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Abstract

Aims Vitamin D supplementation is widely used in the clinical setting, but its effects on mortality and cardiovascular
outcomes in patients with heart failure are unclear. This paper reports outcome data that were collected during follow-up
of 3 years after closure of the EVITA trial (a 3 year randomized, placebo-controlled, intervention study with 4000 IU vitamin
D daily in patients with advanced heart failure), to capture potential latency effects of vitamin D supplementation on clinical
outcomes.

Methods and results The prespecified primary endpoint was overall mortality. Secondary endpoints included hospitalization,
mechanical circulatory support implantation, high urgent listing for heart transplantation, and heart transplantation. For group
comparisons, we used Cox regression models with a time-dependent categorical covariate. The calculated net difference in
circulating 25-hydroxyvitamin D between the vitamin D and placebo groups dropped from 60.9 nmol/L at the end of the active
study period to 3.2 nmol/L at the end of the post-intervention period. During the entire 6 year period, 73 patients (36.5%) died
in the placebo group and 76 (38.8%) in the vitamin D group. Out of these 149 patients, 36 and 39 died during the first 3 years,
and 37 and 37 during the second 3 years, respectively. The hazard ratio (HR) for mortality in the vitamin D versus the placebo
group was 1.06 [95% confidence interval (Cl): 0.68-1.66] for the first 3 years and 1.07 (95% Cl: 0.68-1.70) for the 3 year
post-intervention follow-up. Compared with the placebo group, the HRs for hospitalization and for mechanical circulatory
support implant were significantly higher in the vitamin D group during vitamin D supplementation (HR = 1.31, 95% Cl:
1.01-1.68 and HR = 2.01, 95% Cl: 1.08-3.76, respectively) but not after vitamin D discontinuation (HR = 1.10, 95% CI: 0.62—
1.94 and HR = 0.99, 95% Cl: 0.38-2.56, respectively). There was no significant time-dependent effect on the risk of high urgent
listing for heart transplantation and heart transplantation.

Conclusions No beneficial latency effects of vitamin D supplementation on overall mortality could be demonstrated. Instead,
the disappearance of unfavourable findings in the vitamin D group (higher HRs for hospitalization and for mechanical
circulatory support implant) after vitamin D discontinuation supports the assumption of adverse vitamin D effects on the
cardiovascular system at doses of 4000 IU daily.
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Introduction

Observational data indicate that adequate vitamin D status
may reduce all-cause mortality risk, probably because of
various beneficial vitamin D effects in different tissues,® but
evidence from randomized controlled trials (RCTs) is
inconsistent.>> We recently demonstrated in patients with
advanced heart failure (HF) and median circulating
25-hydroxyvitamin D (25[OH]D) concentrations below
40 nmol/L that a daily vitamin D5 dose of 4000 IU for 3 years
failed to significantly influence mortality risk.* An explanation
for the null effect may be the relatively short study duration
for this endpoint of only 3 years. Notably, a meta-analysis of
RCTs on vitamin D supplementation reported a significant
decrease in all-cause mortality in studies whose duration
was longer than 3 years but not in studies of shorter
duration.® In line with this meta-analysis, a Mendelian
randomization study® indicated that a genetically determined
and thus lifelong 20 nmol/L lower 25(0H)D concentration is
associated with a 30% increased mortality risk. Serum 25
(OH)D is the generally accepted indicator of vitamin D status,
and many guidelines recommend target serum 25(OH)D con-
centrations of >50 nmol/L.”

Considerations for post-intervention follow-up analyses of
vitamin D RCTs are supported by data on long-term storage
of vitamin D in the adipose tissue.® At the end of a 3 to 5 year
intervention with a weekly dose of 20 000 IU vitamin D3
(equivalent to 2857 IU/day),’ fat tissue vitamin D content
was eight times higher in the vitamin D group than in the
placebo group. Moreover, 1 year after vitamin D discontinua-
tion circulating 25(0OH)D concentrations were still substan-
tially higher in the supplemented group than in the placebo
group, and in the steady phase of decline, the half-life of
circulating 25(0OH)D was calculated to be 255 days in the
vitamin D group.’ In another vitamin D supplementation
study (5000 IU vitamin D3 daily for 1 year), 25(0OH)D concen-
trations decreased over the 3 years of vitamin D discontinua-
tion from 127 nmol/L at study end to 65 nmol/L after 1 year
and 28 nmol/L after 3 years,10 and thus to values which were
present at study enrolment.**

Because circulating 25(0OH)D concentrations obviously
remain elevated for a considerable time after vitamin D
discontinuation, we performed a 3 year post-intervention
follow-up of the EVITA trial to capture potential latency
effects of vitamin D supplementation.

Methods
Participants

The EVITA (effect of vitamin D on mortality in HF) trial was a
single-centre study at the Heart and Diabetes Center North

Rhine Westphalia, Bad Oeynhausen, Germany. Full details re-
garding study design, trial registration, and ethics committee
approval can be found in the main trial report.* Participants
were recruited from the HF unit of the Clinic for Thoracic
and Cardiovascular Surgery at our heart centre. Inclusion
criteria were an age between 18 and 79 years and New York
Heart Association functional class Il or higher. Key exclusion
criteria were ‘high urgent’ listing for heart transplantation,
hypercalcaemia, the daily intake of a vitamin D supplement
of >800 IU, and baseline 25(0OH)D levels >75 nmol/L.

Interventions

Participants were randomized into two groups to receive
eight drops of an oily vitamin D preparation (Vigantol Oil,
Merck, Darmstadt, Germany), resulting in a daily vitamin D3
intake of 4000 IU or eight drops of a matching vitamin
D-free oil daily (Migliol Oil; Merck) during a meal. Randomiza-
tion was centralized, computer generated, and stratified by
sex. All patients were in a long-term HF programme, and trial
medication was delivered during regular visits at the HF unit
at our clinic.

Outcomes and follow-up

Overall mortality was the primary prespecified endpoint in
the main trial protocol. Secondary endpoints included hospi-
talization, mechanical circulatory support (MCS) implantation,
high urgent listing for heart transplantation, and heart trans-
plantation. This paper reports outcome data that had been
observed during the trial and within 3 years of trial closure.
This timing was selected because of the kinetics of serum
25(0OH)D decline within 3 years of cessation of vitamin D
supplementation. Mortality was assessed by using the
following sources of information: a review of our medical
records; an annual, standardized form (post-discharge)
completed by the patients themselves or by their family
physician; and annual consultation of the respective registra-
tion office in case of missing post-discharge forms. Secondary
clinical endpoints were assessed by the same sources as
used for the primary endpoint (with the exception of the
registration office consultation).

Statistical analysis

Descriptive characteristics are summarized as median with
25th to 75th percentiles for continuous variables and counts
and percentage of observations for categorical variables.
The Mann-Whitney U-test and the Wilcoxon signed ranks
test were used for group comparisons, where appropriate.
We used the equation by Martinaityte et al.° to estimate
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the difference in circulating 25(0OH)D in our study groups at
post-intervention year 1, 2, and 3 as follows:

elapsed time in days x In2
In (A of 25[OH]D between study groups at the end of study year 3/x)

(1)

where 255 is the calculated half-life in days of circulating 25
(OH)D in the vitamin D group after vitamin D discontinuation,
elapsed time is the time after vitamin D discontinuation, In2 is
the natural logarithm of 2 and is a constant of 0.693, A of 25
(OH)D is the net difference in 25(0OH)D at the end of the vita-
min D supplementation period, and x is the calculated
difference between the study groups in 25(OH)D at a given
elapsed time after vitamin D discontinuation.

Event-free survival time was modelled using Kaplan—Meier
survival estimates and Cox regression models. Five outcome
measures were explored, including one primary and four
secondary endpoints: primary endpoint was time to death
of any cause. Secondary endpoints were time to first hospital-
ization after study enrolment, MCS implantation, ‘high
urgent’ listing for transplantation, or transplantation
(censoring those who died during follow-up). The explanatory
variable in the models was the treatment group. Follow-up
was assessed using the Kaplan—Meier estimate of potential
follow-up.*? The primary and secondary endpoints were all
assessed by the intention-to-treat principle. In addition, the
per-protocol principle was used to assess overall mortality
by excluding patients who dropped out prematurely (no

255 =

Table 1 Baseline characteristics of the study groups

adherence to the study treatment but still attending our HF
unit) or were lost to follow-up (no personal contact to the pa-
tient anymore) from data analyses. Because serum 25(OH)D
concentrations decline after vitamin D discontinuation, we
also used Cox regression models with a time-dependent cat-
egorical covariate (first 3 year period and second 3 year pe-
riod) to assess the potential effect of time on clinical
outcomes. For each model, hazard ratios (HR) with 95% con-
fidence intervals (Cl) were calculated. Regarding the active
study period of 3 years, the study had 80% power to detect
a 62% reduction in the primary endpoint with vitamin D com-
pared with placebo. This assumption was based on a
two-sided 5% significance level and 10% mortality per year.
Regarding the 6 year follow-up period, the study had 80%
power to detect a 47% reduction in the primary endpoint
with vitamin D compared with placebo. Analyses were per-
formed using SPSS version 24.0 (IBM Corp, Armonk, NY, USA).

Results
Baseline characteristics

Baseline characteristics such as age and sex, anthropometry,
clinical data, medication use, and vitamin D status are given
in Table 1. The majority of patients were male, were between
50 and 60 years of age, and had left ventricular ejection frac-
tion values below 30%. The treatment-resistant symptoms of

Parameter

Placebo group (n = 201)

Vitamin D group (n = 199)

Age (years)
Gender (% male, n)
Body weight (kg)
Body height (cm)
Body mass index (kg/m )
Diagnosis
DCM (%, n)
ICM (%, n)
Others (%, n)
Diabetes mellitus (%, n)
Anaemia (%, n)
Chronic obstructive pulmonary disease (%, n)
eGFR <60 ml/min/1.73 m?
Left ventricular ejection fraction (%)
Medication
ACE-inhibitors/ARBs (%, n)
Beta-blockers (%, n)
Aldosterone-antagonists (%, n)
Loop diuretics (%, n)
Thiazide-diuretics (%, n)
Digoxin (%, n)
Lipid-lowering drugs (%, n)
Vitamin D supplement use (%, n)
25-hydroxyvitamin D (nmol/L)
C-reactive protein (mg/L)

54 (48-60) 56 (48-62)
82 6 (166) 83.4 (166)
75-98) 88 (75-99)

8 (
176 (170-183)
27.8 (25.1-30.8)

176 (170-182)
27.8 (24.5-31.6)

49.8 (100) 46.2 (92)
42 8 (86) 46 8 (93)

4(15) 0(14)

9 (46) 25 6 (51)
12 2 (24) 18.2 (36)
0(16) 4.0 (8)

30 3 (61) 39.7 (79)

7 (24-35) 28 (23-34)
95.0 (191) 97.0 (193)
97.0 (195) 94.0 (187)
84.6 (170) 79.9 (159)
82.6 (166) 86.9 (173)
31.8 (64) 35.7 (71)
42.3 (85) 33.7 (67)
52.2 (105) 56.8 (113)

0 (0) 0 (0)
35.2 (25.7-49.2) 31.3(21.5-44.8)
2.1 (0.9-3.9) 2.4 (1.0-6.9)

ACE, angiotensin converting enzyme; ARB, angiotensin receptor blockers; DCM, dilated cardiomyopathy; eGFR, estimated glomerular fil-

tration rate; ICM, ischaemic cardiomyopathy.
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HF in this study cohort are reflected by the high percentage
of patients who were treated with angiotensin converting
enzyme inhibitors/angiotensin Il receptor blockers,
beta-blockers, and mineralocorticoid receptor antagonists.
Notably, 20% of patients were already awaiting heart
transplantation. None of the patients were treated with
angiotensin receptor-neprilysin inhibitors, neither during the
active study period nor during the 3 year follow-up period.
Median 25(0OH)D concentrations were initially well below
50 nmol/L, and none of the study participants were taking
vitamin D supplements (Table ). At year 3 of the study,
adherence rates in the vitamin D and placebo groups were
54.0% and 55.2%, respectively. At that time, median and
25th to 75th percentiles of circulating 25(0OH)D in those
patients who were alive and adherent were 92.8 nmol/L
(62.5 to 128.3 nmol/L) and 40.8 nmol/L (31.3 to 58.0 nmol/
L) in the vitamin D group (n = 84) and the placebo group
(n = 87), respectively (P < 0.001). The changes in circulating
25(0OH)D in the vitamin D and placebo groups between
enrolment and study termination were 62.8 nmol/L (24.8 to
95.8 nmol/L; P < 0.001) and 1.9 nmol/L (—5.9 to
25.0 nmol/L; P = 0.019), respectively, indicating an average

Figure 1 Study flow chart. ITT, intention-to-treat; PP, per-protocol.

net change in circulating 25(0OH)D by vitamin D supplementa-
tion of 60.9 nmol/L. At post-intervention years 1, 2, and 3,
the calculated differences in circulating 25(0OH)D between
the vitamin D and placebo groups were 23.0, 8.5, and
3.2 nmol/l, respectively.

Clinical outcomes

The study flow chart is given in Figure 1. Completeness of
study data for the primary endpoint in the vitamin D and pla-
cebo groups was 94.1% and 97.8%, respectively. During the
6 years of follow-up, 73 patients (36.5%) died in the placebo
group and 76 (38.8%) in the vitamin D group (Figure 2), with
an HR for mortality in the vitamin D versus the placebo group
of 1.07 (95% Cl: 0.77-1.47; P = 0.70). In the vitamin D group,
causes of death were cardiac-related in 32 patients and
non-cardiac-related, such as sepsis, pneumonia, hypoxic brain
damage, pancreatitis, carcinoma, and intestinal ischaemia in
21, and unknown in 23. The corresponding data in the pla-
cebo group were 36 cardiac-related, 11 non-cardiac-related,
such as sepsis, liver failure, renal failure, carcinoma, and

400 Randomized

199 randomized to receive vitamin D

201 randomized to receive placebo

4 [ 3-Year Follow-Up J v

199 included in ITT analysis

201 included in ITT analysis

\4

—
°.‘

Year Follow-Up }

'

191 included in ITT analysis
- 8 lost-to-follow-up

198 included in ITT analysis
- 3 lost-to-follow-up

1 [ 6-Year Follow-Up 1 v

J

112 included in PP analysis
- 87 dropouts/lost-to-follow-up

115 included in PP analysis
- 86 dropouts/lost-to-follow-up
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Figure 2 Cumulative incidence of all-cause mortality by study group. HR, hazard ratio; Cl, confidence interval vitamin D (dotted line); placebo (solid

line); reference: placebo group.
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hypoxic brain damage, and 26 unknown. Mortality rates in
the vitamin D and placebo group were 17.9% and 19.6% at
the end of the active study period (P = 0.73), 23.4% and
25.7% at 1 year follow-up (P = 0.65), 33.4% and 34.3% at
2 year follow-up (P = 0.86), and 36.4% and 38.6% at 3 year
follow-up (P = 0.71), respectively. The time-dependent Cox
regression analysis in the vitamin D versus the placebo group
revealed an HR for mortality of 1.06 (95% Cl: 0.68-1.66;
P = 0.80) for the first 3 year period and an HR of 1.07 (95%
Cl: 0.68-1.70; P = 0.76) for the second 3 year period. In the
per-protocol population, 6 year mortality in the placebo
group and the vitamin D group was 40.2% and 40.4%, respec-
tively, with an HR for the vitamin D versus the placebo group
of 0.99 (95% Cl: 0.66—1.49; P = 0.96; Supporting Information,
Figure S1). Supporting Information, Figure S2 illustrates the
cumulative incidence of mortality during follow-up for those
patients who survived the active study period.

Of the 400 study participants, 286 were hospitalized, 59 re-
ceived MCS implants, 52 were ‘high urgent’ listed for heart
transplantation, and 63 were transplanted during the 6 year
follow-up period. In Table 2, results of the secondary end-
points are presented by study group. Overall, 6 year freedom
from hospitalization was significantly lower in the vitamin D
group than in the placebo group, with an HR for hospitaliza-
tion in the vitamin D versus the placebo group of 1.27 (95%
Cl: 1.01-1.60; P = 0.045). Six years of risk of clinical events
such as MCS implantation, ‘high urgent’ listing for heart
transplantation, and heart transplantation did not differ sig-
nificantly between study groups. However, we observed sub-
stantial time-dependent differences between study groups
with respect to MCS implant and also regarding hospitaliza-
tion (Table 2): compared with the placebo group, the HRs
for hospitalization and MCS implant were significantly higher
in the vitamin D group only in the vitamin D supplementation

Table 2 Incidence and hazard ratio of secondary endpoints of the study participants

Cox regression analysis
hazard ratio (95% Cl)

Time-dependent Cox regression
analysis hazard ratio (95% Cl)

Parameter Placebo (n = 201)  Vitamin D (n = 199) Year 0-6 Year 0-3 Year 4-6

Hospitalization (%, n) 68.5 (137) 74.9 (149) 1.27 (1.01-1.60) 1.31 (1.01-1.68) 1.10 (0.62-1.94)
MCS Implants (%, n) 12.4 (25) 17.1 (34) 1.49 (0.89-2.52) 2.01 (1.08-3.76) 0.99 (0.38-2.56)
HU Listing for HTx (%, n) 15.4 (26) 15.5 (26) 1.03 (0.60-1.77) 1.01 (0.53-1.94) 1.07 (0.40-2.84)
HTx (%, n) 18.3 (30) 20.4 (33) 1.13 (0.69-1.85) 1.06 (0.57-1.95) 1.27 (0.55-2.94)

Cl, confidence interval; HTx, heart transplantation; HU, high urgent; MCS, mechanical circulatory support.
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period (P = 0.040 and P = 0.028, respectively) but not in the
period after vitamin D discontinuation (P = 0.76 and
P = 0.98, respectively). Figure 3 visually presents the cumula-
tive event rates of the secondary endpoints over time.

Discussion

In this group of patients with treatment-resistant symptoms
of HF experiencing a high 6 year mortality risk of almost
40%, no significant latency effect of a 3 year supplementation
with 4000 IU vitamin D daily could be demonstrated on
overall mortality.

At the start of the 3 year post-intervention follow-up,
the net difference in circulating 25(0OH)D between the
vitamin D and placebo group was on average 61 nmol/L.
According to earlier data obtained following vitamin D
discontinuation,®° it can be safely assumed that in the

vitamin D supplemented group, circulating 25(0OH)D concen-
trations remain substantially elevated within the first 12 to
18 months post-intervention but progressively decline to
baseline 25(0OH)D levels by the end of the 3 year extension
period. Thus, our extended data analysis indicates that
mid-term to long-term elevated circulating 25(OH)D
concentrations may not result in reduced overall mortality
in patients with advanced HF. Notably, in our per-protocol
population, the HR for mortality was also close to equality.
The assumption of a null effect of vitamin D supplementa-
tion on overall mortality in patients with advanced HF is
further strengthened by the similar mortality risk of the
two study cohorts during the first and second 3 year
periods of our trial. In our study, the majority of known
causes of death were of cardiac origin. There is evidence
that vitamin D supplementation may reduce cancer
mortality but not cardiovascular mortality?> and that higher
circulating 25(OH)D concentrations may even tend to
increase the latter.®

Figure 3 Cumulative incidence of hospitalization (A), mechanical circulatory support implant (B), high urgent listing for transplantation (C), and trans-
plantation (D) by study group. Abbreviations: HR, hazard ratio; Cl, confidence interval; MCS, mechanical circulatory support; HU, high urgent; HTx,
heart transplantation vitamin D (dotted line); placebo (solid line); reference: placebo group.
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Freedom from hospitalization was lower, and the need of
MCS implants was higher in the vitamin D compared with
the placebo group only in the first 3 year but not in the sec-
ond 3 year period. The disappearance of these associations
after vitamin D discontinuation indicates that vitamin D sup-
plementation may have triggered adverse outcomes. We
had already hypothesized that higher plasma calcium concen-
trations could be responsible for adverse vitamin D effects on
the cardiovascular system and that especially patients with
initial 25(0OH)D concentrations >30 nmol/L and in-study con-
centrations >100 nmol/L could be affected.* The assumed
decline in circulating 25(0OH)D after vitamin D discontinuation
and the absence of higher HRs of hospitalization and MCS im-
plant in the post-intervention period is in line with this hy-
pothesis. Moreover, in the era of donor heart shortage,
MCS implant rather than heart transplantation is the last op-
tion to prevent death in patients with advanced HF in case of
disease progression. This may explain why the risk of ‘high ur-
gent’ listing for heart transplantation as well as heart trans-
plantation did not differ significantly between our two study
groups and did not change over time. A few studies in cohorts
with a high prevalence of cardiovascular disease indicate that
circulating 25(0OH)D concentrations >100 nmol/L are associ-
ated with increased risk of major adverse cardiac and cere-
brovascular events®®* and CVD mortality.?* In an older
population, 25(0H)D concentrations >50 nmol/L were posi-
tively associated with carotid intima media thickness,*® the
latter being predictive of cardiovascular events.®

The daily vitamin D dose of 4000 IU was equivalent to the
amount which the Institute of Medicine has set as the upper
tolerable intake level for the general population.” However,
the database for this threshold is limited, and our data indi-
cate that this dose should not a priori be considered safe
for patients with HF. Therefore, in the clinical setting, caution
is necessary when using vitamin D doses beyond the nutri-
tionally recommended daily intake of 600-800 1U” and when
using cut-off values of circulating 25(OH)D, which were cre-
ated for the general population. Ideally, cut-offs of circulating
25(0OH)D concentrations and daily vitamin D doses should be
established separately for each disease entity.

There are some limitations of our study that have to be ad-
dressed. First, the treatment options offered at our HF unit
may have masked not only a beneficial but also an adverse vi-
tamin D effect on overall mortality. Second, although we
were able to calculate differences in circulating 25(0OH)D be-
tween the vitamin D and placebo groups at
post-intervention years 1, 2, and 3, the post-intervention
follow-up actually lacks 25(0OH)D measurements. However,
available pharmacokinetic data on circulating 25(0OH)D after
vitamin D discontinuation allowed us to estimate the decline
in circulating 25(0OH)D in the post-intervention period with a
great degree of confidence. Third, attrition rates were rela-
tively high. Nevertheless, we were able to show important
differences by study period with respect to critical secondary

endpoints. Finally, we cannot definitively rule out that the dif-
ferences between the study groups in secondary endpoints in
the first 3 year period were chance findings and that the dis-
appearance of these differences after vitamin D discontinua-
tion was due to the phenomenon of regression to the mean.
A main strength of our study is that no other vitamin D RCT in
a patient population with a daily dose of at least 4000 IU re-
ported on such long-term outcome data. In light of a rela-
tively wide use of vitamin D supplements, our findings
provide important new data not only in terms of missing ben-
eficial effects on hard clinical endpoints but also in terms of
potential safety concerns of relatively high dose vitamin D
supplementation in patients with advanced HF.

In conclusion, no beneficial latency effects of vitamin D
supplementation on overall mortality could be demonstrated
in patients with advanced HF at high mortality risk. Instead,
the disappearance of unfavourable findings in the vitamin D
group (higher HRs for hospitalization and for MCS implant) in-
dicates that vitamin D supplementation may have triggered
adverse effects on the cardiovascular system.
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period.
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