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High-dose vitamin D supplementation is associated with
an improvement in several cardio-metabolic risk factors
in adolescent girls: a nine-week follow-up study
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Abstract

Background: Vitamin D deficiency is a prevalent and important global health problem. Because of its role in growth and
development, vitamin D status is likely to be particularly important in adolescent girls. Here, we explored the effects of
high-dose vitamin D supplementation on cardio-metabolic risk factors.

Methods: We have examined the effects of vitamin D supplementation on cardio-metabolic risk factors in 988 healthy
adolescent girls in Iran. Fasting blood samples and anthropometric measurements were obtained at baseline and after
supplementation with high-dose vitamin D. All individuals took a capsule of 50,000 |U vitamin D/week for nine weeks.
The study was completed by 940 participants.

Results: The prevalence of vitamin D deficiency was 90% at baseline, reducing to 16.3% after vitamin D supplementa-
tion. Vitamin supplementation was associated with a significant increase in serum concentrations of 25 (OH) vitamin D
and calcium. There were significant reductions in diastolic blood pressure, heart rate, waist circumference and serum
fasting blood glucose, total- and low-density lipoprotein-cholesterol after the nine-week period on vitamin D treatment,
but no significant effects were observed on body mass index, systolic blood pressure or serum high-density lipoprotein
cholesterol and triglyceride.

Conclusion: Vitamin D supplementation had beneficial effects on cardio-metabolic profile in adolescent girls.
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Hepatology and Nutrition (ESPGHAN) has recently
recommended a serum 25-hydroxy vitamin D (25-OH
D) concentration >50 nmol/l (20 ng/mL) as the thresh-
old value for vitamin D sufficiency.? Hypovitaminosis
D is particularly prevalent in Asia® with a reported
prevalence of 90% in the Middle East’ and 79% in
Iran.* The role of vitamin D is particularly important
in adolescent girls, because vitamin D status influences
various aspects of growth, development and puberty
in this group.”” In Iran, the prevalence of vitamin D
deficiency has been reported to be 79-81.3% in
adolescents.®’

Most chronic diseases, including CVD have their
origins in childhood and adolescence, and the early
control of their risk factors is important to reduce
chronic diseases in adulthood.'®

Several observational studies have indicated that
serum 25-OH vitamin D is inversely associated with
body mass index (BMI), dyslipidaemia, inflammatory
markers and hypertension in children'' ' and
adults.'*'> Low serum concentrations of 25-OH vita-
min D are proposed to be related to cardio-metabolic
risk factors even in adolescence.'® However, vitamin D
supplementation trials are necessary to clarify whether
a low serum 25-OH vitamin D is causally related to
these cardio-metabolic risk factors. Several doses of
vitamin D supplementation have been used previously
in relation to affecting cardio-metabolic risk factors,'®
but the results from clinical trials have been inconsist-
ent. Some clinical trials have suggested that vitamin D
supplementation improves blood pressure, fasting
blood glucose and lipid profile,'”'® while other studies
have not reported any significant improvements in
these parameters.'”

Given the importance of vitamin D in health and the
high prevalence of its deficiency in the community,
Iran’s Ministry of Health has recently used high-dose
supplements of vitamin D for reducing vitamin D defi-
ciency in adolescents. In this intervention, approxi-
mately 100,000 adolescent girls took nine high-dose
500,00 IU of vitamin D supplements, over a period of
nine weeks. We have investigated the effects of this
high-dose vitamin D supplementation on cardio-
metabolic risk factors in a random sample of this
group of adolescent girls. To our knowledge, this
study is one of the largest studies to date to examine
the effects of high-dose vitamin D supplementation on
cardio-metabolic risk factors in adolescent girls.

Methods
Study design and participants

This study was undertaken in the cities of Mashhad and
Sabzevar, in northeastern Iran between January and

April 2015. Participants were selected by using a ran-
domized clustering method and computer-generated
random numbers. Written consent was obtained from
the girls and their parents. We excluded girls with any
autoimmune diseases, cancer, metabolic bone disease,
hepatic or renal failure, cardiovascular disorders, mal-
absorption or thyroid, parathyroid or adrenal diseases.
Subjects who were taking anti-inflammatory, anti-
depressant, antidiabetic or antiobesity drugs, vitamin
D or calcium supplement use and hormone therapy
within the last six months were also excluded. A total
of 1026 adolescents aged 12—18 years old were screened,
of whom 988 met the inclusion criteria. All participants
were provided with nine vitamin D capsules containing
50,000 IU vitamin D over nine weeks. Overall, 940 girls
completed the intervention, with a dropout rate
of 4.8%.

A validated food frequency questionnaire was used
to evaluate dietary intakes.”?' To estimate energy and
nutrient intakes, the reported portion size in FFQ were
converted to grams using household measures and then
were entered to the Nutritionist IV software. Physical
activity was assessed through a validated question-
naire*”> and provided as metabolic equivalents (METs)
in hours per day. Demographic data, sun exposure and
use of sunscreen were collected by an expert interviewer
and by the use of a standard questionnaire. The ethical
committee of Mashhad University of Medical Sciences
approved the study, and informed written consent was
completed by all participants.

Anthropometric and cardiac measurements

Anthropometric parameters were determined at base-
line and after nine weeks of intervention. BMI was
calculated as weight in kilograms divided by height in
metres squared. Waist circumference (WC), Systolic
blood pressure (SBP) and diastolic blood pressure
(DBP) were measured based on the standard proced-
ure. Heart rate (HR) was measured to count the
number of heart beats occurring over 60 s in sitting
state and after 5-min rest.

Blood collection and routine biochemistry

Fasting blood samples were obtained early in the morn-
ing between 8 and 10 a.m. at baseline and after nine-
weeks’ intervention, by venipuncture of an antecubital
vein after a 14 h overnight fast. The samples were col-
lected in vacuum tubes from subjects in a sitting pos-
ition, according to a standard protocol. Blood samples
were immediately centrifuged (Hettich model D-78532)
at 1465 3 g for 10 min at room temperature to separate
serum, or plasma (0.5 mL). Samples were stored at
—80°C at the reference laboratory in Mashhad
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University of Medical Science until analysis.
An electrochemiluminescence method (ECL, Roche,
Basel, Switzerland) was used for the measurement of
serum 25-OH vitamin D. The limit of detection for
the 25-OH vitamin D assay was 10 nmol/L for the
ECL (Roche) and intra- and inter-assay variation
were 5.7% and 9.9%, respectively. Serum calcium
(Ca), phosphate (P), fasting blood glucose (FBG), tri-
glyceride (TG), total cholesterol (TC) and high-density
lipoprotein cholesterol (HDL-C) concentrations were
measured using commercial kits (Pars Azmun, Karaj,
Iran) and the BT-3000 auto-analyzer (Biotechnica,
Rome, Italy). LDL-C was calculated using Friedewald
formula if serum TGs concentrations were lower than
4.52 mmol/L.>

Statistical method

Kolmogrov—Smirnow test was applied to ensure the
normal distribution of variables. We categorized the
participants into three groups by baseline serum con-
centrations of 25-OH D: deficient (<50 nmol/L), insuf-
ficient (50-74.9 nmol/L) and sufficient (>75 nmol/L).
Significant differences in continuous variables across
categories of 25-OH D were examined by use of the
one-way analysis of variance (one-way ANOVA); this
analysis was also applied to compare the dietary intakes
of population across categories of serum 25-OH D. A
chi-squared test was used to assess the distribution of
categorical variables across three groups of 25-OH D
status. Partial correlation analysis was applied to evalu-
ate the associations between anthropometric, biochem-
ical parameters and changes of serum 25-OH D
concentration after adjustment for age. To examine
the effects of vitamin D supplementation on 25-OH D
and cardio-metabolic risk factors, we used paired t-
tests. To control confounding factors (age, energy
intake, dietary intake of vitamin D, menstruation, use
of sunscreen, passive smoker, sun exposure, BMI and
physical activity), we conducted analysis of covariance
(ANCOVA). A P-value <0.05 was considered statistic-
ally significant. All statistical analyses were performed
using SPSS-17 (SPSS Inc., Chicago, IL, USA).

Results
Baseline characteristics

Of the 1026 girls invited to participate in the present
study, 988 were eligible for inclusion. All 988 subjects
received capsules of 50,000 IU of vitamin D, and 940
completed the nine-week follow-up. Demographic
characteristics of the study participants are shown in
Table 1. The mean age was significantly different
between three groups defined by baseline 25-OH

vitamin D status (P=0.01), but no significant differ-
ence was seen for all other parameters (passive
smoker, location of residence, menstruation, use of
sun screen and its protection factor and the area over
which it was used) and physical activity. Dietary
energy, carbohydrate, protein, saturated fatty acid,
mono-unsaturated fatty acid, fiber, vitamin D, vitamin
E, vitamin C, sodium, calcium and zinc did not differ in
the groups of vitamin D status. Intakes of total fat,
polyunsaturated fatty acid, cholesterol and vitamin A
were significantly different between vitamin D cate-
gories (P=0.04, 0.03, 0.04, <0.001, respectively). The
correlation between changes of serum 25-OH vitamin D
concentration and baseline anthropometric and bio-
chemical parameter is indicated in Supplementary
Table 1. After adjusting for age, changes of serum
25-OH D concentration were only related to serum cal-
cium (R: 0.09, P=0.03). Moreover, we did not find
significant differences for anthropometric measure-
ments between the three groups of vitamin D status
before or after intervention (Table 2).

Furthermore, the biochemical assessments of study
participants were compared across 25-OH vitamin D
categories at baseline and after supplementation
(Table 3). There was a significant difference in the base-
line concentrations of FBG between the three groups
(P=0.001). We observed that individuals with vitamin
D deficiency had more significant increments for 25-OH
vitamin D compared with the subjects with sufficient
concentrations of vitamin D (P < 0.001).

Effects of vitamin D supplementation on
anthropometric and biochemical parameters

Serum status of 25-OH D was classified based on the
following threshold values (nmol/L): serum 25-OH D
concentrations <50 deficiency, 50-74.9 insufficiency
and >75 sufficiency.! Deficiency of vitamin D was pre-
sent in 90%, while 5.2% and 4.8% of participants indi-
cated insufficient and sufficient concentrations of 25-OH
D at the baseline, respectively. After intervention, the
prevalence of vitamin D deficiency was reduced to
16.3%, while insufficiency and sufficiency concentra-
tions were increased to 19% and 64.8%, respectively.
The effects of vitamin D supplementation on
anthropometric measurements (Table 2) and biochem-
ical profiles (Table 3) for the total population and for
the three separate baseline categories of 25-OH vitamin
D are shown in the respective tables. The findings for
the total population were in line with findings in each
baseline categories of 25-OH D. A significant reduction
in WC (69.5£9.3 vs. 70.2+9.1, P<0.001), HR
(80.74+13.2 wvs. 83.2+129, P<0.001) and DBP
(60.6£12.9 vs. 62.3+13.4, P=0.001) were seen after
intervention compared with baseline, while no
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Table 1. Demographic characteristics of adolescent girls according to baseline serum of 25-OH vitamin D categories.

Serum 25-OH D status

Deficient Insufficient Sufficient
(<50 nmol/L) (50-74.9 nmol/L) (>75 nmol/L) P

N% (prevalence, baseline) 889 (90) 53 (5.2) 46 (4.8) <0.001
N% (prevalence, after supplementation) 153 (16.3) 178 (19) 609 (64.8) <0.001
Age (year) 14.5+ 1.53° 147 £ 1.51 152+ 1.53 0.01
Passive smoker (yes %) 5.9 6.4 1.6 0.62

<Ih 1.2 12.8 7

I-3h 42 0 0

>3h 42 6.4 23
Location of residence (%) 0.78

Apartment 345 343 39.5

Independent home 65.5 65.7 60.5
Menstruation (yes) (%) 85.4 85.1 83.7 0.47
Use of sun safe (yes) (%) 43.8 44.7 44.2 0.2
Sun protection factor (%) 0.92

<30 19.6 19.06 10.6

30-50 26.11 38.03 36.8

>50 18.49 19.01 21.2

No idea 35.8 23.9 314
Location of cream using (%) 0.71

Only face 71.7 763 68.3

Face and hands 27.6 23.7 316

Most of the body 0.7 0 0
Physical activity (MET-h/week) 453+3.6 45.8+3.6 453+3.1 0.67

MET-h/week: metabolic equivalent of task-hour/week; 25-OH D: 25-hydroxy vitamin D.

?Obtained from one-way ANOVA or chi-square test, where appropriate.
®Mean - standard deviation (SD).

statistically significant differences were found for BMI
and SBP.

Serum concentrations of 25-OH vitamin D (90.9 +
38.6 vs. 23.34+22.04, P <0.001) and Ca (2.36£0.15
vs. 2.47+0.15, P < 0.001) were increased significantly
by the end of the study compared with at the baseline.
The high-dose vitamin D supplementation resulted in a
significant reduction in serum TC (4.2+0.72 vs.
4.024+0.67, P<0.001), LDL-C (2.6+£0.63 vs. 2.4+
0.53, P<0.001) and FBG (4.8 +0.65 vs. 4.7+0.54,
P <0.001). We did not find any significant differences
in serum concentrations of phosphate, TG and HDL-C
before and after supplementation.

We adjusted the effects of vitamin D supplementa-
tion on anthropometric and biochemical measurements
(adjusted for age, energy intake, dietary intake of vita-
min D, menstruation, use of sunscreen, passive smoker,
sun exposure, BMI and physical activity). We did not
obtain any significant differences between the crude and
adjusted model. After adjustment, the differences
between before and after supplementation values for

DBP, HR, WC, 25-OH D, Ca, TC, LDL-C and FBG,
remained statistically significant. No significant differ-
ences were observed for other variables including SBP,
phosphate, HDL-C and TG (Supplementary Table 2).

Discussion

We analysed data from a large interventional study
with the purpose of determining whether high-dose
vitamin D supplementations have beneficial effects on
cardio-metabolic risk factors. Taking vitamin D supple-
ments appeared to have beneficial effects on DBP, HR,
serum 25-OH vitamin D, Ca, TC, LDL-C and FBG.
The prevalence of vitamin D deficiency was 90% at
baseline, while it was decreased to 16.3% after inter-
vention. To the best our knowledge, this study is one of
the first of its kind in the adolescent girls group. Taking
high-dose 50,000 IU-vitamin D for eight weeks is rec-
ommended for vitamin D deficiency.?* In our study, we
prescribed nine high-dose vitamin D pearls (50,000 1U/
week cholecalciferol) over a period of nine weeks.
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Table 2. Effects of vitamin D supplementation on anthropometric measurements in adolescent girls according to baseline serum of

25-OH vitamin D categories.

Serum 25-OH D status

Total Deficient Insufficient Sufficient
population (<50 nmol/L) (50-74.9 nmol/L) (>75 nmol/L) P

Height, baseline (cm) 1576 £6 157.6+6.1° 158.02 £ 6.1 1572£73 0.85
Height, after supplementation (cm) 158.7+5.9 158.7+5.8 159.05+6.4 1582+6.8 0.82
Height, change (cm) 1.06 1.5 1.09+ 1.5 I.1£15 09+£15 0.83
P¢ <0.001 <0.001 <0.001 0.001

Weight, baseline (kg) 526+11.8 53.03+122 51.8+£10.5 509+93 0.47
Weight, after supplementation (kg) 534+118 53.6£12.1 525+10.8 50.8+94 0.36
Weight, change (kg) 08+28 081 £27 I.3£5.1 026+ 1.9 0.23
P <0.001 <0.001 0.008 0.33

BMI, baseline (kg/m?) 21.07+£42 21.2+44 20.6 £3.6 204 £3.1 0.38
BMI, after supplementation (kg/m?) 21.1+£42 21.1+£43 20.6 +3.6 20.2+3.2 0.34
BMI, change (kg/ m?) 0.03+1.14 0.03 £ I.1 024+1.8 —0.12+0.79 0.37
P 0.32 0.37 0.39 0.41

WC, baseline (cm) 702 £9.1 706 £9.3 68.7£7.1 68.1 £6.7 0.11
WC, after supplementation (cm) 69.5+9.3 69.6 +9.5 67.4+8.1 65.9+7.1 0.05
WC, change (cm) —0.75+5.03 —0.82+5.07 —0.85+3.6 —24+48 0.18
P <0.001 <0.001 0.009 <0.001

HR, baseline 832+132 83.3£13.08 845t 117 87.08 £ 10.1 0.19
HR, after supplementation 80.7 £ 129 80.7 £ 13.1 80.8+ 14.7 81.2+12.6 0.97
HR, change —1.9+145 —1.7£149 —38+134 —5.8+13.02 0.24
P <0.001 0.003 <0.001 <0.001

SBP, baseline (mmHg) 964+ 14.2 96.6 = 14.2 983+ 143 988+ 11.2 0.49
SBP, after supplementation (mmHg) 96.8+ 14.5 97.1 £ 14.6 982+ 13.1 95.6+14.2 0.74
SBP, change (mmHg) 0.41 £ 15.05 0.56 +15.1 0.12+15.4 —34+133 0.36
P 0.42 0.48 0.77 0.05

DBP, baseline (mmHg) 6231134 62.5+13.05 6451128 66.05+10.4 0.17
DBP, after supplementation (mmHg) 60.6+12.9 60.7+13.01 60.9+10.5 61.9+12.7 0.87
DBP, change (mmHg) —1.5+£133 —1.6£133 —3.6£129 —22+109 0.64
P 0.001 0.005 <0.001 0.002

25-OH D: 25-hydroxy vitamin D; WC: waist circumference; BMI: body mass index; HR: heart rate; SBP: systolic blood pressure; DBP: diastolic blood

pressure.

*Obtained from one-way ANOVA to compare the differences between categories of 25-OH D status.

®Mean = standard deviation (SD).

“Obtained from pair-samples t-test to examine the effects of vitamin D supplementation.

At the end of the study, the mean of 25-OH vitamin D
was raised to 90.9 nmol/L; it has been suggested that
the health benefits of vitamin D are seen for serum a
25-OH vitamin D of between 75 and 100 nmol/L.*

In our study, vitamin D supplementation improved
serum 25-OH vitamin D. Similar results were found in
relation to the effect of vitamin D supplementation on
serum 25-OH vitamin D in previous studies.?®2® It has
been reported that serum 25-OH vitamin D can be
increased by approximately 1.5 to 2.5 nmol/L for
every 100 IU of vitamin D ingested.”” When the serum
25-OH D is less than 37.4 nmol/L, it is expected that

serum 25-OH vitamin D would increase by 5 to
7.5nmol/L.!

An inverse association has been reported between
serum 25-OH vitamin D and obesity in previous stu-
dies®; also a recent meta-analysis confirmed that low
concentrations of vitamin D are associated with
higher concentrations of BMI.*® We observed that
treatment with vitamin D supplements was associated
with an improvement in WC in our population. It is
possible that this was associated with changes in diet
over the intervention period. However, higher serum
concentrations of PTH are associated with increasing
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Table 3. Effects of vitamin D supplementation on biochemical measurements in adolescent girls according to baseline serum of

25-OH vitamin D categories.

Serum 25-OH vitamin D status

Total Deficient Insufficient Sufficient

population (<50 nmol/L)  (50-74.9 nmol/L) (>75 nmol/L) P?
25-OH vitamin D, baseline (nmol/L) 23.6 +22.04 17.24£9.4° 60.07 +8.1 99.54+22.2 <0.001
25-OH vitamin D, after supplementation (nmol/L)  90.9 £ 38.6 89.1 £37.7 99.9 £46.9 116.1 =36.6 <0.001
25-OH vitamin D, change (nmol/L) 67.24+40.9 71.5+382 40.4+48.2 1144333 <0.001
P¢ <0.001 <0.001 <0.001 0.01
LDL-C, baseline (mmol/L) 2.6+0.63 2.55+£0.66 2.65+0.68 261 £0.61 0.56
LDL-C, after supplementation (mmol/L) 24+053 242 £0.59 25+056 2.44+0.46 0.74
LDL-C, change (mmol/L) —0.18+0.54 —0.19+054 —0.114+043 —0.28+0.53 0.48
P <0.001 <0.001 0.02 <0.001
HDL-C (mmol/L), baseline (mmol/L) .21 £0.22 1.21+0.23 1.254+0.22 1.294+0.27 0.06
HDL-C (mmol/L), after supplementation (mmol/L) 1.18£0.2 1.20£0.21 1.22+0.18 1.27£0.18 0.62
HDL-C (mmol/L), change (mmol/L) —0.007+0.12  —0.001+0.12 —0.004+0.13 —0.003+0.12  0.77
P 0.12 0.13 0.28 0.38
TG (mmol/L), baseline (mmol/L) 0.94£0.41 0.96 £0.45 1.00 £ 0.44 0.85+0.32 0.24
TG (mmol/L), after supplementation (mmol/L) 0.92+0.34 0.93+0.35 0.99 £0.47 0.84+0.26 0.23
TG (mmol/L), change (mmol/L) —0.024+0.35 —0.02+0.35 —0.005+0.4 —0.05+0.33 0.77
P 0.1 0.22 0.84 0.18
TC (mmol/L), baseline (mmol/L) 424072 4.17+0.74 4254+0.79 4314073 0.4
TC (mmol/L), after supplementation (mmol/L) 4.02£0.67 4.02+0.7 4.1 £0.62 4.1 £0.59 0.6
TC (mmol/L), change (mmol/L) —0.194+0.59 —0.2+0.59 —0.09 £0.67 —0.27 +0.62 0.47
P <0.001 <0.001 0.03 <0.001
FBG (mmol/L) baseline (mmol/L) 4.8+0.65 4.75+0.65 5.13£0.59 4.861+0.62 0.001
FBG (mmol/L) , after supplementation (mmol/L) 4.7 +£0.54 4.75+£0.59 483+£0.6 4.85+0.61 0.52
FBG (mmol/L) , change (mmol/L) —0.09 £0.65 —0.08+£0.65 —0.26+0.58 —0.03 £0.69 0.24
P <0.001 0.001 <0.001 0.06
Ca (mmol/L), baseline (mmol/L) 2.36+0.15 2.35+0.16 2.36+0.12 24+0.1 0.18
Ca (mmol/L), after supplementation (mmol/L) 247 £0.15 248 £0.15 245+0.14 247 £0.11 0.59
Ca (mmol/L), change (mmol/L) 0.1+0.2 0.1+£0.2 0.09+0.18 0.06 +0.14 0.52
P <0.001 <0.001 0.004 0.02
P (mmol/L), baseline (mmol/L) 1.28£0.14 1.28£0.15 1.3£0.15 126 £0.12 0.45
P (mmol/L) , after supplementation (mmol/L) 1.28£0.13 1.28£0.13 129 £0.12 1.3+0.11 0.69
P (mmol/L) , change (mmol/L) 0.0001 £0.18  0.001 +0.18 —0.03£0.15 0.03+0,13 0.32
P 0.98 0.96 0.22 0.16

25-OH D: 25-hydroxy vitamin D; LDL-C: low-density lipoprotein-cholesterol; HDL-C: high-density lipoprotein-cholesterol; TG: triglyceride; TC: total
cholesterol; FBG: fasting blood glucose; Ca: calcium; P: phosphate.
?Obtained from one-way ANOVA to compare the differences between categories 25-OH D status.

®Mean = standard deviation (SD).

“Obtained from pair-samples t-test to examine the effects of vitamin D supplementation.

lipogenesis and decreasing lipolysis. PTH reduction fol-
lowing vitamin D intake, might be result in an improve-
ment in some anthropometric indexes.?! Vitamin D can
also reduce adipogenesis through reduction in the
expression and activity of peroxisome proliferator-acti-
vated receptor-gamma in adipocytes.*

We found that vitamin D supplements were asso-
ciated with a significant reduction in DBP, but no

effect on SBP. There is some evidence that vitamin D
supplements may improve blood pressure,*
although other studies using relatively short treatment
periods or low doses of vitamin D supplements have
reported no significant effects*® particularly in individ-
uals with sufficient serum concentrations of 25-OH
vitamin D before supplementation.’” A meta-analysis
has reported a reduction in SBP of 2.44 mmHg in
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vitamin D-treated subjects, but no significant effect on
DBP.*® Wamberg et al.** have reported that higher
dose of vitamin D supplementation did not have a sig-
nificant effect on blood pressure, although the results of
their study may have included a small sample size.*
The control of renin—angiotensin system by decreasing
renin gene expression and regulation of parathyroid
hormone (PTH) production by parathyroid cells has
been suggested as one of the biological mechanisms
for the effects of vitamin D on blood pressure.***!
Moreover, vitamin D through increment of calcium
absorption improves blood pressure via altering cellular
concentrations of sodium and calcium ions.** Further
randomized controlled trial studies are needed to clear
the actual effects of vitamin D on blood pressure.

Vitamin D deficiency is identified as a risk factor for
CVD.! We found that taking vitamin D supplements
caused a significant reduction in HR. This finding is in
agreement with a previous study on healthy subjects.
Vitamin D deficiency may be associated with a suppres-
sion of resting cardiac autonomic activity.*?
Parasympathetic nerve fibres or vagus nerve are
known as regulators of the HR; activity of these
nerves is related to slow the HR.** In individuals with
low level of vitamin D in the serums, cardio-protective
vagal tone declined in response to an acute vascular
stressor®; it seems that 1,25-dihydroxy vitamin D
may act as an important mediator in reducing vagal
tone and therefore HR.*¢

We observed that vitamin D supplementation led to
significant change in serum calcium, but not in serum
phosphorus. Mozaffari-Khosravi et al.** confirmed our
findings in terms of effects of vitamin D on serum cal-
cium and phosphorus. The absorption of calcium and
phosphate is increased by vitamin D through various
pathways.*’ Intake of excessive vitamin D can cause
hypercalcaemia and hyperphosphataemia,*® but this
may be related to baseline status.

Vitamin D deficiency is considered as a potent risk
factor for the development of impaired glucose metab-
olism and type 2 diabetes.*” Vitamin D deficiency or
insufficiency has been reported to cause a 2-5-fold
higher risk of enhanced blood glucose concentration
in children.’® We found that vitamin D supplementa-
tion led to a significant reduction in FBG. Several stu-
dies have demonstrated a favourable effect of vitamin
D on glycaemic control,’>* while some others could
not find any significant effect®*>* which may be due to
small sample size, normal FBG of study participants at
baseline or relatively short treatment period.

In has been reported that calcium—vitamin D co-
supplementation resulted in a significant reduction in
FPG, serum insulin concentrations and HOMA-IR.>
Nikooyeh et al. found that vitamin D alone and vita-
min D plus calcium yogurt drink caused a reduction

in HOMA-IR, FPG and haemoglobin AI1C in individ-
uals with type 2 diabetes.’® The exact mechanisms that
are involved in terms of effect of vitamin D in glucose
metabolism are unclear. Vitamin D supplementation
may improve glucose metabolism via more production
of 1, 25-dihydroxy vitamin D, which, in turn, leads to
increased expression of insulin gene and then
enhanced insulin action, synthesis and release.”’
Moreover, low 25-OH vitamin D concentrations may
be associated with an increased production of PTH,
which has been related to insulin resistance.”®
Furthermore, improved calcium status and increased
local production of 25-OH D may result in higher
insulin sensitivity.>

Vitamin D status is known as an important factor
in the pathogenesis of CVD. Serum 25-OH D and 1,
25-dihidroxy vitamin D concentrations are inversely
associated with the presence of coronary artery
diseases.

In present study, a reduction in serum TC and LDL-
C were associated with vitamin D supplementation, but
no significant effect was observed for HDL-C and TG.
In line with our findings, some studies have previously
demonstrated significant beneficial effects on lipid pro-
files,®™®! while others did not report any improve-
ment.>>%> These inconsistent results may be due to
different characteristics of population, study design,
difference in dosage supplementation and confounder
variables. The mechanism of the effect of vitamin D on
lipid profiles is largely unknown. Vitamin D intake can
improve lipid profile by reduction in PTH concentra-
tion.®® Increment of insulin sensitivity is considered as
one of the potential mechanisms in relation to the
effects of vitamin D on lipid profiles. Insulin decreases
the biosynthesis of cholesterol via increased g-hydroxy-
p-methylglutaryl coenzyme A reductase activity.®* It
has also been proposed that vitamin D might correct
the lipid profile via increasing calcium absorption.® It
seems that long-term interventions are required to show
the effects of vitamin D supplementation on lipid
profiles.

The main strength of the present study is the large
sample size for intervention. The next strength of the
present study design was that it was performed in
apparently healthy adolescent girls aged 12-18 years.
However, some limitations need to be considered in
the interpretation of our findings. Also, we were
unable to measure PTH in our population, which sup-
ports the need for the evaluation of this marker before
and after vitamin D supplementation. Owing to advice
of our ethics committee, we were not able to have a
control group in the present study. The relatively
short duration of supplementation was another limita-
tion in our study. The short intervention and bolus dose
may have resulted in some of the null effects obtained in
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this study compared with previous studies of vitamin D
supplementation.

In conclusion, high-dose vitamin D supplementation
with 50,000 1U/week for nine weeks in apparently
healthy adolescent girls led to improvement in WC,
DBP, HR, 25-OH D, FBG, LDL-C, TC, Ca, but it
did not affect BMI, SBP, TG, HDL-C and phosphate.
Future clinical trial studies are recommended to clear
the effects of vitamin D supplementation on cardio-
metabolic risk factors in adolescents.

Acknowledgements

The authors are grateful to all study participants, volunteers and study
personnel.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect to the
research, authorship, and/or publication of this article.

Funding

This research was jointly funded by the Mashhad and Sabzevar University of
medical sciences. We appreciate Al Zahra University for providing a part of
funds.

Ethical approval

The ethical committee of Mashhad University of Medical Sciences approved
the study (IR.MUMS.fm.REC.1395.12).

Guarantor
MGM.

Contributorship

The current manuscript was produced from a large study and therefore several
persons were involved in this project. The paper was drafted by SSK with
contributions from all authors. SIM, MGM, GAF and HBT designed the
study; AA, PH, ZA, MF, MT and SSK participated in field implementation
and sampling. Also, AA, MGM, ZA, HBT were involved in clinical examin-
ation and patient confirmation. FR and AJ performed biochemical analysis.
SSK and MT contributed to statistical analyses. MGM and HBT supervised
the study. All authors contributed to the development of, and read and
approved the final version of, the manuscript.

References

1. Holick MF. Vitamin D deficiency. N Engl J Med 2007; 357: 266-281.

2. Braegger C, Campoy C, Colomb V, et al. Vitamin D in the healthy
European paediatric population. J Pediatr Gastroenterol Nutr 2013; 56:
692-701.

3. Hossein-nezhad A and Holick MF. Vitamin D for health: a global perspec-
tive. Mayo Clinic proceedings. Elsevier, 2013; 88: 720-755.

4. Bonakdaran S, Fakhraee F, Karimian MS, et al. Association between serum
25-hydroxyvitamin D concentrations and prevalence of metabolic syn-
drome. Adv Med Sci 2016; 61: 219-223.

S. Fuleihan GE-H, Nabulsi M, Choucair M, et al. Hypovitaminosis D in
healthy schoolchildren. Pediatrics 2001; 107: e53.

6. Tylavsky FA, Ryder KM, Li R, et al. Preliminary findings: 25 (OH) D levels
and PTH are indicators of rapid bone accrual in pubertal children. J Am
Coll Nutr 2007; 26: 462-470.

7. Cashman KD, Hill TR, Cotter AA, et al. Low vitamin D status adversely
affects bone health parameters in adolescents. Am J Clin Nutr 2008; 87:
1039-1044.

8. Saki F, Dabbaghmanesh MH, Omrani GR, et al. Vitamin D deficiency and
its associated risk factors in children and adolescents in southern Iran.
Public Health Nutr 2015; 8: 1-6.

10.

12.

14.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. Ataie-Jafari A, Qorbani M, Heshmat R, et al. The association of vitamin D

deficiency with psychiatric distress and violence behaviors in Iranian ado-
lescents: the CASPIAN-III study. J Diabetes Metab Disord 2015; 14: 1.
da Conceigdo-Machado MEP, Silva LR, Santana MLP, et al.
Hypertriglyceridemic waist phenotype: association with metabolic abnorm-
alities in adolescents. J Pediatria 2013; 89: 56-63.

. Dolinsky DH, Armstrong S, Mangarelli C, et al. The association between

vitamin D and cardiometabolic risk factors in children: a systematic review.
Clin Pediatr 2013; 52: 210-223.

Parikh S, Guo D-h, Pollock NK, et al. Circulating 25-hydroxyvitamin D
concentrations are correlated with cardiometabolic risk among American
black and white adolescents living in a year-round sunny climate. Diabetes
Care 2012; 35: 1133-1138.

. Ford ES, Zhao G, Tsai J, et al. Associations between concentrations of

vitamin D and concentrations of insulin, glucose, and HbAlc among ado-
lescents in the United States. Diabetes Care 2011; 34: 646-648.
Alemzadeh R, Kichler J, Babar G, et al. Hypovitaminosis D in obese chil-
dren and adolescents: relationship with adiposity, insulin sensitivity, ethni-
city, and season. Metabolism 2008; 57: 183-191.

. Menezes AR, Lamb MC, Lavie CJ, et al. Vitamin D and atherosclerosis.

Curr Opin Cardiol 2014; 29: 571-577.

. Salo A and Logomarsino J. Relationship of vitamin D status and cardio-

metabolic risk factors in children and adolescents. Pediatr Endocrinol Rev
2011; 9: 456-462.

Wu SH, Ho SC and Zhong L. Effects of vitamin D supplementation on
blood pressure. South Med J 2010; 103: 729-737.

Salehpour A, Hosseinpanah F, Shidfar F, et al. A 12-week double-blind
randomized clinical trial of vitamin D 3 supplementation on body fat mass
in healthy overweight and obese women. Nutr J 2012; 11: 1.

Wood AD, Secombes KR, Thies F, et al. Vitamin D3 supplementation has
no effect on conventional cardiovascular risk factors: a parallel-group,
double-blind, placebo-controlled RCT. J Clin Endocrinol Metab 2012; 97:
3557-3568.

Hosseini Esfahani F, Asghari G, Mirmiran P, et al. Reproducibility and
relative validity of food group intake in a food frequency questionnaire
developed for the Tehran Lipid and Glucose Study. J Epidemiol 2010; 20:
150-158.

Asghari G, Rezazadeh A, Hosseini-Esfahani F, et al. Reliability, compara-
tive validity and stability of dietary patterns derived from an FFQ in the
Tehran Lipid and Glucose Study. Br J Nutr 2012; 108: 1109-1117.
Delshad M, Ghanbarian A, Ghaleh NR, et al. Reliability and validity of
the modifiable activity questionnaire for an Iranian urban adolescent popu-
lation. Int J Prevent Med 2015; 6: 3.

Castelli WP, Garrison RJ, Wilson PW, et al. Incidence of coronary heart
disease and lipoprotein cholesterol levels: the Framingham Study. Jama
1986; 256: 2835-2838.

Holick MF, Binkley NC, Bischoff-Ferrari HA, et al. Guidelines for pre-
venting and treating vitamin D deficiency and insufficiency revisited. J Clin
Endocrinol Metab 2012; 97: 1153-1158.

Bischoff-Ferrari HA. Optimal serum 25-hydroxyvitamin D levels for mul-
tiple health outcomes. Adv Exp Med Biol 2014; 810: 500-525.

Ghazi A, Hosseinpanah F, Abdi H, et al. Effect of Different doses of oral
cholecalciferol on serum 1, 25 (OH) 2D in vitamin D deficient schoolchil-
dren. Horm Metab Res 2016; 48: 394-398.

Soliman AT, El-Dabbagh M, Adel A, et al. Clinical responses to a mega-
dose of vitamin D3 in infants and toddlers with vitamin D deficiency rick-
ets. J Trop Pediatr 2010; 56: 19-26.

Waterhouse M, Tran B, Ebeling PR, et al. Effect of vitamin D supplemen-
tation on selected inflammatory biomarkers in older adults: a secondary
analysis of data from a randomised, placebo-controlled trial. Br J Nutr
2015; 114: 693-699.

Heaney RP, Davies KM, Chen TC, et al. Human serum 25-hydroxychole-
calciferol response to extended oral dosing with cholecalciferol. Am J Clin
Nutr 2003; 77: 204-210.

Saneei P, Salehi-Abargouei A and Esmaillzadeh A. Serum 25-hydroxy vita-
min D levels in relation to body mass index: a systematic review and meta-
analysis. Obes Rev 2013; 14: 393-404.

McCarty M and Thomas C. PTH excess may promote weight gain by
impeding catecholamine-induced lipolysis-implications for the impact of
calcium, vitamin D, and alcohol on body weight. Med Hypotheses 2003;
61: 535-542.

Wood RJ. Vitamin D and adipogenesis: new molecular insights. Nutr Rev
2008; 66: 40-46.



Khayyatzadeh et al.

235

33.

34.

35.

36.

37.

38.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Tabesh M, Azadbakht L, Faghihimani E, et al. Effects of calcium plus
vitamin D supplementation on anthropometric measurements and blood
pressure in vitamin D insufficient people with type 2 diabetes: a rando-
mized controlled clinical trial. J Am Coll Nutr 2015; 34: 281-289.
Mozaffari-Khosravi H, Loloei S, Mirjalili M-R, et al. The effect of vitamin
D supplementation on blood pressure in patients with elevated blood pres-
sure and vitamin D deficiency: a randomized, double-blind, placebo-con-
trolled trial. Blood Press Monit 2015; 20: 83-91.

Pilz S, Gaksch M, Kienreich K, et al. Effects of vitamin D on blood pres-
sure and cardiovascular risk factors: a randomized controlled trial.
Hypertension 2015; 65: 1195-1201.

Pilz S, Gaksch M, Kienreich K, et al. Effects of vitamin D on blood pres-
sure and cardiovascular risk factors. Hypertension 2015; 65: 1195-1201.
Scragg R, Slow S, Stewart AW, et al. Long-term high-dose vitamin D3
supplementation and blood pressure in healthy adults, novelty and signifi-
cance. Hypertension 2014; 64: 725-730.

Witham MD, Nadir MA and Struthers AD. Effect of vitamin D on blood
pressure: a systematic review and meta-analysis. J Hypertens 2009; 27:
1948-1954.

39. Wamberg L, Kampmann U, Stedkilde-Jorgensen H, et al. Effects of vita-

min D supplementation on body fat accumulation, inflammation, and
metabolic risk factors in obese adults with low vitamin D levels — results
from a randomized trial. Eur J Intern Med 2013; 24: 644-649.

Qiao G, Kong J, Uskokovic M, et al. Analogs of la, 25-dihydroxyvitamin
D 3 as novel inhibitors of renin biosynthesis. J Steroid Biochem Mol Biol
2005; 96: 59-66.

Kawahara M, Iwasaki Y, Sakaguchi K, et al. Predominant role of 250HD
in the negative regulation of PTH expression: clinical relevance for hypo-
vitaminosis D. Life Sci 2008; 82: 677-683.

Goel R and Lal H. Role of vitamin D supplementation in hypertension.
Indian J Clin Biochem 2011; 26: 88-90.

Kunze DL. Reflex discharge patterns of cardiac vagal efferent fibres.
J Physiol 1972; 222: 1.

Scorza FA, de Albuquerque M, Arida RM, et al. Benefits of sunlight:
Vitamin D deficiency might increase the risk of sudden unexpected death
in epilepsy. Med Hypotheses 2010; 74: 158-161.

Sternberg Z. Autonomic dysfunction: a unifying multiple sclerosis theory,
linking chronic cerebrospinal venous insufficiency, vitamin D 3, and
Epstein-Barr virus. Autoimmunity Rev 2012; 12: 250-259.

Mann MC, Exner DV, Hemmelgarn BR, et al. Vitamin D levels are asso-
ciated with cardiac autonomic activity in healthy humans. Nutrients 2013;
5:2114-2127.

Omdahl JL, Morris HA and May BK. Hydroxylase enzymes of the vitamin
D pathway: expression, function, and regulation. Annu Rev Nutr 2002; 22:
139-166.

Fauci W, Braunwald E, Kasper D, et al. Harrison principle of internal
medicine. 18th ed. New York: MC Graw-Hill, 2012.

Forouhi N, Ye Z, Rickard A, et al. Circulating 25-hydroxyvitamin D con-
centration and the risk of type 2 diabetes: results from the European
Prospective Investigation into Cancer (EPIC)-Norfolk cohort and updated
meta-analysis of prospective studies. Diabetologia 2012; 55: 2173-2182.

50.

S1.

52.

53.

54.

55.

56.

58.

59.

60.

61.

62.

63.

65.

Kumar J, Muntner P, Kaskel FJ, et al. Prevalence and associations of 25-
hydroxyvitamin D deficiency in US children: NHANES 2001-2004.
Pediatrics 2009; 124: €362—70.

Naharci I, Bozoglu E, Kocak N, et al. Effect of vitamin D on insulin
sensitivity in elderly patients with impaired fasting glucose. Geriatr
Gerontol Int 2012; 12: 454-460.

Yildizhan R, Kurdoglu M, Adali E, et al. Serum 25-hydroxyvitamin D
concentrations in obese and non-obese women with polycystic ovary syn-
drome. Arch Gynecol Obstet 2009; 280: 559-563.

Salekzamani S, Mehralizadeh H, Ghezel A, et al. Effect of high-dose vita-
min D supplementation on cardiometabolic risk factors in subjects with
metabolic syndrome: a randomized controlled double-blind clinical trial.
J Endocrinol Invest 2016; 39: 1303-1313.

Pal L, Berry A, Coraluzzi L, et al. Therapeutic implications of vitamin D
and calcium in overweight women with polycystic ovary syndrome. Gynecol
Endocrinol 2012; 28: 965-968.

Asemi Z, Karamali M and Esmaillzadeh A. Effects of calcium—vitamin D
co-supplementation on glycaemic control, inflammation and oxidative
stress in gestational diabetes: a randomised placebo-controlled trial.
Diabetologia 2014; 57: 1798-1806.

Nikooyeh B, Neyestani TR, Farvid M, et al. Daily consumption of vitamin
D-or vitamin D+ calcium—fortified yogurt drink improved glycemic con-
trol in patients with type 2 diabetes: a randomized clinical trial. Am J Clin
Nutr 2011; 93: 764-771.

. Teegarden D and Donkin SS. Vitamin D: emerging new roles in insulin

sensitivity. Nutr Res Rev 2009; 22: 82-92.

Cigolini M, Iagulli MP, Miconi V, et al. Serum 25-hydroxyvitamin D3
concentrations and prevalence of cardiovascular disease among type 2 dia-
betic patients. Diabetes Care 2006; 29: 722-724.

Sergeev IN and Rhoten WB. 1, 25-Dihydroxyvitamin D3 evokes oscilla-
tions of intracellular calcium in a pancreatic beta-cell line. Endocrinology
1995; 136: 2852-2861.

Zittermann A, Frisch S, Berthold HK, et al. Vitamin D supplementation
enhances the beneficial effects of weight loss on cardiovascular disease risk
markers. Am J Clin Nutr 2009; 89: 1321-1327.

Sepehrmanesh Z, Kolahdooz F, Abedi F, et al. Vitamin D supplementation
affects the beck depression inventory, insulin resistance, and biomarkers of
oxidative stress in patients with major depressive disorder: a randomized,
controlled clinical trial. J Nutr 2016; 146: 243-248.

Major GC, Alarie F, Doré J, et al. Supplementation with calcium+ vitamin
D enhances the beneficial effect of weight loss on plasma lipid and lipo-
protein concentrations. 4m J Clin Nutr 2007; 85: 54-59.

Wang H, Xia N, Yang Y, et al. Influence of vitamin D supplementation on
plasma lipid profiles: a meta-analysis of randomized controlled trials.
Lipids Health Dis 2012; 11: 42.

. Rajpathak SN, Xue X, Wassertheil-Smoller S, et al. Effect of 5y of calcium

plus vitamin D supplementation on change in circulating lipids: results
from the Women’s Health Initiative. Am J Clin Nutr 2010; 91: 894-899.
Reid IR. Effects of calcium supplementation on circulating lipids. Drugs
Aging 2004; 21: 7-17.



