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Abstract: Introduction: There is sparse evidence of the effect of vitamin D on bone biomarkers in
diabetic patients, and therefore, in a randomized clinical trial, we evaluated the effects of the daily
intake of vitamin D, either with or without extra calcium, on selected bone biomarkers. Materials and
Methods: Ninety women and men aged 30-50 years old with type 2 diabetes were randomly divided
into three groups in a double-blind manner. Group 1 (PD), the control group, received a plain yogurt
drink. Groups 2 (DD) and 3 (CDD) received 1000 IU vitamin D3, and 1000 IU vitamin D3 plus 500 mg
calcium, respectively, via drinking two 250 mL bottles a day of a fortified yogurt drink for twelve weeks.
Anthropometric and biochemical assessments were made, including 25(OH), intact parathyroid hormone
(iPTH), osteocalcin, and calcium. Results: Although the time and timexgroup interaction effects on the
bone biomarkers were not statistically significant, there was a modest decrease in iPTH concentrations in
both DD and CDD groups over twelve weeks. The subgroups with initial vitamin D deficiency/insuffici-
ency in the CDD group had greater and significant decrease in serum iPTH concentrations after twelve
weeks of treatment compared to the PD group (=9.0+21.2 v.s 8.6 +21.8 pg/mL, p=0.042). Conclusion:
The improvement in vitamin D status following the daily intake of fortified doogh for twelve weeks
was accompanied by a decrement in iPTH, mostly in those subjects with poor initial vitamin D status.
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Introduction

Vitamin D deficiency is a worldwide epidemic [1, 2].
Many studies have suggested that this deficiency is
associated with an increased risk of diabetes, cancer,
cardiovascular and autoimmune diseases [3—5].

Itis known that vitamin D is a key regulator of cal-
cium homeostasis and bone metabolism. Well-known
consequences of vitamin D deficiency include a de-
crease in calcium absorption, secondary hyperpara-
thyroidism, accelerated bone loss, and an increase in
falls, osteoporosis, and fractures [6—8].

Diabetes is among the secondary causes of osteo-
porosis [9] and the number of patients with diabetes
mellitus and osteoporosis is rapidly increasing [10]. A
relatively large number of studies have evaluated bone
mineral density in patients with type 2 diabetes (T2D).
The results are very controversial: some studies report
increased bone mineral density (BMD) but others
have failed to confirm this finding [11—13]. Tradition-
ally, an increased risk of fractures was not a concern in
patients with T2D due to high bone mineral density,
however, recent studies have consistently reported
that patients with T2D are at higher risk of fractures
in the presence of high bone mass [14, 15].

Some possible contributing factors to bone loss in
diabetes include insulin resistance, the accumulation
of advanced glycation end products (AGEs) in bone,
inflammatory status, medication affecting bone me-
tabolism, hypercalciuria due to uncontrolled diabetes
[16] and vitamin D deficiency [17], which has been
reported as prevalent in patients with diabetes [18].

Due to the high prevalence and health care costs of
bone problems, efficient, economic and safe preven-
tive strategies are needed [19].

Recently, we demonstrated the ameliorating ef-
fects of a daily intake of 1000 IU of both vitamin D
and 1000 IU vitamin D + 500 mg calcium intake via
a fortified Persian yogurt drink (doogh) on glycemic,
inflammatory and oxidative stress status in subjects
with T2D [20-22]. There is sparse evidence of the
effect of vitamin D on bone biomarkers in diabetic
patients, and therefore, we evaluated the effects of
daily intake of vitamin D either with or without extra
calcium on certain selected bone biomarkers using the
same study population and protocols.

Materials and Methods

The study design and inclusion criteria have been de-
scribed elsewhere [20]. Briefly, 90 women and men with

T2D, aged 30-50 years , were recruited and enrolled
in the study if they met the inclusion criteria: 1) fasting
blood glucose concentration above 126 mg/dL on the
first visit; 2) not taking dietary supplements including
calcium, vitamin D, or omega-3 for the past 3 months
prior to the intervention; 3) not receiving medications
that could potentially influence vitamin D metabolism or
insulin; and 4) not having any other clinical disease that
could influence vitamin D metabolism (e.g. renal, he-
patic, other endocrinology disorders and malignancies).

In a2-week run-in period, the participants were in-
structed to have 2-3 exchanges of low-fat dairy prod-
ucts (milk and yogurt), 2—3 exchanges of vegetables
and 2-3 exchanges of fresh fruits a day. They were
then randomly divided into three groups in a double-
blind manner to receive two 250 mL bottles a day of
plain Persian yogurt drink or doogh (PD), containing
150 mg calcium and no detectable vitamin D3/250 mL;
vitamin D-fortified doogh (DD), containing 150 mg
calcium and 500 IU vitamin D3/250 mL; or calcium +
vitamin D3-fortified doogh (CDD), containing 250 mg
calcium and 500 IU vitamin D3/250 mL. Two bottles
of doogh (500 mL) replaced one exchange of dairy
product a day (Figure 1). The study was conducted
over twelve weeks in February—March, when there is
minimal sunlight exposure, and serum 25-hydroxycho-
lecalciferol (25 (OH)D) concentrations were expected
to be at their lowest. The dietary intake assessment was
made using 24 hour recall questionnaire for two days
(including a weekend), as described elsewhere [23].

This study was part of the Calcium + vitamin D-
fortified yogurt drink (doogh) and Diabetes Project,
which has been approved by the Ethics Commit-
tee of the National Nutrition and Food Technology
Research Institute (NNFTRI), and patients pro-
vided written informed consent to participate in the
study. This trial was registered at clinicaltrails.gov:
NCT01229891.

Laboratory investigations

Fasting venous blood samples were obtained at
baseline and after twelve weeks intervention. The
procedure for blood sampling and handling has been
described previously [20].

Serum 25(OH)D was measured by high-perfor-
mance liquid chromatography [24]. 25(OH)D con-
centrations (nmol/L) were defined using the following
categories: deficiency (<27.5), inadequacy (27.5 to
<50), and adequacy (>50) [25].

Serum intact parathyroid hormone (iPTH; Biomer-
ica, USA), and osteocalcin (OC; BioSource, Belgium)
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were assessed using the enzyme-linked immunoassay
method.

Serum and urinary concentrations of calcium, phos-
phorous and magnesium were measured via colori-
metric methods using commercial Kits (Pars-Azmoon,
Tehran, Iran) and an auto-analyzer (Selecta E; Vital-
ab, Holliston, Netherlands). Percent of body fat mass
(FM) was evaluated using a bioelectrical impedance
analysis (BIA) system (Quadscan 4000; BodyStat,
Douglas, United Kingdom). Initial and final urine and
serum samples were kept at —80 °C until the day of
analysis and then all laboratory tests were performed
at the end of the intervention period at the Laboratory
of Nutrition Research, NNFTRI.

Statistical analyses

The data was expressed as mean + SD. The distribu-
tion of all variables was checked for normality by using
the Kolmogorov-Smirnov test.

Two-factor repeated-measures analysis of vari-
ance (ANOVA) was used to test timexgroup inter-
actions. ANOVA and Kruskal-Wallis tests were used
to compare between-group changes of independent,
normally and non-normally distributed variables,
respectively. The within-group comparison of val-
ues was performed by paired-samples t test (normal
distributed) and Wilcoxon test (non-normally dis-
tributed). Correlations between normally distributed
data were evaluated using Pearson (r) correlation
coefficients. Spearman (r,) coefficients were used to
correlate non-normally continuous variables. A p-
value <0.05 was considered statistically significant.
Statistical analyses were performed using the Statis-
tical Package for Social Sciences (SPSS version 16;
SPSS Inc., Chicago, IL).

Results

The baseline characteristics of the subjects have been
completely described elsewhere [20], however, some
anthropometric and biochemical values of the three
groups are provided in Table I. Baseline data did not
differ significantly among the groups. As reported
earlier [23], dietary intake (except for calcium and
vitamin D) did not show any significant within- or
between-group difference (data not shown).

After twelve weeks, both DD and CDD groups
showed significant improvement in both vitamin D sta-
tus [20], and serum calcium concentrations. The time
effect on serum calcium was significant (p<0.001).
Although the time and time x group interaction ef-
fects on the rest of the bone biomarkers were not
statistically significant, there was a modest decrease
in iPTH concentrations in both DD and CDD groups
over twelve weeks (Table II).

The subgroups with initial vitamin D deficiency/
insufficiency in the CDD group had a greater and
significant decrease in serum iPTH concentrations
after twelve weeks of treatment compared to the PD
group (-9.0+21.2 v.s 8.6 +21.8 pg/mL, p=0.042).

The other bone biomarkers did not differ signifi-
cantly in DD and CDD groups after twelve weeks,
compared with the baseline values (Table II).

In our study, a significant inverse association was
found between 25(OH)D and serum iPTH at base-
line (r=-0.348, p=0.001) and changes in 25(OH)D
and changes in iPTH during the study (r=-0.323,
p=0.002).

Simple correlation analyses were also performed
between serum OC versus anthropometric and glyce-
mic parameters at baseline. Serum osteocalcin signifi-
cantly and negatively correlated with BMI (r=-0.267,
p=0.011), FM (r=-0.274, p=0.009), serum glucose

Table I: Comparison of the values of some variables in three intervention groups at baseline. [1]

PD DD CDD P value®
Age (yr) 50.8+6.7 51.5+5.4 49.9+6.2 0.613
Weight (kg) 77.4+16.7 75.0+14.1 75.7+11.9 0.844
BMI (kg/m?) 29.9+4.7 292+4.4 29.1+55 0.779
WC (cm) 97.9+11.0 95.6+11.4 98.0+10.7 0.621
FM (%) 35.7+7.8 33.0+9.5 35.1+9.8 0.479
FSG (mg/dL) 187.0+57.1 184.1+63.8 184.0+57.3 0.976
HbAlc (%) 75+1.5 74+18 7.8+1.9 0.754

Data are expressed as means + SD. BMI, Body mass index; FM, fat mass; FSG, fasting serum glucose; HbA1c, glycated
hemoglobin; WC, waist circumference, PD, plain yogurt; DD, vitamin D-fortified yogurt drink; CDD, calcium + vitamin

D-fortified yogurt drink.
*Significance among three groups (one-factor ANOVA)
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Figure 1: Summary of the study design.

(r=-0.235, p=0.026), and low-density lipoprotein
cholesterol (LDL-C) (r=-0.210, p=0.047).

Discussion

The present investigation showed that a daily intake
of 1000 IU vitamin D, with or without extra calcium,
could prevent a seasonal increase in serum iPTH [26]
but had no significant effects on the studied bone bio-
markers.

It is evident that vitamin D deficiency or insuffi-
ciency is prevalent worldwide and that the problem
may be exaggerated in patients with either type 1 or
2 diabetes [27, 28], however, the benefits of vitamin
D supplementation on bone metabolism in patients
with T2D are not well documented.

Measurement of serum bone biomarkers is helpful
to determine the effect of an intervention on bone
quality prior to any significant change in bone density
[29]. Many researchers have studied the correlation
between these markers of turnover and BMD [30, 31].

Previous studies have shown that although patients
with T2D show a BMD reduction, fracture risks in-
crease up to approximately one and a half times [32,
33], although it is still unclear why subjects with T2D
have an increased risk of fracture despite normal
BMD.

Indeed, recent studies have shown that diabetes
may be the major predictor of osteoporotic hip frac-
ture in non-elderly patients [34,35]. The higher risk of
bone problems in diabetes may be caused by chronic
hyperglycemia, osteoblast dysfunction, inflammation,
diabetes medications and hypovitaminosis D [36].

In the present study, no significant improvement
in the selected bone markers was observed, however,
when we reanalyzed the between-group changes of
the variables in the subjects with initial undesirable
vitamin D status, we found that the serum iPTH de-
crease in the CDD group was slightly but significantly
greater compared to the PD group.

It is noteworthy that the final mean 25(OH)D in
both DD and CDD groups was <78 nmol/L and 71.1 %
of our patients had 25(OH)D <75 nmol/L. It is sug-
gested that bone resorption tends to increase with age
and thus higher doses of vitamin D may be required
to slow down the bone resorption. Some clinical tri-
als suggest that serum 25 (OH) D concentrations of
80—-125 nmol/L are required to show any benefit in
bone turnover [19, 37, 38].

Itis estimated that with a late summer and 25(OH)
D concentrations of 70 nmol/L, 1000 IU vitamin D/d
is needed during winter months to maintain the start-
ing level, while with baseline levels between 20 and
40 nmol/L, a daily dose of 2200 IU vitamin D may be
required to reach and maintain 80 nmol/L [39, 40].
These results indicate that individuals with a lower
baseline level may need a higher dose of vitamin D
to achieve desirable levels [41].

We found an inverse relationship between 25(OH)
D and iPTH at baseline, in keeping with several stud-
ies [42—44]. PTH helps maintaining normal serum
calcium concentrations and is regulated itself by the
levels of 1,25(OH),D and serum calcium, but an in-
crease in PTH results in increased bone turnover and
bone loss [45]. An inverse association between serum
25(OH)D and serum PTH is well recognized [46].

It is suggested that PTH suppression may only
depend on a higher calcium intake if serum 25-hy-
droxyvitamin D levels are very low [46]. As habitual
calcium intake was relatively low in our subjects
(710338 mg/d) [23], it is likely that the significant
decrease in serum iPTH in CDD compared to the PD
group was due to higher calcium intake (200 mg extra
calcium via fortified doogh).

There were no significant changes in serum OC
after intervention. Interestingly, a significant nega-
tive correlation was found between osteocalcin and
BMI, FM, serum glucose, and LDL-C at baseline.
These findings further confirm those of previous stud-
ies [47-49].
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Serum concentrations of OC, an osteoblast-specific
protein, generally reflect mature osteoblastic activ-
ity and bone formation. Recent studies have shown
that the serum OC level is related to not only bone
metabolism, but also plasma glucose levels, fat mass
and atherosclerosis parameters in individuals with or
without T2D [50-52]. Several studies indicated that
hyperglycemia induced a low bone turnover with os-
teoblast dysfunction and caused suppression of serum
OC levels [53, 54]. Lower serum OC concentrations
have been reported in diabetic women [53].

Some limitations in this study are acknowledged.
Although calcium, magnesium and phosphorous are
all necessary nutrients for bone [55, 56], and vitamin D
and PTH are major determinants of bone health [57,
58], osteocalcin and urinary calcium were the major
biomarkers of bone metabolism in this study [59]. The
possible effects of vitamin D and calcium intake on
other circulating bone biomarkers remain to be eluci-
dated by further studies. As doogh is a dairy product,
it was impossible to fortify it with higher amounts of
calcium without organoleptic changes.

In conclusion, the intervention itself may have led
to a significant improvement in vitamin D status, but
not enough to significantly affect the selected bone
biomarkers. Present data suggests that the greatest
impact of vitamin D intervention might be seen in
individuals with initial hypovitaminosis D, and extra
calcium intake via consumption of fortified doogh
slightly adds to the PTH-suppressing effect of vita-
min D.

There are few studies on vitamin D/calcium supple-
mentation and bone in patients with T2D, and future
studies are needed to examine the strength of the
association between vitamin D status and measures
of bone metabolism in these subjects.
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