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Introduction

Non-alcoholic Fatty Liver Disease (NAFLD) is a prevalent chronic hepatic disorder closely
associated with metabolic syndrome, insulin resistance, and obesity (Godoy-Matos et al., 2020;
Rinaldi et al., 2021; Cao et al., 2025). Zinc, an essential mineral required by the human body
but not synthesized endogenously, plays a crucial role in hepatic lipid metabolism, anti-
inflammatory processes, and antioxidant defense mechanisms (Sangubotla et al., 2025; Varra
etal., 2025; Jomova et al., 2025). Recent studies have reported that zinc deficiency is prevalent
among patients with NAFLD, which correlates with disease morbidity, particularly hepatic
fibrosis and metabolic dysfunction (Barbara & Mindikoglu, 2021; Ito et al., 2020; Kim et al.,
2020; Nishikawa et al., 2022; Tyczynska et al., 2024). Several experimental and recent clinical
trials have demonstrated that zinc supplementation may improve glucose and lipid metabolism,
ameliorate hepatic steatosis, and enhance liver function. However, the current evidence
remains heterogeneous, and the optimal therapeutic protocols have yet to be established
(Bolatimi et al., 2023; Fogacci et al., 2024; Liu et al., 2024; Qi et al., 2020; Wei et al., 2018;
Xu et al., 2023). While animal studies and some clinical trials in humans suggest beneficial
effects, other research highlights the need for further investigations to elucidate optimal timing,
dosing, and long-term outcomes of zinc supplementation in established NAFLD (Barbara &
Mindikoglu, 2021; Bolatimi et al., 2023; Himoto & Masaki, 2018).

Methods

This literature review employed a comprehensive literature search strategy covering
publications from the past 5 to 10 years. The primary databases utilized were PubMed and
Semantic Scholar. The search strategy specifically targeted studies related to zinc
supplementation and NAFLD, the role of zinc in hepatic metabolism, and adjunctive
micronutrient therapy for NAFLD. Out of 1,042 studies initially identified, 617 underwent in-
depth screening, 225 were eligible, and 24 were included in this review.

ISSN 2721-1215 (Print), ISSN 2721-1231 (Online)
Copyright © 2025, Journal La Medihealtico, Under the license CC BY-SA4 4.0 1795


mailto:anindyatrisha98@gmail.com

Identification ) Screening Eligibility Included
N=1042 N=617 N=225 N=24

Figure 1. Flow Diagram of the Search and Selection Process for Included Studies
Results and Discussion
Zinc Status and NAFLD Severity

Several cross-sectional and observational studies have demonstrated that patients with NAFLD
exhibit significantly lower serum zinc levels compared to healthy individuals (Ye et al., 2025;
Rezaei et al., 2023). Moreover, zinc deficiency is independently associated with chronic
hepatic fibrosis and metabolic disturbances (Barbara & Mindikoglu, 2021; Ito et al., 2020; Kim
et al., 2020; Nishikawa et al., 2022; Tyczynska et al., 2024). Lower zinc levels are associated
with elevated hepatic enzyme concentrations, increased insulin resistance, and accelerated
disease progression (Ito et al., 2020; Kim et al., 2020; Nishikawa et al., 2022).

Primary Outcome Measures

Experimental studies have demonstrated that zinc supplementation can attenuate hepatic lipid
accumulation by enhancing lipolysis, promoting autophagy (lipophagy), and modulating key
metabolic pathways, such as the Zn**/MTF-1/PPARa and Ca?*/CaMKKB/AMPK pathways
(Wei et al., 2018; Xu et al., 2023). Zinc also plays a regulatory role in B-catenin signaling,
which influences both lipolysis and lipogenesis (Xu et al., 2023). These mechanisms are
supported by animal trials that show improvements in hepatic steatosis and metabolic profiles
with zinc supplementation (Qi et al., 2020; Wei et al., 2018; Xu et al., 2023).
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Figure 2. Flow Diagram of the Search and Selection Process for Included Studies
Clinical and Preclinical Supplementation Studies

Clinical trials and animal studies have yielded variable results (Sadiq et al., 2025; Soleimani et
al., 2025; Noshadi et al., 2025). Several randomized controlled trials and nutraceutical
interventions often combining zinc with other therapeutic agents have demonstrated
improvements in hepatic lipid indices, lipid profiles, and liver function among patients with
NAFLD or metabolic syndrome (Cao et al., 2025; Fogacci et al., 2022, 2024). However, other
studies involving patients with confirmed NAFLD have reported limited or non-significant
benefits from short-term zinc supplementation (Sheikh et al., 2025). These findings suggest
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that the timing of administration, disease stage, and duration of intervention are critical
determinants of zinc supplementation efficacy (Bolatimi et al., 2023; Himoto & Masaki, 2018).

Zinc Deficiency, Comorbidities, and Related Micronutrients

Zinc deficiency in patients with NAFLD is frequently aggravated by comorbid conditions such
as obesity, diabetes, and chronic inflammation (Yang et al., 2025; Reytor-Gonzalez et al., 2025;
Jimenez Jimenez et al., 2025). These comorbidities contribute to increased zinc requirements
and impaired zinc absorption (Barbara & Mindikoglu, 2021; Himoto & Masaki, 2018;
Nishikawa et al., 2022; Tyczynska et al., 2024). Interactions with other micronutrients, such as
selenium and copper, as well as the role of zinc in protein metabolism and immune function,
are emphasized as critical aspects to be considered in the comprehensive therapeutic
management of patients with NAFLD (Barbara & Mindikoglu, 2021; Himoto & Masaki, 2018;
Katayama, 2020; Palladini et al., 2022).

Table 1. Authors & Journals that Appeared Most Frequently in the Included Papers

Type Name Papers
Author | T. Himoto (Himoto & Masaki, 2018)
Author | C. Hogstrand (Wei et al., 2018; Xu et al., 2023)
Author | F. Fogacci (Fogacci et al., 2022, 2024)
Journal | Nutrients (Fogacci et al., 2022, 2024; Himoto & Masaki, 2018;

Hosui et al., 2018; Nishikawa et al., 2022)

Journal | International Journal | (Bolatimi et al., 2023; Palladini et al., 2022; Tyczynska
of Molecular Sciences | et al., 2024)

Journal | PLoS ONE (Kim et al., 2020)

Current studies indicate that zinc deficiency is commonly observed among patients with
NAFLD and is closely associated with disease progression, particularly the development of
hepatic fibrosis and metabolic dysfunction (Barbara & Mindikoglu, 2021; Ito et al., 2020; Kim
et al., 2020; Nishikawa et al., 2022; Tyczynska et al., 2024). Mechanistic studies in animal and
molecular models provide strong evidence supporting the role of zinc in enhancing insulin
sensitivity, modulating key metabolic pathways, and reducing hepatic lipid accumulation (Qi
et al., 2020; Wei et al., 2018; Xu et al., 2023). Several clinical trials, including randomized
controlled trials, have demonstrated that zinc supplementation, particularly when administered
as part of multi-nutrient interventions, can improve hepatic lipid indices and metabolic
parameters in specific populations (Cao et al., 2025; Fogacci et al., 2022, 2024). However,
these findings have not been consistently demonstrated across all cases. Some studies involving
patients with confirmed NAFLD or those in advanced disease stages have shown minimal
benefits from zinc supplementation, emphasizing the importance of timing, dosage, and
appropriate patient selection in optimizing therapeutic outcomes (Bolatimi et al., 2023; Himoto
& Masaki, 2018).

The quality of available scientific evidence remains variable. Robust mechanistic data are
primarily derived from experimental animal studies, while moderate-level evidence originates
from human observational and interventional studies (Dubinski et al., 2025; Mayer et al., 2025;
Further research, particularly large-scale cross-sectional studies with rigorous design, is still
required to determine the efficacy, optimal dosage, and long-term safety of zinc
supplementation in patients with NAFLD (Barbara & Mindikoglu, 2021; Bolatimi et al., 2023;
Himoto & Masaki, 2018). Additionally, the interactions between zinc and other micronutrients,
as well as the impact of comorbidities on the condition of NAFLD patients, warrant further
investigation.
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Claims and Evidence Table

Table 2. Key Claims and Support Evidence Identified in these Papers

EVIDENCE

CLAIM STRENGTH REASONING PAPERS
(Barbara &
Zinc deficiency is . Multiple large Mindikoglu, 292 1.;
common in NAFLD and Evidence observational studies Ito et al., 2020; Kim
) ) strength: et al., 2020;
correlates with disease Strong (9/10) and meta-analyses Tvezviska ct al
it £ support this association yezy N
severity " [2024; Xuetal.,
2023)
.ch supplemel?tat}op ‘ an51stent ﬁndmgs in (Katayama, 2020;
improves hepatic lipid Evidence animal studies with Liu ef al., 2024: Qi
metabolism and reduces strength: mechanistic support for 2 .
. ) . : et al., 2020; Wei et
steatosis in animal Strong (8/10) | lipid metabolism
models improvement al., 2018)
Zinesreneriion | pignee | SomRCTnd IRl el 02
ang metabolic strength: results are inconsi;tent Fogacci et al,, 2022,
parameters in some Moderate and often combined 2024; Hosui et al.,
human studies (6/10) with other agents 2018)
Short-term zinc Evidence Recent animal studies
supplementation does strenth: show limited effect in (Bolatimi et al.,
not reverse established Mo de% a t;e advanced disease, 2023; Himoto &
NAFLD in animal (5/10) suggesting timing and Masaki, 2018)
models duration are critical.
Zine splenaalon | gece | Oerationlind
he };tocellular strength: su eI;t benefit, but (Bafares ctal., 2024;
cafcinoma in chronic Moderate caﬁgalit is not, Hosui et al., 2018)
areine (4/10) Y
liver disease established.
The optimal dose, ‘ (Banares et al., 2024;
. s . Lack of large, high- Barbara &
duration, and patient Evidence . oL
. . ) quality RCTs and Mindikoglu, 2021;
selection for zinc strength: o o
. heterogeneity in study Bolatimi et al., 2023;
supplementation in Weak (3/10) . . .
. designs. Himoto & Masaki,
NAFLD remain unclear 2018)

Conclusion

Zinc deficiency is commonly observed in patients with NAFLD and is closely associated with
poorer metabolic profiles and more adverse hepatic histological features. Although preclinical
studies and several clinical trials have demonstrated that zinc supplementation may improve
the degree of hepatic steatosis and metabolic parameters in patients with NAFLD, the existing
evidence in established NAFLD remains inconsistent. The optimal supplementation strategy
has yet to be determined. Therefore, further research is warranted to elucidate the therapeutic
role of zinc supplementation in the management of NAFLD. Future research is warranted to
focus on large-scale, long-term randomized controlled trials, mechanistic studies in humans,
and evaluations of the role of zinc supplementation when combined with other therapies or
micronutrients. Overall, zinc supplementation shows potential in improving metabolic
parameters and hepatic function in patients with NAFLD. However, further high-quality
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research is needed to establish its clinical benefits and to determine the optimal
supplementation strategy.

Research Gaps

Although mechanistic data and early clinical findings have shown positive results, a lack of
large-scale, long-term, randomized controlled trials remains to evaluate zinc supplementation
in patients with NAFLD, particularly across diverse patient populations and at different stages
of the disease. The effects of zinc supplementation when combined with other micronutrients,
as well as its role in advanced hepatic fibrosis or cirrhosis, also remain insufficiently
investigated.

Research Gaps Matrix

Table 3. Heatmap of Research Coverage by Study Type and Topic; Gaps Indicate Areas for
Future Research

Study Topic / Animal Human Human | Advanced | Combination
Attribute Models | Observational RCT Disease Therapy
Zinc status &
NAFLD severity 3 > ! 2 GAP
Zinc
supplementation 6 2 3 1 2
effects
Mechanistic 7 GAP GAP GAP GAP
pathways
Comblnatlop with ) 1 ) GAP 3
other nutrients
Long-term GAP 1 1 GAP GAP
outcomes
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