Supplementary table 1: Prevalence of vitamin D deficiency from national studies and published peer-reviewed papers
	Author, year [Publication number] 
	Location
	Study years
	Population 
	Assay
	Season
	n
	Age
	Percent vitamin D deficient (25(OH)D< 50 nmol/L)

	Australian Bureau of Statistics [1]
	Australia
	2011-3
	Random sample
	LC-MS/MS
	Year round
	~11,000
	5+ years
	23.5 

	Black et al 2021 [12]
	Australia
	
	Nationally representative, Aboriginal and Torres Strait Islanders
	LC-MS/MS
	
	3250
	adult
	27.0

	New Zealand Ministry of Health [6] 
	New Zealand
	2008-9
	Nationally representative
	LC-MS/MS
	Year round
	3099
	15+ y
	32.0

	Yousef et al 2021 [2]

	Canada
	2012-5
	Random sampling of dwellings
	Diasorin Immunoassay
	Year round
	11,579
	3-79 y
	36.4

	Herrick et al 2019 [3]
	United States
	2011-4
	NHANES – probability sample
	LC-MS/MS
	South in winter, north in summer
	16,180
	≥1 y
	18.3

	Cashman et al 2013 [5]

	Ireland
	2019-20
	Nationally representative
	LC-MS/MS
	Year round
	246
	13-18 y
	54.8

	
	Ireland
	2008-10
	Random selection
	ELISA (OCTEIA)
LC-MS/MS
	Year round
	1132
	18+ y
	40.1
45.9

	Cashman et al 2016 [14]

	  Denmark
	2011-2
	Regionally representative
	Variable, but standardised to the Vitamin D standardisation program
	
	779
	8-12 y
	36.8

	
	  Norway
	2010-11
	Regionally representative
	
	
	939
	15-18 y
	76.1

	
	  Greece
	2007-9
	Regionally representative
	
	
	806
	9-14 y
	62.4

	
	  Germany
	2003-6
	Nationally representative
	
	
	10,015
	1-17 y
	45.6

	
	  Germany
	2008-11
	Nationally representative
	
	
	6995
	18-79 y
	56.0

	
	  United Kingdom
	2008-12
	Nationally representative
	
	
	511
	1-18 y
	53.4

	
	  United Kingdom
	2008-12
	Nationally representative
	
	
	977
	19-91 y
	57.9

	
	  Netherlands
	2006-7
	Regionally representative
	
	
	2627
	40-66 y
	33.6

	
	  Iceland
	2002-6
	Regionally representative
	
	
	5519
	66-96 y
	33.6

	Lin et al 2021 [15]
	United Kingdom
	2006-10
	UK Biobank 
	Diasorin Liaison
	Year round
	449,943
	40-69 y
	32.3

	Kim et al 2020 [4]
	South Korea
	2008-14
	Randomly selected households
	Diasorin RIA
	Year round
	46,405
	18-80 y
	66.7

	Chile Ministry of Health [7]
	Chile
	2016-7
	Nationally representative
	LC-MS/MS
	
	5520
	15-49 y females
	54.8

	Mongolia National Center for Public Health [8]
	Mongolia

	2016-7

	Nationally representative

	Enzyme-linked fluorescence assay

	Sept-Nov
	1711


	6-59 m

	61.0



	
	
	
	
	
	Sept-Nov
	377
	15-49 y men

	40.4


	
	
	
	
	
	Sept-Nov
	924
	Pregnant women
	75.4

	Heere et al 2010 [9]
	Fiji
	2004
	Nationally representative
	Diasorin RIA
	Winter (May-Sept)
	511
	15-54 y females
	11.0

	Marzban et al 2021 [10]
	Iran
	
	Randomly selected households living in rural areas of the Persian Gulf
	IDS-ELISA
	
	1806
	Adults
	28.0 

	Duarte et al 2020 [11]
	Portugal
	
	Nationwide, random sample of people living in private households
	ADVIA competitive immunoassay
	
	3092
	18+ y
	67.0

	Beer et al, 2020 [13]
	Colombia
	
	National survey

	ADVIA competitive immunoassay
	
	~40,000
	All ages
	24.0

	
	
	
	
	
	
	
	Toddlers
	43.0

	
	
	
	
	
	
	
	Adolescents
	20.0

	Flores et al 2017 28241892
	Mexico
	2012
	Nationally representative
	Chemiluminescent microparticle immunoassay
	Year round
	2695
	1-4 y

	25.9


	
	
	
	
	
	
	
	5-11y
	36.6

	Gromova et al 2020 [16]
	Kazakhstan
	2018
	Systematic random sampling from outpatient clinics in each region
	Abbott chemilumi-
nescence microparticle immunoassay (CMIA)
	Summer (May to Aug)
	1347
	Adults females
	79.0


	
	
	
	
	
	
	
	Adult males
	56.1

	Chen et al 2017 [17]
	China
	2010-2013
	Nationally representative
	Diasorin RIA
	Year round
	6014
	60+ y
	39.1

	Hu et al 2017 [18]
	China
	2010-2013
	Nationally representative
	Diasorin RIA
	Year round
	14,473
	6-17 y
	53.2

	Nikooyeh et al 2021 [19]
	Iran
	2013-4
	Nationally representative
	Direct enzyme Immunoassay
	Year round
	1111
	19-65 y
	Winter: 90.1
Summer: 69.2

	Nikooyeh et al 2017 [20]
	Iran
	2013-4
	Nationally representative
	Direct enzyme Immunoassay
	Year round
	667
	5-18 y
	Mid-Winter: 93.2


	Poh et al 2013 [21]
	Malaysia
	2010-1
	Nationally representative
	Diasorin Liaison 
	Year round
	2056
	4-12 y
	47.5

	Poh et al 2016 [22]
	Malaysia

	2010-1
	Nationally representative
	Diasorin Liaison
	Year round
	861
	2+ years
	43.7

	· 
	Thailand

	
	
	Diasorin Liaison
	
	495
	
	33.7

	· 
	Indonesia

	
	
	Immunoassay
	
	276
	
	44.0

	· 
	Vietnam
	
	
	HPLC
	
	384
	
	48.2

	Bani et al 2022 [23]
	Switzerland, Canton Ticino
	
	
	Chemiluminescence microparticle capture immunoassay (CMIA)
	
	18,131
	All
	35.5

	Al Zarooni  2019  [24]
	Abu Dhabi Emirates
	2011-2
	Adults presenting to preventive health screening program clinics
	Not provided
	Year round
	12,346
	18+ years
	72.0

	Latif Zainel et al 2019 [25]
	Qatar
	2017
	Adults presenting to primary care clinics
	Abbott immunoassay; multiple labs
	Year round
	102,342
	18-65 y
	Not treated: 71.4
Previously treated: 53.4


[bookmark: _GoBack]Values in red show those selected for the map displayed in Figure 5.


Supplementary Table 2: Prevalence of vitamin D deficiency in South Asian countries (results from a meta-analysis) [26]  
	Country
	Percent vitamin D deficient 
(25(OH)D< 50 nmol/L)
	Heterogeneity
	No. studies

	Sri Lanka
	48
	
	1

	Nepal
	57
	
	2

	Bangladesh
	67
	
	5

	Pakistan
	73
	High (18% to 99%)
	18

	India
	67
	High (7% to 91%)
	39



Supplementary table 3: Prevalence of vitamin D deficiency in African countries (results from a meta-analysis) [27]
	Country 
	Percent vitamin D deficient (25(OH)D< 50 nmol/L)
	Population
	No. studies

	Tunisia (2)
	68
	Adults 
	2

	Libya (1)
	80
	Adults 
	1

	Egypt (5)
	45
	Adults 
	5

	Sudan (1)
	99
	Adults 
	1

	Ethiopia (4)
	86
	Adults 
	4

	Uganda (1)
	20
	Adults 
	1

	Kenya (1)
	17
	Adults 
	1

	Seychelles (1)
	8
	Adults 
	1

	Tanzania (3)
	3
	Adults 
	3

	Zimbabwe (1)
	2
	1-2 year olds (but said to be similar to adult levels)
	1

	South Africa (7)
	31
	Adults 
	7

	Botswana (1)
	17
	<2yo without tuberculosis
	1

	Cameroon (1)
	3.2
	Adults 
	1

	Nigeria (5)
	25
	Adults 
	5

	Ghana (3)
	14
	Adults 
	3

	Cote d’Ivoire (1)
	9
	Adults 
	1

	Guinea-Bissau (1)
	13
	Adults 
	1

	Morocco (2)
	74
	Adults 
	2

	Algeria (1)
	29.9 September
41.4 March
	5-15 yo children
	1



3

Supplementary Figure 1: UV radiation-induced signature mutations in DNA
 DNA contains 4 amino acid bases (thymine (T), adenine (A), guanine (G), cytosine (C)), linked by a sugar phosphate backbone. DNA is in the form of a double helix with two anti-parallel strands, one running in the 5’ (5-prime) to 3’ direction, and the other in the 3’ to 5’ direction (5’ and 3’ refer to carbon molecules in the sugar backbone). Thymine and cytosine are pyrimidines; guanine and adenine are purines. Thymine binds (with a weak hydrogen bond) only to adenine, cytosine to only guanine. DNA is ‘read’ to construct proteins – the correct sequence of bases is critical to ensure the correct structure of the proteins synthesised.
[image: On the left is a gray box labeled "Nucleotide." In it, a dark gray circle labeled "Phosphate" is connected by a black line to a blue hexagon labeled "Sugar." Another black line connects this sugar to a dark gray rectangle labeled "Base (A, T, C or G)." The grey box points to a smaller box showing the position of a nucleotide in a large double-stranded molecule of DNA. The double-stranded molecule is not twisted. It has two grey strips on either side labeled sugar-phosphate backbone. Sticking out from the strips are yellow bands labeled "A" connected by two dashed lines to purple bands labeled "T" and red bands labeled "C" connected by three dashed lines to turquoise bands labeled "G." There are eight pairs of these bands between the two strips. "Base pairing" is written above the double-stranded molecule. To the right is a twisted molecule of DNA labeled "Double helix."]3’
5’
3’
5’

Nucleotides are composed of a sugar molecule, a phosphate group, and a base. TpC refers to two adjacent nucleotides, where a thymine nucleotide is followed by a cytosine nucleotide in the sequence going from the 5’ to the 3’ direction (for example in the red circle above), and similarly, CpC describes a cytosine followed by a cytosine in the 5’ to 3’ direction. 
Absorption of UV-B radiation by DNA can cause adjacent thymine bases to ‘join up’ to form a thymine dimer (a form of cyclobutane pyrimidine dimer (CPD)).
[image: ]                                  [image: ]
If thymine dimers are not repaired, the result can be death of the cell. Repair enzymes can locate the CPD, remove it, and use the other DNA strand as a guide to repair the DNA correctly. However, faulty DNA repair can lead to the original cytosine (C) base being replaced by a thymine base (T), resulting in a permanent change in the sequence of bases for that strand of DNA; i.e., a UV signature mutation. Mutations result in incorrect “reading” of DNA and production of abnormal proteins.
· a C>T transition at a TpC dinucleotide (see red circled area above) due to faulty DNA repair of a T-T dimer. 
[image: ]
· a C>T transition at a CpC dinucleotide (either the first or second cytosine replaced, CpC and CpC respectively) due to faulty DNA repair of UV-induced DNA damage
[image: ]
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