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			Abstract

			Background: This study was conducted to determine the effects of vitamin D supplementation with and without endurance physical activity on components of metabolic syndrome in a group of Iraqi adults. .

			Methods: In this randomized controlled clinical trial, 120 metabolic syndrome patients were recruited. Subjects were randomly assigned to either vitamin D (n=30), vitamin D plus 30 min/day physical activity (n=30), placebo (n=30) and placebo plus 30 min/day physical activity (n=30) groups for 12 weeks. All participants provided three days’ dietary records and three days’ physical activity records throughout the intervention. Fasting blood samples were taken at study baseline and after 12 weeks of intervention. 

			Results: A total of 120 patients, aged 41.5±5.8 were included in the study. Vitamin D intake led to a significant reduction in SBP compared to the placebo group (-0.034±0.05 vs. 0.01±0.06, P=0.02). In addition, significant changes in serum levels of TC were seen following “vitamin D plus 30 min/day physical activity” intervention compared with the placebo group (-0.02±0.15 vs. 0.06±0.21, P=0.01). However, participants in the placebo group had greater change in WC compared to the vitamin D group (-0.023±0.02 vs. -0.023±0.02, P=0.001). No significant differences were found between the study groups in terms of TG, LDL-C, HDL-C, FPG, weight, BMI and DBP.

			Conclusion: Daily supplementation of vitamin D (2000 IU/day), for 12 weeks, along with moderate endurance physical activity, induce a significant reduction in SBP and serum levels of TC in metabolic syndrome patients.
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			Abbreviations: SBP: Systolic Blood Pressure; TC: Total Cholesterol; WC: Waist Circumference; TG: Triglyceride; LDL-C: Low-Density Lipoprotein Cholesterol; HDL-C: High-Density Lipoprotein Cholesterol; FPG: Fasting Plasma Glucose; BMI: Body Mass Index; DBP: Diastolic Blood Pressure; Mets: Metabolic Syndrome; BP: Blood Pressure; USA: United State Of America; Met: Metabolic Equivalent; IDF: International Diabetes Federatio

		

		
			Trial Registration

			World Health Organization, International Clinical Trails Registry Platform. Registered 01 February 2018. (Code: IRCT20161110030823N2).

			Background

			Metabolic syndrome (MetS), a clustering of cardiometabolic risk factors including central obesity, dyslipidemia, elevated 

fasting plasma glucose, elevated blood pressure (BP) and insulin 
resistance [1], is a major public health problem in both developed and developing countries [2]. This syndrome affects 10-25% of adult population worldwide [3]. In the USA, 22.5% of adults are affected by this condition [4]. The etiology of this syndrome is not fully understood; however, lifestyle factors including dietary intakes might contribute to the etiology of the syndrome [5]. MetS is linked with increased risk of chronic conditions such as diabetes, cardiovascular diseases and cancer [2]. Therefore, investigation on potential risk factors and preventive strategies of MetS is of great importance.

			Previous studies examined the effects of several macro- and micronutrients on MetS [6]. Recently, the effect of vitamin D on MetS components has attracted great interest. Observational studies suggested that serum levels of 25(OH)D are lower among those with the MetS [7]. Previous studies examined the effects of vitamin D in MetS patients. For instance, four months’ supplementation with high dose vitamin D decreased serum levels of triglycerides (TG) in MetS patients but it did not affect other cardiometabolic risk factors [8]. A pilot randomized study showed that 2000 IU/day vitamin D supplementation did not affect various cardiovascular risk factors among MetS patients [9]. Previous systematic review and meta-analysis showed that lifestyle modification in MetS patients decreased the severity of MetS abnormalities [10]. It seems that physical activity level of patients’ needs to be considered [11]. Doing regular endurance physical activities and consuming the antioxidants are among the advised solutions, which are not only affecting the total safety of body, but also affect brain performance [12]. Some of previous studies have reported that people who experience delayed performance physically showed improvement with supervised physical fitness exercises, and the health of people suffering from metabolic diseases improved with an increase in antioxidant intake into their system [13]. Although deficiency and insufficiency of vitamin D was prevalent among patients with the MetS, limited clinical trials are available in this regard. Vitamin D deficiency is prevalent worldwide [14]; however, the effects of vitamin D on MetS is not fully elucidated. In addition, no study is available that considered the effects of vitamin D supplementation plus endurance physical activity on components of MetS. Therefore, the aim of this randomized controlled clinical trial was to examine the effects of vitamin D supplementation with and without endurance physical activity on components of MetS in a group of Iraqi adults. 

			Material and methods

			Study design

			This a parallel randomized, double blind, placebo-controlled clinical trial was performed between March 2016 and May 2016 in the Halabja hospital, Kurdistan region of Iraq. During the study visit, a standardized questioner was filled to get information from the subjects. In addition, information regarding demographic and medical history variables was obtained with an interview-based questionnaire. Past history and any previous treatment for certain disease including hypertension, diabetes, high cholesterol, supplement used, family history of obesity, family history of diabetes, family history of hypertension as well as physical activity patterns were also recorded. Then, participants were randomly divided into four groups: group A received vitamin D supplements (2000IU/day) without endurance physical activity (n=30), group B received vitamin D (2000IU/day) plus 30 min/day endurance physical activity (n=30), group C received one placebo of vitamin D plus 30min/day endurance physical activity (n=30), and group D received one placebo of vitamin D/day without endurance physical activity (n=30) (Figure 1). All investigators and participants were blinded to the random assignments. The vitamin D supplements and placebos were soft gels manufactured by Osweh Company (Tehran, Iran). Placebos were on the same shape, odor and size of the vitamin D supplements. Participants were asked to use vitamin D supplements and placebos for 12 weeks. Compliance of study participants with the vitamin D supplements was assessed through serum vitamin D quantification. To ensure that all participants maintained their habitual diets throughout the study, all participants provided 3-day dietary recalls (one weekend day and 2 weekdays). Furthermore, participants were asked to record their daily physical activity during intervention for three days. Then, metabolic equivalent (MET) of physical activities was calculated for each participant. In terms of ethics as well as to avoid any confounding effects from dietary changes throughout the study, dietary recommendation was given to all participants after final intervention. Physical activity recommendations were given to all participants as well at the end of trial. 

			Study participants

			The sample size for this study was calculated based on suggested formula for parallel clinical trials [15]. We considered type 1 error of 5%, type 2 error of 20% (power=80%) and fasting plasma glucose as a key variable and reached the sample size of 21 subjects for each group. To consider probable dropout throughout the study, we enrolled 30 patients in each group. Totally, 120 patients aged 30-60 years were included in this study. MetS was defined according to International Diabetes Federation (IDF) criteria [16]. Presence of three or more of the following criteria was considered as MetS: waist circumference (WC) ≥94 cm for men and ≥80 cm for women, hypertriglyceridemia (serum TG levels ≥150 mg/dl), low high-density lipoprotein cholesterol (HDL-C) <40 mg/dl in male and <50 mg/dl in female, elevated BP (Systolic BP (SBP) ≥130 or diastolic BP (DBP) ≥85 mmHg), and elevated fasting plasma glucose (FPG) ≥100 mg/dl. Individuals who were using any kind of minerals, vitamins and medications, diabetic patients, smokers, alcohol users, pregnant or lactating women, post-menopausal women, patients with a history of bariatric surgery and those that were on a weight loss diet were not included. We also did not include those with a high TG levels (more than 400 mg/dl), those with high systolic or diastolic BP (higher than 140/90 mmHg).

			Assessment of anthropometric measurements

			Weight was measured to the nearest 100g using a calibrated digital scale while the subject wearing minimal cloths without wearing shoes. Height was measured using a wall mounted stadiometer Seca to the nearest 0.1 cm in standing position without wearing shoes while shoulders were relaxed. Body mass index (BMI) was calculated using the standard equation as weight in kilogram divided by height in meters squared (kg/m2). WC was measured at the mid-way between the lower border of the ribs and the iliac crest, while the participants in standing position. Using an un-stretched tape measure, without any pressure to body surface, measurement was recorded to the nearest 0.1cm. To avoid subjective error, all measurements were taken by the same technician. BP was measured at morning time in the seated position using a standard mercury sphygmomanometer after at least 15 minutes of rest [17].

			Biochemical assessments 

			Fasting blood samples were collected at baseline and 12 weeks of intervention after 12 hours overnight fasting to quantify serum levels of glucose, total cholesterol (TC), HDL-C, low-density lipoprotein cholesterol (LDL-C), TG, and 25(OH)D. Fasting plasma glucose (FPG) was measured on the day of blood collection by enzymatic colorimetric method using glucose oxidase [18]. Serum TC and TG concentration were assayed using enzymatic colorimetric tests with cholesterol esterase and cholesterol oxidase and glycerol phosphate oxidase, respectively, by using standard kits. HDL-C was measured after precipitation of the apolipoprotein B containing lipoproteins with phosphotungistic acid. LDL-C was calculated from serum TC, TG and HDL-C based on relevant formula [19]. Serum Vitamin D was measured by the clinical laboratory at the Slemani Hospital, Iraq, using the Model-vidas analyser (Biomerux, Italy) [20]. In addition, vitamin D insufficiency was defined as a 25(OH)D serum level below than 30 ng/ml whereas deficiency was defined when the 25(OH)D level was below than 15 ng/ml [21].

			Statistical analysis

			We used Kolmogorov-Smirnov test to examine the normal distribution of variables. The analyses were done based on intention-to-treat approach. Missing values were treated based on Last-Observation-Carried-Forward method. Baseline general characteristics among different groups were examined using one-way ANOVA for continuous variable and a chi-square test for categorical variables. To determine the effects of vitamin D supplementation and endurance physical activity on glucose metabolism, lipid profiles, and BP, we used one-way ANOVA with Tukey’s post-hoc comparisons to identify pairwise differences. P<0.05 was considered as statistically significant. All statistical analyses were done using the Statistical Package for Social Science version 16 (SPSS Inc., Chicago, Illinois, USA).

			Results

			[image: ]

			In the present study, 120 patients with MetS were recruited: vitamin D (n=30), “vitamin D plus 30 minutes/day physical activity” (n=30), placebo (n=30) and “placebo plus 30 minutes/day physical activity” (n=30) groups. The study procedure is shown in Figure 1. In the present study, 28 participants excluded from the study because of the following reasons: two became pregnant, nine did not follow recommended physical activity, seven had poor compliance to vitamin D supplements (Compliance of study participants with the vitamin D supplements was assessed through serum vitamin D quantification), and 10 did not complete the trial. Finally, 92 subjects remained in the study. Using an intention-to-treat approach, we included the data for all 120 participants in the final analysis. 

			Baseline characteristics of study participants are provided in Table 1. The distribution of participants in terms of age, sex, marital status, smoking status, family history of obesity, diabetes mellitus, BP, serum vitamin D levels, weight, BMI, WC, SBP, DBP, FPG and TC levels were not significantly different among the four intervention groups. In addition, Table 1 show that, participants who received vitamin D supplements had higher serum levels of TG compared with those who received placebo or “placebo plus physical activity” (241.3±115.6 vs. 152.9±44.6 and 158.4±65, P<0.001). Participants in the “vitamin D plus physical activity” group had higher values of HDL-C compared with those in the placebo group (43.4±15.4 vs. 30.8±9.06, P=0.01). Furthermore, participants in the vitamin D group had lower levels of LDL-C compared with those in the “placebo plus physical activity” group (117±60.6 vs. 160.5±38.8, P=0.001). 

			Table 1: Baseline characteristics of study participants1.

			
				
					
					
					
					
					
					
				
				
					
							
							Groups

						
					

					
							
							Variables

						
							
							Vitamin D2

						
							
							Vitamin D+PA3

						
							
							Placebo4

						
							
							Placebo+PA5

						
							
							P-value6

						
					

					
							
							Age, y mean±SD;

							median (IQR)

						
							
							40.5±6

							39.5 (35, 47)

						
							
							40.8±5.9

							41.0 (35, 46)

						
							
							42.7±5.3

							44.0 (38, 47)

						
							
							42.2±6.2

							45.0 (35, 47)

						
							
							0.40

						
					

					
							
							Female, %

						
							
							70

						
							
							73.3

						
							
							53.3

						
							
							58.6

						
							
							0.32

						
					

					
							
							Married, %

						
							
							80

						
							
							93.3

						
							
							86.7

						
							
							83.3

						
							
							0.75

						
					

					
							
							Vitamin D, ng/ml mean±SD;

							median (IQR)

						
							
							11.2±3.2

							10.5 (8.6, 12.8)

						
							
							10.5±3.2

							8.9 (8.1, 11.3)

						
							
							12±3.8

							11 (8.8, 15.0)

						
							
							10.9±3.6

							8.8 (8.1, 13.1)

						
							
							0.33

						
					

					
							
							Weight, kg mean±SD;

							median (IQR)

						
							
							82.4±16.1

							81.2 (71.3, 87.0)

						
							
							81.5±10.8

							81.9 (72.9, 85.5)

						
							
							80.6±13.6

							79.3 (71.3, 88.6)

						
							
							75.7±12.2

							71.4 (68.6, 85.8)

						
							
							0.21

						
					

					
							
							BMI, kg/m2 mean±SD;

							median (IQR)

						
							
							32.4±5.8

							32.2 (28.5, 35.9)

						
							
							33.5±4.3

							32.8 (30.9, 35.9)

						
							
							32.5±4.1

							32.9 (29.8, 35.1)

						
							
							30.5±4.9

							30.1 (26.9, 33.1)

						
							
							0.12

						
					

					
							
							WC, cm mean±SD;

							median (IQR)

						
							
							108.1±7.9

							106.0 (102, 116)

						
							
							108.3±8.02

							107.5 (102, 114.5)

						
							
							107.9±9.9

							106.0 (99.0, 115.2)

						
							
							110.5±9.9

							111.0 (100, 118)

						
							
							0.64

						
					

					
							
							FPG, mg/dl mean±SD;

							median (IQR)

						
							
							111.3±19.7

							105 (98, 122.2)

						
							
							108.5±17.1

							104 (97.7, 113)

						
							
							109.9±16.2

							107 (96.7, 122.5)

						
							
							105.6±17.4

							101.5 (89, 119.5)

						
							
							0.62

						
					

					
							
							TC, mg/dl mean±SD;

							median (IQR)

						
							
							172.3±58.7

							158 (120, 212)

						
							
							187.9±32.4

							192 (163, 214)

						
							
							190.7±38.4

							192 (172, 224)

						
							
							200.4±36.7

							208 (179, 232)

						
							
							0.08

						
					

					
							
							TG, mg/dl mean±SD;

							median (IQR)

						
							
							241.3±115.6*

							213.5 (134.2, 372.1)

						
							
							174.2±91.7

							173.8 (89.9, 231.8)

						
							
							152.9±44.6

							155.5 (103.7, 195.2)

						
							
							158.4±65

							152.5 (108.2, 170.8)

						
							
							<0.001

						
					

					
							
							HDL-C, mg/dl mean±SD; median (IQR)

						
							
							34.9±17.7

							35.6 (17.8, 49.8)

						
							
							43.4±15.4†

							38.2 (35.1, 48)

						
							
							30.8±9.06

							31.1 (23.1, 35.6)

						
							
							40.9±22.4

							35.6 (29.8, 42.7)

						
							
							0.01

						
					

					
							
							LDL-C, mg/dl mean±SD;

							median (IQR)

						
							
							117±60.6‡

							117.6 (76.2, 134.5)

						
							
							144.3±35.9

							142.7 (122.8, 167.9)

						
							
							153.9±38.8

							152.1 (130.2, 189.8)

						
							
							160.5±38.8

							162.9 (129.7, 197.8)

						
							
							0.001

						
					

					
							
							SBP, mmHg mean±SD;

							median (IQR)

						
							
							125.2±11.5

							127.5 (120, 135)

						
							
							126.2± 13.9

							130 (117.5, 140)

						
							
							124.3±15

							130 (110, 140)

						
							
							129±10.3

							130 (120, 136.2)

						
							
							0.52

						
					

					
							
							DBP, mmHg mean±SD;

							median (IQR)

						
							
							78.5±9.1

							80 (70, 85)

						
							
							81.5±9.6

							80 (70, 90)

						
							
							78.7±7.2

							80 (70, 81.2)

						
							
							82.7±5.5

							80 (80, 90)

						
							
							0.11

						
					

					
							
							Family history of Obesity, %

						
							
							66.7

						
							
							80

						
							
							70

						
							
							63.3

						
							
							0.52

						
					

					
							
							Family history of DM, %

						
							
							50

						
							
							56.7

						
							
							53.3

						
							
							50

						
							
							0.94

						
					

					
							
							Family history of Blood pressure, %

						
							
							50

						
							
							53.3

						
							
							60

						
							
							50

						
							
							0.82

						
					

					
							
							Current smoker, %

						
							
							36.7

						
							
							43.3

						
							
							26.7

						
							
							50

						
							
							0.29

						
					

				
			

			1Data are mean ± standard deviation (SD)

			2Receiving 2000 IU vitamin D per day

			3Receiving 2000 IU vitamin D per day plus 30 minutes’ endurance physical activity

			4Receiving one placebo per day

			5Receiving one placebo per day plus 30 minutes’ endurance physical activity

			6Obtained from ANOVA or chi-square test, where appropriate

			*P<0.05 compared with the other groups, using Tukey’s test

			†P<0.05 compared with the placebo group, using Tukey’s test

			‡P<0.05 compared with the placebo plus physical activity group, using Tukey’s test

			 IQR: Interquartile range; PA: physical activity; BMI: body mass index; WC: waist circumferences; DM: diabetes mellitus, FPG: fasting plasma glucose; TC: total cholesterol; TG: triglycerides; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; SBP: systolic blood pressure; DBP: diastolic blood pressure

			On the other hand, we observed a significant increase in mean serum vitamin D concentrations in participants who received vitamin D (11.2±3.2 ng/ml at study baseline vs. 21.1±6.2 ng/ml at the end of the study, P<0.001) or “vitamin D plus physical activity” (10.5±3.2 ng/ml at study baseline vs. 23.5±9.8 ng/ml at the end of the study, P<0.001). No significant changes in serum levels of vitamin D were seen in participants in the placebo group (12±3.8 ng/ml at study baseline vs. 12.4±3.9 ng/ml at the end of the study, P=0.09). There was also a significant increase in serum levels of vitamin D in those who received “placebo plus physical activity” (10.9±3.6 ng/ml at study baseline vs. 16.7±5.5 ng/ml at the end of the study, P<0.001). 

			Table 2: End of trial means of anthropometric measures and blood pressure across study groups1.

			
				
					
					
					
					
					
					
				
				
					
							
							Groups

						
					

					
							
							Variables

						
							
							Vitamin D2

						
							
							Vitamin D+PA3

						
							
							Placebo4

						
							
							Placebo+PA5

						
							
							P-value6

						
					

					
							
							Weight (kg) mean±SD; median (IQR)

						
							
							82.7±16.1

							81.4 (70.7, 87.2)

						
							
							79.6±11.8

							80.7 (72.9, 84.2)

						
							
							80.6±13.5

							79.5 (70.6, 88.2)

						
							
							74.8±12.2

							70.9 (67.3, 84.9)

						
							
							0.14

						
					

					
							
							BMI (kg/m2) mean±SD; median (IQR)

						
							
							32.6±5.9

							32.4 (28.6, 36)

						
							
							32.6±4.3

							32.2 (30.4, 35.1)

						
							
							32.5±3.9

							32.8 (30.2, 35.4)

						
							
							30.2±5

							29.7 (26.6, 32.3)

						
							
							0.15

						
					

					
							
							WC (cm) mean±SD; median (IQR)

						
							
							108.1±8

							106 (101.7, 115)

						
							
							107.5±7.9

							106.5 (100.7, 113.2)

						
							
							106.8± 10

							107 (98.7, 114.2)

						
							
							107.9±10

							107.5 (99, 115)

						
							
							0.94

						
					

					
							
							SBP (mmHg) mean±SD; median (IQR)

						
							
							120.5±9.1

							120 (110, 126.2)

						
							
							124.2±11.3

							125 (110, 135)

						
							
							125.2±13.2

							125 (120, 135)

						
							
							124.8±9.1

							127.5 (120, 130)

						
							
							0.31

						
					

					
							
							DBP (mmHg) mean±SD; median (IQR)

						
							
							79.3±6.4

							80 (73.7, 85)

						
							
							80.2±6.7

							80 (73.7, 85)

						
							
							80±7.3

							80 (73.7, 85)

						
							
							81±5.1

							80 (80, 85)

						
							
							0.79

						
					

				
			

			1Data are means ± standard deviation (SD)

			2Receiving 2000 IU vitamin D per day

			3Receiving 2000 IU vitamin D per day plus 30 minutes’ endurance physical activity

			4Receiving one placebo per day

			5Receiving one placebo per day plus 30 minutes’ endurance physical activity

			6Obtained from ANOVA

			IQR: Interquartile range; PA: physical activity; BMI: body mass index; WC: waist circumferences; SBP: systolic blood pressure; DBP: diastolic blood pressure

			Table 3: Changes in anthropometric measures and blood pressure across study groups1.

			
				
					
					
					
					
					
					
				
				
					
							
							Groups

						
					

					
							
							Variables

						
							
							Vitamin D2

						
							
							Vitamin D+PA3

						
							
							Placebo4

						
							
							Placebo+PA5

						
							
							P-value6

						
					

					
							
							Weight (kg)

						
							
							0.004±0.01

						
							
							-0.02±0.08

						
							
							0.0002±0.01

						
							
							-0.011±0.01

						
							
							0.06

						
					

					
							
							BMI (kg/m2)

						
							
							0.004±0.01

						
							
							-0.02±0.08

						
							
							0.0002±0.01

						
							
							-0.011±0.01

						
							
							0.06

						
					

					
							
							WC (cm)

						
							
							-0.0003±0.02

						
							
							-0.008±0.02

						
							
							-0.01±0.03

						
							
							-0.023±0.02*

						
							
							0.001

						
					

					
							
							SBP (mmHg)

						
							
							-0.034±0.05†

						
							
							-0.011±0.07

						
							
							0.01±0.06

						
							
							-0.003±0.05

						
							
							0.02

						
					

					
							
							DBP (mmHg)

						
							
							0.017±0.08

						
							
							-0.01±0.07

						
							
							0.022±0.1

						
							
							-0.003±0.08

						
							
							0.17

						
					

				
			

			1Data are means ± standard deviation (SD)

			2Receiving 2000 IU vitamin D per day

			3Receiving 2000 IU vitamin D per day plus 30 minutes’ endurance physical activity

			4Receiving one placebo per day

			5Receiving one placebo per day plus 30 minutes’ endurance physical activity

			6Obtained from ANOVA

			*P<0.05 compared with the vitamin D group

			†P<0.05 compared with the placebo group

			PA: physical activity; BMI: body mass index; WC: waist circumferences; SBP: systolic blood pressure; DBP: diastolic blood pressure

			End of trial means of anthropometric measures as well as BP among study groups are shown in Table 2. Vitamin D supplementation did not significantly affect means of anthropometric measures and BP. Changes in anthropometric measures and BP across study groups are presented in Table 3. Participants in the “placebo plus physical activity” group had greater changes in WC compared with the vitamin D group (-0.023±0.02 vs. -0.0003±0.02, P=0.001). In addition, participants in the “vitamin D plus physical activity” group had slightly higher reduction in weight and BMI compared with the vitamin D group (P=0.06). Moreover, vitamin D intake led to a significant reduction in SBP compared to the placebo group (-0.034±0.05 vs. 0.01±0.06, P=0.02). Although, we did not find any significant differences in weight and BMI among the four groups.

			End of trial means of biochemical indicators across four study groups are shown in Table 4. After intervention, subjects in vitamin D group had lower serum levels of TC compared with the placebo and “placebo plus physical activity” groups (161.9±37.2 vs. 199.8±37.9 and 193.6±33.2, P<0.001). In addition, subjects in vitamin D group had higher serum levels of TG compared with the “vitamin D plus physical activity”, placebo, and “placebo plus physical activity” groups (245±102.3 vs. 169.9±78.4 and 162.2±37.5 and 153.9±55.3, P<0.001). Additionally, participants in vitamin D group had higher serum levels of HDL-C compared with placebo group (33.9±12.8 vs. 32.3±7.8, P=0.02). Moreover, end of trial means of serum levels of LDL-C was significantly lower in the vitamin D group compared with all of other groups (106.1±37.4 vs. 136.4±32 and 160.8±37.6 and 154.9±34.5, P<0.001). 

			Table 4: End of trial means of biochemical indicators across study groups1.

			
				
					
					
					
					
					
					
				
				
					
							
							Groups

						
					

					
							
							Variables

						
							
							Vitamin D2

						
							
							Vitamin D+PA3

						
							
							Placebo4

						
							
							Placebo+PA5

						
							
							P-value6

						
					

					
							
							FPG (mg/dl) mean±SD; median (IQR)

						
							
							103.1±16.6

							99.5 (95, 107.2)

						
							
							102.6±17

							100 (94, 108.2)

						
							
							107.8±17.9

							103.5 (95, 116.7)

						
							
							100.2±12.4

							98 (93.5, 102.7)

						
							
							0.32

						
					

					
							
							TC (mg/dl) mean±SD; median (IQR)

						
							
							161.9±37.2*

							156 (128, 200)

						
							
							178.8±30.4

							176 (158, 205)

						
							
							199.8±37.9

							200 (176, 224)

						
							
							193.6±33.2

							194 (168, 220)

						
							
							<0.001

						
					

					
							
							TG (mg/dl) mean±SD; median (IQR)

						
							
							245±102.3†

							225.7 (152.5, 353.8)

						
							
							169.9±78.4

							167.7 (105.2, 227.2)

						
							
							162.2±37.5

							167.7 (128.1195.2)

						
							
							153.9±55.3

							146.4 (109.8, 166.2)

						
							
							<0.001

						
					

					
							
							HDL-C (mg/dl) mean±SD; median (IQR)

						
							
							33.9±12.8

							32 (26.2, 38.2)

						
							
							42.1±13‡

							36.4 (33.8,

							 50.7)

						
							
							32.3±7.8

							31.1 (28, 36)

						
							
							39.2±19.4

							35.6 (30.2, 41.3)

						
							
							0.02

						
					

					
							
							LDL-C (mg/dl) mean±SD; median (IQR)

						
							
							106.1±37.4†

							109.6 (78.4, 129.8)

						
							
							136.4±32

							132.6 (120, 158.8)

						
							
							160.8±37.6

							158.9 (134, 185.2)

						
							
							154.9±34.5

							156 (126.8, 182.8)

						
							
							<0.001

						
					

				
			

			1Data are means ± standard deviation (SD)

			2Receiving 2000 IU vitamin D per day

			3Receiving 2000 IU vitamin D per day plus 30 minutes’ endurance physical activity

			4Receiving one placebo per day

			5Receiving one placebo per day plus 30 minutes’ endurance physical activity

			6Obtained from ANOVA

			*P<0.05 compared with the placebo and “placebo plus physical activity” groups

			†P<0.05 compared with the other groups

			‡P<0.05 compared with the placebo group

			IQR: Interquartile range; PA: physical activity; FPG: fasting plasma glucose; TC: total cholesterol; TG: triglycerides; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol

			Finally, changes in biochemical indicators across study groups are presented in Table 5. A significant change in serum levels of TC were seen following “vitamin D plus physical activity” than that in the placebo group (-0.02±0.15 vs. 0.06±0.21, P=0.01). There was no significant difference in changes of FPG, TG, LDL-C and HDL-C among the four groups.

			Table 5: Changes in biochemical indicators across study groups1.

			
				
					
					
					
					
					
					
				
				
					
							
							Groups

						
					

					
							
							Variables

						
							
							Vitamin D2

						
							
							Vitamin D+PA3

						
							
							Placebo4

						
							
							Placebo+PA5

						
							
							P-value6

						
					

					
							
							FPG (mg/dl)

						
							
							-0.06±0.12

						
							
							-0.05±0.11

						
							
							-0.011±0.14

						
							
							-0.04±0.11

						
							
							0.41

						
					

					
							
							TC (mg/dl)

						
							
							-0.02±0.15

						
							
							-0.04±0.08*

						
							
							0.06±0.21

						
							
							-0.03±0.07

						
							
							0.01

						
					

					
							
							TG (mg/dl)

						
							
							0.06±0.16

						
							
							0.023±0.18

						
							
							0.09± 0.23

						
							
							0.002±0.14

						
							
							0.19

						
					

					
							
							HDL-C (mg/dl)

						
							
							0.14±0.56

						
							
							0.003±0.19

						
							
							0.07±0.21

						
							
							0.014±0.19

						
							
							0.34

						
					

					
							
							LDL-C (mg/dl)

						
							
							-0.013±0.27

						
							
							-0.04±0.12

						
							
							0.07±0.25

						
							
							-0.023±0.1

						
							
							0.13

						
					

				
			

			1Data are means ± standard deviation (SD)

			2Receiving 2000 IU vitamin D per day

			3Receiving 2000 IU vitamin D per day plus 30 minutes’ endurance physical activity

			4Receiving one placebo per day

			5Receiving one placebo per day plus 30 minutes’ endurance physical activity

			6Obtained from ANOVA

			*P<0.05 compared with the placebo group

			PA: physical activity; FPG: fasting plasma glucose; TC: total cholesterol; TG: triglycerides; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol

			Discussion 

			To the best of our knowledge, this is the first study which evaluate the effects of vitamin D supplementation with and without endurance physical activity on components of MetS in Iraqi adults. The main findings of this study indicate that, daily supplementation of vitamin D (2000 IU/day), for 12 weeks, along with moderate endurance physical activity, induce a significant reduction in SBP and serum levels of TC in MetS patients. In addition, we did not find any significant effect of vitamin D and “vitamin D plus physical activity” interventions on serum levels of FPG, TG, LDL-C and HDL-C as well as on weight, BMI and DBP. Furthermore, we observed a significant increase in serum levels of TG in subjects received vitamin D supplements; however, these subjects had higher levels of serum TG at study baseline. There was no significant change in serum TG levels after intervention. In agreement with our study, Salekzamani et al. [8] found no effect of vitamin D intake on FPG, LDL-C and HDL-C. However; in contrast to our findings, that study observed a significant effect of vitamin D intake on serum TG levels but not on serum TC levels. Zittermenn et al. [22] showed a significant decrease in serum levels of TG after 12 months’ vitamin D supplementation. In addition, Mohammadi et al. [23] did not find any significant effects of vitamin D intake on FPG, TG and TC. This discrepancy of the findings might be due to different participant’s characteristics, dosage of vitamin D supplementation and duration of interventions across studies.

			In the present study, vitamin D intake did not significantly effect on weight, WC and BMI; however, we observed a significant decrease in WC in the placebo plus physical activity group compared with the vitamin D groups. Earlier study among women with overweight and obesity found that 3 months of vitamin D supplementation resulted in a significant reduction in WC [24]. Sadiya et al. [25] in a clinical trial, showed no significant influence of vitamin D supplementation on weight and WC in subjects with obesity and type 2 diabetes. In the study of Salekzamani et al. [8] 50000 IU vitamin D intake weekly for 16 weeks did not influence on WC in subjects with MetS. Such findings have been reported in another clinical trial on healthy overweight and obese women [26]. Different findings could be explained by the discrepancy in recruited subjects in terms of their health conditions, dosage of vitamin D supplementation and duration of interventions. It is also possible that vitamin D intake had favourable effects on anthropometric measures among subjects with normal levels of vitamin D; however, participants in our study had vitamin D deficiency.

			We found a significant reduction in SBP after vitamin D supplementation. In line with our findings, a pilot randomized study showed that 2000 IU/day vitamin D intake in MetS patients resulted in significant reduction in SBP [7]. Nasri et al. [27] found that weekly 50000 IU vitamin D supplementation for 12 weeks had beneficial effects on BP. However, another clinical trial study among MetS patients observed no significant effects of 16 weeks’ vitamin D intake on BP [8]. Characteristics of study participants as well as dosage of vitamin D supplementation and duration of interventions might explain, at least in part, the discrepancy between studies. It has been shown that physical activity is a protective factor for MetS [28]. We expected that vitamin D supplementation plus endurance physical activity influence on MetS components; however, we didn’t observe any effects except for TC which is significantly decreased in “vitamin D plus physical activity” group compared with the placebo group. The effects of physical activity on MetS development might be depend on the frequency and duration of physical activity.

			Several possible mechanisms have been suggested for the favourable effects of vitamin D intake on MetS features. Vitamin D might improve insulin secretion; therefore, it can influence on lipid metabolism indirectly [29]. It has been shown that vitamin D acts as a negative regulator of the renin-angiotensin system [30]. Therefore, vitamin D could have favourable effects on BP.

			Our study has some limitations that must be considered in the interpretation of our results. We used single measurement of metabolic variables instead of repeated measures. However, metabolic variables have day-to-day variation. Therefore, multiple measurements would address these variations much more sufficiently. In addition, we did not assess participants’ sunlight exposure. Finally, the current study has adequate power to detect the significant effects of vitamin D; however, further studies with longer duration of interventions might be needed to confirm the long-term benefits of vitamin D supplementation in patients with MetS.

			Conclusion

			In conclusion, daily supplementation of vitamin D (2000 IU/day), for 12 weeks, along with moderate endurance physical activity, induce a significant reduction in SBP and serum levels of TC in MetS patients. Further studies with log-term duration are needed in this area to investigate the effects of vitamin D supplementation in the prevention and treatment of MetS.
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