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Introduction: Vitamin D (25-hydroxyvitamin D, 25(OH)D) deficiency, hypovitaminosis D, is highly prevalent in

chronic kidney disease patients and is potentially involved with complications in the hemodialysis (HD) population.

The aim of this study was to evaluate the impact of cholecalciferol supplementation on biomarkers of mineral metab-

olism, inflammation, and cardiac function in a group of HD patients presenting with hypovitaminosis D and low intact

parathyroid hormone (iPTH) levels.

Material andMethods:HDpatients with iPTH levels of,300 pg/mL, not receiving vitamin D therapy, and present-

ing with 25(OH)D levels of ,30 ng/mL were enrolled in this prospective study. Oral cholecalciferol was prescribed

once a week in the first 12 weeks (50,000 IU) and in the last 12 weeks (20,000 IU) of the study. High-sensitivity

C-reactive protein, interleukin-6, and serum albumin were used as inflammatory markers. Echocardiograms were

performed on a midweek interdialytic day at baseline and after 6 months of cholecalciferol supplementation.

Results: In all, 30 patients were included in the final analysis. We observed a significant increase in serum 25(OH)D

levels after 3 months (46.26 14.4 ng/mL vs. 18.16 6.6 ng/mL; P, .001) and after 6 months (40.46 10.4 ng/mL vs.

18.16 6.6 ng/mL; P, .001) of cholecalciferol supplementation. There were no significant changes in alkaline phos-

phatase, iPTH, phosphorus, and serum albumin levels, but there was a slight but significant increase in calcium levels

after 6 months of cholecalciferol supplementation (9.4 6 0.6 mg/dL vs. 9.0 6 0.6 mg/dL; P 5 .02). Additionally, we

observed a significant reduction in high-sensitivity C-reactive protein levels after 3 months (median: 0.62 [0.05 to

29.6] mg/L vs. 0.32 [0.02 to 3.13] mg/L; P 5 .02) and after 6 months (median: 0.62 [0.05 to 29.6] mg/L vs. 0.50

[0.02 to 5.66] mg/L; P 5 .04) of cholecalciferol supplementation, as well as a significant reduction in interleukin-6

levels (median: 6.44 pg/mL vs. 3.83 pg/mL; P5 .018) after 6 months of supplementation. Left ventricular mass index

was significantly reduced at the end of supplementation (159 6 55 g/m2 vs. 175 6 63 g/m2; P 5 .03).

Conclusions: Cholecalciferol supplementation in HD patients was found to be safe and efficient to correct hypo-

vitaminosis D and established little impact on mineral metabolism markers. Additionally, we observed a reduction in

important surrogate markers of cardiovascular risk, namely systemic inflammation and left ventricular hypertrophy,

suggesting an anti-inflammatory action and possibly an improvement of cardiac dysfunction.
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LES ET AL
CARDIOVASCULAR DISEASE (CVD) is
a major cause of morbidity and mortality in

chronic kidney disease (CKD) population,1 and
although traditional cardiovascular risk factors (hy-
pertension, diabetes mellitus, dyslipidemia) are fre-
quent in these patients, the pathogenesis of CVD
involves the interplay of traditional risk factors
and uremia-related factors, such as mineral metab-
olism disorders2 and systemic inflammation.3

Hypovitaminosis D (vitamin D deficiency) is
frequently observed among CKD patients, partic-
ularly in those on hemodialysis (HD) treatment.4-6

Vitamin D receptors (VDRs) are found ubi-
quitously throughout the body, and most tissues
and many cells possess the enzymatic mecha-
nisms (1-alpha hydroxylase) to convert vitamin D
into its active form, 1,25-dihydroxyvitamin D
(1,25(OH)2D; calcitriol). Indeed, an activated
VDR exhibits classic actions related to bone
and mineral metabolism and other so-called
noncalcemic actions, especially in the cardiovascu-
lar system and many different cells of immune sys-
tem,7,8 potentially acting as a cell differentiating
factor and antiproliferative agent.9 In fact, hypovi-
taminosis D has been recently associated with
higher risk of CVD in CKD and in the general
population.10-12

Bone and mineral metabolism guidelines for
CKD patients recommend the measurement of
25-hydroxyvitamin D (25(OH)D) levels in pa-
tients with CKD stages 3 to 5 and those on dialysis,
independently of intact parathyroid hormone
(iPTH) levels, and replacement therapy with ergo-
calciferol or cholecalciferol in those who present
with hypovitaminosis D.13 However, there is no
consistent background information supporting
the need for screening hypovitaminosis D in the
dialysis population with low iPTH and its associa-
tion with asymptomatic CVD and inflammation.
Moreover, the impact of hypovitaminosis D cor-
rection with cholecalciferol on left ventricular
hypertrophy (LVH) and inflammation, both surro-
gate markers of CVD, has not been consistently
demonstrated in the literature, particularly in pa-
tients with low levels of iPTH.

Thus, the aims of this study were to evaluate the
effects of oral cholecalciferol supplementation on
mineral metabolism parameters, inflammation
biomarkers, and echocardiographic variables in
CKD HD patients with hypovitaminosis D and
low iPTH levels.
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Materials and Methods

Study Design

This was a prospective study of stable HD pa-
tients from a single renal replacement therapy
center performed during fall and winter of 2010
in the city of Curitiba, Brazil.
Population

A total population of 384 HD patients
was screened for the study. History of CVD,
iPTH levels of .300 pg/mL, and utilization of
vitamin D supplementation or analogs were used
as exclusion criteria. History of CVD (coronary
artery disease, chronic heart failure, and valvular
diseases) was an exclusion criterion to avoid the
interference of previous cardiac disease on the
analysis of the myocardial impact of cholecalcif-
erol. Similarly, patients with high iPTH levels
were excluded to isolate the known effects of
parathyroid hormone on the myocardium. Addi-
tionally, we excluded patients with inflammatory
conditions, including malignances, chronic infec-
tions, and autoimmune diseases. Of the original
population, 45 patients fulfilled the inclusion and
exclusion criteria.
All patients underwent dialysis sessions with

low-flux polysulfone membranes, and the dialysate
calcium concentration was 3.5 meq/L during the
study. Dialysis dosewas delivered to achieve a Kt/V
of .1.2. Hemoglobin levels were monitored to
achieve K/DOQI-recommended parameters, and
all patientswere on epoetin-alpha therapy. The tar-
get level for ferritin was between 200 ng/mL and
800 ng/mL, and intravenous iron saccharate was
used when needed. Patients who were lost to
follow-up were also excluded from final analysis
(8 patients underwent renal transplantation, 2 pa-
tients died from cardiovascular causes, 4 patients
changed to peritoneal dialysis, and 1 patient was
transferred to another dialysis facility), and after
a 6-month period, we were able to analyze the
baseline and final data from 30 patients.
Systolic blood pressure and diastolic blood pres-

sure were measured during midweek HD sessions
before beginning the study and in the last month
of cholecalciferol supplementation. Pulse pressure
was calculated using the following formula: PP 5
SBP 2 DBP (where PP 5 pulse pressure, SBP 5
systolic blood pressure, DBP 5 diastolic blood
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pressure), on the basis of blood pressure evaluation
shortly before the HD sessions. Antihypertensive
therapy, especially use of angiotensin-converting
enzyme inhibitors and angiotensin II receptor
blockers, as well as therapy with statins, was
evaluated before and after cholecalciferol
supplementation.

Oral cholecalciferol (Farmadoctor Pharmacy,
Curitiba, Brazil) was prescribed once a week in
the first 12 weeks (50,000 IU) and in the last 12
weeks (20,000 IU) of the study. To monitor com-
pliance, dialysis nurses administered cholecalcif-
erol immediately after HD sessions.

Biochemical Analysis

All the biochemical variablesweremeasured be-
fore beginning supplementation therapy and at the
end of the study (6-month period observation).
Blood samples to measure serum calcium, phos-
phorus, alkaline phosphatase, hemoglobin, and al-
bumin levels and to determineKt/Vwere obtained
immediately before the first midweek dialysis ses-
sion in the beginning and during the last midweek
dialysis session in the last month of the study.

Serum 25(OH)D level was determined by
chemiluminescence method (DiaSorin LIAISON
25OH Vitamin D assay, Diasorin Inc. Stillwater,
Minnesota),14 with intra-assay and interassay coef-
ficients of variability of, on average, 4% and 6%, re-
spectively. The normal range used for 25(OH)D
was 30 ng/mL to 60 ng/mL, and levels .150
ng/mL were considered to be in the toxic range.
Total iPTH (1-84) was evaluated by a radioimmu-
noassay, with normal values ranging from 12 pg/
mL to 65 pg/mL. Serum albumin level was mea-
sured using a colorimetric assay. Interleukin-6
(IL-6) level was measured by the Enzyme Linked
Immuno Sorbent Assay technique, and high-
sensitivity C-reactive protein (hs-CRP) level was
assessed by nephelometry.3

Echocardiographic Analysis

Echocardiograms were performed on the mid-
week interdialytic day, between 8 A.M. and 1 P.M.,
as previously recommended.15 The same experi-
enced cardiologist (S.H.B.) performed all exami-
nations using a commercially available ultrasound
system (Philips Envisor CD Ultrasound, Phillips
Inc., Andover, Massachusetts) equipped with
a 2.5-MHz transducer. The echocardiographer
was blinded to patients’ clinical and laboratory
conditions (before and after cholecalciferol admin-
istration). According to the Penn convention,16

linear measurements were obtained from M-
mode calculations. The left ventricular mass index
(LVMI) was calculated using the Devereux for-
mula17 and indexed to body surface area. The
combination of LVMI and relative wall thickness
(2 3 mean wall thickness/LV diastolic diameter,
where LV 5 left ventricular) defined 4 LV
geometric patterns: normal geometry, concentric re-
modeling, eccentric LVH, and concentric LVH.
Relative wall thickness reference cutoff value
of 0.4518,19 separated eccentric (below) from
concentric (above) LVH. Concentric remodeling
was defined as normal LV mass plus an increased
relative wall thickness. Ejection fraction was
calculated by Simpson’s method, and Doppler
mitral flow velocities were recorded from the
apical 4-chamber view, as recommended by the
American Society of Echocardiography.18 Ejec-
tion fraction of ,55% was considered as being
diagnostic of systolic dysfunction.
Peak early (E) and atrial (A) transmitral veloci-

ties, E/A ratio, and deceleration time of early
diastolic filling were measured. Time doppler im-
aging (TDI) of mitral annular velocities were ob-
tained with a small (2 mm) sample volume
placed sequentially at the septal and lateral junc-
tions of the LV wall with the mitral annulus.20

Early (E’) and late (A’) diastolic mitral annular ve-
locities, E’/A’ ratio, and E/E’ ratio presented in
our study represent the mean value between the
two sites. All velocities and intervals were averaged
over 3 cardiac cycles. Diastolic dysfunction was
defined by: (1) E/A of ,1; (2) E/A of .2; or
(3) E/A of between 1 and 2, with concomitant
E/E’ of .10. Left atrial volume was determined
through 2-dimensional biplane Simpson’s
method.19 Measurements were made at end sys-
tole and indexed to both body surface area
(BSA) (left atrial volume index (LAVi)–BSA) and
height2.7 (LAVi–height2.7).21 Normal LAVi–BSA
has been determined to be 22 6 6 mL/m2; how-
ever, a cutoff value of 32 mL/m2 was indicative of
major cardiovascular risk.22
Statistical Analysis

All tests were performed using JMP Windows
8.0 (SAS Institute Inc., Cary, North Carolina).
Categorical variables were expressed as frequen-
cies, mean values with standard deviation for



Table 1.Clinical and Biochemical Parameters Before and After 6Months of Cholecalciferol Supplementation
(N 5 30)

Clinical and Biochemical Characteristics Baseline 6 Months P

Age (mean 6 SD/years) 59 6 15

Female gender (%) 53

Diabetic (%) 33
Time on HD (median: range, months) 23 (4–60)

ACEIs (%) 56 60 N/S

ARBs (%) 3 3 N/S

Antihypertensive therapy (%) 96 96 N/S
SBP (mm Hg; mean 6 SD) 139 6 16 138 6 20 N/S

DBP (mm Hg; mean 6 SD) 82 6 8 83 6 9 N/S

Pulse pressure (mm Hg; mean 6 SD) 57 6 12 54 6 14 N/S

Dry weight (kg; median: range) 69 (48–88) 69 (48–90) N/S
Hemoglobin (g/dL; mean 6 SD) 11.7 6 1.4 12.4 6 1.4 N/S

Kt/V 1.4 6 0.3 1.4 6 0.3 N/S

Epoetin-alpha (IU/kg/week; median: range) 122 (31–247) 120 (44–250) N/S
Statin therapy (%) 56 56 N/S

SD, standard deviation; HD, hemodialysis; ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II recep-

tor blockers; SBP, systolic blood pressure; DBP, diastolic blood pressure; SD, standard deviation; Kt/V, eKt/V; N/S,

not significant.
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normally distributed variables, and median values
with interquartile ranges for non-normally dis-
tributed variables. Comparison among variables
at baseline, 3 months, and 6 months of cholecalcif-
erol supplementation was performed with analysis
of variance or Friedman repeatedmeasure analysis.
Comparison between variables at baseline and af-
ter 6 months of supplementation was performed
using Student paired t test or Wilcoxon signed
rank test. We considered P,.05 to be statistically
significant.
Results

The study population included 30 patients with
mean age of 59 6 15 years, 53% females, and on
HD for a median of 23 (range: 4 to 60) months.
Ten patients (33%) had diabetes, and all but one
patient were on antihypertensive therapy. The
Table 2. Mineral Metabolism Parameters Before and Afte
(N 5 30)

Biochemical

Parameters

25(OH)D (ng/mL; mean 6 SD)

Calcium (mg/dL; mean 6 SD)
Phosphorus (mg/dL; mean 6 SD)

Alkaline phosphatase (IU/L; mean 6 SD)

Intact parathyroid hormone (pg/mL; mean 6 SD)

25(OH)D, 25-hydroxyvitamin D.
baseline clinical and biochemical characteristics
of our study population are reported in Table 1.
After 6 months of cholecalciferol supplementa-

tion, there were no changes in hemoglobin levels,
use of antihypertensive therapy, statins and
epoetin-alpha use, as well as systolic, diastolic,
and pulse pressures (Table 1).
Moreover, we observed a significant increase in

serum 25(OH)D levels after 3 months (18.16 6.6
ng/mL vs. 46.26 14.4 ng/mL; P,.001) and after
6 months (18.16 6.6 ng/mL vs. 40.46 10.4 ng/
mL; P,.001; Table 2 and Fig. 1) of cholecalciferol
supplementation, with most patients presenting
with normal 25(OH)D. There was no significant
change in alkaline phosphatase, iPTH, and phos-
phorus levels, but there was a significant increase
in calcium levels after 6 months of cholecalciferol
supplementation, compared with baseline values
(9.0 6 0.6 mg/dL vs. 9.4 6 0.6 mg/dL; P 5 .02;
r 6 Months of Cholecalciferol Supplementation

Baseline 6 Months P

18.16 6.6 40.4 6 10.4 ,.001

9.0 6 0.6 9.4 6 0.6 .02
4.8 6 1.1 5.1 6 1.7 N/S

78.1 6 29.6 80.5 6 36.6 N/S

165 6 80 184 6 139 N/S
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Figure 1. 25-hydroxyvitamin D levels at baseline
and after 3 and 6 months of cholecalciferol supple-
mentation (N 5 30).
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Table 2). Only 2 patients presented with calcium
levels of $10.5 mg/dL after 3 months of supple-
mentation, and 1 patient presented with calcium
levels of 10.5 mg/dL after 6 months of
supplementation.

Additionally, we observed a significant reduc-
tion in hs-CRP levels after 3 months (median:
0.62 [0.05 to 29.6] mg/L vs. 0.32 [0.02 to 3.13]
mg/L; P 5 .02) and after 6 months (median:
0.62 [0.05 to 29.6] mg/L vs. 0.50 [0.02 to 5.66]
mg/L; P5.04; Table 3) of cholecalciferol supple-
mentation, as well as a significant reduction in IL-6
levels (median: 6.44 [1.36 to 19.58] pg/mL vs.
3.83 [0.78 to 19.45] pg/mL; P 5 .018) after 6
months of cholecalciferol supplementation
(Table 3 and Fig. 2). Therewas no change in serum
albumin levels before and after supplementation
(Table 3).

At echocardiographic evaluation, we observed
that LVMI was significantly reduced at the end
of supplementation (175.1 6 63.1 g/m2 vs.
159.0 6 55.2 g/m2; P 5 .03; Fig. 3 and Table 4).
There were no significant changes in mean systolic
and diastolic LV diameters, as well as in relative
wall thickness. We also observed no significant
Table 3. Inflammation Biomarkers Before and After 6 Mo

Inflammation Biomarkers Baseline

Serum albumin (mean 6 SD) 4.2 6 0.4

hs-CRP (mg/L; median: range) 0.62 (0.05-29.6

IL-6 (pg/mL; median: range) 6.44 (1.36-19.5

hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6
changes in the prevalence of systolic and diastolic
dysfunction, as well in valvular calcification,
when we compared values obtained at baseline
with those obtained after 6 months of cholecalcif-
erol supplementation.
Discussion

CVD is the main cause of death in CKD pa-
tients,23 and many traditional and nontraditional
risk factors, including disturbances of mineral me-
tabolism, are involved in the pathogenesis of CVD
in uremia.24 In the present study, we observed that
HD patients with hypovitaminosis D and low
iPTH levels presented with a reduction in bio-
markers of inflammation and in LVMI after 6
months of supplementation with cholecalciferol.
Hypovitaminosis D is a very common finding in

HD population,6 in patients not on dialysis ther-
apy,25 as well as in the general population.26 The
interest in studying the mineral effects of
supplementation with cholecalciferol in CKD pa-
tients with low vitamin D levels has increased after
2 recent observations: first, although kidneys are
the primary site for hydroxylation of vitamin D
by 1-alpha hydroxylase, this enzyme was localized
in awide variety of tissues that present with the en-
zymatic machinery to produce 1,25(OH)2D,
pointing to the importance of vitamin D status, es-
pecially in the cardiovascular and immune systems.
Second, several studies demonstrated an association
between hypovitaminosis D and cardiovascular risk
in CKD patients and in the general population11,12

by mechanisms that are not fully understood.
Indeed, these mechanisms may involve inadequate
VDR activation in the cardiovascular tissue8,26

and the immune system. Because immune
dysfunction and CVD are extremely common in
the CKD population,24 the potential benefits of
vitamin D supplementation may be greater than
in the other group of patients.
The replacement of 25(OH)D in CKDHD pa-

tients has been previously studied,27-29 focusing
on safety, effectiveness, and effects on mineral
nths of Cholecalciferol Supplementation (N 5 30)

6 Months P

4.3 6 0.3 N/S

) 0.5 (0.02-5.66) .04

8) 3.83 (0.78-19.45) .018

.
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Figure 2. Interleukin-6 levels at baseline and after 6
months of cholecalciferol supplementation (N5 30). 80 

100 

120 

140 

160 

180 

200 

220 

240 

260 
P = .035

L
e
f
t
V
e
n
t
r
ic
u
la
r
m
a
s
s
in
d
e
x
(
g
/m

2
)
 

Baseline            6 Months 

Figure 3. Left ventricular mass index (g/m2) at base-
line and after 6 months of cholecalciferol supple-
mentation (N 5 30).
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metabolism parameters. Similar to previous
reports,29 we observed that cholecalciferol was ef-
ficient in normalizing serum 25(OH)D levels and
showed no major side effects with regard to min-
eral metabolism, although we observed that 2
patients and 1 patient showed hypercalcemia (cor-
rected total calcium level of.10.4 mg/dL) after 3
months and after 6 months of cholecalciferol sup-
plementation, respectively.

There are descriptions of associations between
systemic inflammation and vitamin D deficiency
in experimental studies. Vitamin D (calcitriol)
could potentially induce a better profile of cyto-
kine network, decreasing the expression of IL-6,
interleukin-1, and interferon-gamma and pro-
moting upregulation of the anti-inflammatory cy-
tokine interleukin-10.30-32 In humans, systemic
inflammation is frequently observed in dialysis
patients, and it is a significant predictor of
mortality in this population.33 Although
multiple causes are most likely involved, hypovita-
Table 4. Echocardiographic Parameters at Baseline and
(N 5 30)

Echocardiographic Parameters Bas

LVMI (g/m2; mean 6 SD) 175.1
Systolic dysfunction* (%) 1

Diastolic dysfunction† (%) 8

Valvular calcification (%) 2

Relative wall thickness 0.48
Systolic left ventricular diameter (mm) 32

Diastolic left ventricular diameter (mm) 51

LVMI, left ventricular mass index.

*Systolic dysfunction 5 ejection fraction (by Simpson’s metho
†Diastolic dysfunction 5 E/A of ,1; (2) E/A of .2; or (3) E/A o
minosis D represents an unrecognized (and poten-
tially reversible) factor playing a role in the
generation of this inflammatory state. Our results
showed a significant reduction in hs-CRP and
IL-6 levels after cholecalciferol supplementation,
which is in agreement with previous reports.34,35

This could reflect an anti-inflammatory effect of
vitamin D and could potentially represent a new
therapeutic opportunity to reduce systemic in-
flammation and mortality in CKD HD patients.
LVH is the most frequent cardiovascular abnor-

mality in HD patients and is a strong predictor
of mortality in this population.36,37 The patho-
genesis of LVH has been extensively studied in
uremia, and although traditional risk factors such
as fluid overload, hypertension, and anemia are
involved, they cannot fully explain the changes
observed in the uremic myocardium.
After 6 Months of Cholecalciferol Supplementation

eline 6 Months P

6 63.1 159.0 6 55.2 .03
0 13 N/S

0 76 N/S

6 30 N/S

6 0.1 0.48 6 0.08 N/S
6 5 35 6 4 N/S

6 5 50 6 4 N/S

d) of ,55%.
f between 1 and 2, with concomitant E/E’ of .10.
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Hypovitaminosis D potentially plays a signifi-
cant role in the myocardiopathy related to CKD,
as 1,25(OH)2D acts as a negative regulator of
renin–angiotensin synthesis, which induces in-
flammatory changes in the myocardium, leading
to hypertrophy and fibrosis.38,39 In our study, we
observed a significant reduction in LVH after 6
months on cholecalciferol treatment. Indeed,
there are previous studies that observed the
impact of 1,25(OH)2D

40,41 and cholecalciferol
on myocardial mass and function,34,42 but
these studies included patients with several
degrees of myocardial dysfunction, including
patients with coronary artery disease and those
with secondary hyperparathyroidism, who were
receiving concomitant 1,25(OH)2D therapy.

In CKD patients, excessive iPTH influences car-
diovascular structure and function,43 inducing LVH
through cardiomyocyte hypertrophy and interstitial
fibrosis. In some clinical studies, cholecalciferol
therapy induced a reduction in LVH in parallel to
a decrease in iPTH levels.34,42 The present study
sheds light in this area, isolating the deleterious
action of iPTH in the myocardium, as the studied
patients presented at the baseline with already
low iPTH levels (,300 pg/mL), which were
not affected by vitamin D supplementation.
Indeed, this is the first report of a reduction in
LV mass in a selected group of patients with
low levels of iPTH (supposedly without
hyperparathyroidism) and not receiving any other
form of vitamin D, suggesting a direct effect of
25(OH)D on myocardial cells, where it can act as
an antiproliferative and cell differentiating factor.8,44

Our study has some limitations, as it did not in-
clude a control group, had a relatively low number
of patients, and presented a short time of follow-up
to capture echocardiographic changes. However,
maintaining patients with hypovitaminosis D in
placebo treatment would present ethical issues.
Also, selecting a population with low iPTH levels
and without concurrent vitamin D therapy and
no previous CVD definitely limits the recruitment
of eligible patients. However, this highly selected
population reinforces the principle that vitamin D
repletion may have direct benefits on myocardial
structure, independent from calcium, phosphorus,
and parathyroid hormone levels. We believe that
this highly selected population indeed represents
an opportunity to analyze the effects of vitamin D
supplementation that are not related to mineral
metabolismactions. Further studieswill need to ad-
dress the long-term effects of vitamin D nutritional
supplementation on the myocardial function and
structure.
In conclusion, cholecalciferol supplementation

in HD patients was safe and efficient to correct hy-
povitaminosis D and demonstrated little impact on
mineral metabolism. Additionally, there was a re-
duction in important surrogate markers of cardio-
vascular risk, namely systemic inflammation and
LVH. This study suggests that vitamin D plays
a pivotal role in uremic CVD and its supplementa-
tion should be considered even in the absence of
mineral metabolism disorders, after hypovitami-
nosis is detected.
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