same logical heuristic can be used to analyze what has happened
with vaccines without considering confounders and risks. For an effective strategy
against SARS-CoV-2, vitamin D offers a strategy to enhance passive immunity.

For vitamin D and SARS-CoV-2, statistical tests provided the internal validity of the
studies analyzed. Studies with geographic diversity or representative samples were used
to provide external validity (generalizable). A theoretical model of vitamin D deficiency’s
contribution was used for construct validity. The basic logic underlying those approaches
was inference (specific application to vitamin D versus the null hypothesis), Catuskoti
(generalizability of results by appropriate design and validation against alternate
hypotheses), and Dignaga’s trilemma (theoretical construct of a causal type),
respectively.

Vaccines enhance active immunity before exposure. If so, one could ask whether
using a method that attacks a specific site (spike protein) would be better than a more
general one that attacks the whole viral envelope (many sites have been examined for
relative potency for antibody action). One could then ask whether vaccines would
accelerate the evolution of the virus to resistant variants. How quickly could that
happen? One also could ask whether a specific vaccine with or without vitamin D
supplementation (passive immunity) would be more effective. If not for geopolitical
necessity, the WHO or another organization could have designed a study that examined
those finite combinations and permutations, as complex as they may have been.

We used an easily understood logical method to show the fallacy of denying
remedies such as vitamin D and ivermectin during the pandemic. That approach was
partly intended to expose possible economic and political factors that may have
influenced the lack of such a decision (i.e., either illogical or with hidden vested
interests). The evidence bases for using vitamin D indicate that pretreatment to raise
blood levels and the advantage of early treatment (as opposed to late treatment) with
high-dose vitamin D (and/or calcifediol) are essential strategies in using the agents


https://doi.org/10.20944/preprints202210.0135.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 October 2022 d0i:10.20944/preprints202210.0135.v1

30 of 43

effectively. Yet some studies ignore such facts and use faulty study designs as discussed
above, sometimes cherry-picking invalid data. Despite that obviousness, those studies
also were accepted for publication, so authorities could use them to justify their lack of
action.

Further, despite errors in recommendations, they continue for both sufficient levels,
and supplement doses (e.g., SACN, IoM, NICE, as described earlier), and supposedly
authoritative sources continue to quote them and recommend erroneous levels. That is
also used as a reason for not acting. Finally, the contradiction between EUAs for patented
drugs and non-approval of economic, repurposed remedies, including vitamin D, is
glaring. Although the EBM model was developed mainly to rigorously assess new
treatment strategies, the drug industry appears to have exploited for its benefit medical
professionals’ ambiguous understanding of the evidence base medicine or systems.

Although one could argue that the lack of logical basis for decisions is partly true (as
shown in the philosophical basis underlying science, particularly in the West), what is
also evident as a reason for indecision is the presence of pharmaceutical lobbies and
political campaigns contributions in powerful Western nations. Pharmaceutical
disinformation (in analogy with previous campaigns in the tobacco and fossil fuel
industries) must be considered an essential factor is influencing Western
decision-makers, who are already confused by a superstitious logical and philosophical
basis for science.

The preceding was exposed when the reason for not approving cheap remedies
(when pressed) was given as the danger such a decision posed to expensive, highly
profitable patented drugs under EUA, such as vaccines. That argument is also not
genuine because those remedies did not compete with vaccines. However, EUAs were
granted because no other agents were supposedly available to prevent or treat
COVID-19. Conflating vaccines with other treatment modalities (such as antiviral
treatments or immune modulation) exposes the commercial nature of motivations. The
relationship between the drug industry and medical politics needs more scrutiny.

Even though we used a heuristic derived from Buddhist logic (Nalanda paradigm)
to strengthen the conclusions of empirical studies and their statistical analysis, modern
science has fortuitously developed all the procedures necessary to be congruent with
such underlying logic. Thus, the approach does not explain the finding that countries that
follow Western philosophy failed to apply simple methods to protect their populations
against COVID-19. Meanwhile, other nations are less influenced by the pharmaceutical
industry, which considers RCTs the most valid method in medical science. For example,
the Western nations of Spain and Italy successfully applied some of those more
straightforward methods, such as acute treatment with the vitamin D analog calcifediol.
Applying a consistent logical base to scientific practice makes the equivalence of
prospective and retrospective studies easier to see as two sides of the same logical coin.

7. Conclusions

Using a relatively simple heuristic leads to the conclusion that because of the low cost
and high benefit, population-wide supplementation (at least for vulnerable groups) with
vitamin D should be urgently considered to prevent COVID-19 and as an adjunct
therapy. That approach would apply especially in northern and southern latitudes and
countries with large populations of vitamin D-deficient people. Several approaches
summarized below could significantly reduce morbidity and mortality, the use of
intensive care unit beds, and the case burden for COVID-19:

e Adequate vitamin D supplementation (population vitamin D sufficiency) to main-
tain serum 25(OH)D concentration >30 ng/mL (75 nmol/L), preferably >50 ng/mL
(125 nmol/L) [31,62,93,194]

e Population-wide use of face masks in all public places
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e Targeted use of HCQ and ivermectin under medical supervision as prophylaxis or
treatment early in the course of the disease

A further advantage of such measures would be suppression and possible elimination of
the virus from a given population or the world and rapidly returning the supply chains
and the economy to usual [195,196]. Instead of the unnecessary and burdensome
lockdown and draconian curfews that ruined economies and livelihoods, movement
limitations should have been restricted to local areas based on local outbreaks. Contrary
to expectations, data showed that broader movement restrictions increased the viral
spread. As new variants of SARS-CoV-2 emerge and for future epidemics and
pandemics, due to the inability of measures to contain viral evolution, all methods to
eliminate or suppress it, including a resilient population (due to vitamin D adequacy),
must be explored. The evidence for the potential effectiveness of this approach presented
above was either missed or ignored in 2020 and 2021, probably because of a combination
of poor logic and vested interests.

Supplementary Materials: None

Author Contributions: Equal contributions from authors.
Funding: No funding received.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.
Acknowledgments: None

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Clarke, M. Australians advised not to wear masks amid coronavirus pandemic. Available online:
https://www.abc.net.au/news/2020-04-04/coronavirus-covid-19-face-masks-paul-kelly-australians/12122042
(accessed on ABC 4 April 2020).

2. Chossudovski, M. Lancetgate: Scientific corona lies and big pharma corruption: hydroxylchloroquine versus
Gilead Remdesivir. Available online:
https://www.globalresearch.ca/scientific-corona-lies-and-big-pharma-corruption-hydroxychloroquine-versus-gilea
ds-remdesivir/5717718 (accessed on 25 July 2020).

3. Mannix, L. Thumbs down for hydroxychloroquine from government virus taskforce. Available online:
https://www.smh.com.au/national/thumbs-down-for-hydroxychloroquine-from-government-virus-taskforce-20200
806-p55j76.html (accessed on May 2nd, 2022).

4. Siddique, H. No evidence that taking vitamin D prevents Coronavirus, say experts. Available online: (accessed on
May 6).

Lewin, E. Do vitamin D levels affect risk of infection and severity of COVID-19? Available online: (accessed on
Wimalawansa, S.J. Global epidemic of coronavirus—COVID-19: What can we do to minimize risks? European .
Biomed & Pharma Sci. 2020, 7, 432-438,
doi:https://storage.googleapis.com/journal-uploads/ejbps/article_issue/volume_7_march_issue_3/1584436192.pdf.

7. Raharusun, P, Priambada, S, Budiarti, C, Agung, E, Budi, C. Patterns of COVID-19 Mortality and Vitamin D: An
Indonesian Study. SSRN (Preprint) 2020, 10.2139/s5r1.3585561.


https://doi.org/10.20944/preprints202210.0135.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 October 2022 d0i:10.20944/preprints202210.0135.v1

32 0f 43

8. Flannagan, T. It was illogical: The simple piece of coronavirus advice Victoria ignored for too long. Available
online: https://au.news.yahoo.com/coronavirus-face-mask-warning-australia-belatedly-heeded-133456509.html
(accessed on 13 August 2020).

9.  Doherty, P. The Knowledge Wars; Melbourne University Press Australlia, 2015.

10. Bacon, F., Organum, N. Bacon’s Novum organum / edited with introduction, notes, etc., by Thomas; Oxford : Clarendon
Press (second edition): http://hdl.handle.net/1959.1/1404748, 1889.

11. Raju, C.K. 11 pictures of time Sage Publication India Pvt Ltd: India, 2003.

12. Raju, C.K. Time towards a consistent theory; Fundamental Theories of Physics. (Ed. van der Merwe, A., Ed,;
University of Denver USA 1994.

13. Gunaratne, R.D. The logical form of catuskoti; A new solution. Philosophy East and West 1980, 30, 211-239

14. Gunaratne, R.D. Understanding Nagarjuna’s Catuskoti. Philosophy East and West 1986, 36 213-234

15. Stcherbatsky, T.H. Buddhist Logic Vol I. XII, 560 p 1932, 2020,
http://www.orientalstudies.ru/eng/index.php?option=com_publications&Itemid=75&pub=1060.

16. Jayatilleke, K.N. Early Buddhist Theory of Knowledge; George Allen & Unwin Ltd: U.S.A, 1963.

17. Jayatilleke, K.N. The Logic of Four Alternatives. Philosophy East and West 1967, 17, 1-4.

18. Raju, K.C. Cultural Foundations of Mathematics: The Nature of Mathematical Proof and the Transmission of the Calculus
from India to Europe in the 16th Century; 2007; Volume X, Part 4.

19. Anonymous. Regression model assumptions. Available online:
https://www.jmp.com/en_us/statistics-knowledge-portal/what-is-regression/simple-linear-regression-assumptions.
html (accessed on August 8, 2022).

20. Hui, J. Machine Learning — Hidden Markov Model (HMM). Available online:
https://jonathan-hui.medium.com/machine-learning-hidden-markov-model-hmm-31660d217a61 (accessed on
August 8, 2022).

21. Koehrsen, W. Automated Feature Engineering Basics. Available online:
https://www.kaggle.com/code/willkoehrsen/automated-feature-engineering-basics/notebook (accessed on August
3rd, 2022).

22. Yiu, T. Understanding Random Forest: How the algorithm works and why it Is so effective. Available online:
https://towardsdatascience.com/understanding-random-forest-58381e0602d2 (accessed on

23. Hinton, G, Deng, L, Yu, D, Dahl, G, Mohamed, A, Jaitly, N Snr, Vanhoucke, A, Nguyen, V, Sainath, P, Kingsbury,
T, Brian. Deep neural networks for acoustic modeling in speech recognition: The shared views of four research
groups. IEEE signal processing magazine 2012, 29, 82-97, doi:10.1109/msp.2012.2205597.

24. LeCun, Y.; Bengio, Y.; Hinton, G. Deep learning. Nature 2015, 521, 436-444, doi:10.1038/nature14539.

25. Asraf, A; Islam, M.Z.; Haque, M.R.; Islam, M.M. Deep learning applications to combat novel coronavirus
(COVID-19) pandemic. SN Comput Sci 2020, 1, 363, doi:10.1007/s42979-020-00383-w.

26. Cutting, J. The right cerebral hemisphere and psychiatric disorders; Oxford University Press: U.K., 1990.

27. Reiss, J., Ankeny, R.A. Philosophy of Medicine; Stanford Encyclopedia of Philosophy U.S.A, 2016.

28. Ryan, B.A.; McGregor, N.E.; Kirby, B.].; Al-Tilissi, A.; Poulton, L].; Sims, N.A.; Kovacs, C.S. Calcitriol-dependent
and -independent regulation of intestinal calcium absorption, osteoblast function, and skeletal mineralization
during lactation and recovery in mice. | Bone Miner Res 2022, d0i:10.1002/jbmr.4712.

29. Salusky, I.B.; Goodman, W. Skeletal response to intermittent calcitriol therapy in secondary hyperparathyroidism.
Kidney Int Suppl 1996, 53, S135-139.


https://doi.org/10.20944/preprints202210.0135.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 October 2022

33 0f 43

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Hollis, B.W.; Wagner, C.L.; Drezner, M.K.; Binkley, N.C. Circulating vitamin D3 and 25-hydroxyvitamin D in
humans: An important tool to define adequate nutritional vitamin D status. | Steroid Biochem Mol Biol 2007, 103,
631-634, doi:10.1016/j.jsbmb.2006.12.066.

Wimalawansa, S.]. Rapidly Increasing Serum 25(OH)D Boosts the Immune System, against Infections-Sepsis and
COVID-19. Nutrients 2022, 14, doi:10.3390/nu14142997.

Grant, W.B.; Lahore, H.; McDonnell, S.L.; Baggerly, C.A.; French, C.B.; Aliano, ].L.; Bhattoa, H.P. Evidence that
Vitamin D Supplementation Could Reduce Risk of Influenza and COVID-19 Infections and Deaths. Nutrients 2020,
12,1626, d0i:10.3390/nu12040988.

McCullough P.J, L.D.S., Amend, J. Daily oral dosing of vitamin D3 using 5000 TO 50,000 international units a day
in long-term hospitalized patients: Insights from a seven year experience. | Steroid Biochem Mol Biol 2019, 189,
228-239, doi:10.1016/j.jsbmb.2018.12.010.

Wimalawansa, S.]. Achieving population vitamin D sufficiency will markedly reduce healthcare costs. EJBPS 2020,
7:3136-141.

Benskin, L. A basic review of the preliminary evidence that COVID-19 risk and severity is increased in vitamin D
deficiency. Front. Public Health 2020, doi:10.3389/fpubh.2020.00513.

Wimalawansa, S.J., Polonowita, A. Boosting immunity with vitamin D for preventing complications and deaths
from COVID-19. In Proceedings of the COVID 19: Impact, mitigation, opportunities and building resilience “From
adversity to serendipity,” perspectives of global relevance based on research, experience and successes in
combating COVID-19 in Sri Lanka, Colombo, Sri Lanka, 2021; pp. 171-198.

Ilie, P.C.; Stefanescu, S.; Smith, L. The role of vitamin D in the prevention of coronavirus disease 2019 infection and
mortality. Aging Clin Exp Res 2020, 32, 1195-1198, doi:10.1007/s40520-020-01570-8.

Holick, M.F. Vitamin D status: measurement, interpretation, and clinical application. Annals of epidemiology 2009, 19,
73-78, doi:10.1016/j.annepidem.2007.12.001.

Siddiqui, M.; Manansala, J.S.; Abdulrahman, H.A.; Nasrallah, G.K.; Smatti, M.K,; Younes, N.; Althani, A.A_;
Yassine, H.M. Immune Modulatory Effects of Vitamin D on Viral Infections. Nutrients 2020, 12,
doi:10.3390/nu12092879.

Sismanlar, T.; Aslan, A.T.; Gulbahar, O.; Ozkan, S. The effect of vitamin D on lower respiratory tract infections in
children. Turk Pediatri Ars 2016, 51, 94-99, d0i:10.5152/TurkPediatriArs.2016.3383.

Mansur, J.L.; Tajer, C.; Mariani, J.; Inserra, F.; Ferder, L.; Manucha, W. Vitamin D high doses supplementation
could represent a promising alternative to prevent or treat COVID-19 infection. Clin Investig Arterioscler 2020, 32,
267-277, doi:10.1016/j.arteri.2020.05.003.

Panfili, F.M.; Roversi, M.; D'Argenio, P.; Rossi, P.; Cappa, M.; Fintini, D. Possible role of vitamin D in Covid-19
infection in pediatric population. ] Endocrinol Invest 2020, doi:10.1007/s40618-020-01327-0.

Sciscent, B.Y; Eisele, C.D.; Ho, L.; King, S.D; Jain, R.; Golamari, R.R. COVID-19 reinfection: the role of natural
immunity, vaccines, and variants. | Community Hosp Intern Med Perspect 2021, 11, 733-739,
doi:10.1080/20009666.2021.1974665.

Meltzer, D.O,; Best, T.].; Zhang, H.; Vokes, T.; Arora, V.; Solway, J. Association of Vitamin D Deficiency and
Treatment with COVID-19 Incidence. medRxiv 2020, doi:10.1101/2020.05.08.20095893.

Panagiotou, G.; Tee, S.A.; Ihsan, Y.; Athar, W.; Marchitelli, G.; Kelly, D.; Boot, C.S.; Stock, N.; Macfarlane, J.;
Martineau, A.R.; et al. Low serum 25-hydroxyvitamin D (25[OH]D) levels in patients hospitalized with COVID-19
are associated with greater disease severity. Clin Endocrinol (Oxf) 2020, doi:10.1111/cen.14276.

d0i:10.20944/preprints202210.0135.v1


https://doi.org/10.20944/preprints202210.0135.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 October 2022 d0i:10.20944/preprints202210.0135.v1

34 of 43

46. D'Avolio, A.; Avataneo, V.; Manca, A.; Cusato, J.; De Nicolo, A.; Lucchini, R.; Keller, F.; Cantu, M.
25-hydroxyvitamin D concentrations are Lower in patients with positive PCR for SARS-CoV-2. Nutrients 2020, 12,
1359, d0i:10.3390/nu12051359.

47. Institute of Medicine. Scientific Evaluation of Dietary reference intakes for calcium and vitamin D. Available online:
http://www.iom.edu/Reports/2010/Dietary-Reference-Intakes-for-Calcium-and-Vitamin-D.aspx (accessed on

48. Ross, A.C.; Manson, J.E.; Abrams, S.A.; Aloia, J.F.; Brannon, P.M.; Clinton, S.K.; Durazo-Arvizu, R.A.; Gallagher,
J.C.; Gallo, R.L.; Jones, G.; et al. The 2011 report on dietary reference intakes for calcium and vitamin D from the
Institute of Medicine: what clinicians need to know. | Clin Endocrinol Metab 2011, 96, 53-58, d0i:10.1210/jc.2010-2704.

49. Chaltiel, D.; Adjibade, M.; Deschamps, V.; Touvier, M.; Hercberg, S.; Julia, C.; Kesse-Guyot, E. Programme
National Nutrition Sante - guidelines score 2 (PNNS-GS2): development and validation of a diet quality score
reflecting the 2017 French dietary guidelines. Br | Nutr 2019, 122, 331-342, d0i:10.1017/50007114519001181.

50. Davis, K.A,; Esslinger, K.; Elvidge Munene, L.A.; St-Pierre, S. International approaches to developing healthy
eating patterns for national dietary guidelines. Nutr Rev 2019, 77, 388-403, d0i:10.1093/nutrit/nuy058.

51. Veugelers, P.J.; Ekwaru, J.P. A statistical error in the estimation of the recommended dietary allowance for vitamin
D. Nutrients 2014, 6, 4472-4475, d0i:10.3390/nu6104472.

52. Schwalfenberg, G. Vitamin D for influenza. Canadian family physician Medecin de famille canadien 2015, 61, 507.

53. Schwalfenberg, G.K.; Whiting, S.J. A Canadian response to the 2010 Institute of Medicine vitamin D and calcium
guidelines. Public Health Nutr 2011, 14, 746-748, doi:10.1017/51368980011000292.

54. Grant, W.B. Is the Institute of Medicine report on calcium and vitamin D good science? Biological research for nursing
2011, 13, 117-119, doi:1099800410396947 [pii], 10.1177/1099800410396947 .

55. Heaney, R.; Garland, C.; Baggerly, C.; French, C.; Gorham, E. A statistical error in the estimation of the
recommended dietary allowance for vitamin D. Nutrients 2015, 7, 1688-1690, doi:10.3390/nu7031688.

56. Kaufman, H.W.; Niles, ] K.; Kroll, M.H.; Bi, C.; Holick, M.F. SARS-CoV-2 positivity rates associated with circulating
25-hydroxyvitamin D levels. PLoS One 2020, 15, e0239252, doi:10.1371/journal.pone.0239252.

57. Maghbooli, Z.; Sahraian, M.A.; Ebrahimi, M.; Pazoki, M.; Kafan, S.; Tabriz, H.M.; Hadadi, A.; Montazeri, M.; Nasiri,
M.; Shirvani, A.; et al. Vitamin D sufficiency, a serum 25-hydroxyvitamin D at least 30 ng/mL reduced risk for
adverse clinical outcomes in patients with COVID-19 infection. PLoS One 2020, 15, €0239799,
d0i:10.1371/journal.pone.0239799.

58. Merzon, E.; Tworowski, D.; Gorohovski, A.; Vinker, S.; Golan Cohen, A.; Green, I.; Frenkel-Morgenstern, M. Low
plasma 25(OH) vitamin D level is associated with increased risk of COVID-19 infection: an Israeli population-based
study. FEBS | 2020, 287, 3693-3702, doi:10.1111/febs.15495.

59. Hernandez, J., Nan, D, Fernandez-Ayala, M, Garcia-Unzueta, M, Hernandez-Hernandez, MA, Lépez-Hoyos, M,
Munoz Cacho, P, Olmos, JM, Gutiérrez-Cuadra, M, Ruiz-Cubillan, JJ, Crespo, ], Martinez-Taboada, VM. Vitamin D
status in hospitalized patients with SARS-CoV-2 infection. | Clin. Endocrinol. Metabolism 2020, dgaa733,
d0i:10.1210/clinem/dgaa733.

60. Zhou, A.; Selvanayagam, ].B.; Hypponen, E. Non-linear Mendelian randomization analyses support a role for
vitamin D deficiency in cardiovascular disease risk. Eur Heart | 2022, 43, 1731-1739, doi:10.1093/eurheartj/ehab809.

61. Wimalawansa, S.J. Commonsense approaches to minimizing risks from COVID-19. Open ] Pulm Respir Med 2020, 2,
28-37, https://doi.org/10.36811/0jprm.32020.110010 do0i:10.36811/0jprm.2020.110010.

62. Wimalawansa, S.J. Achieving population vitamin D sufficiency will markedly reduce healthcare costs. EJBPS 2020,
7,136-141, doi:1591617368.pdf


https://doi.org/10.20944/preprints202210.0135.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 October 2022 d0i:10.20944/preprints202210.0135.v1

350f 43

63. Wimalawansa, S.J. Controlling COVID-19 pandemic with cholecalciferol. World | Adv, Heathcare Res. 2020, 5,
155-165, d0i:10.17605/OSF.1I0/7UQ6P.

64. Wimalawansa, S.J. IOM recommendations vs. vitamin D guidelines applicable to the rest of the world. In
Proceedings of the 5th International Conference on Vitamin D, Abu Dhabi, U.A.E., 2017; p. 9.

65. Wimalawansa, S.J. Non-musculoskeletal benefits of vitamin D. | Steroid Biochem Mol Biol 2018, 175, 60-81,
d0i:10.1016/j.jsbmb.2016.09.016.

66. Manson, J.E.; Bassuk, S.S.; Lee, LM.; Cook, N.R.; Albert, M.A.; Gordon, D.; Zaharris, E.; Macfadyen, ].G.; Danielson,
E.; Lin, J.; et al. The VITamin D and OmegA-3 TriaL (VITAL): rationale and design of a large randomized
controlled trial of vitamin D and marine omega-3 fatty acid supplements for the primary prevention of cancer and
cardiovascular disease. Contemp Clin Trials 2012, 33, 159-171, d0i:10.1016/j.cct.2011.09.009.

67. Heaney, R.P. Guidelines for optimizing design and analysis of clinical studies of nutrient effects. Nutr Rev 2014, 72,
48-54, d0i:10.1111/nure.12090.

68. Grant, W.B.; Al Anouti, F.; Boucher, B.].; Dursun, E.; Gezen-Ak, D.; Jude, E.B.; Karonova, T.; Pludowski, P. A
narrative review of the evidence for variations in serum 25-hydroxyvitamin D concentration thresholds for optimal
health. Nutrients 2022, 14, doi:10.3390/nu14030639.

69. Grant, W.B.; Boucher, B.].; Bhattoa, H.P.; Lahore, H. Why vitamin D clinical trials should be based on
25-hydroxyvitamin D concentrations. | Steroid Biochem Mol Biol 2018, 177, 266-269, doi:10.1016/j.jsbmb.2017.08.009.

70. Grant, W.B.; Boucher, B.J.; Pludowski, P.; Wimalawansa, S.J. The emerging evidence for non-skeletal health
benefits of vitamin D supplementation in adults. Nat Rev Endocrinol 2022, 18, 323, doi:10.1038/s41574-022-00646-x.

71. Grant, W., Boucher, B, Anouti, FA, Stefan Pilz, S. Comparing the evidence from observational studies and
randomized controlled trials for nonskeletal health effects of vitamin D. Nutrients 2022, 14, 3811,
doi:https://doi.org/10.3390/nu14183811.

72. Annweiler, C.; Hanotte, B.; Grandin de I'Eprevier, C.; Sabatier, ].M.; Lafaie, L.; Celarier, T. Vitamin D and survival
in COVID-19 patients: A quasi-experimental study. | Steroid Biochem Mol Biol 2020, 204, 105771,
d0i:10.1016/j.jsbmb.2020.105771.

73. Jain, A.; Chaurasia, R.; Sengar, N.S.; Singh, M.; Mahor, S.; Narain, S. Analysis of vitamin D level among
asymptomatic and critically ill COVID-19 patients and its correlation with inflammatory markers. Sci Rep 2020, 10,
20191, doi:10.1038/s41598-020-77093-z.

74. Murai, .LH.; Fernandes, A.L.; Sales, L.P.; Pinto, A.].; Goessler, K.F.; Duran, C.S.C,; Silva, C.B.R.; Franco, A.S.;
Macedo, M.B.; Dalmolin, H.H.H.; et al. Effect of a single high dose of vitamin D3 on hospital length of stay in
patients with moderate to severe COVID-19: A randomized clinical trial. JAMA 2021, 325, 1053-1060,
https://jamanetwork.com/journals/jama/article-abstract/2776738 d0i:10.1001/jama.2020.26848.

75. Wimalawansa, S.J.; Whittle, R. Vitamin D: A single initial dose is not bogus if followed by an appropriate
maintenance intake. JBMR Plus 2022, 6, €10606, doi:10.1002/jbm4.10606.

76. Cui, Z.; Tian, Y. Using genetic variants to evaluate the causal effect of serum vitamin D concentration on COVID-19
susceptibility, severity and hospitalization traits: a Mendelian randomization study. | Transl Med 2021, 19, 300,
doi:10.1186/s12967-021-02973-5.

77. Davey Smith, G.; Ebrahim, S. What can mendelian randomisation tell us about modifiable behavioural and
environmental exposures? BM] 2005, 330, 1076-1079, d0i:10.1136/bmj.330.7499.1076.

78. Hastie, C.E.; Mackay, D.F.; Ho, F.; Celis-Morales, C.A.; Katikireddi, S.V.; Niedzwiedz, C.L.; Jani, B.D.; Welsh, P.;
Mair, F.S.; Gray, S.R.; et al. Vitamin D concentrations and COVID-19 infection in UK Biobank. Diabetes Metab Syndr
2020, 14, 561-565, doi:10.1016/j.dsx.2020.04.050.


https://doi.org/10.20944/preprints202210.0135.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 October 2022 d0i:10.20944/preprints202210.0135.v1

36 of 43

79. Davies, G.; Mazess, R.B.; Benskin, L.L. Letter to the editor in response to the article: "Vitamin D concentrations and
COVID-19 infection in UK biobank" (Hastie et al.). Diabetes Metab Syndr 2021, 15, 643-644,
doi:10.1016/j.dsx.2021.02.016.

80. De Niet, S.; Tremege, M.; Coffiner, M.; Rousseau, A.F.; Calmes, D.; Frix, A.N.; Gester, F.; Delvaux, M.; Dive, A.F.;
Guglielmi, E.; et al. Positive Effects of Vitamin D Supplementation in Patients Hospitalized for COVID-19: A
Randomized, Double-Blind, Placebo-Controlled Trial. Nutrients 2022, 14, doi:10.3390/nu14153048.

81. Chen, J.; Mei, K;; Xie, L.; Yuan, P.; Ma, J; Yu, P.; Zhu, W.; Zheng, C.; Liu, X. Low vitamin D levels do not aggravate
COVID-19 risk or death, and vitamin D supplementation does not improve outcomes in hospitalized patients with
COVID-19: a meta-analysis and GRADE assessment of cohort studies and RCTs. Nutr | 2021, 20, 89,
doi:10.1186/s12937-021-00744-y.

82. Bassatne, A.; Basbous, M.; Chakhtoura, M.; El Zein, O.; Rahme, M.; El-Hajj Fuleihan, G. The link between
COVID-19 and VItamin D (VIVID): A systematic review and meta-analysis. Metabolism 2021, 119, 154753,
doi:10.1016/j.metabol.2021.154753.

83. Shah, K.; Varna, V., P. ; Sharma, U.; Mavalankar, D. Does vitamin D supplementation reduce COVID-19 severity? -
a systematic review. QJM 2022, doi:10.1093/gjmed/hcac040.

84. Varikasuvu, S.R.; Thangappazham, B.; Vykunta, A.; Duggina, P.; Manne, M.; Raj, H.; Aloori, S. COVID-19 and
vitamin D (Co-VIVID study): a systematic review and meta-analysis of randomized controlled trials. Expert Rev
Anti Infect Ther 2022, 1-7, d0i:10.1080/14787210.2022.2035217.

85. D'Ecclesiis, O.; Gavioli, C.; Martinoli, C.; Raimondi, S.; Chiocca, S.; Miccolo, C.; Bossi, P.; Cortinovis, D.;
Chiaradonna, F.; Palorini, R.; et al. Vitamin D and SARS-CoV2 infection, severity and mortality: A systematic
review and meta-analysis. PLoS One 2022, 17, e0268396, d0i:10.1371/journal.pone.0268396.

86. Hosseini, B.; E1 Abd, A.; Ducharme, F.M. Effects of vitamin D supplementation on COVID-19 related outcomes: A
systematic review and meta-analysis. Nutrients 2022, 14, d0i:10.3390/nu14102134.

87. Nikniaz, Akbarzadeh, MA, Hosseinifard, H, Hosseini, MS The impact of vitamin D supplementation on mortality
rate and clinical outcomes of COVID-19 patients: A systematic review and meta-analysis. Pharm Sci 2022, 27(Suppl
1), =S1-512, doi:10.34172/PS.2021.13

88. Jackson, D.; White, I.R. When should meta-analysis avoid making hidden normality assumptions? Biom | 2018, 60,
1040-1058, d0i:10.1002/bimj.201800071.

89. Chambers, P. COVID-19: From cough to coffin. Open Access Library Journal 2022, 9, e8300, doi:10.4236/0alib.1108300.

90. Young, T. The Bakerian lecture: Experiments and calculation relative to physical optics. Philosophical Transactions
1804, 94, 1-16, d0i:10.1098/rstl.1804.0001.

91. Buchmann, N.; Eckstein, N.; Spira, D.; Demuth, I.; Steinhagen-Thiessen, E.; Norman, K. Vitamin D insufficiency is
associated with metabolic syndrome independent of insulin resistance and obesity in young adults - The Berlin
Aging Study II. Diabetes Metab Res Rev 2021, 37, 3457, d0i:10.1002/dmrr.3457.

92. Holt, R.; Petersen, ]J.H.; Dinsdale, E.; Knop, F.K,; Juul, A.; Jorgensen, N.; Blomberg Jensen, M. Vitamin D
supplementation improves fasting insulin levels and HDL cholesterol in infertile men. | Clin Endocrinol Metab 2022,
107, 98-108, d0i:10.1210/clinem/dgab667.

93. Wimalawansa, S.J. Fighting against COVID-19: Boosting the immunity with micronutrients, stress reduction,
physical activity, and vitamin D. Nutrition and Food Science Journal (Sci Literature) 2020c, 3(1), 1-4.

94. Macova, L.; Bicikova, M.; Hampl, R. Endocrine risk factors for COVID-19 in context of aging. Physiol Res 2021, 70,
5153-5159, doi:10.33549/physiolres.934723.


https://doi.org/10.20944/preprints202210.0135.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 October 2022 d0i:10.20944/preprints202210.0135.v1

37 of 43

95. Meftahi, G.H.; Jangravi, Z.; Sahraei, H.; Bahari, Z. The possible pathophysiology mechanism of cytokine storm in
elderly adults with COVID-19 infection: the contribution of "inflame-aging". Inflamm Res 2020, 69, 825-839,
doi:10.1007/s00011-020-01372-8.

96. AlSafar, H.; Grant, W.B.; Hijazi, R.; Uddin, M.; Alkaabi, N.; Tay, G.; Mahboub, B.; Al Anouti, F. COVID-19 disease
severity and death in Relation to vitamin D status among SARS-CoV-2-Positive UAE residents. Nutrients 2021, 13,
doi:10.3390/nu13051714.

97. Shakoor, H.; Feehan, J.; Al Dhaheri, A.S.; Cheikh Ismail, L.; Ali, H.I.; Alhebshi, S.H.; Apostolopoulos, V.;
Stojanovska, L. Role of vitamin D supplementation in aging patients with COVID-19. Maturitas 2021, 152, 63-65,
doi:10.1016/j.maturitas.2021.03.006.

98. Han, ].E; Jones, J.L.; Tangpricha, V.; Brown, M.A.; Brown, L.A.S.; Hao, L.; Hebbar, G.; Lee, M.].; Liu, S.; Ziegler,
T.R.; et al. High sose vitamin D administration in ventilated intensive care unit patients: A pilot double blind
randomized controlled trial. ] Clin Transl Endocrinol 2016, 4, 59-65, d0i:10.1016/j.jcte.2016.04.004.

99. Dancer, R.C,; Parekh, D.; Lax, S.; D'Souza, V.; Zheng, S.; Bassford, C.R.; Park, D.; Bartis, D.G.; Mahida, R.; Turner,
A.M.; et al. Vitamin D deficiency contributes directly to the acute respiratory distress syndrome (ARDS). Thorax
2015, 70, 617-624, doi:10.1136/thoraxjnl-2014-206680.

100. Xu ], Y.J., Chen ], Luo Q, Zhang Q, Zhang H. Vitamin D alleviates lipopolysaccharide-induced acute lung injury
via regulation of the renin-angiotensin system. Molecular medicine reports 2017, 16, 7432-7438

101. Bergman, P.; Norlin, A.C.; Hansen, S.; Bjorkhem-Bergman, L. Vitamin D supplementation to patients with frequent
respiratory tract infections: a post hoc analysis of a randomized and placebo-controlled trial. BMC Res Notes 2015, §,
391, doi:10.1186/s13104-015-1378-3.

102. Bergman, P.; Norlin, A.C.; Hansen, S.; Rekha, R.S.; Agerberth, B.; Bjorkhem-Bergman, L.; Ekstrom, L.; Lindh, J.D.;
Andersson, ]. Vitamin D3 supplementation in patients with frequent respiratory tract infections: a randomised and
double-blind intervention study. BMJ Open 2012, 2, doi:10.1136/bmjopen-2012-001663.

103. Gwyer Findlay, E.; Currie, S.M.; Davidson, D.J. Cationic host defence peptides: potential as antiviral therapeutics.
BioDrugs 2013, 27, 479-493, d0i:10.1007/s40259-013-0039-0.

104. Quraishi, S.A.; De Pascale, G.; Needleman, ].S.; Nakazawa, H.; Kaneki, M.; Bajwa, E.K.; Camargo, C.A., Jr.; Bhan, L
Effect of cholecalciferol supplementation on vitamin D status and cathelicidin levels in sepsis: A randomized,
placebo-controlled Ttrial. Crit Care Med 2015, 43, 1928-1937, d0i:10.1097/CCM.0000000000001148.

105. Han, J.E.; Jones, J.L.; Tangpricha, V.; Brown, M. A ; Brown, L.A.S.; Hao, L.; Hebbar, G.; Lee, M.].; Liu, S.; Ziegler,
T.R; et al. High dose vitamin D administration in ventilated intensive care unit patients: A pilot double blind
randomized controlled trial. | Clin Transl Endocrinol 2016, 4, 59-65, d0i:10.1016/j.jcte.2016.04.004.

106. Annweiler, C.; Cao, Z.; Wu, Y.; Faucon, E.; Moubhat, S.; Kovacic, H.; Sabatier, ]. M. Counter-regulatory
'Renin-Angiotensin' system-based candidate drugs to treat COVID-19 diseases in SARS-CoV-2-infected patients.
Infect Disord Drug Targets 2020, 20, 407-408, doi:10.2174/1871526520666200518073329.

107. Annweiler, G.; Corvaisier, M.; Gautier, J.; Dubee, V.; Legrand, E.; Sacco, G.; Annweiler, C. Vitamin D
supplementation associated to better survival in hospitalized frail elderly COVID-19 patients: The GERIA-COVID
quasi-experimental study. Nutrients 2020, 12, 3377, d0i:10.3390/nu12113377.

108. Alique, M.; Sanchez-Lopez, E.; Rayego-Mateos, S.; Egido, J.; Ortiz, A.; Ruiz-Ortega, M. Angiotensin II, via
angiotensin receptor type 1/nuclear factor-kappaB activation, causes a synergistic effect on
interleukin-1-beta-induced inflammatory responses in cultured mesangial cells. | Renin Angiotensin Aldosterone Syst
2015, 16, 23-32, doi:10.1177/1470320314551564.


https://doi.org/10.20944/preprints202210.0135.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 October 2022 d0i:10.20944/preprints202210.0135.v1

38 of 43

109. Cicero, A., Fogacci, F, Borghi, C. Vitamin D supplementation and COVID-19 outcomes: Mounting evidence and
fewer doubts. Nutrients 2022, 14, 1-4, d0i:10.3390/nu14173584.

110. Cannell, ].]J.; Vieth, R.; Umhau, J.C.; Holick, M.F.; Grant, W.B.; Madronich, S.; Garland, C.F.; Giovannucci, E.
Epidemic influenza and vitamin D. Epidemiol Infect 2006, 134, 1129-1140, doi:10.1017/50950268806007175.

111. Gruber-Bzura, B.M. Vitamin D and Influenza-Prevention or Therapy? Int | Mol Sci 2018, 19,
d0i:10.3390/ijms19082419.

112. Chu, H.;; Hou, Y.; Yang, D.; Wen, L.; Shuai, H.; Yoon, C.; Shi, J.; Chai, Y.; Yuen, T.T.; Hu, B.; et al. Coronaviruses
exploit a host cysteine-aspartic protease for replication. Nature 2022, doi:10.1038/s41586-022-05148-4.

113. Malloy, P.J.; Feldman, D. Inactivation of the human vitamin D receptor by caspase-3. Endocrinology 2009, 150,
679-686, doi:10.1210/en.2008-1217.

114. Parrish, A.B.; Freel, C.D.; Kornbluth, S. Cellular mechanisms controlling caspase activation and function. Cold
Spring Harb Perspect Biol 2013, 5, a008672, doi:10.1101/cshperspect.a008672.

115. Meltzer, D.O.; Best, T.].; Zhang, H.; Vokes, T.; Arora, V.; Solway, ]. Association of vitamin D status and other
clinical characteristics with COVID-19 Test resultt. JAMA Netw Open 2020, 3, e2019722,
doi:10.1001/jamanetworkopen.2020.19722.

116. Reed, G.; Hendlin, Y.; Desikan, A.; MacKinney, T.; Berman, E.; Goldman, G.T. The disinformation playbook: how
industry manipulates the science-policy process-and how to restore scientific integrity. | Public Health Policy 2021,
42, 622-634, doi:10.1057/s41271-021-00318-6.

117.Grant, W.B. Vitamin D acceptance delayed by big pharma following the Disinformation Playbook. Available online:
http://orthomolecular.org/resources/omns/v14n22.shtml (accessed on March 22nd, 2022).

118. Alderson, P. Absence of evidence is not evidence of absence. BM] 2004, 328, 476-477, d0i:10.1136/bmj.328.7438.476.

119. Altman, D.G.; Bland, ].M. Absence of evidence is not evidence of absence. BM] 1995, 311, 485,
doi:10.1136/bmj.311.7003.485.

120. FDA. Emergency use authorization for vaccines explained. Available online:
https://www.fda.gov/vaccines-blood-biologics/vaccines/emergency-use-authorization-vaccines-explained
(accessed on May 22nd).

121. Begg, M. "Hard lessons,” research document: Reckoning the economic, social. and humanitarian costs of zero
COVID 9 (https://Inkd.in/eQegqg-bV; https://Inkd.in/etq_-2ej).
https:/lipa.org.aulwp-content/uploads/2022/09/220921-1P A-Report-Hard-Lessons-Reckoning-the-economic-social-and-human
itarian-costs-of-zero-COVID.pdf 2022,
doi:https://ipa.org.au/wp-content/uploads/2022/09/220921-IP A-Report-Hard-Lessons-Reckoning-the-economic-soci
al-and-humanitarian-costs-of-zero-COVID.pdf.

122. Quinn, E.K;; Fenton, S.; Ford-Sahibzada, C.A.; Harper, A.; Marcon, A.R; Caulfield, T.; Fazel, S.S.; Peters, C.E.
COVID-19 and vitamin D misinformation on YouTube: content analysis. IMIR Infodemiology 2022, 2, e32452,
doi:10.2196/32452.

123. Garg, M.; Al-Ani, A.; Mitchell, H.; Hendy, P.; Christensen, B. Editorial: low population mortality from COVID-19
in countries south of latitude 35 degrees North-supports vitamin D as a factor determining severity. Authors' reply.
Aliment Pharmacol Ther 2020, 51, 1438-1439, doi:10.1111/apt.15796.

124. Laird, E.; Rhodes, J.; Kenny, R.A. Vitamin D and inflammation: potential implications for severity of COVID-19. Ir
Med ] 2020, 113, 81.

125. Hribar, C.A.; Cobbold, P.H.; Church, F.C. Potential Rr in the elderly to resist COVID-19 and to slow progression of
Parkinson's disease. Brain Sci 2020, 10, d0i:10.3390/brainsci10050284.


https://doi.org/10.20944/preprints202210.0135.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 October 2022 d0i:10.20944/preprints202210.0135.v1

39 of 43

126. Wimalawansa, S.J. Reducing risks from COVID-19: Cost-effective ways of strengthening individual’s and the
population immunity with vitamin D. | Endocrinol Sci 2020, 2, -13.

127. Rusinska, A.; Pludowski, P.; Walczak, M.; Borszewska-Kornacka, M.K.; Bossowski, A.; Chlebna-Sokol, D.;
Czech-Kowalska, J.; Dobrzanska, A.; Franek, E.; Helwich, E.; et al. Vitamin D Supplementation Guidelines for
General Population and Groups at Risk of Vitamin D Deficiency in Poland-Recommendations of the Polish Society
of Pediatric Endocrinology and Diabetes and the Expert Panel With Participation of National Specialist
Consultants and Representatives of Scientific Societies-2018 Update. Front Endocrinol (Lausanne) 2018, 9, 246,
doi:10.3389/fend0.2018.00246.

128. Smabha, J.; Kuzma, M.; Brazdilova, K.; Nachtmann, S.; Jankovsky, M.; Pastirova, K.; Gazova, A.; Jackuliak, P.;
Killinger, Z.; Kyselovic, J.; et al. Patients with COVID-19 pneumonia with 25(OH)D levels lower than 12 ng/ml are
at increased risk of death. Int | Infect Dis 2022, 116, 313-318, d0i:10.1016/j.ijid.2022.01.044.

129. Benskin, L.L. A basic review of the preliminary evidence that COVID-19 risk and severity is increased in vitamin D
deficiency. Front Public Health 2020, 8, 513, doi:10.3389/fpubh.2020.00513.

130. Karonova, T.L.; Chernikova, A.T.; Golovatyuk, K.A.; Bykova, E.S.; Grant, W.B.; Kalinina, O.V.; Grineva, E.N.;
Shlyakhto, E.V. Vitamin D intake may reduce SARS-CoV-2 infection morbidity in health care workers. Nutrients
2022, 14, d0i:10.3390/nu14030505.

131. Seal, K.H.; Bertenthal, D.; Carey, E.; Grunfeld, C.; Bikle, D.D.; Lu, C.M. Association of vitamin D status and
COVID-19-related hospitalization and mortality. | Gen Intern Med 2022, 37, 853-861, doi:10.1007/s11606-021-07170-0.

132. Bychinin, M.V.; Klypa, T.V.; Mandel, I.A.; Andreichenko, S.A.; Baklaushev, V.P.; Yusubalieva, G.M.; Kolyshkina,
N.A.; Troitsky, A.V. Low circulating vitamin D in intensive care unit-admitted COVID-19 patients as a predictor of
negative outcomes. | Nutr 2021, 151, 2199-2205, doi:10.1093/jn/nxab107.

133. Cervero, M.; Lopez-Wolf, D.; Casado, G.; Novella-Mena, M.; Ryan-Murua, P.; Taboada-Martinez, M.L.;
Rodriguez-Mora, S.; Vigon, L.; Coiras, M.; Torres, M. Beneficial effect of short-term supplementation of high dose
of vitamin D3 in hospitalized patients with COVID-19: A multicentersingle-blinded, prospective clinical trial.
Frontiers in pharmacology 2022, 13, 863587, doi:10.3389/fphar.2022.863587.

134. Gavioli, E.M.; Miyashita, H.; Hassaneen, O.; Siau, E. An evaluation of serum 25-hydroxy vitamin D levels in
patients with COVID-19 in new york city. ] Am Nutr Assoc 2022, 41, 201-206, doi:10.1080/07315724.2020.1869626.

135. Ben-Eltriki, M.; Hopefl, R.; Wright, ].M.; Deb, S. Association between vitamin D status and risk of developing
severe COVID-19 infection: A meta-analysis of observational studies. | Am Coll Nutr 2021, 1-11,
doi:10.1080/07315724.2021.1951891.

136.Nguyen, N.N.; Raju, M.N.P.; da Graca, B.; Wang, D.; Mohamed, N.A.; Mutnal, M.B.; Rao, A.; Bennett, M.; Gokingco,
M.; Pham, H.; et al. 25-hydroxyvitamin D is a predictor of COVID-19 severity of hospitalized patients. PLoS One
2022, 17, e0268038, doi:10.1371/journal. pone.0268038.

137. Takase, T.; Tsugawa, N.; Sugiyama, T.; Ikesue, H.; Eto, M.; Hashida, T.; Tomii, K.; Muroi, N. Association between
25-hydroxyvitamin D levels and COVID-19 severity. Clin Nutr ESPEN 2022, 49, 256-263,
d0i:10.1016/j.clnesp.2022.04.003.

138. Annonymus. Vitamin D for COVID-19: real-time analysis of all 300 studies (c19vitamind.com) Available online:
https://c19vitamind.com/ (accessed on August 20, 2022).

139. Luo, G.; Ducy, P.; McKee, M.D.; Pinero, G.J.; Loyer, E.; Behringer, R.R.; Karsenty, G. Spontaneous calcification of
arteries and cartilage in mice lacking matrix GLA protein. Nature 1997, 386, 78-81, d0i:10.1038/386078a0.

140. Masterjohn, C. Vitamin D toxicity redefined: vitamin K and the molecular mechanism. Med Hypotheses 2007, 68,
1026-1034, do0i:10.1016/j.mehy.2006.09.051.


https://doi.org/10.20944/preprints202210.0135.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 October 2022 d0i:10.20944/preprints202210.0135.v1

40 of 43

141. Kearns, M.D.; Alvarez, ].A.; Tangpricha, V. Large, single-dose, oral vitamin D supplementation in adult
populations: a systematic review. Endocr Pract 2014, 20, 341-351, doi:10.4158/EP13265.RA.

142. Entrenas Castillo, M.; Entrenas Costa, L.M.; Vaquero Barrios, ].M.; Alcala Diaz, ].F.; Lopez Miranda, ].; Bouillon, R ;
Quesada Gomez, ].M. Effect of calcifediol treatment and best available therapy versus best available therapy on
intensive care unit admission and mortality among patients hospitalized for COVID-19: A pilot randomized
clinical study. J Steroid Biochem Mol Biol 2020, 203, 105751, doi:10.1016/j.jsbmb.2020.105751.

143. Nogues, X.; Servitja, S.; Pena, M.].; Prieto-Alhambra, D.; Nadal, R.; Mellibovsky, L.; Albanell, ].; Diez-Perez, A.;
Tusquets, I. Vitamin D deficiency and bone mineral density in postmenopausal women receiving aromatase
inhibitors for early breast cancer. Maturitas 2010, 66, 291-297, doi:10.1016/j.maturitas.2010.03.012.

144. LeBoff, M.S.; Chou, S.H.; Ratliff, K.A.; Cook, N.R.; Khurana, B.; Kim, E.; Cawthon, P.M.; Bauer, D.C.; Black, D.;
Gallagher, ].C.; et al. Supplemental vitamin D and incident fractures in midlife and older adults. N Engl ] Med 2022,
387, 299-309, doi:10.1056/NEJM0a2202106.

145. Barrea, L.V,, L.; Grant, W.B.; Frias-Toral, E.; Sarno, G.; Vetrani, C.; Ceriani, F.; Garcia-Velasquez, E.;
Contreras-Bricefio, ].; Savastano, S.; et al. . Vitamin D: A role also in long COVID-19? Nutrients 2022, 14, 1625.

146. Bae, ].H.; Choe, H.J.; Holick, M.F.; Lim, S. Association of vitamin D status with COVID-19 and its severity : Vitamin
D and COVID-19: a narrative review. Rev Endocr Metab Disord 2022, doi:10.1007/s11154-021-09705-6.

147. Derakhshanian, H.; Rastad, H.; Ghosh, S.; Zeinali, M.; Ziaee, M.; Khoeini, T.; Farrokhpour, M.; Qorbani, M.;
Ramezani Ghamsari, M.; Hasani, H.; et al. The predictive power of serum vitamin D for poor outcomes in
COVID-19 patients. Food Sci Nutr 2021, 9, 6307-6313, doi:10.1002/fsn3.2591.

148. Maghbooli, Z.; Sahraian, M. A.; Jamalimoghadamsiahkali, S.; Asadi, A.; Zarei, A.; Zendehdel, A.; Varzandi, T.;
Mohammadnabi, S.; Alijani, N.; Karimi, M.; et al. Treatment With 25-Hydroxyvitamin D3 (Calcifediol) Is
Associated With a Reduction in the Blood Neutrophil-to-Lymphocyte Ratio Marker of Disease Severity in
Hospitalized Patients With COVID-19: A Pilot Multicenter, Randomized, Placebo-Controlled, Double-Blinded
Clinical Trial. Endocr Pract 2021, 27, 1242-1251, doi:10.1016/j.eprac.2021.09.016.

149. Kumar, R; Rathi, H.; Haqg, A.; Wimalawansa, S.J.; Sharma, A. Putative roles of vitamin D in modulating immune
response and immunopathology associated with COVID-19. Virus Res 2021, 292, 198235,
doi:10.1016/j.virusres.2020.198235.

150. Annweiler, C.; Beaudenon, M.; Simon, R.; Guenet, M.; Otekpo, M.; Celarier, T.; Gautier, J.; group, G.-C.s. Vitamin D
supplementation prior to or during COVID-19 associated with better 3-month survival in geriatric patients:
Extension phase of the GERIA-COVID study. | Steroid Biochem Mol Biol 2021, 213, 105958,
doi:10.1016/j.jsbmb.2021.105958.

151. Alcala-Diaz, J.F.; Limia-Perez, L.; Gomez-Huelgas, R.; Martin-Escalante, M.D.; Cortes-Rodriguez, B.;
Zambrana-Garcia, J.L.; Entrenas-Castillo, M.; Perez-Caballero, A.L; Lopez-Carmona, M.D.; Garcia-Alegria, J.; et al.
Calcifediol treatment and hospital mortality due to COVID-19: A cohort study. Nutrients 2021, 13, 1760,
d0i:10.3390/nu13061760.

152. Quesada-Gomez, ].M.; Lopez-Miranda, J.; Entrenas-Castillo, M.; Casado-Diaz, A.; Nogues, Y.S5.X.; Mansur, J.L.;
Bouillon, R. Vitamin D endocrine system and COVID-19: treatment with calcifediol. Nutrients 2022, 14,
doi:10.3390/nu14132716.

153. Rustecka, A.; Maret, J.; Drab, A.; Leszczynska, M.; Tomaszewska, A.; Lipinska-Opalka, A.; Bedzichowska, A.;
Kalicki, B.; Kubiak, J.Z. The impact of COVID-19 pandemic during 2020-2021 on the vitamin D serum levels in the
paediatric population in warsaw, poland. Nutrients 2021, 13, doi:10.3390/nu13061990.


https://doi.org/10.20944/preprints202210.0135.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 October 2022 d0i:10.20944/preprints202210.0135.v1

41 0f 43

154. Holick, M.F.; Binkley, N.C.; Bischoff-Ferrari, H.A.; Gordon, C.M.; Hanley, D.A.; Heaney, R.P.; Murad, M.H.;
Weaver, C.M.; Endocrine, S. Evaluation, treatment, and prevention of vitamin D deficiency: an Endocrine Society
clinical practice guideline. | Clin Endocrinol Metab 2011, 96, 1911-1930, doi:10.1210/jc.2011-0385.

155. Annweiler, C.; Souberbielle, J.C. Vitamin D supplementation and COVID-19: expert consensus and guidelines.
Geriatr Psychol Neuropsychiatr Vieil 2020, doi:10.1684/pnv.2020.0907.

156. Pludowski, P.; Karczmarewicz, E.; Bayer, M.; Carter, G.; Chlebna-Sokol, D.; Czech-Kowalska, J.; Debski, R.; Decsi,
T.; Dobrzanska, A.; Franek, E.; et al. Practical guidelines for the supplementation of vitamin D and the treatment of
deficits in Central Europe - recommended vitamin D intakes in the general population and groups at risk of
vitamin D deficiency. Endokrynol Pol 2013, 64, 319-327, doi:10.5603/ep.2013.0012.

157. Buttriss, J.L.; Lanham-New, S.A. Is a vitamin D fortification strategy needed? Nutr Bull 2020, 45, 115-122,
doi:10.1111/nbu.12430.

158. Vimaleswaran, K.S.; Forouhi, N.G.; Khunti, K. Vitamin D and covid-19. BM] 2021, 372, n544, d0i:10.1136/bmj.n544.

159. Griffin, G.; Hewison, M.; Hopkin, J.; Kenny, R.A.; Quinton, R.; Rhodes, J.; Subramanian, S.; Thickett, D. Preventing
vitamin D deficiency during the COVID-19 pandemic: UK definitions of vitamin D sufficiency and recommended
supplement dose are set too low. Clin Med (Lond) 2021, 21, e48-e51, doi:10.7861/clinmed.2020-0858.

160. Griffin, G.; Hewison, M.; Hopkin, J.; Kenny, R.; Quinton, R.; Rhodes, J.; Subramanian, S.; Thickett, D. Vitamin D
and COVID-19: evidence and recommendations for supplementation. R Soc Open Sci 2020, 7, 201912,
do0i:10.1098/rs0s.201912.

161. Griffin, G.; Hewison, M.; Hopkin, J.; Kenny, R.A.; Quinton, R.; Rhodes, J.; Subramanian, S.; Thickett, D. Perspective:
Vitamin D supplementation prevents rickets and acute respiratory infections when given as daily maintenance but
not as intermittent bolus: implications for COVID-19. Clin Med (Lond) 2021, 21, e144-e149,
doi:10.7861/clinmed.2021-0035.

162. AUKD. The association of UK dietitians. COVID- 19/Coronavirus - Advice for the general public. Available online:
(accessed on March 8th).

163. Rhodes, ].M.; Subramanian, S.; Laird, E.; Griffin, G.; Kenny, R.A. Perspective: Vitamin D deficiency and COVID-19
severity - plausibly linked by latitude, ethnicity, impacts on cytokines, ACE2 and thrombosis. | Intern Med 2021, 289,
97-115, doi:10.1111/joim.13149.

164. McCartney, D.M.; Byrne, D.G. Optimisation of vitamin D status for enhanced immuno-protection against
COVID-19. Ir Med ] 2020, 113, 58.

165. Weir, E.K; Thenappan, T.; Bhargava, M.; Chen, Y. Does vitamin D deficiency increase the severity of COVID-19?
Clin Med (Lond) 2020, doi:10.7861/clinmed.2020-0301.

166. Jude, E.B.; Ling, S.F.; Allcock, R.; Yeap, B.X.Y.; Pappachan, ].M. Vitamin D deficiency Is associated with higher
hospitalization risk from COVID-19: A Retrospective case-control study. | Clin Endocrinol Metab 2021, 106,
€4708-e4715, do0i:10.1210/clinem/dgab439.

167. Villasis-Keever, M. A.; Lopez-Alarcon, M.G.; Miranda-Novales, G.; Zurita-Cruz, ].N.; Barrada-Vazquez, A.S.;
Gonzalez-Ibarra, ].; Martinez-Reyes, M.; Grajales-Muniz, C.; Santacruz-Tinoco, C.E.; Martinez-Miguel, B.; et al.
Efficacy and safety of vitamin D supplementation to prevent COVID-19 in frontline healthcare Workers. A
randomized clinical trial. Archives of medical research 2022, 53, 423-430, doi:10.1016/j.arcmed.2022.04.003.

168. Ahorsu, D.K,; Imani, V.; Lin, C.Y.; Timpka, T.; Brostrom, A.; Updegraff, J.A.; Arestedt, K.; Griffiths, M.D.; Pakpour,
A.H. Associations Between Fear of COVID-19, Mental Health, and Preventive Behaviours Across Pregnant Women
and Husbands: An Actor-Partner Interdependence Modelling. Int ] Ment Health Addict 2022, 20, 68-82,
doi:10.1007/s11469-020-00340-x.


https://doi.org/10.20944/preprints202210.0135.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 October 2022 d0i:10.20944/preprints202210.0135.v1

42 of 43

169. Ahorsu, D.K; Lin, C.Y.; Pakpour, A.H. The Association Between Health Status and Insomnia, Mental Health, and
Preventive Behaviors: The Mediating Role of Fear of COVID-19. Gerontol Geriatr Med 2020, 6, 2333721420966081,
doi:10.1177/2333721420966081.

170. Wimalawansa, S.J. What modelling and reproduction numbers are useful in predicting COVID-19 spread? Can |
Biomed Res & Tech 2020, 3, 1-4.

171. Wimalawansa, S.J. Modes of preventing secondary community spread and future epidemics of COVID-19. |.
Immuno Biol 2020, 5, 1-5, doi:10.37421/J1B.2020.5.147.

172. Jia, Z.; Gong, W. Will Mutations in the Spike Protein of SARS-CoV-2 Lead to the Failure of COVID-19 Vaccines? |
Korean Med Sci 2021, 36, e124, d0i:10.3346/jkms.2021.36.e124.

173. Peiris, M.; Cheng, S.; Mok, C.K.P.; Leung, Y.; Ng, S.; Chan, K.; Ko, F.; Yiu, K,; Lam, B.; Lau, E.; et al. Neutralizing
antibody titres to SARS-CoV-2 Omicron variant and wild-type virus in those with past infection or vaccinated or
boosted with mRNA BNT162b2 or inactivated CoronaVac vaccines. Res Sq 2022, doi:10.21203/rs.3.rs-1207071/v1.

174. Prompetchara, E.; Ketloy, C.; Palaga, T. Inmune responses in COVID-19 and potential vaccines: Lessons learned
from SARS and MERS epidemic. Asian Pac | Allergy Immunol 2020, 38, 1-9, doi:10.12932/AP-200220-0772.

175. Chemaitelly, H.; Ayoub, H.H.; AlMukdad, S.; Coyle, P.; Tang, P.; Yassine, H.M.; Al-Khatib, H.A.; Smatti, M.K,;
Hasan, M.R.; Al-Kanaani, Z.; et al. Duration of mRNA vaccine protection against SARS-CoV-2 Omicron BA.1 and
BA.2 subvariants in Qatar. Nat Commun 2022, 13, 3082, doi:10.1038/s41467-022-30895-3.

176. Focosi, D.; Maggi, F. Neutralising antibody escape of SARS-CoV-2 spike protein: Risk assessment for
antibody-based Covid-19 therapeutics and vaccines. Rev Med Virol 2021, 31, e2231, doi:10.1002/rmv.2231.

177. Mravcik, V.; Husa, P.; Kumpanova Valachovicova, S.; Voboril, J. Decreasing neutralization antibody levels
following vaccination against SARS-CoV-2 in the elderly: an observational study in Southern Moravia, Czech
Republic. Epidemiol Mikrobiol Imunol 2022, 71, 9-20.

178. Fabbri, A.; Infante, M.; Ricordi, C. Editorial - Vitamin D status: a key modulator of innate immunity and natural
defense from acute viral respiratory infections. Eur Rev Med Pharmacol Sci 2020, 24, 4048-4052,
doi:10.26355/eurrev_202004_20876.

179. Parra-Ortega, I.; Alcara-Ramirez, D.G.; Ronzon-Ronzon, A.A_; Elias-Garcia, F.; Mata-Chapol, J.A.; Cervantes-Cote,
A.D.; Lopez-Martinez, B.; Villasis-Keever, M.A.; Zurita-Cruz, ].N. 25-Hydroxyvitamin D level is associated with
mortality in patients with critical COVID-19: a prospective observational study in Mexico City. Nutr Res Pract 2021,
15, S32-540, doi:10.4162/nrp.2021.15.51.532.

180. Zurita-Cruz, J.; Fonseca-Tenorio, J.; Villasis-Keever, M.; Lopez-Alarcon, M.; Parra-Ortega, 1.; Lopez-Martinez, B.;
Miranda-Novales, G. Efficacy and safety of vitamin D supplementation in hospitalized COVID-19 pediatric
patients: A randomized controlled trial. Front Pediatr 2022, 10, 943529, d0i:10.3389/fped.2022.943529.

181. Martineau, A.R.; Hanifa, Y.; Witt, K.D.; Barnes, N.C.; Hooper, R.L.; Patel, M.; Stevens, N.; Enayat, Z.; Balayah, Z.;
Syed, A.; et al. Double-blind randomised controlled trial of vitamin D3 supplementation for the prevention of acute
respiratory infection in older adults and their carers (ViDiFlu). Thorax 2015, 70, 953-960,
doi:10.1136/thoraxjnl-2015-206996.

182. Martineau, A.R.; Jolliffe, D.A.; Hooper, R.L.; Greenberg, L.; Aloia, J.F.; Bergman, P.; Dubnov-Raz, G.; Esposito, S.;
Ganmaa, D.; Ginde, A.A.; et al. Vitamin D supplementation to prevent acute respiratory tract infections: systematic
review and meta-analysis of individual participant data. BMJ 2017, 356, 16583, d0i:10.1136/bmj.i6583.

183. Hill, A.B. The environment and disease: Association or causation? Proc R Soc Med 1965, 58, 295-300.

184. Mercola, J., Grant, W.B., Wagner, C.L. Evidence regarding vitamin D and risk of COVID-19 and Its severity.
Nutrients 2020, 12, https://www.mdpi.com/2072-6643/2012/2011/3361, d0i:10.3390/nu12113361.


https://doi.org/10.20944/preprints202210.0135.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 October 2022 d0i:10.20944/preprints202210.0135.v1

43 of 43

185. Grant, W.B. Vitamin D acceptance delayed by Big Pharma following the Disinformation Playbook. Available
online: http://www.orthomolecular.org/resources/omns/v14n22.shtml (accessed on 30 March 2022).

186. Wimalawansa, S.J]. COVID-19: Evolution and prevention. Trends Telemed E-Health 2020, 2, 1-5,
doi:10.31031/TTEH.2020.02.000539.

187. Procter, B.C.; Ross, C.; Pickard, V.; Smith, E.; Hanson, C.; McCullough, P.A. Clinical outcomes after early
ambulatory multidrug therapy for high-risk SARS-CoV-2 (COVID-19) infection. Rev Cardiovasc Med 2020, 21,
611-614, doi:10.31083/j.rcm.2020.04.260.

188. NBC. FDA expected to authorize new Covid boosters without data from tests in people. Available online:
https://www.nbcnews.com/health/health-news/fda-authorize-new-covid-boosters-data-tests-people-rcna45387
(accessed on September, 5th, 2022).

189. Nogués X., O.D., Quesada-Gomez ].M., Bouillon R. Calcifediol treatment and COVID-19-related
outcomes. Jhttp://dx.doi.org/10.2139/ssrn.3771318 2021.

190. Wimalawansa, S.J. Oral calcifediol repletes blood vitamin D concentration within 4 hours. Available online:
(accessed on May 25).

191. Oristrell, J.; Oliva, J.C.; Casado, E.; Subirana, I.; Dominguez, D.; Toloba, A.; Balado, A.; Grau, M. Vitamin D
supplementation and COVID-19 risk: a population-based, cohort study. ] Endocrinol Invest 2022, 45, 167-179,
doi:10.1007/s40618-021-01639-9.

192. Mann, P.S. Introductory Statistics 7th Ed; John Wiley and Sons: 2014.

193. Hoefler, T., D Alistarh, D, Ben-Nun, T, Dryden, N, Peste, A. Sparsity in deep learning: Pruning and growth for
efficient inference and training in neural networks. J. Mach. Learn. Res. 2021, 1-90, doi:10.48550/arXiv.2102.00554.

194. Wimalawansa, S.J. Maintaining optimum health requires longer-term stable vitamin D concentrations. Int | Regenr
Med 2020, 3, 1-5, d0i:10.31487/.RGM.2020.03.03.

195. Stutt, R.; Retkute, R.; Bradley, M.; Gilligan, C.A.; Colvin, ]J. A modelling framework to assess the likely effectiveness
of facemasks in combination with 'lock-down' in managing the COVID-19 pandemic. Proc Math Phys Eng Sci 2020,
476, 20200376, doi:10.1098/rspa.2020.0376.

196. Kai, D., Goldstein, G.P, Morgunov, A, Nangalia, V, Rotkirch, A. Universal masking is urgent in the COVID-19
pandemic: SEIR and agent based models, empirical validation, policy recommendations; physics.soc-ph: 22 Apr 2020 2020.


https://doi.org/10.20944/preprints202210.0135.v1

