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s u m m a r y

Background & aims: Vitamin D is being increasingly recognized for
its important non-skeletal functions including endocrine actions.
This study investigated if a single, large, intramuscular postpartum
injection of vitamin D improve adiponectin levels among women
with gestational diabetes mellitus (GDM).
Methods: A total of 45 pregnant women with GDM participated in
this randomized clinical trial. They were randomly divided into
intervention and control group. The intervention group received
an intramuscular injection of 300,000 IU of vitamin D during 3e10
days after their child delivery, but controls did not. Serum 25-
hydroxyvitamin D, fasting plasma glucose (FPG), hemoglobin A1c
(HbA1c) and serum adiponectin were measured at baseline and
after 3 months of intervention.
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Results: Serum 25 OH vitamin D increase significantly in the
intervention but not in the control group from 24.25 to 62.10
(nmol/L) (p-value < 0.01). Comparison in within group showed
that adiponectin level increased significantly only among inter-
vention group after the vitamin D injection from 7.45 to 8.98 (ngr/
dL) (P-value ¼ 0.01), while between group comparisons showed no
significant differences in adiponectin concentration after the
intervention (P-value < 0.05). Between and within group com-
parisons reported no significant alterations in the levels of HbA1c
and FPG , as well.
Conclusions: The 300,000 IU single dose of intramuscular injection
of vitamin D is regarded as an effective procedure to improve
vitamin D status which significantly increased the adiponectin
levels among mothers with gestational diabetes after delivery.
© 2020 Published by Elsevier Ltd on behalf of European Society for
Clinical Nutrition and Metabolism. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
Introduction

Vitamin D has beenwidely confirmed to improve the bone mineralization and calcium homeostasis
[1]. It is being increasingly recognized for its important non-skeletal functions including endocrine and
physiological actions [2,3]. High prevalence of vitamin D deficiency among women were reported
either internationally or in Iran [4e6]. Many studies have shown that vitamin D levels are negatively
associated with type 2 diabetes and insulin resistance in children and adults [7]; vitamin D could play
an important role in the pathogenesis of gestational diabetes mellitus (GDM) via affecting either in-
sulin sensitivity or b-cell function or even both of them [8e10]. GDM is defined as glucose intolerance
with first recognition during pregnancy [11]. Precisely, it has been proved that every 5 ng/mL decrease
in serum vitamin D level is associated with a 1.29-fold increase in the risk of GDM [12]; moreover,
systematic review articles have highlighted the improvement in insulin sensitivity via greater serum
vitamin D concentrations [8,9,13].

On the other hand, recent evidence indicated that low plasma adiponectin concentration is asso-
ciated with GDM [14]; Adiponectin is a specific polypeptide excreted from adipose tissue into the
bloodstream and is inversely correlated with BMI and body fat percentage [15]. In fact, it has been
shown that the mRNA levels of adiponectin were reduced in the adipose tissue biopsies taken from
GDM women [16]. The anti-atherosclerotic, anti-inflammatory and anti-diabetic properties of adipo-
nectin has been demonstrated in many studies [17e19]; it has been found to have significant positive
and negative relationships with insulin sensitivity [20] and insulin resistance [21]. According to the
recent findings, hypo-adiponectinemia is supposed to increase the risk of metabolic syndrome [22] and
coronary artery disease [23]; studies revealed that adiponectin concentrations as well as the related
mRNA gene expression are decreased in type 2 diabetic patients with insulin resistance [15,21,24].
Thus, it is obvious that the degree of hypo-adiponectinemia is closely related to the degree of insulin
resistance [25]. Concerning the adiponectin levels during pregnancy, it has been found to be more
strongly correlated with insulin resistance compared to the total amounts of adipocytes [26]; more-
over, it has been suggested that the incidence of hypo-adiponectinemia during pregnancy could predict
the postpartum insulin resistance, b-cell dysfunction as well as fasting hyper-glycaemia and hence, it
might be relevant to the pathophysiology of the incidence of latter type 2 diabetes among womenwith
prior GDM [27].

Results of the studies on the relationship between vitamin D supplementation and adiponectin are
mixed [28e32].

http://creativecommons.org/licenses/by-nc-nd/4.0/
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To the best of our knowledge, this is the first study that aimed to investigate the effect of postpartum
mega-dose of vitamin D injection on adiponectin levels among pregnant women with GDM to show
that whether vitamin D supplementation could improve the plasma adiponectin concentrations.

Materials and methods

Study design and participation

The present randomized clinical trial was registered in Iranian Registry of Clinical Trials with the
following reference number IRCT138902113840N1, which is available at: http://www.irct.ir. The study
adhereh to CONSORT guidelines.

The study protocol was approved by the Research Committee of Ethics at Yazd University of Medical
Sciences, Yazd, Iran. Written informed consent to participate in the study were obtained from all
individuals.

This study was conducted among 45 pregnant women with GDM, who referred to Yazd Diabetes
Research Centre in Shahid Sadoughi University of Medical Sciences. Flowchart of the study procedure is
shown in Fig. 1.

Inclusion criteria consisted of pregnant women aged 18 years and older, who were diagnosed with
GDM for the first time, according to the criteria of Carpenter and Coustan in their 24e28 weeks of their
gestation [33]; patients who met one of the following criteria, after a one-step, 2 h, 75 g oral glucose
tolerance test (OGTT), were intended to have GDM: FPG � 92 mg/dL, 1 h OGTT � 180 mg/dL and 2 h
OGTT � 153 mg/dL [34].

Exclusion criteria were thyroid, renal and hepatic diseases, the presence of mal-absorption and
changing their routine treatment as well as taking vitamin D, calcium or multivitamin and mineral
supplements.

Women were excluded if they were taking other Vitamin D products or during the study as well as
taking antibiotics or glucocorticoids or other drug therapies.

Themain researcher described the study protocol and procedure to the volunteered participants who
intended to join the studyand theyweregivenadequate time to consultwith theirphysicians and families.

Forty five pregnant womenwith GDMwere randomly assigned into intervention and control group;
during 3e10 days after their child delivery. Mothers were asked to refer to the clinic with their infants
to record their anthropometric measurements and give them the vitamin D supplements; participants
in intervention group received one intramuscular injection of 300,000 IU of 25 OH vitamin D in the
morning and women in the control group, who were similar to intervention participants, were not
given any supplements and were only asked not to change their routine diet.

Biochemical and anthropometric assessments

A total of 6 mL of peripheral blood was taken from each of the participants after an 8e10 h of
overnight fasting within 10 days during post-delivery; primary outcomes were serum adiponectin
concentrations, serum 25-hydroxyvitamin D3 and parathyroid hormone (PTH) as well as serum cal-
cium and phosphorus levels; the adiponectin test was carried out on 1.5 mL vials serum stored at
�80 �C and was determined using a commercially available ELISA kit (BioVendor GmbH, Heidelberg,
Germany). Aliquots of pre- and post-intervention serum samples were defrosted for final analysis;
immunoassay of serum 25-hydroxyvitamin D3 was carried out using ELISA and an Immunodiagnostic
Systems Ltd kit (IDSLtd, Boldon, UK) with a sensitivity of 2 nmol/mL; PTH was measured using ELISA
and immunodiagnostic systems (Italy; IDS Ltd) with a sensitivity of 0.6 picomol/L. Serum calcium and
phosphorus levels weremeasured using colorimetric method by Auto Analyzer (Echoplus Corporation,
Italy) and Biosystems kit (Spain; Barcelona; Biosystems).

Secondary outcomes were serum fasting plasma glucose (FPG), oral glucose tolerance test (OGTT),
fasting insulin level, glycated hemoglobin or hemoglobin A1c (HbA1c) as well as anthropometric pa-
rameters; 2 mL of the whole blood was collected into separate tubes ethylenediaminetetraacetic acid
(EDTA) for the analysis of HbA1c levels; plasma and serum were separated and stored at �20 �C until
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Fig. 1. Flowchart of the study procedure.
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final assay; FPG and OGTT were assessed using an enzymatic (glucose oxidizeeperoxides) in-vitro test
(Autoanalyser; Echo Plus Corporation, Roma, Italy) and serum insulin levels were assessed using
enzyme-linked immunosorbent assay (ELISA) kits (Diametra Corporation, Milan, Italy); Weight was
measured using a digital scale (Seca, Germany) with an accuracy of 0.1 kg; height was measured
without shoes and heavy clothing using a portable stadiometer with a precision of 0.1 cm; body mass
index (BMI) was calculated by dividing weight (Kg) by the squared of height (m2) based on the pre-
pregnancy weights of participants; hip circumference was measured using a measuring tape to the
nearest of 0.1 cm.

In addition, other necessary baseline information was obtained in a face to face interview via
validated questionnaires such as age, literacy level and occupation, type of GDM treatment, type of
delivery and type of feeding.

Dietary intake and nutrient intakes were estimated using a 3-day and 24 h dietary recall at the
beginning and at the end of the study. Participants were asked not to change their usual diet.
Administration dose and follow-up

Calcitriol, as an active injection form of vitamin D was made by Iran Hormon Corp; ampoules were
kept in refrigerator at 15e30 �C, away from light or frost; a single dose of 300,000 IU of Calcitriol
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injectionwas given to every participant in the morning, who referred to Yazd Diabetes Research Center
in Shahid Sadoughi University of Medical Sciences.

Statistical analysis

KolmogoroveSmirnov test was used to determine the normality of quantitative variables; paired t-
test was used for comparing the means of variables with normal distribution between the beginning
and the end of the study for each group; independent-test was applied to compare the means of
variables between the two groups before and after the intervention. In addition, Wilcoxon test was
carried out to compare the variables without normal distribution in each group between the beginning
and the end of the intervention. ManneWhitney U test was also used for comparing abnormal
quantitative data between the two groups before and after the intervention. Chi-square and Fisher's
exact test were conducted to compare qualitative variables between the two groups. The results of the
quantitative data with normal distributions were reported as mean ± SD. The significance level was set
at P-value of �0.05.

Results

A total of 85 individuals were assessed for the study eligibility; 50 of eligible participants, who had
their first gestational period, were randomly assigned into the intervention or control group; 3 of the
participants were withdrawn during the study consisting of 1 participant in the control and 4 par-
ticipants in the experimental group due to incomplete supplement therapy in the expected time;
finally, a total of 45 participants completed the study and remained for the final analysis (24 partici-
pants in the intervention and 21 individuals in the control group) (Fig. 1). None of the participants have
reported specific side-effects of Vitamin D supplementation.

Baseline characteristics of the participants are shown in Table 1; the average ages of participants in
intervention and control groups were 30.7 ± 6.2 and 29.5 ± 4.0 years, respectively.

None of the baseline quantitative variables including BMI, the exact time of GDM diagnosis, the
levels of HbA1c and adiponectin as well as qualitative variables such as literacy level, type of gesta-
tional diabetes therapy such as dietary manipulation, insulin therapy or both and type of delivery were
not significant between the two groups (all P � 0.05).

Table 2 shows the mean differences of biochemical parameters before and after the study; between
group comparisons showed that the mean difference of adiponectin concentration did not reach sig-
nificant levels after the intervention (P ¼ 0.2); however, within group comparison showed that adi-
ponectin level increased significantly among intervention group after the vitamin D injection (P-
value ¼ 0.01). Between and within group comparisons reported no significant alterations in the levels
of HbA1c and FPG. According to the table, median concentrations of serum 25(OH)D3 before inter-
vention were low and statistically the same in both groups(P > 0.05). However, after supplementation
the median of 25(OH)D3 was significantly higher in the intervention group.

Discussion

The association between mega-dose injection of vitamin D3 and adiponectin has been investigated
for the first time in this study; within-group comparison showed that the levels of adiponectin
increased significantly among intervention group after the vitamin D injection (P-value ¼ 0.01); these
results were in agreement with those published by some recent studies which suggested that adi-
pokines and adipose tissue might be direct targets of vitamin D [3].The mechanism bywhich vitamin D
could alter the adiponectin might be due to the up-regulation of CYP27B1gene expression; for instance,
it has been proposed that 1,25-hydroxy vitamin D3 could regulate the secretion of adipocyte in visceral
adipose tissue [35]; Moreover, as abnormal oral glucose tolerance test observed in GDM is considered
as a proinflammatory state, any reductions in the adiponectin levels among individuals would likely be
due to these proinflammatory produced cytokines such as tumor necrotic factor alpha (TNF-a) and
interleukin (IL)-1 [36]; Further, 1,25-hydroxy vitamin D3 might independently affect the expression of
adiponectin via regulating the gene expression of TNF-a [35,37,38].



Table 1
The comparison of means and percentage of the variables under the study in the IG and CG before intervention.

Variables Intervention Group (N ¼ 24)* Control Group (N ¼ 21) P-value

Age (year) 30.7 ± 6.2 29.5 ± 4 0.4
Pregnancy month for diagnosing GDM 5.1 ± 2.3 4.7 ± 2.2 0.6
Weight (kg) 70.2 ± 12.5 69.9 ± 11 0.9
Height (cm) 155.6 ± 5 157.9 ± 4.4 0.4
BMI (kg/m2) 28.9 ± 4.8 27.9 ± 3.6 0.4
HA1C (%) 5.48 ± 0.69 5.20 ± 0.73 0.1

Number (%) Number (%)
Literacy Level
Illiterate 2 (8.3) 3 (14.4) 0.3**
Guidance school graduate 10 (41.7) 11 (52.4)
High school graduate 7 (29.2) 3 (14.3)
University graduate 5 (20.8) 4 (19)

Type of treatment
Insulin 11 (45.8) 9 (42.9) 0.9
Food therapy 10 (41.7) 10 (47.6)
Insulin and diet therapy 2 (9.5) 3 (12.5)

Type of delivery
Natural 12 (50) 14 (66.7) 0.2
Cesarean section 12 (50) 7 (33.3)

BMI*** (kg/m2)
18.5e24.9 4 (16.7) 4 (19) 0.9
25e29.9 14 (58.3) 12 (57.1)
30< 6 (25) 5 (23.8)

*IG: Intervention Group; CG: Control Group; ** Mann Whitney test; ***Body Mass Index.

Table 2
The comparison of means of the variables between the two groups before and after the intervention.

Intervention Control P-Value
(Between group)

Before
(Mean ± SD)

After
(Mean ± SD)

P-Value
(Within
group)

Before
(Mean ± SD)

After
(Mean ± SD)

P-Value
(Within
group)

Before After

25(OH)D3
(nmol/L)

24.25* 62.10* <0.001 25.30* 24.10* 0.02 0.44 <0.001

Adiponectin
(mg/dL)

7.45 ± 2.63 8.98 ± 2.66 0.01* 7.73 ± 3.64 7.97 ± 3.26 0.1 0.7 0.21

HbA1c (%)b

(mg/dL)y
36 ± 7 37 ± 13 0.77 33 ± 7 34 ± 6 0.63 0.1 0.81

FPG (mg/dL)y 91.8 ± 17.3 92.9 ± 10.6 0.76 98.3 ± 30.7 104.7 ± 33.5 0.05 0.41 0.11

Abbreviation: SD, Standard Deviation; HbA1c, hemoglobin A1c; FPG, Fasting Plasma Glucose.
* Median was calculated for 25(OH)D3.
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Although, there are no studies investigating the effect of vitamin D on adiponectin level, a cross-
sectional study found that lower maternal 25-hydroxy vitamin D3 concentrations among over-
weight/obese pregnant women, who are at high-risk of GDM, might be mediated by adiponectin [39];
A Turkish study conducted among 114 obese and healthy individuals showed that a positive relation
exists between vitamin D and adiponectin concentrations [40]; The aim of thementioned studywas to
investigate the relation between vitamin D andmetabolic syndrome in children and adolescents, which
reported that the interaction between vitamin D and adiponectin levels may be an indicator of cardio-
metabolic risk factors. In regard with our result, a randomized placebo controlled study among 47 pa-
tients with diabetes showed that circulating adiponectin marginally increased via vitamin D3 supple-
mentation at the end of 12 months of intervention in the treatment group (P ¼ 0.065) while it did not
alter in placebo group [30]. A new meta-analysis, which assessed the relation between vitamin D and
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adiponectin in human clinical trials, reported that there could be a dose-response relationship between
vitamin D supplementation and serum adiponectin levels [41]. Shargorodsky et al. in their cross-
sectional study revealed that this existing positive association might be mediated by augmenting the
gene expression of adiponectin as well as altering the activity of the renin-angiotensin-aldosterone
system [42]; in fact, vitamin D was found to be negatively correlated with the production of angio-
tensin viamodifying the renin angiotensin-aldosterone system; it has been also reported that vitamin D
might increase the serum adiponectin concentrations through decreasing the angiotensin generation
[43]. HbA1c and FPG levels did not significantly change after vitamin D3 intervention in our study. In
contrast with our result, a study that assessed the effect of calcium and vitamin D co-supplementation
which consisted of 50,000 IU vitamin D per week and 1000 mg calcium per day among 51 womenwith
GDM for 24e28 weeks, showed significant reduction in FPG and serum insulin levels [44]. We failed to
find any reductions in HbA1c levels, whichmight be due to our 8-week interventionperiod thatwas too
short for detecting any changes in the measures of HbA1c; in accordance with our result, a randomized
controlled trial thatwas performed among 90womenwith GDM, assessed the different effects between
5000 IU vitamin D and 400 IU vitamin D supplementation and showed that higher dose of vitamin D
supplementation, commencing at amean of 14weeks of gestation, would not improve glucose levels in
pregnancy [45]. Another similar study conducted among 500womenwith gestational age 12e16weeks
were randomly divided in two groups, one group received 400 IU vitamin D daily and group B 50,000 IU
vitamin D every 2 weeks orally until delivery. This study concluded that 50,000 IU vitamin D supple-
mentation in every 2 weeks could decrease the incidence of GDM compared to the daily supplemen-
tation of 400 IU of vitamin D [46].

Adiponectin concentrations might strongly affect insulin resistance status, as lower level of adi-
ponectin was observed to play an important role in the incidence of insulin resistance and type 2
diabetes [40]. Regarding adipokine secretion, some recent studies have shown that vitamin D me-
tabolites might increase the adipokine production [3]; adipokines are associated with improved gly-
cemic control and other metabolic indicators which might be the possible explanation for the
significant impacts of vitamin D supplementation on the adipokine concentrations, especially among
patients with type 2 diabetes or metabolic syndrome [32]. Regulation of the adiponectin gene
expression through 1,25-hydroxy vitamin D3, which is due to the related receptors located in pre-
adipocytes, could be another possible mechanism for the positive association between vitamin D and
adipokine [47]; Further, vitamin D receptor (VDR) is expressed early in the adipogenesis in 3T3-L1 pre
adipocytes cells, suggesting that VDR signaling pathway might play a role in adipocyte biology and
function.

The present study did not show any significant impact on BMI; similarly, other studies with sup-
plementation of 4000 IU to 50000IU of vitamin D 3 reported the same outcomes on BMI [48,49];
however, vitamin D could affect body weight and energy expenditure through calcium regulation in
which calcium concentrations could modulate lipolytic activity in isolated human adipocytes [50].

Nevertheless, between group comparisons in the present study revealed that no significant alter-
ations were observed in the levels of adiponectin after the mega dose injection of 25-hydroxy vitamin
D3 (P ¼ 0.2); in consistence with our results, an earlier study showed no significant association be-
tween serum levels of 25-hydroxy vitamin D3 and other adipocyte related hormones including resistin,
IL-18 and adiponectin [51]. On the other hand, although some studies have reported the protective
effect of vitamin D on glycemic control, its beneficial effect on serum adiponectin level is controversial
[30,31,52]; One might say that, differences in the methods used for the adiponectin measurements as
well as the related used dosages and durations of vitamin D supplementation, could be the reason for
these discrepancies.

One advantage of the present study is that we used the mega dose of vitamin D 3, that has been
never assessed before; we also used a parallel control group in which all measurements were per-
formed similar to those in the intervention group. However, the limitations of the present study should
be noted; we did not record the physical activity status of participants and the study was not blinded,
neither; because we used injectional form of vitamin D, we could not include any supplementation as a
placebo in our control group. It is highly recommended to investigate the effect of the vitamin D for
longer duration and with higher sample size in future studies.
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Conclusion

The 300,000 IU single dose of intramuscular injection of vitamin D is regarded as an effective and
safe procedure to improve vitamin D status which significantly increased the adiponectin levels among
treatment participants in within group comparison, while between group comparisons showed no
significant differences in adiponectin concentration after the intervention. However, in order to un-
derstand a comprehensive effect of vitamin D supplementation on the levels of other adipokines and
inflammatory factors, further studies with different doses of vitamin D and on other inflammatory
factors secreted by adipose tissue and the length of different interventions are recommended.

Authors contribution

MH and HMK participated in the conception and design of the study, managing the project and
drafting the manuscript. MH, ES and ER participated in the acquisition of data, data analysis, writing
and drafting the manuscript. EH, HH, MS, MK gave final approval; and agreed to be accountable for all
aspects of work ensuring integrity and accuracy. MA revised the manuscript, gave final approval; and
agreed to be accountable for all aspects of work ensuring integrity and accuracy.

Funding source

This manuscript is the result of a postgraduate dissertation funded by Shahid Sadoughi University of
Medical Sciences.

Declaration of competing interest

The authors have no personal or financial conflict of interests.

Acknowledgements

We would like to first thank the respectful staff in Yazd Diabetes Research Center, particularly Mrs
Leila Azodi and MrsFateme Zare for their cooperation in blood collection and biochemical tests; we
would also thank the sincere mothers who participated in the study.

List of abbreviations

BMI body mass index
ELISA enzyme-linked immunosorbent assay
EDTA ethylenediaminetetraacetic acid
FPG fasting plasma glucose
GDM gestational diabetes mellitus
HbA1c glycated hemoglobin
IDS Immunodiagnostic Systems
IL interleukin
OGTT oral glucose tolerance test
PTH parathyroid hormone
SD standard deviation
TNF-a tumor necrotic factor alpha
VDR vitamin D receptor

References

[1] Suda T, Ueno Y, Fujii K, Shinki T. Vitamin D and bone. J Cell Biochem 2003;88(2):259e66.
[2] Yuan W, Pan W, Kong J, Zheng W, Szeto FL, Wong KE, et al. 1, 25-dihydroxyvitamin D3 suppresses renin gene transcription

by blocking the activity of the cyclic AMP response element in the renin gene promoter. J Biol Chem 2007;282(41):
29821e30.

http://refhub.elsevier.com/S2352-9393(20)30018-X/sref1
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref1
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref2
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref2
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref2
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref2


M. Hosseinzadeh et al. / Clinical Nutrition Experimental 33 (2020) 39e48 47
[3] Ding C, Gao D, Wilding J, Trayhurn P, Bing C. Vitamin D signalling in adipose tissue. Br J Nutr 2012;108(11):1915e23.
[4] Lips P, Hosking D, Lippuner K, Norquist J, Wehren L, Maalouf G, et al. The prevalence of vitamin D inadequacy amongst

women with osteoporosis: an international epidemiological investigation. J Intern Med 2006;260(3):245e54.
[5] Kazemi A, Sharifi F, Jafari N, Mousavinasab N. High prevalence of vitamin D deficiency among pregnant women and their

newborns in an Iranian population. J Wom Health 2009;18(6):835e9.
[6] Hashemipour S, Larijani B, Adibi H, Javadi E, Sedaghat M, Pajouhi M, et al. Vitamin D deficiency and causative factors in the

population of Tehran. BMC Publ Health 2004;4(1):1.
[7] Al-Shoumer KAS, Al-Essa TM. Is there a relationship between vitamin D with insulin resistance and diabetes mellitus?

World J Diabetes 2015;6(8):1057e64.
[8] Chiu KC, Chu A, Go VLW, Saad MF. Hypovitaminosis D is associated with insulin resistance and b cell dysfunction. Am J Clin

Nutr 2004;79(5):820e5.
[9] Scragg R, Sowers M, Bell C. Serum 25-hydroxyvitamin D, diabetes, and ethnicity in the third national health and nutrition

examination survey. Diabetes Care 2004;27(12):2813e8.
[10] Labriji-Mestaghanmi H, Billaudel B, Garnier P, Malaisse W, Sutter BCJ. Vitamin D and pancreatic islet function I. Time

course for changes in insulin secretion and content during vitamin D deprivation and repletion. J Endocrinol Invest 1988;
11(8):577e84.

[11] Association AD. Diagnosis and classification of diabetes mellitus. Diabetes Care 2009;32(Supplement 1):S62e7.
[12] Zhang C, Qiu C, Hu FB, David RM, Van Dam RM, Bralley A, et al. Maternal plasma 25-hydroxyvitamin D concentrations and

the risk for gestational diabetes mellitus. PloS One 2008;3(11):e3753.
[13] Orwoll E, Riddle M, Prince M. Effects of vitamin D on insulin and glucagon secretion in non-insulin-dependent diabetes

mellitus. Am J Clin Nutr 1994;59(5):1083e7.
[14] Williams MA, Qiu C, Muy-Rivera M, Vadachkoria S, Song T, Luthy DA. Plasma adiponectin concentrations in early preg-

nancy and subsequent risk of gestational diabetes mellitus. J Clin Endocrinol Metabol 2004;89(5):2306e11.
[15] Ukkola O, Santaniemi M. Adiponectin: a link between excess adiposity and associated comorbidities? J Mol Med 2002;

80(11):696e702.
[16] Ranheim T, Haugen F, Staff AC, Braekke K, Harsem NK, Drevon CA. Adiponectin is reduced in gestational diabetes mellitus

in normal weight women. Acta Obstet Gynecol Scand 2004;83(4):341e7.
[17] Maeda K, Okubo K, Shimomura I, Funahashi T, Matsuzawa Y, Matsubara K. Paradoxical decrease of an adipose-specific

protein, adiponectin, in obesity. Biochem Biophys Res Commun 1996;221:286e9.
[18] Cnop M, Havel PJ, Utzschneider K, Carr D, Sinha M, Boyko E, et al. Relationship of adiponectin to body fat distribution, insulin

sensitivity and plasma lipoproteins: evidence for independent roles of age and sex. Diabetologia 2003;46(4):459e69.
[19] Ouchi N, Kihara S, Arita Y, Maeda K, Kuriyama H, Okamoto Y, et al. Novel modulator for endothelial adhesion molecules.

Circulation 1999;100(25):2473e6.
[20] Stefan N, Vozarova B, Funahashi T, Matsuzawa Y, Weyer C, Lindsay RS, et al. Plasma adiponectin concentration is associated

with skeletal muscle insulin receptor tyrosine phosphorylation, and low plasma concentration precedes a decrease in
whole-body insulin sensitivity in humans. Diabetes 2002;51(6):1884e8.

[21] Matsuzawa Y, Funahashi T, Kihara S, Shimomura I. Adiponectin and metabolic syndrome. Arterioscler Thromb Vasc Biol
2004;24(1):29e33.

[22] Di Chiara T, Argano C, Corrao S, Scaglione R, Licata G. Hypoadiponectinemia: a link between visceral obesity and metabolic
syndrome. J Nutr Metabol 2011:2012.

[23] de Luis DA, Soto GD, Conde R, Izaola O, de la Fuente B. Relation of leptin and adiponectin with cardiovascular risk factors,
intact parathormone, and vitamin D levels in patients with primary hyperparathyroidism. J Clin Lab Anal 2012;26(5):
398e402.

[24] Hotta K, Funahashi T, Arita Y, Takahashi M, Matsuda M, Okamoto Y, et al. Plasma concentrations of a novel, adipose-specific
protein, adiponectin, in type 2 diabetic patients. Arterioscler Thromb Vasc Biol 2000;20(6):1595e9.

[25] Weyer C, Funahashi T, Tanaka S, Hotta K, Matsuzawa Y, Pratley RE, et al. Hypoadiponectinemia in obesity and type 2
diabetes: close association with insulin resistance and hyperinsulinemia. J Clin Endocrinol Metabol 2001;86(5):1930e5.

[26] Retnakaran R, Hanley AJ, Raif N, Connelly PW, Sermer M, Zinman B. Reduced adiponectin concentration in women with
gestational diabetes. Diabetes Care 2004;27(3):799e800.

[27] Retnakaran R, Qi Y, Connelly P, Sermer M, Hanley A, Zinman B. Low adiponectin concentration during pregnancy predicts
postpartum insulin resistance, beta cell dysfunction and fasting glycaemia. Diabetologia 2010;53(2):268.

[28] Belenchia AM, Tosh AK, Hillman LS, Peterson CA. Correcting vitamin D insufficiency improves insulin sensitivity in obese
adolescents: a randomized controlled trial. Am J Clin Nutr 2013;97(4):774e81.

[29] Gagnon C, Daly RM, Carpentier A, Lu ZX, Shore-Lorenti C, Sikaris K, et al. Effects of combined calcium and vitamin D
supplementation on insulin secretion, insulin sensitivity and b-cell function in multi-ethnic vitamin D-deficient adults at
risk for type 2 diabetes: a pilot randomized, placebo-controlled trial. PloS One 2014;9(10):e109607.

[30] Breslavsky A, Frand J, Matas Z, Boaz M, Barnea Z, Shargorodsky M. Effect of high doses of vitamin D on arterial properties,
adiponectin, leptin and glucose homeostasis in type 2 diabetic patients. Clin Nutr 2013;32(6):970e5.

[31] Baziar N, Jafarian K, Shadman Z, Qorbani M, Nikoo MK, Mishani MA. Effect of therapeutic dose of vitamin D on serum
adiponectin and glycemia in vitamin D-insufficient or deficient type 2 diabetic patients. Iran Red Crescent Med J 2014;16(9).

[32] Dinca M, Serban M-C, Sahebkar A, Mikhailidis DP, Toth PP, Martin SS, et al. Does vitamin D supplementation alter plasma
adipokines concentrations? A systematic review and meta-analysis of randomized controlled trials. Pharmacol Res 2016;
107:360e71.

[33] Carpenter MW, Coustan DR. Criteria for screening tests for gestational diabetes. Am J Obstet Gynecol 1982;144(7):768e73.
[34] Schmidt MI, Duncan BB, Reichelt AJ, Branchtein L, Matos MC, e Forti AC, et al. Gestational diabetes mellitus diagnosed with

a 2-h 75-g oral glucose tolerance test and adverse pregnancy outcomes. Diabetes Care 2001;24(7):1151e5.
[35] Greer RM, Rogers MA, Bowling FG, Buntain HM, Harris M, Leong GM, et al. Australian children and adolescents with type 1

diabetes have low vitamin D levels. Med J Aust 2007;187(1):59.
[36] Holick MF. Vitamin D deficiency. N Engl J Med 2007;357(3):266e81.

http://refhub.elsevier.com/S2352-9393(20)30018-X/sref3
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref3
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref4
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref4
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref4
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref5
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref5
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref5
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref6
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref6
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref7
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref7
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref7
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref8
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref8
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref8
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref9
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref9
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref9
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref10
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref10
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref10
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref10
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref11
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref11
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref12
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref12
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref13
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref13
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref13
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref14
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref14
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref14
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref15
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref15
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref15
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref16
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref16
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref16
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref17
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref17
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref17
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref18
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref18
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref18
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref19
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref19
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref19
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref20
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref20
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref20
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref20
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref21
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref21
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref21
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref22
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref22
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref23
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref23
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref23
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref23
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref24
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref24
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref24
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref25
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref25
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref25
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref26
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref26
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref26
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref27
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref27
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref28
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref28
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref28
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref29
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref29
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref29
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref30
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref30
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref30
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref31
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref31
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref32
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref32
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref32
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref32
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref33
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref33
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref34
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref34
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref34
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref35
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref35
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref36
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref36


M. Hosseinzadeh et al. / Clinical Nutrition Experimental 33 (2020) 39e4848
[37] Ruan H, Lodish HF. Insulin resistance in adipose tissue: direct and indirect effects of tumor necrosis factor-a. Cytokine
Growth Factor Rev 2003;14(5):447e55.

[38] Sun X, Zemel MB. Calcium and 1, 25-dihydroxyvitamin D3 regulation of adipokine expression. Obesity 2007;15(2):340e8.
[39] Mousa A, Abell SK, Shorakae S, Harrison CL, Naderpoor N, Hiam D, et al. Relationship between vitamin D and gestational

diabetes in overweight or obese pregnant women may be mediated by adiponectin. Mol Nutr Food Res 2017;61(11).
https://doi.org/10.1002/mnfr.201700488.

[40] Kardas F, Kendirci M, Kurtoglu S. Cardiometabolic risk factors related to vitamin d and adiponectin in obese children and
adolescents. Int J Endocrinol 2013;2013.

[41] Minto C, Vecchio MG, Gregori D. Effects of vitamin D supplementation on serum adiponectin: a metaregression analysis of
clinical trials. Faseb J 2015;29(1 Supplement):LB347.

[42] Shargorodsky M, Boaz M, Goldberg Y, Matas Z, Gavish D, Fux A, et al. Adiponectin and vascular properties in obese pa-
tients: is it a novel biomarker of early atherosclerosis? Int J Obes 2009;33(5):553e8.

[43] Vaidya A, Forman JP, Underwood PC, Hopkins PN, Williams GH, Pojoga LH, et al. The influence of body mass index and
renineangiotensinealdosterone system activity on the relationship between 25-hydroxyvitamin D and adiponectin in
Caucasian men. Eur J Endocrinol 2011;164(6):995e1002.

[44] Asemi Z, Karamali M, Esmaillzadeh A. Effects of calciumevitamin D co-supplementation on glycaemic control, inflam-
mation and oxidative stress in gestational diabetes: a randomised placebo-controlled trial. Diabetologia 2014;57(9):
1798e806.

[45] Yap C, Cheung NW, Gunton JE, Athayde N, Munns CF, Duke A, et al. Vitamin D supplementation and the effects on glucose
metabolism during pregnancy: a randomized controlled trial. Diabetes Care 2014;37(7):1837e44.

[46] Mojibian M, Soheilykhah S, Zadeh MAF, Moghadam MJ. The effects of vitamin D supplementation on maternal and
neonatal outcome: a randomized clinical trial. Iran J Reproductive Med 2015;13(11):687.

[47] Lee S, Lee D-K, Choi E, Lee JW. Identification of a functional vitamin D response element in the murine Insig-2 promoter
and its potential role in the differentiation of 3T3-L1 preadipocytes. Mol Endocrinol 2005;19(2):399e408.

[48] Asemi Z, Hashemi T, Karamali M, Samimi M, Esmaillzadeh A. Effects of vitamin D supplementation on glucose metabolism,
lipid concentrations, inflammation, and oxidative stress in gestational diabetes: a double-blind randomized controlled
clinical trial. Am J Clin Nutr 2013;98(6):1425e32.

[49] von Hurst PR, Stonehouse W, Coad J. Vitamin D supplementation reduces insulin resistance in South Asian women living
in New Zealand who are insulin resistant and vitamin D deficientea randomised, placebo-controlled trial. Br J Nutr 2010;
103(4):549e55.

[50] McCarty M, 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(5):535e42.

[51] Vilarrasa N, Vendrell J, Maravall J, Elío I, Solano E, San Jos�e P, et al. Is plasma 25 (OH) D related to adipokines, inflammatory
cytokines and insulin resistance in both a healthy and morbidly obese population? Endocrine 2010;38(2):235e42.

[52] Patel P, Poretsky L, Liao E. Lack of effect of subtherapeutic vitamin D treatment on glycemic and lipid parameters in type 2
diabetes: a pilot prospective randomized trial. J Diabetes 2010;2(1):36e40.

http://refhub.elsevier.com/S2352-9393(20)30018-X/sref37
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref37
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref37
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref38
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref38
https://doi.org/10.1002/mnfr.201700488
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref40
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref40
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref41
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref41
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref42
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref42
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref42
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref43
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref43
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref43
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref43
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref43
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref43
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref44
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref44
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref44
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref44
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref44
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref45
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref45
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref45
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref46
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref46
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref47
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref47
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref47
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref48
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref48
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref48
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref48
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref49
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref49
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref49
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref49
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref49
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref50
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref50
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref50
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref51
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref51
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref51
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref51
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref52
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref52
http://refhub.elsevier.com/S2352-9393(20)30018-X/sref52

	The effect of a single mega dose injection of vitamin D on serum adiponectin concentration at first gestational diabetes me ...
	Introduction
	Materials and methods
	Study design and participation
	Biochemical and anthropometric assessments
	Administration dose and follow-up
	Statistical analysis

	Results
	Discussion
	Conclusion
	Authors contribution
	Funding source
	Declaration of competing interest
	Acknowledgements
	List of abbreviations
	References


