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Effect of Monthly High-Dose Vitamin D Supplementation
on Cardiovascular Disease in the Vitamin D Assessment Study
A Randomized Clinical Trial
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IMPORTANCE Cohort studies have reported increased incidence of cardiovascular disease
(CVD) among individuals with low vitamin D status. To date, randomized clinical trials of
vitamin D supplementation have not found an effect, possibly because of using too low a
dose of vitamin D.

OBJECTIVE To examine whether monthly high-dose vitamin D supplementation prevents
CVD in the general population.

DESIGN, SETTING, AND PARTICIPANTS The Vitamin D Assessment Study is a randomized,
double-blind, placebo-controlled trial that recruited participants mostly from family practices
in Auckland, New Zealand, from April 5, 2011, through November 6, 2012, with follow-up until
July 2015. Participants were community-resident adults aged 50 to 84 years. Of 47 905
adults invited from family practices and 163 from community groups, 5110 participants were
randomized to receive vitamin D5 (n = 2558) or placebo (n = 2552). Two participants
retracted consent, and all others (n = 5108) were included in the primary analysis.

INTERVENTIONS Oral vitamin D in an initial dose of 200 000 IU, followed a month later by
monthly doses of 100 000 IU, or placebo for a median of 3.3 years (range, 2.5-4.2 years).

MAIN OUTCOMES AND MEASURES The primary outcome was the number of participants with
incident CVD and death, including a prespecified subgroup analysis in participants with
vitamin D deficiency (baseline deseasonalized 25-hydroxyvitamin D [25(OH)D] levels <20
ng/mL). Secondary outcomes were myocardial infarction, angina, heart failure, hypertension,
arrhythmias, arteriosclerosis, stroke, and venous thrombosis.

RESULTS Of the 5108 participants included in the analysis, the mean (SD) age was 65.9 (8.3)
years, 2969 (58.1%) were male, and 4253 (83.3%) were of European or other ethnicity, with
the remainder being Polynesian or South Asian. Mean (SD) baseline deseasonalized 25(0OH)D
concentration was 26.5 (9.0) ng/mL, with 1270 participants (24.9%) being vitamin D
deficient. In a random sample of 438 participants, the mean follow-up 25(0H)D level was
greater than 20 ng/mL higher in the vitamin D group than in the placebo group. The primary
outcome of CVD occurred in 303 participants (11.8%) in the vitamin D group and 293
participants (11.5%) in the placebo group, yielding an adjusted hazard ratio of 1.02 (95% Cl,
0.87-1.20). Similar results were seen for participants with baseline vitamin D deficiency and
for secondary outcomes.

CONCLUSIONS AND RELEVANCE Monthly high-dose vitamin D supplementation does not
prevent CVD. This result does not support the use of monthly vitamin D supplementation for

this purpose. The effects of daily or weekly dosing require further study.

TRIAL REGISTRATION clinicaltrials.gov Identifier: ACTRN12611000402943
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he possibility that UV radiation, through a mechanism

thatinvolves vitamin D, may protect against cardiovas-

cular disease (CVD) was initially proposed in 1981.! Re-
sults from recent meta-analyses? have confirmed that people
with low vitamin D status have increased risk of CVD. Several
pathophysiologic mechanisms could explain this inverse
association.*

Confirmation of the vitamin D-CVD hypothesis requires
evidence from randomized clinical trials (RCTs) of vitamin
D supplementation, which is limited for the general popula-
tion. The Women’s Health Initiative found no benefit from a
vitamin D supplement (combined with calcium) against
CVD,” although the intiative has been criticized because of
its very low vitamin D5 dose (400 1U/d) and poor adher-
ence.®” Another population-based RCT reported a nonsig-
nificant 10% reduction in CVD incidence from a 4-monthly
100 000-1IU vitamin D, dose.® Secondary analysis of a large
trial of fracture prevention in participants with a previous
fracture found that vitamin D5 (800 IU/d) did not protect
against myocardial infarction or stroke but reduced cardiac
failure events by 25%,° although the reduction was smaller
(18%) and nonsignificant when combined with previous
studies.®

Given the limited (and mixed) RCT evidence on vitamin
D supplementation and CVD, we performed a large RCT with
recruitment from the general population. To address con-
cerns about the low dose and low adherence in prior studies,>*°
we chose a monthly high-dose vitamin D supplement to de-
termine whether it would decrease the incidence of CVD com-
pared with placebo.

Methods

Study Design

The Vitamin D Assessment study is a randomized, double-
blind, placebo-controlled trial with the primary aim to evalu-
ate the efficacy of monthly vitamin D supplementation in re-
ducing the incidence of CVD. The study was approved by the
New Zealand Multi-region Ethics Committee in Wellington in
October 2010 and registered with the Australian New Zea-
land Clinical Trials Registry in April 2011. Full details of the
study methods have been published.!® The trial protocol can
be found in Supplement 1.

Inclusion criteria were age of 50 to 84 years, ability to
give written informed consent, resident in Auckland, New
Zealand, at recruitment, and anticipated residence in New
Zealand for the 4-year study period. Exclusion criteria were
current use of vitamin D supplements, including cod-liver oil
(>600 1U/d if aged 50-70 years; >800 IU/d if aged 71-84
years)!; diagnosis of psychiatric disorders that would limit
ability to comply with the study protocol; history of hyper-
calcemia, nephrolithiasis, sarcoidosis, parathyroid disease, or
gastric bypass surgery; enrolled in another study, which
could affect participation; or baseline corrected serum cal-
cium level greater than 10.0 mg/dL (to convert to millimoles
per liter, multiply by 0.25).
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Key Points

Question Does monthly high-dose vitamin D supplementation
prevent cardiovascular disease?

Findings In arandomized clinical trial that included 5108
participants from the community, the cumulative incidence of
cardiovascular disease for a median follow-up period of 3.3 years
was 11.8% among participants given 100 000 IU of vitamin D5
monthly and 11.5% among those given placebo.

Meaning Monthly high-dose vitamin D supplementation did not
prevent cardiovascular disease and should not be used for this
purpose.

Recruitment of Participants and Baseline Interview
Participants were recruited in Auckland, where 94% of the
population is registered with family practices.!?> Most partici-
pants were recruited from 55 practices. Beginning in March
2011, a personalized letter was mailed to their homes
(n = 47905) that invited participation in the study, and of
8688 replies, 5107 individuals remained interested and were
eligible for baseline interviews. An additional 163 potential
participants from ethnic minority community groups were
assessed, and 143 were eligible for baseline interviews. A total
of 5250 individuals attended the baseline interview (Figure 1)
at The University of Auckland from April 5, 2011, through
November 6, 2012.

The interview included collecting information on written
informed consent, sociodemographic status (age, sex, self-
reported race/ethnicity, highest educational level, and current
employment), lifestyle (current tobacco smoking, alcohol
drinking during the past 12 months, and usual leisure-time
physical activity!® and sun exposure!* during the past 3
months), intake of vitamin D or calcium supplements, current
medication prescribed by a physician, and medical history
told by a physician (including hypertension, coronary heart
disease, cardiac failure, cardiac arrhythmia, hyperlipidemia,
stroke, venous thrombosis, and diabetes). Height was mea-
sured to the nearest 0.1 cm and weight to the nearest 0.1 kg (in
light clothing without shoes). Brachial blood pressure was
measured after 30 minutes of rest with an OMRON T9P oscil-
lometric device (OMRON Healthcare Europe BV) on 3 occa-
sions with approximately 30 seconds between readings while
the patient was seated. A nonfasting blood sample was col-
lected to screen for hypercalcemia, with the remaining serum
aliquoted and stored at —-80°C for later measurement of 25
hydroxyvitamin D [25(0H)D] and lipid levels.

Randomization

After the baseline interview, participants were mailed a run-in
questionnaire with a masked placebo capsule. After exclu-
sions for nonreturn of the questionnaire within 4 weeks (with
confirmation of taking the capsule) or hypercalcemia (cor-
rected serum calcium level >10.0 mg/dL), from June 3, 2011,
through January 23, 2013, a total of 5110 people (4972 from
practices and 138 from the community) were randomized to
the treatment groups (Figure 1). Random assignment was made
to 1 of the 2 treatment groups in random block sizes of 8, 10,
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Figure 1. Flow Diagram for the Vitamin D Assessment Study

8851 Patients assessed for eligibility

3601 Excluded
1087 Not interested
541 Too high vitamin D dose
497 Kidney stones
1476 Other reasons

5250 Baseline interview

140 Excluded
92 Failed run-in
31 High serum calcium level
17 Other reasons

(_ 5110 Randomized

2558 Randomized to receive vitamin D3
2513 Confirmed starting vitamin
D5 therapy within 2 months

2552 Randomized to receive placebo
2491 Confirmed starting placebo
within 2 months

Original Investigation Research

0 Excluded
(withdrew consent)

2 Excluded
(withdrew consent)

2558 Included in primary ITT analysis
65 Died by July 31, 2015
2493 Survived to July 31, 2015
2177 Participated (returned
final or penultimate
questionnaire)

2550 Included in primary ITT analysis
58 Died by July 31, 2015
2492 Survived to July 31, 2015
2138 Participated (returned

final or penultimate
questionnaire)

ITT indicates intention-to-treat.

or 12, within race/ethnic group and 5-year age strata. Treat-
ment was allocated automatically using computer genera-
tion by a study biostatistician (A.W.S.), and all other staff and
participants were masked.

Intervention
Vitamin D5 (2.5 mg or 100 000 IU) or placebo soft-gel oral cap-
sules (Tishcon Corporation) were mailed to participants’
homes. Two capsules were sent in the first mail delivery after
randomization (ie, 200 000-IU bolus or placebo), followed with
a2.5-mg (100 000-1U) capsule of vitamin D5 (or placebo) sent
a month later and thereafter monthly. The aim was to in-
crease the serum 25(0OH)D concentrations throughout the year
to 32 to 40 ng/mL (to convert to nanomoles per liter, multiply
by 2.496), which observational studies'>® at that time sug-
gested was optimal for health (although subsequent research
suggests a lower optimal threshold'®). A monthly 100 000-IU
vitamin D dose was chosen because of pharmacokinetic evi-
dence indicating that this maintains serum 25(OH)D levels
above 35 ng/mL for a month after ingestion.2°

Capsules initially were mailed monthly to participants,
along with a 1-page questionnaire (and reply-paid envelope),
which recorded self-reported adherence and monitored re-
tention. Monthly mailings of capsules continued until June
2013, and then, from July 2013 onward, for cost reasons, 4 cap-
sules were mailed every 4 months with monthly reminders (by
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email or letter) to participants to take their monthly capsule.
Questionnaires continued to be mailed monthly until Novem-
ber 2013 and then were sent 4 times monthly with 4 capsules
from March 2014 onward.

Follow-up and Outcomes

The Ministry of Health allocates all New Zealand residents a
unique National Health Index number, which was used to track
deaths and hospital discharges (both with International Sta-
tistical Classification of Diseases and Health Related Problems,
Tenth Revision [ICD-10] coding), and dispensed prescriptions
(including generic name, dose, amount, and frequency) for all
participants during the follow-up period, which ended July 31,
2015. These data were used to define CVD outcomes, alone or
in combination with data about prior CVD from the baseline
interview (eTable 1in Supplement 2).

The CVD outcomes (developed by study researchers [R.S.,
C.M.M.L,,L.T.,K.-T.K., C.A.C.]) were included regardless of his-
tory of the same disease if they were given an A code (pri-
mary reason for hospitalization or death) for the following dis-
eases: chronic ischemic heart disease (ICD-10 code 125),
pulmonary embolism (ICD-10 code 126), other pulmonary dis-
eases (ICD-10 code 127), inflammatory cardiac conditions
(ICD-10 codes 130.1, 131-141), conduction disorders (ICD-10
codes 144, 145), cardiac arrest (ICD-10 code 146), arrhythmias
(ICD-10 codes 147-149), ill-defined heart disease (ICD-10 code
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151), diseases of the arteries (ICD-10 codes 170-179), and dis-
eases of the veins, including venous thrombosis (ICD-10 codes
180-182). For other CVDs, we also included discharges with B
codes (secondary reasons for hospitalization) in combination
with baseline interview or prescription data. Acute myocar-
dial infarction was defined as ICD-10 code 121, with either an
A coderegardless of prior myocardial infarction or a B code for
participants with no prior myocardial infarction. Angina was
defined as ICD-10 code 120 (A or B code) or initiation of ni-
trate therapy (=2 prescriptions of glyceryl trinitrate or isosor-
bide mononitrate) after the baseline interview?! in partici-
pants who did not report a history of angina at the baseline
interview. In participants who did not report a history of heart
failure at the baseline interview, heart failure was defined as
initiation after the baseline interview of treatment with loop
diuretics, which are used specifically for this disease (=2 pre-
scriptions of furosemide or bumetanide)?-?2 or A or B code for
ICD-10 codes 111.0, 150.0, 150.1, and 150.9, and cardiomyo-
pathy was defined as A or B code for ICD-10 codes 125.5,142.0,
and 142.7 through 142.9 (as defined previously®). Stroke was
defined as A or B code for ICD-10 codes 161 through 167 in par-
ticipants who did not report a history of stroke at baseline in-
terview. Hypertension was included as an outcome because
ofits inclusion in a previous cohort study of vitamin D and CVD?
and previous RCTs of vitamin D supplementation.? It was de-
fined as A or B code for ICD-10 codes I10 through I15 (not oth-
erwise included in the above ICD-10 codes) in participants who
did not report that they were undergoing treatment for hyper-
tension at baseline. The primary outcome of all CVD events
combined (ICD-10 codes I10-182) was based on the above dis-
ease definitions. Prespecified secondary disease outcomes were
based on the cardiovascular pathophysiologic findings asso-
ciated with vitamin D deficiency and observational epidemio-
logic studies.>#-?%-2> The outcomes listed in the original study
protocol, which did not differentiate between A- and B-
coded events and did not include mention of prescriptions to
define specific diseases, were refined between the end of fol-
low-up (July 2015) and breaking of the randomization code
(February 2016), based on analyses of the Ministry of Health
databases since the start of the study by other cardiovascular
epidemiologists in our department, to include relevant CVD
events that received a B code.

Corrected serum calcium level was measured at base-
line, and serum total cholesterol and high-density lipopro-
tein cholesterol levels were measured in aliquots collected
at baseline and stored at -80°C on an Advia 2400 analyzer
(Siemens Healthcare Diagnostics). Serum 25(0OH)D level,
combining vitamins D, and D, was measured in baseline
aliquots stored frozen by liquid chromatography-tandem
mass spectrometry (ABSciex API 4000) with 12.7% interas-
say coefficient of variation in a local laboratory participating
in the Vitamin D External Quality Assessment Scheme pro-
gram (www.degas.org). In a 10% random sample, 438 of 515
invited participants (85.0%) agreed to return at 6, 12, 24, and
36 months for collection of additional blood samples to
measure corrected calcium (on fresh blood) and 25(0H)D levels
(in stored blood samples, measured in the same batch for each
participant).
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Statistical Analysis

We estimated that a cohort of participants aged 50 to 84 years
with a similar age, sex, and race/ethnic distribution as the 2006
New Zealand Census?® and with similar mortality and hospi-
tal discharge rates as for New Zealand?” would have an an-
nual CVD event rate (for hospital discharges and mortality) of
6%. Assuming that the event rate among healthy volunteers
was 80% of this, a sample of 5000 persons followed up for 4
years has a greater than 80% power (5% significance level) to
detect a 20% reduction in CVD events.

Analysis of the primary outcome (CVD) was conducted
on an intention-to-treat basis made possible by the National
Health Index number to identify CVD events regardless of
whether participants continued to participate actively in the
study by returning the home questionnaire. The Cox propor-
tional hazards regression model, with robust sandwich vari-
ance estimates, was used to compare the time to first CVD
event in the 2 treatment groups and to calculate CVD hazard
ratios (HRs) in the placebo group. Deaths from non-CVD
causes were censored.

The treatment group differences in 25(0H)D levels were
tested for change over time with a general linear model with
repeated time using an unstructured correlation matrix. Where
indicated, season-adjusted (deseasonalized) values were cal-
culated for each participant from their individual baseline 25
(OH)D concentration and date of blood sample collection by
using a sinusoidal model with values derived from baseline val-
ues for all participants.?® Vitamin D deficiency was defined as
having a deseasonalized 25(0OH)D level less than 20 ng/mL.
Analyses were performed using SAS statistical software, ver-
sion 9.3 (SAS Institute). All statistical tests were 2-tailed with
a 5% level of significance.

. |
Results

Baseline Characteristics, Recruitment, and Follow-up
Figure 1 shows the number of individuals assessed for eligi-
bility (n = 8851), randomized (n = 5110), and included in the
primary analysis (n = 5108), after excluding 2 participants (both
placebo) who withdrew consent after being randomized.
Among the 5108 patients analyzed, the mean (SD) age was 65.9
(8.3) years, 2969 (58.1%) were male, and 4253 (83.3%) were of
European or other race/ethnicity, with the remainder being
Polynesian or South Asian. A total of 2618 participants (51.3%)
were in paid employment. Only 320 (6.3%) currently smoked
tobacco, and 2173 (42.5%) were ex-smokers; 408 (8.0%) were
taking vitamin D supplements (within study eligibility crite-
ria), and 252 (4.9%) were taking calcium supplements. The
observed mean (SD) baseline 25(0OH)D concentration was
25.3 (9.5) ng/mL, and the deseasonalized level was 26.5 (9.0)
ng/mL. Baseline characteristics were similar between the
vitamin D and placebo groups (Table 1).

Nearly all participants confirmed (by questionnaire within
2 months of randomization) that they had started taking the
study capsule (vitamin D, 2513 [98.2%]; placebo, 2491[97.6%]),
and only 21 (0.8%) of the 2558 patients in the vitamin D group
and 49 (1.9%) of the 2550 patients in the placebo group never
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Table 1. Baseline Comparison of the Vitamin D and Placebo Groups®

Vitamin D Placebo
Variable (n =2558) (n =2550)
Age,y
50-59 571 (22.3) 567 (22.2)
60-69 1112 (43.5) 1108 (43.5)
70-79 716 (28.0) 722 (28.3)
80-84 159 (6.2) 153 (6.0)
Males 1512 (59.1) 1457 (57.1)
Race/ethnicity
Maori 137 (5.4) 135 (5.3)
Pacific Islander 168 (6.6) 166 (6.5)
South Asian 126 (4.9) 123 (4.8)
European or other 2127 (83.2) 2126 (83.4)
Highest educational level®
Primary school 53 (2.1) 42 (1.6)
Secondary school 1091 (42.7) 1036 (40.6)
Tertiary 1412 (55.2) 1470 (57.7)
In paid employment®
Yes 1301 (50.9) 1317 (51.6)
No
Retired 1041 (40.7) 1018 (39.9)
House duties 34 (1.3) 51 (2.0)
Other 177 (6.9) 161 (6.3)
Tobacco smoking®
Current 164 (6.4) 156 (6.1)
Past 1101 (43.0) 1072 (42.0)
Never 1286 (50.3) 1317 (51.6)
Alcohol drinking®
Current 2177 (85.1) 2211 (86.7)
Past 224 (8.8) 183 (7.2)
Never 151 (5.9) 154 (6.0)
Vigorous physical activity, h/wk
None 1015 (39.7) 1018 (39.9)
1-2 609 (23.8) 585 (22.9)
>2 804 (31.4) 832 (32.6)
Refused or do not know 130 (5.1) 115 (4.5)
Sun exposure, h/d®
<1 350 (13.7) 369 (14.5)
1-2 1562 (61.1) 1559 (61.1)
>2 611 (23.9) 588 (23.1)
Take supplements
Vitamin D¢ 208 (8.1) 200 (7.8)
Calcium 125 (4.9) 127 (5.0)
Past medical conditions
told by a physician
Hypertension 955 (37.3) 930 (36.5)
Angina 166 (6.5) 187 (7.3)
Myocardial infarction 168 (6.6) 162 (6.4)
Heart failure 39 (1.5) 45 (1.8)
Irregular heartbeat 346 (13.5) 318 (12.5)
Stroke, including transient ischemic 50 (2.0) 31(1.2)
attack
Thrombosis 45 (1.8) 37 (1.5)
Diabetes 265 (10.4) 239 (9.4)
(continued)
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Table 1. Baseline Comparison of the Vitamin D and Placebo Groups®
(continued)

Vitamin D Placebo

Variable (n =2558) (n =2550)
Anthropometry, mean (SD)

Weight, kg 81.3 (16.5) 81.2 (16.0)

Body mass index* 28.4 (5.1) 28.5 (5.1)
Blood pressure, mean (SD), mm Hg

Systolic 139 (19) 139 (19)

Diastolic 78 (10) 78 (10)
Pulse rate, mean (SD), /min 63.5 (10.0) 63.0 (10.3)
Cholesterol level, mean (SD)

Total cholesterol level, mg/dL 185 (42) 189 (42)

HDL-C level, mg/dL 54 (15) 54 (15)

Cholesterol ratio 3.6 (0.9) 3.6 (0.9)
Corrected serum calcium level, 9.2 (0.4) 9.2 (0.4)
mean (SD), mg/dL
25-Hydroxyvitamin D level

Observed level, mean (SD), ng/mL 25.5 (9.5) 25.2 (9.4)

<20 ng/mL, observed 746 (29.2) 788 (30.9)

<20 ng/mL, deseasonalized 612 (23.9) 658 (25.8)

Abbreviation: HDL-C, high-density lipoprotein cholesterol.

Sl conversion factors: to convert total cholesterol and HDL-C levels to millimoles
per liter, multiply by 0.0259; calcium to millimoles per liter, multiply by 0.25;
and 25-hydroxyvitamin D to nanomoles per liter, multiply by 2.496.

2 Data are presented as number (percentage) of patients unless otherwise
indicated.

b percentages do not total 100.0% because of missing or don't know responses.

© A dosage of 600 IU/day or less if aged 50 to 70 years and 800 IU/day or less if
aged 71to 84 years.

d Calculated as weight in kilograms divided by height in meters squared.

confirmed this at any time during the follow-up period (me-
dian, 3.3 years; range, 2.5-4.2 years). By the end of follow-up,
123 participants (2.4%) had died, whereas 4032 (78.9%) re-
turned the final July 2015 questionnaire, and an additional 283
(5.5%) returned the penultimate March 2015 questionnaire,
confirming that of those still alive (4315 [86.6%]) were ac-
tively participating during the last five months of follow-up.

25(0H)D Levels During Follow-up

Mean observed 25(0H)D concentrations are given in Table 2
for the randomly selected participants who returned to have
blood samples obtained. These concentrations were greater
than 20 ng/mL higher in the treated group compared with the
placebo group in the blood samples collected at 6 months, up
to 36 months of follow-up; these findings confirm the high ad-
herence reported in the home questionnaires, which was 84.9%
in the vitamin D group and 82.9% in the placebo group (83.9%
overall, 168 667 capsules reported having been taken during
200 936 person-months). Mean (SD) corrected serum cal-
cium levels throughout the follow-up period were similar for
the vitamin D vs placebo groups (9.2 [0.4] vs 9.2 [0.4] mg/dL
at 6,12, and 24 months and 9.6 [0.4] vs 9.6 [0.4] mg/dL at 36
months). Only 1 person developed hypercalcemia (corrected
serum calcium level >10.4 mg/dL), which was from primary
hyperparathyroidism; the participant continued taking the
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Table 2. Observed Mean (SD) Serum 25(0OH)D Levels at Baseline and Follow-up at 6, 12, 24, and 36 Months

Vitamin D Placeho Change From Baseline
No. of 25(0H)D Level, No. of 25(0H)D Level, (Vitamin D - Placebo),
Period Patients Mean (SD), ng/mL Patients Mean (SD), ng/mL Mean (95% Cl)
Baseline 225 24.4 (9.6 216 24.4 (9.6 NA
! ©.6) 0-6) Abbreviations: 25(0H)D,
6-mo Follow-up 190 51.7 (16.8) 182 30.0 (12.4) 20.8 (18.4-23.6) 25-hydroxyvitamin D; NA, not
12-mo Follow-up 201 47.7 (18.0) 198 24.0 (11.2) 23.2 (20.4-26.0) applicable.
24-mo Follow-up 191 52.9 (15.6) 194 26.4 (10.8) 26.4 (24.0-28.9) Sl conversion factor: To convert
36-moFollow-up 171 54.1 (16.0) 163 26.4 (11.6) 27.6 (24.8-30.5) 25(OH)D to nanomoles per liter,

multiply by 2.496.

Table 3. Proportion of Participants Having a Cardiovascular Disease Event During Follow-up and Hazard Ratios Adjusting for Age, Sex,
and Race/Ethnicity®

No. (%) of Events

Vitamin D Placebo Hazard Ratio P Value
Cardiovascular Disease (ICD-10 Code) (n =2558) (n = 2550) (95% Cl) (Wald x?)
Primary end point (110-182)°
All 303 (11.8) 293 (11.5) 1.02 (0.87-1.20) .81
25(0H)D level <20 ng/mL*® 80 (13.1) 88 (13.4) 1.00 (0.74-1.35) .99
Previous cardiovascular disease? 214 (16.9) 202 (16.5) 1.01 (0.83-1.22) .93
No previous cardiovascular disease 89 (6.9) 91 (6.9) 0.99 (0.74-1.33) .96
Secondary end points
Hypertension (110-115) 34 (1.3) 40 (1.6) 0.84 (0.53-1.33) 45
Myocardial infarction (121, 122) 28 (1.1) 31(1.2) 0.90 (0.54-1.50) .68
Angina (120) 45 (1.8) 31(1.2) 1.43 (0.90-2.26) 13
Heart failure, including cardiomyopathy® 69 (2.7) 57 (2.2) 1.19 (0.84-1.68) .34
Arrhythmias (147-149) 45 (1.8) 48 (1.9) 0.93 (0.62-1.39) 71
Chronic IHD and arteriosclerosis (125, 170-179) 21 (0.8) 17 (0.7) 1.22 (0.64-2.33) .54
Stroke, hemorrhage, infarct, other (161-167) 26 (1.0) 27 (1.1) 0.95 (0.55-1.62) .84
Venous thrombosis, including pulmonary embolism (126, 180-18) 11 (0.4) 15 (0.6) 0.74 (0.34-1.61) .45
Other cardiovascular diseasef 24 (0.9) 27 (1.1) 0.88 (0.51-1.52) .65

Abbreviations: 25(0H)D, 25-hydroxyvitamin D; ICD-10, International Statistical
Classification of Diseases and Health Related Problems, Tenth Revision;
IHD, ischemic heart disease.

vitamin D group and 658 in the placebo group.

dPrevious hypertension, myocardial infarction, angina, heart failure,
arrhythmia, stroke, or venous thrombosis.

€ICD-10 codes 111.0, 125.5, 142.0, 142.7,142.8,142.9, 150.0, 150.1, and 150.9.

f Other diseases in primary end point, including cardiovascular deaths
(unspecified): 8 in the vitamin D group and 7 in the placebo group.

2 Placebo group values were used for the HRs.

®Includes 33 deaths from cardiovascular disease (18 in the vitamin group and 15
in the placebo group).

€ On the basis of deseasonalized concentrations: 612 participants in the

study capsule, which after unmasking, was revealed to be pla-
cebo. In the total sample, no statistically significant differ-
ence was found in the number of deaths between the vitamin
D (n = 65) and placebo groups (n = 58, P = .53).

ference was found between the vitamin D and placebo groups
in the time to first CVD event during follow-up (Figure 2) or in
the frequency of disease-specific secondary outcomes (Table 3).

|
Discussion

Outcomes
As expected, baseline 25(0OH) concentration categories were in-

E6

versely associated with CVD risk during follow-up in the pla-
cebo group after adjusting for demographic covariates (eTable
2in Supplement 2). Numbers of participants with 1 or more CVD
event (the primary outcome) during follow-up in the vitamin
D and placebo groups, along with HRs adjusted for age, sex, and
race/ethnicity, are given in Table 3. No significant difference was
found in the percentage for all CVD events combined between
the vitamin D (11.8%) and placebo (11.5%) groups (HR, 1.02; 95%
CI, 0.87-1.20). Similar results were seen in vitamin D-defi-
cient participants (HR, 1.00; 95% CI, 0.74-1.35) and when par-
ticipants were categorized by previous CVD (Table 3). No dif-
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The results of this large population-based RCT indicate that vi-
tamin D supplementation given in the dose and frequency we
used does not prevent CVD, and the findings are consistent with
previous RCTs of vitamin D supplementation®° and mende-
lian randomization studies.?°-3*° However, it remains possible
that monthly doses of vitamin D are less effective in prevent-
ing disease than daily or weekly doses. Recommendation for
the desired frequency of vitamin D dosing has changed from
when our study began, at which time it was considered that a
bolus dose of vitamin D would be stored as vitamin D for later
conversion to 25(0H)D?! and that monthly dosing was fre-
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Figure 2. Proportion of Participants With a Cardiovascular Disease (CVD) Event During Follow-up
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Shaded areas indicate 95% Cls.

quent enough to avoid any increase in the catabolism of the
active metabolite (1,25-dihydroxyvitamin D) in nonrenal
tissues.>? In contrast, recent reviews have concluded that vi-
tamin D is more accessible for internalization into cells than
25(0H)D,>? and in our study, vitamin D would only have been
in the blood circulation for several days after each monthly dose
because of its shorter half-life.3* Other trials, which are giv-
ing vitamin D monthly (eg, D-Health, The International Poly-
cap Study 3)*° or daily (eg, Vitamin D and Omega-3 Trial),3¢ will
help clarify whether dosing frequency is important.

Our results do not support the findings from observa-
tional studies® that report an inverse association between 25
(OH)D and CVD, which could be explained by residual con-
founding from other lifestyle risk factors. It is possible that 25
(OH)D concentrations are a surrogate marker of sun exposure,
which may have other health effects entirely separate from vi-
tamin D.3” Thus, we caution against closure of this topic, given
the descriptive epidemiologic findings on inverse associa-
tions between solar radiation and CVD with regard to season,
latitude, and altitude.38-4°

Strengths and Limitations
Our study has several strengths that enhance the validity of
the conclusions. First, we had a high retention rate, with 87%
still participating actively in the final follow-up period. Sec-
ond, we had high adherence, with 84% of capsules reported
taken in questionnaires, confirmed by the high serum 25
(OH)D concentrations in the vitamin D group of the mea-
sured subgroup (Table 2). Third, the mean 25(0H)D concen-
tration greater than 40 ng/mL in the vitamin D group confirmed
the adequacy of the vitamin D dose, particularly the greater
than 20-ng/mL difference compared with the placebo arm.
Our study also has some potential limitations. The event
rate was lower than expected, as was the follow-up time, which

jamacardiology.com

decreased the number of expected events from 890 to the 596
observed; therefore, the power to detect a 20% reduction was
75% (5% significance), which is equivalent to 80% power to
detect a 21% reduction. However, this is unlikely to have
changed our main conclusion because our point estimate of
effect for the primary end point was close to 1 (Table 3), sup-
porting a null finding. The study had much less power to de-
tect benefits for the subgroup with vitamin D deficiency and
for preventing specific CVD outcomes, such as heart failure,
asreported in previous RCTs.%*! Our funding only allowed for
median follow-up of 3.3 years, and we cannot exclude pos-
sible longer-term beneficial effects from vitamin D supple-
mentation. Our outcome measures were not adjudicated, but
thisis an unlikely explanation for our null findings because the
validity of our outcome is indicated by the expected associa-
tions with risk factors in the placebo group (eTable 2 in the
Supplement) and by research indicating that the CVD hospi-
talization data from the Ministry of Health have good agree-
ment with the Framingham risk factor equation in Europeans.*?
Furthermore, we were unable to identify participants who emi-
grated during the study. Howevetr, our inability to record over-
seas CVD events is unlikely to have changed our findings be-
cause the number of CVD events not recorded is likely to have
been small based on our annual 4% incidence rate, whereas
the number of participants who emigrated is likely to have been
small based on the high retention rate in the final study pe-
riod (when 87% of participants returned questionnaires).

. |
Conclusions

This study found that monthly high-dose vitamin D supple-
mentation does not prevent CVD. The effects of daily or weekly
dosing on CVD risk require further study.
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