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Background: The rising global burden of metabolic dysfunction—associated steatotic liver disease (MASLD) necessitates effective
therapies. This meta-analysis therefore assesses the efficacy of omega-3 PUFAs in reducing triglycerides in MASLD patients and
examines how diabetes status modulates this effect.

Purpose: To resolve existing uncertainties, this systematic review and meta-analysis was conducted to evaluate the efficacy of omega-
3 PUFAs in reducing TG among MASLD patients, with a prespecified analysis to elucidate the role of diabetes status.

Patients and Methods: We systematically searched PubMed, Web of Science, Embase, and the Cochrane Library (up to Sep 22,
2025) for randomized controlled trials assessing omega-3 PUFA supplementation on triglyceride levels in MASLD patients, with
subgroup analysis by diabetes status.

Results: Pooled data from 9 studies (n=528) revealed that omega-3 PUFA supplementation was associated with a significant reduction
in triglyceride (TG) levels in MASLD patients (MD: —13.81 mg/dL; 95% CI: —24.56, —3.06); however, considerable heterogeneity
(I>=22.5%) suggests that the true effect may be inconsistent across different patient populations. Subgroup analysis delineated a stark
contrast: while a beneficial effect was confirmed in non-diabetic MASLD patients (MD: —15.78 mg/dL), it was absent in those with
comorbid type 2 diabetes (P = 0.33). Meta-regression further confirmed that the prevalence of diabetes within study populations did
not linearly influence the TG-lowering outcome (P = 0.752). Finally, the intervention showed no significant impact on other metabolic
parameters such as ALT, HDL, or LDL.

Conclusion: This meta-analysis suggests that omega-3 fatty acids are associated with reduced TG levels in MASLD patients on average,
but the effect is inconsistent and influenced by diabetes status. The non-significant effect in diabetic patients and the wide prediction intervals
call for caution in interpreting these findings, and further research is needed to identify subgroups that may benefit.

Keywords: metabolic dysfunction—associated steatotic liver disease, omega-3 polyunsaturated fatty acids, triglycerides, type 2
diabetes

Introduction
The growing yearly prevalence of Metabolic Dysfunction—non-alcoholic fatty liver disease (MASLD) has emerged as a
worldwide public health concern, driven by improved living conditions, evolving lifestyle habits, and the widespread occurrence

https://doi.org/10.2147/DMS0.S573711 Diabetes, Metabolic Syndrome and Obesity 2026:19 57371 | |
Received: 19 October 2025 © 2026 Li et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
Accepted: 9 January 2026 AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the work

Published: 23 January 2026 you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0009-0009-2150-2417
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Li et al

of obesity, diabetes, and metabolic syndrome.' Metabolic dysfunction-associated fatty liver disease (MASLD)—the term newly
established by international consensus to replace previous designations including NAFLD and MAFLD—tepresents a major
global health challenge associated with obesity and diabetes, as evidenced by its rising prevalence.” This manuscript adopts the
MASLD nomenclature in alignment with this current international consensus.

Currently, no approved drugs exist for treating MASLD, a condition that may progress to cirrhosis and hepatocellular
carcinoma. The urgency for treatment is further heightened by its strong bidirectional association with type 2 diabetes
(T2D)—each disease independently increases the risk of developing the other and exacerbates its severity.*>

The accumulation of TG in hepatocytes, stemming from disrupted lipid homeostasis, forms the basis of MASLD
patholog.®” These lipids are not inert; through lipotoxicity, they transmit cellular stress and inflammation, thereby driving
the progression of more severe diseases.® The current lack of approved drugs, coupled with the limitations of lifestyle
interventions, necessitates new therapeutic approaches targeting these fundamental processes.”®

Omega-3 polyunsaturated fatty acids (PUFAs) are compelling candidates for MASLD treatment due to their targeted
mechanisms, including promoting fatty acid oxidation through Peroxisome Proliferator—Activated Receptor Alpha (PPARa)
activation and inhibiting lipogenesis by suppressing Sterol Regulatory Element—Binding Protein 1¢ (SREBP-1c).>'* Although
their efficacy in lowering serum triglycerides is widely recognized, their effects on other metabolic and hepatic parameters
remain inconsistent across studies.''™'* This inconsistency obscures the true therapeutic value of omega-3 polyunsaturated
fatty acids and suggests the presence of key effect-modifying factors.

The metabolic heterogeneity of study populations, particularly regarding T2D comorbidity, remains an unexplored
source of the inconsistent outcomes with omega-3 PUFA therapy.'*'* Patients with both MASLD and T2DM exhibit a
more severe disease phenotype and pronounced insulin resistance, which may fundamentally alter their response to
PUFAinterventions.' Filling this gap is crucial for determining whether diabetic status is a key effect modifier, thereby
explaining inconsistent results in the literature and advancing toward more personalized therapeutic approaches.

Therefore, we conducted a systematic review and meta-analysis of randomized controlled trials with the following
objectives: 1) to quantitatively synthesize evidence and determine the overall effect of omega-3 PUFAs on TG levels in
patients with (MASLD; 2) to perform subgroup analyses comparing efficacy in patients with and without T2DM; 3) to
use meta-regression to explore whether the proportion of diabetic patients within study populations influences the
magnitude of TG-lowering effects. This study aims to resolve existing controversies, clarify the role of diabetic status
in influencing treatment response, and provide high-level evidence to guide the precise application of omega-3 PUFAs in
MASLD management.

Methodology

Literature Search

To identify all relevant RCTs evaluating the effect of omega-3 fatty acids on triglyceride levels in MASLD, we comprehensively
searched four databases (PubMed, Embase, Cochrane Library, Web of Science) through September 22, 2025. Our search strategy
was constructed to balance sensitivity and precision. It incorporated controlled vocabulary alongside an extensive list of free-text
keywords covering key concepts: the disease “non-alcoholic fatty liver disease”, “NAFLD”, “hepatic steatosis”), the intervention
(“omega-3 fatty acids”, “n-3 PUFA”, “eicosapentacnoic acid”, “docosahexaenoic acid”, “fish o0il”), and the study design
(“randomized controlled trial”, “clinical trial”). In accordance with the latest international nomenclature consensus, the term
“non-alcoholic fatty liver disease (NAFLD)” is hereafter referred to as “metabolic dysfunction—associated steatotic liver disease
(MASLD)” throughout this manuscript.* Boolean operators (AND, OR) were applied to logically combine these terms. The full,
database-specific search queries are available in Appendix 1. This review was conducted in accordance with the PRISMA
guidelines, and the study protocol was prospectively registered with PROSPERO (CRD420251160035) to ensure methodolo-
gical rigor and minimize reporting bias.'®

Selection and Eligibility Criteria
Studies included in this meta-analysis must meet the following PICOS criteria: (1) Participants (P): Adult patients (aged >18
years) with a confirmed diagnosis of MASLD, without restriction on the presence of diabetes, as this factor will be explored
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through subgroup analysis; (2) Intervention (I) and Control (C): The intervention group received omega-3 fatty acid
supplementation (any source or dose); the control group received placebo or standard care; (3) Outcome (O): Changes in
serum triglyceride levels or endpoint values before and after intervention must be reported; (4) Study Type (S): Included
randomized controlled trials (RCTs) in our meta-analysis.

Data Extraction and Quality Assessment

After the conclusive selection of studies, a systematic data extraction procedure was launched. Two reviewers, Li and
Cong, autonomously completed a pre-tested, standardized data collection template using Microsoft Excel.!” This form
was designed to capture the following key elements from each eligible trial: (1) Study Characteristics: first author,
publication year, country, and trial duration; (2) Participant Profile: sample size, baseline characteristics (eg, age, sex,
diabetes status), and MASLD diagnostic criteria; (3) Intervention and Comparator: specific type, dosage, and adminis-
tration schedule of omega-3 supplementation, alongside details of the control/placebo regimen; (4) Outcome Data:
primary and secondary outcomes of interest, specifically pre- and post-intervention means, standard deviations (SDs), or
change scores for TG levels and other relevant indicators.

The methodological quality of the included RCTs was independently appraised by two authors using the Cochrane
RoB 2 tool, which evaluates five domains—randomization, intervention deviations, missing outcome data, outcome
measurement, and result selection—and categorizes each as “low risk”, “some concerns”, or “high risk” of bias.'®

A two-stage resolution process was employed for disagreements in data extraction and quality assessment: initial
discussion between the two independent reviewers was followed by arbitration from a third senior investigator (Zhang)
for unresolved issues, whose decision was final.

Statistical Analysis

The quantitative synthesis of data across the included studies was performed using meta-analytic techniques. For the
primary outcome of triglyceride level change, we calculated the pooled effect size as the mean difference (MD) along
with its 95% confidence interval (CI). Assessment of publication bias was not conducted due to the limited number of
studies, which precludes reliable evaluation using standard methods.

Statistical heterogeneity was quantified using Cochran’s Q test (P < 0.10) and the I? statistic. We employed a random-
effects model for all meta-analyses, as this approach provides more conservative estimates by accounting for both within-
study and between-study variability. This choice was made a priori, regardless of the observed heterogeneity levels, to
ensure robust and generalizable results.

To investigate a pre-specified hypothesis, we conducted a meta-regression analysis to examine whether the proportion of
diabetic patients within each study (a continuous covariate) explained a significant portion of the observed heterogeneity in the
triglyceride outcome. This analysis was fitted using the Restricted Maximum Likelihood (REML) method under a random-
effects framework. A P-value of less than 0.05 for the regression coefficient was considered statistically significant.

In addition to the conventional random-effects meta-analysis, we calculated 95% prediction intervals (PIs) to estimate
the range within which the true effects of future studies are expected to fall, accounting for between-study heterogeneity.
Prediction intervals were computed based on the method described by Riley 2011," incorporating both the estimated
between-study variance (t?) and the uncertainty in the pooled effect estimate. For subgroups with fewer than 3 studies,
prediction intervals were not calculated due to limited degrees of freedom. The between-study variance 1> was estimated
using the DerSimonian-Laird method, consistent with the primary random-effects model. Prediction intervals were
calculated for the overall analysis to provide a more comprehensive interpretation of the potential variability in treatment
effects across different settings.

All primary meta-analyses and meta-regression were conducted using the metafor package in R (v4.3.2); the
robustness of these primary findings was further validated through a sensitivity analysis performed with Review
Manager (RevMan v5.4.1).
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Results

Study Selection

Nine studies met the eligibility criteria for inclusion in the meta-analysis (Figure 1). The systematic search initially
yielded 2630 records. After the removal of 571 duplicates, 2059 records were screened by title and abstract. Of these,
1238 were excluded for being irrelevant to the research topic, and a further 795 were excluded for being non-conforming
publication types (eg, reviews, conference abstracts), leaving 26 reports for which full-text articles were sought. Of these,
13 reports could not be retrieved. The remaining 13 full-text articles were assessed for eligibility, and 4 were excluded
because data could not be extracted, resulting in the final inclusion of 9 studies.

Study Characteristics
This meta-analysis encompassed 9 randomized controlled trials published between 2007 and 2021, which were con-

ducted across several countries (eg, USA, China, Poland, UK). The studies involved cohorts with ages ranging from 13.0
to 50.73 years and male proportions between 29.63% and 85.33%. Sample sizes varied from 34 to 111 participants, and
the intervention duration spanned from 3 months to one year (with one cohort extending to 11 years). Various omega-3

formulations, including pure PUFAs and fish oil, were compared against placebo. Two studies specifically targeted
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Figure | Flowchart of the study selection process for the systematic review and meta-analysis.
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MASLD patients with concomitant diabetes (diabetes prevalence 100%). All studies reported TG as the primary outcome
measure, with seven articles additionally reporting ALT, HDL, and LDL (Tables 1 and 2).

Bias Risk Assessment Results

The findings from the bias risk evaluation for the studies included are outlined in Figure 2. In general, the majority of the
studies (7 out of 9) exhibited a low risk of bias. Two studies presented certain concerns, mainly because of insufficient
details regarding the randomization procedure and the application of blinding.

Overall Effect of Omega-3 Fatty Acids on TG in Patients with MASLD

A total of nine RTCs involving 528 participants were analyzed to assess the impact of omega-3 on triglyceride
concentrations. The analysis indicated a moderate degree of heterogeneity (1>=22.5%). According to the random-effects
meta-analysis, omega-3 fatty acids is associated with reduction in triglyceride levels among patients with MASLD (mean
difference = —13.81 mg/dL, 95% confidence interval [-24.56, —3.06]). Comprehensive findings are displayed in Figure 3.
For this purpose, we calculated a 95% prediction interval of [-35.36, 7.74] mg/dL. This interval encompasses zero,
indicating that the actual effect of omega-3 fatty acids on triglycerides may vary significantly across different clinical
settings or patient populations. The range of outcomes could span from clinically meaningful reductions to no discernible

effect, or even slight increases.

Exploratory Subgroup Analysis Based on Diabetes Status

Stratified by diabetic status, the triglyceride-lowering effect of omega-3 was confined to patients without diabetes. In the
non-diabetic MASLD subgroup (4 studies, n=214), a significant reduction was observed (MD = —15.78 mg/dL, 95% CI:
—27.25, —4.31. However, due to the limited number of studies in each subgroup (only 2 studies in the diabetic subgroup),
prediction intervals were not calculated as they would not provide meaningful estimates of the expected range of effects
in future studies. In contrast, this effect was abolished in diabetic patients (2 studies, n=97), where the result was non-
significant (MD = —16.71 mg/dL, 95% CI: —50.28, 16.85; P = 0.33) (Figure 4).

Meta-Regression Analysis of the Proportion of Individuals with Diabetes

To investigate whether the proportion of diabetic patients in studies influences effect sizes, we conducted a meta-regression
analysis with this proportion as a covariate. Results revealed nonlinear relationship between the proportion of diabetic patients
and the triglyceride-lowering effect of omega-3 (regression coefficient = 15.703, 95% CI [-81.8, 113.2], P = 0.752). This
indicates that the prevalence of diabetes in study populations cannot explain the heterogeneity in omega-3 efficacy. This

covariate explains an extremely low proportion of the heterogeneity between studies (R? = 0%) (Figure 5).

Impact of Omega-3 on Other Metabolic Indicators in Patients with MASLD

This study additionally examined how omega-3 fatty acids influence liver enzyme concentrations and additional markers
of lipid metabolism in MASLD. According to the meta-analysis findings, supplementation with omega-3 did not produce
a significant change in ALT, HDL, or LDL values (Figure 6). In the ALT analysis, which included seven studies with 428
participants, no notable variation in ALT levels was observed between the omega-3 and control groups (mean difference
= -1.44 TU/L, 95% CI [-7.89, 5.02]). A moderate level of heterogeneity was present across the studies (I? = 63%, P =
0.66). Regarding HDL, an evaluation of seven studies involving 454 patients found no significant impact of omega-3
supplementation on HDL concentrations (mean difference = —0.06 mg/dL, 95% CI [-2.79, 2.67]). There was substantial
heterogeneity among the included studies (I> = 70%, P = 0.97). For LDL, the analysis of seven studies (452 patients)
revealed no statistically significant difference in LDL levels between the omega-3 and control groups (mean difference =
0.26 mg/dL, 95% CI [—4.73, 5.24]). The analysis indicated minimal heterogeneity (I> = 14%, P = 0.92).
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Table | Basic Characteristics of the Research Subjects

No. Research Basic Information Characteristics of the Study Population
Author Year Country Study Study Follow-Up Total Intervention Control Age (Years) Male (%) BMI (kg/ Diabetes Provide
Design Period Period for Sample | Group Sample Group m?) Prevalence T2DM
Data Size (N) Size (N_I) Sample Rate (%) Subgroup
Extraction Size (N_C) Data
| Curtis K Argo® | 2015.1 USA Parallel trial | year | year 34 17 17 46.8 13 (382) N/A 324 NO
2 John Climax?' 2020.8 UK Parallel trial 16 weeks 16 weeks 93 31 30 485 + 124 63 (66.7) 328+ 42 36.88 NO
3 Woijciech 2015.6 Polish Parallel trial | 24 weeks 24 weeks 64 30 34 13.0 + 3.04 65 (85.53) 28.7 + 444 N/A NO
Janczyk?
4 Vali Musazade? 2021.8 N/A Parallel trial 12 weeks 12 weeks 43 21 21 44.09+£5.27 22 (51.16) N/A N/A NO
5 Arun J. Sanyal®* 2014.8 USA Parallel trial | 12 months 12 months 174 64 55 48.63 £ 12.04 | 95 (54.60) 34.87 + 6.36 34.98 NO
6 Fatemeh 2018.12 Iran Parallel trial 12 weeks 12 weeks 104 38 34 41.71 £ 838l 57 (54.81) 31.27 + 3.61 N/A NO
Shojasaadat?®®
7 L. Spadaro?® 2007.12 N/A Parallel trial 6 months 6 months 36 18 18 50.73 £ 11.31 19 (52.78) 30.55 + 4.07 N/A NO
8 Srinivasan 2015.2 N/A Parallel trial | 48 weeks 48 weeks 37 18 19 50.6+9.8 8 (29.63) 26.8+3.0 100 Yes
Dasara':hy27
9 Zahra Orang® | 2018.11 N/A Parallel trial 12 weeks 12 weeks 60 30 30 48.72+8.23 15 (50.0) 30.03£3.94 100 Yes
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Table 2 Intervention Characteristics and Outcomes of the Study Population

No. Research Interventions and Control Measures Outcome Metric Data
Basic
Information
Author Omega-3’tape Total Daily Control TG_E_MISD (IG) TG_E_MISD (CG) ALT_E_M/SD ALT_E_M/SD HDL-C_E_M/SD HDL-C_E_M/SD LDL-C_E_M/SD LDL-C_E_M/SD
Dose Group Type (IG) (€G) (G) (CG) (IG) (CG)
(mg/day)
Curtis K Argo® n-3 fish oil 3000 mg / day Capsules 132.2 +45.4mg/dl 187.7 £89.2mg/dI 56.7 £28.3U/L 52.8+31.0U/L N/A N/A 128.2 +34.8mg/dl 124.1 £36.3mg/dl
containing
predominantly
soybean oil
2 John Climax?' Epeleuton 2g/day Light liquid 208.4 £ 103.2mg/dl 186.2 + 92.5mg/dl 83.2+47.6U/L 81.8+35.0U/L 41.0 + 14.Img/dl 42.0 + 8.Img/dl 132.3 + 36.3mg/dl 135.7 + 43.0mg/dl
paraffin
3 Wojciech EPA+DHA 450-1300 mg/day Sunflower oil 91.0£35.6mg/dl 97.5£34.1mg/dl 48.5£23.0U/L 53.5+44.4U/L 44+8.9mg/dl 39.5£8.9mg/dI 122+40.0mg/dl 109.5£31.1mg/dl
Janczyk®?
4 Vali Musazade?® Camelina sativa oil 20g Sunflower oil 158.27430.2 I mg/dl 180.76%36.36mg/dI 29.09+5.651U/L 32.33+3.861U/L 44.40+7.18mg/d| 40.57+4.16mg/dl 82.84121.9Img/d| 102.94£42.20mg/dl
5 Arun J. Sanyal®* EPA 2700 mg/d N/A 146.5+43.41mg/dl 151445.19mg/dl 70.5+37.26lu/L 59.0+33.331U/L 43.5£5.04mg/d| 45%7.41mg/dl 123422.96mg/dl 124422.96mg/dl
6 Fatemeh PUFA 1500 mg/day No intervention 165.85+80.75mg/dI 189.35488.7mg/d| 35.28+21.01U/L 31.0615.49UI/L 45.14£5.75mg/d| 44.3248.0mg/dl 107.94£22.8mg/dI 102.70£21.90mg/d!
Shojasaadat®®
7 L. Spadaro®® PUFA 2 g/day N/A 110 + 39.Img/dl 135 + 52mg/dl 39.5 + 14U/ 55.5 £ 31U/ 46.8 + 12.9mg/dl 48 + 8.7mg/d| N/A N/A
8 Srinivasan PUFA N/A Corn oil 211.5+160.8mg/dl 177.4+66.0mg/dl N/A N/A N/A N/A N/A N/A
Dasarathy?’
9 Zahra Orang®® Omega-3 2g/d Placebo capsules 124.75 £ 63.52mg/dl 152.32 + 81.49mg/dI N/A N/A 46.60 * 7.82mg/dI 53.28 £ 9.26mg/d 92.23 £ 22.25mg/dl 94.00 £ 25.49mg/dl
supplement
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Figure 2 Risk of bias summary for the included randomized controlled trials.

Experimental Control Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Curtis K Argo 132.20 45.4000 17 187.70 89.2000 17 4.6% -55.50[-103.08; -7.92] ———%—+
John Climax 208.40 103.2000 31 186.20 92.5000 30 4.4% 22.20[-26.95; 71.35] &
Wojciech Janczyk 91.00 35.6000 30 97.50 34.1000 34 22.5% -6.50[-23.64; 10.64] I
Vali Musazadeh 158.27 30.2100 21 180.76 36.3600 21 18.4% -22.49[-42.71; -2.27] ——
Arun J. Sanyal 146.50 43.4100 64 151.00 45.1900 55 24.3% -4.50[-20.49; 11.49] 3
Fatemeh Shojasaadat 165.85 80.7500 38 189.35 88.7000 34 6.5% -23.50[-62.85; 15.85] —
L. Spadaro 110.00 39.1000 18 135.00 52.0000 18 10.3% -25.00[-55.06; 5.06] —
Srinivasan Dasarathy 211.50 160.8000 18 177.40 66.0000 19 1.7% 34.10[-45.89; 114.09]
Zahra Orang 124.75 63.5200 30 152.32 81.4900 30 7.3% -27.57[-64.54; 9.40] —
Total (95% CI) 267 258 100.0% -13.81 [ -24.56; -3.06] <>
Prediction interval [-35.36; 7.74] —
Heterogeneity: Tau? = 57.2557; Chi’ = 10.33, df = 8 (P = 0.2427); I? = 22.5% ' ' '
Test for overall effect: Z =-2.52 (P = 0.0118) -100 -50 0 50 100

Favors Omega-3 Favors Control
Mean Difference in Triglyceride (mg/dL)

Figure 3 Forest plot for the effect of omega-3 supplementation on triglyceride levels in patients with MASLD. The 95% prediction interval is shown, indicating the expected
range of true effects in future study settings.
Abbreviations: MASLD, metabolic dysfunction-associated steatotic liver disease; MD, mean difference; Cl, confidence interval.

Discussion
Key Findings Summary

This review found that although omega-3 supplementation was associated with reduced triglyceride levels in the overall
MASLD population, the wide 95% prediction intervals spanning the zero effect line preclude definitive conclusions regarding
its efficacy in future clinical settings. The moderate overall reduction in triglycerides observed in our analysis aligns with the
2021 meta-analysis, which reported a similar effect size (MD: —28.57 mg/dL) across a broader MASLD cohort.”’ However,
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Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Fatemeh Shojasaadat2018 16585 8075 38 18935 887 34 85% -2350[62.85 1585 _—
L. Spadaro 2007 110 391 18 135 52 18 146% -25.00[-55.06, 5.06] B
Vall Musazadeh 2021 158.27 30.21 21 18076 3636 21 322% -2249[4271,-227) -
Wojciech Janczyk 2015 91 356 30 975 341 34 448% -650[23.64,1064) ——
Total (95% CI) 107 107 100.0% -15.78 [-27.25, -4.31] <&

= - - e I + + :
Heterogeneity: Chi*= 2.06, df= 3 (P = 0.56), F= 0% oo 50 20 100

Testfor overall effect: 2= 2.70 (F = 0.007) Favours [experimental] Favours [control]

Experimental Control Mean Difference Mean Difference

n IV, Fixed. 95% CI IV, Fixed, 95% CI
Srinivasan Dasarathy 2015 2115 1608 18 1774 66 19 176% 34104589 11409
Zahra Orang 2018 12475 6352 30 15232 8149 30 824% -27.57[64.54,940)
Total (95% CI) 48 49 100.0% -16.71(-50.28, 16.85)

+

Heterogeneity: Chi*=188,df=1(P=017),F=47%

Testfor overall effect Z= 0.98 (P = 0.33) %0 80 0. 60, %0

Favours [experimental] Favours [control]

Figure 4 Forest plot of subgroup analysis based on diabetic status for the effect of omega-3 supplementation on triglyceride levels. Subgroups: (A) patients with MASLD
without diabetes; (B) patients with MASLD and concomitant diabetes.

Meta-Regression: Proportion of Diabetic Patients vs. Effect of Omega-3 on TG Levels

100
Slope = 15.703
P-value = 0.752
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Proportion of Diabetic Patients

Figure 5 Meta-regression bubble plot evaluating the association between the proportion of participants with diabetes and the effect size (mean difference in triglyceride
levels). The size of the bubbles corresponds to the weight of each study in the analysis.

Diabetes, Metabolic Syndrome and Obesity 2026:19 htps: 9



Li et al

A
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD _Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arun J. Sanyal 2014 705 37.26 64 59 3333 55 134% 1150[1.19,24.19) T
Curtis K Argo 2015 56.7 283 17 528 k]| 17 76% 3.90[16.05, 23.85) R
Fatemeh Shojasaadat 2018  35.28 i 38 3106 1549 34 187% 4.22[-4.25,12.69) 1™
John Climax 2020 832 476 31 818 35 30 71% 1401952, 22.32) B S
L. Spadaro 2007 385 14 18 555 14 18 17.7% -16.00[-25.15,-6.85] ==
Vali Musazadeh 2021 2909 565 21 3233 386 21 261%  -3.246.17,-0.31) -
Wojciech Janczyk 2015 485 23 30 535 444 34 94% -500[-22.04,12.04) B
Total (95% CI) 219 209 100.0% -1.44 [.7.89,5.02) ?
Heterogeneity. Tau®= 39.40; Chi*= 16.26, df = 6 (P = 0.01); = 63% oo - ) ) 700
Testfor overall effect Z= 0.44 (P = 0.66) Favours [experimental] Favours [control]
B
Experimental Control Mean Difference Mean Difference
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Figure 6 Forest plots for the effects of omega-3 supplementation on secondary outcomes. (A) alanine aminotransferase (ALT) levels; (B) high-density lipoprotein (HDL)

cholesterol levels; (C) low-density lipoprotein (LDL) cholesterol levels.

our study extends this understanding by specifically examining the role of diabetic status as a potential effect modifier—an

aspect not thoroughly investigated in prior syntheses. This association was not observed in the diabetic subgroup. Meta-

regression analysis failed to confirm a significant modifying effect of diabetes prevalence, and no improvements in ALT or

other lipid markers were noted.*® These findings suggest that the potential role of omega-3 fatty acids in MASLD may not be

universal but rather influenced by underlying metabolic states, with the specific mechanisms requiring comprehensive

elucidation.

Interpretation of Results and Discussion of Mechanisms
The triglyceride-lowering effect of omega-3 fatty acids in MASLD is attributed to their influence on master transcriptional
regulators—including PPARa, PPARy, SREBP-1, and ChREBP—that orchestrate fundamental hepatic lipid metabolic
pathways.>'~** Specifically, n-3 PUFAs act as potent ligands for PPARo, triggering its activation and the subsequent

upregulation of genes involved in fatty acid oxidation.**** Beyond enhancing B-oxidation, n-3 PUFAs concurrently suppress

I o https:
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de novo lipogenesis by inhibiting the expression and maturation of SREBP-1, and by reducing the activity of ChREBP,
thereby curbing hepatic glycolysis and lipid synthesis.** 7 Additionally, -3 fatty acids are rich in ALA, which may increase
resting energy expenditure by upregulating uncoupling protein 3 mRNA and peroxisomal acyl-CoA oxidase expression.*®
However, in diabetic MASLD patients, severe insulin resistance, chronic inflammation, and oxidative stress may impair these
pathways, leading to the failure of omega-3 therapy.*® The use of n-3 PUFA may also result in the failure of beneficial effects
by activating PPARa, increasing oxidative stress, and thereby enhancing hepatic mitochondrial fatty acid oxidation.***!
The lack of effects on ALT, HDL, and LDL may reflect the selective action of omega-3 fatty acids. Their lipid-
lowering effects primarily target the triglyceride metabolic pathway, including promoting fatty acid oxidation and
reducing lipogenesis by activating PPAR-a and inhibiting SREBP-1¢,**** while exerting weaker direct effects on
cholesterol reverse transport and synthesis.***> ALT levels exhibit spontaneous fluctuations and may not respond
significantly to short-term intervention.*® Furthermore, prior studies suggest that the beneficial effects of omega-3 on
liver enzymes may require longer treatment durations to manifest,*’ and the average treatment duration in the trials
included in this study may have been insufficient to capture such changes. Additionally, the effects of omega-3 on HDL
and LDL may be influenced by numerous factors, such as the different types of omega-3 supplements used and the
varying types of control groups employed.*® The studies included in this meta-analysis exhibited differences in these

factors, which may explain why no significant overall effect on the aforementioned indicators was detected.

Comparison with Existing Evidence

Our findings partially align with existing evidence. Similar to meta-analyses by Lee et al and Liu et al, we observed that
omega-3 significantly reduces triglyceride levels in MASLD patients.”**” For NAFD patients with concomitant diabetes,
no relevant meta-analysis literature was identified at present, and our meta-analysis included only two articles. However,
our meta-regression explicitly demonstrated that the proportion of diabetic patients was not a significant effect modifier,
offering a new perspective for understanding the heterogeneity observed in previous meta-analyses. Regarding liver
enzyme improvement, our negative findings align with those of Kim et al, who also reported heterogeneity in the efficacy
of omega-3 for ALT improvement across studies.’® This inconsistency may stem from differences in study population
characteristics, omega-3 formulation type (EPA/DHA ratio), or baseline MASLD severity.

Clinical Significance and Application

This analysis provides evidence supporting the adjunctive use of omega-3 fatty acids for triglyceride management in non-
diabetic MASLD patients, aligning with the American Heart Association’s recommendations for managing
hypertriglyceridemia.*> For MASLD patients with comorbid diabetes, a therapeutic strategy combining omega-3 fatty
acids with agents like GLP-1 receptor agonists—which robustly improve metabolic and hepatic parameters—may be
warranted, as omega-3 monotherapy appears insufficient.”’ Consistent with EASL guidelines, our results indicate that
omega-3 is not a first-line option for MASLD, given its lack of efficacy on ALT and key lipid parameters (HDL, LDL),
which are crucial for comprehensive metabolic and inflammatory control.’? Overall, while our meta-analysis indicates a
beneficial association between the two, interpretation of these findings requires caution. Some studies yielded neutral
results. Furthermore, the clinical relevance of the observed reduction in TG levels warrants further investigation in long-
term outcome studies.

Research Limitations

This study has several limitations. First, the limited number of included studies, particularly the small sample size in the
diabetes subgroup, may have affected statistical power. Second, heterogeneity existed across studies regarding omega-3
dosage, treatment duration, and patient characteristics. Although random-effects models and meta-regression were
employed for adjustment, residual confounding may still exist. Third, primary outcomes were based on laboratory
markers rather than clinical endpoints (eg, liver fibrosis progression or cardiovascular events), leaving long-term benefits
uncertain. Finally, incomplete reporting of baseline metabolic characteristics in some studies limited more refined
subgroup analyses.
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Future Research Directions

Future research should focus on the following areas: (1) Exploring high-dose omega-3 therapy or combination therapy
with other medications (such as insulin sensitizers) in diabetic MASLD patients; (2) Evaluating the impact of omega-3 on
hepatic histological outcomes through meta-analyses of individual participant data; (3) Predicting omega-3 response
based on biomarkers (such as baseline triglyceride levels or genotypes) to enable personalized treatment.

Conclusion

In conclusion, this meta-analysis demonstrates that omega-3 supplementation is associated with reduced TG levels
specifically in non-diabetic patients with MASLD, while current evidence remains insufficient to support its efficacy in
those with coexisting diabetes. Therefore, clinicians might consider omega-3 primarily for triglyceride management in
non-diabetic MASLD patients, whereas its routine use in diabetic MASLD is not supported by current evidence and
requires further investigation.
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