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ABSTRACT. In vitro studies have shown that 1,25
dihydroxyvitamin D3 [1,25(OH),D3] decreases
cytokine production by monocytes and lympho-
cytes. In addition, intravenous or oral pulse
calcitriol treatment suppresses interleukin 6 (IL6)
and interleukin1p (IL1f ) in hemodialysis patients.
We studied the effect of a daily 12-week course
of 1000 mg calcium and 800 U cholecalciferol on
circulating 25 hydroxyvitamin D [25(OH)D], PTH,
cytokines, osteoprotegerin (OPG), C-reactive pro-
tein (CRP), bone markers, lipid parameters and in-
sulin levels in 47 healthy post-menopausal wom-
en. Thirty-nine women completed the study. A sig-
nificant increase in 25(OH)D and a significant de-
crease in PTH were observed (p=0.0043 and
p<0.0001, respectively). In addition, alkaline phos-
phatase, osteocalcin and, to a lesser extent, uri-
nary free deoxypiridinoline (DPD) decreased sig-
nificantly (p<0.0001, p=0.0002 and p=0.026, re-
spectively). No change in circulating IL6, tumor
necrosis factor a (TNFo), CRP, OPG, triglycerides,

INTRODUCTION

Calcium and vitamin D are essential regulating
factors in numerous biological systems. They have
bone protective effects (1) and their deficiencies
lead to secondary hyperparathyroidism (1, 2) and
high bone turnover (3), increasing with time the
risk of fractures (1).

In addition, vitamin D is an immunomodulatory hor-
mone with immunosuppressive activity (4, 5). It has
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LDL- and HDL-cholesterol, and insulin levels was
observed. Correlation studies in the 47 women en-
rolled in the study revealed inverse significant cor-
relations between OPG on one side and body mass
index, LDL-cholesterol, IL6, CRP and insulin levels
on the other (p=0.002, p=0.002, p=0.004, p=0.023
and p=0.0001). Also, IL6 was significantly corre-
lated with insulin levels (p=0.0005). In a multivari-
ate model, both insulin and LDL-cholesterol were
independently associated with OPG, while only in-
sulin was independently associated with IL6. Our
results showed no effect of a short-term calcium-vi-
tamin D treatment on circulating cytokines, CRP,
insulin levels and lipid parameters. This could be
related to the low circulating cytokine concentra-
tions in healthy subjects or to the short duration
of treatment. The interesting association we found
between OPG and some cardiovascular risk mark-
ers deserves further investigation.

(J. Endocrinol. Invest. 26: 748-753, 2003)
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been shown that vitamin D inhibits mononuclear
and T lymphocyte cell proliferation (4, 6). It is most
likely that this suppressive activity is mediated
through an effect on cytokine secretion. In fact, in
vitro studies showed that 1,25 dihydroxyvitamin D5
[1,25(0OH),D5] decreases cytokine production, in
particular interleukin Ta (IL10), interleukin 6 (IL6),
interleukin 2 (IL2) and tumor necrosis factor a
(TNFa) by macrophages and lymphocytes (7-10).
The expression of vitamin D receptors on the sur-
face of macrophages and activated T cells (11, 12)
suggests a direct effect of vitamin D on these cells.
Also, an inverse relation between cytokines and vi-
tamin D has been observed in certain inflammato-
ry diseases such as rheumatoid arthritis (13).

Moreover, vitamin D status may influence insulin
secretion; vitamin D deficiency results in decreased
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insulin response to glucose (14) and inadequate vi-
tamin D status has been implicated as a contribut-
ing factor to insulin resistance, obesity, hyperten-
sion and dyslipidemia (15, 16).

On the other hand, IL6, the most important en-
docrine cytokine, is multifunctional and is pro-
duced by different cellular types including lym-
phocytes, monocytes, endothelial cells, os-
teoblasts and adipocytes (17, 18). IL6 has a pro-
found effect on bone and lipid metabolism. It
stimulates osteoclastogenesis (19), is associated
with high circulating triglyceride levels (20) and is
implicated in insulin resistance (20). IL6 stimulates
production in the liver of the acute phase reac-
tant C-reactive protein (CRP) and is, with CRP, a
marker of increased myocardial infarction risk and
mortality in the elderly (21, 22). Furthermore, high
osteoprotegerin (OPG) levels, a newly identified
cytokine that regulates osteoclastogenesis
(23, 24), were recently associated with diabetes
and low bone mineral density (25).

The effect of a calcium-vitamin D treatment on
serum cytokines, LDL-cholesterol or fasting in-
sulin levels has not been studied yet in healthy
subjects. Furthermore, the mechanism of the vi-
tamin D effect on bone and on insulin resistance
has not been elucidated. The present study eval-
uates the effect of a short-term calcium and vita-
min D treatment on cytokines levels (IL6, TNFa),
CRP, OPG, bone markers, lipid parameters and
insulin levels in healthy post-menopausal wom-
en. The potential inhibitory effect of vitamin D on
these parameters, more particularly IL6, would
possibly explain the vitamin D effect on bone and
the relation between vitamin D status and the
metabolic syndrome.

MATERIALS AND METHODS
Subjects

Between November 2000 and March 2001, 47 healthy post-
menopausal women aged 50-65 yr were recruited in the study.
Recruitment was based on voluntary enrolment. Inclusion crite-
ria were the following: a menopausal state confirmed by an FSH
level higher than 30 U/I, no systemic infections during the pre-
vious month, no systemic disease particularly diabetes and hy-
pertension, no therapy with thiazides, bisphosphonate, calci-
tonin, calcium, vitamin D3, vitamin D metabolites, estrogen,
antiestrogen or lipid-lowering drugs during the past 6 months.
Liver, renal or thyroid dysfunction as well as hypercalcemia, se-
vere dyslipidemia (triglycerides >3.5 mmol/l and cholesterol
>7 mmol/l) were excluded by measuring liver enzymes, serum
creatinine, calcium, cholesterol, triglycerides and TSH levels.
Only women with a 25 hydroxyvitamin D [25(OH)D] level below
25 ng/ml were enrolled in the study. The protocol was approved
by the Ethics Committee of our hospital and all participants pro-
vided written informed consent.
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Procedure

Prior to the study, participants completed a questionnaire and a
physical examination. For each subject, body mass index (BMI)
was calculated as weight (kg)/height (m?). Urine and blood were
collected at the first visit. Then a daily calcium (1000 mg) and
vitamin D (800 IU) treatment was administered for 12 weeks.
Morning fasting blood and random urine samples were always
collected between 8:00 and 9:30 h from all participants before
and after the study was completed. Levels of serum calcium,
phosphorus, albumin, creatinine, glucose, cholesterol, triglyc-
erides, HDL-cholesterol, alkaline phosphatase, 25(OH)D, PTH,
osteocalcin, IL6, TNFa, OPG and urinary-free DPD were deter-
mined. LDL-cholesterol was calculated using the Friedewald
equation. Insulin sensitivity was also measured by calculating
the Quantitative Insulin Sensitivity Check Index (QUICKI) [QUIC-
Ki=1/log insulin (mlU/ml) + log glucose (mg/dl)] (26). Out of the
47 women, 8 were excluded from the study due to refusal to
continue the treatment.

Laboratory analysis

Serum chemistries were measured by Kodack automate.
Serum 25(OH)D was measured by radioimmunoassay after ex-
traction with acetonitrile (Incstar, MN, USA). Intact PTH and
osteocalcin were measured by an immunoradiometric assay
(International CIS, Gif-sur Yvette, France). Urinary free DPD
was measured by a competitive radioimmunoassay (Metra,
Mountain view, CA, USA). Serum IL6 and TNFa were deter-
mined by ultrasensitive enzyme linked immunosorbent assay
(Quantikine IL6 and Quantikine High Sensitivity TNFa, R&D
systems, Oxford, UK). The sensitivities of these assays were
respectively 0.09 and 0.12 pg/ml. CRP was determined by im-
munonephelometry on Minineph Nephelometer (The Binding
Site, Birmingham, UK). The sensitivity of the assay is
0.08 pg/ml. OPG was measured using a highly sensitive sand-
wich immunoassay provided by Immunodiagnostik (Bensheim,
Germany). The sensitivity of the assay is 0.14 pmol/l.
Interassay coefficients of variation were as follows: TNFa less
than 20%, IL6 less than 17%, OPG less than 10% and CRP less
than 7%. FSH, insulin and TSH were measured by chemilumi-
nescence (Immulite, DPC, Los Angelos, USA). All measure-
ments were performed according to the manufacturer’s in-
structions.

Analysis

Data were analyzed using STATA release. Spearman coefficient
of correlation was used to study the correlation between vari-
ables. Non-parametric Wilcoxon'’s test for paired data was used
to compare values before and after treatment. Results with p
values <0.05 were considered statistically significant.

RESULTS

The mean age and mean BMI of the study popula-
tion (no.=47) were 57.2+3.9 yr and 28.1+4.7 kg/m?,
respectively. The mean FSH level was 75.8+27.8 |U/I.
The effect of the calcium-vitamin D treatment has
been studied in the 39 women who completed the
study. Correlation studies were performed in the 47
women enrolled in the study.



Effect of calcium-vitamin D treatment
on 25(0OH)D and PTH levels

Compared with the baseline values, significant in-
creases in serum 25(OH)D levels were found
(p<0.0001). Significant decreases were also found in
serum PTH levels (p=0.0043) (Table 1).

Effect of calcium-vitamin D treatment on
cytokines, CRP and OPG levels

No effect of the treatment was observed on circu-
lating IL6, TNFa, CRP and OPG levels (Table 1).

Effect of calcium-vitamin D treatment on bone
markers

A significant decrease in bone markers was ob-
served; this decrease was observed for the two
bone formation markers, alkaline phosphatase and
osteocalcin (p<0.0001, p=0.0002, respectively) and,
to a lesser extent, for the bone resorption marker,
urinary free DPD (p=0.026) (Table 1).

Effect of calcium-vitamin D treatment
on metabolic parameters

Triglycerides, LDL-cholesterol, HDL-cholesterol,
insulin levels as well as the insulin sensitivity
index (QUICKI) were not modified by the treat-
ment (Table 1).

Calcium-vitamin D effect on metabolic markers

Correlations between serum 25(0OH)D3;, PTH and
cytokines

No significant correlations were observed between
25(OH)D, PTH levels on one side and circulating
IL6, TNFo and OPG levels on the other (Table 2).

Associations between serum OPG, IL6 levels and
cardiovascular risk factors

OPG has a significant inverse correlation with BMI,
LDL-cholesterol, fasting insulin levels, IL6 and CRP
(r=-0.45 p=0.002, r=-0.43, p=0.002, r=-0.55,
p=0.0001, r=-0.41, p=0.004 and r=-0.33 p=0.023,
respectively). In addition, a significant positive cor-
relation between IL6 and insulin levels was found
(r=0.48, p=0.0005) (Table 2).

In a multivariate analysis both LDL-cholesterol and
insulin levels were independently associated with
OPG levels (p=0.048 and p=0.007, respectively),
while only insulin was associated with IL6 levels
(p=0.002) (Table 3).

DISCUSSION

We report, in the present study, the absence of ef-
fect of a short-term calcium-vitamin D treatment on
serum IL6, TNFo, CRP and OPG levels. No effect
was also observed on LDL-cholesterol or fasting

Table 1 - Clinical and biological characteristics of the subject (no.=39) before and after the calcium-vitamin D treatment.

Before treatment After treatment p

Cholesterol (mmol/l) (3.84-6.14) 5.74+0.93 5.67+0.92 0.36
Triglycerides (mmol/l) (0.4-1.8) 1.64+0.7 1.68+0.76 0.58
HDL-cholesterol (mmol/l) (>1.4) 1.31+0.33 1.32+0.29 0.32
LDL-cholesterol (mmol/l) (<3.84) 3.69+0.78 3.59+0.8 0.71
Calcium (mmol/l) (2.1-2.54) 2.36%0.09 2.35+0.08 0.16
Phosphorus (mmol/l) (0.81-1.45) 1.22+0.15 1.25+0.17 0.56
25(OH)vitamin D (ng/ml) (>20)*** 10.57+6.62 25.84+6.58 <0.0001
PTH (pg/ml) (11-62)** 48.6+18.6 42.25+16.35 0.0043
Alkaline phosphatase (1U/l) (38-126)*** 81.15+20.28 69.46+16.72 <0.0001
Urinary deoxypiridinoline (nmol/mmol creatinine) (<7.4)* ~ 8.42+2.52 7.73+2.02 0.026
Osteocalcin (pg/ml) (8-50.5)*** 27.4+9.08 23.95+6.5 0.0002
Insulin (pUI/ml) (6-27) 8.94+3.98 8.69+3.31 0.87
QUICKI (<0.37) 0.35+0.27 0.34+0.27 0.23
IL6 (pg/ml) (<11.5) 2.19+1.16 2.05=1.2 0.43
TNFo. (pg/ml) (<4.12) 2.37+0.64 2.49+0.72 0.41
CRP (mg/l) (<3.8) 3.68+3.78 3.76+3.34 0.16
Osteoprotegerin (pmol/I)° 4.27+1.1 4.19+1.13 0.28

Mean and SD are expressed (reference ranges).

*The difference of means is significant at the 0.05 level; **the difference of means is significant at the 0.01 level; ***the difference of means is signifi-

cant at the 0.001 level.
°No reference range.

25(OH)vitamin D: 25 hydroxyvitamin D; QUICKI: Quantitative Insulin Sensitivity Check Index; ILé: interleukin 6; TNFa: tumor necrosis factor «;

CRP: C- reactive protein.
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Table 2 - Linear correlations between IL6, TNFa, CRP, osteo-
protegerin and other variables in basal conditions (no.=47).

IL6 TNFa Osteoprotegerin

BMI 0.166 -0.03 -0.45**
25(OH)vitamin D -0.162 0.136 0.018

PTH -0.066 -0.036 0.09
LDL-cholesterol 0.194 -0.05 -0.43**
Insulin 0.48** 0.023 —0.55%**
QUICKI -0.38** 0.011 0.52***

IL6 -0.01 -0.406**
TNFa -0.219

*Correlation is significant at the 0.05 level, **correlation is significant at
the 0.01 level, ***correlation is significant at the 0.001 level.

BMI: body mass index; 25(OH)vitamin D: 25 hydroxyvitamin D; QUICKI:
Quantitative Insulin Sensitivity Check Index; IL6: interleukin 6; TNFa: tu-
mor necrosis factor a.

serum insulin levels. However, this treatment in-
duced a significant reduction in PTH and biochem-
ical bone markers.

Previous studies have shown that 1,25(OH)D; re-
duces the in vitro production of different cytokines
(IL6, ILT and TNFa) by monocytes and lymphocytes
(7-10). In addition, a recent report (27) showed that
oral pulse or iv calcitriol therapy in hemodialysis pa-
tients reduces IL6 and IL1p after a 6-month course
treatment, with a greater response in the iv group
compared to the oral one. However, the effect of a
calcium-vitamin D treatment on circulating cy-
tokines and CRP in healthy subjects has not been
investigated yet. Since IL6é stimulates osteoclasto-
genesis, is correlated with circulating triglycerides
and is implicated in insulin resistance, we speculate
that a potential in vivo effect of a calcium-vitamin D
course on serum cytokines and more particularly on
serum IL6 could elucidate the effect of vitamin D
on bone and metabolism. Our results showed no
variation in IL6, TNFa or CRP levels after a 12-week

Table 3 - Multiple linear regression with osteoprotegerin and
interleukin 6 as dependent variables in basal conditions (no.=47;
R?=0.4 and R?= 0.25, respectively).

Osteoprotegerin  Parameter SE Significance
estimate

Body massindex  -0.04 0.03 ns
LDL-cholesterol -0.31 0.15 <0.05
Insulin -0.11 0.04 <0.01
Interleukin 6 Parameter SE estimate  Significance
Body massindex  -0.03 0.04 ns
LDL-cholesterol 0.09 0.19 ns
Insulin 0.16 0.05 0.002

course of treatment. The discordance with the study
performed on hemodialysis patients (27) could be
due: a) to the administration in that study of cal-
citriol instead of cholecalciferol; b) to the adminis-
tration of pharmacological doses by oral pulse or
iv route; c) to the high baseline cytokine values in
hemodialysis patients as opposed to the low levels
observed in healthy subjects; or d) to the longer
duration of therapy.

The relation between OPG and vitamin D is not clear.
OPG is a new cytokine secreted by bone, immune
cells and cardiovascular system that belongs to the
TNF receptor superfamily (28). OPG inhibits osteo-
clastogenesis and its deficiency in mice predisposes
to osteoporosis (29). However, elevated serum OPG
levels were recently observed in osteoporotic post-
menopausal women (25). This paradox was inter-
preted as a compensatory mechanism to counteract
low bone density. The OPG system has been found
to be regulated by vitamin D; two contradictory stud-
ies showed stimulation (30) and inhibition (31) of
OPG by 1,25(CH)D3. In our study, no effect of the
calcium-vitamin D treatment was observed on circu-
lating OPG levels. In addition, no correlation be-
tween 25(0OH)D and OPG levels was found, a find-
ing observed in the Szulc study (32). The issue of
OPG and its relation to vitamin D deserves further
investigation in vitro and in clinical conditions.

The effect of calcium-vitamin D treatment on bone
markers is not well defined. Two previous studies as-
sessed the effect of a short course of calcium-vitamin
D on bone markers. In the first one, the treatment
led to a 50% decrease in urinary N telopeptide and
a 20% reduction in serum osteocalcin (33). In the sec-
ond one (34), a 51% reduction of crosslaps was
achieved with no change of free pyridinoline. The ef-
fect on urinary free DPD has not been previously
studied. The reduction of bone markers we observed
was highly significant for the two bone forming mark-
ers, alkaline phosphatase and osteocalcin and was
moderate for urinary free DPD, suggesting a prompt
effect of the treatment on bone remodeling.

The relation between vitamin D or calcium and lipid
parameters is not clear. A recent study evaluated
the effect of a daily 1000-mg calcium citrate sup-
plementation taken during a 12-month period, on
serum lipid concentrations in post-menopausal
women (35). A non-significant 6% decline in LDL
levels and a significant 7% increase in HDL, with-
out any significant effect on triglycerides were ob-
served. The LDL results are similar to ours. The ef-
fect on HDL, even significant, was moderate and
was not observed in our study. This could be relat-
ed to the size of our sample or to the shorter dura-
tion of our treatment. Larger studies assessing the
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effect of calcium or vitamin D on lipid metabolism
or cardiovascular events are needed.

The relation between calcium or vitamin D and in-
sulin resistance is also unclear. Vitamin D deficiency
was proven to decrease insulin response to glucose
(23). In addition, iv calcitriol improves insulin resis-
tance in uremic patients (36). Other contradictory
reports suggest that 1,25(OH),D3 reduces insulin-
induced glucose uptake in rat adipocytes (37). We
found no effect of the treatment on fasting plasma
insulin or on the QUICKI. Further investigations are
needed to evaluate the effect of calcium or vitamin
D on insulin resistance in healthy subjects.

Even if it was not the aim of our work, the present
study showed interesting correlations between OPG
and cardiovascular risk markers. We observed an in-
verse relationship between OPG and BMI, insulin and
LDL-cholesterol levels, and in the multivariate analy-
sis, both insulin and LDL-cholesterol levels were in-
dependently associated with OPG levels. This sug-
gests that low OPG levels could predispose to insulin
resistance and atherosclerosis. It has been reported
that OPG-deficient mice developed premature arte-
rial calcification (29), and that the injection of OPG
reversed this phenomenon (38). In addition, Browners
et al. (25) recently showed that OPG levels are 30%
higher in women with diabetes compared to non-di-
abetic women. The finding by these Authors of a link
between OPG levels and a high prevalence of car-
diovascular disease and mortality was surprising.
Additional research is probably needed in order to
elucidate the relation between OPG, osteoporosis
and cardiovascular disease. Finally, we also found that
IL6 was correlated with fasting plasma insulin. These
results are in agreement with the findings of Bastard
and Mohamed-Ali (20, 39), and suggest that IL6 may
be involved in insulin resistance.

Our study may have certain limitations. In fact, our
sample size is relatively small. However, the differ-
ence observed in cytokines, LDL-cholesterol or insulin
levels does not seem to have any biological signifi-
cance. Thus, increasing our sample size would prob-
ably not detect statistically significant modifications.
In conclusion, our results demonstrate that a
short-term calcium-vitamin D treatment had no
effect on IL6, TNFa, CRP, OPG, lipid parameters
or insulin serum concentrations. This suggests
that the vitamin D treatment effects on bone and
insulin resistance are not reflected by a modifica-
tion of circulating cytokines. In addition, our re-
sults showed an interesting inverse relationship
between OPG and LDL-cholesterol or insulin lev-
els, suggesting a link between OPG and some
cardiovascular risk markers. More research is
needed in order to explain those results.
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