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Abstract

Background: Internationally, concern has been repeatedly raised about the little notable 
progress in the collection, analysis and use of population micronutrient status and 
deficiency data globally. The need for representative status and intake data for vitamin D 
has been highlighted as a research priority for well over a decade.
Aim and methods: A narrative review which aims to provide a summary and assessment 
of vitamin D nutritional status data globally. This review divides the world into the Food 
and Agriculture Organisation’s (FAO) major regions: the Americas, Europe, Oceania, 
Africa and Asia. Emphasis was placed on published data on the prevalence of serum 
25-hydroxyvitamin D (25(OH)D) < 25/30 and <50 nmol/L (reflecting vitamin D deficiency 
and inadequacy, respectively) as well as vitamin D intake, where possible from nationally 
representative surveys.
Results: Collating data from the limited number of available representative surveys from 
individual countries might suggest a relatively low overall prevalence of vitamin D deficiency 
in South America, Oceania and North America, whereas there is more moderate prevalence 
in Europe and Asia, and possibly Africa. Overall, the prevalence of serum 25(OH)D < 25/30 
and <50 nmol/L ranges from ~5 to 18% and 24 to 49%, respectively, depending on FAO 
world region. Usual intakes of vitamin D can also vary by FAO world region, but in general, 
with a few exceptions, there are very high levels of inadequacy of vitamin D intake.
Conclusions: While the burden of vitamin D deficiency and inadequacy varies by world 
regions and not just by UVB availability, the global burden overall translates into enormous 
numbers of individuals at risk.

Introduction

Vitamin D is set to very soon become a centenarian among 
the vitamin family. It has received an extraordinary level 
of increased research interest and effort in the last few 
decades, with PubMed showing the number of articles 
with the word ‘vitamin D’ in their title growing from one 
in 1922, 110 in 1952, 740 in 1982 to 5566 in 2020. Some of 
this huge expansion of recent research activity stems from 
the recognition of vitamin D’s role not only in calcium and 
bone homeostasis but also in non-skeletal processes (1), 
all of which can be compromised by vitamin D deficiency. 

Around a decade ago, we performed a detailed analysis of 
persistent knowledge gaps and research needs in vitamin D 
nutrition and public health, with particular emphasis on 
the prevention of vitamin D deficiency (2). We concluded 
that from among the wider suite of knowledge gaps, 
prioritising three research requirements, in particular, 
would enable the quantification of vitamin D deficiency 
in the population and would prevent that deficiency, and, 
by increasing vitamin D status across the distribution 
of vitamin D requirements, potentially prevent disease. 

-21-0282

Key Words

ff vitamin D status

ff serum 25(OH)D

ff usual vitamin D intake

ff national surveys

Endocrine Connections
(2022) 11, e210282

ID: 21-0282
11 1

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.https://doi.org/10.1530/EC-21-0282

https://ec.bioscientifica.com	 © 2022 The author
Published by Bioscientifica Ltd

mailto:k.cashman@ucc.ie
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-21-0282
https://ec.bioscientifica.com


K D Cashman Global differences in vitamin D 
status and intake

e210282

PB–XX

11:1

These were to gather data on the distribution of (i) serum 
25-hydroxyvitamin D (25(OH)D) concentrations and 
(ii) vitamin D intakes and food sources in nationally 
representative populations with appropriate consideration 
of sex, life-stage and ethnicity, and (iii) development 
of sustainable food-based strategies to bridge the gap 
between current and recommended intakes of vitamin D 
to minimise the prevalence of vitamin D deficiency (2).

There is consensus that serum or plasma 25(OH)D  
concentration should be used to assess vitamin D status 
because it reflects the contributions from both diet 
and dermal synthesis (1, 3). However, there has been 
considerable debate on the suggested thresholds of 
circulating 25(OH)D that define different degrees of low 
vitamin D status, such as deficiency, inadequacy and 
insufficiency (4). This can have a major bearing on the 
magnitude of the public health issue of low vitamin D 
status. In relation to vitamin D deficiency as it relates to 
nutritional rickets and osteomalacia, the majority of expert 
bodies have suggested serum 25(OH)D concentrations 
<25 or <30 nmol/L are indicative of increased risk (1, 5, 
6, 7). There may be special considerations in relation to 
the serum 25(OH)D threshold(s) as applied to defining 
vitamin D deficiency in certain clinical patient groups. For 
example, the Endocrine Society Task Force on Vitamin D in the 
US (8), as part of their clinical practice guidelines, suggests 
that patients should be identified as vitamin D-deficient at 
a serum 25(OH)D cut-off level of 50 nmol/L. From a more 
population health perspective, and as distinct from clinical 
care guidelines, several, but not all, expert bodies briefed 
with the development of dietary recommendations for 
vitamin D, using musculoskeletal health outcomes as the 
primary basis, proposed 50 nmol/L as the concentration 
of serum 25(OH)D that would meet the physiological 
vitamin D requirement of nearly all of the general healthy 
population (1, 6, 9, 10). In this context, the suggested  
50 nmol/L is not intended for vitamin D deficiency 
diagnostic purposes but used to underpin the 
vitamin D intake status relationship on which dietary 
recommendations are established (11).

Also within the framework of vitamin D 
recommendations, serum 25(OH)D concentrations 
greater than 30 but less than 50 nmol/L represent the risk 
of inadequacy/insufficiency for some in the population, 
whereas concentrations greater than 50 nmol/L represent 
sufficiency for nearly all (1, 9). Accordingly, in this review, 
the focus will largely be on the prevalence of serum 25(OH)D  
< 25 or 30 nmol/L, between 25/30 and 50 nmol/L and  
<50 nmol/L. It will also focus, where possible, on the 
provision of prevalence data from studies that are nationally 

representative, although not unsurprisingly, such data will 
not be available for a sizeable majority of the globe, in which 
case data from other relevant studies will be presented. 
The prevalence estimates from nationally representative 
population-based surveys, especially if recent, provide 
the best snapshot of the burden of vitamin D deficiency 
and low vitamin D status within the general population. 
Furthermore, if the serum 25(OH)D data from these studies 
are standardised, as pioneered by the US National Institutes 
of Health-led Vitamin D Standardization Program (VDSP) in 
terms of limiting the impact of analytical method-related 
differences in serum 25(OH)D measurement (12), the 
estimates are even more trustworthy, and especially if these 
are intended to be compared across countries/regions. The 
importance of using standardised serum 25(OH)D values 
for comparisons of the prevalence of vitamin D deficiency 
is clearly illustrated by the data from two of the nationally 
representative surveys, both of which reside in a latitude 
band of 47–55°N. In the case of the German Health Interview 
and Examination Survey for Adults (aged 18–79 years), 
the pre-standardisation prevalence estimate for serum  
25(OH)D < 30 nmol/L of 25.9% decreased after 
standardisation to 15.2% (13). For the Irish National Adult 
Nutrition Survey, the prevalence of deficiency in adults 
(aged 18–84 years) increased from 6.6 (pre-standardisation) 
to 12.3% after standardisation (14). Thus, the prevalence 
of vitamin D deficiency for these relatively cognate, 
predominantly white adult population samples, which 
were originally extremely disparate (25.9% compared 
with 6.6%), became close after standardisation (15.2% 
compared with 12.3%). Fully acknowledging that such 
standardisation was/is not feasible for all such surveys, 
the review will highlight, but not solely prioritise, such 
prevalence data. Beyond serum 25(OH)D data, nationally 
or regionally representative data on vitamin D intake in 
the population or in population subgroups may provide 
an additional source of information by which to determine 
the adequacy of vitamin D status in the population (15).

This narrative review will summarise our understanding 
of the present situation in relation to vitamin D 
nutritional status around the globe, based on data for 
circulating 25(OH)D and vitamin D intake, especially 
nationally representative data as per the first two priorities 
mentioned above. A review of vitamin D intake as well as 
status data, from nationally representative samples, where 
feasible, is particularly novel as the focus of reviews thus 
far has mainly been on vitamin D status in different world 
regions. The Food and Agriculture Organisation (FAO), for 
the purposes of food balance sheet data, uses five major 
regions within the world: the Americas, Europe, Oceania, 

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.https://doi.org/10.1530/EC-21-0282

https://ec.bioscientifica.com	 © 2022 The author
Published by Bioscientifica Ltd

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-21-0282
https://ec.bioscientifica.com


K D Cashman Global differences in vitamin D 
status and intake

e21028211:1

Africa and Asia (15). This may be a convenient approach 
when considering global differences in vitamin D status 
as well as dietary intake of the vitamin. In some cases, the 
FAO regions include more than one continent, such as 
North and South America, and can miss widely recognised 
world regions such as the Middle East owing to the fact that 
it straddles more than one FAO world region, but these will 
be flagged within the relevant sections below.

Global differences in vitamin D status

The Americas

In terms of the Americas, the United States of America 
(US) and Canada are the two countries within North 
America with the most comprehensive and representative 
data on vitamin D status. Data from the national 
nutrition surveys in the US (National Health and Nutrition 
Examination Survey 2011–2014; ≥1 year, n = 16,180) (16) 
and Canada (Canadian Health Measures Survey Cycles 1–3; 
≥19 years, n = 8351) (17) suggest that 5.0 and 8.8% of the 
overall survey samples, respectively, had serum 25(OH)D 
concentrations <30 nmol/L (Fig. 1), a cut-off representing 
an increased risk of vitamin D deficiency (1). The US 
survey used a standardised liquid chromatography with 
tandem mass spectrometry (LC-MS/MS) methodology for 
measurement of 25(OH)D, whereas the Canadian survey 
used an immunoassay-based method and the resulting 
25(OH)D data were standardised via the VDSP protocols. 

Both surveys report 25(OH)D data and/or prevalence 
estimates stratified by vitamin D supplement use among 
participants (16, 17). Notably, the two surveys also report 
the prevalence estimates stratified by race/ethnicity – 
data which clearly highlight potential at-risk groups of 
low vitamin D status. The Canadian survey shows that the 
prevalence of serum 25(OH)D concentrations <30 nmol/L 
in non-white participants was over three-fold higher than 
that of white participants (20.1% vs 5.9%, respectively; 
these estimates are not adjusted for seasonality) (17). 
The US survey presents prevalence estimates (adjusted 
for age and season) separately for non-Hispanic (N-H) 
black, N-H Asian and Hispanic (in the range 5.9–17.5%; 
Fig. 1). Taking an average of these prevalence estimates 
to represent a ‘non-white’ grouping showed a nearly five-
fold higher prevalence of serum 25(OH)D concentrations 
<30 nmol/L than that of N-H white participants (10.3% 
vs 2.1%, respectively) (16). Even crude estimations based 
on the magnitude of total populations in these two North 
American countries, using census data from around the 
time of the surveys, together with the above-mentioned 
prevalence estimates, suggest something in the region of 
~2 million adults in Canada and ~15 million individuals 
aged 1 year and older in the US are at increased risk of 
vitamin D deficiency. Within the US, based on race and 
ethnicity demographics, this would translate to ~6.8 
million N-H blacks, ~4.1 million N-H whites, ~3.2 million 
Hispanics and ~1.2 million N-H Asians with serum  
25(OH)D concentrations <30 nmol/L.

Figure 1
The prevalence of serum 25(OH)D < 30 nmol/L in the national surveys in the USA and Canada and stratified by population racial group. In the case of the 
US survey, the ‘non-white’ prevalence for comparison with Canada is representing the average of the non-Hispanic (N-H) black, N-H Asian and Hispanic 
groups (also shown separately).
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Both surveys also present prevalence estimates 
stratified by age group and by gender. Within the US 
survey, which included children, the prevalence of serum  
25(OH)D concentrations <30 nmol/L was very low in 
those aged 1–5 and 6–11 years (0.5 and 1.4%, respectively) 
and rising to ~5% in those aged 12–19 years (16), while 
in both the US and Canadian surveys, the prevalence of 
serum 25(OH)D concentrations <30 nmol/L was highest 
in young adults/adults (typically ~8–11% in those aged 
19/20–40/50 years) and then declining in older adults 
(~3–4%) (16, 17) (Fig. 2). While there were statistically 
significant gender differences in the prevalence of serum 
25(OH)D concentrations <30 nmol/L in both surveys, 
these were in opposite directions; males had a significantly 
lower prevalence compared to females (4.4% vs 5.7%, 
respectively) in the US survey but significantly higher 
prevalence (11.1% vs 6.6%, respectively) in the Canadian 
survey (Fig. 2).

The prevalence of serum 25(OH)D between 30 and 49 
nmol/L representing the risk of inadequacy of vitamin D 
status (1) was 18.3% overall (11.8, 35.8, 29.1 and 26.3% for 
N-H white, N-H black, N-H Asian and Hispanic, respectively) 
for participants of the US survey (16). Data from the first 
two cycles of the Canadian Health Measures Survey (data not 
presented for latest report of cycles 1–3 (17)) suggest that 
29.4% of the combined sample had serum 25(OH)D between 
30 and 50 nmol/L (18). Again based on crude estimations 
of population demographics, this would translate into 
something in the region of ~6.8 million adults in Canada and 
~58 million individuals aged ≥1 year in the US at increased 
risk of inadequate vitamin D status. Taking all concentrations 

of serum 25(OH)D < 50 nmol/L, as reflective of some degree 
of low vitamin D status, these crude estimates (which do not 
capture some population subgroup data) would suggest that 
something in the region of 82 million individuals in the US 
and Canada collectively are at risk.

Mexico has been considered a constituent country 
within North America but also Central America. The 2006 
Mexican National Health and Nutrition Survey (ENSANUT) 
showed in a nationally representative sample of preschool 
children, school children, adolescents and adults 
prevalence estimates of serum 25(OH)D <50 nmol/L of 
24, 10, 8, and 10%, respectively (19). The prevalence of 
25(OH)D < 20 nmol/L was less than 1% for all groups (19). 
More recent data have been published for some of these 
sub-groups of the Mexican population arising from the 
ENSANUT 2012 survey (which used a chemiluminescent 
microparticle immunoassay for measurement of 25(OH)D,  
did not adjust for seasonality and did not include 
information on vitamin D supplement use). For example, 
the prevalence of serum 25(OH)D < 50 nmol/L was 25.9% 
in pre-schoolers (1–4 years; n = 1325) (20), 36.6% in school-
age children (5–11 years; n = 1370) (20) and 37.2% in women 
of reproductive age (n  = 3260) (21). A cross-sectional 
analysis of the third (2012) wave from the Mexican Health 
and Aging Study, a prospective cohort with a representative 
sample of community-dwelling Mexican older adults  
(≥50 years), showed that the prevalence of serum  
25(OH) < 50 nmol/L was 36.8% in these older adults  
(mean age, 69.5 years; n = 1128) (22).

The US, Canada and Mexico account for ~85% of 
the total population of North America, incorporating 

Figure 2
The prevalence of serum 25(OH)D < 30 nmol/L in the national surveys in the USA and Canada stratified by sex and age grouping.
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Central America, the remaining 15% are accounted for by 
20 other countries. In general, nationally representative 
data on serum 25(OH)D are not available for these 
countries. Data from a cross-sectional analysis of serum 
25(OH)D concentrations in children (aged 7–12 years; 
n = 223) and their parents (n  = 492) sampled from the 
capital cities of nine Mesoamerican countries (in the 
period 2011–2013) (23) provide a snapshot of vitamin D 
status in the remainder of the North American region. 
Acknowledging that the samples were not representative 
of the underlying populations, the prevalence of serum 
25(OH)D concentrations <50 nmol/L ranged from 1.6 to 
9.4% in adults and 0 to 11.5% in children from Guatemala, 
El Salvador, Dominican Republic, Honduras, Nicaragua, 
Panama, Costa Rica and Belize. Only one person out of 
the whole sample had a serum 25(OH)D concentration 
below 30 nmol/L (23). It is also worth noting that the 
seven constituent countries within Central America were 
included in this study.

While some of the constituent countries within South 
America have no published data on vitamin D status, and 
very few have nationally representative data on serum 
25(OH)D, several have data available from individual 
published studies. Two reviews have collated the available 
data and presented same on an individual country basis 
(24, 25). Caution is needed in drawing conclusions about 
population vitamin D status based on individual studies as 
they are not representative, and in many cases, these have 
relatively small sample sizes. Other study design parameters 
as well as the method of serum 25(OH)D analysis also 
differed, all of which contributed to variable estimates of 
the prevalence of vitamin D deficiency or inadequacy, in 
some cases, even within a country. The Latin America-
specific review by Brito et al. (24) in 2013, together with the 
more global review by Palacious and Gonzalez (25) in 2014, 
collectively provided estimates of vitamin D status for one or 
more population subgroups in Colombia, Ecuador, Brazil, 
Chile and Argentina. In summary, the prevalence of serum 
25(OH)D < 25 nmol/L in Argentinean adults and elderly 
were in the range 0–16 and 0–14%, respectively, whereas 
15–55 and 15–73% of adults and elderly had serum 25(OH)D  
concentrations between 25 and 50 nmol/L. The 2004/05 
Argentinean National Health Survey reported a prevalence of 
serum 25(OH)D < 25 nmol/L as well as between 25 and 50 
nmol/L in a subsample of young children (6–23 months of 
age) from the Patagonia region as 3 and 24%, respectively. 
The prevalence of serum 25(OH)D <40 nmol/L among 
the elderly in Ecuador was in the range of 9–19%. The 
prevalence of serum 25(OH)D < 23/25 nmol/L in adult 
and elderly in Brazil ranged from 2 to 16%, while 9–10 

and 50–73% of Brazilian children/adolescents and adult/
elderly, respectively, had serum 25(OH)D concentrations 
in the range 25–50 nmol/L. The data presented by both 
reviews in relation to Chilean females were from the 
period around 2001–2007 (24, 25), which has now been 
superseded by some preliminary nationally representative 
data from the Chilean National Health Survey 2016–2017, 
which included adult (≥18 years; n = 1245) and older adult 
(≥65 years; n = 686) females (26). The prevalence of serum 
25(OH)D < 30 nmol/L was 16.4 and 26.4% for the adult 
and older adult Chilean females, respectively, and 51.6 and 
64.9% had serum 25(OH)D concentrations <50 nmol/L, 
respectively. Analysis on the basis of Chilean’s territories 
showed that the population from the North exhibits much 
higher serum 25(OH)D concentrations compared to those 
of the South (26). Likewise, data presented by both reviews 
in relation to Colombian children were from 2010 (24, 25), 
which has now been superseded by prevalence estimates 
from the 2015 Colombian National Nutrition Survey (27). The 
prevalence of serum 25(OH)D (using an immunoassay)  
< 30 nmol/L was 3.1, 1.9, 2.4, 3.0, 6.7 and 3.7% for toddlers 
(n  = 2104), pre-schoolers (n  = 6813), school children  
(n  = 16,454), adolescents (n  = 6470), pregnant women  
(n  = 1262) and non-pregnant women aged 18–49 years 
(n  = 7170), respectively and 39.4, 25.8, 19.4, 17.4, 26.6 and 
20.1% with serum 25(OH)D between 30 and 50 nmol/L, 
respectively (27).

Europe

In terms of Europe, as evidenced in a number of reviews 
of vitamin D status globally (25, 28, 29), there are a 
considerable number of individual studies available from 
across the continent. However, a cautionary note needs 
to be struck again in relation to the representativeness of 
these individual studies and the importance of nationally 
or sub-nationally representative data. As part of the 
European Commission-funded ODIN vitamin D project 
(30), 14 nationally or regionally representative studies were 
gathered and their existing serum 25(OH)D data (based on a 
wide collection of analytical methods) were standardised as 
per VDSP protocols. While the project prioritised nationally 
representative nutrition surveys and was able to include 
such from Ireland, the UK and Germany, several member 
states in Europe do not have such nationally representative 
surveys. Thus, in the absence of such data, well-curated 
samples from regionally representative health surveys were 
used, as they can also achieve some degree of population 
coverage (30). The prevalence of vitamin D deficiency and 
inadequacy (based on data of VDSP standardised serum 
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25(OH)D < 30 and <50 nmol/L, respectively), when these 
representative population samples in Europe were pooled 
(n  = 55,844), was 13 and 40.4%, respectively (30). It should 
be noted that these are whole-population estimates and 
intended to provide some insight into the prevalence of 
vitamin D deficiency and inadequacy for the European 
region, which could then be compared with other world 
regions, particularly North America. It is important to 
stress that prevalence estimates can vary by member state 
within Europe and also by age grouping. For example, data 
from the four nationally representative samples within the 
project, as well as more recently from Portugal (31) (based 
on immunoassay data), show that the prevalence of serum 
25(OH)D < 30 nmol/L varied from as low as ~1% to as high 
as 21% (see Fig. 3). The yearly estimates for four of the five 
representative samples were not adjusted for seasonality, 
but estimates based on extended winter and extended 
summer were also reported for these. The analysis within 
the ODIN project also showed that the prevalence of 
vitamin D deficiency by age group, and irrespective of 
latitude of study populations, suggests that teenagers may 
have higher risk on average. The range of deficiency in the 
various teenage study populations (aged 15–18 years) was 
12–40%, whereas childhood samples (aged 1–6 and 7–14 
years), older adult samples (>61 years) and adult samples 
were 4–7, 1–8 and 9–24%, respectively (30). In general, sex 
differences in prevalence of serum 25(OH)D < 30 nmol/L 
within the entire collection of studies were not evident 
(13.1% compared with 12.9%, on average, for males and 
females, respectively) (30). Such comparisons need to be 
interpreted cautiously because differences in the latitude 
of sample population, ethnic mix and season of blood 
sampling differed for these populations. The prevalence 
estimates within the ODIN project were not stratified by 
vitamin D supplement use.

A concerning finding within the ODIN project, and 
which aligns with that reported from the North American 
surveys, was that dark-skinned ethnic groups within 
Europe are also worryingly at much increased risk of 
vitamin D deficiency compared to their white counterparts 
(prevalence < 30 nmol/L in the range 28–65%, depending 
on the country and the ethnic group) (30, 32). Within 
the Finnish representative Migrant Health and Wellbeing 
Study (Maamu) sample, the prevalence of serum 25(OH)D  
< 30 nmol/L was 4.5, 28.0 and 50.4% for white Russian-
speaking (n  = 446), Somali (n  = 364) and Kurdish immigrant 
subgroups (n  = 500), respectively. Likewise, although with 
very limited numbers, within the representative National 
Diet and Nutrition Survey (NDNS) in the United Kingdom 
(UK), the prevalence of serum 25(OH)D < 30 nmol/L was 
35.7 and 59.6% in black (n  = 28) and Asian participants 
(n  = 52), respectively, compared with 19.6% in white 
participants (n  = 1359) (30). We had stressed the need 
for caution in terms of the interpretation of the UK data 
due to the fact that the numbers were low. Interestingly, 
recent findings in relation to the prevalence of vitamin D 
deficiency among participants in the UK Biobank cohort 
(33), a population-based cohort of 500,000 participants 
recruited in the UK between 2006 and 2010 echoed these 
earlier findings. Acknowledging that the UK biobank 
is not fully representative of the sampling population, 
the prevalence of serum 25(OH)D < 25 nmol/L in adult 
participants of South Asian (n  = 5936) and black ethnicity 
(n  = 5054) was much higher than that of Caucasian  
(n  = 331,849) (57.3 and 36.3% vs 11.7%, respectively) (33).

Notwithstanding the important ethnic differences and 
age-group differences, even a crude estimation based on 
the magnitude of populations in the Europe Union coupled 
with the above population-wide prevalence estimate from 
the ODIN project, suggest something in the region of  

Figure 3
The prevalence of serum 25(OH)D < 25(UK)/30 
nmol/L in national surveys in Germany, the UK, 
Finland and Portugal stratified by age grouping 
(ranges in brackets are the German and Portugal 
equivalent groupings, respectively). Estimates 
averaged across sex and two age groupings in 
some cases for comparability.
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~66 million individuals in the European Union member 
states are at risk of vitamin D deficiency.

It is also important to stress that while it was feasible 
to include data from numerous European countries, for 
several others, data were not available. For example, a 
systematic review from the ODIN project highlighted 
that many countries in the Central and Eastern 
European region, including Albania, Belarus, Bosnia and 
Herzegovina, Bulgaria, Latvia, Macedonia, Moldova, 
Montenegro and Slovakia had no published data on 
vitamin D status (34). A 2018 review of the current status in 
relation to national nutrition surveys in the 53 countries 
of the WHO European region highlights the fact that 
less than two-thirds have nationally representative diet 
surveys, and again, the main availability gaps lie in Central 
and Eastern European countries (35). The author of the 
present review conducted individual PubMed searches of 
published literature arising from those same nationally 
representative dietary surveys (35) to establish if any of 
these had reported serum/plasma 25(OH)D data and thus 
widening the information on European countries beyond 
those included in the ODIN project. These searches 
highlighted that the vast majority do not have serum/
plasma 25(OH)D data available, which was our finding 
at the time of gathering national samples for the ODIN 
project around 2011. The searches did however highlight 
that as an extension to the national dietary survey ‘SI.
Menu (2017/18)’ in Slovenia, the national Nutrihealth 
Study was conducted on a representative sample of 125 
adults (18–64 years) and 155 elderly (65–74 years) subjects, 
enrolled in the study in different seasons. Altogether, 
24.9% of the adults and 23.5% of the elderly were found 
to have serum 25(OH)D < 30 nmol/L, while 58.2 and 
62.9%, respectively, had serum 25(OH)D concentrations  
<50 nmol/L (36).

Oceania

Recent data have been reported on the prevalence of 
vitamin D deficiency and inadequacy in nationally 
representative samples of Australian adults (37) and 
Australian Aboriginal and Torres Strait Islander adults (38). 
Standardised serum 25(OH)D data (measured via LC-MS/MS)  
for adults aged ≥25 years (n  = 5034), who participated 
in the 2011–2013 Australian Health Survey, confirms the 
prevalence of serum 25(OH)D < 30 and <50 nmol/L as 
4.5 and 20.1%, respectively. Again with the use of census 
data, these estimates would translate into approximately 
0.8 and 3.3 million Australian adults aged ≥25 years at 
risk of vitamin D deficiency and inadequacy, respectively.  

The prevalence estimates were highest in the 25–24 and 
35–33 years age categories and lowest among the 55–64 and 
65–74 years age categories (37). The prevalence of serum  
25(OH)D < 30 nmol/L was 4.1% in all men and 4.9% in 
all women (37). The prevalence estimates also varied by 
state/territory with the lowest (0.6%) in the Australian 
Capital Territory and the highest prevalence of serum  
25(OH)D < 30 nmol/L in the Northern Territory (7.1%).

Use of standardised serum 25(OH)D data from the 
2012–2013 Australian Aboriginal and Torres Strait Islander 
Health Survey of adults aged ≥18 years (n  = 3250) shows a 
prevalence of 4.7 and 27.0% using the <30 and <50 nmol/L 
thresholds, respectively, in this nationally representative 
sample (38). Again, the prevalence of serum 25(OH)D < 30 
nmol/L was similar in men and women (5.0 and 4.5%, 
respectively). Seventeen percent and 32% of adolescents 
(12–17 years, n = 692) and young adults (18–24 years, 
n = 400), who participated in the nationally representative 
2011–2013 Australian Health Survey had serum 25(OH)D 
concentrations (measured via LC-MS/MS) <50 nmol/L (39). 
In the overall sample of 12- to 24-year-old, the prevalence 
of inadequacy was 29% in males and 23% in females (39).

The yearly estimates for all three representative 
samples were not adjusted for seasonality, but estimates 
based on season were also reported (37, 38, 39), as were 
estimates based on vitamin D supplement use or not for 
the Australian adults (37) but not the other two samples 
(38, 39).

Data from the 2002 Children’s National Survey in New 
Zealand has shown that 7.5 and 48.5% of children (aged 
5–15 years) of the ‘New Zealand European and other group’ 
ethnic group (n  = 468) had serum 25(OH)D (measured by 
immunoassay) <30 and <50 nmol/L, respectively (40). Data 
from a national sample of New Zealanders aged 15 years and 
older who participated in the 2008/09 New Zealand Adult 
Nutrition Survey (n  = 3099) suggest that 4.9 and 27.1% had 
serum 25(OH)D (measured via LC-MS/MS and standardised 
for month) <25 and 25–49.9 nmol/L, respectively. There 
was no significant difference in prevalence between males 
and females. By ethnic grouping, 6 and 10.5% of Maori and 
Pacific individuals, respectively, had serum 25(OH)D < 25 
nmol/L, whereas the equivalent prevalence estimates using 
25–49.9 nmol/L were 33.7 and 46.6%, respectively (41). The 
surveys did not examine estimates stratified by vitamin D 
supplement use.

Data on women of child-bearing age from both major 
ethnic groups, indigenous Fijians and Fijian Indians, 
who participated in the 2004 Fiji National Nutrition Survey  
(n  = 511) suggest that 3 and 11% of the overall sample 
had serum 25(OH)D concentrations (measured by 
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immunoassay) <37.5 and <50 nmol/L, respectively (42). 
By ethnic grouping, 2 and 5% of indigenous Fijian and 
Fijian Indian women had serum 25(OH)D < 37.5 nmol/L, 
respectively, whereas the equivalent prevalence estimates 
at <50 nmol/L were 7% and 21%, respectively (42). The 
sampling period was from May to September so winter-only 
data. A 2019 review of vitamin D deficiency in low-middle 
income countries (LMICs) has highlighted that several 
other Oceanic countries (Kiribati, Papua New Guinea, 
Samoa, Solomon Islands and Vanuatu) had no published 
studies with vitamin D data suitable for inclusion (43).

Africa

The reviews on vitamin D status globally (25, 28, 29), 
as well as in LMICs (43), present vitamin D deficiency/
insufficiency prevalence data for some of Africa’s 54 
countries. For the most part, this data come from individual 
studies, owing to a lack of representative studies. Moreover, 
a significant number (n  = 28) of individual countries in 
Africa were found to have no suitable serum 25(OH)D 
data for inclusion in the systematic review of vitamin D 
status in LMICs (43). A very recent systematic review and 
meta-analysis of the prevalence of vitamin D deficiency in 
Africa included 129 studies (with 21,474 participants) from 
23 African countries (44). Egypt (n  = 31), Nigeria (n  = 21 
studies) and South Africa (n  = 19 studies) had the highest 
number of eligible studies, 11 countries had 1 study, 4 
countries had 2 studies and 5 other African countries had 
between 3 and 6 studies. Again, over half of the African 
studies (n  = 31) did not have studies that measured vitamin 
D status (44). Using data from 119 of the studies in meta-
analyses yielded pooled prevalence estimates of 18.5% for 
serum 25(OH)D < 30 nmol/L and 34.2% for serum 25(OH)D  
< 50 nmol/L. While 18 studies individually investigated 
seasonality in 25(OH)D concentrations, the pooled 
estimates were based on the entire collection of studies. 
The analyses also showed that most studies that reported 
low 25(OH)D concentrations were from northern African 
countries and South Africa as compared with sub-Saharan 
Africa, populations in urban areas had lower vitamin 
D status than those in rural areas, and in six out of nine 
studies in which a comparison by sex was provided, men 
had higher mean concentrations than women (44). An 
invited commentary piece on the systematic review draws 
attention to the fact that while it has long been believed 
that Africa was largely spared from severe vitamin D 
deficiency as a consequence of high sunshine availability 
for much of the continent, the findings of the systematic 
review suggest a potentially higher prevalence of serum 

25(OH)D < 30 nmol/L than in Europe (18.5 vs 13%, 
respectively) (45). However, importantly, the commentary 
also points to some key limitations, including the fact that 
the sample is not representative of the African population 
and overrepresents North African countries and South 
Africa, with no data on many African countries (45), 
which are likely to impact, to some unknown extent, on 
the reported prevalence estimates.

Asia

Asia is the world’s most populated continent as well as having  
the greatest landmass, and accordingly, it is important to 
assess data on vitamin D status in countries constituent 
to its sub-regions of North, Central, West, South and 
South-East Asia. The reviews on vitamin D status globally 
(25, 28, 29), as well as in LMICs (43), present vitamin D 
deficiency/insufficiency prevalence data for some of the 
countries within these regions, but in many cases, these are 
based on data from individual studies, owing to a lack of 
representative data. For Central Asia, based on the findings 
of the 2019 systematic review of LMICs (43), together with 
a search of those countries that were not included in that 
exercise, highlight that all but Kazakhstan did not have 
published data on serum 25(OH)D. A cross-sectional study 
of adults (n  = 1347), covering six regions of Kazakhstan, 
showed that the prevalence of serum 25(OH)D <25 nmol/L 
was 27.5% overall, being 34.6% in females and only 16.7% 
in males, and was significantly higher in Asians (33.2%) 
compared to Caucasians (6.7%) (46). The prevalence of 
serum 25(OH)D between 25 and 50 nmol/L was 42.4% 
overall (46).

There were some vitamin D status data available for 
the majority of countries in Western Asia. Many of these 
countries are also considered as being within the Middle 
East region. A recent position statement of the European 
Calcified Tissue Society on current vitamin D status in 
European and Middle East countries suggest that while 
data are highly variable, in general, vitamin D deficiency 
(serum 25(OH)D < 30 nmol/L) is much more prevalent 
in the Middle East (highly variable generally in the range 
30–90%) than in Northern (range 0.4–8.4%) and Western 
Europe (range 4.6–30.7%) (47). The systematic review of 
vitamin D status in LMICs used a public health index of 
>20% prevalence of serum 25(OH)D < 25/30 nmol/L in 
the entire population and/or in one or more subsets of 
the population considered especially at risk to identify 
countries and regions with excess burden of vitamin D 
deficiency (43). It referred to such countries as ‘hot spots’, 
or as ‘possible hot spot’ countries, if data were based on 
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only one study. Three of the LMICs within the Western 
Asia/Middle-East region were such ‘possible hot spot’ 
countries; the West Bank and Gaza (56–70% of women of 
child-bearing age having serum 25(OH)D < 27.5 nmol/L), 
Yemen (61% of girls with serum 25(OH)D < 30 nmol/L) and 
Syria (58.2% of adults with serum 25(OH)D < 25 nmol/L) 
(43). Palacious and Gonzalez (25) in their global review of 
vitamin D status in 2014 also highlighted the Middle East 
as having a high burden of vitamin D deficiency.

There were also some vitamin D status data available 
for the majority of countries in Eastern Asia. Mongolia is 
an example of the above-mentioned ‘hot spot’ LMICs (43). 
The 4th National Nutrition Survey in 2010 showed that the 
prevalence of serum 25(OH)D < 18 nmol/L was 21.8% in 
children under 5 years of age and 30% in non-pregnant 
women (48). The 5th National Nutrition Survey in 2016–2017 
showed that the prevalence of serum 25(OH)D (measured 
by immunoassay) <50 nmol/L was 61% in infants, 75.4% of 
pregnant women and 40.4% of men aged 15–49 years (49). 
The 2010 survey sampled during July to August, whereas 
the 2016–2017 sampled during September to November.

While nationally representative data on vitamin D 
status exists for South Korea, there is a lack of published 
data on vitamin D status for North Korea. Data from adults 
in the Korean National Health and Nutrition Examination 
Survey (KNHANES) 2008–2014 (n  = 46,405) showed 
that 9.4 and 57.5% had serum 25(OH)D concentrations 
(measured by immunoassay) <25 and between 25 and 
50 nmol/L, respectively (50). The serum 25(OH)D data 
were not adjusted for season, and data on supplement 
use were not collected. A temporal analysis over the 
period from 2008 to 2014 has provided evidence that 
vitamin D status in South Koreans deteriorated, with the 
prevalence of serum 25(OH)D <50 nmol/L of 51.8 and 
68.2% of males and females, respectively, in 2008, but 
rose to 75.2 and 82.5%, respectively, in 2014 (51). While 
some variation from year to year was evident, overall, 
there were significant decreases in mean serum 25(OH)D 
concentrations in both males (−1.2 nmol/L per year, on 
average) and females (−0.7 nmol/L per year, on average) 
over the period 2008 to 2014. The reason for this trend, 
which seems at odds with the reverse trend observed in 
some western countries, was unclear, but the authors 
speculated that they may relate to changes in lifestyle 
and environment (e.g. increase in urban population, 
decrease in the number of people engaged in outdoor 
occupations, air pollution) which are associated with 
sunlight exposure (51). It is worth noting that during the 
7-year period, serum 25(OH)D samples were measured 
in the same central testing centre, and thus, method-

related differences are unlikely the principal reason for 
the downward trend observed.

Zhang et  al. reviewed vitamin D status data for 
Mainland China, published during 2000 to 2012 (52). 
While estimates were highly variable, as constituent 
individual studies differed by location, assay and season 
of sampling, the average prevalence of serum 25(OH)D  
< 25 nmol/L, using tabulated estimates provided within 
the review for children, adults and elderly, was ~30%. 
More recently, nationally representative data have been 
published, at least for some population subgroups. A 
cross-sectional analysis of healthy adults aged 60 years or 
older who participated in the nationally representative 
2010–2013 China National Nutrition and Health Survey 
(CNNHS) showed that 7.8 and 26.3% of elderly men  
(n  = 2948) had serum 25(OH)D (measured by immunoassay) 
<30 and between 30 and 50 nmol/L, respectively, and 
12 and 32%, respectively, for elderly women (n  = 3066) 
(53). The estimates stratified by season and vitamin D 
supplement use were also reported. The 2011 wave of the 
Chinese Longitudinal Healthy Longevity Survey, a nationally 
representative survey of older adults in which two-thirds of 
the participants (n  = 2180, sampled from May to September) 
were aged 80 years and older, showed that 30.6 and 70.3% 
had serum 25(OH)D (measured by immunoassay) <30 and 
<50 nmol/L, respectively (54). The survey did not have data 
on supplement use. The prevalence of serum 25(OH)D < 25 
and 25–50 nmol/L in children and adolescent participants 
(n  = 14,473) in the 2010–2012 CNNHS was 7.2 and 46.0%, 
respectively (55). The prevalence of 25(OH)D (measured 
by immunoassay) <25 nmol/L in children aged 6–11, 
12–14 and 15–17 years was 5.6, 8.8 and 8.7%, respectively 
(55). The estimates stratified by season were also reported. 
Vitamin D supplement use was only 1.4%, and thus, data 
were not presented by supplement use.

Nationally representative data for Japan is lacking; 
however, data from the Furukawa Nutrition and Health 
Study of factory workers in Japan (aged 18–69 years; 
n = 1790, predominantly males) showed that 40.8% 
had serum 25(OH)D (measured by competitive protein-
binding assay) <50 nmol/L (56). The serum was collected 
without regard to specific seasons. A primary care cohort 
of 1470 postmenopausal Japanese women (sampled 
in April and May) was reported as having 49.6% with  
25(OH)D (measured by competitive protein-binding assay) 
<50 nmol/L (57).

For Southern Asia, based on the findings of the 
systematic review of LMICs, a number of the countries 
were considered ‘hot spot’ countries with excess burden 
of vitamin D deficiency (Pakistan (25% <20 nmol/L and 
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61–65% <25 nmol/L), Afghanistan (45–65% <20 nmol/L) 
and India (31–65% <25 nmol/L), depending on population 
subgroup) (43). The prevalence of serum 25(OH)D 
(measured by immunoassay) <25 and 26–50 nmol/L in 
adult participants (aged 19–65 years; n = 1111) of the 2013–14  
National Food and Nutrition Surveillance Programme in Iran 
was 63.0 and 27.3%, respectively in winter, and 26.6 and 
43.2%, respectively in summer (58). Data from children 
(aged 5–18 years; n = 667) within the National Food and 
Nutrition Surveillance Programme during mid-winter 2013 
(January and February) shows that 56 and 37.2% had serum 
25(OH)D (measured by immunoassay) <25% and 25–50 
nmol/L, respectively (59). The prevalence of serum 25(OH)D  
< 25/30 nmol/L in Nepalese pregnant/lactating women 
and young children was ~14%, and 12–38.9% of non-
pregnant Bangladeshi women were deficient, depending 
on socioeconomic status and veiled or unveiled. However, 
in both Nepal and Bangladesh, the prevalence of serum 
25(OH)D < 30 nmol/L in infants was much lower (0.6 and 
6%, respectively). There was a low prevalence of vitamin D 
deficiency in Sri Lankan children and adults (0–6.3%) (43), 
and there are no data for the Maldives.

For South East Asia, the systematic review of LMICs 
highlighted the lack of 25(OH)D data for some countries 
(Lao, Myanmar, Timor-Leste) while pointed to a low 
prevalence of vitamin D deficiency in Indonesian children 
and adults as well as Cambodian women and children 
and was absent in Filipino postmenopausal women 
(43). The prevalence of vitamin D deficiency in Vietnam 
was variable, at 11.2–20.6% in children and 17.3% in  
women (43).

Data from the Fourth National Health Survey (2008–
2009) in Thailand (adults 15–98 years; n = 2641, sampled 
between August to March) showed that only 5.7% 
overall had serum 25(OH)D concentrations (measured by  
LC-MS/MS) <50 nmol/L, although the estimate varied 
across geographic region, highest in Bangkok (2.8–14.3%) 
(60). In Malaysia, the prevalence of serum 25(OH)D 
(measured by immunoassay) <50 nmol/L in children 
(aged 4–12 years) participating in the Nutrition Survey of 
Malaysian Children was 47.5%, higher in rural than urban 
areas and higher in girls than boys (61). Data from 12-year-
old participants in the Malaysian Health and Adolescents 
Longitudinal Research Team study (MyHeARTs) (n  = 1361, 
sampled between March and May) showed that 1.5, 77.4 
and 13.7% had serum 25(OH)D concentrations (measured 
by immunoassay) <12.5, 12.5–37.5 and 37.5–50 nmol/L, 
respectively (62). Again, females had higher prevalence 
of low vitamin D status compared to males and higher in 
urban than rural areas (62).

The 2010/2011 South East Asian Nutrition Surveys 
(SEANUTS) were conducted in Indonesia, Malaysia, 
Thailand and Vietnam in country representative samples 
of children aged 0.5 to 12 years, and a subsample  
(n  = 2016) had serum 25(OH)D assessed (63). The method 
for measurement of 25(OH)D varied depending on South 
East Asian country, with two using one immunoassay, 
another country used a different immunoassay and the 
fourth country used HPLC. The prevalence of serum 
25(OH)D <25 nmol/L was 0, 4.1, 2.0 and 11.1% for 
Indonesia, Malaysia, Thailand and Vietnam, respectively, 
and 44, 39.6, 31.7, and 37.1% with serum 25(OH)D between 
25 and 50 nmol/L, respectively. These estimates were not 
adjusted for seasonality.

It is clear from the estimates presented above that the 
prevalence of low vitamin D status (as defined by use of the 
various serum 25(OH)D thresholds) varies considerably 
by geographic location within the globe as well as by race/
ethnicity and in some cases age group, whereas, in general, 
differences by gender are more modest or absent. Without 
good representative data for all of the world’s regions, it 
is difficult to make truly valid comparisons on prevalence 
of vitamin D deficiency and inadequacy. Acknowledging 
this important point, data from the limited number of 
available representative surveys within various countries 
from around the globe might suggest a relatively low 
prevalence of serum 25(OH)D <25/30 nmol/L, as indicative 
of increased risk of vitamin D deficiency, in South America 
(median; range, 3%; 3–21%), Oceania (median; range, 
5%; 5–6%) as well as North America (median; range, 7%; 
5–9%), whereas there is more moderate prevalence in 
Europe (13%) and Asia (median; range, 18%; 3–45%). The 
prevalence may also be moderate in Africa (~19%), but 
it is important to stress again that this is based on meta-
analysis of individual studies as opposed to being based on 
representative survey data. Even though the percentage 
estimates are low to moderate, this translates into hundreds 
of millions of individuals, and numbers that are increased 
by a factor of anything from 2 to ~10, one should use serum 
25(OH)D <50 nmol/L to reflect low vitamin D status. The 
remainder of the review will explore some of the issues 
contributing to such global differences in status.

Differences in ultraviolet B availability and impact 
on vitamin D status globally

There is no one single underlying reason for vitamin D 
deficiency, but the combination of low UVB availability 
and/or exposure coupled with a low-dietary vitamin D 
supply is of key importance (4). Before reviewing the data 
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on vitamin D intakes in the different world regions, it is 
worth considering differences in availability in UVB that 
may exist in these regions. Data from the WHO in relation 
to UV index (UVI) scores from capital cities of a selection 
of countries across the globe (64), as a crude estimate of 
availability of UVB for pre-vitamin D3 synthesis in exposed 
skin in individuals residing in these regions, are shown in 
Fig. 4. The average monthly values were used to generate 
‘extended winter’ and ‘extended summer’ UVI scores for 
each city at their variety of latitudes. The higher the UVI 
scores, the higher the availability of UVB radiation, and 
UVI readings of 1–2, 3–5, 6–7, 8–10 and 11+ are considered 
low, moderate, high, very high and extreme, respectively. 
As a general rule, UVI scores ≥3 are associated with the need 
for sun protection measures (65). Extended winter UVI 
scores (those from November to March in the Northern 
Hemisphere; April to October in the Southern Hemisphere) 
for those cities residing at latitudes ≥40° were generally in 
the range of 1–2, irrespective of Hemisphere. For extended 
summer, the UVI scores in these same cities were in the 
range 3–7, indicative of ample UVB availability. UVI scores 
for those cities residing in the tropical latitudinal band 
between ~30°N and ~30°S (covering considerable portions 
of meso- and South America, Africa and Asia as well as 
some of Australia) were in the range of 6–11+ throughout 

the year, suggesting high year-round availability of UVB 
radiation (Fig. 4). It is important to stress that beyond 
environmental vitamin D-effective UVB availability, 
personal characteristics, such as skin pigmentation, age, 
attire, sunscreen usage, working environment, outdoor 
physical activity and sun exposure behaviour, can also 
prevent or impede vitamin D synthesis (4, 66).

There is a very clear translation between the changes 
in UVB availability during the year and seasonal changes in 
vitamin D status and prevalence of vitamin D deficiency/
inadequacy in regions ≥40°. Prevalence estimates from 
the EU-based surveys (all >47°N) which have standardised 
serum 25(OH)D highlight this, whereby the percentage 
with serum 25(OH)D < 30 nmol/L is in the range of 19.7–
31.8% (dependent on the survey) during extended winter 
and in the range 5.7–15.3% during extended summer (30). 
In the Southern Hemisphere, a significant portion of New 
Zealand resides at >40°S, and its 2008/09 national survey 
shows that the prevalence of serum 25(OH)D <25 nmol/L 
was ~16% in September (late winter) vs ~0% in March (late 
summer) (41). The magnitude of seasonal changes in the 
prevalence of low vitamin D status in countries/regions 
in the more tropical zone, where UVB availability is more 
abundant, is less clear as many of the studies referred to in 
this review did not report. The reviews of vitamin D status 

Figure 4
UV index scores* in capital cities across the globe during November to March (Panel A) and April to October (Panel B). *Represented by coloured ovals at 
the location (green, yellow, orange, red and violet representing UVI scores of 1–2, 3–5, 6–7, 8–10 and 11+, respectively).
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globally do provide some evidence of seasonality but are 
based on data across different studies, and even when 
data are provided within a study, these, in general, were 
individual studies, not representative studies (25, 66).

Whether this seasonal cycling of vitamin D status has 
consequences for health is not entirely clear. It has been 
suggested that it is conceivable that annually recurring cycles 
of low vitamin D and mild secondary hyperparathyroidism 
during the winter months contribute, at least in part and 
over many years, to age-related bone loss (67). This bone 
loss could arise from a winter-based increase in the rate of 
bone turnover due to low vitamin D status. For example, an 
increased seasonal fluctuation in serum 25(OH)D has been 
shown to be associated with increased levels of parathyroid 
hormone and C-terminal telopeptide, a marker of bone 
resorption (68). Large fluctuations in serum 25(OH)D have 
also been hypothesised to influence risk of certain types of 
cancer (69).

In the absence of sufficient UVB availability/exposure 
to enable synthesis in the skin, dietary supply of vitamin 
D is critical to meeting population requirements and 
prevention of vitamin D deficiency (4). Vitamin D does 
occur in the diet, both naturally and as an added nutrient 
for fortification, and in nutritional supplements. The 
remainder of this review will briefly overview vitamin D 
intakes in the same five major FAO regions of the globe. 
The estimated average requirement (EAR) for vitamin D for 
those aged ≥1 years is 10 μg/day (1), and, by convention, 
the percentage of the population with a habitual daily 
vitamin D intake lower than this is taken as an estimate 
of the percentage of the population with probable  
inadequate intakes.

Global differences in vitamin D intakes

It should be noted that just as the methodology for the 
measurement of 25(OH)D can impact the assessment of 
estimates of vitamin D status, and comparisons across 
countries/regions as well as even over time within a country 
(12), likewise, methodology used to assess dietary intake 
of vitamin D will impact on the estimates. Furthermore, 
whether surveys/studies capture vitamin D supplement 
use will also colour estimates of vitamin D intake.

The Americas and Europe

As was the case with serum 25(OH)D data, the US, Canada 
and Mexico within the North/Meso-American region as 
well as several member states in the European Union have 
representative data on vitamin D intake.

Data from the National Health and Nutrition Examination 
Survey 2011–2014 (≥1 years, n = 16,180) suggest that the mean 
intake of vitamin D from food and beverage sources was 4.9 
μg/day (16). This estimate did not include the contribution 
from vitamin D-containing dietary supplements, which 
overall 37.4% of the population reported taking (16). Data 
from the earlier 2009–2012 cycle of the survey (≥2 years, 
n =16,975) showed that the mean intake of vitamin D from 
all sources (naturally occurring in foods plus enriched/
fortified plus dietary supplements) was 6.6 mg/day  
(5.4 μg/day excluding supplements), and 72.5% of 
individuals had intakes <EAR (70). While the reported 
vitamin D intakes are not delineated by racial group, 
it is interesting to note that the percentage of dietary 
supplement use in the 2011–2014 survey cycle was highest 
among N-H white (43.7%) and N-H Asian (41.2%) compared 
to N-H black (24.8%) and Hispanic individuals (22.0%) 
(16). Furthermore, in the overall sample, the prevalence 
of serum 25(OH)D < 30 nmol/L was 7.1, 4.7 and 2.6% in 
those with food and beverage-derived vitamin D intake in 
the range 0–2.0, 2.1–5.1 and >5.1 μg/day, respectively and 
was 6.9% in non-supplement users compared to 1.1% in 
supplement users (16).

Data from the Canadian Health Measures Survey 2015 
(≥19 years, n = 11,992) (71) suggest mean intakes of vitamin 
D of 5.1 and 4.2 μg/day for males and females, respectively, 
resulting in 94 and 98%, respectively, with intakes <EAR. 
There was very little variation in mean intakes across adult 
age groups. These estimates of vitamin D intake do not 
consider the contribution from supplement use. This is 
noteworthy as in 2015, approximately 34% of Canadians 
took a vitamin D supplement, rising from ~25 to 30% in 
adults aged 31–50years to 36.9–45.8% in adults aged 71 
and older (72). Data from the 2004 cycle of the survey 
suggest mean vitamin D intakes in the range of 7–9 μg/day 
for Canadian children aged 1–18 years, which were not 
included in this recent analysis (73). It should also be noted, 
however, that the mean intakes for adults aged 19+ years in 
the 2004 survey were higher (7.9 and 6.1 μg/day for males 
and females, respectively) (73) than the 2015 estimates (71).  
The 2004 survey did not include the contribution of 
vitamin D from supplement use in its intake estimates.

Vitamin D intake data from a random sample of the 
2012 ENSANUT survey in Mexico (n  = 10,886 or 11.3% of 
the total survey sample) suggest a mean usual intake of  
4.8 μg/day for children aged both 1–4 and 5–11 years as 
well as adolescents (aged 12–18 years), whereas Mexican 
adults (aged ≥20 years) had a mean intake of vitamin D of  
3.8 μg/day (74). The survey did not include the contribution 
of vitamin D from supplement use. Not unsurprisingly 
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with these relatively low intakes, 95.7, 94.5 , 93.0 and 
96.5% of young children (1–4 years), children (5–11 years), 
adolescents and adults, respectively, had vitamin D intakes 
below the EAR (74). While nationally representative data 
on vitamin D intake, such as that from the three North 
American countries mentioned above, are priority data as 
it can inform on the adequacy of dietary supply of vitamin 
D in a population, such data are lacking for a majority 
of countries, including countries in Central- and South 
America. Estimates of average per capita supply of vitamin 
D, as calculated using information from the FAO national 
food balance sheets, can be used as proxy measures for 
vitamin D intake within a population as well as being able 
to highlight countries where inadequacy of supply may be 
of concern. A recent global mapping of per capita supply 
of vitamin D provides estimates for ~170 countries was 
published (15) and this included those in Central (Meso)- 
and South America. In general, while much of South 
America and Meso-America had average per capita vitamin 
D supply estimates (not including supplemental vitamin 
D) in the range 1.6–5.5 μg/day (median of 2.4 μg/day), the 
USA and Canada had estimates in the range 5.6–7.5 μg/day.

The above-mentioned 2018 review of national 
nutrition surveys within WHO European region identified 
those with vitamin D (and calcium) intake data (35), with 
the actual intake data (excluding that from supplements) 
published separately (74, 75). In the case of adults, intake 
data from 21 countries ranging from Northern, Western 
(including some Southern) and Central and Eastern 
Europe were available for males and females, and all 
were relatively recent, being conducted within a window 
between 2004 and 2015. For illustration purposes in this 
review, the Southern European countries are presented 
separately from the Western European countries  
(see Fig. 5). Taking all intake data across the 21 European 
surveys of adults would suggest relatively low intakes on 
average, with 2.7 and 3.3 μg/day for females and males, 
respectively. However, there were very evident regional 
differences, with average intakes for females and males 
in the North (6.1 and 7.8 μg/day, respectively) higher 
than those of Western (3.3 and 4.0 μg/day, respectively) 
and Southern Europe (2.9 and 3.5 μg/day, respectively), 
and which, in turn, were higher than those of Central 
and Eastern Europe (1.1 and 1.5 μg/day, respectively).  

Figure 5
The mean (or median) vitamin D intake among European-based dietary surveys of adult males and females.
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Even within a region, there was variability in mean intakes 
between constituent countries, especially for Northern 
Europe and Central and Eastern Europe (Fig. 5). While the 
prevalence of vitamin D intakes less than the EAR of 10 
μg/day was not provided, it is clear from the mean intakes 
that, bar possibly Finland, most will have a high majority 
with an inadequate intake of vitamin D.

In the case of children, vitamin D intake data from 
13 countries across Europe were available for males and 
females and for those aged <10 and ≥10 years. All the surveys 
were relatively recent, being conducted within a window 
between 2003 and 2016. Again for illustration purposes, 
the Southern European countries are presented separately 
from the Western European countries and the average 
intake of males and females within an age grouping that 
were used as gender differences was relatively minor for 
the most part (see Fig. 6). Taking all intake data across the 
13 European surveys of children would suggest relatively 
low intakes on average, with 2.7 and 2.2 μg/day for those 
aged <10 and ≥10 years, respectively. Notable age-group 
differences in vitamin D intake were only evident in two 
of the three Southern European countries (Fig. 6). Average 
intakes for children aged <10 and ≥10 years in the South 
(4.8 and 3.1 μg/day, respectively) were modestly higher 
than those of the North (3.2 and 3.3 μg/day, respectively) 
and higher than those of Western Europe (2.5 and  

2.4 μg/day, respectively), and which, in turn, were higher 
than those of Central and Eastern Europe (1.1 μg/day for 
both age groups). While the prevalence of vitamin D 
intakes less than the EAR of 10 μg/day were not provided, 
it is clear from the mean intakes that all will have a high 
majority with an inadequate intake of vitamin D.

Oceania

Unfortunately, the Australian Health Survey 2011/12 and 
2008/09 New Zealand Adult Nutrition Survey considered 
the food composition data for vitamin D as insufficiently 
reliable and consequently did not present vitamin D 
intake estimates. Liu et al., after generating new vitamin D 
compositional data for animal-derived foods in Australia, 
applied these to the 2011–2012 Australian Health Survey 
and the resulting estimate for those aged ≥18 years was 
4.3 μg/day (76). This estimate was derived from (animal) 
food sources only and did not include the contribution 
of supplements to vitamin D intake. Data from the same 
survey show that the prevalence of vitamin D-containing 
supplement use was 10, 6, 13–18 and 21–25% in children, 
adolescents, adults (18–50 years) and older adults (51–70 
and 71+ years), respectively, and overall within adults, 
females (24%) had a higher prevalence of usage than 
males (13%) (77). The global mapping of per capita supply 

Figure 6
The mean vitamin D intake among European-based dietary surveys of children aged <10 and ≥10 years.
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of vitamin D provides estimates for countries in Oceania 
beyond the Australia and New Zealand, which are in the 
range 2.5–7.6 μg/day, median of 5.2 μg/day (15).

Africa and Asia

Vitamin D intake data for countries in Africa and Asia 
are very sparse, and particularly data from representative 
studies. Mean daily intake estimates for vitamin D were 
reported for Malaysian children as part of the SEANUTS 
Malaysia, stratified by age group and urban vs rural setting 
(61). For infants (0.5–0.9 years), children aged 1–3.9, 4.0–
6.9 and 7.0–12 years, the mean vitamin D intake in urban 
settings was 5.9, 6.3, 5.5 and 5.5 μg/day, respectively and 
7.3, 6.7, 5.7 and 4.6 μg/day, respectively, in rural settings.

Cognizant of the limitations of the per capita vitamin 
D supply estimate approach, the global mapping exercise 
has shown that the median per capita vitamin D supply 
estimates for all constituent countries within Africa and 
Asia were 1.4 and 2.8 μg/day, respectively, as compared to 
4.1 and 4.7 μg/day for Europe and Oceania, respectively 
(15). There are very few food sources rich in vitamin D. Fish 
and fish products make up 70 and 78% of the foods codes 
in the UK’s food composition database with vitamin D 
contents in the range of 5–10 and >10 μg/100 g, respectively 
(78). The per capita daily supply of fish was higher in Asia 
than Africa, which might explain some of the difference in 
vitamin D supply estimates. Within the African region, the 
vitamin D supply estimates in individual countries were 
variable, but a majority were in the range <1.5–3 μg/day 
and a minority were in the range 3.1–5.5 mg/day. Likewise, 
the vitamin D supply estimates in Asia were very variable 
in the range <1.5–10 μg/day, with a majority in the range 
<1.5–5.5 μg/day.

It is clear from the estimates presented above that 
the usual intakes of vitamin D can vary by geographic 
location within the globe, whereas, in general, differences 
by gender and age group are very modest. Some of the 
differences in vitamin D intake in different world regions 
relate to differences in the supply of animal-derived foods, 
particularly fish, eggs, meat and fortified milk and milk 
products, being higher among the high-income countries 
(15). Variable food fortification practises in different world 
regions, ranging from absent to mandatory, will also 
impact the food supply of vitamin D (15). It should also 
be noted that for several of the nationally representative 
surveys mentioned in this review, supplemental vitamin 
D was not included in the vitamin D intake estimates 
and thus are underestimates of total vitamin D intakes in 
their population. There is some evidence that vitamin D 

supplement use may have increased during the COVID-19 
pandemic (79, 80). In general, with a few exceptions, there 
are very high levels of inadequacy of vitamin D intake 
within populations around the globe, as represented by 
vitamin D intakes below the EAR of 10 μg/day (1). It is for this 
reason, we had suggested the development of sustainable 
food-based strategies to bridge the gap between current 
and recommended intakes of vitamin D to minimise the 
prevalence of vitamin D deficiency as our third prioritising 
research requirements a decade ago (2). This topic has been 
reviewed elsewhere (4, 81, 82) and is beyond the scope of 
the present review.

Conclusions

Low vitamin D status occurs in populations across the 
globe but the burden of this varies, such that prevalence 
of serum 25(OH)D < 25/30 nmol/L ranges from ~5 to 18%, 
depending on FAO world region, and from 24 to 49% in 
the case of serum 25(OH)D < 50 nmol/L. Depending on 
the serum 25(OH)D threshold applied, these translate into 
hundreds of millions to billions of individuals globally. 
These prevalence estimates are based on data from 
nationally representative surveys which are key in terms 
of informing the magnitude of the public health issue 
of vitamin D deficiency around the globe. While some 
prevalence estimates are based on standardised serum 
25(OH)D data, other estimates are not. Standardisation of 
25(OH)D values is of high priority going forward so as to 
minimise method-related differences. It is notable that a 
vast majority of countries do not have such surveys and are 
missing representative data on the biochemical status and 
intake of vitamin D and other nutrients of public health 
concern. The 2020 Global Nutrition Report stressed that a 
major outstanding laggard is the little notable progress in 
the collection, analysis and use of micronutrient deficiency 
data (83). There has also been a call to action from the 
Micronutrient Forum in terms of increasing the availability 
and utilisation of reliable data on population micronutrient 
(including vitamin D) status globally (84). A lack of such 
data undermines a full understanding of the magnitude 
of the micronutrient deficiency problems and impedes 
their control programmes (84). Thus, there is a clear need 
for strategic investment in quality, accessible surveillance 
and bio-banking systems among very many countries 
globally. This need was also reflected recently in the high-
level research agenda flowing from a technical report 
on the global prevalence and disease burden of vitamin 
D deficiency in low- and middle-income countries (85).  
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Thus, while an enormous amount of incredibly useful 
research has been undertaken and published in vitamin 
D’s first 100 years of life, much still remains to be done so as 
to ensure that vitamin D deficiency truly becomes a thing 
of the past and as soon as possible.
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