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Mechanistic Effects of Vitamin D Supplementation on
Metabolic Syndrome Components in Patients with or
without Vitamin D Deficiency
Samira Faraji1,2, Mohammad Alizadeh2,3,*
Student Research Committee, 2Department of Nutrition, School of Medicine, and 3Food and Beverages Safety Research Center, Urmia University of Medical
Sciences, Urmia, Iran
1

The prevalences of metabolic syndrome (MetS) and vitamin D deficiency are increasing dramatically worldwide.
MetS is a major challenge because it can increase the risk of most non-communicable diseases. The beneficial
effect of vitamin D on MetS components remains controversial, so the present review focused on the clinical effects of vitamin D supplementation on MetS components. Vitamin D can inhibit the protein expression of nuclear factor beta; improve arterial stiffness; decrease renin-angiotensin-aldosterone system activity, parathyroid
hormone levels, inflammatory cytokines, 3-hydroxy-3-methylglutaryl-coenzyme A reductase, and lanosterol 14
α-demethylase enzyme activity; increase the activity of lipoprotein lipase; alter gene expression in C2C12 cells;
and improve phospholipid metabolism and mitochondrial oxidation. We tried to elucidate and analyze almost
all evidence from randomized controlled trial studies of the efficacy of vitamin D supplementation in patients
with MetS. The findings of the present study reported beneficial effects of vitamin D supplementation on mentioned factors. Vitamin D supplementation is recommended in people with vitamin D deficiency even if it has no
considerable effect on most MetS factors. However, existing data from interventional studies are insufficient to
reach a definitive conclusion about the effect of vitamin D supplementation on MetS components in patients
without vitamin D deficiency. Thus, new clinical studies are needed to test the hypothesis that vitamin D supplementation could alleviate MetS components in patients with sufficient intake of vitamin D.
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INTRODUCTION

The prevalence of MetS is increasing dramatically across the
world.8 According to the International Diabetes Federation (IDF),

Metabolic syndrome (MetS), also known as syndrome X, viscer-

overall global prevalence of MetS was at about 25% in 2006.9 In

al adiposity syndrome, or insulin resistance syndrome, includes hy-

2007, up to 34.7% of the adult population in the Middle East had

perlipidemia, hypertension, hyperglycemia, insulin resistance, ab-

MetS, based on criteria from the National Cholesterol Education

dominal obesity, and proinflammatory states. MetS is a major

Program-Adult Treatment Panel III.10 In addition, 37.4% of adult

challenge worldwide because it can increase the risk of other dis-

population in the Middle East had MetS in 2007 based on the IDF

eases, such as a two-fold increase in risk for cardiovascular disease,

definition.10 The prevalence of MetS increases with age, and the mor-

two- to four-fold for stroke, fivefold or more for type 2 diabetes,

tality of persons with MetS is higher than that of people without it.4,11

and three- to four-fold for myocardial infarction.4,5 According to

Positive family history, cigarette smoking, higher age, obesity, low

1-3

Table 1, there are several definitions for MetS.

3,6,7

socioeconomic status, vitamin D deficiency, consumption of fast
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Table 1. Definition of MetS3,6,7
World Health Organization

National Cholesterol Education Program-Adult
Treatment Panel III

International Diabetes Federation

Insulin resistance or glucose level < 6.1 mmol/L, 2-hour OGTT < 7.8 mmol/L together with 2 or more of the following factors:
HDL-C < 35 mg/dL in males, < 40 mg/dL in females
Triglycerides > 150 mg/dL
Waist-to-hip ratio > 0.9 (males) or > 0.85 (females) or BMI > 30 kg/m2
Blood pressure > 140/90 mmHg
Three or more of the following factors:
Blood glucose > 100 mg/dL or taking medication for medical care of it
HDL-C < 40 mg/dL in males, < 50 mg/dL in females or taking medication to regulate HDL-C levels
Blood triglycerides > 150 mg/dL or taking medication to regulate triglyceride levels
Waist circumference > 102 cm for males or > 88 cm for females
Blood pressure > 130/85 mmHg or taking medication for hypertension
Waist circumference > 94 cm for males or > 80 cm for females together with 2 or more of the following factors:
Blood glucose > 100 mg/dL or diabetes
Blood triglycerides > 150 mg/dL or taking medication to regulate triglyceride levels
SBP > 130 mmHg and DBP > 85 mmHg or taking medication for hypertension

MetS, metabolic syndrome; OGTT, oral glucose tolerance test; HDL-C, high-density lipoprotein cholesterol; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure.

food, Mexican-American ethnicity, postmenopausal status, physical
Mechanisms

inactivity, stress, drinking sweetened beverages, alcohol consumption, Western diet, increasing urbanization, genetic predisposition,
low cardiorespiratory fitness, low birth weight, and too much television watching are important risk factors for MetS.12-14
Vitamin D has been called the “sunshine vitamin”. The most
15

important constituents of this vitamin in humans, vitamin D3 (cholecalciferol) and vitamin D2 (ergocalciferol), are converted to 25hydroxyvitamin D in the liver, which is the most important form of
vitamin D for determining the level of vitamin D in the bloodstream.16
The prevalence of vitamin D deficiency is also significant in the
general population, with reports suggesting that about one billion
people worldwide have vitamin D deficiency.17 A low 25-hydroxyvitamin D level has been reported to be associated with obesity, hypertension, diabetes, MetS, and chronic vascular inflammation,
even though there has been controversy surrounding these associations.18-21 Several explanations have been suggested for the role of
vitamin D in the MetS-related components (Fig. 1).22-30 Vitamin D
deficiency affects the components of MetS by affecting various
variables such as nitric oxide, interleukin (IL)-6, IL-1 and so on.

• Sunlight
• Food
• Vitamin D
supplementation
Vitamin D
deficiency

• ↓NO, ↑IL-6, ↑IL-1, ↑IL-2, ↑TNF-α,
↑INF-γ, ↑CRP, ↑VCAM, ↑ICAM,
↑RAAS, ↑LDL-C, ↑FPG, ↑Insulin
resistance, Pancreatic β cell
dysfunction, ↑PTH, ↑Insulin,
↑QUICKI, ↑HOMA-IR, ↑TC,
↓HDL-C, ↑NF-β, ↑TG,
↓Lipoprotein lipase activity,
↑HMG-CoA-reductase activity,
↑Lanosterol 14α-demethylase
activity, Dysregulate systemic
vascular calcium metabolism,
↑Proliferation of vascular
smooth muscle, ↑Vascular
resistance, ↑Blood pressure,
↑Mitochondrial oxidation

• Hyperlipidemia
• Hypertension
• Hyperglycemia
• Insulin resistance
• Abdominal
obesity
• Pro-Inflammatory
states
MetS

Figure 1. Overview of the role of vitamin D deficiency in metabolic syndrome
(MetS) development. ↓, significant decrease; ↑, significant increase; NO, nitric oxide; IL, interleukin; TNF-α, tumor necrosis factor alpha; INF-γ, interferon gamma;
CRP, C-reactive protein; VCAM, vascular cell adhesion molecule; ICAM, intercellular adhesion molecule; RAAS, renin-angiotensin-aldosterone system; LDL-C, lowdensity lipoprotein cholesterol; FPG, fasting plasma glucose; PTH, parathyroid hormone; QUICKI, quantitative insulin sensitivity check index; HOMA-IR, homeostasis
model assessment of insulin resistance; TC, total cholesterol; HDL-C, high-density
lipoprotein cholesterol; NF-β, nuclear factor beta; TG, triglyceride; HMG-CoA,
3-hydroxy-3-methylglutaryl-coenzyme A.

As a result, vitamin D deficiencies and MetS often appear to be

ceptable justification for supplementation among patients with suf-

intertwined. Therefore, it is recommended that vitamin D intake

ficient vitamin D levels. Therefore, there is a need for studies with

be used in the treatment of MetS, but the effect of vitamin D sup-

appropriate design to find differences between the effects of vita-

plementation on MetS in patients with or without vitamin D defi-

min D on people with different levels of vitamin D. To address this

ciency is not completely clear. Furthermore, all the benefits of vita-

need, we sought to determine the effect of vitamin D deficiency on

min D supplementation in improving MetS factors are not an ac-

each of the MetS components and its related mechanisms, based
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on randomized clinical trial studies in people with MetS with or

VITAMIN D AND ABDOMINAL OBESITY

without vitamin D deficiency (Table 2).
Vitamin D might affect obesity-associated inflammation and adiTable 2. All randomized controlled trial studies about the effect of different doses of vitamin D supplementation in patients with MetS
Author (year)
Salekzamani et al.
(2016)27

Study Duration
population (mo)
80

4

Not
mentioned

6

Wongwiwatthananukit
et al. (2013)29

90

2

Salekzamani et al.
(2017)26

80

4

Mahmood et al.
(2016)24

Kelishadi et al. (2014)23

Farag et al. (2018)22

Sansanayudh et al.
(2014)28

Yin et al. (2016)30

50

3

180

3

90

126

2

12

Outcome measurement

Study design

FPG, HOMA-IR, QUICKI, LDL-C,
HDL-C, TG, TC, dietary intake,
sun exposure, weight, BMI, FP,
WC, HC, SBP, DBP, WHtR

Intervention group: 50,000
IU/wk vitamin D (n= 40)
Control group: placebo
(n= 40)
SBP, DBP, vitamin D, FPG, insulin, Intervention group: oral
HOMA, QUICKI, BMI, WC
25(OH) D3 supplement
60,000 (IU) per week for
8 weeks followed by
60,000 IU monthly for
4 months
Control group: placebo
WC, SBP, DBP, FPI, 25(OH)D,
(1) 40,000 IU/wk vitamin D2
calcium, HDL-C, HOMA-IR,
(n= 30)
LDL-C, TC, TG, FPG
(2) 20,000 IU/wk vitamin D2
(n= 30)
(3) Control group: placebo
(n= 30)
IL-6, E-selectin, BMI, FPG, SBP,
Intervention group: 50,000
DBP, weight, FM, FFM, TBW,
IU/week vitamin D
TG, HsCRP, sun exposure, PA,
(n= 40)
VCAM-1, cCIMT, calcium
Control group: placebo
(n= 40)
BMI, WC, WHtR, 25(OH)D,
Intervention group: 300,000
insulin, FPG, HOMA-IR, TG,
IU/wk vitamin D (n= 25)
MAP, LDL-C, HDL-C, TC, C-MetS Control group: placebo
(n= 25)
Weight, BMI, WC, FPG, SBP, DBP, (1) Vitamin C group: 500
TC, TG, LDL-C, HDL-C, vitamin D,
mg/day vitamin C (n= 30)
PA, vitamin C
(2) Vitamin C plus PA group
(n= 30)
(3) Vitamin D group: 2,000
IU/day vitamin D (n= 30)
(4) Vitamin D plus PA group
(n= 30)
(5) Placebo plus PA group
(n= 30)
(6) Control group: placebo
(n= 30)
25(OH)D, calcium, QTc

BMI, WC, FPG, SBP, DBP, LDL-C,
HDL-C, PTH, 25(OH)D,
HOMA-IR, QUICKI, FPI

(1) Control group: 2 capsules
of placebo/wk (n= 30)
(2) Ergocalciferol 20,000
IU/wk (n= 30)
(3) Ergocalciferol 40,000
IU/wk (n= 30)
Intervention group: 700 IU/
day vitamin D (n= 63)
Control group: placebo
(n= 63)

Vitamin D level at Vitamin D level at
baseline
the end of study

Result

16.45± 15.50
78.38± 21.71
Intervention group: ↓TG
nmol/L
nmol/L
23.47± 21.34
21.46± 17.74
nmol/L
nmol/L
15.4± 9.03 ng/mL 26.1± 11.8 ng/mL Intervention group: ↓WC,
↓BMI
Control group: ↑insulin,
↓QUICKI

14.29± 3.35
ng/mL
15.08± 3.16
ng/mL
16.20± 2.99
ng/mL
13.70 nmol/L
(0.00–25.50)

30.03± 6.97
ng/mL
26.80± 6.37
ng/mL
18.99± 6.71
ng/mL
80 nmol/L
(67.25–90.50)

19.97 nmol/L
(11.78–31.25)
18.27± 2.04
ng/mL
17.91± 2.27
ng/mL
Group 1: -

17.82 nmol/L
(13.07–28.50)
32.01± 2.14
ng/mL
19.07± 2.01
ng/mL
-

Group 2: Group 3: 10.8±
2.8 ng/mL
Group 4 : 10.4±
3.2 ng/mL
Group 5:12.2± 4
ng/mL
Group 6:11± 4
ng/mL

No positive effect of
vitamin D2 on
metabolic risk factors

Intervention group: ↓IL-6,
↑calcium, (↓E-selectin
and ↓VCAM-1 but no
significant differences
between two groups)
Intervention group:
↓Insulin, ↓TG,
↓HOMA-IR and
↓C-MetS

Group 1 and 2 (more
influence compared to
vitamin D): ↓TG, and
↑HDL-C
Group
3 and 4 (more
23.2± 4.9 ng/mL
influence compared to
vitamin C): ↓FPG, ↓TC,
29± 5.5 ng/mL
↓LDL-C and ↓blood
pressure
12.6± 4 ng/mL
18.9± 4.5 ng/mL

16.2± 3.0 ng/mL

19.0 ng/mL

15.1± 3.2 ng/mL

26.8 ng/mL

14.3± 3.4 ng/mL

30.0 ng/mL

Group 2 and 3: ↑25(OH)D

14.6± 2.18 ng/mL 33.1± 4.37 ng/mL Intervention group: ↓PTH
14.2± 2.55 ng/mL 14.6± 2.80 ng/mL
(Continued to the next page)
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Table 2. Continued
Author (year)
Makariou et al. (2017)25

Study Duration
population (mo)
50

Outcome measurement

3

Study design

Weight, BMI, SBP, DBP, WC, TC, Intervention group: dietary
TG, LDL-C, HDL-C, Apo A1,
instructions (–500 kcal/
Apo B, FPG, FPI, HOMA index*,
day) plus 2,000 IU/day
HbA1c, PTH, 25(OH)D
vitamin D (n= 25)
Control group: dietary
instructions (–500 kcal/
day) (n= 25)

Vitamin D level at Vitamin D level at
baseline
the end of study
16.0 ng/mL
(3.0–35.0)

30.6 ng/mL
(8.4–67.0)

10.0 ng/mL
(4.0–39.6)

13.0 ng/mL
(3.5–37.0)

Result
Intervention group: ↓SBP

*HOMA index= fasting insulin× fasting glucose/405.
MetS, metabolic syndrome; FPG, fasting plasma glucose; HOMA-IR, homeostasis model assessment of insulin resistance; QUICKI, quantitative insulin sensitivity check index; LDL-C,
low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride; TC, total cholesterol; BMI, body mass index; FP, body fat percent; WC, waist circumference; HC, hip circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; WHtR, waist-to-height ratio; ↓, significant decrease; ↑, significant increase; HOMA, homeostasis model assessment; 25(OH)D, 25-hydroxyvitamin D; FPI, fasting plasma insulin; IL, interleukin; FM, fat mass; FFM, fat-free mass; TBW, total body water; HsCRP, high-sensitivity C-reactive protein; PA, physical activity; VCAM-1, vascular cell adhesion molecule-1; cCIMT, common carotid intima-media thickness; MAP, mean arterial blood pressure; CMetS, continuous metabolic syndrome; QTc, corrected QT interval; PTH, parathyroid hormone; Apo, apolipoprotein; HbA1c, glycosylated hemoglobin.

posity. Obesity has recently emerged as a public health issue of
pandemic proportions.31,32 Abdominal obesity is the most frequently observed component of MetS.

33,34

Based on several studies,

which has an important effect on the expression of TNF-α.35
In several studies, the effect of different doses of vitamin D on
body composition has been investigated in patients with MetS.22-

vitamin D levels are lower in most obese and overweight people,

25,27,29,30

compared to people of normal weight who have less body fat, and

al., vitamin D supplementation of 50,000 IU/wk decreased waist

obesity can increase the risk of vitamin D deficiency. Fat accumu-

circumference (WC) and body mass index (BMI) in adults with

lation via increasing oxidative stress can increase the expression of

MetS after 6 months. In this study, the group that received vitamin

nicotinamide adenine dinucleotide phosphate oxidase, decrease

D supplementation experienced a significant decrease in WC and

the expression of anti-oxidative enzymes, impair glucose uptake in

BMI (P= 0.001) at the end of the study.

35

36

In only one of these studies, conducted by Mahmood et

24

muscle and adipose tissue, decrease insulin secretion from pancre-

In another study, 63 overweight or obese women were assigned

atic β cells, and affect oxidative phosphorylation, glyceraldehyde

to two groups, where intervention group received 600 mg calcium

auto-oxidation, and protein kinase C activation.

and 200 IU/day vitamin D and the placebo group received a placebo

37-40

Macrophages within the adipose tissue secrete adipocytokines,

along with a 700 kcal/day energy-deficit diet. This study by Major et

such as plasminogen activator inhibitor-1 (PAI-1), tumor necrosis

al.46 showed that supplementation with calcium and vitamin D for

factor alpha (TNF-α), resistin, leptin, and adiponectin. PAI-1 leads

15 weeks affected WC.

to thrombosis and insulin resistance.

TNF-α can phosphory-

In the study by Makariou et al.,25 weight was reduced by about

late and inactivate insulin receptors in the adipose tissue and smooth

1–2 kg after 3 months in both the intervention and control groups,

43

muscle cells, induce lipolysis, and inhibit adiponectin release,

which received dietary instructions (–500 kcal/day from usual in-

leading to insulin resistance and atherosclerosis. Several studies have

take) with or without 2,000 IU/day vitamin D, respectively. It

demonstrated that levels of IL-6 and C-reactive protein (CRP) are

seems this weight loss is due to the reduction in energy intake in

high with MetS, and increased production of IL-6 and CRP results

both groups and not the vitamin D supplementation. In another

in increases in obesity and insulin resistance. Vitamin D through

study comparing groups with or without vitamin D deficiency

binding to its receptors in monocytes can reduce inflammatory cy-

( < 20 ng/mL),vitamin D deficiency was associated with higher

tokines such as CRP and lead to a reduction in systemic inflamma-

systolic 24-hour ambulatory blood pressure monitoring (ABPM)

tion. In addition, receptors of vitamin D are located in the nucleus

(P = 0.01), daytime ABPM (P = 0.02), and body fat mass.47 In or-

of macrophages, which produce cytokines such as TNF-α. Vitamin

der to reach a definite conclusion, studies with stronger methods

D inhibits the protein expression of nuclear factor beta (NF-β),

are needed to evaluate the effects of vitamin D supplementation on

37,41,42

44

45
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body composition in patients with MetS.

In one randomized controlled trial by Makariou et al.25 in 25 patients
with MetS, a hypocaloric diet (–500 kcal/day) plus 2,000 IU/day

VITAMIN D AND HYPERTENSION

vitamin D supplements significantly changed SBP. In this study,
SBP decreased about 3.7% in the intervention group (P = 0.05),

Studies have shown that MetS is more frequently observed in

whereas it was reduced about 1.5% in the placebo group. In this

hypertensive populations.48 Increases in plasma volume and cardiac

study, baseline vitamin D levels were 16.0 ng/mL (3.0–35.0 ng/mL)

output can lead to peripheral vascular resistance as an important

and 10.0 ng/mL(4.0–39.6 ng/mL) in the intervention and placebo

factor in the pathogenesis of hypertension. In turn, increased vascu-

groups, respectively.

lar resistance can result in severe insulin resistance and hyperinsu-

In 2018, Farag et al.22 studied 180 patients with MetS who were

linemia, leading to a defective cycle. This condition can occur in

assigned to six groups. The first group received a 500 mg/day sup-

obesity-related hypertension. Several studies have demonstrated

plement of vitamin C. The second group received vitamin C (500

that insufficient levels of vitamin D can increase the risk of hyper-

mg/day) plus 30 min/day physical activity. The third group received

tension and obesity.

2,000 IU/day supplements of vitamin D. The fourth group received

49

35

Obesity-related MetS is an inflammatory state. Several inflam-

a 2,000 IU/day supplement of vitamin D along with 30 min/day phys-

matory factors have been associated with obesity and other compli-

ical activity. The placebo group received a placebo with 30 min/day

cations such as hypertension in obesity-associated MetS. It should

physical activity. The control group received a placebo without any

be noted that various epidemiological studies have shown a positive

physical activity. After 3 months intervention, results showed that vi-

association between IL-6 and blood pressure, atherosclerosis, and

tamin D supplementation has more influence on SBP and DBP

cardiovascular disease.

compared to vitamin C. SBP decreased from 127.1 ± 11.5 mmHg

50

51

12

Oxidative stress caused by adiposity can affect vascular wall cells

to 121.3 ± 9.2 mmHg (mean change −5.8 ± 7.1 mmHg), and DBP

directly and cause hypertension and atherosclerosis as MetS out-

increased from 79.8± 9.5 mmHg to 80.1± 5.8 mmHg (mean change

comes. The relationship between insulin resistance and hyperten-

1 ± 6.9 mmHg) in the vitamin D group. Meanwhile, in the vitamin

sion is clear. Insulin has two roles in hypertension, as a vasodilator

D plus physical activity group, SBP decreased from 129± 12.7 mmHg

and as a factor in sodium reabsorption in the kidney. The setting of

to 126.2 ± 8.9 mmHg, and DBP changed from 83.6 ± 9.4 mmHg at

insulin resistance destroys the vasodilator role but cannot affect the

baseline to 81.7 ± 5.3 mmHg after 3 months of intervention. The

sodium reabsorption.

vitamin D levels in the vitamin D and vitamin D plus physical ac-

37

52

53

In some studies, the effect of vitamin D on the improvement of
endothelial function has been shown.

tivity groups were 10.8± 2.8 ng/mL and 10.4 ± 3.2 ng/mL, respec-

Vitamin D can participate

tively, at the beginning of study. By comparing the significant decrease

in the pathogenesis of hypertension through several mechanisms,

in blood pressure in the mentioned study with other studies that

such as reducing the production of proinflammatory cytokines, de-

showed no effect of vitamin D supplementation on blood pressure,

creasing renin-angiotensin-aldosterone system activity, and lower-

we noted that vitamin D supplementation may have a more posi-

ing parathyroid hormone levels.

tive effect in people with vitamin D deficiency than in people with

54,55

56

In a meta-analysis by Wu et al., which included four interven57

insufficient vitamin D level.24,26,27,29,30

tion studies, vitamin D significantly reduced systolic blood pressure
(SBP) by about 2.44 mmHg, but it had no effect on diastolic blood
pressure (DBP). However, other meta-analyses indicated that vita-

VITAMIN D, HYPERGLYCEMIA, AND
INSULIN RESISTANCE

min D supplementation does not affect either SBP or DBP.57 In another meta-analysis in 2018 by Shu and Huang58 on subjects with

Hyperglycemia and insulin resistance are components of MetS.1,2

vitamin D deficiency, vitamin D supplementation resulted in a sig-

Patients with MetS are at increased risk for type 2 diabetes.59 Not-

nificant decrease in SBP but not in DBP.

ing a low level of vitamin D in patients with MetS,60 studies have

274 | https://www.jomes.org
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demonstrated that restoration of serum 25-hydroxyvitamin D lev-

from 106 ± 11.8 mg/dL to 97.7 ± 8.7 mg/dL in the vitamin D plus

els can improve insulin resistance. Diabetes is a type of inflamma-

30 min/day physical activity group.

61

tory disease, and vitamin D has anti-inflammatory effects, so it fol-

The HOMA, QUICKI, HOMA-IR, FPG, and fasting plasma in-

lows that vitamin D could be useful in improving islet cell function,

sulin are the parameters that were measured in recent studies,

insulin release, and insulin resistance.

which assessed the effect of vitamin D supplements in patients

62

In 2016, Mahmood et al.24 designed a study to assess the effects

with MetS.22-25,27,29,30 Most of these studies showed no significant ef-

of vitamin D supplements on insulin resistance in patients with

fect of vitamin D on the mentioned parameters; therefore, further

MetS who have low vitamin D intake. The intervention group con-

clinical trials in patients with prediabetes and diabetes are needed

sumed 60,000 IU/wk vitamin D during the first 8 weeks, followed

to test the hypothesis that vitamin D deficiency exacerbates these

by 60,000 IU/mo over the next 4 months, and the control group

diseases, and vitamin D supplementation would improve it.

consumed a placebo for 6 months. At the end of 6 months, mean
insulin levels increased significantly from 10.7± 4.81 IU/L to 15.4±

VITAMIN D AND HYPERLIPIDEMIA

14.0 IU/L (P = 0.03), but the mean quantitative insulin sensitivity
check index (QUICKI) decreased significantly from 0.34 ± 0.03 to

Patients with MetS have postprandial lipemia (PPL).63 PPL is

0.32 ± 0.03 in the placebo group (P = 0.02). After 6 months, there

characterized by the secretion of triglyceride (TG)-rich lipoproteins.

were no significant changes in the intervention group, except in se-

When these lipoproteins accumulate, they can affect activation of

rum vitamin D, WC, and BMI. Serum vitamin D increased signifi-

systemic leukocytes, impair endothelial cell function, promote the

cantly from 15.4± 9.03 ng/mL to 26.1 ± 11.8 ng/mL (P< 0.0001),

development of atherogenic low-density lipoprotein cholesterol

WC changed from 95.9 ± 6.66 cm to 94.6 ± 7.47 cm (P = 0.001),

(LDL-C) particles, reduce the concentration of high-density lipo-

2

and BMI decreased from 29.1 ± 4.06 kg/m to 28.5 ± 4.16 kg/m

protein cholesterol (HDL-C), and increase the accumulation of

(P = 0.001). In another randomized controlled trial in 2014, Keli-

atherogenic lipoproteins, which leads to oxidative stress and inflam-

shadi et al. demonstrated that 12 weeks supplementation with

mation.64,65 Several studies have indicated an inverse association be-

300,000 IU/wk vitamin D in 25 children with MetS resulted in de-

tween vitamin D and serum lipid profile.66 In a meta-analysis con-

creased insulin and homeostasis model assessment of insulin resis-

ducted by Wang et al.67 of 10 randomized clinical trials regarding the

tance (HOMA-IR) compared with the baseline (P = 0.04) and

influence of vitamin D supplementation on plasma lipid profile, vi-

with the placebo group (P = 0.02). Insulin changed from 14.27 ±

tamin D supplementation increased LDL-C concentration by about

1.32 μIU/L to 13.71 ± 1.58 μIU/L, and HOMA-IR decreased

3.23 mg/dL, but did not significantly affect total cholesterol (TC)

from 3.21± 0.11 to 2.81± 0.25 compared with the baseline. In both

(increased by 1.52 mg/dL), HDL-C (decreased by 0.14 mg/dL),

Mahmood et al. and Kelishadi et al. studies, patients in the inter-

or TG (decreased by 1.92 mg/dL). In a study by Jorde et al.68 that

vention group had insufficient levels of vitamin D (5.4 ± 9.03 and

included 8,018 nonsmoking and 2,087 smoking subjects, direct as-

18.27 ± 2.04 ng/mL, respectively). The controversy in results is

sociations were observed between serum vitamin D and TC, HDL-C,

probably due to the use of a high dose of vitamin D in the Kelishadi

and LDL-C, but the associations between vitamin D and the LDL-

et al. study, compared to the other study.

C to HDL-C ratio and between vitamin D and TG were negative.

2

23

24

23

23

Farag et al. aimed to determine the effect of supplementation of
22

vitamin D and vitamin C on MetS patients. In this study, the results

The purpose of this study was to determine the association between
serum 25-hydroxyvitamin D and serum lipid profile.

showed that 3 months intervention could decrease fasting plasma

Although the effect of vitamin D on lipid metabolism is known,

glucose (FPG) in the vitamin D (n = 30) and vitamin D plus physi-

its mechanisms are still unknown.69 Several studies have shown that

cal activity (n= 30) groups, and vitamin D had more of an effect on

vitamin D plays direct and indirect roles in altering lipid profile by

FPG than did vitamin C. FPG decreased from 108 ± 17.1 mg/dL

affecting lipid metabolism.70 Vitamin D can (1) increase the activity

at baseline to 97.8± 7.7 mg/dL in the vitamin D group and changed

of lipoprotein lipase in adipose tissue;71 (2) alter gene expression in
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C2C12 cells through effects on proliferation, differentiation, and

domized controlled study on 180 patients with MetS. In this study,

myotube size; (3) improve cytokines, the immune system, ar-

TC and LDL-C levels decreased significantly in groups that re-

terial stiffness, inflammation, phospholipid metabolism, and mi-

ceived 2,000 IU/day vitamin D (n = 30) or 2,000 IU/day vitamin

tochondrial oxidation;

(4) reduce3-hydroxy-3-methylglutaryl-co-

D plus physical activity (n= 30). TC levels decreased from 173.5±

enzyme A reductase and lanosterol 14α-demethylase enzyme ac-

60.8 mg/dL to 160.5 ± 33.4 mg/dL and from 194.7 ± 32.2 mg/dL

tivity;79 and (5) have anti-atherogenic and anti-inflammatory po-

to 81.7± 31.3 mg/dL in the vitamin D and vitamin D plus physical

tency.80,81

activity groups, respectively. LDL-C levels decreased from 120.7±

72

73

75

74

76

77,78

In the study conducted by Hirschler et al.,82 supplementation of

64.4 mg/dL to 107 ± 36.6 mg/dL and from 149.6 ± 35.8 mg/dL to

5,000 IU/wk of vitamin D for 8 weeks in children with vitamin D

138.3± 31.4 mg/dL in the vitamin D and vitamin D plus physical

deficiency decreased the prevalence of low HDL-C in the interven-

activity groups, respectively. Since vitamin D can affect the lipid

tion group from 35.7% to 5.7% after 1-year follow-up (P< 0.01). In

profile, it follows that vitamin D could probably improve MetS fac-

this study, HDL-C increased from 38± 7 mg/dL at baseline to 46±

tors. The patients in this study had vitamin D deficiency, and vita-

7 mg/dL after 1year.In another study on children 6–10 years of age,

min D supplements could affect their lipid profiles. However, in

83

the relationship between vitamin D and lipid profile was shown.

most studies which recruited patients with insufficient baseline lev-

Sixty children (29 males) used 100,000 IU/mo of vitamin D, and

els of vitamin D, vitamin D supplements did not show any ef-

36 children used 50,000 IU/mo for 2 months. The mean HDL-C

fect,24-26,29,30 although in only a few studies was a significant effect

increased significantly in the group that received 100,000 IU of vita-

on the lipid profile seen.23,27

min D, from 39.8 mg/dL to 43.9 mg/dL, while HDL-C increased
non-significantly from 44.4 mg/dL to 45.1 mg/dL in the group

CONCLUSION

that received 50,000 IU of vitamin D. No significant changes were
found in the median values of TG (117 vs. 111 mg/dL) and TG/

Across multiple studies, no consensus has been reached regard-

HDL-C (3.0 vs. 2.7 mg/dL) in the group that received 100,000 IU

ing the effect of vitamin D supplementation on the components of

of vitamin D, but TG (95–111 mg/dL) and TG/HDL-C (2.2–2.4

MetS. Although these studies did not yield similar results, the find-

mg/dL) increased significantly in the group that received 50,000 IU

ings of the present study reported an inverse relationship between

of vitamin D. Islam et al. showed that in patients who underwent

vitamin D supplementation and mentioned factors. MetS and vita-

one year of vitamin D supplementation, there were no significant

min D deficiency are prevalent today, and given the relatively mod-

changes in the TC, LDL-C, HDL-C, or in the LDL-C to HDL-C

est price of vitamin D supplementation and the possible mecha-

ratio. It should be noted that in this study, 200 healthy subjects aged

nisms by which it is suggested, vitamin D supplementation is rec-

16–36 years with hypovitaminosis D were assigned into four groups.

ommended in people with vitamin D deficiency, even if it has no

The first group received vitamin D supplements (400 IU/day), the

considerable effect on most MetS factors. However, existing data

second group received vitamin D plus calcium lactate (600 mg),

from interventional studies are insufficient to reach a definitive

the third group received multiple micronutrients, vitamin D, and

conclusion about the effect of vitamin D supplementation on MetS

calcium lactate, and the last group received a placebo.

components in patients without vitamin D deficiency. Thus, new

81

84

Salekzamani et al. showed that TG levels in patients with MetS

clinical studies are needed to test the hypothesis that vitamin D

were significantly reduced after consumption of 50,000 IU/wk of

supplementation could alleviate MetS components in patients with

vitamin D for 12 weeks. No other changes were observed between

MetS who consume sufficient amount of vitamin D.

27

the two groups in this study. Before the intervention, TG levels were
269 ± 97 mg/dL and significantly decreased to 242 ± 82 mg/dL at
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