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CLINICAL STUDY

Effect of Activated Vitamin D on Glucoparameters in HCV Seropositive
and Seronegative Patients on Chronic Hemodialysis

M.A. Ibrahim1, D. Sany1, Y. El Shahawy1 and A. Awdallah2

1Division of Nephrology, Department of Internal Medicine, Ain-Shams University, Cairo, Egypt; 2Division of Clinical
Pathology, Banha University, Cairo, Egypt

Abstract

Introduction: Many studies support the role of vitamin D in the pathogenesis of both types of diabetes. Pancreatic tissues
express the vitamin D receptor (VDR) and vitamin D-binding protein; some allelic variations in genes involved in vitamin D
metabolism and VDR are associated with glucose intolerance, defective insulin secretion, and sensitivity. Epidemiological
links have been established between type 2 diabetes mellitus (DM) and hepatitis C virus (HCV) infection. Aim: To explore
the possible therapeutic potential of pharmacologic doses of 1-α-hydroxy vitamin D therapy in improving pancreatic β-cell
function in HCV seropositive hemodialysis (HD) patients. Patients and methods: Twenty HCV seropositive HD patients
and 20HCV seronegative patients as control groupwere randomly selected fromHDunits. 1-α-Hydroxy vitamin D therapy
was administrated in the dose ranged from 0.25 to 0.5 μg/day for 3 months. Corrected total serum calcium, phosphorus,
intact parathyroid hormone (iPTH), 25-hydroxy vitamin D [25(OH) vitamin D], 1,25-dihydroxy vitamin D, and glucopara-
meters [fasting blood glucose, glycohemoglobin test (HbA1c%), homeostatic model assessment (HOMA)-insulin resis-
tance, and HOMA-β-cell function% (B%)] were measured under basal conditions and after 3 months of therapy. Results:
There was highly significant improvement in the concentrations of fetal bovine serum (FBS), serum insulin, HbA1c%, 25
(OH) vitamin D, and HOMA-β-cell function in HCV seropositive and HCV seronegative groups after oral 1-alphacalcidiol
therapy (p < 0.001). Positive correlation exists between the percentage increase in serum insulin and that in HOMA-β-cell
function versus 25(OH) vitamin D (p < 0.021 and p < 0.027, respectively) in HCV negative group.Conclusion: 1-α-Hydroxy
vitamin D oral therapy may improve glycemic control in HCV seropositive and HCV seronegative HD patients.
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INTRODUCTION

Previous studies have documented that vitamin D defi-
ciency is common in the general population and even
more common in patients on dialysis.1–4 Recent evi-
dence in the pathogenesis of type 2 diabetes milletus
(DM) suggests that alterations in vitamin D status may
affect insulin sensitivity, β-cell function, or both, given
the discovery of vitamin D receptors (VDRs) in β cells
and vitamin D-dependent calcium-binding proteins in
pancreatic tissue.5 Vitamin D is essential for normal
insulin release in response to glucose and for mainte-
nance of glucose tolerance, whereas deficiency results
in decreased insulin secretion without altering glucagon
secretion. Pittas et al.6 have summarized the biological
evidence implicating a potential influence of vitamin D

on glucose homeostasis. The inferences for the manifold
roles of vitamin D include the presence of specific VDRs
on pancreatic β cells,7 the expression of 1-α-hydroxylase
enzyme in pancreatic β cells that catalyzes the conversion
of 25(OH) vitamin D to 1,25-dihydroxy vitamin D [1,25
(OH)2D],8 the presence of a vitamin D response element
in the human insulin gene promoter,9 and the presence
of VDR in skeletal muscle.10 In addition, 25(OH)2 vita-
min D directly activates transcription of the human insu-
lin receptor gene,11 activates peroxisome proliferator
activator receptor-δ,12 stimulates the expression of insu-
lin receptor, and enhances insulin-mediated glucose
transport in vitro.13 In patient on dialysis, impaired gly-
cemic control is highly prevalent and is associated pri-
marily with an increase in target tissue insulin
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resistance.14 Insulin resistance in normoglycemic adults
with normal renal function has been shown to be
improved with vitamin D supplementation.15 It was
reported that vitamin D deficiency might play a major
role in the pathogenesis of impaired glucose metabolism
in uremia,16 and some small studies on HD patients have
reported improvement in insulin resistance using 1,25
(OH)2 vitamin D3 or its analogs for 4–26 weeks.17–21

Vitamin D studies in patients on dialysis have predomi-
nantly used active vitamin D compounds and focused on
1,25(OH)2 vitamin D3 deficiency. It is not clear whether
there is a direct relation between serum 25(OH) vitamin
D levels and insulin resistance and pancreatic β-cell
function in HCV-positive patients on HD. Several stu-
dies have also reported that HCV infection may also
contribute to the development of DM and higher pre-
valence of type 2 DM has been observed in patients with
HCV infection than in those with other forms of chronic
hepatitis.22–24 HCV infection has been shown to have
direct and/or indirect effects on glucose metabolism,
leading to insulin resistance and, in predisposed indivi-
duals, type 2 diabetes. The mechanism of pathogenesis
of diabetes in patients with HCV infection remains
unclear, although it has been suggested that insulin resis-
tance plays an important role.25–27 The mechanism
through which HCV is associated with insulin resistance
involves direct viral effects, proinflammatory cytokines,
and suppressors of cytokine signaling.28–30 The detailed
molecular events leading to insulin resistance in HCV-
infected patients are unclear. HCV infects primarily the
liver and, to a very minor extent, mononuclear cells.
Direct interactions between the HCV products and the
hepatocyte insulin signaling pathway have been reported
by several authors. However, recent evidence supports
the existence of a significant extrahepatic component of
HCV-induced insulin resistance.24 Although there is a
growing body of literature on the link between type 2DM
and HCV, the studies are contradictory and the data are
inconclusive.25 In the hepatic parenchyma, vitamin D3 is
converted by one of several high-capacity cytochrome
P450s to 25(OH) vitamin D3; the microsomal CYP2R1
appears to have the highest affinity for substrate vitamin
D.31 The most plentiful and stable metabolite of vitamin
D in human serum is 25(OH) vitamin D.32 This study
aimed to explore the possible therapeutic potential for
pharmacologic doses of 1-α-hydroxy vitamin D therapy
in improving insulin resistance and pancreatic β-cell
function in HCV seropositive prevalent HD patients.

SUBJECTS AND METHODS

A prospective observational cohort study was performed
on 20 HCV seropositive HD patients and 20 HCV ser-
onegative patients as control group. Both groups were
randomly selected from an HD unit. The original renal
disease was diabetic nephropathy (n ¼ 15), hypertensive
nephrosclerosis (n ¼ 15), chronic glomerulonephritis

(n ¼ 10), and chronic pyelonephritis (n ¼ 5). The renal
diagnosis was unknown in 15 patients. Patients with
severe hyperphosphatemia (>7 mg/dL) or high calcium/
phosphate solubility product (>70) were excluded from
the study. All patients were instructed to stop the pre-
scribed vitamin D therapy as washout period for 1 month
before the study. 1-α-calcidol (LEO Pharma product,
Copenhagen, Denmark) was given in conventional
doses (range from 0.25 to 0.5 μg/day) to 40 HD patients
whose 25(OH) vitamin D levels were seriously deficient
(<12 ng/mL) at the start of the study. The subsequent
doses were adjusted according to the levels of plasma
calcium, phosphorus, calcium–phosphorus product,
and parathyroid hormone (PTH) as follows: 1-α-calcidol
treatment was given as 0.5 μg/day for patients with serum
calcium level <9.5 mg/dL and intact PTH (iPTH) level
>300 pg/mL; if serum calcium level was 9.5–10.5 mg/dL
or iPTH level was 120–300 pg/mL, 1-α-calcidol treat-
ment was reduced to 0.25 μg/day. 1-α-calcidol treatment
was held if serum calcium level was >11 mg/dL, serum
phosphorus level >7 mg/dL, calcium–phosphorus pro-
duct >60, or PTH level <120 pg/mL. Insulin resistance,
β-cell function, 25(OH) vitamin D, and 1,25(OH) vita-
min D were measured at the start of the study and again
after 12 weeks of oral administration of 1-α-calcidol. No
randomized controlled trial could be carried out since
neither a placebo group nor the initiation of 1-α-calcidol
therapy in severely vitamin D-deficient patients could be
justified. This study was performed in accordance with
the international standards of good clinical practice and
the World Medical Association Declaration of Helsinki
and subsequent amendments, and approved by our insti-
tute ethical committee. Meanwhile, written informed
consent was obtained from all patients.

BLOOD SAMPLING AND ASSAYS

Blood was taken in the morning after an overnight fasting.
Whole blood was used for hematocrit, ethylenediaminete-
traacetic acid (EDTA) plasma for glucose, insulin, and
serum for other biochemical assays. Glucose was mea-
sured by a glucose oxidase method. Insulin was measured
by solid-phase enzyme-linked immunosorbent assay
(DRG® Insulin Enzyme Immunoassay kits; DRG
International Inc., NJ, USA). iPTH levels were deter-
mined by enzyme-amplified sensitivity immunoassay
(Roche Diagnostics, Indianapolis, IN, USA). 1,25(OH)
VitaminDwasmeasured by a competitive enzyme immu-
noassay (EIA) technique with a selected monoclonal anti-
body recognizing 1,25(OH)2 vitamin D (DRG® 1,25
(OH) Vitamin D Enzyme-Linked-Immuno-Sorbent-
Assay kits; DRG International Inc.). 25(OH) Vitamin D
was measured by a competitive protein-binding enzyme-
linked immunosorbent assay (ELISA); it is based on the
competition of 25(OH) vitamin D present in the sample
with 25(OH) vitamin D tracer, for the binding pocket of
vitamin D-binding protein (DRG® 25(OH) Vitamin D
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ELISA, USA). The reference range of 25(OH) vitamin D
is as follows: seriously deficient <12 ng/mL, insufficiency
(deficient) 12–30 ng/mL, and sufficiency>30 ng/mL. The
reference range of 1,25(OH) vitamin D in healthy adults
was 17–53 pg/mL. Other routine assays (e.g., calcium and
phosphate) were made using standard autoanalyzer meth-
odology. Insulin resistance was assessed using the homeo-
static model assessment (HOMA) formula originally
described by Mathew et al.; HOMA-insulin resistance
(IR) index equation [fasting glucose (mg/dL) � fasting
insulin (μU/mL)/405] and β-cell function was assessed
according to HOMA-B% equation [20 � fasting insulin
(μU/mL)/FBG (mg/dL) � 63], respectively, at the onset
and after 1-α-calcidol therapy was given for 3 months.33

STATISTICAL ANALYSIS

Data were analyzed using the SPSS version 15.
Quantitative data are presented usingmean and standard
deviation. The median and range were used for data with
extreme values. t-Tests for paired and independent sam-
ples were used for comparison of quantitative data with
normal distribution and the equivalent nonparametric
tests (Wilcoxon and Mann–Whitney) were used for
non-normally distributed data. Spearman’s correlation
was used for bivariate analysis. Multiple linear regression
was used to control confounding predictors after loga-
rithmic transformation for skewed data to demonstrate
the relationships between 25(OH) vitamin D and
glucoparameters.

RESULTS

Twenty patients were found to be suffering from type 2
DM (9 diabetic patients in HCV seropositive HD group
and 11 diabetic patients in HCV seronegative group), 13
diabetic patients were receiving small doses of oral hypo-
glycemic agents (glipizide 2.5–5 mg/day; product of
Pharmacia Italia S.P.A. Gruppo Pfizer Inc., Nerviano,
Italy) andmaintained on the same therapy with no change
in dosage throughout the study, and 7 patients were under
diet control. Among our selected subjects, nondiabetic
patients were also included in this study as insulin resis-
tance in normoglycemic adults has been shown in pre-
vious studies to be improved with vitamin D
supplementation.15,34 Mean doses of 1-α-calcidol given
to HCV seropositive patients versus HCV seronegative
patients were 0.40 and 0.37 μg, respectively (p > 0.05),
whereas mean values in diabetic versus nondiabetic
patients were 0.44 and 0.40 μg, respectively (p > 0.05).
Our study showed no significant difference between the
HCV seropositive HD patients and the HCV seronegative
HD patients regarding age, gender, and body mass index
(BMI); meanwhile, there was significant difference in dia-
lysis duration (Table 1). After 3 months of 1-α-calcidol
therapy, there was significant increase in themean value of
fasting blood glucose, fasting insulin, 25(OH) vitamin D,

and median of HOMA-β-cell function, and decrease in
glycohemoglobin test (HbA1c%) in both groups
(p < 0.001). Also at the end of therapy, the level of 1,25
(OH) vitamin D increased significantly in HCV seroposi-
tive group only (p¼ 0.007; Tables 2 and 3). Although the
level of 25(OH) vitamin D improved after 1-α-calcidol
therapy, its mean level was still deficient, that is, <30 ng/
mL, especially in HCV seropositive patients with chronic
liver disease due to partial defect in the hydroxylation of
1-α-hydroxy vitamin D in the liver. The levels of 25(OH)
vitamin D after 1-α-calcidol therapy were seriously defi-
cient (<12 ng/mL) in 3.03% of HD patients, deficient
(12–30 ng/mL) in 84% of patients, and sufficient
(>30 ng/mL) in 12.12% of the patients. There was no
significant difference in percentage change of fetal bovine
serum (FBS), serum insulin, 25(OH) vitamin D, 1,25

Table 1. Comparison of the change in laboratory characteristics
between the start and the end of the study in patient with HCV-
negative antibodies.

Start (M0) End (M3) p-Value

25(OH) vitamin D
(ng/mL)

13.6 � 4.8 24.7 � 9.8 0.001

1,25(OH) vitamin D
(pg/mL)

29.5 � 6.8 29.7 � 13.6 0.959

Corrected Ca (mg/dL) 7.9 � 0.53 8.4 � 0.53 0.002
P (mg/dL) 5.21 � 0.83 5.17 � 0.67 0.813
Ca–P product 41.48 � 7.01 43.27 � 4.78 0.265
iPTH (pg/mL) 82 (52–850) 195 (20–1333) 0.139

Median (range)
FBS (mg/dL) 112.88 � 44.54 90.64 � 24.80 0.001
HbA1c 6.91 � 1.68 6.42 � 1.58 0.001
Serum insulin 10.17 � 3.67 22.64 � 6.44 0.001
HOMA-IR 2.92 � 1.71 5.152 � 2.24 0.001
HOMA-B% 123 (24–1243) 503 (96–3859) 0.001

Median (range)

Table 2. Comparison of the change in laboratory characteristics
between the start and the end of the study in patient with HCV-
positive antibodies.

Start (M0) End (M3) p-Value

25(OH) vitamin D
(ng/mL)

12.42 � 4.7 21.42 � 5.6 0.001

1,25(OH)2 vitamin D
(pg/mL)

24.42 � 6.28 32.36 � 9.77 0.007

Corrected Ca (mg/dL) 8.11 � 0.62 8.32 � 0.32 0.114
P (mg/dL) 4.91 � 0.77 4.77 � 0.90 0.288
Ca–P product 40.45 � 6.9 39.75 � 7.68 0.645
iPTH (pg/mL) 84 (28–806) 296 (39–1445) 0.55

Median (range)
FBS (mg/dL) 102.88 � 28.8 86.42 � 16.7 0.002
HbA1c 6.12 � 1.25 5.77 � 1.06 0.001
Serum insulin 11.21 � 4.68 24.21 � 6.2 0.001
HOMA-IR 2.66 � 1.00 5.16 � 1.53 0.001
HOMA-B% 188 (35–488) 640 (242–983) 0.001

Median (range)
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(OH) vitamin D, HOMA-IR, HOMA-β-cell function,
HBA1c, and iPTH between the two groups before and
after therapy. Our study showed positive correlation
between the increase of serum insulin and the increase of
HOMA-β-cell function versus 25(OH) vitaminD inHCV
seronegative patients (p < 0.021 and p < 0.027, respec-
tively; Figures 1 and 3), whereas no significant correlation
(p > 0.05) was found in HCV seropositive patients
(Figures 2 and 4). No significant correlation was also
found between high-sensitive C-reactive protein
(hsCRP) and both 25(OH) vitamin D and 1,25(OH)
vitaminD (p> 0.05), and between hsCRP and glucopara-
meters (p > 0.05). Multiple regression analysis shows no
independent predictors of any glucoparameters.
Comparing vitaminD levels between nondiabetic patients
and diabetic patients at the start of the study showed no

significantdifference in themeanconcentrationof25(OH)
vitamin D or 1,25(OH) vitamin D.Meanwhile, at the end
of study, a significant difference was found in the mean
concentration of 25(OH) vitamin D (19.73 � 6.72 ng/
mL) in nondiabetic versus (26.64 � 7.75 ng/mL) in dia-
betic patients (p ¼ 0.007); therefore, our study showed
significant increase in the mean concentrations 25(OH)
vitaminD in diabetic patients by the end of therapy.

DISCUSSION

Glucose intolerance, insulin resistance, and hyperinsuli-
nemia are common findings in patients on dialysis.
Several factors such as uremic toxins, exercise intolerance,
metabolic acidosis, secondary hyperparathyroidism, and

Table 3. Comparison of the percentage change of vitamin D, iPTH, and glucoparameters in both groups.

HCV-negative patients HCV-positive patients
Median (range) Median (range) p-Value

FBS difference �0.116 (�0.45 to �0.01) �0.459 (�0.40 to 0.01) 0.311
Insulin difference 0.961 (0.38–4.50) 1.403 (0.47–3.20) 0.861
HOMA-IR difference 0.627 (0.26–4.42) 0.918 (0.32–3.01) 0.401
HOMA-B% difference 2.830 (0.94–16.77) 2.107 (0.64–7.77) 0.318
25(OH) vitamin D 0.670 (�0.35 to 4.00) 0.451 (0.00–2.67) 0.962
1,25(OH)2 vitamin D1 0.193 (�0.60 to 0.63) 0.341 (�0.33 to 2.33) 0.061
iPTH difference 0.22 (�0.58 to 4.40) 0.625 (�0.04 to 1.99) 0.138
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Figure 1. Correlation between the percentage of change in serum
insulin and 25-hydroxy vitamin D in HCV seronegative group.
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Figure 2. Correlation between the percentage of change in serum
insulin and 25-hydroxy vitamin D in HCV seropositive group.
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vitamin D deficiency are implicated in the pathogenesis of
insulin resistance in chronic kidney disease.14,35 There are
several plausible mechanisms by which the vitamin D
status may affect insulin sensitivity. First, decreased vita-
min D concentrations result in elevated concentrations of
PTH. Elevated PTH in turn affects insulin sensitivity by
regulating the intracellular free calcium concentrations in
cells like pancreatic β cells.36,37 Studies have shown that
increased PTH concentrations were associated with
impaired glucose tolerance and decreased insulin sensi-
tivity independent of vitamin D status.38,39 The role of
elevated PTH levels in insulin secretion is controversial.
Several studies reported that patients with primary hyper-
parathyroidism are insulin resistant and hyperinsuline-
mic.5,25–27 Second, vitamin D may play a role in insulin
action by stimulating the expression of insulin receptor,
thereby enhancing insulin responsiveness for glucose
transport.9,13 Calcitriol increases insulin secretion in
many ways, including increasing intracellular calcium
that is essential for two of the four proteases that release
insulin from proinsulin.40 Finally, vitamin D has a mod-
ulating effect on the immune system.41,42 Poorer vitamin
D status might induce a higher inflammatory response,
which is associated with insulin resistance.43,44 Several
clinical intervention studies in patients with normal renal
function reported that vitamin D, or its active metabolite
1,25(OH)2 vitamin D3, improves insulin sensitivity, even
in patients with glucose metabolism parameters within
normal ranges.2 The mechanisms, which may lead to
this effect, include potential relationships with improve-
ments in lean mass, altered insulin receptor expression,
and specific effects on insulin action. It was reported that
these actions may be mediated by systemic or local pro-
duction of 1,25(OH)2 vitamin D3 or by suppression of
PTH.2 Apart from changes in the electrolytes, the second-
ary hyperparathyroidism, vitamin D deficiency, is sup-
posed to play a major role in the pathogenesis of uremic
glucose intolerance and insulin resistance.16 These con-
flicting results concerning the role of secondary hyperpar-
athyroidism and/or vitamin D deficiency in uremia
stimulated this study. Kautzky-Willer20 investigated the
effect of a 12-week intravenous treatment with 1,25-
dihydroxycholecalciferol on glucose metabolism in 10
HD patients. These authors concluded that intravenous
calcitriol treatment led to a significant reduction in PTH
levels and to a complete normalization of insulin sensitiv-
ity in theHDpatients, acting either directly or by reducing
secondary hyperparathyroidism.14,45,46 Several studies
have shown that intravenous calcitriol supplementation
leads to about fourfold higher plasma peak responses
compared with the oral preparation. Intravenous treat-
ment to oral preparation yields a more efficient suppres-
sion of parathormone secretion and allows a greater
delivery to peripheral tissues, whichmight increase impor-
tant biological effects of the vitamin.47 All target tissues for
vitamin D activate it in situ, thus giving intact vitamin D
(cholecalciferol) may prove more effective replacement
than using calcitriol or its analogs, even in renal failure, a

concept currently under active investigation. This study
showed a significant increase in 25(OH) vitaminD level in
both groups after oral 1-α-hydroxy vitamin D therapy
(p < 0.001). Quesada et al. reported that serum calcitriol
values, which were low as expected, increased after 14
days of treating HD patients with oral calcitriol (0.5 μg/
day), but did not reach the values observed in healthy
controls. Similar to our study, there was no placebo
group in his study. Also, an enhancement in insulin secre-
tion following calcitriol was observed (p < 0.001).48 Chiu
et al. found that insulin sensitivity is improved by as much
as 60% when the levels of vitamin D are increased from
25 nmol/L to 75 nmol/L.2,49 Few studies found that intra-
venous 1,25(OH) vitamin D3 therapy corrected glucose
intolerance, insulin resistance, and hypoinsulinemia in
patients on HD whether PTH was suppressed.19–21 This
is the first study in HCV seropositive patients to investi-
gate the effect of oral 1-α-hydroxy vitamin D therapy on
glucose homeostasis, as most studies utilize calcitriol
either orally or intravenously. In contrast, our study
showed that HOMA-IR did not improve after oral 1-α-
calcidol therapy that may be due to short duration of
therapy, absence of change in BMI, oral rather than intra-
venous therapy, and failure of suppression of iPTH level
after therapy. Although the mean 25(OH) vitamin D level
increased after therapy in HCV seropositive and HCV
seronegative patients, it is still below the sufficiently ade-
quate level of 25(OH) vitaminD that should bemore than
30 ng/mL. However, our study showed that serum insulin
level and HbA1c improved in both groups after therapy
(p< 0.001). This change is not attributed to PTH changes
as PTHmedian level increased after therapy from 82 (52–
850) to 195 pg/mL (20–1333) in HCV seronegative
patients and from 84 (28–806) to 269 pg/mL (39–1445)
in HCV seropositive patients after therapy (p > 0.05). It
seems reasonable that factors other than hyperparathyr-
oidism in patients with vitamin D deficiency, including
VDR polymorphism or sensitivity of muscle receptor of
vitamin D, may affect insulin resistance.50 The improve-
ment in HOMA-β-cell function, fasting insulin, could be
the fact that pancreatic tissue (more specifically the
insulin-producing β cells) expresses the VDR and vitamin
D-binding protein. Various animal studies showed that
the endocrine pancreas is a target for the active metabolite
of vitamin D and that this metabolite seems to play a
major role in the modulation of insulin secretion.51,52 It
has been shown that dietary vitamin D repletion signifi-
cantly increased insulin secretion and vitamin D defi-
ciency was associated with an inhibition of pancreatic
insulin release.53 In another study done by Kadowski
and Norman, it was found that 1,25(OH)2 vitamin D3,
but not other vitamin D metabolites, seems to play an
essential role in the modulation of insulin secretion.54

This work showed a significant improvement in blood
glucose control where HbA1c decreased in both groups
after therapy (p < 0.001), and this goes with Strózecki
et al.18 who investigated the influence of intravenous
1,25(OH)2 vitamin D3 therapy on the long-term control
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of glycemia in hemodialyzed patients with severe second-
ary hyperparathyroidism. They found that intravenous
1,25(OH)2 vitamin D3 therapy is associated with the
decrease in HbA1c even in patients with severe secondary
hyperparathyroidism. This may indicate a positive impact
of intravenous 1,25(OH)2 vitaminD3 therapy on the long-
term glucose metabolism. Our study, similar to Luo et al.,
showed a lack of a relationship between vitamin D and
hsCRP as inflammatory marker.55 There is evidence from
in vitro studies that vitamin D may modulate inflamma-
tory cytokines, and thus affect insulin sensitivity and β-cell
survival; however, there are few studies that report on
inflammatory markers in relation to vitamin D status in
diabetes. In a placebo-controlled study by Pittas et al.,15

combined calcium and vitamin D supplementation in
those with impaired fasting glucose did not alter hsCRP
or interleukin-6 levels. It is likely therefore that vitamin D
may not exert its immunomodulatory effect via these
molecules.

This prospective, single-center analysis has various
shortcomings: the relatively small size of the study popu-
lation, low doses of oral rather than intravenous vitamin
D therapy, and the short duration of follow-up. Also, we
do not know the hepatitis C viral loads of the patients as
this was not assessed.

CONCLUSION

Patients with hypovitaminosis D are at higher risk of
insulin resistance even if they are treated with the acti-
vated form of vitamin D for hyperparathyroidism. 1-α-
calcidol treatment can improve fasting blood sugar,
HbA1c, and HOMA-β-cell function in both HCV sero-
positive andHCV seronegative patients. This therapy has
potential for reducing the risks of type 2 DM in HD
patients who are also HCV seropositive. Prospective stu-
dies are needed to determine whether long-term supple-
mentation with 1-α-calcidol in HD patients can maintain
reduced insulin resistance and reduce type 2 DM risks in
those who are HCV seropositive.
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