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CLINICAL STUDY

Effect of cholecalciferol replacement on vascular calcification and left
ventricular mass index in dialysis patients
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Abstract Keywords
Objective: The aim of this study was to determine the effect of oral cholecalciferol treatment on  Cholecalciferol, dialysis, left ventricular mass
vascular calcification, left ventricular mass index (LVMI) and other cardiac functions in dialysis index, treatment, vascular calcification

patients. Design and methods: A six-month course of oral cholecalciferol treatment was
recommended to dialysis patients with vitamin D insufficiency. While 26 patients were given
cholecalciferol treatment, 17 patients who could not tolerate to therapy received standard
therapy. Initial biochemical parameters were measured, and they were measured again after
6 months of treatment. Echocardiographic measurements were also performed, and the
vascular calcification score (VCS) was calculated at baseline and at the 6th month. Results: The
cholecalciferol replacement group showed no significant change in LVMI and VCS values
(p>0.05). However, while LVMI was similar between groups at initial evaluation, it was lower in
the cholecalciferol group at the 6th month when compared to the standard treatment group
(141.8+40.2 g/m2 vs. 166.3+31.4 g/mz; p =0.04). Likewise, left ventricular diastolic diameters
(488+51mm vs. 475+46mm; p=0.023) and left atrial diameters (41.2+89mm vs.
38.9+8.1mm; p=0.006) decreased in the cholecalciferol group. Additionally, significant
increases were observed in serum 25-hydroxyvitamin D (25(0OH)D) and albumin levels, with a
significant decrease in serum C-reactive protein levels. Conclusion: A lesser increase in left
ventricular mass and better diastolic functions was observed in dialysis patients after 6 months
of cholecalciferol treatment.
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Introduction In addition, it has been demonstrated in rat models that
treatment of vitamin D deficiency reduces LVH, and
enhances diastolic functions."*™'® Prospective studies have
demonstrated that cholecalciferol treatment reduces left
ventricular mass index (LVMI),”’18 but these are conflicted
because in recent randomized controlled trial, cholecalciferol
treatment did not change LVMI."’

The aim of the present study was to evaluate the effect of

The leading cause of mortality in patients with chronic kidney
disease (CKD) is cardiovascular events.! In these patients, left
ventricular hypertrophy (LVH) and vascular calcification play
an important role in the development of cardiovascular
diseases.”* A majority of patients with CKD have vitamin D
insufficiency, whose effect on the cardiovascular and muscu-

loskeletal systems, among others, is well known.*” In . e
. . . . oral cholecalciferol treatment on vascular calcification, left
observational studies, low vitamin D levels have been

shown to be associated with increased cardiovascular mor- ventricular mass index and other cardiac functions in dialysis
bidity and mortality.>° patients with stage 5 CKD.

Recently, localized production of calcitriol, which is
involved in modulation of cellular growth and differentiation
of epithelial cells, has been shown in other cell types. It is ~ Study population and study design
assumed that combination of a calcitriol analog with vitamin
D (cholecalciferol or ergocalciferol) is required to ensure that
vitamin D deficiency is also corrected.'''?

Materials and methods

Forty-three of 55 patients over 18 years of age who were on
dialysis treatment for more than 3 months were enrolled in
this study, while 12 patients were excluded. The exclusion
criteria were acute infection, chronic inflammation, malig-

nancy, chronic diarrhea, intestinal malabsorption, moderate-
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Hospital with serum 25-hydroxyvitamin D (25(OH)D) levels
<30ng/mL. Patients who did not tolerate or did not adhere
to cholecalciferol treatment were assigned to the standard
treatment group while the rest were recruited as the chole-
calciferol group. Baseline and 6th month measurements of
serum 25(OH)D levels were evaluated, along with routine
biochemical tests, echocardiographic data and vascular cal-
cification scores. Additionally, demographic data, and data on
primary renal disease, overall dialysis duration, accompany-
ing disease and medication were obtained from hospital
records. Informed consent was sought from all participants,
and the study was approved by Siileyman Demirel University
Faculty of Medicine, Ethics Committee of Clinical Trials
(2013/38).

Definition of vitamin D insufficiency and
cholecalciferol usage

Serum 25(OH)D levels below 30ng/mL were defined as
insufficiency of vitamin D. Oral cholecalciferol (Devit3®)
treatment was arranged as 50,000 IU/week for the first
3 months and 10,000 IU/week for the following 3 months
for patients with serum 25(OH)D level <15ng/mL. As
recommended by Garcia-Lopes et al., it was prescribed as
10,000IU/week for 6 months for patients with serum
25(0OH)D levels of 15-30ng/mL.%° All patients with second-
ary hyperparathyroidism were treated with calcitriol or
cinacalcet according to the Kidney Disease: Improving
Global Outcomes (KDIGO) guideline of 2009.%!

Laboratory analysis

Serum calcium (Ca), phosphate (P), albumin, triglyceride,
total cholesterol, LDL-cholesterol, HDL-cholesterol, intact
parathormone (iPTH), 25(OH)D, ferritin, C-reactive protein
(CRP) and total blood counts were measured at the baseline
and again 6 months after treatment. Total blood count
measurements were performed by impedance method, using
the Beckman Coulter LH780 Analyzer (Beckman Coulter
Inc., Brea, CA) autoanalyzer; biochemical tests by the
spectrophotometric method, using the Beckman Coulter
AUS800 (Beckman Coulter Inc., Brea, CA) autoanalyzer;
CRP by the nephelometric method, using the Beckman
Coulter Image (Beckman Coulter Inc., Brea, CA) device and
iPTH and 25(OH)D by the chemiluminescence method, using
the Beckman Coulter UniCel DxI 800 (Beckman Coulter Inc.,
Brea, CA) device. Serum calcium levels were corrected by
serum albumin levels. K#/V values were calculated for all
patients.

Echocardiographic evaluation

Transthoracic echocardiographic evaluation was performed
for all participants in accordance with the recommendations
of the American Echocardiography Society.”” The images
were obtained in supine position at 30 ° tilt, using the Philips
HD15 (Philips Medical Systems, Bothell, WA) echocardiog-
raphy device and a 1.2-4.3 MHz S2 probe. Two-dimensional
and M-mode measurements were performed along with apical
four-chamber, two-chamber and three-chamber views, all by
the same researcher.
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The diameter and volume of the left atrium, and diameter
of the left ventricle and ejection fraction (LVEF) were
measured. LVMI and vascular calcification scores were
calculated using the Devereux formula.”® The E/A ratio was
calculated for diastolic functions of the left ventricle by
measuring the velocity of transmitral E and A waves. E/E’
ratio of the mitral valve was calculated by tissue Doppler
sonography.

Vascular calcifications

Evaluation of vascular calcifications was performed by the
same researcher using the scoring system defined by Adragao
et al.?* for X-ray images. Posteroanterior hand and pelvis
graphs were performed on all participants; calcifications of
the radial and digital arteries on hand graph and iliac and
femoral arteries on pelvis graph were investigated. Each area
was scored ‘‘0’” for absence of vascular calcification and “‘1”’
for its presence, yielding a score of *‘0-8’’ points of vascular
calcification for each patient.

Statistical analysis

Statistical Package for Social Sciences (SPSS) software
version 15.0 for Windows (SPSS Inc., Chicago, IL) was
used to analyze the data. Continuous variables were presented
as mean and standard deviation, and categorical variables
were presented as percentages. Demographic and laboratory
data were compared at baseline and 6 months. Student’s 7-test
was used to compare continuous variables between the two
groups, and the chi-square test was used to compare
categorical variables. Paired sample r-testing was used in
the evaluation of data before and after treatment; p-value less
than 0.05 was considered statistically significant.

Results
Baseline characteristics

Mean age of the 43 participants was 55.4+14.9 years.
Twenty of the patients (46%) were male. Twenty-two patients
were on peritoneal dialysis, and 21 were on hemodialysis. The
calcium content of the dialysis solutions was 1.25 mmol/L.
Mean dialysis treatment duration was 52.1 + 56.3 months. The
etiologies of chronic renal disease were hypertension in 51%
of the patients, diabetes mellitus in 23%, chronic glomerulo-
nephritis in 12% and chronic pyelonephritis in 5%. The
etiology of the remaining 9% was unknown. Six patients had a
history of coronary artery disease, and seven patients had a
history of cardiac failure. Eighty-eight percent of the patients
had LVH, and 50% had vascular calcification. Baseline
demographic data and, clinical, laboratory and echocardio-
graphic findings for cholecalciferol and standard treatment
groups are set out in Table 1. Baseline characteristics of the
groups were similar.

Cholecalciferol group

Serum 25(OH)D levels of 73% of the cholecalciferol group
increased to normal range after treatment. None of the levels
were toxic for patients.

Significant decreases in left ventricular diameter (41.2 +
89mm vs. 38.9+8.1mm; p=0.006) and left ventricular
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Table 1. Baseline characteristics of study groups.

Standard
Cholecalciferol  treatment
group group
(n=126) (n=17) p Value
Age (year) 53.8+17.3 57.8+10.4  0.391
Male, n (%) 11 (42) 9 (53) 0.499
Hemodialysis, n (%) 13 (50) 8 (47) 0.850
Dialysis duration (month) 47.6 £ 60.4 58.8+50.5 0.529
Diabetes mellitus, n (%) 5(19) 5(29) 0.440
Smoking, n (%) 5(19) 4 (24) 0.735
Body surface area (m?) 1.67+0.24 1.68+0.19 0.822
Drugs, n (%)
ACEI/ARB 5(19) 5(29) 0.440
Calcium channel blockers 3 (12) 5(29) 0.141
Beta blockers 5(19) 4 (24) 0.735
Loop diuretics 6 (23) 4 (24) 0.973
Calcitriol 14 (54) 6 (35) 0.233
Cinecalcet 3 (12) 1(6) 0.532
CA/CC 16 (62) 11 (65) 0.834
Sevelamer 2 (8) 0 (0) 0.242
Erythropoetin analogue 15 (58) 9 (53) 0.759
Statins 2 (8) 3 (18) 0.319
Laboratory values
25(OH)D (ng/mL) 7.3+5.5 9.1+£139 0.558
K1V 19+1.0 2.1+0.9 0.690
Ca (mg/dL) 83+12 8.8+0.8 0.095
P (mg/dL) 48+1.1 52+1.2 0.301
Albumin (g/dL) 35+05 3.6+04 0.678
Uric acid (mg/dL) 59+1.2 6.1+2.0 0.727
iPTH (pg/mL) 464 +364 552+ 557 0.536
Hemoglobin (g/dL) 11.2+1.3 112+1.6 0.925
C-reactive protein (mg/dL) 7.3+4.6 92+53 0.216

Notes: ACEI: angiotensin converting enzyme inhibitor, ARB: angioten-
sin receptor blocker, CA: calcium acetate, CC: calcium carbonate, Ca:
calcium, P: phosphate, iPTH: intact parathyroid hormone. These values
were compared between groups with Student’s ¢-test or chi-square test.
Values are expressed as mean + SD, if not specified.

diastolic diameter (48.8+5.1mm vs. 47.5+4.6mm;
p=0.023) were observed. However, significant changes in
LVMI and vascular calcification scores were not found
(p>0.05, Table 2).

When baseline and 6th month laboratory analyses of the
cholecalciferol group were taken into consideration, a
significant increase was detected in serum albumin levels
(3.5+0.5g/dL vs. 3.7+0.5g/dL; p=0.03) with significant
decrease in CRP levels (7.3+4.6g/dL vs. 5.5+2.8g/dL;
p=0.014). No significant changes were observed in serum
Ca, P, iPTH and hemoglobin levels (p >0.05, Table 2).

Intergroup comparisons

While baseline LVMI values were similar for the cholecal-
ciferol and standard treatment groups, LVMI of the cholecal-
ciferol group was lower at the 6th month of treatment
(141.8 +40.2 g/m? vs. 166.3 + 31.4 g/m*, p=0.04, Figure 1).

When compared to the standard treatment group, there
were no significant changes in the cholecalciferol group in
terms of serum P, iPTH, albumin, hemoglobin, CRP, LVMI
and vascular calcification score, but calcium levels increased
(p=0.01, Table 3) and E/E’ decreased (p =0.007, Table 3).
In addition left atrial and left ventricular diastolic diameters
reduced slightly in the cholecalciferol group (p=0.05 and
p=0.06, Table 3).

Effect of cholecalciferol replacement on LVMI ~ 637

Table 2. Baseline and sixth month evaluations of cholecalciferol
treatment group (n = 26).

Baseline 6 months  p Value
25(0OH)D (ng/mL) 73+£55 38.0+132 0.001
Ca (mg/dL) 83+12 85+1.2 0.118
P (mg/dL) 48+1.1 49+1.4 0.643
iPTH (pg/mL) 464 +364 447.8+451.7 0.686
Albumin (g/dL) 3.5+0.5 3.7+0.5 0.031
Hemoglobin (g/dL) 11.2+1.3 10.7+1.5 0.051
C-reactive protein (mg/dL) 7.3+4.6 55+2.8 0.014
Left atrium diameter (mm) 412+89 389+8.1 0.006
Left atrial volume index (mL/m%) 30.5+8.6 29.5+8.7 0.515
Left ventricular end-diastolic 48.8+5.1 475+46 0.023
diameter (mm)
Mitral E velocity (cm/s) 8.1+2.2 79+22 0.767
Mitral A velocity (cm/s) 100+1.2 9.1+1.7 0.002
E/IA 0.8+0.3 09+0.3 0.170
Mitral annular early velocity 9.5+33 9.9+32 0.519
(E") (cm/s)
EIE 09+03 0.8+0.3 0471
LVEF (%) 63.7+59 63.8+5.0 0.943
Left ventricular mass index (g/m?) 138 +37.9 141.8+402  0.611
Vascular calcification score 1.6+2.1 1.8+2.1 0.096

Notes: Ca: calcium, P: phosphate, iPTH: intact parathyroid hormone.
Values are given as mean + SD. p-Value for a paired #-test for within
treatment groups variation over 6 months.
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Figure 1. Comparison of left ventricular mass index (LVMI) values of
study groups. These values were compared between standard treatment
and cholecalciferol groups with Student’s z-test. Note: Values (g/m?) are
expressed as mean + SD.

Discussion

The present study revealed that oral cholecalciferol treatment
for dialysis patients with vitamin D insufficiency decelerated
but did not reverse the progression of LVH; enhancement of
diastolic functions, nutritional status and inflammation was
also observed. Vitamin D insufficiency, frequency of LVH
and vascular calcification were found to be higher in dialysis
patients. No significant alterations were observed in serum Ca
and P levels or vascular calcification scores after cholecal-
ciferol replacement.

After 6 months of oral cholecalciferol replacement, Matias
et al. detected a significant decrease in LVMI of dialysis
patients at the 12th month.'” Similarly, Bucharles et al.
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Table 3. Comparison of baseline and sixth month evaluations of study
groups.

Baseline 6th month  p Value
25(0OH)D (ng/mL)
Standard treatment 9.1+13.9 12+6.6 <0.001
Cholecalciferol 7.3+£55 38.0+13.2
Ca (mg/dL)
Standard treatment 8.9+0.8 8.6+0.9 0.01
Cholecalciferol 83+1.2 8.5+1.2
P (mg/dL)
Standard treatment 5.0+£0.2 57+19 0.31
Cholecalciferol 48+1.1 49+14
iPTH (pg/mL)
Standard treatment 588 +612 617 +844 0.60
Cholecalciferol 464 +364 447.8 +451
Albumin (g/dL)
Standard treatment 3.6+0.5 35+03 0.15
Cholecalciferol 3.5+£0.5 3.7+£0.5
Hemoglobin (g/dL)
Standard treatment 109+14 10.7+1.6 0.64
Cholecalciferol 11.2+1.3 10.7+ 1.5
C-reactive protein (mg/dL)
Standard treatment 94+53 8.9+49 0.13
Cholecalciferol 73+4.6 55+28
Left ventricular mass
pindex (g/m?)
Standard treatment 146.5+41.4 1663+31.4 0.23
Cholecalciferol 138 £37.9 141.8 +£40.2
Left atrium diameter (mm)
Standard treatment 40.2+3.3 40.0+1.8 0.05
Cholecalciferol 41.2+89 38.9+8.1
Left ventricular end-diastolic
diameter (mm)
Standard treatment 489+5.9 494 +4.6 0.06
Cholecalciferol 48.8 +5.1 47.5+4.6
E/A
Standard treatment 0.8+0.3 09+0.2 0.62
Cholecalciferol 0.8+0.3 09+0.3
E/E/
Standard treatment 0.9+0.3 1.1+£0.3 0.007
Cholecalciferol 09+0.3 0.8+0.3
Left ventricular ejection fraction
(biplane) (%)
Standard treatment 63.8+7.3 64.6+5.7 0.71
Cholecalciferol 63.7+5.9 63.8+5.0
Vascular calcification score
Standard treatment 1.9+2.8 2.2+3.1 0.87
Cholecalciferol 1.6+£2.1 1.8+2.1

Notes: Ca: calcium, P: phosphate, iPTH: intact parathyroid hormone.
Values are given as mean + SD. p-Values represent the probability of a
difference in response to treatment between group. Statistics are
performed with Student’s #-test. Statistical significant difference from
baseline compared with paired #-test.

observed a significant decrease in LVMI after 6 months of
oral cholecalciferol treatment in hemodialysis patients with
vitamin D insufficiency that did not have hyperparathyroid-
ism."® The present study demonstrated that oral cholecalcif-
erol treatment did not regress LVMI but decelerated its
progression significantly by comparison with the standard
treatment group. The mean overall dialysis duration of these
patients was longer than the dialysis duration in both previous
studies, which may explain why LVMI did not regress
significantly after cholecalciferol treatment. Additionally, the
lack of control groups was acknowledged as a limitation of
those two studies.

In a 6-month placebo controlled randomized study of
3000 IU/day cholecalciferol treatment on dialysis patients,

Ren Fail, 2015; 37(4): 635-639

Mose et al. observed no enhancement in LVMI and cardiac
functions.'” This finding may have resulted from administra-
tion of low-dose cholecalciferol.

Left atrial enlargement and increased left ventricular mass
are related to increase in cardiovascular risk.”>® Animal
studies have shown that vitamin D treatment enhances left
ventricular diastolic functions.'*'® In a study by Tamez
et Al. on stage 2-4 CKD patients with LVH, it was shown
that 48 weeks of oral paricalcitol treatment reduced left atrial
volume index but did not affect other echocardiographic
parameters.”’ In the present study, significant decrease was
detected in the diastolic diameters of left atrium and left
ventricle after cholecalciferol treatment.

There is conflicting evidence concerning the effect of
vitamin D on vascular calcification. It has been reported
that high-dose usage of vitamin D analogues may increase
vascular calcifications.,28 but claims have also been made of
a negative correlation between serum 25(OH)D levels and
vascular calcification.” In a placebo controlled randomized
study on hemodialysis patients, Delanaye et al. stated that
cholecalciferol treatment did not alter vascular calcification
scores at the end of a one-year period.”® In the present
study, vascular calcification scores also remained
unchanged, although here-cholecalciferol was administered
in higher doses and for a shorter period. From these
results, it may be assumed that cholecalciferol treatment
over a six-month period would not increase vascular
calcification in patients whose Ca and P metabolisms are
under control.

Bucharles et al. observed, a significant decrease in high-
sensitivity-CRP and IL-6 levels after 6 months of oral
cholecalciferol treatment.'® Matias et al. also found that
CRP levels decreased significantly.'” These findings are
supported in the present study, as there was a significant
decrease in CRP levels, which may be explained by the anti-
inflammatory effects of vitamin D.

In their study on hemodialysis patients, Matias et al.
detected a positive correlation between serum 25(OH)D
levels and albumin, which they attributed to malnutrition,
accompanied by insufficient vitamin intake and reduced
exposure to daylight.®' It has been reported that cholecalcif-
erol treatment increases serum albumin levels of dialysis
patients,”’32 and a small increase in serum albumin level after
cholecalciferol treatment was also observed in the present
study. However, this increment was not statistically signifi-
cant when compared to the standard treatment group.

A relationship has previously been reported between
malnutrition—inflammation syndrome and endothelial dys-
function in hemodialysis and peritoneal dialysis patients.*~*
The effect of cholecalciferol treatment on malnutrition—
inflammation syndrome in dialysis patients is unknown. In
the present study, a positive effect on nutrition and inflam-
mation was observed for cholecalciferol treatment.
Randomized controlled trials are required to clarify this issue.

The limitations of the present study are the lack of
randomization, lack of statistical power analysis, relatively
small patient numbers and a short follow-up period. The
strengths of this study include the use of a control group with
similar characteristics to the patient group, evaluation of
vascular calcifications, and its contribution to the literature as
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the first study to evaluate the addition of cholecalciferol to
standard treatment.

In summary, six months of oral cholecalciferol treatment
decelerates the increase in left ventricular mass, reduces
inflammation and enhances diastolic functions. However, the
treatment seems to be ineffective in respect of vascular
calcification. For greater certainty, long-term randomized
controlled studies are required.
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