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Introduction: Vitamin D deficiency is one of the most common nutritional
disorders in most countries of the world. The present study was designed and
implemented with the aim of investigating the relationship between vitamin D
deficiency and the level of adipokines, atherogenesis indicators and factors related
to metabolic syndrome.

Methods: This case-control study was done on 195 patients with metabolic
syndrome aged 20-50 y who attended the health centers in Zabol County,
northeast Iran, between April 2021 and January 2022. Anthropometric and
biochemical parameters were measured for all subjects with standard methods.
To determine serum 25(OH)D levels, we used enzymatic linked immunosorbent
assay (ELISA) kits. Atherogenic index of plasma (AIP) was calculated as log (TG/
HDL-c). The visceral adiposity index (VAl) and the lipid accumulation product (LAP)
were estimated according to standard formulas.

Results and Discussion: Participants in the case group had lower serum levels of
25(OH)D compared to controls (19.8 + 6.2 ng/mlvs. 41.2 + 9.7ng/ml, P<0.001). We
found that the mean serum levels of fasting blood sugar (P=0.023) and TG
(P=0.008) as well as HOMA-IR (P=0.023) were significantly higher in the cases
compared to controls. Also, patients with MetS and vitamin D insufficiency (cases)
had higher AIP (P=0.040) and LAP (P=0.012) than controls. Furthermore, serum 25
(OH)D levels showed significant inverse correlations with serum RBP-4 and a
positive correlation with serum omentin-1 concentrations. The results of the
present study showed that vitamin D deficiency correlated with some of the
cardiometabolic risk factors among the patients with MetS.
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Introduction

Several studies have shown a rise in the percentage of overweight
and obese adults in recent decades. According to the world health
organization (WHO) reports, 39% of adults aged 18 years and over
were overweight in 2016, and 13% were obese. Also, it has been
reported that 39 million children under the age of 5 were overweight
or obese in 2020 (1).

Adults, teenagers, and children are all affected by the issue (2-4).
Numerous systemic illnesses, such as metabolic syndrome (MetS),
type 2 diabetic mellitus (T2DM), atherosclerosis, cardiovascular
problems, and cancers, are caused on by obesity (5). Currently, the
prevalence of T2DM is rising, and by 2040, it has been estimated that
over than 642 million persons (10% of the population) will have this
disease. People who have low levels of serum 25-hydroxyvitamin D3
[25(0OH) D3] have a considerably greater risk of developing T2DM
and MetS (6, 7). Vitamin D deficiency have been linked to a higher
odds ratio of MetS and T2DM, according to some of cohort studies (8,
9). It has been reported that vitamin D receptor (VDR) changes
involved in the pathogenesis of some chronic disorders such as
diabetes (10), autoimmune diseases (11), nonalcoholic liver disease
(12), cardiovascular disease(CVD) (13), and cancer (14).

Individuals with risk factors for CVD frequently have low serum
25(OH)D3 concentration. It has been reported that there was a
significant inverse association between serum levels of 25(OH)D3
and some cardiometabolic risk factors such as fasting blood sugar
(FBS), hemoglobin Alc (HbAlc), total cholesterol (TC), triglyceride
(TG), body mass index (BMI), waist circumference (WC), and
atherogenic indices (Castelli Risk Index I (CRI I), Castelli Risk
Index II (CRI II), and Atherogenic index of plasma (AIP) (15).

Obesity, especially central obesity, is one of the most important risk
factors for T2DM, which causes insulin resistance and inflammation
due to the increase of fat tissue in the body, which also increases the risk
of CVD (16). The mechanisms involved in the relationship between
obesity, adipose tissue dysfunction and MetS have not yet been
precisely identified (17). It has been reported in some pervious
research that adipose tissue metabolic alterations, such as
dysregulated adipokine production, may mediate the association
between various obesity phenotypes and vulnerability to some
chronic disorders such as MetS (18). Adipokines have long been
recognized as significant hunger and satiety moderators as well as
critical regulators of energy homeostasis, inflammation, immunological
function, blood pressure, vascular function, insulin levels, and glucose
and lipid metabolism (19).

In recent years, some studies have shown that there is a bidirectional
relationship between vitamin D and obesity (20, 21). In obese people, due
to the higher fat mass, high amounts of vitamin D are trapped in fat
tissues, and therefore, these people may need higher amounts of vitamin
D. On the other hand, some findings have revealed that vitamin D
supplementation may have a positive effect on obesity prevention and
treatment (22, 23). In addition, some researchers have suggested that
some effects of vitamin D deficiency in the etiology of obesity and T2DM
are exerted through disturbances in the concentration of adipokines such
as leptin and adiponectin (22, 24).

Therefore, considering the importance of vitamin D in the
prevention and treatment of metabolic syndrome and the existence
of conflicting evidence regarding the effective mechanisms in the results
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observed in previous studies, the present study designed to investigate
the relationship between vitamin D deficiency with adipokines and
atherogenic indices in patients with metabolic syndrome.

Material and methods
Study participants

This case-control study was done on 195 patients with Mets aged
20-50 y who attended the health centers in Zabol County, southeast
Iran, between April 2021 and January 2022. Serum omentin-1 levels
as a key variable obtained from Zorlu et al. study (25), was used to
estimate the sample size. Considering the study power of 80%, a type I
error of 5%, and ratio of controls to cases as 2, we required 65 cases
and 130 controls for this study.

Cases were MetS patients with vitamin D insufficiency and controls
were MetS patients with optimal vitamin D status. Controls were
frequency-matched with cases on age ( + 2 years), sex, and BMI (
1 kg/m®) and were selected from patients visiting the same health
centers. Vitamin D insufficiency was defined, according to the previous
studies and Endocrine Society clinical practice guidelines (26, 27), as
serum 25(OH)D levels < 30 ng/ml and those who had serum 25(OH)D
levels > 30 ng/ml were considered sufficient.

MetS was diagnosed based on the National Cholesterol Education
Program-Adult Treatment Panel III (NCEP-ATP III) consensus (28)
as the presence of at least three of the following criteria: (1) a waist
circumference (WC) > 102 cm in males and > 88 cm in females, (2) a
fasting blood sugar (FBS) > 100 mg/dl, (3) a high serum triglyceride
(=150 mg/dl), (4) a low serum HDL-c (< 40 mg/dl in males and < 50
mg/dl in females), (5) a high blood pressure (SBP > 130 mmHg or
DBP = 80 mmHg).

In this study, individuals with a prior history of cardiovascular
diseases, endocrine disorders such as diabetes and hypo-/
hyperthyroidism, cancer, renal or liver dysfunction were excluded.
The individuals were also excluded if taking antioxidant supplements
like selenium, carotenoids, and vitamins E and C, as well as any
medications known to induce metabolic or hormonal changes such as
estrogens, corticosteroid drugs and lipid-lowering medications within
three months before enrollment the study. Following a specific diet,
using fish oil supplement and taking anti-inflammatory medications
in the past three months were among the exclusion criteria as well.
Eligible individuals, including 65 cases and 130 controls were
recruited for the study.

All study participants signed an informed consent form after
explaining the aims and the study methodology. The study protocol
was approved by the Ethics Committee of Zabol University of Medical
Sciences (Approval code: IRZBMU.REC.1399.156).

Assessment of anthropometric variables,
blood pressure and physical activity

Anthropometric parameters were measured for all subjects.
Height was measured without shoes in an upright position using a
fixed non-stretchable tape with a precision of 0.1 cm. Weight was
measured on light clothing by a Seca scale to the nearest 0.1 kg. Body
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mass index (BMI) was calculated as weight (kg) divided by squared
height (m?). Finally, the waist circumference (WC) was measured
between the lower rib margin and the iliac crest at the end of a normal
expiration. A bioelectrical impedance analysis (BIA) system (InBody
$10, JIMW 140, Korea) was applied to measure the percentage of body
fat mass (%FM) and visceral fat level (%VF).

Blood pressure was measured in a sitting position, after a 15-min
rest, using a mercury sphygmomanometer twice with 5-min intervals.
The mean of two measurements was considered as the final systolic
(SBP) and diastolic (DBP) blood pressure.

To evaluate the physical activity levels of the participants, we
applied a short form of International physical activity questionnaire
(TPAQ) and then classified into 3 categories of “low,” “moderate,” and
“vigorous” activity according to the IPAQ scoring guideline (29).

Laboratory measurements

Blood samples were collected from all patients after almost 12 h of
overnight fasting and centrifuged at 3500 rpm for 10 min to separate
the sera. Then, the separated sera were immediately distributed in
aliquots and stored at -70°C until analysis.

Fasting blood sugar (FBS) as well as serum levels of total cholesterol
(TC), high-density lipoprotein cholesterol (HDL-c), and low-density
lipoprotein cholesterol (LDL-c) were determined using the standard
enzymatic-colorimetric method on an automatic biochemical Hitachi
717 analyzer (Hitachi, Boehringer Mannheim, Japan) through
commercial kits (Pars-Azmoon Co., Tehran, Iran) with inter- and
intra-assay coefficient variances (CVs) of lower than 5%. Non-HDL-
cholesterol was calculated as the TC minus HDL-c. Serum insulin levels
were determined based on the radioimmunoassay method using the
commercial kit (Immunotech, Prague, Czech Republic), which is
sensitive to 0.5 mU/ml variations in serum levels of insulin and its
intra- and inter-assay coefficients of variation were 3.8% and 6.2%,
respectively. Insulin resistance was estimated with the homeostasis
model assessment method (HOMA-IR) using the suggested equation of
Matthews et al. (30): HOMA-IR= [fasting insulin (U/l) x fasting
glucose (mg/dl)]/405.

Atherogenic index of plasma (AIP) was calculated as log (TG/
HDL-c) (31). The visceral adiposity index (VAI) and the lipid
accumulation product (LAP) were estimated according to suggested
formulas for each gender as follows:

Males : VAI = [WC/(39.68 + 1.88 i BMI)] ii
(TG/1.03) #i (1.31/HDL-c)

(32)
Females : VAI = [WC/(36.58 + 1.89 i BMI)| it
(TG/0.81) i (1.52/HDL-c)
Males : LAP = [WC (cm) -65] it [TG (mmol/1)]
(33)

Females : LAP = [WC (cm) -58] i [TG (mmol/1)]

To determine serum 25(OH)D levels, we used enzymatic linked
immunosorbent assay (ELISA) kits (DIAsource Immunoassays SA,
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Louvain-laNeuve, Belgium) according to the manufacturer’s
instructions. Serum levels of omentin-1, chemerin, vaspin, and
retinol binding protein 4 (RBP-4) were measured using the Human
ELISA kits (Shanghai Crystal Day Biotech Co., Ltd.) according to the
manufacturer’s instructions. The intra- and inter-assay CV of
adipokines was lower than 4.7% and 7.8%, respectively.

Statistical analysis

The results were presented as mean + standard deviation for
normally distributed continuous data and frequency (percent) for
categorical data. The non-normally distributed data were expressed as
the median and interquartile range (IQR). General characteristics
were compared between cases and controls using an independent
samples t-test and Pearson chi-squared test, as appropriate. In
addition, between-groups differences in normally and non-normally
distributed cardiometabolic parameters and adipokines were
investigated using independent samples t-test and non-parametric
Mann-Whitney U-test, where appropriate. To examine the
association between serum levels of 25(OH)D with adipokines and
cardiometabolic parameters, multiple linear regression was applied by
adjusting for age, sex, smoking, physical activity level, and BMI. Data
were analyzed using IBM SPSS version 25 (IBM Corp., Armonk, NY,
USA) and statistical significance was considered as a p-value< 0.05.

Results
Characteristics of cases and controls

The study participants consisted of 195 patients with MetS (65
cases and 130 controls). The mean age of cases and controls was
38.0 £ 5.5 and 37.5 + 5.6 y, respectively that was non-significant.
Totally, 34% of patients participating in this study were male and
66% were female. No significant differences were found between
cases and controls with respect to age, BMI, WC, fat mass, and
visceral fat (Table 1) (P>0.05). In addition, the distribution of
participants with regard to sex, smoking status, PAL, and
education level was not significantly different between the study
groups (P>0.05). As shown in Table 1, participants in the case
group had lower serum levels of 25(OH)D compared to controls
(19.8 £ 6.2 ng/ml vs. 41.2 + 9.7ng/ml, P<0.001).

Cardiometabolic parameters in cases
and controls

Table 2 shows the differences in the cardiometabolic parameters
between the cases and controls.

The mean serum levels of FBS (P=0.023) and TG (P=0.008) as
well as HOMA-IR (P=0.023) were significantly higher in the cases
compared to controls. Furthermore, patients with MetS and vitamin
D insufficiency (cases) had higher AIP (P=0.040) and LAP (P=0.012)
than controls, whereas, there were no significant differences in serum
levels of insulin, TC, LDL-c, HDL-c, and non-HDL as well as VAL,
SBP, and DBP.
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TABLE 1 General characteristics of cases and controls.

Variables Controls (n=130) P-value
Male, 1 (%) 21 (32.3) 45 (34.6) 0.748"
Age (years) 38.0 +5.5 375+56 0.556"
Weight (kg) 89.7+ 11.6 90.5 + 12.1 0.673*
BMI (kg/m?) 320 +2.1 31.6 £ 1.9 0.289*
WC (cm) 96.7 + 8.0 94.7 + 9.4 0.141*
Fat mass (%) 443 £72 428 +7.3 0.185*
Visceral fat (%) 13241 12.8 +4.0 0.534*
PAL, n (%)
Low 47 (72.3) 90 (69.2)
Moderate 15 (23.1) 33 (25.4) 0.904"
Vigorous 3 (4.9) 7 (5.4)
Smokers, 7 (%) 14 (21.5) 31(23.8) 0.718"
Education level, n (%)
Primary school 24 (36.9) 49 (37.7)
Secondary & high school 26 (40.0) 46 (35.4) 0.776"
Diploma & university 15 (23.1) 35 (26.9)
25(0H)D (ng/ml) 198 £62 41297 <0.001*
BMI, body mass index; WC, waist circumference; PAL, physical activity level.
Values are reported as mean =+ standard deviation for continuous variables and number (%) for categorical variables.
P-values<0.05 were considered significant.
TPearson chi-square test.
*Independent samples t-test.
TABLE 2 Comparison of cardiometabolic parameters between cases and controls.
Variables Cases (n=65) Controls (n=130) P-value®
FBS (mg/dL) 106.1 + 13.6 1019 £ 11.1 0.023
Insulin (uU/mL) 18.1 £5.8 16.8 £5.2 0.116
HOMA-IR 48 +21 42+15 0.032
TG (mg/dL) 190.0 £ 27.7 180.0 + 23.1 0.008
TC (mg/dL) 197.5 + 23.1 191.8 +23.9 0.113
LDL-c (mg/dL) 1373 £27.2 1325 +£234 0.201
HDL-c (mg/dL) 46.7 + 5.8 47.1 + 6.4 0.719
non-HDLC 150.8 £ 23.3 144.8 +24.3 0.101
AIP 0.61 + 0.08 0.58 + 0.08 0.040
LAP 7825+ 214 69.79 + 22.20 0.012
VAI 0.99 + 0.08 0.97 + 0.09 0.239
SBP (mmHg) 1272 £ 3.8 126.5 £ 4.1 0.304
DBP (mmHg) 83.7 £3.2 829 +27 0.083

FBS, fasting blood sugar; HOMA-IR, homeostasis model assessment of insulin resistance; TG, triglyceride; TC, total cholesterol; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density
lipoprotein cholesterol; AIP, atherogenic index of plasma; LAP, lipid accumulation product; VAI, visceral adiposity index; SBP, systolic blood pressure; DBP, diastolic blood pressure.

Values are reported as mean + standard deviation.

P-values<0.05 were considered significant.

"Independent samples t-test.
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Serum adipokines in cases and controls

The comparisons of the serum levels of adipokines between the
cases and controls are shown in Figure 1. The mean serum levels of
omentin-1 were significantly higher (P=0.007) and serum levels of
RBP-4 (P=0.007) were significantly lower in the cases compared to
controls. However, we failed to find any significant difference in mean
serum levels of vaspin and chemerin between the two groups.

Association of serum vitamin D with serum
adipokines and cardiometabolic parameters

The results of multiple linear regression models, which
investigated the associations between serum 25(OH)D levels with
serum adipokines and cardiometabolic parameters are reported in
Table 3. Serum 25(OH)D levels showed significant inverse
correlations with serum RBP-4 (f3=-0.305, P<0.001), FBS (=-0.189,
P=0.007), insulin (f=-0.170, P=0.017), HOMA-IR (=-0.206,
P=0.004), TG (fB=-0.431, P<0.001) as well as AIP (p=-0.360,
P<0.001) and LAP (=-0.281, P<0.001) after adjustment for
potential confounders including age, sex, PAL, and BMI. There
were significant positive correlations between serum 25(OH)D
levels and serum levels of omentin-1 (=0.197, P=0.007). When
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FIGURE 1

10.3389/fendo.2023.1080138

regression analyses were performed by adjustment for potential
confounders, serum 25(OH)D levels did not show any significant
correlations with serum chemerin, vaspin, TC, LDL-c, HDL-c, non-
HDL, SBP, DBP as well as VAL

Discussion

The results of the present study were showed that participants
with MetS and vitamin D insufficiency had higher levels of some risk
factors for CVD. Also, we found an inverse association between
serum levels of 25(OH)D and some CVD related biomarkers.

Vitamin D insufficiency is currently a major global health issue
due to its high incidence (34). According to the results of a meta-
analysis study, the prevalence of vitamin D deficiency in the Iranian
population is 56% (64% in women and 44% in men) (35). Given that
the majority of body cells have vitamin D receptors and para/
autocrine vitamin D metabolic activity, vitamin D effects extend
beyond the regulation of bone tissue (36, 37). The potential
therapeutic benefits of vitamin D3 can be obtained by keeping
vitamin levels in adults in the range of 30-80 ng/mL (75-200 nm/
L), according to expert recommendations that published in 2018 (38).
We found that the serum levels of FBS, TG and HOMAIR in the
participants with vitamin D deficiency were significantly higher than
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Comparison of serum levels of adipokines between cases and controls. Data are shown as median (interquartile range). P-values obtained from Mann-

Whitney U test. P-values < 0.05 were considered significant.
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TABLE 3 Multiple linear regression analysis for the association between serum 25(OH)D concentrations with adipokines and cardiometabolic

parameters (n=195).

Model B S.E. B P-value®
Omentin-1 (ng/mL) 1.028 0.376 0.197 0.007
Chemerin (ng/mL) 0.433 0.341 0.094 0.205
Vaspin (ng/mL) 0.010 0.006 0.118 0.110
RBP-4 (ng/mL) -0.476 0.110 -0.305 <0.001
FBS (mg/dL) -0.172 0.063 -0.189 0.007
Insulin (uU/mL) -0.071 0.030 -0.176 0.017
HOMA-IR -0.027 0.009 -0.206 0.004
TG (mg/dL) -0.811 0.125 -0.431 <0.001
TC (mg/dL) -0.188 0.130 -0.106 0.150
LDL-c (mg/dL) -0.158 0.136 -0.085 0.248
HDL-c (mg/dL) -0.037 0.033 -0.081 0.266
non-HDLC -0.225 0.132 -0.125 0.089
AIP -0.003 0.001 -0.360 <0.001
LAP -0.468 0.109 -0.281 <0.001
VAI -0.002 0.001 -0.116 0.115
SBP (mmHg) -0.033 0.022 -0.110 0.134
DBP (mmHg) -0.019 0.016 -0.089 0.223

RBP-4, retinol binding protein 4; FBS, fasting blood sugar; HOMA-IR, homeostasis model assessment of insulin resistance; TG, triglyceride; TC, total cholesterol; LDL-c, low-density lipoprotein
cholesterol; HDL-c, high-density lipoprotein cholesterol; AIP, atherogenic index of plasma; LAP, lipid accumulation product; VAI, visceral adiposity index; SBP, systolic blood pressure; DBP, diastolic

blood pressure; B, unstandardized coefficient; S.E., standard error.
Adjusted for age, sex, smoking, physical activity level, and BMI.
P-values<0.05 were considered significant.

control group. Also, we found a significant inverse association
between 25(OH)D levels with serum levels of FBS, TG and
HOMAIR. In line with our findings, Schmitt et al. were reported
that in postmenopausal women, vitamin D deficiency was correlated
with higher prevalence of MetS, as well as hypertriglyceridemia (39).
In other study, Lee et al. found that lower serum levels of 25(OH)D
was associated with higher waist circumference, TG and insulin
resistance (40). Likewise, Zhu and Heil reported that 25(OH)D
levels were inadequate in 50% of the study population, formed by
residents of Shanghai, China, aged 19-70 years and were associated
with the presence of MetS, and they found that higher serum levels of
vitamin D was associated with lower LDL and total cholesterol
concentration (41). Increasing evidence points to a strong
association between vitamin D insufficiency and a decrease in
insulin secretion in both people and animal models (42). Numerous
studies have suggested that reduced levels of vitamin D disrupt insulin
sensitivity, beta-cell function, or both to cause the onset of T2DM and
insulin resistance (43-46). On the other hand, some studies evaluated
the effect of vitamin D supplementation in people suffering from
vitamin D deficiency and its effect on factors related to metabolic
syndrome. In research that was conducted among the Asian women
with insulin resistance and baseline 25(OH)D levels below 20 ng/mL,
it has been reported that vitamin D supplementation with dose of
4,000 IU led to a significant improvement in the insulin sensitivity
(47). Also, in a systematic review and meta-analysis study on 19
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randomized controlled trials (RCT), it has been reported that
compared with the control group, the short-term vitamin D
supplementation group had a significant reduction in HbAlc,
insulin resistance, and insulin concentration (48). The mechanisms
of vitamin D reducing the risk of T2D include, improved insulin
sensitivity, and reduced insulin resistance (49-51). It has also been
shown that vitamin D reduces inflammation as one of the main
factors involved in the pathogenesis of T2DM due the dysfunction in
the insulin sensitivity and pancreatic beta-cell function (52-54).

In the present study, we found that participants in the vitamin D
deficiency group had higher AIP and LAP than control group. Wang
et al. in a population-based study on 1475 participants showed that
serum 25(OH)D concentration was inversely correlated with TG,
LDL-C and AIP (55). In other study, Mahmoodi et al. in a case control
study among the participants with T2DM found that all of the
atherogenic indices including AIP, CRII, and Atherogenic
Coefficient (AC) significantly reduced with improved serum
vitamin D status (56). It has been reported in several studies that
vitamin D deficiency increase risk of dyslipidemia (57, 58). According
to results from the Karhapdd et al. investigation, in middle-aged
Finnish men, serum 25(OH)D levels are inversely related to TC, TG,
and LDL-C (59). The results of a cross-sectional study on the Danish
population showed that a 10-unit increase in vitamin D concentration
was associated with a significant decrease in the level of dyslipidemia-
related factors (60). AIP value, which is obtained by applying a
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logarithmic transformation to the result of dividing the plasma TG
value by the plasma HDL value, has recently been discovered to be a
reliable indicator of the risk of atherosclerosis and CVD (61). In our
study, AIP value in the case group was 0.61 + 0.08 and in control
group was 0.58 + 0.08, which was significantly different. It has been
reported in some previous studies that AIP value between 0.1-0.24
shows medium cardiac risk (62). Wu et al. were reported that AIP was
an independent predictor of CAD (63). Compared to LDL-C or TC,
AIP has been found to be a more helpful indicator of atherogenicity
and CVD risk (64). Because vitamin D signaling reduces the
expression of TNF-alpha, IL-6, IL-1, and IL-8 in isolated blood
monocytes, it may have an impact on the pathogenesis of
atherosclerosis (65, 66). By increasing nuclear factor kappa B (NF-
KB) activation, vitamin D insufficiency was found to hasten the
development of coronary artery disease in pigs, thereby
demonstrating the anti-inflammatory properties of vitamin D (67).
A characteristic of the development of atherosclerosis is the creation
of foam cells originating from macrophages (68). It has been reported
in previous studies that vitamin D can decrease cholesterol
accumulation in macrophages and LDL uptake in Atheromas (69).
Additionally, it alters the expression of tissue factor and
thrombomodulin in monocytes, which has an impact on platelet
aggregation and thrombogenic activity (70). In the Nakagawa et al.
study, 1,25(OH)2D decreased matrix metalloproteinase (MMP)-2
and MMP-9 expression in cell culture, potentially avoiding plaque
instability, luminal rupture, and thrombosis (71). Furthermore, 1,25
(OH)2D inhibited foam cell production in macrophages isolated from
patients with hypertension, diabetes, and obesity (72).

We also found that serum 25(OH)D levels showed significant
inverse correlations with serum RBP-4 and positive correlation with
omentin-1. In line with our findings, Dikker et al. found that omentin
concentration had a positive correlation with vitamin D levels among
the postmenopausal women (73). Also, Nazar et al. in another case
control study found a linear correlation between vitamin D status and
omentin-1 levels and also reported that vitamin D and omentin-1
deficiency maybe increase the risk of coronary artery disease (74). In
contrast with these findings, Zorlu et al. in a cross-sectional study
among the 77 female volunteers were reported that Omentin levels
correlated significantly and negatively with the vitamin D (25).
Omentin-1 is a 34-kDa, anti-inflammatory, circulating adipocytokine,
has been considered to have a significant role in endothelial
dysfunction, atherosclerosis and myocardial remodeling (75). It has
been reported that omentin-1 exert its anti-inflammatory effects by
suppressing some of the cytokines cascades and factors such as TNF-
alpha. Also, omentin-1 induce the production of activated B cells in
endothelial cells via nuclear factor kappa-light-chain. Moreover, the
protein kinase (5AMP) that activated by Omentin-1 can suppress the
expression of vascular adhesion molecule E-selectin (74). Many
researchers found that the serum levels of RBP-4 are associated with
risk of metabolic syndrome (76, 77). Jialal and cols. reported that serum
RBP-4 concentration would be independent predictors of CVD in
diabetes (78).

Based on our knowledge, the present study is the first study that
evaluated the association between vitamin D status with several
cardiometabolic factors among the patients with MetS. The current

Frontiers in Endocrinology

10.3389/fendo.2023.1080138

study had several strengths, including the evaluation of several
biochemical factors related to the risk of cardiovascular diseases,
strong methodology and controlling the covariates between case and
control. However, there were some limitations in the present study
that should be considered in interpreting the results. Firstly, because
of the study design, the cause-and-effect association will not be
possible. Second, although the sample size in this study is 195,
some potential associations between vitamin D and individual
biomarkers of MetS might have not surfaced. Higher sample size
might have discovered some additional relationships between vitamin
D and markers of MetS.

Conclusion

The results of the present study showed that participants with
vitamin D deficiency had higher concentration of some MetS and
CVD related biomarkers. Also, we found a significant association
between 25(OH)D status and some of the adipokines and atherogenic
indices in patients with MetS. Given the widespread vitamin D
deficiency among the Iranian participants specially women, it has
been suggested that fortification of some staple foods such as
vegetable oils or cereals and dairy products with this vitamin can be
appropriate therapeutic strategies to improve the vitamin D status in
society. More studies with a higher sample size, especially clinical
trials with strong methodology, are needed to re-evaluate the effect of
vitamin D supplementation on the factors investigated in this study.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by Ethics Committee of Zabol University of Medical
Sciences. The patients/participants provided their written informed
consent to participate in this study.

Author contributions
FA, MR, and ZK designed the study and analyzed data. SH-S, FA,

and ZK cooperated in the implementation of the study. All authors
contributed to the article and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fendo.2023.1080138
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Amirkhizi et al.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Chooi YC, Ding C, Magkos F. The epidemiology of obesity. Metabolism (2019)
92:6-10. doi: 10.1016/j.metabol.2018.09.005

2. James WP. The epidemiology of obesity: the size of the problem. ] Intern Med (2008)
263:336-52. doi: 10.1111/j.1365-2796.2008.01922.x

3. De Onis M, Blossner M, Borghi E. Global prevalence and trends of overweight and
obesity among preschool children. Am ] Clin Nutr (2010) 92:1257-64. doi: 10.3945/
ajcn.2010.29786

4. Park MH, Falconer C, Viner RM, Kinra S. The impact of childhood obesity on
morbidity and mortality in adulthood: A systematic review. Obes Rev (2012) 13:985-1000.
doi: 10.1111/j.1467-789X.2012.01015.x

5. Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. Lancet (2005)
365:1415-28. doi: 10.1016/S0140-6736(05)66378-7

6. Gao Y, Zheng T, Ran X, Ren Y, Chen T, Zhong L, et al. Vitamin d and incidence of
prediabetes or type 2 diabetes: a four-year follow-up community-based study. Dis Markers
(2018) 2018:192-201. doi: 10.1155/2018/1926308

7. Akter S, Kuwahara K, Matsushita Y, Nakagawa T, Konishi M, Honda T, et al. Serum
25-hydroxyvitamin D3 and risk of type 2 diabetes among Japanese adults: the Hitachi
health study. Clin Nutr (2020) 39:1218-24. doi: 10.1016/j.cInu.2019.05.010

8. Paari NA. Comparative study of serum vitamin d levels in type 2 diabetes mellitus
patients and age matched controls.

9. Gonzalez-Molero I, Rojo-Martinez G, Morcillo S, Gutiérrez-Repiso C, Rubio-
Martin E, Almaraz MC, et al. Vitamin d and incidence of diabetes: a prospective
cohort study. Clin Nutr (2012) 31:571-3. doi: 10.1016/j.cInu.2011.12.001

10. Isnuwardana R, Bijukchhe S, Thadanipon K, Ingsathit A, Thakkinstian A.
Association between vitamin d and uric acid in adults: A systematic review and meta-
analysis. Hormone Metab Res (2020) 52:732-41. doi: 10.1055/a-1240-5850

11. Dankers W, Gonzalez-Leal C, Davelaar N, Asmawidjaja PS, Mus A, Hazes JM, et al.
1, 25 (OH) 2D3 and dexamethasone additively suppress synovial fibroblast activation by
CCR6+ T helper memory cells and enhance the effect of tumor necrosis factor alpha
blockade. Arthritis Res Ther (2018) 20:1-10. doi: 10.1186/s13075-018-1706-9

12. Pacifico L, Osborn JF, Bonci E, Pierimarchi P, Chiesa C. Association between
vitamin d levels and nonalcoholic fatty liver disease: potential confounding variables. Mini
Rev Medicinal Chem (2019) 19:310-32. doi: 10.2174/1389557518666181025153712

13. Mohammad S, Mishra A, Ashraf MZ. Emerging role of vitamin d and its associated
molecules in pathways related to pathogenesis of thrombosis. Biomolecules (2019) 9:649.
doi: 10.3390/biom9110649

14. Jeon S-M, Shin E. Exploring vitamin d metabolism and function in cancer. Exp Mol
Med (2018) 50:1-14. doi: 10.1038/s12276-018-0038-9

15. Barbalho SM, Tofano RJ, De Campos AL, Rodrigues AS, Quesada K, Bechara MD,
et al. Association between vitamin d status and metabolic syndrome risk factors. Diabetes
Metab Syndrome: Clin Res Rev (2018) 12:501-7. doi: 10.1016/j.dsx.2018.03.011

16. Frydrych LM, Bian G, O’lone DE, Ward PA, Delano MJ. Obesity and type 2
diabetes mellitus drive immune dysfunction, infection development, and sepsis mortality.
J Leukocyte Biol (2018) 104:525-34. doi: 10.1002/JLB.5VMR0118-021RR

17. Bohm A, Halama A, Meile T, Zdichavsky M, Lehmann R, Weigert C, et al.
Metabolic signatures of cultured human adipocytes from metabolically healthy versus
unhealthy obese individuals. PloS One (2014) 9:¢93148. doi: 10.1371/journal.pone.
0093148

18. Alizadeh S, Mirzaei K, Mohammadi C, Keshavarz SA, Maghbooli Z.
Circulating omentin-1 might be associated with metabolic health status in different
phenotypes of body size. Arch Endocrinol Metab (2017) 61:567-74. doi: 10.1590/2359-
3997000000269

19. Moradi S, Mirzaei K, Abdurahman AA, Keshavarz SA, Hossein-Nezhad A.
Mediatory effect of circulating vaspin on resting metabolic rate in obese individuals.
Eur J Nutr (2016) 55:1297-305. doi: 10.1007/s00394-015-0948-4

20. Vranic L, Mikolasevi¢ I, Mili¢ S. Vitamin d deficiency: Consequence or cause of
obesity? Medicina (2019) 55:541. doi: 10.3390/medicina55090541

21. Bennour I, Haroun N, Sicard F, Mounien L, Landrier J-F. Vitamin d and Obesity/
Adiposity-a brief overview of recent studies. Nutrients (2022) 14:2049. doi: 10.3390/
nul4102049

22. Bassatne A, Chakhtoura M, Saad R, Fuleihan GE-H. Vitamin d supplementation in
obesity and during weight loss: A review of randomized controlled trials. Metabolism
(2019) 92:193-205. doi: 10.1016/j.metabol.2018.12.010

23. Migliaccio S, Di Nisio A, Mele C, Scappaticcio L, Savastano S, Colao A. Obesity and
hypovitaminosis d: Causality or casualty? Int ] Obes Suppl (2019) 9:20-31. doi: 10.1038/
$41367-019-0010-8

Frontiers in Endocrinology

10.3389/fendo.2023.1080138

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

24. Mousa A, Naderpoor N, Wilson K, Plebanski M, De Courten MP, Scragg R, et al.
Vitamin d supplementation increases adipokine concentrations in overweight or obese
adults. Eur J Nutr (2020) 59:195-204. doi: 10.1007/s00394-019-01899-5

25. Zorlu M, Kiskac M, Cakirca M, Karatoprak C, Giiler E, Celik K, et al. Evaluation of
the relation between vitamin d and serum omentin and vaspin levels in women. Exp Clin
Endocrinol Diabetes (2016) 124:440-3. doi: 10.1055/s-0042-108853

26. Aoun A, Maalouf ], Fahed M, El Jabbour F. When and how to diagnose and treat
vitamin d deficiency in adults: A practical and clinical update. J Dietary Suppl (2020)
17:336-54. doi: 10.1080/19390211.2019.1577935

27. Amirkhizi F, Pishdadian A, Asghari S, Hamedi-Shahraki S. Vitamin d status is
favorably associated with the cardiovascular risk factors in adults with obesity. Clin Nutr
ESPEN (2021) 46:232-9. doi: 10.1016/j.clnesp.2021.10.003

28. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, et al.
Diagnosis and management of the metabolic syndrome: an American heart Association/
National heart, lung, and blood institute scientific statement. Circulation (2005)
112:2735-52. doi: 10.1161/CIRCULATIONAHA.105.169404

29. Hallal PC, Victora CG. Reliability and validity of the international physical activity
questionnaire (IPAQ). Med Sci Sports Exerc (2004) 36:556. doi: 10.1249/
01.MSS.0000117161.66394.07

30. Matthews DR, Hosker J, Rudenski A, Naylor B, Treacher D, Turner R.
Homeostasis model assessment: insulin resistance and B-cell function from fasting
plasma glucose and insulin concentrations in man. Diabetologia (1985) 28:412-9. doi:
10.1007/BF00280883

31. Niroumand S, Khajedaluee M, Khadem-Rezaiyan M, Abrishami M, Juya M,
Khodaee G, et al. Atherogenic index of plasma (AIP): A marker of cardiovascular
disease. Med ] Islamic Republic Iran (2015) 29:240.

32. Amato MC, Giordano C, Galia M, Criscimanna A, Vitabile S, Midiri M, et al.
Visceral adiposity index: a reliable indicator of visceral fat function associated with
cardiometabolic risk. Diabetes Care (2010) 33:920-2. doi: 10.2337/dc09-1825

33. Kahn HS. The” lipid accumulation product” performs better than the body mass
index for recognizing cardiovascular risk: a population-based comparison. BMC
Cardiovasc Disord (2005) 5:1-10. doi: 10.1186/1471-2261-5-26

34. Palacios C, Gonzalez L. Is vitamin d deficiency a major global public health
problem? J Steroid Biochem Mol Biol (2014) 144:138-45. doi: 10.1016/j.jsbmb.2013.11.003

35. Vatandost S, Jahani M, Afshari A, Amiri MR, Heidarimoghadam R, Mohammadi
Y. Prevalence of vitamin d deficiency in Iran: A systematic review and meta-analysis. Nutr
Health (2018) 24:269-78. doi: 10.1177/0260106018802968

36. Holick MF, Chen TC. Vitamin d deficiency: a worldwide problem with health
consequences. Am ] Clin Nutr (2008) 87:1080S-6S. doi: 10.1093/ajcn/87.4.1080S

37. Wacker M, Holick MF. Vitamin d-effects on skeletal and extraskeletal health and
the need for supplementation. Nutrients (2013) 5:111-48. doi: 10.3390/nu5010111

38. Pilz S, Trummer C, Pandis M, Schwetz V, Aberer F, Gruebler M, et al. Vitamin d:
current guidelines and future outlook. Anticancer Res (2018) 38:1145-51. doi: 10.21873/
anticanres.12333

39. Schmitt EB, Nahas-Neto J, Bueloni-Dias F, Poloni PF, Orsatti CL. Vitamin d
deficiency is associated with metabolic syndrome in postmenopausal women. Maturitas
(2018) 107:97-102. doi: 10.1016/j.maturitas.2017.10.011

40. Lee SJ, Lee EY, Lee JH, Kim JE, Kim KJ, Rhee Y, et al. Associations of serum 25-
hydroxyvitamin d with metabolic syndrome and its components in elderly men and
women: the Korean urban rural elderly cohort study. BMC geriatrics (2019) 19:1-8. doi:
10.1186/512877-019-1118-y7

41. Zhu W, Heil DP. Associations of vitamin d status with markers of metabolic
health: A community-based study in shanghai, China. Diabetes Metab Syndrome: Clin Res
Rev (2018) 12:727-32. doi: 10.1016/j.dsx.2018.04.010

42. Takiishi T, Gysemans C, Bouillon R, Mathieu C. Vitamin d and diabetes. Rheum
Dis Clinics (2012) 38:179-206. doi: 10.1016/j.rdc.2012.03.015

43. 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:¢109607. doi:
10.1371/journal.pone.0109607

44. Gao Y, Wu X, Fu Q, Li Y, Yang T, Tang W. The relationship between serum 25-
hydroxy vitamin d and insulin sensitivity and B-cell function in newly diagnosed type 2
diabetes. ] Diabetes Res (2015) 2015:63-68. doi: 10.1155/2015/636891

45. Park S, Kim DS, Kang S. Vitamin d deficiency impairs glucose-stimulated insulin
secretion and increases insulin resistance by reducing PPAR-y expression in nonobese
type 2 diabetic rats. ] Nutr Biochem (2016) 27:257-65. doi: 10.1016/j.jnutbio.2015.09.013

frontiersin.org


https://doi.org/10.1016/j.metabol.2018.09.005
https://doi.org/10.1111/j.1365-2796.2008.01922.x
https://doi.org/10.3945/ajcn.2010.29786
https://doi.org/10.3945/ajcn.2010.29786
https://doi.org/10.1111/j.1467-789X.2012.01015.x
https://doi.org/10.1016/S0140-6736(05)66378-7
https://doi.org/10.1155/2018/1926308
https://doi.org/10.1016/j.clnu.2019.05.010
https://doi.org/10.1016/j.clnu.2011.12.001
https://doi.org/10.1055/a-1240-5850
https://doi.org/10.1186/s13075-018-1706-9
https://doi.org/10.2174/1389557518666181025153712
https://doi.org/10.3390/biom9110649
https://doi.org/10.1038/s12276-018-0038-9
https://doi.org/10.1016/j.dsx.2018.03.011
https://doi.org/10.1002/JLB.5VMR0118-021RR
https://doi.org/10.1371/journal.pone.0093148
https://doi.org/10.1371/journal.pone.0093148
https://doi.org/10.1590/2359-3997000000269
https://doi.org/10.1590/2359-3997000000269
https://doi.org/10.1007/s00394-015-0948-4
https://doi.org/10.3390/medicina55090541
https://doi.org/10.3390/nu14102049
https://doi.org/10.3390/nu14102049
https://doi.org/10.1016/j.metabol.2018.12.010
https://doi.org/10.1038/s41367-019-0010-8
https://doi.org/10.1038/s41367-019-0010-8
https://doi.org/10.1007/s00394-019-01899-5
https://doi.org/10.1055/s-0042-108853
https://doi.org/10.1080/19390211.2019.1577935
https://doi.org/10.1016/j.clnesp.2021.10.003
https://doi.org/10.1161/CIRCULATIONAHA.105.169404
https://doi.org/10.1249/01.MSS.0000117161.66394.07
https://doi.org/10.1249/01.MSS.0000117161.66394.07
https://doi.org/10.1007/BF00280883
https://doi.org/10.2337/dc09-1825
https://doi.org/10.1186/1471-2261-5-26
https://doi.org/10.1016/j.jsbmb.2013.11.003
https://doi.org/10.1177/0260106018802968
https://doi.org/10.1093/ajcn/87.4.1080S
https://doi.org/10.3390/nu5010111
https://doi.org/10.21873/anticanres.12333
https://doi.org/10.21873/anticanres.12333
https://doi.org/10.1016/j.maturitas.2017.10.011
https://doi.org/10.1186/s12877-019-1118-y7
https://doi.org/10.1016/j.dsx.2018.04.010
https://doi.org/10.1016/j.rdc.2012.03.015
https://doi.org/10.1371/journal.pone.0109607
https://doi.org/10.1155/2015/636891
https://doi.org/10.1016/j.jnutbio.2015.09.013
https://doi.org/10.3389/fendo.2023.1080138
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Amirkhizi et al.

46. Park JE, Pichiah PT, Cha Y-S. Vitamin d and metabolic diseases: growing roles of
vitamin d. J Obes Metab syndrome (2018) 27:223. doi: 10.7570/jomes.2018.27.4.223

47. 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 deficient - a randomised, placebo-controlled trial. Br ] Nutr (2010) 103:549-55.
doi: 10.1017/S0007114509992017

48. Hu Z, Jin’an Chen XS, Wang L, Wang A. Efficacy of vitamin d supplementation on
glycemic control in type 2 diabetes patients: A meta-analysis of interventional studies.
Medicine (2019) 98:149-170. doi: 10.1097/MD.0000000000014970

49. George P, Pearson E, Witham M. Effect of vitamin d supplementation on
glycaemic control and insulin resistance: a systematic review and meta-analysis.
Diabetic Med (2012) 29:¢142-50. doi: 10.1111/j.1464-5491.2012.03672.x

50. 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) 97:774-81. doi: 10.3945/ajcn.112.050013

51. Poolsup N, Suksomboon N, Plordplong N. Effect of vitamin d supplementation on
insulin resistance and glycaemic control in prediabetes: a systematic review and meta-
analysis. Diabetic Med (2016) 33:290-9. doi: 10.1111/dme.12893

52. Sung C-C, Liao M-T, Lu K-C, Wu C-C. Role of vitamin d in insulin resistance. ]
Biomed Biotechnol (2012) 2012:63-72. doi: 10.1155/2012/634195

53. Pilz S, Kienreich K, Rutters F, De Jongh R, Van Ballegooijen AJ, Griibler M, et al.
Role of vitamin d in the development of insulin resistance and type 2 diabetes. Curr
Diabetes Rep (2013) 13:261-70. doi: 10.1007/s11892-012-0358-4

54. Mathieu C. Vitamin d and diabetes: where do we stand? Diabetes Res Clin Pract
(2015) 108:201-9. doi: 10.1016/j.diabres.2015.01.036

55. Wang Y, Si S, Liu J, Wang Z, Jia H, Feng K, et al. The associations of serum lipids
with vitamin d status. PloS One (2016) 11:€0165157. doi: 10.1371/journal.pone.0165157

56. Mahmoodi MR, Najafipour H. Associations between serum vitamin D3, atherogenic
indices of plasma and cardiometabolic biomarkers among patients with diabetes in the
KERCADR study. BMC Endoc Disord (2022) 22:1-12. doi: 10.1186/s12902-022-01043-1

57. Jiang X, Peng M, Chen S, Wu S, Zhang W. Vitamin d deficiency is associated with
dyslipidemia: a cross-sectional study in 3788 subjects. Curr Med Res Opin (2019) 35:1059-
63. doi: 10.1080/03007995.2018.1552849

58. Alquaiz AM, Kazi A, Youssef RM, Alshehri N, Alduraywish SA. Association
between standardized vitamin 25 (OH) d and dyslipidemia: a community-based study in
Riyadh, Saudi Arabia. Environ Health Prev Med (2020) 25:1-9. doi: 10.1186/s12199-019-
0841-5

59. Karhapii P, Pihlajamiki J, Pérsti I, Kastarinen M, Mustonen J, Niemeld O, et al.
Diverse associations of 25-hydroxyvitamin d and 1, 25-dihydroxy-vitamin d with
dyslipidaemias. ] Internal Med (2010) 268:604-10. doi: 10.1111/j.1365-2796.2010.02279.x

60. Skaaby T, Husemoen LLN, Pisinger C, Jorgensen T, Thuesen BH, Fenger M, et al.
Vitamin d status and changes in cardiovascular risk factors: A prospective study of a
general population. Cardiology (2012) 123:62-70. doi: 10.1159/000341277

61. Shen S, Lu Y, Qi H, Li F, Shen Z, Wu L, et al. Association between ideal
cardiovascular health and the atherogenic index of plasma. Medicine (2016) 95:38-50.
doi: 10.1097/MD.0000000000003866

62. Dobiasova M. AIP-atherogenic index of plasma as a significant predictor of
cardiovascular risk: from research to practice. Vnitrni lekarstvi (2006) 52:64-71.

63. WuT-T, Gao Y, Zheng Y-Y, Ma Y-T, Xie X. Atherogenic index of plasma (AIP): A
novel predictive indicator for the coronary artery disease in postmenopausal women.
Lipids Health Dis (2018) 17:1-7. doi: 10.1186/5s12944-018-0828-z

Frontiers in Endocrinology

09

10.3389/fendo.2023.1080138

64. Fernandez-Macias JC, Ochoa-Martinez AC, Varela-Silva JA, Pérez-Maldonado IN.
Atherogenic index of plasma: Novel predictive biomarker for cardiovascular illnesses.
Arch Med Res (2019) 50:285-94. doi: 10.1016/j.arcmed.2019.08.009

65. Kassi E, Adamopoulos C, Basdra EK, Papavassiliou AG. Role of vitamin d in
atherosclerosis. Circulation (2013) 128:2517-31. doi: 10.1161/CIRCULATIONAHA.
113.002654

66. Shrivastava AK, Singh HV, Raizada A, Singh SK. C-reactive protein, inflammation
and coronary heart disease. Egyptian Heart ] (2015) 67:89-97. doi: 10.1016/
j.€hj.2014.11.005

67. Chen S, Swier V], Boosani CS, Radwan MM, Agrawal DK. Vitamin d deficiency
accelerates coronary artery disease progression in swine. Arteriosclerosis thrombosis Vasc
Biol (2016) 36:1651-9. doi: 10.1161/ATVBAHA.116.307586

68. Sharma G, She Z-G, Valenta DT, Stallcup WB, Smith JW. Scavenger receptor-
mediated targeting of macrophage foam cells in atherosclerotic plaque using
oligonucleotide-functionalized nanoparticles. Nano Life (2010) 1:207-14. doi: 10.1142/
$1793984410000183

69. Yin K, You Y, Swier V, Tang L, Radwan MM, Pandya AN, et al. Vitamin d protects
against atherosclerosis via regulation of cholesterol efflux and macrophage polarization in
hypercholesterolemic swine. Arteriosclerosis thrombosis Vasc Biol (2015) 35:2432-42. doi:
10.1161/ATVBAHA.115.306132

70. Koyama T, Shibakura M, Ohsawa M, Kamiyama R, Hirosawa S. Anticoagulant
effects of 1o, 25-dihydroxyvitamin D3 on human myelogenous leukemia cells and
monocytes. Blood ] Am Soc Hematol (1998) 92:160-7.

71. Nakagawa K, Sasaki Y, Kato S, Kubodera N, Okano T. 22-Oxa-la, 25-
dihydroxyvitamin d 3 inhibits metastasis and angiogenesis in lung cancer.
Carcinogenesis (2005) 26:1044-54. doi: 10.1093/carcin/bgi049

72. OhJ, Weng S, Felton SK, Bhandare S, Riek A, Butler B, et al. 1, 25 (OH) 2 vitamin d
inhibits foam cell formation and suppresses macrophage cholesterol uptake in patients
with type 2 diabetes mellitus. Circulation (2009) 120:687-98. doi: 10.1161/
CIRCULATIONAHA.109.856070

73. Dikker O, Bekpinar S, Ozdemirler G, Uysal M, Vardar M, Atar S, et al. Evaluation
of the relation between omentin-1 and vitamin d in postmenopausal women with or
without osteoporosis. Exp Clin Endocrinol Diabetes (2018) 126:316-20. doi: 10.1055/s-
0043-120110

74. Nazar S, Zehra S, Azhar A. Association of single nucleotide missence
polymorphism Vall09Asp of omentin-1 gene and coronary artery disease in Pakistani
population: Multicenter study. Pakistan ] Med Sci (2017) 33:1128-1133. doi: 10.12669/
pjms.335.13110

75. DuY, Ji Q, Cai L, Huang F, Lai Y, Liu Y, et al. Association between omentin-1
expression in human epicardial adipose tissue and coronary atherosclerosis. Cardiovasc
Diabetol (2016) 15:1-9. doi: 10.1186/s12933-016-0406-5

76. Park SE, Lee NS, Park JW, Rhee E-J, Lee W-Y, Oh K-W, et al. Association of
urinary RBP4 with insulin resistance, inflammation, and microalbuminuria. Eur ]
Endocrinol (2014) 171:443-9. doi: 10.1530/EJE-14-0247

77. Wang L, Song ], Wang C, Lin P, Liang K, Sun Y, et al. Circulating levels of
betatrophin and irisin are not associated with pancreatic B-cell function in previously
diagnosed type 2 diabetes mellitus patients. ] Diabetes Res (2016) 2016:261-273. doi:
10.1155/2016/2616539

78. Jialal I, Adams-Huet B, Duong F, Smith G. Relationship between retinol-binding
protein-4/adiponectin and leptin/adiponectin ratios with insulin resistance and
inflammation. Metab Syndrome Related Disord (2014) 12:227-30. doi: 10.1089/
met.2014.0013

frontiersin.org


https://doi.org/10.7570/jomes.2018.27.4.223
https://doi.org/10.1017/S0007114509992017
https://doi.org/10.1097/MD.0000000000014970
https://doi.org/10.1111/j.1464-5491.2012.03672.x
https://doi.org/10.3945/ajcn.112.050013
https://doi.org/10.1111/dme.12893
https://doi.org/10.1155/2012/634195
https://doi.org/10.1007/s11892-012-0358-4
https://doi.org/10.1016/j.diabres.2015.01.036
https://doi.org/10.1371/journal.pone.0165157
https://doi.org/10.1186/s12902-022-01043-1
https://doi.org/10.1080/03007995.2018.1552849
https://doi.org/10.1186/s12199-019-0841-5
https://doi.org/10.1186/s12199-019-0841-5
https://doi.org/10.1111/j.1365-2796.2010.02279.x
https://doi.org/10.1159/000341277
https://doi.org/10.1097/MD.0000000000003866
https://doi.org/10.1186/s12944-018-0828-z
https://doi.org/10.1016/j.arcmed.2019.08.009
https://doi.org/10.1161/CIRCULATIONAHA.113.002654
https://doi.org/10.1161/CIRCULATIONAHA.113.002654
https://doi.org/10.1016/j.ehj.2014.11.005
https://doi.org/10.1016/j.ehj.2014.11.005
https://doi.org/10.1161/ATVBAHA.116.307586
https://doi.org/10.1142/S1793984410000183
https://doi.org/10.1142/S1793984410000183
https://doi.org/10.1161/ATVBAHA.115.306132
https://doi.org/10.1093/carcin/bgi049
https://doi.org/10.1161/CIRCULATIONAHA.109.856070
https://doi.org/10.1161/CIRCULATIONAHA.109.856070
https://doi.org/10.1055/s-0043-120110
https://doi.org/10.1055/s-0043-120110
https://doi.org/10.12669/pjms.335.13110
https://doi.org/10.12669/pjms.335.13110
https://doi.org/10.1186/s12933-016-0406-5
https://doi.org/10.1530/EJE-14-0247
https://doi.org/10.1155/2016/2616539
https://doi.org/10.1089/met.2014.0013
https://doi.org/10.1089/met.2014.0013
https://doi.org/10.3389/fendo.2023.1080138
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Vitamin D insufficiency and its association with adipokines and atherogenic indices in patients with metabolic syndrome: A case-control study
	Introduction
	Material and methods
	Study participants
	Assessment of anthropometric variables, blood pressure and physical activity
	Laboratory measurements
	Statistical analysis

	Results
	Characteristics of cases and controls
	Cardiometabolic parameters in cases and controls
	Serum adipokines in cases and controls
	Association of serum vitamin D with serum adipokines and cardiometabolic parameters

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


