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Although contradictory data exist, available evidence indicates that supplementation with multiple

micronutrients with immune-supporting roles may modulate immune function and reduce the risk of infection.

Micronutrients with the strongest evidence for immune support are vitamins C and D and zinc. Better
design of human clinical studies addressing dosage and combinations of micronutrients in different
populations are required to substantiate the benefits of micronutrient supplementation against

infection.
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The data reviewed here supports the role of higher 25(OH)D concentrations in reducing risk of infection and
death from ARTIs, including those from influenza, CoV, and pneumonia. The peak season for ARTIs is
generally when 25(OH)D concentrations are lowest. Thus, vitamin D3 supplementation should be started or
increased several months before winter to raise 25(OH)D concentrations to the range necessary to prevent
ARTIs. Studies reviewed here generally reported that 25(OH)D concentrations of 20—30 ng/mL reduced the
risk of ARTIs The hypothesis that vitamin D supplementation can reduce the risk of influenza and COVID-19
incidence and death should be investigated in trials to determine the appropriate doses, serum 25(OH)D

concentrations, and the presence of any safety issues.
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A link between Vit D status and COVID-19 A-CMR ( in the US, France, and the UK
(countries with similar screening status) may exist. Combining COVID-19 patient data and
prior work on Vit D and CRP levels, we show that the risk of severe COVID-19 cases
among patients with severe Vit D deficiency is 17.3% while the equivalent figure for patients with normal Vit D
levels is 14.6% (a reduction of 15.6%). Given that CRP is a surrogate marker for severe COVID-19 and is
associated with Vit D deficiency, our finding suggests that Vit D may reduce COVID-19 severity by
suppressing cytokine storm in COVID-19 patients. Further research is needed to account for other
factors through direct measurement of Vit D levels.

e The time-adjusted case mortality ratio (T-CMR) was estimated as the number of
deceased patients on day N divided by the number of confirmed cases on day N-8. The
adaptive average of T-CMR (A-CMR) was further calculated as a metric of COVID-19

associated mortality in different countries
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Table 2. Risk of high CRP given Vit D status based on the data reported in [18].
25(0H)D (nmol/L) High CRP/Low CRP (Risk of High CRP)
at Noermal Vit D (>75) 495/597 (45%)
at Insufficient Vit D (50-75) 729717 (50%)
at Deficient Vit D (25-50) 639/476 (57%)
at Severely Deficient Vit D (<25) 12273 (63%)
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Our analyses of UK Biobank data provided no evidence to support a potential role for (25 (OH)D)
concentration to explain susceptibility to COVID-19 infection either overall or in explaining
differences between ethnic groups.

Covip-19 OR [95%CI] p
25(OH)D (nmol/L) L] 1.00 (0.89; 1.01) 0.208
Self-reported ethnicity 5
White (Ref.) L]
Black : ———— = 4.30(2.92;6.31) <0.001
South Asian o —_— 2.42 (1.50; 3.93) <0.001
Other —— 1.87 (1.07; 3.28) 0.029
Sex 8
Female (Ref.) L)
Male D .— 1.41(1.16;1.71) 0.001
Current smoking status H
No (Ref.) "
Yes = 0.93 (0.69; 1.25) 0613
Townsend deprivation quintiles g
1 (less deprived) (Ref.) [ ]
2 - 1.21 (0.87: 1.70) 0.262
3 - 1.00 (0.70; 1.42) 0999
4 —— 1.55(1.12; 2.14) 0.007
5 (most deprived) Do 1.89 (1.37; 2.60) <0.001
BMI categories :
Underweight — 1.25(0.31-5.10) 0.754
Normal weight (Ref.) L]
Overweight I 1.34 (1.04-1.72) 0.024
Obese - 162 (1.23-2.14) 0.001
Self-reported Health :
Excellent (Ref.) L]
Good [E 1.29(0.93; 1.79) 0.120
Fair e 1.72(1.19;2.48) 0.004
Poor —- 2.32 (1.45; 3.72) <0.001
Long-standing illness, disability or infirmity H
Yes (Ref.) ]
No -— 1.23(0.99; 1.53) 0.067
Diabetes g
Yes (Ref.) L]
No H— 1.18(0.86; 1.62) 0316
Age at assessmenlt (years) L] 1.02(1.00; 1.03) 0.016
SBP (mmHg) ] 0.99 (0.99; 1.00) 0.284
DBP (mmHg) L] 1.01(0.99; 1.02) 0.146
0.0 05 1.0 1.5 2.0 25 3.0 35 40 45 5.0 55 6.0
Odds Ratio
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Counter-intuitively, lower latitude and typically ‘sunny’ countries such as Spain and Italy (particularly Northern
Italy), had low mean concentrations of 25(0OH)D and high rates of vitamin D deficiency. These countries have also
been experiencing the highest infection and death rates in Europe. The northern latitude countries (Norway,
Finland, Sweden) which receive less UVB sunlight than Southern Europe, actually had much higher mean 25(0OH)D
concentrations, low levels of deficiency and for Norway and Finland, lower infection and death rates. The

correlation between 25(0OH)D concentration and mortality rate reached conventional significance by Spearman's
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Rank Correlation. Optimizing vitamin D status to recommendations by national and international public health
agencies will certainly have benefits for bone health and potential benefits for Covid-19. There is a strong

plausible biological hypothesis and evolving epidemiological data supporting a role for vitamin D in Covid-19.

Figure 1. Calculated Covid-19 mortality rate and mean 25(0H)D concentration
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. The results suggest that an increase in serum 25(0OH)D level in the body could either improve clinical
outcomes or mitigate worst (severe to critical) outcomes, while a decrease in serum 25(OH)D level in
the body could worsen clinical outcomes of COVID-2019 patients. In conclusion, this study provides
substantial information to clinicians and health policy-makers. Vitamin D supplementation could
possibly improve clinical outcomes of patients infected with COVID-2019. Further research should

conduct randomized controlled trials and large population studies to evaluate this recommendation.
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Table 2. Multinomial logistic regression analysis

Predictor Mald OR p-value

Serum 25(0OH)D. ng/ml Ordinary 0.614 0.007
Severe 0.126 <0.001
Critical 0.051 =0.001

Nete: OR = odds ratio associated with the effect of a one standard deviation increase in the predictor.

Ny 75% 1.63 'o Ny (ordinary)?? a¥n? nxnwna (mild) 12 axi7nn axn 1o'on D o'RiN 2 n7a0a
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Vitamin D supplementation was safe and it protected against acute respiratory tract infection overall.
Patients who were very vitamin D deficient and those not receiving bolus doses experienced the most

benefit.

Proportion with =1 ARTI (%)
Study Control Intervention Adjusted odds ratio Weight Adjusted odds ratio
(95% CI) (%) (95% CI)
Li-Ng 2009 33/76 (43.4) 32/81(39.5) i--lj 3.48 0.85 (0.44 o 1.64)
Urashima 2010 69/167 (41.3)  68/167 (40.7) 3 536 0.90(0.58t0 1.41)
Manaseki-Holland 2010 126/225(55.00  57/224 (43.3) —. 6.12
Laaksi 2010 54/84 (64.3) 39/80 (48.8) —_— 3.58
Majak 2011 11/24 (45.8) 4[24 (16.7) -1 1.00
Trilok-Kumar 2011 458/1030 (44.5) 438/1034 (42.4) 8.69 (
Lehouck 2012 29/89 (32.6) 30/86 (34.5) —‘% 3.57 00 .
Manaseki-Holland 2012 245/1505 (16.3) 260/1506 (17.3) 8.58  1.08 (0.89 to 1.30)
Camargo 2012 53/103 (51.5) —- 436 0.38(0.22t00.65)
Murdoch 2012 155/161 (56.3) _— 1.43  0.97 (0.3010 3.15)
Bergman 2012 39/62 (62.5) —.—— 2.89 0.42(0.20t0 0.85)
Marchisio 2013 38/58 (65.5) _ 2.84 0.44 (0.21100.95)
Rees 2013 276/360 (76.7) - 635 1.03(0.72t0 1.49)
Tran 2014 96/197 (48.7) —t 6.60  0.92(0.65to 1.30)
Goodall 2014 80/234 (34.2) — 5.94  0.66 0.98)
Urashima 2014 17/99 (17.2) 32/148 (21.6) - 3.41 143 2.78)
Grant 2014 53/80 (66.3) 94/156 (60.3) ——— 412 0.77 ( 1.36)
Martineau 2015 (ViDICO)  75/118(63.6)  76/122(62.3) — 3.98  0.87 ( 1.57)
Martineau 2015 (ViDiAs) 93/125(74.4)  85/125(68.0) — . 374 0.71(0.381w0 1.31)
DII?DIUD 1-“71 12%_3 QT AN 3"n0 Martineau 2015 (ViDiFlu)  58/103 (56.3) ( 538 1.13(0.661t0 1.95)
Dubnov-Raz 2015 10/11 (30.5) 0.28 0.23(0.01 10 3.82)
1 1 1 Denlinger 2016 93/207 (44.9) 586 1.52(1.021to0 2.28)
'IJX'?BI? NRIYN2 D I no'i II?J‘ Fw Tachimoto 2016 5/35 (14.3) 1.01  0.45(0.11 10 1.89)
Ginde 2016 24/52 (46.2) 244 0.44 (0.19101.02)
Simpsan 2015 14(16 (87.5) 0.00 Excluded
overalk I’=53.3%, P=0.001 100.00 0.80 (0.69 1o 0.93)
0125 025 05 2 4
Mote: Weights are from random effects analysis
Fig 2 | Two step individual participant data meta-analysis: proportion of participants experiencing at least one acute respiratory
tract infection (ARTI). Data from trial by Simpson et al were not included in this two step meta-analysis, as an estimate for the
effect of the intervention in the study could not be obtained in the regression model owing to small sample size
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