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databases, including the Cochrane Library, ClinicalTrials.gov, ISI
Web of Science, Scopus, and PubMed, up to May 2025. Search
terms related to zinc, low-density lipoprotein cholesterol (LDL-

C), high-density lipoprotein cholesterol (HDL-C), total cholesterol
(TC), triglycerides (TG), children, adolescents, and clinical trials
were identified using both Medical Subject Headings (MeSH) and
non-MeSH terms. The search strategy employed asterisks, pa-
rentheses, quotation marks, and Boolean operators (AND/OR) to
optimize retrieval of relevant studies.

Results: A total of five studies were included in this systematic
review. Serum TG, LDL-C, and HDL-C levels were assessed in four
studies, and TC levels in five studies. TC decreased in one study. TG
and LDL-C levels showed significant reductions compared with
placebo in two studies. A significant increase in HDL-C levels was
observed in one study.
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Conclusion: Zinc supplementation may be effective in improving
lipid profiles among children and adolescents. However, further
well-designed randomized clinical trials involving children and
adolescents with varying health conditions, larger sample sizes,
different zinc dosages, and longer follow-up periods are strongly
recommended to confirm the effectiveness of zinc supplementa-
tion in this population.
© 2026 The Author(s). Published by Elsevier Ltd on behalf of
European Society for Clinical Nutrition and Metabolism. This is an
open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Dyslipidemia is defined as abnormal levels of lipids and/or lipoproteins [1] and is recognized as a
major risk factor for cardiovascular diseases (CVDs), which are among the leading causes of mortality
worldwide [2]. In addition to CVDs, dyslipidemia is associated with several comorbid conditions,
including coronary, cerebrovascular, and peripheral vascular diseases [3]. Although the majority of the
clinical burden of CVD manifests during adulthood, evidence indicates that the development of
atherosclerotic cardiovascular disease begins early in life and progressively advances throughout the
lifespan [4].

Studies have shown that approximately 40-50 % of children with dyslipidemia continue to exhibit
hyperlipidemia in adulthood and develop subclinical atherosclerotic changes originating in child-
hood, which may ultimately lead to overt CVD [5]. Moreover, dyslipidemia is a central component of
metabolic syndrome in pediatric populations and is closely associated with conditions such as
nonalcoholic fatty liver disease [6], nephrolithiasis [7], pancreatitis [8], and other metabolic disorders
[9].

In recent years, increasing attention has been directed toward the role of dietary factors and
micronutrients in the development and management of dyslipidemia [10]. Zinc is an essential trace
element involved in numerous biological functions [11], including structural protein integrity [12],
enzymatic activity [13], transcription factor regulation [14], and cellular growth, development, and
differentiation [15]. Zinc deficiency in children is associated with anorexia [16], growth retardation
[17], and recurrent infections [ 18], while in adolescents it may lead to delayed sexual maturation and
skeletal abnormalities [19]. In adults, inadequate zinc status has been linked to impaired glycemic
control, diabetes mellitus [20], and cardiovascular diseases [21].

Zinc deficiency has been shown to adversely affect aortic cell structure [22], fatty acid and car-
bohydrate metabolism, and overall vascular health [23], while also increasing susceptibility to
oxidative stress in endothelial cells [24]. Zinc deficiency renders vascular endothelial cells more
susceptible to the effects of oxidative stress [25,26]. Furthermore, in low-density lipoprotein
cholesterol (LDL-C) receptor knock-out mice acute zinc deficiency elicits changes in key transcription
factors and adhesion molecules that are pro-atherogenic [27]. Observational studies in humans have
demonstrated that low dietary zinc intake is associated with an increased risk of diabetes and car-
diovascular diseases, suggesting a protective role of zinc against atherogenesis [28]. Several clinical
studies have investigated the effects of zinc supplementation on serum lipid profiles, yielding
inconsistent results [29-32].

A meta-analysis of 20 studies reported that zinc supplementation significantly reduced total
cholesterol (TC), very-low-density lipoprotein cholesterol (VLDL-C), and triglyceride (TG) levels in
adults [33]. However, the role of zinc supplementation in the management of dyslipidemia among
children and adolescents remains insufficiently explored. Therefore, the present systematic review
aims to evaluate and summarize the existing evidence regarding the effects of zinc supplementation
on lipid profiles in pediatric and adolescent populations.
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Methods

This systematic review adhered to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines and was registered in PROSPERO (ID: CRD420251127753).

A systematic search was conducted across multiple databases, including the Cochrane Library,
ClinicalTrials.gov, ISI Web of Science, Scopus, and PubMed, covering all records up to May 2025.
Search terms related to zinc, LDL-C, high-density lipoprotein cholesterol (HDL-C), TG, TC, children,
adolescents, and clinical trials were identified using both Medical Subject Headings (MeSH) and non-
MeSH terms. The search strategy incorporated asterisks, parentheses, quotation marks, and Boolean
operators (AND, OR) to optimize retrieval. Detailed search strategies for each database are provided in
Supplementary Table 1.

The study selection process involved several steps. First, all retrieved records were exported to
EndNote X21, and titles and abstracts were independently screened by two reviewers (MH and AGh).
Subsequently, the full texts of potentially eligible articles were independently assessed based on the
predefined inclusion and exclusion criteria. To identify any additional relevant studies, the reference
lists of included articles were manually searched. Any uncertainties were resolved by contacting the
corresponding authors via email.

Study eligibility criteria

All stages of the systematic review were performed independently by two reviewers (MH and
AGh), including study screening and selection, methodological quality assessment, application of
inclusion and exclusion criteria, and data extraction. Discrepancies were resolved through discussion
until consensus was reached.

The inclusion criteria were defined according to the PICOS (Population, Intervention, Comparison,
Outcomes, Study design) framework. Eligible studies were randomized controlled trials (RCTs)
involving participants aged 18 years or younger who received zinc supplementation as the inter-
vention, with reported changes in LDL-C, HDL-C, TG, and TC. Both parallel and cross-over RCT designs
were considered.

Exclusion criteria

Studies were excluded if they met any of the following criteria: (I) RCTs in which participants
received additional nutrients alongside zinc; (II) RCTs in which zinc was obtained from dietary sources
rather than supplements or fortified foods; (III) RCTs lacking a placebo or comparison group; (IV) RCTs
that did not report serum lipid profile data before and/or after the intervention for both groups; (V) RCTs
that did not specify the zinc dosage; (VI) Trials published in languages other than English.

Data extraction

Data were extracted using a standardized data collection form. Two independent reviewers (MH
and FA) recorded the following information: mean changes in lipid profile parameters and their
corresponding standard deviations (SDs); study title; first author's name; year of publication; sample
size; trial design; intervention duration; geographical location; participants' age and sex; health
status; body mass index (BMI); and zinc dosage. In RCTs with multiple intervention or comparison
groups, each group was considered a separate study for the purposes of the systematic review. Any
unclear or missing data were clarified by contacting the corresponding authors. Discrepancies be-
tween reviewers were resolved through discussion until consensus was reached.

Quality assessment
The methodological quality of the included RCTs was assessed using a modified version of the
Cochrane Risk of Bias 2 (RoB 2) tool. Each RCT was evaluated across six domains: [1] randomization

process; [2] deviations from intended interventions; [3] bias arising from period and carryover effects
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(applicable only to cross-over trials); [4] missing outcome data; [5] outcome measurement; and [6]
selection of the reported results. Based on these criteria, studies were classified as low risk, some
concerns, or high risk. Two reviewers (MH and FA) independently assessed each RCT, and any dis-
agreements were resolved through discussion with a third reviewer (AGh).

Results

Figure 1 illustrates the study selection process. The database search identified 423 articles. After
the removal of duplicate records, 330 articles were screened based on their titles and abstracts, and
irrelevant studies were excluded. Full-text versions of 10 articles were subsequently retrieved and
assessed for eligibility. Of these, five studies were excluded for the following reasons: co-
administration of zinc with other nutrients (n = 3), absence of a placebo group (n = 1), and zinc
intake derived from foods naturally high in zinc rather than from supplements or fortified foods (n =
1). Ultimately, five studies were included in the systematic review [34-38].

Based on the findings of our systematic review, serum TG levels were evaluated in four studies
[34-36,38], TC in five studies [34-38], and LDL-C and HDL-C cholesterol in four studies [34-36,38].
Zinc doses ranged from 2.57 mg/day to 50 mg/day, with intervention durations varying from 9 months
to several years. All studies, were randomized controlled trials. Study populations included healthy
children [37,38], children with obesity [35,36], and children with non-alcoholic steatohepatitis

Articles identified through database search:
n=423

Identification

A
Remaining article after duplicated removed ( 320 articles were not \
= relevant:
= n=330 Non-human (n=32)
s Not measuring lipid profile:
A (n=18)

Not using zinc as
intervention (n=24)
Not randomized clinical trial
design (n=194)
Full text studies assessed Study protocol and congress
for eligibility abstract: (n=17)

n=10 \ Review: (n=35) j
\

(Consumption of zinc with
other nutrients (n=3)
Taking zinc from foods not
supplements (n=1)

Eligibility

A Not having placebo group
Studies included in the (n=1)
systematic review (n=5) )

o
<
=

Q
k=

Figure 1. Flowchart of study selection process.
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(NASH) [34], with participants aged between 1 and 18 years. TC decreased in one study [35]. TG and
LDL-C levels showed significant decreases compared to placebo in two studies [35,36]. HDL-C levels
increased significantly in one study [34] [Table 1].

In a double-blind, placebo-controlled trial, Bertinato et al. [38] evaluated the effects of zinc sup-
plementation on TG, TC, LDL-C, and HDL-C in healthy boys aged 6-8 years. Participants received either
a placebo or zinc at doses of 5, 10, or 15 mg/day. Serum lipid profiles were assessed after two and four
months of intervention. The findings indicated that zinc supplementation, regardless of dose or
duration, had no significant effect on lipid profile. Similarly, Hambidge et al. [37] found that long-term
consumption of zinc-fortified breakfast cereals providing approximately 2.6 mg/day of additional zinc
over nine months had no measurable impact on lipid profiles in healthy preschool children.

In contrast, studies conducted in obese or metabolically compromised children consistently
demonstrated beneficial effects of higher-dose zinc supplementation, even when administered for
shorter periods. In a triple-masked randomized crossover trial, supplementation with 20 mg/day of
elemental zinc for eight weeks significantly reduced TG and LDL-C levels in obese children [36],
although no significant effects were observed for TC or HDL-C. These findings were corroborated by
Kelishadi et al., [35] who reported significant reductions in TC and LDL-C following zinc supple-
mentation at the same dose and duration, whereas the placebo caused the neutral lipid changes.

Moreover, evidence suggests that higher doses combined with longer intervention durations may
selectively improve lipid profiles. Ostadmohammadi et al. [34] demonstrated that zinc supplemen-
tation at 30 mg/day for 16 weeks significantly increased HDL-C levels in overweight or obese children
with nonalcoholic steatohepatitis (NASH), further supporting the notion that both dose intensity and
metabolic context might modulate the effect of zinc supplementation on serum lipid profiles.

Quality assessment

Figure 2 presents each study quality assessment. According to these results, one study had poor
quality [37] due to randomization process, deviations from intended interventions, and selection of
reported results. Three studies had fair quality [35,36,38] due to selection of the reported result
[35,36,38], measurement of the outcome [35], and missing outcome data [35] and one study had good
quality [34]. We presented more details regarding quality assessment in Figure 2.

Discussion

According to the results of our systematic review, this study represents the first evidence con-
cerning the effects of zinc supplementation on lipid profiles in children and adolescents. Five articles
met the inclusion criteria and were included in the review. Overall, the evidence supporting zinc
supplementation in this population is limited. Most studies, except the study by Kelishadi et al., re-
ported no significant effect of zinc supplementation on serum TC levels. However, our results indi-
cated that zinc supplementation at a dose of 20 mg/day for 16 weeks can significantly reduce serum
levels of LDL-C and TG. Regarding HDL-C, higher doses of zinc supplementation appear necessary to
achieve significant increases in serum levels.

Meta-analytic evidence in adults suggests that zinc supplementation can increase HDL-C and
reduce TC, LDL-C, and TG levels [39]; however, another meta-analysis reported that zinc doses >140
mg/day are required to improve serum lipid profiles, whereas lower doses may be ineffective [40].
Although the limited number of studies in children and adolescents precluded identification of a
clearly effective dose in this population, it is possible that the use of low-dose zinc supplementation in
some studies [37,38] contributed to the lack of observed effects. For example, Bertinato et al. [38]
demonstrated that zinc supplementation at doses corresponding to daily requirements (5 or 10 mg/
day) or slightly above (15 mg/day) for 8-16 weeks did not significantly alter lipid profiles. In contrast,
other studies reported that zinc supplementation at 20 mg/day and 30 mg/day could reduce LDL-C
and TG [35,36] and increase HDL-C [34], respectively. These findings suggest that zinc dose may have
a greater impact on lipid profiles in this population than intervention duration.
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Table 1

Randomized controlled trial studies included in the systematic review and meta-analysis.

Code Study Age (years) Study Intervention Zinc Placebo Outcome Results

Author (year) population (mean=SD or design duration dose (g)

(Country) (sample range) and sex (week)

size)

1.1 Healthy 92.7 + 34 Double-blinded, 8 5 mg/d zinc Containing microcrystalline TG, TC, TG, TC, LDL-C, and HDL-C did

Bertinato et al. Boys (months) placebo-controlled, gluconate + cellulose, dicalcium phosphate LDL-C,  not change significantly
(2013) N =20 randomized trial microcrystalline  dihydrate, croscarmellose and between groups

Canada cellulose sodium HDL-C

1.2 Healthy 92.7 £ 34 Double-blinded, 16 5 mg/d zinc Containing microcrystalline TG, TC, TG, TC, LDL-C, and HDL-C did

Bertinato et al. Boys (months) placebo-controlled, gluconate + cellulose, dicalcium phosphate LDL-C,  not change significantly
(2013) N =20 randomized trial microcrystalline  dihydrate, croscarmellose and between groups

Canada cellulose sodium HDL-C

13 Healthy 96.7 £ 2.5 Double-blinded, 8 10 mg/d zinc Containing microcrystalline TG, TC, TG, TC, LDL-C, and HDL-C did

Bertinato et al. Boys (months) placebo-controlled, gluconate + cellulose, dicalcium phosphate LDL-C, not change significantly
(2013) N=19 randomized trial microcrystalline  dihydrate, croscarmellose and between groups

Canada cellulose sodium HDL-C

14 Healthy 96.7 £ 2.5 Double-blinded, 16 10 mg/d zinc Containing microcrystalline TG, TC, TG, TC, LDL-C, and HDL-C did

Bertinato et al. Boys (months) placebo-controlled, gluconate + cellulose, dicalcium phosphate LDL-C, not change significantly
(2013) N=19 randomized trial microcrystalline  dihydrate, croscarmellose and between groups

Canada cellulose sodium HDL-C

1.5 Healthy 94. 8+ 3.2 Double-blinded, 8 15 mg/d zinc Containing microcrystalline TG, TC, TG, TC, LDL-C, and HDL-C did

Bertinato et al. Boys (months) placebo-controlled, gluconate + cellulose, dicalcium phosphate LDL-C,  not change significantly
(2013) N =18 randomized trial microcrystalline  dihydrate, croscarmellose and between groups

Canada cellulose sodium HDL-C

1.6 Healthy 94.8 + 3.2 Double-blinded, 16 15 mg/d zinc Containing microcrystalline TG, TC, TG, TC, LDL-C, and HDL-C did

Bertinato et al. Boys (months) placebo-controlled, gluconate + cellulose, dicalcium phosphate LDL-C,  not change significantly
(2013) N=18 randomized trial microcrystalline  dihydrate, croscarmellose and between groups

Canada cellulose sodium HDL-C

2 Healthy 2.5-75 Double-blinded, 36 2.57 mg/ Non zinc-fortified ready-to-eat TC TC did not change significantly

Hambidge et al. young F =40 placebo-controlled, d (fortified cereal) breakfast cereals between groups
(1979) children M = 56 randomized trial

USA N =96

3 Obese 91+11y Triple-blinded, 16 20 mg/ Yes (not mention formulation) TG, TC, TG and LDL-C decreased

Hashemipour et al. prepubertal F =35 placebo-controlled, d elemental zinc LDL-C, significantly in comparison to
(2009) children M =25 randomized cross- as zinc sulfate and placebo, but TC and HDL-C did

Iran N =60 over trial HDL-C  not change significantly

4 Obese 6-10 Triple-blinded, 16 20 mg/ Yes (not mention formulation) TG, TC, TG and LDL-C decreased

Kelishadi et al. children F=36 placebo-controlled, d elemental LDL-C, significantly in comparison to
(2010) N =60 M =24 randomized cross- zinc as zinc sulfate and placebo, but TC only decreased

Iran over trial HDL-C  in zinc group and HDL-C did

not change significantly

LLIDH "W pUD Ubwiajos-1zizy § “Mupjoyo Y

629001 (920Z) 99 2ua1S uadQ uonLINN (DALY



5 Children 142 £ 2.6 Double-blinded, 16 30 mg/d zinc Edible starch TG, TC, HDL-C increased significantly
Ostadmohammadi with NASH F =23 placebo-controlled, sulfate LDL-C, in comparison to placebo

et al. (2024) N =52 M =29 randomized trial and
Iran HDL-C

Zn = Zinc, Mo = months, W = weeks, NASH = Nonalcoholic Steatohepatitis, TG = Triglyceride, TC = Total cholesterol, LDL-C = low-density lipoprotein cholesterol, HDL-C = High -density
lipoprotein cholesterol.
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Hashemipour et al.,

Some concerns

. High risk

DI  Randomization process

Bias arising from period and
carryover effects

Deviations from the intended
interventions

DS
D2
D3  Missing outcome data

D4  Measurement of the outcome

B: D5 Selection of the reported result

Study ID D1 D2 D3 D4 D5 Overall

Bertinato et al.,

Hambidge et al., 1 .

Low risk

Some concerns

!
‘ High risk

Ostadmohammadi et
al.,

D1 Randomization process

D2 Deviations from the intended
interventions

D3 Missing outcome data

D4 Measurement of the outcome

D5 Selection of the reported result

Figure 2. Quality assessment. A: crossover studies; B: parallel studies.

However, to prevent interactions that may interfere with the absorption of other nutrients and
minerals, the upper tolerable intake level for zinc among adolescents and children should be deter-
mined at different age intervals [41].

In addition, the type of zinc may be another factor influencing the results due to possible differ-
ences in bioavailability. Our results showed that studies using zinc sulfate [34-36] reported more
favorable effects on lipid profiles compared with studies using zinc gluconate [38]. Similarly, one
meta-analysis suggested that zinc sulfate had a greater effect on decreasing serum levels of LDL-C, TC,
and TG, as well as increasing serum levels of HDL-C, compared with zinc gluconate in the adult
population [42].



A. Gholami, F. Azizi-Soleiman and M. Hariri Clinical Nutrition Open Science 66 (2026) 100629

It should be noted that baseline serum zinc levels are very important and may influence these
results [43]. In two studies conducted among adult populations, the findings highlighted an associ-
ation between zinc deficiency and metabolic disorders related to obesity, such as dyslipidemia and
thyroid hormonal dysfunction [44,45]. In a meta-analysis by Khajeh et al., subgroup analyses were
performed based on baseline serum zinc levels to assess whether these levels could modify the
outcomes [42]. Their findings indicated that baseline serum zinc levels had a significant impact on the
overall results related to lipid profiles.

The study by Al-Maroof et al. [46] demonstrated that serum zinc levels were reduced in diabetic
patients due to their disease, and the effects of zinc supplementation were significantly different
compared with those observed in healthy individuals. In our study, children with chronic diseases
benefited more from zinc supplementation than healthy children [34]. This may be because serum
zinc levels are lower in these children compared with healthy peers, making zinc supplementation
more effective. Unfortunately, none of the studies included in our systematic review reported baseline
serum zinc levels in the studied populations.

The potential mechanisms through which zinc affects lipid profiles are still unclear. In rats with
zinc deficiency, decreased serum levels of HDL-C and apoproteins Al, A2, C, and E, along with
increased TC levels, have been observed [47,48]. Moreover, zinc supplementation has been shown to
inhibit the development of atherosclerosis in rabbits fed a high-cholesterol diet [49]. New evidence
indicates that zinc plays an important role in insulin secretion and storage in the pancreas [49].
Furthermore, pancreatic beta cells utilize a highly efficient transporter known as ZnT8 to accumulate
zinc within the cells [50]. As a result, zinc deficiency or alterations in ZnT8 expression may reduce
insulin secretion. Scientists also believe that zinc deficiency leads to insulin resistance and increased
flux of free fatty acids to the liver, resulting in hypertriglyceridemia [51-53].

Therefore, zinc supplementation, by decreasing insulin resistance, may prevent lipolysis in adipose
tissue, reduce the release of free fatty acids into the circulation, and decrease lipoprotein synthesis in
liver cells. In addition, zinc directly affects lipid metabolism [54]. Animal studies have shown that zinc
deficiency, by altering the gene expression of enzymes responsible for hepatic lipid homeostasis,
decreases fatty acid utilization in peroxisomes and mitochondria, increases lipid synthesis in the liver,
and leads to abnormalities in lipid profiles [55,56]. Zinc may also improve lipid metabolism through
inhibition of hormone-sensitive lipase via the PI3K-Akt/PKB signaling pathway, as well as through its
involvement in lipoprotein lipase and lecithin—cholesteryl ester transferase pathways [57]. Recent
evidence also suggests that zinc plays an important role in the synthesis of an adipokine called zinc-
a2-glycoprotein, which has multiple functions, including lipid metabolism and glucose regulation
[58].

Several strengths of our study should be noted. To our knowledge, this study is the first systematic
review to assess the effects of zinc supplementation on lipid profiles among children and adolescents.
Our systematic search had no time limitations. Moreover, we followed PRISMA guidelines to conduct
this systematic review and report the findings.

However, some limitations should also be acknowledged. Due to the small number of available
studies, we were unable to perform a meta-analysis. The age range of participants was very wide,
preventing us from identifying the age group that may benefit most from zinc supplementation.
Additionally, firm conclusions regarding the most effective intervention duration, supplementation
dose, and form of zinc could not be drawn due to limited evidence. Most of the included studies did
not measure serum zinc levels at baseline or after the intervention; therefore, the effect of baseline
serum zinc levels on the final results could not be evaluated. Despite contacting the corresponding
author to obtain information about the form of zinc used in one study, no response was received.

In conclusion, zinc supplementation may be effective in improving lipid profiles among children
and adolescents. Further well-designed randomized controlled trials involving children and adoles-
cents with different health statuses, larger sample sizes, varying doses, and longer follow-up periods
are strongly recommended to confirm the effectiveness of zinc supplementation in this population.
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