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Abstract

Background Vitamin D deficiency is associated with increased risks of mortality in people with chronic kidney disease. The
benefits and harm of vitamin D supplementation on cardiovascular outcomes and mortality are unknown. We aimed to assess
the effectiveness of calcifediol in reducing mortality in patients with vitamin D insufficiency on hemodialysis compared to
no additional therapy.

Methods A phase III, multicenter, randomized, open-label trial was conducted including 284 adults with vitamin D insuf-
ficiency undergoing hemodialysis who were randomly assigned to receive oral calcifediol or standard care for 24 months.
Results Two hundred eighty-four participants were enrolled (143 assigned to the calcifediol group and 141 to the no addi-
tional therapy group). The primary outcome (mortality) occurred in 34 and 31 participants in the calcifediol and control
group, respectively [hazard ratio (HR) 1.03; 95% confidence interval (CI) 0.63—1.67]. Calcifediol had no detectable effects
on cardiovascular death (HR 1.06; 95% CI 0.41-2.74), non-cardiovascular death (HR 1.13; 95% CI 0.62-2.04), nonfatal
myocardial infarction (HR 0.20; 95% CI 0.02—1.67) or nonfatal stroke (HR could not be estimated). The incidence of hyper-
calcemia and hyperphosphatemia was similar between groups. None of the participants underwent parathyroidectomy.
Conclusions In adults treated with hemodialysis and who had vitamin D insufficiency, calcifediol supplementation for
24 months had inconclusive effects on mortality and cardiovascular outcomes.
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CONCLUSION: In adults treated with hemodialysis and who had vitamin D insufficiency,
calcifediol supplementation for 24 months had inconclusive effects on mortality and
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Introduction

Circulating levels of 25-hydroxy vitamin D (calcifediol), a
pre-hormone produced in the liver from vitamin D5 (chole-
calciferol) and then converted within kidney tissue into
active vitamin D (1,25 dihydroxy vitamin D or calcitriol),
are deficient (< 10 ng/ml) in over 80% of patients with severe
chronic kidney disease [1]. Vitamin D deficiency is associ-
ated with increased risks of premature mortality in people
with chronic kidney disease, although it is not clear whether
vitamin D insufficiency has a causative role in cardiovascu-
lar events [2]. Kidney failure leads to impaired enzymatic
conversion of calcifediol into calcitriol. Because of this, tri-
als evaluating vitamin D therapy have focused on the effi-
cacy of calcitriol and vitamin D analogs to treat the clini-
cal consequences of dysregulated vitamin D metabolism in
chronic kidney disease. To date, these agents have not been
conclusively shown to prevent mortality and cardiovascular
complications, while incurring hypercalcemia and acceler-
ated cardiovascular calcification [3].

Although the kidney is the primary site for vitamin D
activation, the enzyme is present also in extra renal sites
including the parathyroid gland [4]. Thus, despite the loss of
renal function with progressive chronic kidney disease, sup-
plementation with nutritional vitamin D (such as cholecal-
ciferol and calcifediol) has been shown to increase calcitriol
levels without increasing the risk of hypercalcemia or hyper-
phosphatemia [5, 6]. Cholecalciferol and calcifediol are also
associated with favorable changes in intermediary pathways
related to left ventricular hypertrophy, microalbuminuria,
insulin-resistance, vascular function, calcification and injury
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[7, 8]. However, evidence of any beneficial impact of sup-
plementation on cardiovascular and mortality endpoints and
potential treatment harm in patients with chronic kidney dis-
ease requires clarification [5, 9, 10].

This randomized controlled trial was designed to test
the hypothesis that calcifediol supplementation reduces
cardiovascular events in adults with end-stage kidney dis-
ease treated with hemodialysis and 25-hydroxy vitamin D
insufficiency.

Methods
Study design

This investigator-initiated, phase III, multicenter, rand-
omized, open-label trial was conducted by members of the
Italian Society of Nephrology. The trial protocol is avail-
able in Item S1. The trial was registered prior to enroll-
ment at http://www.clinicaltrials.gov, registration number
NCTO01457001.

Setting and participants

Adults who were 18 years of age or older, on long term
hemodialysis for 90 days or more, with serum parathyroid
hormone (PTH) levels 2- to 9-fold above the upper limit
of normal [11] and vitamin D insufficiency (circulating
levels of 25-hydroxy vitamin D less than 30 ng/ml, includ-
ing patients with vitamin D deficiency-levels < 15 ng/ml)
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were eligible to participate in this trial. Participants with
secondary hyperparathyroidism under treatment and there-
fore under control were eligible. Key exclusion criteria were
prior kidney transplant or peritoneal dialysis within the pre-
vious 3 years, or pregnancy or lactating.

Randomization and masking

Eligible patients were randomly assigned to treatment with
calcifediol or standard care without calcifediol in a 1:1
ratio. The sequence generation for randomization was per-
formed using an electronically generated list created by an
independent statistician. Randomization was stratified by
center and in randomly permuted blocks. Randomization
was performed through telephone contact with staff at the
study coordination center after verification of the inclusion
and exclusion criteria. Participants and trial investigators,
including physicians and study nurses, were not blinded to
treatment assignment.

Intervention and concomitant therapy

Participants assigned to the calcifediol group were pre-
scribed 40 mcg administered by dialysis staff at the end
of each dialysis session three times per week. Calcifediol
supplement was discontinued by the treating physician
if stable hypercalcemia occurred (persistent serum cal-
cium > 11.5 mg/dl despite calcium salt withdrawal, dietary
modification, calcium reduction in dialysate and calcimi-
metic administration), or if 25-OH-vitD serum levels rose
above 100 ng/ml or serious adverse events occurred that
were considered attributable to the assigned treatment. Par-
ticipants could resume treatment after the serum calcium or
25-OH-vitD levels dropped again. Those who discontinued
therapy, as well as patients undergoing parathyroidectomy,
renal transplantation or transfer to peritoneal dialysis during
the study follow-up (for whom treatment with 25-OH-vitD
became optional and entrusted to the clinical context and
the policy of the study site) were asked to continue with
trial assessments and outcome ascertainment. During the
follow-up period, participants were assessed by their treating
team every 3 months after randomization unless they died,
withdrew consent or were not contactable for follow up.
Participants in both treatment groups could be administered
active vitamin D (paricalcitol or calcitriol) and/or a calcimi-
metic agent by their treating physician in order to obtain the
parathyroid hormone target level recommended by the Kid-
ney Disease Improving Global Outcomes (KDIGO) clinical
practice guidelines. Phosphate binders could be administered
to achieve guideline recommended levels of serum calcium
and phosphate [12]. Dialysate calcium concentrations were

maintained at 1.25-1.50 mmol/I throughout the intervention
period.

Outcomes

The primary outcome was a composite of nonfatal myocar-
dial infarction, nonfatal stroke, and death from any cause
excluding trauma. The secondary outcomes were the indi-
vidual components of the primary composite outcome, car-
diovascular and non-cardiovascular mortality, fatal myo-
cardial infarction, fatal stroke, normalization of circulating
levels of calcifediol (at least one measurement > 30 ng/ml),
circulating calcifediol > 100 ng/ml, dose reduction of active
vitamin D, calcimimetic and phosphate binder therapy, and
parathyroidectomy. Safety outcomes included hypercalcemia
(serum calcium > 10.5 mg/dl), hyperphosphatemia (serum
phosphate > 5.5 mg/dl), and adverse events.

Ethics and oversight

The study received Institutional Review Board approval
from the Ethics Committee of the “Azienda Ospedaliera G.
Rummo” of Benevento (deliberation n. 294, 13/04/2012)
and was monitored by an external data and safety moni-
toring board that regularly reviewed safety parameters and
study conduct. The study was conducted in compliance with
the principles of the Declaration of Helsinki (1964) and in
accordance with Good Clinical Practice Guidelines. All par-
ticipants gave written informed consent prior to inclusion
into the study.

Statistical analysis

The analyses were based on the intention-to-treat principle.
All participants who were randomly assigned to treatment
were included in analyses according to their assigned treat-
ment group. The trial was designed to enroll 524 participants
with 262 assigned to each treatment group to provide 80%
power to detect an effect size of 0.66 for the primary com-
posite outcome. The power calculation assumed a proportion
surviving of 0.54 in the control group at three years (based
an annual mortality of 15%) [13] and a withdrawal of 10%
and two-sided a=0.05.

The study was prematurely discontinued after inclusion
of 284 participants due to the bankruptcy of the clinical
research organization Consorzio Mario Negri Sud which
occurred in May 2015. Participant recruitment was stopped
and follow-up of participants was completed through
December 2015. The Clinical Research Organisation (CRO)
role was reassigned to the Istituto di Ricerche Farmacolog-
iche Mario Negri to complete the study closure. Clinical
centers were requested to provide all follow-up data. A
revised power calculation indicated that the power of the
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Fig.1 CONSORT (Consoli-
dated Standards of Reporting

Trials) flow diagram of the trial.

Adverse events were: in the cal-
cifediol group, central vascular
catheter infection (n=1), sepsis
(n=2), pulmonary infection
(n=1), erythroderma (n=1),
pneumonia (n=1), hemor-
rhage from epigastric artery
(n=1), cognitive impairment
(n=1), anemia (n=1); in the
control group, cachexia (n=3),
phlegmon (n= 1), respiratory
insufficiency (n=1), gallstones
(n=1), septic shock (n=1),
percutaneous transluminal coro-
nary angioplasty (n=1)

Table 1 Baseline characteristics
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Parameter

Calcifediol (n=143)

Standard care (n=141)

Age (years)

Male sex—no. (%)

Current smoker—no. (%)
Diabetes—no. (%)
Cardiovascular disease—no. (%)
Body-mass index (kg/m?)
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Serum phosphate (mg/dl)

Serum calcium (mg/dl)

Serum PTH (pg/ml)

Serum 25-OH vit D (ng/ml)
Alkaline phosphatase, U/l
Duration of dialysis (months)
Hemodialysis modality—no. (%)
Hemodialysis

Hemodiafiltration

Acid free biofiltration
Hemofiltrate reinfusion

Other
KvvV
Dialysate calcium—no. (%)

1.25 mmol/L

1.50 mmol/L
Concomitant therapy—no. (%)
Calcitriol

Paricalcitol

Cinacalcet

Phosphate binder

67.1+13.2
93 (65.0)

9 (6.3)
33(23.1)
74 (51.7)
252445
133.9+19.6
7334118
46+15
8.7+0.6
238 [165-319]
11.8+6.8
104.2+87.1
37[19-78]

82 (57.3)
33(23.1)
14 (9.8)
6 (4.2)
1(0.7)
137+0.4

16 (11.2)
116 (81.1%)

30 (21.0)
50 (35.0)
28 (19.6)
114 (79.7)

65.1+12.6
78 (55.3)

12 (8.5)
33(23.4)
75(53.2)
2577+538
137.1+214
74.8+11.2
5.0+1.6
9.1+0.7
242 [169-354]
12.9+6.6
97.8+75.4
34 [14-66]

74 (52.5)
33 (23.4)
16 (11.3)
6(4.3)
4(2.8)
132403

20 (14.2)
108 (76.6)

23 (16.3)
67 (47.5)
27 (19.1)
111 (78.7)

Data are expressed as mean +SD or median [interquartile range] or numbers and percentages (in brackets)
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Table 2 Primary composite outcome, mortality and cardiovascular events

Hazard ratio (95% confidence interval)

Standard care (n=141)

143)

Calcifediol (n

1.03 (0.63-1.67)

31 (22.0)

34 (23.8)

Primary composite (nonfatal myocardial

infarction, nonfatal stroke, death from any
cause, excluding trauma or accidental)

1.11 (0.67-1.83)

28 (19.9)

33 (23.1)

Death from any cause, excluding trauma or

accidental

1.13 (0.62-2.04)
1.06 (0.41-2.74)
0.20 (0.02-1.67)
Not estimable

20 (14.2)

24 (16.8)
9 (6.3)

Death from non-cardiovascular cause

8(5.7)
5(3.5)
0 (0.0)
2(1.4)
0 (0.0)

Death from cardiovascular cause

1(0.7)
2(1.4)
2(1.4)

Nonfatal myocardial infarction

Nonfatal stroke

0.94 (0.13-6.65)

Fatal myocardial infarction

Fatal stroke

Could not be estimated

1(0.7)

Counts correspond to the number of participants who experienced at least one event

study with 284 participants for the composite endpoint with
24 months of follow-up provided 28% power to detect a risk
reduction of 34% in the primary outcome between the study
groups.

The composite outcome and its individual components
were analyzed using a time-to-event approach. Time-to-
event data for each group were compared using the Cox pro-
portional hazards model and expressed as hazard ratio (HR)
with 95% confidence intervals (CIs). The proportions of
the following secondary outcomes were analyzed by means
of a chi-square test or Fisher’s Exact test, as appropriate:
hypercalcemia (serum calcium levels > 10.5 mg/dl), hyper-
phosphatemia (phosphate level > 5.5 mg/dl), normalization
of circulating levels of 25-OH-vitD (> 30 ng/ml), increase
in circulating levels of 25-OH-vitD above 100 ng/ml, down
titration of therapy with calcitriol or paricalcitol, calcimi-
metic or phosphate binder therapy, parathyroidectomy and
adverse events. Incidence rate ratio for episodes of circu-
lating levels of calcifediol > 30 ng/ml, hypercalcemia and
hyperphosphatemia were obtained using ‘stptime’ command
in STATA version 15.

Pre-specified subgroup analyses of the primary outcome
were conducted using the same methods. The following
baseline characteristics formed pre-specified subgroups: age
(above or below 65 years of age), prior calcifediol treatment,
and concurrent hemodialysis treatment type (hemodialysis
or hemodiafiltration).

Results

Between 8th November, 2012 and 11th November, 2014,
284 patients in 28 dialysis centers around Italy (Item S2)
were randomly assigned to calcifediol (n=143) or standard
care (n=141) (Fig. 1) and were assessed for the primary
outcome.

Baseline characteristics were similar between treat-
ment groups except for sex (Table 1). There was a
higher proportion of men in the calcifediol group than
in the control group (65% vs 55%). The mean age was
66.1 +12.9 years. Diabetes was the cause of kidney dis-
ease in 66 (23%) participants. The mean serum calcifediol
level was 12.3 + 6.7 ng/ml. One hundred ninety-six (69%)
participants showed vitamin D deficiency (< 15 ng/ml).
Thirty-nine (14%) participants had circulating levels of
calcifediol <5 ng/ml, without showing any concomitant
clinical patterns or fractures, and the median serum para-
thyroid hormone level was 241 (interquartile range [IQR]
167-327) pg/ml. Most patients received hemodialysis
with a dialysate calcium concentration of 1.5 mmol/l. At
baseline, 170 (60%) participants were prescribed concom-
itant calcitriol or paricalcitol, 55 (19%) were prescribed
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Fig.2 Kaplan—-Meier estimates
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During a median follow-up of 24 months (IQR
12-30 months), 34 participants in the calcifediol group
and 31 participants in the control group experienced the
primary composite endpoint of nonfatal myocardial infarc-
tion, nonfatal stroke, and death from any cause excluding
trauma [hazard ratio (HR) 1.03; 95% confidence interval
(CI) 0.63-1.67] (Table 2 and Fig. 2). In subgroup analysis,
there was no evidence of different intervention effects on the
primary composite outcome based on age, prior treatment
with calcifediol, or modality of hemodialysis (Table S1).

There was no difference in the risks of cardiovascular mor-
tality (HR 1.06; 95% CI 0.41-2.74), non-cardiovascular
mortality (HR 1.13; 95% CI 0.62-2.04), nonfatal myocardial
infarction (HR 0.20; 95% CI 0.02—-1.67) or nonfatal stroke
(could not be estimated) (Table 2). A significantly greater
proportion of patients in the calcifediol group (N =152,
36.4%) achieved normalization of serum 25-hydroxy vitamin
D compared with the control group (N=15, 10.6%): inci-
dence rates were 35.1 (95% CI 26.7-46.1) per 100 patient-
years in the calcifediol group and 8.9 (95% CI 5.4-14.8)
per 100 patient-years in the control group (incidence rate
ratio: 3.9, 95% CI 2.2-7.5, p<0.0001). Two and one patients
alone in the control and calcifediol group, respectively,
achieved vitamin D sufficiency (serum 25-hydroxy vitamin
D > 100 ng/ml). During treatment, the dose of activated

Table 3 Safety outcomes
(number of participants who
experienced at least one event)

Calcifediol (n=143) Standard care p value*
(n=141)

Serious adverse events 45 (31.5) 39 (27.0) 0.48
Life-threatening 7 (4.9) 5@3.5) 0.57
Hospitalization 21 (14.7) 16 (11.3) 0.51
Persistent or significant disability 1(0.7) 2(1.4) 0.62
Death from any cause 33 (23.1) 28 (19.9) 0.51

Hypercalcemia (> 10.5 mg/dl) 2(1.4) 8(5.7) 0.06

Hyperphosphatemia (> 5.5 mg/dl) 28 (19.6) 32 (22.7) 0.52

Other non-serious adverse events 20 (14.0) 9(6.4) 0.03

*Chi-square test or Fisher’s exact test
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vitamin D was reduced in 126 (74%) participants, 28 (51%)
had dose reductions in cinacalcet therapy, and 33 (15%)
received dose reductions in their phosphate binder therapy.
Rates of reduced doses in concomitant medications were
statistically similar between groups (Table S2).

Safety outcomes

Serious adverse events occurred at a similar frequency in
the treatment groups, 45 (32%) participants in the calcife-
diol group compared to 39 (27%) participants in the control
group (p=0.48) (Table 3). Two participants in the calcife-
diol and eight participants in the control group experienced
hypercalcemia requiring withdrawal of therapy. Hyperphos-
phatemia (> 5.5 mg/ml) occurred in 28 participants in the
calcifediol group and in 32 participants in the control group.
The risk of other adverse events was similar between treat-
ment groups (Table S3). Similar calcium, phosphate and par-
athyroid hormone levels between groups were reported dur-
ing the study period (Table S4). No difference was reported
between treatment groups.

Discussion

In adults treated with long-term hemodialysis who had circu-
lating 25-hydroxy vitamin D insufficiency, supplementation
with calcifediol did not prevent mortality or cardiovascular
events compared with standard care. Restoration of serum
total 25-hydtoxy vitamin D levels to > 30 mg/ml was higher
in the supplementation group compared with standard care,
although it was low overall (36% versus 11%). There did
not appear to be different rates of adverse events including
hypercalcemia or hyperphosphatemia in patients receiving
supplementation. These findings support existing evidence
that calcifediol therapy may restore insufficient circulating
levels of 25-hydroxy vitamin D without incurring adverse
effects on serum calcium and phosphate levels [14], although
there is little evidence that calcifediol treatment prevents
mortality or cardiovascular outcomes in this population.
The inconclusive effects of calcifediol supplementation
on cardiovascular events and all-cause mortality is in con-
trast with the available observational data and has a number
of possible explanations. First, vitamin D normalization
was achieved only in a small portion of patients (36%). This
could be due to limited enzymatic conversion of calcife-
diol to calcitriol relying mostly on extra renal tissues, and
it might prevent the detection of any beneficial effect with
calcifediol. Second, vitamin D supplementation may reduce
blood pressure, proteinuria, cardiac myocyte hypertrophy
and vascular calcification [15, 16]. However, cardiovascular
pathobiology for hemodialysis is very complex and involves
multiple pathways including oxidative stress, endothelial

dysfunction, malnutrition and inflammation [17]. There-
fore, the physiological changes associated with vitamin D
supplementation may not suffice to reduce mortality due
to competing biological mechanisms. Third, adverse vas-
cular processes leading to cardiovascular complications in
patients with advanced kidney disease may be so advanced
and thus unmodifiable by vitamin D supplementation. This
phenomenon has been demonstrated in relation to other car-
diovascular interventions (such as antihypertensive drugs
or statins) of proven benefit for other high cardiovascular
risk populations [18, 19]. Fourth, participants assigned to
the calcifediol group were treated with adequate doses of
Vitamin D Receptor Activators (either paracalcitriol or cal-
citriol), which may have higher Vitamin D Receptor affinity
compared to calcifediol thereby limiting the evaluation of
the effects of the intervention on cardiovascular outcomes.
Fifth, the statistical power and duration of the present study
might have been insufficient to observe any survival benefit
in hemodialysis patients receiving vitamin D compared with
placebo. Finally, the positive findings of the observational
study could be biased by residual confounding, and the true
link between vitamin D insufficiency and clinical outcomes
could be via unrelated pathways.

Our findings are consistent with results from a previ-
ous randomized controlled trial in 105 long-term dialysis
patients with vitamin D deficiency showing that nutritional
vitamin D (50,000 IU of ergocalciferol weekly or monthly)
corrects 25-hydroxy vitamin D levels but does not lower
mortality and cardiovascular events compared with placebo
[10]. Our results are also in agreement with randomized con-
trolled trials of cholecalciferol and calcifediol in the general
population. While the present study was underpowered for
the primary outcome, the results are concordant with a trial
among 25,781 older men and women in whom cholecalcif-
erol 2,000 IU per day had no effect on the risk of a major
cardiovascular event (myocardial infarction, stroke, or death
from cardiovascular causes) both in vitamin D-deficient
and not deficient participants [20]. Similarly, in a placebo-
controlled randomized controlled trial of 5,108 older men
and women, monthly vitamin D3 treatment had no effect on
cardiovascular disease incidence over 3.3 years regardless
of the presence of vitamin D deficiency or previous car-
diovascular disease [15]. In addition, no beneficial effect of
vitamin D supplementation on other clinical outcomes such
as incidence of falls, fracture and cancer were found in this
same study [21].

The current evidence in dialysis, combined with the lack
of efficacy shown in large trials in the broader population,
indicates that nutritional vitamin D agents may make little
or no difference to clinical outcomes in patients with end-
stage kidney disease. The ongoing pragmatic, registry-based
SIMPLIFIED trial comparing cholecalciferol (60,000 TU
fortnightly) to standard care in 4,200 dialysis patients is
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likely to provide definitive evidence for treatment on sur-
vival, cardiovascular events, quality of life, cancer and cost-
effectiveness [22].

The strengths of the present trial include investigation
of mortality and cardiovascular disease as core outcomes
identified by patients, caregivers and clinicians within the
Standardized Outcomes in NephroloGy (SONG) initiative
[23], a multicenter design having supervised administra-
tion of the medication and two years of treatment duration.
The limitations include the early termination of the trial
due to closure of the coordinating institution, leading to
an inadequate number of participants enrolled and a small
number of events for efficacy and safety outcomes which
may have led to ascertainment bias [23]. Serum calcitriol
and 24-metabolite levels were not measured, therefore we
were not able to evaluate whether the hydroxylation path-
ways (such as via 1-alpha-hydroxylation and 24-hydrox-
ylation) were influenced by calcifediol, thus leading to
inconclusive effects on mortality and cardiovascular
outcomes.

In conclusion, calcifediol supplementation for 2 years did
not appear to prevent mortality and improve cardiovascular
outcomes in hemodialysis patients with 25-hydroxy vitamin
D insufficiency.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40620-021-01104-z.
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