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Abstract

Objective Associations between 25 hydroxy vitamin

D [25(OH)D], adipokines levels, and insulin resis-

tance have been reported. The aim of this study was to

explore the effects of cholecalciferol supplementation

on vitamin D levels, insulin resistance, leptin, and

adiponectin levels in vitamin D-deficient peritoneal

dialysis (PD) patients.

Methods In nineteen vitamin D-deficient PD patients,

who were treated with cholecalciferol, fasting serum

glucose, insulin, adiponectin, leptin, 25(OH)D and

parathyroid hormone (PTH) were measured before and

after cholecalciferol replacement therapy. Eighteen

(94.7 %) PD patients with vitamin D deficiency were

receiving active vitamin D compounds (alphacalcifer-

ol) for PTH control. Alphacalciferol dosing was kept

constant during treatment with cholecalciferol.

Results While mean 25(OH)D significantly increased

from (10.2 ± 4.9 ng/ml) to (82.9 ± 56.5 ng/ml)

(p \ 0.05), mean homeostatic model assessment-insu-

lin resistance index significantly decreased from

(4.6 ± 3.6) to (2.8 ± 2.0) after cholecalciferol

replacement therapy (p \ 0.05). Serum leptin levels

(12.9 ± 17.6 ng/ml) significantly increased (18.1 ±

19.5 ng/ml) (p \ 0.05), while there was no change in

serum adiponectin, calcium, and phosphate after vita-

min D replacement. Serum PTH levels significantly

decreased from 551.9 ± 276.6 pg/ml to 434.0 ±

273.4 ng/ml.

Conclusions Cholecalciferol replacement therapy

significantly decreases PTH levels and insulin resis-

tance. The results of this study need to be confirmed in

larger clinical trials.

Keywords Cholecalciferol replacement � Insulin

sensitivity � Vitamin D deficiency � Adiponectin �
Leptin

Introduction

Adipocytes produce and secrete several proteins that

act as veritable hormones, collectively called adipo-

kines such as leptin and adiponectin, that play a central

role in whole-body homeostasis by influencing a

variety of biological and physiological processes,

including food intake, insulin action, lipid, and

glucose metabolism, regulation of energy balance,

coagulation, angiogenesis, and vascular remodeling.

Alteration in adipokines levels has been implicated in

the pathogenesis of insulin resistance, dyslipidemia,

and atherosclerosis [1–6].
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Glucose intolerance, alteration in adipokines levels,

hyperinsulinemia, and insulin resistance are the com-

mon findings in patients on dialysis. Several factors

such as uremic toxins, exercise tolerance, metabolic

acidosis and secondary hyperparathyroidism impli-

cated in the pathogenesis of these disturbances in

dialysis patients [7–10].

The relationship among serum 25(OH)D, adipo-

kines, and insulin resistance was reported in patients

with normal kidney functions [11–14]. Vitamin D

deficiency is very common in patients on chronic

dialysis [15–18].

The aim of this study was to investigate the effect of

vitamin D replacement with cholecalciferol in perito-

neal dialysis patients with vitamin D deficiency

on serum leptin, adiponectin levels, and insulin

resistance.

Materials and methods

We conducted a prospective clinical pilot study

in vitamin D-deficient PD patients to explore the

effects of cholecalciferol replacement on vitamin D

levels, PTH, insulin resistance, serum adiponectin, and

leptin.

Nineteen PD patients (11 men, 8 women) on

dialysis for longer than 3 months were studied. In all

patients, 25(OH)D level was less than 20 ng/ml

(\50 nmol/l). This study was approved by the insti-

tutional ethical committee.

Diabetic, clinically unstable patients, those with

tumors or inflammatory diseases (such as chronic

pulmonary disease, and malnutrition), and those

treated with immunosuppressives were excluded. No

patient showed signs of inflammation or infection

during the study period. No participant had morbid

obesity (BMI [ 40 kg/m2), infections, or any other

serious medical problems.

In our clinic, we prescribe cholecalciferol to all

CKD patients whose 25(OH) D levels are less than

30 ng/ml (75 nmol/l). In this study, all patients were

prescribed colecalciferol as a rutin protocol, 50 000 IU

orally once per week for 4–8 weeks. Calcitriol or

alphacalciferol dosing (if patients were on either of

these drugs) was held constant during treatment with

cholecalciferol. The levels of 25(OH) were rechecked

and, if still deficient, the patient was given another

course of cholecalciferol. Serum samples were taken

monthly for calcium and phosphorus and quarterly for

PTH for 3 months.

Patients were seen in the PD clinic every 4 weeks.

At the beginning of the study, serum levels of

corrected total calcium, phosphorus, albumin, total

protein, iPTH, and 25(OH)D were measured. The

usage of active vitamin D (1 alpha calcidiol and

calcitriol) was documented.

Body mass index (BMI) was calculated by dividing

the dry weight in kilograms by the square of the height

in meters. Total adipose tissue mass (TATM) was

assessed by means of bioelectrical impedance analysis

using a commercially available bioimpedance ana-

lyzer (Body Composition analyzer Type TBF-300 m).

Fasting samples of venous blood were obtained

from an antecubital vein between 08:30 and 09:00 h in

all subjects for the estimation of hormonal and general

analytical data. Blood samples were centrifuged

immediately, and the serum samples were stored at

-20 �C until analysis of the data.

25(OH) D levels were measured by radioimmuno-

metric assay (Recipe Chemical Instrument GmbH,

Munich Germany). Serum adiponectin levels were

determined using enzyme-linked immunosorbent assay

kits (Linco Research, St. Charles, MI, USA). Serum

leptin was measured using enzyme-linked immunosor-

bent assay kit (DRG instruments GmbH, Marburg,

Germany). The insulin levels were determined by

chemiluminescent-based Immulite 2000 system (DPC,

Los Angeles, CA, USA). Calcium, phosphate, alkaline

phosphatase, albumin, creatinine, glucose, cholesterol,

and triglycerides were measured using standard labo-

ratory techniques.

Assessment of insulin resistance using homeostatic

model assessment-insulin resistance (HOMA-IR)

Insulin resistance was assessed using the HOMA-IR

originally described by Matthews et al. [19].

HOMA-IR was calculated using the following

formula:

HOMA-IR Index: fasting glucoseðmg=dlÞ
� fasting insulinðlIU=mlÞ=405

Bioelectrical impedance analysis

Lean body mass and total percentage body fat were

determined using a bioelectrical impedance analyzer

(RJL Systems, Clinton Township, MI, USA).
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Statistical analyses

Data are presented as mean ± SD. The paired t test or

Wilcoxon signed-rank test was used when baseline data

were compared with those obtained during follow-up.

Correlation between 25(OH)D3 and PTH, BMD,

cholesterol, adiponectin, and leptin levels was tested

using Pearson and Spearman correlations where appro-

priate. A two-tailed p value of 0.05 was considered

significant. All statistical analyses were performed with

SPSS version 14.0 (SPSS Software, Chicago, IL, USA).

Results

Causes of renal failure in PD patients included chronic

glomerulonephritis (n = 6), hypertensive nephroscle-

rosis (n = 5), and unknown (n = 8). The mean age

was 47.2 ± 13.1 years. BMI, fat mass, fat percentage

were 26.2 ± 7.6 kg/m2, 15.7 ± 11.6 kg, and 21.1 ±

11.5, respectively.

All patients were on continuous ambulatory peri-

toneal dialysis (CAPD). According to the peritoneal

equilibration test (PET) performed in the last

6 months, mean ratio of solute concentrations in

dialysate and plasma (D/P ratio) for urea at 4 h’dwell

time was 0.75 ± 0.10. The mean of urea and creat-

inine clearance was 3.8 ± 4.2 ml/min. The mean

KT/V urea was 2.0 ± 0.3. Ten patients were using 2 L

1.36 % dextrose solutions (13.6 mg/ml glucose) 3

times and once 2 L icodextrin daily. Five patients were

on 2 times 2 L 1.36 % dextrose solutions (13.6 mg/ml

glucose) and once 2 L 2.27 % dextrose solutions

(22.7 mg/ml Glucose) and once 2 L icodextrin daily.

Two patients were on four daily CAPD exchanges

with 2 L 1.36 % dextrose solutions (13.6 mg/ml

glucose). Two patients were using three times 2 L

2.27 % dextrose solutions (22.7 mg/ml glucose) and

once 2 L icodextrin daily.

Eighteen (94.7 %) of the patients were taking 1 a
(OH)D therapy (p \ 0.05). The mean dose of 1 a
(OH)D was 0.54 ± 0.27 lg. No patients were taking

any multivitamin tablets.

While mean 25(OH)D significantly increased from

(10.2 ± 4.6 ng/ml) to (82.9 ± 56.5 ng/ml) (p \ 0.05),

mean HOMA-IR index significantly decreased from

(4.6 ± 3.6) to (2.7 ± 1.9) after vitamin D replacement

(p \ 0.05). Serum leptin levels (12.9 ± 17.6 ng/ml)

significantly increased (18.1 ± 19.5 ng/ml) (p \ 0.05)

while there was no change in serum adiponectin,

calcium, and phosphore. Serum PTH levels signifi-

cantly decreased from (551.6 ± 276.6 pg/ml) to

(434.0 ± 273.4 ng/ml) (Table 1).

After vitamin D replacement, HOMA-IR index

was positively correlated with serum leptin levels

(r = 0.510; p = 0.036). No significant correlation

between 25(OH)D and PTH, age, serum albumin,

and duration of dialysis was found in PD patients

(Table 2).

Discussion

We have regularly prescribed cholecalciferol for

dialysis patients with vitamin D deficiency in our

unit. Cholecalciferol replacement led to normalization

of 25(OH)D levels, and a decrease in PTH, and

HOMA-IR index in our study.

Eighteen (94.7 %) of PD patients with vitamin D

deficiency were receiving active vitamin D com-

pounds (alphacalciferol) for PTH control (p [ 0.05).

Alphacalciferol dosing was held constant during

replacement with cholecalciferol.

Table 1 Comparison of parameters in PD patients before and

after vitamin D replacement

Before vitamin D

replacement

After vitamin D

replacement

p value

Mean ± SD Mean ± SD

25OHD3 (lg/l) 10 ± 4.7 82.9 ± 56.5 0.000

HOMA-IR 4.3 ± 3.2 2.7 ± 1.9 0.010

Ins (liu/ml) 17.6 ± 11.2 11.9 ± 7.8 0.018

Leptin (ng/ml) 12.9 ± 17. 6 18.1 ± 19.5 0.001

Adip (lg/ml) 14.9 ± 12.0 16.1 ± 11.5 0.251

Glu (mg/dl) 95.4 ± 11.2 93.1 ± 12.2 0.670

BUN (mg/dl) 54.2 ± 16.3 52.8 ± 15.9 0.569

Cr (mg/dl) 9.4 ± 3.1 9.4 ± 2.9 0.925

Alb (g/dl) 3.1 ± 0.5 3.0 ± 0.4 0.269

Ca (mg/dl) 9.4 ± 0.9 9.2 ± 0.6 0.097

P (mg/dl) 4.7 ± 0.9 4.9 ± 1.4 0.776

PTH (pg/ml) 551.9 ± 276.6 434.0 ± 273.4 0.029

25OHD3 25-hydroxycholecalciferol, HOMA-IR homeostasis

model assessment-insulin resistance, Ins insulin, Adip
adiponectin, Glu glucose, BUN blood urea nitrogen, Cr
creatinine, Alb albumin, Ca calcium, P phosphore, PTH
parathormone

Bold means statistical significance (p \ 0.05)
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In our another study, we found that PD patients with

hypovitaminosis D are at higher risk of insulin

resistance even they are on active vitamin D treatment

for PTH control. In that study, we found a negative

correlation between serum 25(OH)D levels and insulin

resistance in PD patients and in multiple regression

analyses, the independent predictors of HOMA-IR

index were 25(OH)D levels, duration of dialysis and

percentage of fat in PD patients [20].

Several studies in patients with normal renal

function reported that vitamin D, or its active

metabolite 1,25-dihydroxyvitamin D (1,25(OH)2D),

improves insulin sensitivity, even in patients with

glucose metabolism parameters within normal ranges.

As the mechanisms which may lead to this effect

potential relationships with improvements in insulin

resistance, altered insulin receptor expression and

specific effects on insulin action were implicated. It

was reported that these actions may be mediated by

systemic or local production of 1,25(OH)2D or by

suppression of parathyroid hormone. The studies

performed in patients with normal renal function have

shown that insulin sensitivity is improved by as much

as 60 % when levels of vitamin D are increased from

25 to 75 nmol/l, and this is better than troglitazone

(54 %) or metformin (13 %) [21–23].

Kautzky-Willer et al. [24] investigated the effect of

a 12-week intravenous treatment with 1,25(OH)2D, on

glucose metabolism in 10 hemodialysis patients

compared with 10 healthy control subjects by the

frequently sampled intravenous glucose tolerance test,

analyzed with the minimal model technique. These

authors reported that intravenous vitamin D treatment

led to a significant reduction of parathyroid hormone

levels and to a complete normalization of insulin

sensitivity in the hemodialysis patients and that

intravenous 1,25(OH)2D improves insulin resistance

in uremic patients, acting per se or by reducing

secondary hyperparathyroidism.

Gunal et al. [25] examined the effect of a four-week

intravenous treatment with 1 alpha-hydroxyvitamin

D3 on insulin sensitivity in 14 patients on chronic

hemodialysis. The following treatment with 1 alpha-

hydroxyvitamin D3, levels of parathyroid hormone,

the insulin concentrations decreased and C-peptide

concentrations increased. These authors reported that

intravenous 1 alpha-hydroxyvitamin D3 treatment has

improved insulin sensitivity directly or by reducing

secondary hyperparathyroidism in uremic patients on

chronic hemodialysis.

Bonakdaran et al. [26] assessed the effect of oral

calcitriol on glucose metabolism in 27 patients on

hemodialysis. In patients who received oral calcitriol

for eight weeks, in blood sugar after 75 grams of

glucose, HOMA-IR, total cholesterol and triglycer-

ides, there was a significant decrease after the study

period. These authors reported that vitamin D has a

significant influence on glucose metabolism.

The studies have shown that increased PTH con-

centrations were associated with impaired glucose

tolerance and decreased insulin sensitivity. Treatment

with vitamin D decreases serum PTH levels [11–13]. In

our study, we detected a decrease in PTH levels after

replacement. Vitamin D may stimulate the expression

of insulin receptor and thereby enhance insulin respon-

siveness for glucose transport [27, 28]. Vitamin D

deficiency might induce a higher inflammatory

response, which is associated with insulin resistance

[29–31]. Vitamin D replacement may control all these

factors. We found a significant decrease in insulin

resistance after vitamin D replacement even the patients

had already been on active vitamin D.

Adiponectin is a multifunctional protein with

protective roles against the development of insulin

resistance, dyslipidemia, nonalcoholic fatty liver

Table 2 Correlation analysis of the patients according to

HOMA-IR

Before vitamin D

replacement

After vitamin D

replacement

HOMA-IR HOMA-IR

p r p r

Age (year) 0.162 -0.355 0.898 -0.340

25OHD3 (lg/l) 0.702 -0.100 0.355 0.2239

Leptin (ng/ml) 0.662 -0.115 0.036 0.510

Adip (lg/ml) 0.196 -0.330 0.379 -0.228

PTH (pg/ml) 0.433 0.204 0.808 0.064

Alb (g/dl) 0.169 0.350 0.221 0.313

Ca (mg/dl) 0.606 -0.135 0.495 0.178

P (mg/dl) 0.268 0.285 0.905 -0.031

BMI (kg/m2) 0.736 -0.099 0.404 0.152

25OHD3 25-hydroxycholecalciferol, HOMA-IR homeostasis

model assessment-insulin resistance, Ins insulin, Adip
adiponectin, Alb albumin, Ca calcium P phosphor, PTH
parathormone, BMI body mass index

Bold means statistical significance (p \ 0.05)
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disease, atherosclerosis, cardiac hypertrophy, and

ischemic injury. Obesity is associated with decreased

adiponectin levels [1–3].

Gannagé-Yared et al. [32] reported that higher

25(OH)D levels associated with higher adiponectin

levels, in a small population of young and lean

subjects with vitamin D sufficiency. Nimitphong et al.

[33] showed a positive relation between 25(OH)D and

adiponectin.

Vaidya et al. [34] reported in a cross-sectional

analyses performed on 1,206 women from the Nurses’

Health Study I (NHS) and 439 men from the Health

Professionals Follow-Up Study that higher 25(OH)D

concentrations were independently associated with

higher adiponectin concentrations in large populations

of women and men. Lorente-Cebrián et al. [11]

reported that 1,25(OH)2D attenuates adiponectin pro-

duction in human adipocytes, thereby reducing the

expression of both pro- and anti-inflammatory factors.

Menendez et al. [12] showed that vitamin D3 presents

a direct inhibitory effect on leptin secretion from

human adipose tissue culture. Vitamin D receptor has

been identified in preadipocytes [35, 36], and it is

possible that 1,25(OH)2D, the active form of this

vitamin, may regulate the adiponectin gene expres-

sion. As a hormone, vitamin D is thought to play a role

in regulating the production of tumor necrosis factor-a

[35], which is one of the proposed factors affecting the

synthesis of adiponectin [36]. However, we could not

find any change in serum adiponectin levels after

vitamin D replacement while serum leptin levels

increased significantly.

Our study has several limitations. The small sample

size limits the power of our study. It is not a placebo

controlled drug study. We prescribe cholecalcipherol

to all patients with vitamin D deficiency as a routine

approach. This study examined effect of this routine

approach on insulin resistance, serum leptin, and

adipoleptin levels in PD patients. Vitamin D studies in

patients on dialysis have predominantly used active

vitamin D compounds and focused on 1,25(OH)2D

deficiency. However, to our knowledge, this is the first

study to examine the effect of vitamin D replacement

with cholecalcipherol on serum leptin, adiponectin,

and insulin resistance in dialysis patients.

As a conclusion, our results show that insulin

resistance decreased after vitamin D replacement in

PD patients with vitamin D deficiency even the

patients had been on active vitamin D. However,

leptin levels increased while adiponectin levels did not

change after vitamin D replacement. Prospective

larger clinical trials are needed to more clearly define

these relations.
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