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ABSTRACT 1 

Purpose: In observational studies, higher S-25-hydroxyvitamin D [S-25(OH)D] has been associated with a more 2 

favorable cardiometabolic profile in childhood, but results may be confounded. We examined effects of vitamin 3 

D supplementation on cardiometabolic outcomes in children and adolescents.  4 

Methods: We systematically searched relevant databases for randomized controlled trials (RCTs) examining 5 

effects of vitamin D supplementation compared to placebo or lower dose of vitamin D on blood glucose, insulin, 6 

homeostatic model assessment of insulin resistance (HOMA-IR), glycated hemoglobin, cholesterol (total, high-7 

density, and low-density lipoprotein (LDL-C)), triglycerides, or blood pressure. We conducted random effects 8 

meta-analysis of weighted mean differences overall and by subgroups of overweight/obese versus normal weight 9 

participants with or without baseline S-25(OH)D <50 nmol/L. We also explored associations between responses 10 

in S-25(OH)D and outcomes by meta-regression. 11 

Results: Fourteen RCTs with a total of 1088 participants aged 4-19 years were included. In meta-analysis, vitamin 12 

D supplementation increased S-25(OH)D by 27 nmol/L [95% CI: 16; 37] (P<0.0001) and increased LDL-C by 13 

0.11 mmol/L [0.02; 0.20] (P=0.02) without any subgroup differences and a generally low to moderate 14 

heterogeneity. Vitamin D supplementation had no other effects. However, in meta-regression analysis HOMA-IR 15 

decreased by 0.51 [-0.97; -0.04] points per 10 nmol/L increase in endpoint S-25(OH)D among overweight/obese 16 

participants (P=0.04). 17 

Conclusions: These results do not support use of vitamin D supplementation for improving cardiometabolic health 18 

in childhood. Indicated beneficial effects on insulin resistance in those with obesity could be investigated further, 19 

while unfavorable effects on LDL-C may be a concern.  20 

 21 

Keywords: Vitamin D, cardiovascular risk factors, children, adolescents, randomized controlled trials  22 
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INTRODUCTION 23 

High levels of cardiometabolic outcomes such as insulin, blood lipids and blood pressure are seen as early as in 24 

childhood, they show tracking into adulthood [1–3], and have been linked to the development of cardiovascular 25 

disease (CVD) and type 2 diabetes (T2D) later in life [4–6]. This underlines the importance of early prevention of 26 

these diseases. In a number of observational studies among children and adolescents, vitamin D status (serum 25-27 

hydroxyvitamin D [S-25(OH)D]) has been inversely associated with insulin resistance, blood pressure, and 28 

triglycerides (TG), and positively associated with high-density lipoprotein cholesterol (HDL-C) [7–13]. These 29 

associations might be due to favorable effects of the active vitamin D metabolite, 1,25-dihydroxyvitamin D, on 30 

peripheral glucose uptake [14], regulation of pancreatic insulin secretion [15], blood pressure via suppression of 31 

renin [16], and blood lipid clearance via increased lipolytic activity [17]. At the same time, childhood obesity 32 

increases the risk of having both S-25(OH)D <50 nmol/L [18, 19] and elevated cardiometabolic outcomes [20, 33 

21]. Vitamin D is not only consumed through the diet but also produced in the skin by exposure to solar ultraviolet 34 

B radiation, which relates to lifestyle and outdoor behavior. Therefore, associations between vitamin D and 35 

cardiometabolic outcomes may be confounded by BMI, age, sex, season, ethnicity, and outdoor physical activity. 36 

However, not all observational studies assessing associations between S-25(OH)D and cardiometabolic outcomes 37 

in children have adjusted thoroughly for potential confounders [22], which underlines the importance of evidence 38 

from randomized controlled trials (RCTs) in the field. 39 

 40 

In adults, at least 20 meta-analyses of RCTs have examined effects of vitamin D supplementation on CVD related 41 

outcomes including blood pressure, type 2 diabetes, body weight, and CVD events, and most found no effect [23]. 42 

However, the majority of RCTs were performed in participants with baseline S-25(OH)D above the widely 43 

accepted sufficiency cut-off of 50 nmol/L [24, 25] which limits the conclusions, since possible adverse 44 

cardiometabolic effects may occur at S-25(OH)D <50 nmol/L [26]. An estimated 37-76% of children and 45 

adolescents living in Europe or the United States have S-25(OH)D <50 nmol/L [27, 28] and 4-40% even have S-46 

25(OH)D <30 nmol/L [27, 28], indicative of vitamin D deficiency [24]. Increasing S-25(OH)D through vitamin 47 

D supplementation would therefore be a low-cost strategy for early prevention of CVD if proven to be effective. 48 

The most recent systematic review on the role of vitamin D in cardiometabolic health in childhood was conducted 49 

by Dolinsky et al. in 2013 [22], and only identified one RCT. Since then, the number of RCTs within this area has 50 

increased and a new synthesis of the evidence is therefore timely.  51 

 52 

The aim of this systematic review and meta-analysis was to investigate the effects of vitamin D supplementation 53 

on cardiometabolic outcomes in children and adolescents. In post hoc subgroup analyses, we further explored 54 

effects in overweight/obese participants with baseline mean S-25(OH)D below and above 50 nmol/L, respectively, 55 

and in normal weight participants with baseline mean S-25(OH)D below and above 50 nmol/L, respectively. Also, 56 

in post-hoc meta-regression analyses, we explored potential effect modification by change in and endpoint S-57 

25(OH)D concentration, respectively.  58 

 59 

METHODS 60 

Criteria for study inclusion 61 
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This systematic review included RCTs providing vitamin D3 or D2 in any form to the experimental group, and 62 

either placebo or a lower dose of vitamin D to the comparator group. Studies were included if they investigated at 63 

least one of the following cardiometabolic outcomes measured in the fasting or non-fasting state: blood glucose 64 

(BG), insulin, homeostatic model of insulin resistance (HOMA-IR), glycated hemoglobin (HbA1c), cholesterol 65 

(total (TC), HDL-C, low-density lipoprotein (LDL-C)), and TG, and blood pressure (systolic (SBP) and diastolic 66 

(DBP)). Study participants were restricted to those who were 0 to ≤18 years of age at baseline (i.e., the mean age 67 

in each study was ≤18 years), and were healthy (as defined by the study investigators) or had a lifestyle related 68 

cardiovascular condition (e.g., obesity, metabolic syndrome, or T2D). Studies were excluded if they included 69 

participants with other cardiovascular related diseases (e.g., congenital heart defects), other diseases (e.g., rickets 70 

or type 1 diabetes), or participants receiving medication known to influence vitamin D metabolism. The protocol 71 

was designed according to the Cochrane Collaboration guidelines (http://www.cochrane-handbook.org/) and 72 

registered at PROSPERO as CRD42018099753 before the study start. 73 

 74 

Search strategy  75 

We searched the databases PubMed, EMBASE, CENTRAL (Cochrane Central Register of Controlled Trials), and 76 

Web of Science for relevant studies published until 22nd of June 2018 with no restriction on earliest time of 77 

publication. The PubMed search was updated on the 8th of April 2019 and no additional studies eligible for 78 

inclusion were identified. The applied search strings are detailed in Supplementary Fig. 1. We also searched 79 

bibliographies of identified RCTs and reviews. The search was limited to papers published in English. 80 

 81 

Study selection, data extraction, and risk of bias assessment 82 

Two independent reviewers (HH and RPL) screened identified papers by title and abstract and reviewed full texts 83 

of papers identified to be relevant. The following data was extracted from the included studies: first author, 84 

publication year, country, season, participant characteristics (age, BMI, ethnicity, and baseline and endpoint S-85 

25(OH)D), interventions (type and dose of vitamin D in experimental groups, comparator, and duration), outcomes 86 

assessed, and data. HH and RPL independently assessed the risk of bias in each study using the Cochrane 87 

Collaboration’s tool [29] and disagreements about inclusion, data extraction, or risk of bias were solved by 88 

consensus. In case of missing or equivocal information in the papers, we contacted the authors by email to request 89 

additional information. 90 

 91 

Data synthesis 92 

To harmonize extracted data, we converted all units to nmol/L for S-25(OH)D, pmol/L for insulin, and mmol/L 93 

for BG, TC, HDL-C and LDL-C, and TG. The multiplication factors used were: 2.496 for S-25(OH)D in mg/dL, 94 

6.945 for insulin in µU/mL, 0.0555 for BG in mg/dL, 0.0259 for TC, HDL-C, and LDL-C in mg/dL, and 0.0113 95 

for TG in mg/dL. Mean HbA1c values in percentage were converted to mmol/mol as HbA1c [mmol/mol] = 96 

(HbA1c [%] – 2.15) x 10.929, while HbA1c values <3%, such as SDs, were calculated as a proportion of the 97 

means. We calculated or used the reported mean differences in net changes from baseline to endpoint between the 98 

intervention groups (experimental vitamin D dose minus comparator) for use in the meta-analysis. When SDs were 99 

not reported in the original paper, we estimated a SD based on the standard error of the mean (SEM), 95% CI, 100 

IQR, or (min; max), or used the SD for the endpoint value. When only medians were reported, these values were 101 
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used in place of means. Due to equivocal or lacking data in some studies, we chose to estimate S-25(OH)D from 102 

a figure [30]; estimate SD for changes in S-25(OH)D based on the SD of baseline S-25(OH)D [30]; calculate new 103 

SDs for some outcomes assuming that the reported SDs were SEMs due to their small size [31]; and assume that 104 

the reported mean (SD) values for TC and LDL-C had been interchanged due to the relationship between the 105 

reported mean values [32]. 106 

 107 

Statistical analyses 108 

For S-25(OH)D and each cardiometabolic outcome, we pooled effects of vitamin D supplementation versus 109 

comparator on S-25(OH)D and by means of a random effects model. As summary estimates, we reported weighted 110 

mean differences in changes from baseline; both for all participants and in separate analyses for subgroups of 111 

overweight/obese or normal weight participants with and without baseline mean S-25(OH)D <50 nmol/L, 112 

respectively. The between-study heterogeneity was quantified with the I2 metric ranging from 0-100% with higher 113 

values indicating greater heterogeneity. For studies with >1 eligible experimental groups, we included all 114 

experimental arms in the meta-analysis as an individual study and divided n in the comparator group with the 115 

number of included experimental groups to avoid double counting of participants. Additionally, to explore whether 116 

there was a linear relationship between responses in the outcomes and S-25(OH)D, we performed meta-regression 117 

of weighted mean differences in changes from baseline in the outcomes as a function of mean endpoint 118 

concentration and mean difference in changes from baseline in S-25(OH)D. Although not pre-specified in our 119 

PROSPERO registration, we included the subgroup and meta-regression analyses to allow for possible hypothesis-120 

generating findings in this age-group where little evidence exist, since obesity and baseline S-25(OH)D as well as 121 

change in or endpoint S-25(OH)D in S-25(OH)D might modify potential cardiometabolic effects of vitamin D 122 

supplementation [18, 19, 26, 33]. We used Review Manager (version 5.3.5, Cochrane Collaboration) for the meta-123 

analysis of mean differences and STATA (version 12.0, StataCorp LP) for the meta-regression. 124 

 125 

RESULTS 126 

Characteristics of the included studies  127 

A total of 14 RCTs were included in this systematic review [30–32, 34–44] (Fig. 1) with a total of 1088 participants 128 

(Table 1). The total sample size available for meta-analysis of each cardiometabolic outcome was n=519 for BG, 129 

n=405 for insulin, n=255 for HOMA-IR, n=190 for HbA1c, n=453 for TC and LDL-C, n=484 for HDL-C and TG, 130 

and n=229 for SBP and DBP. All RCTs had a parallel design [30–32, 34, 36–44], except one cross-over RCT by 131 

Brar et al., 2018 [35], and provided vitamin D in tablets for oral consumption. The majority of the studies provided 132 

daily vitamin D doses for the experimental groups in the range of 10-125 µg/d [30, 34, 36, 38–44], whereas the 133 

rest provided 1250-7500 µg vitamin D administered either weekly or as one or two bolus doses [31, 32, 35, 37]. 134 

The comparator groups received placebo in 10 of the studies [30–32, 35, 37, 39–42, 44] and 5-25 µg/d of vitamin 135 

D in the remaining studies [34, 36, 38, 43] (Table 1). Intervention durations ranged from 4 to 26 weeks [30–32, 136 

34–44], and most trials were of 11-12 weeks duration [31, 32, 34, 38, 39, 42, 43]. Most trials were conducted at 137 

lower northern latitudes (33-44ºN) and/or across seasons [30–32, 34–39, 42–44], where sun exposure may induce 138 

cutaneous vitamin D synthesis [45, 46], whereas two were conducted during winter at 51-55ºN [40, 41], where 139 

cutaneous vitamin D synthesis is negligible [45, 46]. The participant’s age ranged from 4 to 19 years and ethnicities 140 

varied. Eight studies were conducted in overweight/obese [30–32, 34, 35, 37–39] and five studies in mainly normal 141 
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weight participants [36, 40–43]. BMI was not described by Namakin et al., 2015 [44], but we assumed the 142 

participants were mainly normal weight as they were recruited from a public school. In eight studies, the baseline 143 

mean S-25(OH)D was <50 nmol/L [30–32, 34–36, 40, 44] and in four studies it was as low as 22-33 nmol/L [32, 144 

34, 36, 44] (Table 1). S-25(OH)D concentrations were measured by liquid chromatography-tandem mass 145 

spectrometry [34–41], chemiluminescent- [31, 32, 44] or radioimmunoassay [42, 43], or enzyme-linked 146 

immunosorbent assay [30].  147 

 148 

Each outcome was assessed in 3 to 11 studies (Supplementary Table 1). Due to missing data or lack of studies 149 

among normal weight children, the analyses of HOMA-IR did not include data from normal weight participants 150 

(either with baseline S-25(OH)D above or below 50 nmol/L) and subgroup analyses of insulin and HbA1c did not 151 

include normal weight participants with baseline S-25(OH)D <50 nmol/L. Conversely, analyses of SBP and DBP 152 

lacked data from obese participants, regardless of baseline S-25(OH)D. Blood was sampled from fasting 153 

participants in all studies, except for the study by Hauger et al., 2018 [41], where blood samples were taken ≥2 154 

hours after last meal. Most commonly, all cardiometabolic outcomes listed in Supplementary Table 1 were 155 

reported as secondary outcomes [32, 34–36, 38, 41–43], while Kelishadi et al., 2014 [31] regarded all of their 156 

outcomes and Belenchia et al., 2013 [30] regarded three of their outcomes in Supplementary Table 1 as primary.  157 

 158 

Risk of bias in the included studies 159 

Nearly all studies had adequate random sequence generation, blinding of participants and outcome assessment, 160 

and few were at risk of attrition bias (Supplementary Fig. 2). Around one third of the studies had an unclear risk 161 

of selection bias due to inadequate descriptions of the allocation concealment [35, 38, 39, 43, 44] and/or had 162 

unclear or high risk of selective outcome reporting [34–36, 43, 44]. There was a high risk of other biases in the 163 

cross-over study by Brar et. al., 2018 [35] due to lack of a wash-out period which might have led to higher S-164 

25(OH)D in the control period and in the study by Shah et al., 2015 [37] due to an unequal distribution of baseline 165 

BMI z-score and S-25(OH)D which was not adjusted for. Five studies had low risk of bias on all parameters [30, 166 

31, 40–42] A summary of the risk of bias assessment for individual studies and the support for the reviewers’ 167 

judgements can be found in Supplementary Fig. 3 and Supplementary Tables 2-15, respectively. 168 

 169 

Effects of vitamin D supplementation on S-25(OH)D 170 

Most of the studies showed considerable increases in endpoint S-25(OH)D following vitamin D supplementation 171 

(Table 1). The mean between-group difference in S-25(OH)D changes was 27 nmol/L (95% CI: 16; 37) 172 

(Supplementary Fig. 4), with individual studies ranging from 6 to 85 nmol/L in most studies [30–32, 34–36, 39–173 

42, 44], although three studies failed to induce significant differences in S-25(OH)D [37, 38, 43] (Supplementary 174 

Fig. 4). In five studies, mean S-25(OH)D was <50 nmol/L at baseline and was increased to >50 nmol/L in the 175 

experimental group only [30–32, 34, 40] (Table 1). 176 

 177 

Effects of vitamin D supplementation on cardiometabolic outcomes 178 

The majority (12 out of 14) of the RCTs found no baseline-adjusted between-group differences in any of the 179 

cardiometabolic outcomes following vitamin D supplementation [31, 32, 34–43]. Among the two remaining 180 

studies, Namakin et al., 2015 [44] found increases of around 0.29 mmol/L, 0.20 mmol/L, and 0.15 mmol/L in TC, 181 
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LDL-C, and HDL-C, respectively, in normal weight Iranian adolescents who received 25 µg/d of vitamin D versus 182 

placebo for 4 weeks (P≤0.04), whereas Belenchia et al., 2013 [30] found decreases in insulin and HOMA-IR of 183 

around 53 pmol/L and 1.9 points, respectively, in obese American children and adolescents who received 100 µg/d 184 

of vitamin D versus placebo for 26 weeks (P=0.03). 185 

 186 

Our meta-analyses revealed no effect of vitamin D supplementation in overall or subgroup analyses on BG, insulin, 187 

HbA1c, TC, HDL-C, TG, SBP and DBP (P>0.10) (Supplementary Fig. 5-12). Likewise, there were no 188 

association between changes in these outcomes and changes in or endpoint S-25(OH)D in meta-regression 189 

analyses (all P values ≥0.29) (Supplementary Fig. 13-15). In contrast, LDL-C increased by 0.11 mmol/L [95% 190 

CI: 0.02; 0.27] (P=0.02) following vitamin D supplementation in the overall meta-analysis with no notable 191 

differences between subgroups (Fig. 2), while the change in LDL-C was not associated with changes in or endpoint 192 

S-25(OH)D concentrations in meta-regression analyses (P≤0.19) (Fig. 4). For HOMA-IR data was available for 193 

overweight/obese participants only and the overall meta-analysis showed no significant effects of vitamin D 194 

supplementation, despite a considerable effect size of -0.45 points [95% CI: -1.15; 0.25] (P=0.21) in the subgroup 195 

of obese participants with baseline mean S-25(OH)D <50 nmol/L (Fig. 3). In meta-regression analyses, HOMA-196 

IR decreased by 0.42 points per 10 nmol/L change in S-25(OH)D and by 0.51 points per 10 nmol/L increase in 197 

endpoint S-25(OH)D (P=0.04) (Fig. 4). It appeared from Fig. 4 that HOMA-IR began to decrease at S-25(OH)D 198 

changes >20 nmol/L and at mean endpoint S-25(OH)D concentrations >70 nmol/L. 199 

 200 

The between-study heterogeneity in the meta-analyses of the cardiometabolic outcomes was low to moderate with 201 

I2 values ≤62%, except for HDL-C and triglyceride analyses in subgroups with baseline S-25(OH)D <50 nmol/L, 202 

where I2 was 69-75%.  203 

 204 

DISCUSSION  205 

This study suggests that vitamin D supplementation has very limited, if any, beneficial effects on cardiometabolic 206 

health in children and adolescents. This was evident across a range of latitudes and did not differ between 207 

subgroups of obese or normal weight participants with and without baseline S-25(OH)D <50 nmol/L. Notably, the 208 

meta-analysis showed possible unfavorable effects of vitamin D supplementation on LDL-C as it increased by 209 

0.11 mmol/L, although this effect did not seem to depend on the change in or endpoint S-25(OH)D concentration. 210 

The increase in LDL-C might be due to an increased intestinal fat absorption related to increased calcium 211 

absorption following increased S-25(OH)D, which leaves less calcium in the intestine for formation and excretion 212 

of calcium-fatty acid soaps. However, in general the potential mechanisms are largely unexplored and speculative 213 

[47]. Although the 0.11 mmol/L increase in LDL-C translates into an estimated increased CVD risk of only 2% 214 

[48] if sustained over time, this finding contraindicates use of vitamin D supplementation for early prevention of 215 

CVD. Overall, our results are aligned with the previous meta-analyses in adults showing that vitamin D 216 

supplementation did not affect outcomes such as blood pressure, T2D or CVD events [23], while increasing LDL-217 

C in one meta-analysis [49]. However, it is important to bear in mind that it essential to avoid vitamin D deficiency 218 

to prevent rickets in children [24, 50]. Also, our meta-analysis may not have uncovered possible complex 219 

interactions between vitamin D supplementation and cardiometabolic outcomes, e.g. according to ethnicity, age, 220 

or study duration, which we were not able to investigate with the available studies.   221 
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  222 

In line with this, our meta-analysis showed no overall or subgroup-specific effects of vitamin D supplementation 223 

on markers of glucose homeostasis. However, interestingly, our meta-regression analyses showed that changes in 224 

and endpoint S-25(OH)D concentrations were inversely associated with changes in HOMA-IR among 225 

overweight/obese adolescents, which may indicate a therapeutic potential in this group. The meta-regression 226 

analysis indicated that vitamin D supplementation may only have positive effects on insulin resistance when S-227 

25(OH)D >70 nmol/L are obtained and/or with profound increases in S-25(OH)D of more than 20 nmol/L. In 228 

support of this, RCTs in adults with insulin resistance or T2D have suggested that endpoint S-25(OH)D needs to 229 

be >80 nmol/L to improve insulin resistance [51, 52]. If sustained over time, the reductions in HOMA-IR of 0.42-230 

0.51 points per 10 nmol/L increase in S-25(OH)D found in our meta-regression could be clinically important since 231 

in obese adults, a reduction in HOMA-IR of ~1.5 points following metformin treatment was accompanied by a 232 

31% reduction in T2D risk [53, 54], which corresponds to the effect of increasing S-25(OH)D by ~30 nmol/L 233 

according to our meta-regression.  234 

 235 

However, in order to achieve endpoint S-25(OH)D >70 nmol/L, relatively high vitamin D doses are needed, which 236 

raises safety concerns. The current tolerable upper daily intake level (UL) is 100 µg/d for adolescents and 50-75 237 

µg/d for younger children [24, 50, 55]. Four of the eight studies in overweight/obese adolescents each provided 238 

100 µg/d [30] or exceeded the UL as they provided 125 µg/d [34], 1250 µg/wk (~179 µg/d) [32] or 7500 µg/wk 239 

(~1071 µg/d) [31], respectively. This induced an endpoint mean S-25(OH)D of 72-100 nmol/L in the vitamin D 240 

group [30–32, 34]. Conversely, three of the studies in overweight/obese adolescents either employed bolus dosing 241 

or 50 µg/d of vitamin D and increased S-25(OH)D by only 6 nmol/L or less [35, 37, 38]. As vitamin D and 242 

25(OH)D is diluted in fat and muscle mass [56], obese children and adolescents may need 2-3 times the daily dose 243 

of vitamin D as recommended for their normal weight peers to maintain S-25(OH)D concentrations [57]. However, 244 

provision of vitamin D doses above the UL should be employed with outmost caution due to the risk of 245 

hypercalcemia at S-25(OH)D >300 nmol/L [24], the limited data on the safety of such intakes [58], and the 246 

recommendation from the Institute of Medicine to avoid S-25(OH)D >125-150 nmol/L due to lack of documented 247 

health benefits and indications of increased CVD risk at these concentrations [24]. All six studies in mainly normal 248 

weight participants provided vitamin D doses which did not exceed the UL [36, 40–44] and most provided 10-25 249 

µg/d in at least one experimental group [40–44] which is close to the 10-15 µg/d recommended for children and 250 

adolescents [24, 50, 59]. No beneficial cardiometabolic effects were found in any of these studies, not even in the 251 

large study by Ferira et al., 2016 [42] in which they investigated effects of incremental doses up to 100 µg/d on 252 

BG, insulin and HOMA-IR.  253 

 254 

Previous observational studies indicate that improvement of S-25(OH)D concentrations in adults with values <50 255 

nmol/L may benefit cardiometabolic health, while no additional cardiometabolic benefit will be seen above this 256 

threshold [26]. However, neither recent RCTs in adults [60–62] nor the present meta-analysis in children and 257 

adolescents support this. Even among the included RCTs with the lowest baseline mean S-25(OH)D of 22-33 258 

nmol/L [32, 34, 36, 44], vitamin D supplementation did not improve insulin resistance [32, 34], blood lipids [32, 259 

34, 44] or blood pressure [36]. Moreover, two of our own RCTs , which were also included in the present review, 260 

recently investigated whether prevention of the winter decline in S-25(OH)D affected cardiometabolic health in 261 
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children and adolescents [40, 41]. Despite declines to 31 nmol/L in mean S-25(OH)D with placebo during winter 262 

[40, 41], neither of these studies found effects, indicating that the widely seen seasonal fluctuation at higher 263 

northern latitudes does not compromise cardiometabolic health in groups of children with moderate rates of 264 

overweight. Similar results have been seen in adults [63, 64]. 265 

  266 

The present study is strengthened by its systematic approach with careful subgroup and meta-regression analyses 267 

in a research area that has gained much attention in adults, but is emerging in children and adolescents. However, 268 

as a limited number of RCTs with relatively small sample sizes were available, our meta-analyses may have lacked 269 

statistical power to detect small effects in some of the outcomes, and the results should be interpreted with caution. 270 

The effects sizes of the inverse association between HOMA-IR and S-25(OH)D responses are largely driven 271 

particularly by the two studies by Brar et al., 2018 [35] and Belenchia et al., 2013 [30], which had a considerable 272 

negative and positive effect size, respectively. This interesting but exploratory finding needs confirmation, as it 273 

was only seen in the post hoc meta-regression analyses, not in the meta-analyses. We used S-25(OH)D responses 274 

as the explanatory variable instead of vitamin D dose in the meta-regression analysis, since it is objectively 275 

measured and because the S-25(OH)D response to vitamin D supplementation strongly depends on body weight 276 

[65] and the data did not allow calculation of provided dose per kg body weight. However, the use of different 277 

laboratory methods to measure S-25(OH)D in the included studies may have introduced variation in the measured 278 

S-25(OH)D as different laboratory methods may yield somewhat different total S-25(OH)D values [66]. This 279 

complicates between-study comparisons and may have made it more difficult to detect potential associations by 280 

the meta-regression analyses. Although some of the included studies had an unclear risk of especially selection 281 

bias, the risk of bias was generally low in the individual RCTs, which strengthens the results. Due to the relatively 282 

limited number of available studies with little variation in study duration, highly variable ethnicity categories and 283 

very few studies in young children, we were not able to assess effects of duration, ethnicity or age on the results. 284 

Since the maximum study duration was 6 months, which should be sufficient to affect the cardiometabolic 285 

outcomes, however, the potential longer-term effects remain unexplored. Finally, several of the included studies 286 

conducted in seasons/latitudes where sun exposure may have influenced S-25(OH)D did not control for season in 287 

their analyses [32, 37–39, 43], which may have introduced noise in their results.  288 

 289 

In conclusion, this systematic review and meta-analysis show that vitamin D supplementation has no or little 290 

beneficial effect on cardiometabolic outcomes in children and adolescents, but may increase LDL-C, with no 291 

differences in effect by subgroups according to BMI and baseline S-25(OH)D. This questions the relevance and 292 

safety of vitamin D supplementation for early prevention of CVD. However, meta-regression analysis indicated a 293 

beneficial effect of increasing S-25(OH)D above 70 nmol/L on insulin resistance in obese children and 294 

adolescents, which need confirmation in adequately powered, high-quality RCTs. The results are strengthened by 295 

mainly low risk of bias in the included studies but should be cautiously interpreted as they are based on a relatively 296 

limited number of available RCTs. 297 
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Table 1 Characteristics of included studies, participants and interventiona 

aValues are mean ± SD unless otherwise indicated. bTotal no. of subjects randomized (no. completers or included in analysis). c*P<0.05 compared to comparator group. If S-25(OH)D was reported separately 
for intervention groups, the average of the means and SD in the two groups were presented. dAll vitamin D supplements were provided orally as tablets. ePresented as mean BMI percentile ± SD, averaged 

across groups.  

Ca, calcium; DK, Denmark; D2, vitamin D2; D3, vitamin D3; IR, insulin resistance; NA, not available; OB, obese; OW, overweight; RCT, randomized controlled trial; S-25(OH)D, serum 25-hydroxyvitamin D; 

UK, United Kingdom; US, United States of America; ⁰N, degrees northern latitude. 

 

First author  

and year 

⁰N Season Population nb Age 

range 

OW or 

OB (%) 

Ethnicity  S-25(OH)D (nmol/L) Experimental  

group(s)d 

Type  Comparator      

group 

Duration 

(weeks) Baseline Endpointc  

Studies in overweight/obese participants 

     Baseline mean S-25(OH)D <50 nmol/L 

Magge 2018 

[34] 

US  

40⁰N 

All year Obese adolescents  26 (22) 12-17 100 African 

American 

30 ± 10 47 ± 10 with 25 µg/d  

72 ± 29 with 125 µg/d* 

125 µg/d D3 25 µg/d 12  

Sethuraman 

2018 [32] 

US  

42⁰N 

All year Obese adolescents  71 (29) 13-17 100 African 

American 

31 ± 10 32 ± 11 with placebo 

80 ± 38 with 1250 µg/wk*  

1250 µg/wk  

+ 500 mg/d Ca  

D2 Placebo  

+ 500 mg/d Ca 

12 

Brar 2018 

[35] 

N/A All year Obese adolescents 

with IR  

20 (20) 12-18 100 Mixed 42 ± 7 43 ± 12 with placebo 

49 ± 11 with 7400 µg once*  

7500 µg once at wk 0 

(crossover at wk 6) 

D2 Placebo once at wk 0 

(crossover at wk 6) 

6 

Kelishadi 

2014 [31] 

Iran 

33⁰N 

All year Obese adolescents 

with MetS  

50 (43) 10-16 100 Caucasian 

(Iranian) 

45 ± 10                                                                                                                                                                                                                                                                                                                                                                                                

 

48 ± 10e with placebo 

80 ± 10e with 7500 µg/wk* 

7500 µg/wk  

+ lifestyle advice 

D3 Placebo  

+ lifestyle advice 

12 

Belenchia 

2013 [30] 

US  

39⁰N 

All year Obese children and 

adolescents  

44 (35) 9-19 100 Mixed 48 ± 18  ~50 ± 13 with placebo 

~100 ± 13 with 100 µg/d* 

100 µg/d + standard 

care 

D3 Placebo + standard 

care 

26 

     Baseline mean S-25(OH)D >50 nmol/L 

Shah 2015 

[37] 

US  

37⁰N 

All year Obese adolescents 40 (31) 11-17 100 Mixed 57 ± 20 61 ± 8 with placebo 

50 ± 8 with 3750 µg twice, NS 

3750 µg with milk at 

wk 0 and wk 12  

D2 Placebo with milk at 

wk 0 and wk 12 

24 

Javed 2015 
[38] 

US  

44⁰N 

All year Obese adolescents  51 (46) 12-18 100 Mainly 
Caucasian 

60 ± 20 63 ± NA with 10 µg /d 
66 ± NA with 50 µg/d, NS 

50 µg/d D3 10 µg/d 12 

Nader 2014 

[39] 

US  

44⁰N 

All year Obese adolescents  58 (44) 12-18 100 Mainly 

Caucasian 

63 ± 17 58 ± NA with placebo 

77 ± NA with 50 µg/d, NS 

50 µg/d D3 Placebo 12 

Studies in mainly normal weight participants 

     Baseline mean S-25(OH)D <50 nmol/L 

Namakin 

2015 [44] 

Iran 

34⁰N 

NA Healthy adolescents 47 (40) 10-14 NA Caucasian 

(Iranian) 

22 ± 13 23 ± 12 with placebo 

29 ± 15 with 25 µg/d* 

25 µg/d NA Placebo 4 

Dong 2010 

[36]  

US  

33⁰N 

Winter/ 

Spring 

Healthy, normo-

tensive adolescents  

49 (44) 14-18 BMI: 65 

± 32th p.e 

African 

American 

33 ± 10 60 ± 18 with 10 µg/d 

86 ± 30 with 50 µg/d* 

50 µg/d D3 10 µg/d 16 

Smith 2018 

[40] 

UK 

51⁰N 

Winter 

 

Healthy adolescents  110 

(102) 

14-18 19 White 49 ± 12 

 

31 ± 9 with placebo 

57 ± 12 with 10 µg/d* 
64 ± 11 with 20 µg/d* 

10 or 20 µg/d D3 Placebo  20 

     Baseline mean S-25(OH)D >50 nmol/L 

Hauger 2018 

[41] 

DK 

55⁰N 

Winter Healthy children  130 

(119) 

4-8 8 White 57 ± 12 31 ± 8 with placebo  

62 ± 11 with 10 µg/d 

76 ± 12 with 20 µg/d* 

10 or 20 µg/d D3 Placebo 20 

Ferira 2016 

[42] 

US  

34-

40⁰N 

Winter Healthy children and 

adolescents 

323 

(299) 

9-13 42 Mixed  70 ± 3 63 ± NA with placebo 

77 ± NA with 10 µg/d* 

90 ± NA with 25 µg/d* 
102 ± NA with 50 µg/d* 

147 ± NA with 100 µg/d* 

10, 25, 50 or 100 µg/d D3 Placebo 12 

Putman 2013 
[43] 

US  

42⁰N 

Autumn/
Winter 

Healthy adolescents  56 (53) 11-19 0 Mixed 71 ± 17  72 ± 18 with 5 µg/d 
75 ± 17 with 50 µg/d, NS 

25 µg/d D3 5 µg/d 11 
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Figure captions 

 
Fig. 1 PRISMA flow chart for studies included in the present review. 

 

Fig. 2 Random effects meta-analysis of differences in changes from baseline in LDL-C after vitamin D supplementation 

versus a comparator (placebo or a lower dose of vitamin D) in children and adolescents.  

 

Fig. 3 HOMA-IR Random effects meta-analysis of differences in changes from baseline in HOMA-IR after vitamin D 

supplementation versus a comparator (placebo or a lower dose of vitamin D) in children and adolescents. 

 
Fig. 4 Meta-regression plots of mean differences in changes from baseline in LDL-C (a, b) and HOMA-IR (c, d) in 

children and adolescents per 10 nmol/L increase in differences in changes from baseline and endpoint S-25(OH)D, 

respectively, after vitamin D supplementation versus a comparator (placebo or a lower dose of vitamin D). Each circle 

represents the mean from an individual study and its size represents the precision of the outcome estimate (1/variance), 

which was used to weight the study mean in the analysis. 
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