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ABSTRACT 

 

BACKGROUND: Vitamin D metabolites support innate immune responses to severe 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and other respiratory 

pathogens. Randomized controlled trials of vitamin D to prevent coronavirus disease 

2019 (Covid-19) have not yet reported. 

 

METHODS: We randomly assigned 6200 U.K. adults to receive an offer of a postal 

finger-prick 25-hydroxyvitamin D (25[OH]D) test with provision of a 6-month supply of 

higher-dose vitamin D (3200 IU/d, n=1550) or lower-dose vitamin D (800 IU/d, 

n=1550) to those with blood 25(OH)D concentration <75 nmol/L, vs. no offer of 

testing or supplementation (n=3100). The primary outcome was the proportion of 

participants experiencing at least one swab test- or doctor-confirmed acute 

respiratory infection (ARI) of any cause at six months. Secondary outcomes included 

incidence of swab test-confirmed Covid-19. 

 

RESULTS: Of 3100 participants offered testing, 2958 (95.4%) accepted, and 2690 

(86.8%) had 25(OH)D <75 nmol/L and were sent vitamin D supplements (1356 

higher-dose, 1334 lower-dose). 76 (5.0%) vs. 87 (5.7%) vs. 136 (4.6%) participants 

in higher-dose vs. lower-dose vs. no-offer groups experienced at least one ARI of 

any cause (odds ratio [OR] for higher-dose vs. no-offer 1.09, 95% CI 0.82-1.46; 

lower-dose vs. no-offer 1.26, 0.96-1.66). 45 (3.0%) vs. 55 (3.6%) vs. 78 (2.6%) 

participants in higher-dose vs. lower-dose vs. no-offer groups developed Covid-19 

(OR for higher-dose vs. no-offer 1.13, 0.78-1.63; lower-dose vs. no-offer 1.39, 0.98-

1.97). 

 

CONCLUSIONS: Among adults with a high baseline prevalence of vitamin D 

insufficiency, implementation of a test-and-treat approach to vitamin D replacement 

did not reduce risk of all-cause ARI or Covid-19.  

 

TRIAL REGISTRATION: ClinicalTrials.gov no. NCT04579640  
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INTRODUCTION 

 

The coronavirus disease 2019 (Covid-19) pandemic has refocused attention on 

strategies to prevent acute respiratory infection (ARI). Although vaccination against 

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) represents the 

mainstay for disease control, its effectiveness at a global level is compromised by 

factors including cost, availability, vaccine hesitancy, vaccine failure and vaccine 

escape.1-3 Complementary, low-cost approaches to enhance immunity to SARS-

CoV-2 and other pathogens causing ARI are needed. 

 

Vitamin D metabolites have long been recognized to support diverse innate immune 

responses to respiratory viruses and bacteria, while simultaneously regulating 

immunopathological inflammation.4-6 The vitamin D-inducible antimicrobial peptides 

cathelicidin LL-37 and human beta defensin 2 have both been shown to bind SARS-

CoV-2 spike protein and inhibit binding to Angiotensin Converting Enzyme 2, its 

cellular receptor.7,8 Longitudinal studies investigating potential associations between 

higher vitamin D status or vitamin D supplement use and reduced risk of Covid-19 or 

SARS-CoV-2 infection have yielded mixed results, with some reporting protective 

associations and others reporting null or negative associations;9-14 meta-analyses 

including these and other observational studies report protective associations 

overall.15,16 Findings of randomized controlled trials (RCTs) of vitamin D 

supplementation to prevent ARIs caused by pathogens other than SARS-CoV-2 

have also been heterogeneous.17-21 Meta-analysis of these and other RCTs shows a 

small, but statistically significant, protective effect that is strongest where modest 

daily doses of vitamin D (400-1000 IU) are given for periods of up to one year.22 

Phase 3 clinical trials of prophylactic vitamin D to reduce incidence and severity of 

Covid-19 are lacking, as are studies comparing effectiveness of different doses of 

vitamin D supplementation for the prevention of ARIs of any cause among adults. 

There is also a lack of studies designed to evaluate the effectiveness of practical 

approaches to identification and treatment of vitamin D deficiency at scale in the 

general population to improve health outcomes. We therefore established a Phase 3 

pragmatic RCT (CORONAVIT) to evaluate the effectiveness of a ‘test-and-treat’ 

approach to identification and treatment of vitamin D insufficiency for prevention of 
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Covid-19 and other ARIs in U.K. adults from December 2020 to June 2021 - a period 

when Covid-19 incidence was high and Covid-19 vaccine coverage was initially low.  

 

 

METHODS 

 

TRIAL DESIGN, SETTING AND PARTICIPANTS 

 

We conducted a three-arm parallel open-label individually-randomized controlled trial 

nested within the population-based COVIDENCE UK cohort study,12,13 using ‘trial-

within-cohort’ methodology.23 Eligibility was assessed using self-reported data from 

on-line questionnaires. Principal inclusion criteria were age 16 years or more at 

screening and participation in the COVIDENCE UK cohort; principal exclusion 

criteria were current use of vitamin D supplements, known diagnosis of sarcoidosis, 

primary hyperparathyroidism, nephrolithiasis, or renal failure requiring dialysis; 

known allergy to any ingredient in the study capsules; and known pregnancy. 

 

RANDOMIZATION AND INTERVENTION 

 

A randomly-selected subset of 6200 cohort participants who were assessed as 

eligible on the basis of data from their enrolment questionnaire, and who reported no 

supplemental vitamin D intake at baseline, were individually randomized by the trial 

statistician using a computer program (Stata v14.2) to receive an offer of a postal 

vitamin D test with supply of 3200 IU vitamin D/day if their blood 25(OH)D 

concentration was found to be less than 75 nmol/L (‘higher-dose offer group’) vs. the 

same testing offer with supply of 800 IU vitamin D/day if 25(OH)D was less than 75 

nmol/L (‘lower-dose offer group’) vs. no offer of vitamin D testing or supplementation 

(‘no offer group’), with a 1:1:2 allocation ratio. Treatment allocation was not 

concealed. 

 

FOLLOW-UP ASSESSMENTS 

 

Study participants were invited to complete follow-up on-line questionnaires at 

monthly intervals, which captured details of incident ARIs, exacerbations of asthma 
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and chronic obstructive pulmonary disease (COPD), chronic Covid-19 symptoms, 

adherence, and adverse events. The final invitation to complete a follow-up 

questionnaire was sent in June 2021, at 6-month follow-up. End-trial postal vitamin D 

testing was offered to a randomly selected subset of 1600 participants who received 

study supplements (800 in each offer group) and 400 cohort participants who were 

randomized to the no offer group. 

 

OUTCOMES 

The primary outcome was the proportion of participants developing at least one 

swab test- or doctor-confirmed ARI of any cause. Secondary efficacy outcomes were 

the proportion of all participants developing Covid-19 confirmed by reverse 

transcription polymerase chain reaction (RT-PCR) or antigen testing; the proportion 

of all participants hospitalized for treatment of Covid-19; the proportion of 

participants hospitalized for treatment of Covid-19 who required ventilatory support; 

the proportion of all participants dying of Covid-19; the proportion of participants 

developing test-confirmed Covid-19 who reported symptoms lasting more than four 

weeks; the proportion of participants developing test-confirmed Covid-19 who 

reported on-going symptoms at the end of the study; mean values for the MRC 

dyspnea score24, the FACIT Fatigue Scale score25 and the Post-Covid Physical 

Health Symptom Score26 among participants developing test-confirmed Covid-19 

who reported on-going symptoms at the end of the study; the proportion of all 

participants prescribed one or more courses of antibiotics for treatment of ARI of any 

cause; the proportion of all participants hospitalized for treatment of ARI of any 

cause; the proportion of all participants dying of ARI of any cause; the proportion of 

participants with asthma or COPD developing at least one severe acute 

exacerbation; and mean end-study 25(OH)D concentrations in the sub-set of 

participants for whom this was measured.  

Safety outcomes were incidence of death, serious adverse events, adverse events 

leading to discontinuation of study medication, and other monitored safety 

conditions: hypercalcemia (serum corrected calcium concentration >2.65 mmol/L), 

hypervitaminosis D (25[OH]D concentration >220 nmol/L) and nephrolithiasis. 
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SAMPLE SIZE AND STATISTICAL METHODS 

We used https://mjgrayling.shinyapps.io/multiarm/27 to calculate that a total of 6200 

participants would need to be randomized to detect a 20% reduction in the 

proportion of participants meeting the primary outcome with 84% marginal power28 

and 5% type 1 error rate, assuming a 20% risk of experiencing at least one swab 

test- or doctor-confirmed ARI in the no offer group at six months, 25% loss to follow-

up, and a 1:1:2 ratio of participants randomized to higher-dose, lower-dose or no 

offer, respectively. Statistical analyses were performed according to intention-to-

treat; adjustment for multiple testing for the primary outcome used Dunnett’s test29 

with a critical P-value threshold of 0.027. Treatment effects for dichotomous 

outcomes were estimated using logistic regression and presented as odds ratios 

(ORs) with 95% confidence intervals (CIs). We pre-specified sub-group analyses 

comparing the effect of the intervention on major outcomes in individuals who 

received at least one dose of Covid-19 vaccine during follow-up vs. those who did 

not, and in those with lower vs. higher actual or predicted baseline 25(OH)D 

concentrations. A sensitivity analysis was also pre-specified, which excluded data 

from participants in the intervention arms who reported that they took vitamin D 

capsules ‘less than half the time’ as well as those in the no offer arm who reported 

any intake of supplemental vitamin D during follow-up. Further details of statistical 

methods are presented in the Supplementary Appendix. 

 

 

RESULTS 

 

PARTICIPANTS 

 

A total of 17700 participants in the COVIDENCE UK cohort study were assessed for 

eligibility to take part in the CORONAVIT trial in October 2020: 6200 of 6470 

participants classified as eligible based on their responses to study questionnaires 

were randomly selected for invitation to the trial, and randomly assigned to higher-

dose vs. lower-dose vs. no offer groups (Fig. 1). Table 1 shows baseline 

characteristics of the trial participants by study arm. Median age was 60.2 years, 

4156/6200 (67.0%) were female and 154/6200 (2.5%) had received one or more 
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doses of Covid-19 vaccine. Among participants whose baseline vitamin D status was 

tested, mean 25(OH)D concentration was 39.7 nmol/L (s.d. 14.5), and 2674/2745 

(97.4%) had 25(OH)D concentrations <75 nmol/L. Characteristics were balanced 

between the three groups. Of 3100 participants randomized to the higher- or lower-

dose offer groups, 2958 (95.4%) consented to receive a postal 25(OH)D test, and 

2674 (86.3%) had blood 25(OH)D concentrations <75 nmol/L with provision of study 

supplements (1346 vs. 1328 supplied with 3200 IU vs. 800 IU capsules, 

respectively). Follow-up was for 6.0 months, from December 2020 to June 2021; by 

the end of this period, 5523/6200 (89.1%) of participants had received one or more 

doses of a Covid-19 vaccine (Table S1, Supplementary Appendix). Self-reported 

adherence to study supplements among participants randomized to either 

intervention arm was good, with 90.9% of participants reporting that they took study 

supplements at least 6 times per week (Table S2, Supplementary Appendix). In the 

subset of participants included in the intention-to-treat analysis for whom measures 

of end-study vitamin D status was available, mean 25(OH)D concentrations were 

significantly elevated in the higher-dose vs. no offer group (102.9 vs. 66.6 nmol/L 

respectively; mean difference 36.3 nmol/L, 95% CI 32.9 to 39.6 nmol/L), and in the 

lower-dose vs. no offer group (79.4 vs. 66.6 nmol/L respectively; mean difference 

12.7 nmol/L, 95% CI 9.8 to 15.6 nmol/L; Table 2, Fig. 2). Among those included in 

the sensitivity analysis (i.e. excluding non-adherent participants randomized to 

intervention, and participants in the no-offer arm who took vitamin D supplements), 

mean differences in end-study 25(OH)D concentrations between intervention vs. no-

offer arms were greater (for higher-dose vs. no offer group, 49.7 nmol/L, 95% CI 

45.1 to 54.2 nmol/L; for lower-dose vs. no-offer group, 25.8 nmol/L (95% CI 22.0 to 

29.5 nmol/L; Table 3, Fig. 2).  

 

PRIMARY AND SECONDARY OUTCOMES 

 
The primary end point of at least one episode of swab test- or doctor-confirmed ARI 

occurred in 290 participants, with no statistically significant difference in proportions 

experiencing such an event in either offer group vs. the no offer group (for higher-

dose vs. no offer: 76/1515 (5.0%) vs. 136/2949 (4.6%), respectively; OR 1.09; 95% 

CI 0.82 to 1.46, P=0.55; for lower-dose vs. no offer: 87/1515 (5.7%) vs. 136/2949 

(4.6%), respectively; OR 1.26; 95% CI 0.96 to 1.66, P=0.10; Table 2).  
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No statistically significant differences in outcomes relating to incidence or severity of 

acute Covid-19, prolonged symptoms of Covid-19 were seen between those 

randomized to either offer vs. no offer (Table 2). We also found no evidence to 

suggest that allocation to either offer vs. no offer influenced prescription of antibiotics 

for ARI treatment, hospitalization or death from all-cause ARI, or incidence of acute 

exacerbations of asthma or COPD (Table 2). 

 
SUB-GROUP ANALYSES 
 

Sub-group analysis revealed no evidence to suggest that Covid-19 vaccination 

modified the effect of allocation on incidence of Covid-19 or prolonged Covid-19 

symptoms (Table S2, Supplementary Appendix).  Planned sub-group analysis by 

baseline vitamin D status was not conducted, as the range and distribution of 

imputed 25(OH)D concentrations in the ‘no offer’ arm at baseline did not match those 

of measured 25(OH)D concentrations in participants randomized to either 

intervention arm (Figure S1, Supplementary Appendix), calling the validity of the 

imputation into question. 

 

SENSITIVITY ANALYSIS 

 

Of 3100 people randomized to the no offer group, 1547 (49.9%) reported that they 

took supplemental vitamin D on at least one occasion during the study, while 

2523/2674 (94.4%) participants supplied with study supplements reported that they 

took them more than half the time. Results of sensitivity analyses excluding the 

former group and including the latter (Table 3) were not materially different to those 

yielded by intention to treat analyses (Table 2). 

 

ADVERSE EVENTS 

 

7 participants (2 vs. 1 vs. 4 allocated to higher-dose vs. lower-dose vs. no offer 

groups, respectively) died during the study, and 313 (85 vs. 85 vs. 143 allocated to 

higher-dose vs. lower-dose vs. no offer groups) experienced one or more non-fatal 

serious adverse events (Table S4, Supplementary Appendix). Causes of these 
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events are presented in Table S5, Supplementary Appendix:  none was adjudged to 

be related to administration of study supplements. Four participants in the higher 

dose offer group developed hypercalcemia (serum corrected calcium >2.65 mmol/L): 

study supplements were discontinued, and the hypercalcemia and symptoms 

resolved. One participant in the no offer group was found to have asymptomatic 

hypervitaminosis D (25[OH]D 250 nmol/L) at 6-month follow-up, after taking a non-

study vitamin D supplement at a dose of 4000 IU/day. One participant in the higher 

dose offer group was hospitalized on two occasions with renal colic due to 

nephrolithiasis. A total of 47 non-severe adverse events led to discontinuation of 

study supplements (24 vs. 23 in higher- vs. lower-dose offer groups, respectively: 

Table S6, Supplementary Appendix). 

 

 

DISCUSSION 

 

We present results of the first RCT to evaluate the effectiveness of a test-and-treat 

approach to correction of sub-optimal vitamin D status for prevention of ARIs. It is 

also the first clinical trial to investigate whether vitamin D supplementation reduces 

risk of Covid-19. Among participants randomized to receive an offer of vitamin D 

testing, uptake of this intervention was good, prevalence of 25(OH)D concentrations 

<75 nmol/L was high, and end-study 25(OH)D concentrations were elevated when 

compared to those who were randomized to no such offer, providing objective 

evidence of a high level of adherence. However, no statistically significant effect of 

either dose was seen on the primary outcome of incident doctor- or swab test-

confirmed ARI, or on the major secondary outcome of incident swab test-confirmed 

Covid-19. Oral vitamin D supplementation was safe and well-tolerated at both doses 

investigated: incidence of adverse events was balanced between arms, and no 

serious adverse event was attributed to study supplements. 

 

The design of our study was informed by findings from a recent meta-analysis, 

suggesting that protective effects of vitamin D against ARI might be strongest when 

daily doses of 400-1000 IU were given for up to one year.22 The results from the 

current study do not support the hypothesis that such regimens offer protection 
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against ARI, and are consistent with those of several other recent phase 3 trials of 

vitamin D supplementation that have reported no effect of vitamin D supplementation 

on risk of ARIs.20,21,30 The null result for the major secondary outcome of incident 

Covid-19 in this trial is consistent with our finding of no independent association 

between intake of supplemental vitamin D and risk of Covid-19 in a prospective 

observational study undertaken in this cohort prior to initiation of this trial,12 as well 

as null results from a Mendelian randomization study that tested for associations 

between genetically predicted 25(OH)D concentrations and susceptibility to Covid-

19.31 Positive findings from other observational studies9,14 may therefore be 

attributable to confounding or collider bias.32 

 

Our study has several strengths. In contrast to recent large clinical trials of vitamin D 

supplementation for the prevention of ARIs,21,30 our study population had a very high 

prevalence of vitamin D insufficiency at baseline, with 97.4% of those tested having 

25(OH)D concentrations <75 nmol/L. We investigated two dosing regimens utilizing 

daily dosing (thereby avoiding large and unphysiologic fluctuations in 25[OH]D that 

are seen with administration of intermittent bolus dosing),33 and there was good 

adherence (evidenced by self-report and by significant differences in end-study 

25[OH]D concentrations between arms). The trial within cohort design allowed a 

rapid and efficient evaluation of a pragmatic approach to boosting vitamin D status in 

the general population to provide a timely answer to a pressing global public health 

question. Linkage with routinely collected data from medical records allowed 

comprehensive capture of outcomes in those who did not complete study 

questionnaires, allowing us to minimize loss to follow-up and to capture important 

events that precluded questionnaire completion such as severe illness and death. 

The trial was initiated prior to widespread roll-out of Covid-19 vaccination, and follow-

up coincided with the ‘second wave’ of Covid-19 in the UK: both factors contributed 

to the appreciable number of Covid-19 cases that arose, which allowed for potential 

effects of vitamin D on prevention of this specific cause of ARI to be investigated. 

Other strengths include a high retention rate (just 0.6% of participants withdrew 

without any follow-up), a rigorous case definition for the primary outcome that 

required objective confirmation of ARI (as opposed to self-report of symptoms), and 

use of an externally accredited laboratory to measure vitamin D status using liquid 
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chromatography-tandem mass spectrometry, which is the gold standard assay for 

this determination.  

 

Our study also has limitations. Provision of supplements to participants randomized 

to intervention was contingent on demonstrating inadequate vitamin D status: thus, a 

subset (13.7%) of participants randomized to intervention did not receive study 

supplements. On the other hand, another subset (49.9%) of participants randomized 

to no offer took a vitamin D supplement on one or more occasions during follow-up. 

This may have led to increases in 25(OH)D concentrations in the no offer arm over 

the course of the study, although seasonal effects (sampling in June vs. December) 

will also have contributed. Together, these factors could have diluted any effect of 

vitamin D in the primary intention-to-treat analysis. We sought to overcome this by 

conducting a sensitivity analysis, which included only those randomized to offer vs. 

no offer who did vs. did not take supplemental vitamin D, respectively. The fact that 

this analysis showed no effect of vitamin D supplementation on all outcomes 

investigated, despite the larger differences in end-study 25(OH)D concentrations 

between intervention vs. no-offer arms seen for this analysis vs. the intention-to-treat 

analysis (Fig. 2), provides some reassurance that the null result yielded by the 

intention-to-treat analysis is valid. Ultimately, however, this trial was designed to 

investigate the effectiveness of a pragmatic ‘test-and-treat’ approach to boosting 

population vitamin D status, rather than biologic efficacy of vitamin D to prevent 

ARIs, and our findings should be interpreted accordingly. Ascertainment bias could 

have arisen because of the open-label design since knowledge of allocation could 

have influenced retention and the likelihood of an outcome being reported. We 

attempted to off-set effects of differential rates of loss to follow-up between arms by 

use of medical record linkage, which allowed us to capture outcomes in those who 

were lost to follow-up but who did not actively withdraw from the study. The 

proportion of those randomized to ‘no offer’ who experienced the primary outcome 

(4.6%) was lower than the 20% anticipated in the sample size calculation, possibly 

reflecting the impact of public health measures to control transmission of SARS-

CoV-2 (such as lockdowns, social distancing and mask wearing) on incidence of 

other ARIs.34  This could have compromised power; however, the lower bounds for 

the 95% CIs of ORs relating to the effect of higher- or lower-dose offers on our 

primary outcome (0.82 and 0.96, respectively) effectively rule out relative reductions 
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in odds of ARI of more than 18% and 4%, respectively. Arguably, effects of this size 

or less are unlikely to be considered of sufficient magnitude to implement the study 

intervention for the purpose of ARI prevention. Incidence of hospitalization for ARI 

was low, and we therefore lacked power to detect an effect of the intervention on 

severity of Covid-19 and other ARIs. Finally, prevalence of profound vitamin D 

deficiency (25[OH]D <25 nmol/L) at baseline was also low, and we therefore lacked 

power to detect an effect of the intervention in this group, who may be more likely to 

derive clinical benefit from vitamin D replacement than those with higher baseline 

25(OH)D concentrations.35 

 

In conclusion, we report that implementation of a test-and-treat approach to 

correcting sub-optimal vitamin D status in the U.K. population was safe and effective 

in boosting 25(OH)D concentrations of adults with baseline concentrations <75 

nmol/L. However, this was not associated with protection against all-cause ARI or 

Covid-19.  
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Table 1: Baseline Characteristics of the Participants 

  Overall (n=6200) 3200 IU/day offer 

(n=1550) 

800 IU/day offer 

(n=1550) 

No offer (n=3100) 

Age Median age, years (IQR) 60.2  

(49.8 – 67.8) 

60.7  

(50.2 – 68.5) 

59.8  

(50.3 – 67.4) 

60.8  

(49.9 – 68.2) 

Age range, years 16.1 – 89.8 16.4 – 88.6 16.5 – 88.2 16.1 – 89.8 

Sex, N (%) Male 2044 (33.0) 506 (32.6) 498 (32.1) 1040 (32.5) 

Female 4156 (67.0) 1044 (67.4) 1052 (67.9) 2060 (64.4) 

Ethnicity, N (%) White 5867 (94.6) 1469 (94.8) 1473 (95.0) 2925 (94.4) 

Asian/Asian British 142 (2.3) 31 (2.0) 32 (2.1) 79 (2.5) 

Black/African/Caribbean/Black British 33 (0.5) 11 (0.7) 10 (0.6) 12 (0.4) 

Mixed/Multiple/Other 154 (2.5) 37 (2.4) 34 (2.2) 83 (2.6) 

Country of residence, N 

(%) 

England 5515 (89.0) 1374 (88.6) 1384 (89.3) 2757 (86.2) 

Northern Ireland 123 (2.0) 29 (1.9) 33 (2.1) 61 (1.9) 

Scotland 340 (5.5) 97 (6.3) 74 (4.8) 169 (5.3) 

Wales 222 (3.6) 50 (3.2) 59 (3.8) 113 (3.5) 

Highest educational level 

attained, N (%) 

Primary/Secondary 52 (0.8) 17 (1.1) 12 (0.8) 23 (0.7) 

Higher/Further (A levels) 924 (14.9) 215 (13.9) 233 (15.0) 476 (14.9) 

College 2740 (44.2) 674 (43.5) 700 (45.2) 1366 (42.7) 

Post-graduate 1817 (29.3) 473 (30.5) 459 (29.6) 885 (27.7) 

Occupational status, N (%) Employed, health or social care worker 566 (9.1) 149 (9.6) 147 (9.5) 270 (8.7) 

Employed, other frontline worker 755 (12.2) 182 (11.8) 192 (12.4) 381 (12.3) 

Employed, non-frontline worker 1,406 (22.7) 336 (21.7) 348 (22.5) 722 (23.3) 

Self-employed 564 (9.1) 154 (9.9) 144 (9.3) 266 (8.3) 

Retired 2504 (40.4) 635 (41.0) 606 (39.1) 1263 (39.5) 

Furloughed 141 (2.3) 32 (2.1) 43 (2.8) 66 (2.1) 

Unemployed 126 (2.0) 34 (2.2) 42 (2.7) 50 (1.6) 

Student 150 (2.4) 33 (2.1) 34 (2.2) 83 (2.6) 

Other 147 (2.4) 35 (2.3) 36 (2.3) 76 (2.4) 

Body mass index, kg/m
2
, N 

(%) 

<25 2903 (46.8) 739 (47.7) 724 (46.7) 1440 (45.0) 

25-30 2036 (32.8) 514 (33.2) 496 (32.0) 1026 (32.1) 

>30 1249 (20.1) 297 (19.2) 322 (20.8) 630 (19.7) 

Medically diagnosed 

disease, N (%) 

Hypertension  227 (3.7) 53 (3.4) 54 (3.5) 120 (3.8) 

Diabetes 259 (4.2) 81 (5.2) 56 (3.6) 122 (3.8) 

Heart disease 1207 (19.5) 319 (20.6) 298 (19.2) 590 (18.4) 

Asthma 946 (15.3) 215 (13.9) 265 (17.1) 466 (14.6) 

COPD 114 (1.8) 26 (1.7) 27 (1.7) 61 (1.9) 

Tobacco smoking history, 

N (%) 

Never-smoker 3460 (55.8) 864 (55.7) 887 (57.2) 1709 (53.4) 

Ex-smoker 2346 (37.8) 583 (37.6) 553 (35.7) 1210 (37.8) 

Current smoker 393 (6.3) 103 (6.6) 109 (7.0) 181 (5.7) 

Alcohol 

consumption/week, units, 

N (%) 

None 1651 (26.6) 383 (24.7) 411 (26.5) 857 (26.8) 

1-14 3403 (54.9) 873 (56.3) 865 (55.8) 1665 (52.0) 

≥15 1145 (18.5) 294 (19.0) 274 (17.7) 577 (18.0) 

Covid-19 vaccination 

status 

Unvaccinated 5774 (93.1) 1483 (95.7) 1465 (94.5) 2826 (91.2) 

Partially vaccinated 55 (0.9) 9 (0.6) 19 (1.2) 27 (0.9) 

Fully vaccinated 22 (0.4) 6 (0.4) 5 (0.3) 11 (0.4) 

Not known / missing data 349 (5.6) 52 (3.4) 61 (3.9) 236 (7.6) 

Mean 25(OH)D, nmol/L (s.d.) [range]
(1)

 --
(2)

 40.9 (16.4) [10.3-

122.0] 

41.5 (18.0) [10.3-

179.6] 

--
(2)

 

25(OH)D category, nmol/L, 

N (%)
(1) 

 

<25.0 --
(2)

 216 (13.9) 232 (15.0) --
(2)

 

25.0-49.9 --
(2)

 797 (51.4) 759 (49.0) --
(2)

 

50-74.9 --
(2)

 333 (21.5) 337 (21.7) --
(2)

 

≥75.0 --
(2)

 28 (1.8) 43 (2.7) --
(2)

 

Not determined --
(2)

 176 (11.4) 179 (11.6) 3100 (100.0) 

Abbreviations: IQR, inter-quartile range; s.d., standard deviation; 25(OH)D, 25-hydroxyvitamin D. 

(1) Missing values: 25(OH)D concentration missing for 189 participants in 3200 IU/day arm and 198 participants in 800 IU/day arm. (2) Baseline 25(OH)D not 

determined for participants randomized to the ‘no offer’ arm 
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Table 2. Primary and Secondary Outcomes, by Allocation: Intention-to-Treat Analysis 

  3200 IU/day 

offer 

800 IU/day 

offer 

No offer Odds ratio for 

3200 IU/day vs. no 

offer (95% CI) 

P Mean difference 

for 3200 IU/day 

vs. no offer (95% 

CI) 

P Odds ratio / mean 

difference for 800 

IU/day vs. no 

offer (95% CI) 

P Mean difference 

for 800 IU/day vs. 

no offer (95% CI) 

P 

Primary 

outcome 

Proportion of all participants developing at 

least one swab test- or doctor-confirmed ARI 

of any cause
1
 (%) 

5.02% 

(76/1515) 

5.74% 

(87/1515) 

4.61% 

(136/2949) 

1.09 (0.82, 1.46) 0.55 -- -- 1.26 (0.96, 1.66) 0.10 -- -- 

Acute Covid-

19 outcomes 

Proportion of all participants developing 

swab test-confirmed Covid-19
2
 (%) 

2.97% 

(45/1515) 

3.63% 

(55/1515) 

2.64% 

(78/2949) 

1.13 (0.78, 1.63) 0.53 -- -- 1.39 (0.98, 1.97) 0.07 -- -- 

Proportion of all participants hospitalized for 

treatment of Covid-19 (%) 

1.91% 

(29/1515) 

1.58% 

(24/1515) 

1.36% 

(40/2949) 

1.42 (0.88, 2.30) 0.16 -- -- 1.17 (0.70, 1.95) 0.55 -- -- 

Proportion of participants hospitalized for 

treatment of Covid-19 who required 

ventilatory support
3
 (%) 

3.45% 

(1/29) 

4.17% 

(1/24) 

2.50% 

(1/40) 

1.39 (0.08, 23.23) 0.82 -- -- 1.70 (0.10, 28.43) 0.71 -- -- 

Proportion of all participants dying of Covid-

19 (%) 

0.00% 

(0/1515) 

0.00% 

(0/1515) 

0.00% 

(0/2949) 

--
4
 -- -- -- --

4
 -- --

4
 -- 

‘Long Covid’ 

outcomes 

Proportion of participants developing swab 

test-confirmed Covid-19 who reported 

symptoms lasting more than four weeks
2
 (%) 

24.44% 

(11/45) 

38.18% 

(21/55) 

24.36% 

(19/78) 

1.00 (0.43, 2.36) 0.99 -- -- 1.92 (0.91, 4.06) 0.09 -- -- 

Proportion of participants developing swab 

test-confirmed Covid-19 who reported on-

going symptoms at the end of the study (%) 

17.78% 

(8/45) 

20.00% 

(11/55) 

8.97% 

(7/78) 

2.19 (0.74, 6.52) 0.16 -- -- 2.54 (0.91, 7.03) 0.07 -- -- 

Mean MRC dyspnea score among 

participants developing swab test-confirmed 

Covid-19 who reported on-going symptoms 

at the end of the study (s.d.) [n] 

2.13 (0.64) 

[8] 

1.55 (0.93) 

[11] 

2.14 (1.46) 

[7] 

-- -- -0.02 (-1.40, 1.36) 0.98 -- -- -0.60 (-2.00, 0.90) 0.36 

Mean FACIT Fatigue Scale score among 

participants developing swab test-confirmed 

Covid-19 who reported on-going symptoms 

at the end of the study (s.d.) [n] 

28.00 (8.75) 

[8] 

25.22 (5.74) 

[9] 

28.43 (7.25) 

[7] 

 

-- -- -0.43 (-9.36, 8.50) 0.92 -- -- -3.21 (-10.54, 4.13) 0.36 

Mean Post-COVID Physical Health Symptom 

Score among participants developing swab 

test-confirmed COVID-19 who reported on-

going symptoms at the end of the study (s.d.) 

[n] 

33.25 (12.33) 

[8] 

31.90 (10.70) 

[10] 

30.71 (10.16) 

[7] 

-- -- 2.54 (-10.02, 

15.09) 

0.67 -- -- 1.19 (-9.83, 12.20) 0.82 

All-cause ARI 

outcomes
1
 

Proportion of all participants prescribed one 

or more courses of antibiotics for treatment 

of ARI of any cause
1, 8

 (%) 

0.93% 

(14/1498) 

0.34% 

(5/1489) 

0.77% 

(22/2864) 

1.22 (0.62, 2.39) 0.57 -- -- 0.44 (0.16, 1.15) 0.09 -- -- 

Proportion of all participants hospitalized for 

treatment of ARI of any cause
1
 (%) 

0.73% 

(11/1515) 

0.46% 

(7/1515) 

0.41% 

(12/2949) 

1.79 (0.79, 4.07) 0.16 -- -- 1.14 (0.45, 2.89) 0.79 -- -- 

Proportion of all participants dying of ARI of 

any cause
1
 (%) 

0.00% 

(0/1515) 

0.00% 

(0/1515) 

0.00% 

(0/2949) 

--
4
 -- -- -- --

4
 -- --

4
 -- 

Airways 

disease 

outcomes 

Proportion of participants with asthma 

developing at least one severe acute asthma 

exacerbation
5
 

6.70% 

(14/209) 

3.14% 

(8/255) 

4.87% 

(21/431) 

1.40 (0.70, 2.82) 0.34 -- -- 0.63 (0.28, 1.45) 0.28 -- -- 

Proportion of participants with COPD 7.41% 21.43% 15.87% 0.42 (0.09, 2.08) 0.29 -- -- 1.45 (0.47, 4.46) 0.52 -- -- 
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  3200 IU/day 

offer 

800 IU/day 

offer 

No offer Odds ratio for 

3200 IU/day vs. no 

offer (95% CI) 

P Mean difference 

for 3200 IU/day 

vs. no offer (95% 

CI) 

P Odds ratio / mean 

difference for 800 

IU/day vs. no 

offer (95% CI) 

P Mean difference 

for 800 IU/day vs. 

no offer (95% CI) 

P 

developing at least one severe acute COPD 

exacerbation
6
 

(2/27) (6/28) (10/63) 

Biochemical 

outcome 

Mean end-study 25(OH)D concentration, 

nmol/L
7
 (s.d.) [n] 

102.9 (23.6) 

[741] 

79.4 (18.3) 

[742] 

66.6 (28.6) 

[306] 

-- -- 36.3 (32.9, 39.6) <0.001 -- -- 12.7 (9.8, 15.6) <0.001 

 

Abbreviations: MRC, United Kingdom Medical Research Council. FACIT, Functional Assessment of Chronic Illness Therapy. Covid-19, coronavirus disease 2019. 

Footnotes: 1, including both Covid-19 and other acute respiratory infections. 2, confirmed  by RT-PCR and/or antigen testing for SARS-CoV-2. 3, includes invasive and non-invasive respiratory support. 4, OR incalculable due to zero events. 5, defined as an acute worsening of 

asthma symptoms requiring treatment with oral corticosteroids and/or requiring hospital treatment. 6, defined as an acute worsening of COPD symptoms requiring treatment with oral corticosteroids and/or antibiotics and/or requiring hospital treatment. 7, end-study 

25(OH)D concentrations available for a total of 1,789 participants  (741 randomized to 3200 IU/day offer, 742 randomized to 800 IU/day offer, 306 randomized to no offer). 8, data on antibiotics prescribed for treatment of ARI available from self-report only.
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Table 3. Primary and Secondary Outcomes, by Allocation: Sensitivity Analysis1 

  3200 IU/day 

offer 

800 IU/day 

offer 

No offer Odds ratio for 

3200 IU/day 

vs. no offer 

(95% CI) 

P Mean difference 

for 3200 IU/day 

vs. no offer (95% 

CI) 

P Odds ratio / mean 

difference for 800 

IU/day vs. no offer 

(95% CI) 

P Mean difference 

for 800 IU/day vs. 

no offer (95% CI) 

P 

Primary 

outcome 

Proportion of all participants developing at 

least one swab test- or doctor-confirmed ARI of 

any cause
2
 (%) 

4.33% 

(55/1269) 

5.31% 

(66/1243) 

4.43% 

(59/1331) 

0.98 (0.67, 

1.42) 

0.90 -- -- 1.21 (0.84, 1.73) 0.30 -- -- 

Acute Covid-

19 outcomes 

Proportion of all participants developing swab 

test-confirmed Covid-19
3
 (%) 

2.52% 

(32/1269) 

3.14% 

(39/1243) 

2.55% 

(34/1331) 

0.99 (0.61, 

1.61) 

0.96 -- -- 1.24 (0.77, 1.97) 0.37 -- -- 

Proportion of all participants hospitalized for 

treatment of Covid-19 (%) 

1.65% 

(21/1269) 

1.37% 

(17/1243) 

1.50% 

(20/1331) 

1.10 (0.59, 

2.04) 

0.31 -- -- 0.91 (0.47, 1.74) 0.77 -- -- 

Proportion of participants hospitalized for 

treatment of Covid-19 who required 

ventilatory support
4
 (%) 

4.76% 

(1/21) 

0.00% 

(0/17) 

5.00% 

(1/20) 

0.95 (0.55, 

16.29) 

0.97 -- -- --
4
 -- -- -- 

Proportion of all participants dying of Covid-19 

(%) 

0.00% 

(0/1269) 

0.00% 

(0/1243) 

0.00% 

(0/1331) 

--
4
 -- -- -- --

4
 -- -- -- 

‘Long Covid’ 

outcomes 

Proportion of participants developing swab 

test-confirmed Covid-19 who reported 

symptoms lasting more than four weeks
3
 (%) 

31.25% 

(10/32) 

35.90% 

(14/39) 

26.47% 

(9/34) 

1.26 (0.43, 

3.67) 

0.67 -- -- 1.56 (0.57, 4.25) 0.39 

 

-- -- 

Proportion of participants developing swab 

test-confirmed Covid-19 who reported on-

going symptoms at the end of the study (%) 

18.75% 

(6/32) 

20.51% 

(8/39) 

5.88% 

(2/34) 

3.69 (0.69, 

19.85) 

0.13 -- -- 4.13 (0.81, 21.00) 0.09 -- -- 

Mean MRC dyspnea score among participants 

developing swab test-confirmed Covid-19 who 

reported on-going symptoms at the end of the 

study (s.d.) [n] 

2.29 (0.49) 

[7] 

1.29 (0.76) 

[7] 

1.00
6
 

[1] 

-- -- 1.29
7
 -- -- -- 0.29

7
 -- 

Mean FACIT Fatigue Scale score among 

participants developing swab test-confirmed 

Covid-19 who reported on-going symptoms at 

the end of the study (s.d.) [n] 

25.29 (4.53) 

[7] 

23.00 (4.69) 

[6] 

34.00
6
 

[1] 

-- -- -8.71
7
 -- -- 

 

-- -11.00
7
 

 

-- 

Mean Post-COVID Physical Health Symptom 

Score among participants developing swab 

test-confirmed COVID-19 who reported on-

going symptoms at the end of the study (s.d.) 

[n] 

30.57 (10.50) 

[7] 

30.50 (11.33) 

[6] 

29.00
6
 

[1] 

-- -- 1.57
7
 -- -- 

 

-- 

 

1.50
7
 -- 

All-cause ARI 

outcomes
1
 

Proportion of all participants prescribed one or 

more courses of antibiotics for treatment of 

ARI of any cause
2, 11

 (%) 

0.55% 

(7/1269) 

0.32% 

(4/1243) 

0.98% 

(13/1331) 

0.56 (0.22, 

1.41) 

0.22 -- -- 0.33 (0.11, 1.00) 0.05 -- -- 

Proportion of all participants hospitalized for 

treatment of ARI of any cause
1
 (%) 

0.79% 

(10/1269) 

0.24% 

(3/1243) 

0.45% 

(6/1331) 

1.75 (0.64, 

4.84) 

0.28 -- -- 0.53 (0.13, 2.14) 0.38 -- -- 

Proportion of all participants dying of ARI of 

any cause
2
 (%) 

0.00% 

(0/1269) 

0.00% 

(0/1243) 

0.00% 

(0/1331) 

--
5
 -- -- -- --

5
 -- -- -- 

Airways 

disease 

outcomes 

Proportion of participants with asthma 

developing at least one severe acute asthma 

exacerbation
8
 

4.73% 

(8/169) 

3.33% 

(7/210) 

6.11% 

(11/180) 

0.76 (0.30, 

1.95) 

0.57 -- -- 0.53 (0.20, 1.40) 0.20 -- -- 

Proportion of participants with COPD 

developing at least one severe acute COPD 

4.55% 

(1/22) 

25.00% 

(6/24) 

17.86% 

(5/28) 

0.22 (0.02, 

2.03) 

0.18 -- -- 1.53 (0.40, 5.84) 0.53 -- -- 
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  3200 IU/day 

offer 

800 IU/day 

offer 

No offer Odds ratio for 

3200 IU/day 

vs. no offer 

(95% CI) 

P Mean difference 

for 3200 IU/day 

vs. no offer (95% 

CI) 

P Odds ratio / mean 

difference for 800 

IU/day vs. no offer 

(95% CI) 

P Mean difference 

for 800 IU/day vs. 

no offer (95% CI) 

P 

exacerbation
9
 

Biochemical 

outcome 

Mean end-study 25(OH)D concentration, 

nmol/L
10

 (s.d.) [n] 

103.4 (23.3) 

[729] 

79.5 (18.3) 

[736] 

53.7 (23.1) 

[116] 

-- -- 49.7 (45.1, 54.2) <0.001 -- -- 25.8 (22.0, 29.5) <0.001 

 

Abbreviations: MRC, United Kingdom Medical Research Council. FACIT, Functional Assessment of Chronic Illness Therapy. Covid-19, coronavirus disease 2019. 

Footnotes: 1, this analysis excludes data from participants randomized to either intervention arm who reported that they took vitamin D capsules ‘less than half the time’ as well as those randomized to the no-offer arm who reported any intake of supplemental vitamin D 

during follow-up. 2, including both Covid-19 and other acute respiratory infections. 3, confirmed  by RT-PCR and/or antigen testing for SARS-CoV-2. 4, includes invasive and non-invasive respiratory support. 5, OR incalculable due to zero events. 6, s.d. incalculable as single 

participant with outcome in no offer arm. 7, 95% CI incalculable as single participant with outcome in no offer arm. 8, defined as an acute worsening of asthma symptoms requiring treatment with oral corticosteroids and/or requiring hospital treatment. 9, defined as an acute 

worsening of COPD symptoms requiring treatment with oral corticosteroids and/or antibiotics and/or requiring hospital treatment. 10, end-study 25(OH)D concentrations available for a total of 1,789 participants  (741 randomized to 3200 IU/day offer, 742 randomized to 800 

IU/day offer, 306 randomized to no offer), 11, data on antibiotics prescribed for treatment of ARI available from self-report only.
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Figure 1: Screening, Randomization, and Follow-up of the Participants 
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Figure 2: 25-hydroxyvitamin D (25[OH]D) concentrations by time-point and 
allocation, A for participants included in the intention-to-treat analysis, and B, for 
participants included in the sensitivity analysis excluding data from participants 
randomized to either intervention arm who reported that they took vitamin D 
capsules ‘less than half the time’ and those randomized to the no offer arm who 
reported any intake of supplemental vitamin D during follow-up. Bars show mean 
and standard deviation for each group. P values are from unpaired Student’s t-tests. 
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