
Abstract. Official public health pronouncements about
sun exposure and vitamin D can be summarized as follows:
First, there is no such thing as a safe tan. Therefore, avoid
exposing the skin to sunshine. Second, in the absence of
sunshine, a daily intake of 800 IU/day (20 mcg/d) vitamin
D or less is sufficient for the health needs of almost all
members of the population. However, exposure of the skin
to sunlight induces multiple mechanisms that lower blood
pressure, while also initiating production of vitamin D,
which is needed to produce a hormone that regulates
multiple systems including the cellular biology that affects
cancer mortality. Disease-prevention relationships point to
a beneficial threshold for serum 25-hydroxyvitamin D
[25(OH)D; the index of vitamin D nutrition] that is at least
75 nmol/l (30 ng/ml). To ensure the threshold for all adults,
an average per-day minimum total input of vitamin D3 from
sunshine/UVB exposure, and/or from food (natural food
like fish or fortified food like milk), and/or vitamin
supplementation of at least 4,000 IU/d (100 mcg/d) is
required. Strong, although not Level-1, evidence indicates
that the maintenance of that threshold will lower mortality
overall, lower mortality from cancer, and lower the risk of
certain other diseases such as respiratory infection and
COVID-19.

The unavoidable complexity for understanding the
contributions of sunshine and vitamin D nutrition in relation to
health is the fact that official health policies have ignored the
scientific reality that most people acquire most of their vitamin
D through exposure of their skin to ultraviolet light. According
to mainstream dermatology, "there is no such thing as a safe
tan" (1) and the public is advised to minimize exposure of skin
to sunshine. The American Dermatology Association states that
adults should avoid sunshine, and that the general public
should simply adhere to the evidence-based advice of the
Institutes of Medicine (IOM) (2). The IOM report on vitamin
D, last updated in 2011, makes it very clear that it assumes that
no vitamin D needs to come from ultraviolet exposure of the
skin (3). Despite their expectation of Level 1 evidence for
policy, neither the IOM nor any other agency can provide high
quality evidence for the long-term serum 25(OH)D response to
a daily dose of vitamin D in people who were never exposed
to sunshine. Therefore, so far, as officialdom is concerned, the
optimal threshold for sunshine and vitamin D can be reached
by anyone adhering to official dietary guidance.  

It is not plausible that human health can be optimal in the
absence of exposure of skin to sunshine, and it is not
plausible that, to replace sunshine, the amount of vitamin D
required from the diet is an oral intake of 800 IU (20
micrograms) or less. David Sacket who led the group that
developed the modern concept of “Evidence-Based
Medicine” (EBM), has clarified what he means by EBM.  

“Because the randomised trial, and especially the
systematic review of several randomised trials, is so much
more likely to inform us and so much less likely to mislead
us, it has become the "gold standard" for judging whether a
treatment does more good than harm. However, some
questions about therapy do not require randomised trials
(successful interventions for otherwise fatal conditions) or
cannot wait for the trials to be conducted. And if no
randomised trial has been carried out for our patient's
predicament, we must follow the trail to the next best
external evidence and work from there” (4).  
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Human Biology

The concept underlying evolutionary biology is that the
environment during the species’ evolution determines its
genotype, and from the resulting gene pool, environmental
change drives the fine selection of characteristics that
determine the phenotype. Evolution involves natural
selection in a manner that optimizes the species’ biology to
suit the environment in which the species arose. Homo
sapiens originated in the horn of Africa. Early humans are
logically described as nudists whose skin was of type-six, on
the 6-point Fitzpatrick skin darkness scale. We are optimized
through evolution to inhabit the tropics. The changes that
accompanied the millennia-long migrations of homo sapiens
across the various global environments resulted in selection
– not evolution – of phenotypes that maximize ability to give
birth to viable offspring (5-7). There may be disagreement
as to the exact geographic region in which the genes for
whiter European skin originated (8), but since selection for
lighter skin with distance away from the equator happened
independently in both hemispheres, lighter skin colour with
distance away from the tropics was multi-factorial and driven
by the environment (9, 10). The serum 25(OH)D levels that
should be regarded as biologically “normal” for humans, is
evident from work published by Luxwolda et al. They
studied groups living traditionally in tropical Africa (11, 12).
The results summarized in Figure 1 show data from Africa,
and from healthy students at the University of Toronto (13).
Serum 25(OH)D concentration is more severely affected by
environment and culture than anything else in the
bloodstream. This is not like any “normal” blood test. The
basic biology of homo sapiens points to our species’
“normal” 25(OH)D level as best represented by the Massai
data published by Luxwolda et al. (11, 12) (Figure 1).

In a review addressing the challenges related to evidence-
based nutrition, Blumberg et al. pointed out that classic,
evidence-based medicine is based on a pharmaceutical
model, and that “The level of confidence needed in defining
nutrient requirements or dietary recommendations to prevent
disease can be different from that needed to make
recommendations to treat disease” (14).  

The defence for policy makers is logical: nutrient and sun
exposure recommendations should require higher confidence
than pharmaceutical validation, because public health
guidance applies throughout the lifespan, to prevent (i.e.,
lower the risk of) primary disease across the entire
population. In contrast, pharmaceuticals are applicable to
secondary intervention, that is, once disease exists. The
risk/benefit profiles for vitamin D nutrition and sun exposure
guidelines are vastly different for primary prevention versus
secondary prevention of disease. For double-blind, placebo
controlled clinical trials, there is a practical time limit to
those. Realistically, there is a five-year maximum time-frame

that granting agencies are capable of supporting (15). No
clinical trials exist with randomized, active-versus-placebo
intervention beyond 5 years. To show efficacy for
osteoporosis, cancer, or mortality, if such randomized clinical
trials could happen, they would involve initially healthy
members of the general public who are younger than the age
of retirement, and they would involve active vs. control
intervention that would last for decades.  

“Because the intakes required to prevent many of the
long-latency disorders are higher than those required to
prevent the respective index diseases, recommendations
based solely on preventing the index diseases are no longer
biologically defensible” (16, 17).  

If only causal, Level-1 evidence is demanded to affect
health policy, then that policy will forever remain blind to
the potential benefit of increase in vitamin D consumption
or sun-exposure behaviour that is maintained for years.  

Cancer

It has long been clear that either more sunshine or vitamin
D derived from it results in lower cancer mortality (18). In
2019, the analysis of the VITAL study for the prespecified
primary outcomes was published (19). The primary outcome
was the “prevention of occurrence of invasive cancer of any
type”, and for that result was not statistically significant (19).  

The analysis of the VITAL study data regarding an effect
of vitamin D did show a lower incidence of advanced
(metastatic or fatal) cancer. But that only became clear for the
data beyond the 1-year point into the trial (20). It is important
to bear in mind the background population for the VITAL
study. The best data regarding general population of the USA
is represented by the National Health and Nutrition
Examination Survey (NHANES) sample, whose subjects
were tested between 2001-2006, shortly before the start of
VITAL clinical trial. In that NHANES assessment, only 19%
of participants had 25(OH)D values ≥30 ng/ml. That context
makes it very likely that the VITAL study, with its relatively
high mean baseline 25(OH)D levels of 29.3 ng/ml (21) was
at least partly affected by a “healthy volunteer selection bias”,
similar to what has affected other vitamin D studies (22).  

The mean 25(OH)D concentration at baseline of participants
in the VITAL study was already at the threshold for a vitamin
D nutrition optimum that the Endocrine Society has advocated
(23). The VITAL study participants randomized to 2,000
IU/day of vitamin D3 had an average serum 25(OH)D
concentration at Year 1 of 40.3 ng/ml (101 nmol/l) (21). If
2,000 IU/day of vitamin D3 raised serum 25(OH)D by 11
ng/ml, then how much background vitamin D input must there
have been due to sunshine, diet, and supplements in the
volunteers for the study to produce their baseline concentration
of 29.3 ng/ml (74 nmol/l)? Baseline nutrient was already far
more than could be achieved just by vitamin D according to
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any dietary guideline of 800 IU/day or less. Based on the
treated group’s 25(OH)D median for the VITAL study, if
development of advanced cancer or cancer mortality over five
years in healthy adults is a meaningful objective, then surely,
the prevention threshold level for serum 25(OH)D must be at
least the 40.3 ng/ml (101 nmol/l) (21).  

Similar clinical trials using vitamin D at 2,000 IU/day were
reported by Lappe et al., albeit in conjunction with calcium
supplement (24, 25). Recent meta-analyses have consistently
led to the unambiguous conclusion that although vitamin D
supplementation does not affect total cancer incidence, they
do unambiguously show that mortality from cancer is lower
in the vitamin D-supplemented arms of clinical trials (26-28).  

The evidence-based conclusion of benefit from double-blind,
placebo-controlled clinical trials of vitamin D3 is based on the
binary, yes-or-no conclusion of statistical significance. To turn
that into practice requires knowledge of how much vitamin D
supplementation is needed, or more importantly, what serum
25(OH)D levels should people aim for? Sustaining serum
25(OH)D that is at least at the 25th percentile of the attained

level in the treatment arm – i.e., 30 ng/ml (75 nmol/l) is a
prudent preventive target for healthy adults. Consistent with
that value is a cross-sectional analysis of 25(OH)D data from
one clinical trial (24) combined with data and a group of self-
reported cohort referred to as Grassroots Health (29).

Mortality

There are consistent epidemiological data that mortality is
highest among those people classified into the lowest group
for serum 25(OH)D or for sun exposure. Those advocating
for higher recommended intakes of vitamin D are told its
benefit is due to more active, outdoor lifestyles. Those
advocating for health policy that incorporates sun exposure
are told to advise vitamin D instead.

Schottker et al. conducted a meta-analysis of eight
prospective cohort studies from sample populations from
Europe and the USA. The analysis was performed by
assembling the data on all the 6,685 individual participants of
the studies and classifying them into country quintiles of serum
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Figure 1. Boxplots showing serum 25(OH)D nmol/l levels in people from different ancestries in Africa (latitude 0) and during February in Toronto
(43N). All results here were assayed with the same Diasorin method. The Africa values are from Luxwolda et al. and Muskeit et al. (11, 12), and refer
to traditionally-living Masai, and urban-living Bantu. Since humans originated in Africa, the Masai results logically indicate serum 25(OH)D levels
that are “normal” for the human species. Note that the levels of 25(OH)D in urban Africans match those of White Canadians, i.e., of European ancestry.
But people of non-European ancestry who live in north Toronto (13) exhibit levels that are half those of urban Africans and those are a fraction of the
Masai levels that I contend should be considered the “normal range” for humans. The box at the bottom right highlights 25(OH)D values at or below
25 nmol/l (10 ng/ml), which are regarded as the criterion for a diagnosis that rickets or osteomalacia caused by vitamin D deficiency.



25(OH)D. Mortality was consistently highest for those in the
lowest 25(OH)D quartile. The relationship did not differ across
countries, sexes, seasons of blood draw, or age groups (30).
Despite differences in mean serum 25(OH)D among reported
studies, Schottker et al. observed that it was always the lowest
quantile that showed highest mortality, making it difficult to
define a threshold serum 25(OH)D for lower mortality (30).
However, there are suggestions of higher mortality for higher
serum 25(OH)D quintiles; for example, the Newcastle 85+
Study showed a U-shaped higher mortality relationship (31).
But for the latter cohort, the higher mortality in those at the
highest category of serum 25(OH)D was no longer significant
after statistical adjustment for mental health and morbidity-
related variables. That suggests a “confounding by indication”
bias, whereby vitamin supplementation is higher because of
known risk or presence of disease. A similar analysis has been
reported for the Chinese Longitudial Health and Longevity
Study (CLHLS). In that study, Mao et al. looked at plasma
25(OH)D levels in 2185 Chinese adults older than 79 years
(mean 93 yrs) (32). There, all-cause mortality decreased
progressively with rising plasma 25(OH)D, with the lowest
mortality in those with 25(OH)D at or higher than 75 nmol/l
(30 ng/ml). Among 3408 NHANESIII participants, older than
64 y and prospectively followed for a median of 7.3 y, all-cause
mortality was highest in those with baseline 25(OH)D levels
below 50.0 nmol/l, but the authors concluded that levels of at
least 100.0 nmol/l may be necessary for better survival (33).
One problem with the available epidemiological data is that
very few people have 25(OH)D higher than 75 nmol/l. Sparse
numbers of data points result in wide confidence intervals, to
the point that some, such as the Institutes of Medicine, interpret
the uncertainty of wide confidence bands as indicative of greater
risk at higher ranges of 25(OH)D levels (3). Lastly, Ford
analyzed data from 7531 participants in an NHANES cohort in
the USA further and reported the fully adjusted hazard ratio per
10 nmol/l higher serum 25(OH)D was 0.93 (95%CI=0.86-1.01)
(34). These epidemiological survey results on mortality are
consistent with the meta-analysis of randomized clinical trials
described in the next paragraph.

The key questions remain, “Is mortality lower in healthy
subjects who are randomized to higher intake of vitamin D
versus placebo? And if so, what is the optimal daily intake
recommendation?” The first to address these questions were
Autier and Gandini, whose meta-analysis consisted of 18
independent randomized controlled trials, involving 57,311
participants (35). The doses used in the clinical trials conducted
up to the year 2006 ranged from 300 to 2,000 IU/day (all were
vitamin D3). For the pooled vitamin D arm of those trials, the
relative risk for mortality from any cause was 0.93 (95%
confidence, 0.87-0.99), versus placebo, regardless of whether
these osteoporosis clinical trials included calcium supplements.
The findings of the Autier and Gandini meta-analysis were
confirmed in the report done for the Cochrane Collaboration

and authored by Bjelakovic et al. (36). Clinical trials involving
vitamin D2, alfacidol, or calcitriol had no significant effect on
mortality (36). The lack of success in clinical trials using
vitamin D2 should not come as a surprise to anyone who has
compared the characteristics of vitamin D2 versus vitamin D3
(37-39). The more recent meta-analysis by Zhang et al. included
data from long-awaited, large randomized clinical trials, and
there, the conclusion was that vitamin D supplementation alone
was not associated with all cause mortality in adults compared
with placebo or no treatment (26). What makes the recent, large
clinical trials relevant, is that subjects were younger and
healthier than the subjects in the osteoporosis-focused trials
performed earlier. Hence, with the healthy subjects, event rates
for death as a proportion of the sample were lower, biasing the
results toward a null outcome for overall mortality. Nonetheless,
despite no effect on mortality from cardiovascular disease,
cerebrovascular disease, or ischaemic heart disease, Zhang et
al. found that vitamin D supplementation lowered cancer
mortality by 16% (95%CI=0.74 to 0.95) (26).

It is not enough to deliver a “threshold” level for serum
25(OH)D. Unlike other vitamins, vitamin D is not a metabolic
co-factor. Cholesterol, the precursor substrate for steroid
hormones, circulates and is available in millimol-per-liter
concentrations. Like cholesterol, vitamin D is the structural
precursor for a steroid-like hormone. But unlike cholesterol, the
vitamin D and 25(OH)D are available to the body in miniscule,
nanomolar concentrations; that is, vitamin D metabolite
concentrations are six orders of magnitude less than cholesterol,
the paradigm for how the rest of endocrinology functions! The
point here is, that nanomolar concentrations of enzyme substrate
add unique complexity to the way the synthesis and breakdown
of the hormone 1,25-dihydroxyvitamin D are regulated. The
enzymes of the vitamin D system function under the unusual
circumstance of first-order reaction kinetics. The yield of
product is determined not just by the amounts of the
hydroxylase enzymes, but also by substrate concentrations as
well (40). It takes time for the vitamin D system to adjust to
non-physiological, sudden, bolus doses of vitamin D (41, 42).
Since vitamin D is normally acquired gradually through long-
term exposure of skin to sunshine, acute bolus doses of vitamin
D are not physiological. Despite warnings against long dosing
intervals for vitamin D in 2009 (41) subsequent clinical trials
used them, and the negative clinical outcomes with long dosing
intervals have been assimilated into meta-analyses along with
trials that used daily-dosing. Distinctions to be considered in
meta-analyses must include the form of vitamin D, the daily-
equivalent dosage, and the dosage interval (43).  

Cardiovascular

Like tanning, the serum 25(OH)D is regarded as a good, long-
term marker of skin exposure to sunshine. Cross-sectionally,
higher serum 25(OH)D relates to better cardiovascular health
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outcomes (33, 44). Meta-analysis of clinical trials has been
highly convincing for the null hypothesis, that vitamin D
supplementation at various doses has not lived up to the
expectation of cardiovascular benefit (45, 46). Autier et al.
contend that the survival benefits related to higher serum
25(OH)D are secondary to other factors such as diseases that
may keep people less active and indoors, as well as lifestyle.
They concluded that “associations between 25(OH)D and health
disorders reported by investigators of observational studies are
not causal” (47). However, Mendelian randomization analyses
do point to a causal connection between serum 25(OH)D and
cardiovascular disease risk (48, 49). For vitamin D, the most
likely explanation is that the dose response for the
cardiovascular benefit with vitamin D is satisfied once serum
25(OH)D reaches 20 ng/ml (50 nmol/l). In other words, most
clinical trials of vitamin D probably failed because the
participants started with a serum 25(OH)D that was already
enough to minimize its role in cardiovascular disease risk.  

Sunlight on the skin by itself, has well known cardiovascular
health benefits. First, sunshine warms the skin which causes
vasodilatation and lowers blood pressure. Second, the skin is a
production and storage location for nitric oxide, a potent
vasodilator, which is released into the general circulation when
the skin is exposed to sunshine. Third, UVA, corresponding to
natural sunlight exposure for 30 min at noon on a sunny day at
41 degrees north latitude, vasodilates the arterial vasculature in
a way that is independent of nitric-oxide-synthase or skin
temperature (50). This complex of mechanisms prompted Liu
et al. to conclude “We are concerned that well-meaning advice
to reduce the comparatively low numbers of deaths from skin
cancer may inadvertently increase the risk of death from far
higher prevalent CVD and stroke and goes against
epidemiological data showing that sunlight exposure reduces
all-cause and cardiovascular mortality (51)”. The cardiovascular
and mortality relationships with skin cancer are consistent with
the work of Lindqvist et al., who surveyed Swedish women
regarding sun avoidance. Lindqvist et al. showed that women
who minimized their exposure to sunshine exhibited rates of
cancer and overall mortality that were comparable to cigarette
smoking (52).  

Toxicity

Concern about toxicity of vitamin D that is consumed at
4,000 IU/day is unjustified if one considers that this is well
within the amount of vitamin D produced naturally in the skin
from sunshine. Serum 25(OH)D, exceeding 30 ng/ml (75
nmol/l), is physiological and normal for humans (11, 12).
Experience with randomized clinical trials shows that 48
weeks of vitamin D3 taken at 14,000 IU daily was safe in
patients with multiple sclerosis (53-55). I mention the
multiple sclerosis clinical trials to confirm that the no
observed adverse effect level (NOAEL) for vitamin D3

consumption ranges of up to 10,000 IU/day as specified in
earlier reviews including the Institutes of Medicine (3, 56,
57). The application of a safety margin to that NOAEL results
in the “Tolerable Upper Intake Level” (UL) that specified by
the IOM was 4,000 IU/day. I am not advocating vitamin D
intakes beyond 4,000 IU/day, but rather, restating here
evidence that there is a wide margin of safety for vitamin D.

COVID-19

Before the era of COVID-19, observational studies consistently
reported that lower serum 25(OH)D was associated with higher
risk of upper and lower acute respiratory infections (ARI). For
example, among a nationally representative sample of 14,108
adults in the USA, who were asked at the time of testing, 4.8%
reported having had an acute respiratory infection in the
previous 30 days. After adjusting for season, demographic
factors, and clinical data, those people who had serum 25(OH)D
below 30 ng/ml (<75 nmol/l) had 58% higher odds of having
had a respiratory infection during the previous month, and those
rates of respiratory infection increased progressively with
declining serum 25(OH)D concentrations (58).  

Challenges that are unavoidable when it comes to figuring out
whether taking more vitamin D can lower the risk for
COVID-19, its risk of infection, or severity, or hospitalization
or death are:
1. COVID-19 continues to evolve into multiple variants,
causing changes to the nature of the disease itself, and its
efficiency of transmission
2. human behaviour, the wearing of masks and physical
distancing change during the pandemic
3. vaccination lowers incidence of the disease
4. efficacy of vaccination varies, and it wanes with time

As an interesting example of the challenges listed above, a
preprint of a submitted manuscript shows a well conducted
clinical trial by Jolliffe et al., involving 3,100 participants in
the UK (59). That vitamin D clinical trial shows no benefit
from 6 months of 3,200 IU vitamin D3 daily. That
manuscript has still not been published in peer-reviewed
form at the time of this writing July, 2022.  The problem
was, that by six months into the clinical trial, to June 2021,
89.1% of participants had received one or more doses of a
COVID-19 vaccine. The impressive level of vaccination of
the participants casts doubts on the validity of this clinical
trial and is another example of the “healthy volunteer bias”,
which poses challenges that must not be ignored when
assessing disease-prevention research for nutrition in general.

In April 2022, Villasis-Keever et al. published a double-blind,
placebo-controlled clinical trial that was conducted from July
to December 2020 in hospital workers who were at high
exposure to infected patients (60). Of the 192 subjects
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completing the 45-day protocol, SARS-CoV-2 infection rate
was lower in those randomized to 4,000 IU/day vitamin D3 than
in the placebo-treated group. Infection rates were, 6.4% vs.
24.5%, respectively, (p<0.001). Baseline 25(OH)D was low, at
18.3 (interquartile range=14.6-22.9) ng/ml (median 46 nmol/l),
and the level increased by 8.8 ng/ml after 6 weeks of treatment
with 4,000 IU/day of vitamin D.  

The RCT published by Villasis-Keever is remarkable,
because it is a rare clinical trial that met the challenges of the
time: it was conducted early in the pandemic, it was not
affected by vaccines, and the study population was healthy
but did exhibit the expected high rates of infection events
because they were front-line medical workers (60). This study
can be classified as “Level-1 evidence” for a prophylactic
effect of initiating the intake of 4,000 IU/day of vitamin D3.
It is possible that this protective effect happened thanks to an
acute increase in vitamin D nutritional status, and that a
steady-state higher level may not produce the protection
observed by Villasis-Keever et al. The rationale for why an
acute rise in vitamin D status might deliver benefits not
observable with a long-term vitamin D status or intake is
based on the concept of the first-order reaction kinetics
discussed above in this article.  

Conclusion

The biologically justifiable “normal” range for serum
25(OH)D is best represented by levels observed in people
traditionally living in Sub-Saharan Africa who obtain their
vitamin D through exposure of skin to ultraviolet light.
Their serum 25(OH)D levels are at least 30 ng/ml (75
nmol/l) with median values of about 40 ng/ml (100 nmol/l).
Most of the evidence supporting a minimum desirable
25(OH)D threshold of 30 ng/ml (75 nmol/l) comes from
prospective epidemiological data, not clinical trials. There
is no public health guidance for nutrition or for sun
exposure that is based on Level-1 evidence for primary
disease prevention. It is probably impossible to produce
clinical trials pertinent to public health that can match the
quality standards of pharmaceutical trials. Therefore, a
standard of evidence that is less than “Level 1” may be
required. Vitamin D nutrition, whether from sun exposure,
diet (including fortification) or supplementation can deliver
benefits for musculoskeletal health, cancer mortality, as well
as risk of COVID-19 infection, its severity and outcomes.
To sustain a 30 ng/ml (75 ng/ml) threshold for serum
25(OH)D in 97.5% of the population requires a combined
vitamin D3 supply of 4,000 IU/day (100 mcg/d) via UVB
exposure, diet, and/or supplement.  
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