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ABSTRACT

Vitamin D was identified over one hundred years ago, yet vitamin D deficiency (VDD) is still the most prevalent nutritional
problem all around the world. The National Food and Nutrition Surveillance together with other reports have documented
alarming rates of VDD and its possible adverse consequences in both children and adults in Iran. However, the prevalence
rates of VDD reported by various research groups show a wide range. In this short review, we discuss some of the main
causes of these discrepancies and propose some strategies to minimize them. Finally, some key recommendations for future
studies and combating VDD are presented for policymakers.

Keywords: Vitamin D, Vitamin D deficiency, 25-hydroxycalciferol, 25(0H)D, Food fortification

Highlights:

and laboratory methods is necessary.

examined in a pilot study.

e Vitamin D deficiency (VDD) is a global health problem and Iran is no exception. Nevertheless, the prevalence
rates of VDD reported by various research groups show a wide range.
e To have a better picture of vitamin D status in the community, standardization of definitions of vitamin D status

e  One approach to minimize inter-method variations of 25(OH)D assay is harmonization.

e Using any method to assay circulating 25(OH)D, VDD prevalence rate of 50 percent and above is undoubtedly a
major health problem and necessitates prompt intervention.

e Vitamin D fortification of flour is an effective strategy to improve vitamin D status of the community but must be

Introduction

The history of medicine has witnessed several cases of
human glories in the battle with infectious diseases.
Eradication of smallpox from the world (1), dracontiasis
from Iran (2) and very recently control of corona virus
(COVID-19) pandemic (3) are just a few examples. In the
latter case, the duration between identification of
coronavirus and development of effective vaccines was
rather short (4). Ironically and sadly, this is not true for many
forms of malnutrition especially several micronutrient
deficiencies including vitamin D deficiency (VDD).
Vitamin D was identified by McCollum over one hundred
years ago, yet VDD is still the most prevalent nutritional

problem all around the world (5, 6). Suboptimal vitamin D
status has been associated with many conditions including
musculoskeletal  disorders, cardiovascular  diseases,
diabetes, some forms of malignancies notably colorectal
cancers, depression, pregnancy outcomes and the prognosis
of COVID-19 (7-14). Several reports derived from the
National Food and Nutrition Surveillance (FNS) being
implemented by the National Nutrition and Food
Technology Research (NNFTRI) in Iran have documented
alarming rates of VDD and its possible adverse
consequences in both children and adults (15-21).

Vitamin D: Vitamers, Sources and Metabolism
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Vitamin D is a common name for a group of vitamers
with more or less similar functions but with different
potencies in the body. Traditionally, vitamin D is known
mostly with its two isoforms based on their origins i.e.
ergocalciferol (D) which is plant-based and cholecalciferol
(Ds) which is found in animals. Yet, there is another vitamer,
vitamin D4, which is photosynthesized from 22,23-
dihydroergosterol which is structurally very similar to
vitamin D3 except for an additional methyl group on carbon
24 of the side chain (22).
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The natural source of vitamin D for humans is sun.
Provitamin D3, 7-dehydrocholesterol, in epidermis and
dermis is converted to previtamin D3 under the influence of
solar ultra violet (UV) beam in the wavelength range of 280-
320 nm. To become fully activated, prevtiamin D3 needs to
undergo two steps of hydroxylation in the liver and kidney
to produce 25-hydroxycholecalciferol (25(OH)Ds) and the
daughter steroid hormone, 1,25-dihydroxycholecalciferol
(1, 25(0H),Ds3 or calcitriol), respectively. Calcitriol acts in
the body through the so-called calcemic and non-calcemic
functions (Figure 1) (12).
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Figure 1. Vitamin D biosynthesis, metabolism and functions at a glance
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Assessment Methods of Vitamin D Status: Why Results
from Different Studies are Different and How to
Minimize the Discrepancies

Circulating 25(0OH)Ds, the most abundant form of
cholecalciferol (23), has been commonly accepted as a
biomarker of vitamin D status. Though technically total
25(0H)D (D,+Ds) is assayed, the contribution of 25(OH)D,
in some communities including Iran is actually negligible
(24). There are several methods to measure serum 25(0OH)D
including enzyme-linked immunoassay (EIA),
radioimmunoassay (RIA), high performance liquid
chromatography ~ (HPLC), electrochemiluminescence
(ECL), chemiluminescent immunoassay (CLIA) and liquid
chromatography coupled with tandem mass spectrometry
(LC-MS/MS), each with certain advantages and limitations
(25). Therefore, at the first glance the issue of assessing
vitamin D statusin a clinical setting or at the population level
seems very easy; just a small amount of (fasting or non-
fasting) venous blood is needed to separate serum for
25(0OH)D determination using one of the above-mentioned
systems. Notwithstanding, judgement on vitamin D status
based on circulating 25(OH)D concentration especially in
community studies has been, and continues to be,
problematic for several reasons (26-28). Firstly, there is still
no consensus on definitions of vitamin D deficiency,
insufficiency and sufficiency (29). This issue was the subject
of a great debate in the 2™ International Conference on
Controversies in Vitamin D (30). Secondly, there is a
considerable disagreement among the results obtained from
different methods and from different laboratories (31-34).
The other issue is the season of the study. Seasonal variation
in circulating 25(OH)D has been well documented (16, 35).
Altogether, these have caused a wide range of prevalence
rates of VDD in Iran reported by various research groups
(36-39). Even two meta-analytical studies conducted
separately in 2018 reported different prevalence rates (40,
41).

To have a better judgement on the situation of vitamin D
status in the community, employment of reliable laboratory
Kits is a must. Nonetheless, this is highly challenging in Iran
due to the severe sanction condition in the country which
adversely affects laboratory supply (42). Consequently,
medical and research laboratories actually have no selection
right; they must purchase whatever available and affordable
in the market instead of checking the performance
characteristics of the kits and selecting the most suitable
ones. One strategy to minimize discrepancies in 25(OH)D
assay results among different methods is harmonization.
Using this approach, results obtained from different methods
are harmonized with a reference method like HPLC or,
where available, LC-MS/MS (31). Nevertheless, the
harmonizing equations must be calculated for the available
Kits.
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Vitamin D Deficiency in Iran: How to Judge, How to
Act?

Despite discrepancies in prevalence rates of VDD in Iran
reported by different studies (15-17, 37, 39-41), and apart
from the season of the assessments and the methods used for
25(0OH)D assay, all studies reported high prevalence rates
and considered VDD as a major public health problem. We
do believe that VDD prevalence rates of 50 percent and
above, regardless of the assay method, necessitates prompt
attention and action. Vitamin D supplementation and food
fortification are the main strategies to combat VDD.
Notwithstanding, food fortification is more cost-effective
and sustainable and also have a wider population coverage
(43-45).

Key messages to the policy-makers:

e To have a better picture of vitamin D status in the
community to be used as an evidence to design and
implement proper interventions, standardization of
definitions of vitamin D status , i.e. who is
deficient, insufficient and sufficient, and of
laboratory methods is undoubtedly necessary (29,
33). Recently, vitamin D status based on circulating
25(0OH)D concentrations was defined as
deficiency [<20 ng/mL (<50 nmol/L)], suboptimal
status [20-30 ng/mL (50-75 nmol/L)], and
sufficiency [30-50 ng/mL (75-125 nmol/L)] (46).
We do recommend using these reference intervals
in both clinical and research laboratories.

e Along the same line, one approach to minimize
inter-method variations of 25(OH)D assay is
harmonization. Using this approach, results
obtained from different methods are harmonized
with a reference method like HPLC or, where
available, LC-MS/MS (31). In addition, efforts
must be made for inter-laboratory standardization.

e Considering the season of the community-based
vitamin D studies is crucial for the relevant
interventions.

e Using any method to assay circulating 25(OH)D,
VDD prevalence rate of 50 percent and above is
undoubtedly a major health problem and deserves
further attention and presumably urgent and
appropriate intervention.

e Though vitamin D supplementation could be a
quick remedy, the sustainability, costs and
effectiveness of this strategy, as compared with
food fortification, is debatable (47, 48). Vitamin D
fortification of foods, on the other hand, has been
shown to be an effective strategy to improve
vitamin D status of general population (49). Several
vehicles have been examined in Iran (9, 50-52).
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However, considering bread as a staple food and
bakery wheat flour already being fortified with iron
and folic acid in Iran, flour fortification with
vitamin D seems more effective and feasible (44,
51). Nevertheless, it must be examined in a pilot
study as soon as possible.

e More delay in proper intervention could increase
social, medical and economical burden of VDD and
possibly its related conditions (12).
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Abbreviations

CLIA: Chemiluminescent immunoassay

COVID-19: Coronavirus disease of 2019

ECL.: Electrochemiluminescence

EIA: Enzyme immunoassay

FNS: Food and Nutrition Surveillance

HPLC: High performance liquid chromatography
25(0OH)D; 25-hydroxyvitamin D

1, 25(0OH)2Ds: 1,25-dihydroxycholecalciferol

LC-MS/MS: Liquid chromatography coupled with tandem
mass spectrometry

NNFTRI: National Nutrition and Food Technology
Research

RIA: Radioimmunoassay

UV: Ultra violet

VDD: Vitamin D deficiency
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