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Abstract

Background: Cardiometabolic disorders, such as diabetes, hypertension, dyslipidemia, retinopathy, and
non-alcoholic fatty liver disease, present significant health challenges globally. Recent evidence suggests
that sesame (Sesamum indicum L.) supplementation may offer beneficial effects in modulating various
cardiometabolic risk factors, although findings from clinical trials have been inconsistent.

Objective: This meta-analysis aims to systematically assess the effects of sesame supplementation on
multiple cardiometabolic parameters, including lipid profiles, blood pressure, glycemic control, liver
enzyme levels, inflammatory biomarkers, body weight, and body mass index (BMI), with the goal of
evaluating its potential as an adjunctive therapy for clinical retinopathy.

Methods: A comprehensive literature search was conducted across multiple databases through July
2025 to identify randomized controlled trials (RCTs) that compared sesame supplementation with
placebo or active controls on cardiometabolic outcomes.

Results: Pooled effect sizes were calculated using a random-effects model. A total of 10 studies involving
441 participants were included in the meta-analysis. Sesame supplementation significantly reduced both
systolic and diastolic blood pressure. Improvements were also observed in glycemic control, with
reductions in fasting blood glucose and HbAlc levels. Further-more, sesame intake was associated with a
significant reduction in liver enzyme levels, particularly alanine aminotransferase (ALT). Subgroup
analyses revealed that the effects did not increase with longer durations of sesame supplementation.

Conclusions: This meta-analysis provides evidence supporting the beneficial effects of sesame
supplementation in improving various cardiometabolic risk factors. Incorporating sesame products into
dietary strategies may offer a promising adjunctive intervention for managing cardiometabolic disorders
and retinopathy associated with these disorders.
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Introduction

Cardiometabolic diseases, encompassing  pathophysiological mechanisms, including insulin
conditions such as hypertension, dyslipidemia, type 2  resistance, chronic low-grade inflammation, oxidative
diabetes  mellitus, obesity, retinopathy, and stress, and dysregulated lipid metabolism [2, 3]. The

non-alcoholic fatty liver disease, remain leading
contributors to global morbidity and mortality [1].
These disorders often coexist and share underlying

escalating prevalence of these conditions, particularly
in low- and middle-income countries, underscores the
urgent need for effective and sustainable preventive
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and therapeutic strategies [4, 5]. Search  terms combined phrases such as

Dietary approaches are considered a key  "Sesamum'[Mesh] OR "sesame" OR "sesame oil" OR
component in the prevention and management of ‘"sesame seed" OR ‘"sesame lignan") AND
cardiometabolic risk factors. In recent years, growing  ("Cardiometabolic =~ Risk"[Mesh] OR "Metabolic

attention has been given to the potential benefits of
functional foods and plant-based compounds [6].
Sesamum indicum L., commonly known as sesame, is a
traditional oilseed that has been used in human diets
for centuries. It contains several bioactive
components, including lignans (such as sesamin),
unsaturated fatty acids, tocopherols, and
phytosterols, which have demonstrated antioxidant,
anti-inflammatory, lipid-lowering, and
antihypertensive effects in experimental models [7].

In addition to its effects on traditional
cardiometabolic risk factors, emerging findings from
animal and cellular models suggest that sesame
supplementation may exert biological effects relevant
to retinopathy, a common microvascular complication
of metabolic disorders, particularly diabetes [8, 9].
Retinopathy, which can lead to vision impairment
and blindness, shares pathophysiological links with
cardiometabolic diseases, including oxidative stress,
inflammation, and impaired vascular function [2, 7,
10]. Given the bioactive compounds in sesame, such
as lignans and tocopherols, which possess
antioxidative and anti-inflammatory properties [11],
sesame may serve as an adjunctive therapeutic
approach for managing retinopathy in patients with
underlying cardiometabolic conditions. However, the
evidence on the effects of sesame supplementation on
retinopathy remains limited and warrants further
investigation.

Although clinical studies have explored the
health effects of sesame supplementation, the findings
have been inconsistent, and the overall impact on
cardiometabolic outcomes remains unclear [12, 13].
Some trials have reported improvements in blood
pressure, glycemic control, lipid profiles, and liver
enzymes, while others have shown limited or no
significant effects [13-16]. A comprehensive synthesis
of the available evidence is therefore needed to better
understand the role of sesame in cardiometabolic risk
factors and to provide a basis for considering sesame
as an adjunctive therapy for clinical retinopathy.

Materials and Methods

Data sources and selection criteria

This meta-analysis systematically identified
RCTs assessing the impact of sesame supplementation
in individuals with metabolic disorders. A
comprehensive literature search was carried out using
PubMed, Embase, the Cochrane Library, and Web of
Science for studies published up to February 2025.

Syndrome"[Mesh] OR '"Dyslipidemias"[Mesh] OR
"Insulin Resistance"[Mesh] OR "Hypertension"[Mesh]
OR "Blood Glucose"[Mesh] OR "Triglycerides"[Mesh]
OR  "Cholesterol"[Mesh] OR  "Body  Mass
Index"[Mesh] OR "HDL" OR "LDL" OR "glycemic

control" OR "lipid profile") AND
("Retinopathy"[Mesh] OR "Diabetic
Retinopathy"[Mesh] OR '"hypertensive retinopathy"
OR 'retinal vascular disease” OR ‘"retinal

microvasculature" with an emphasis on human
clinical research. The review process adhered to the
PRISMA guidelines. Additionally, reference lists of all
included studies were manually screened to capture
any further eligible trials. Studies such as case reports,
technical documents, abstracts from conferences,
reviews, editorials, letters, and non-clinical research
were excluded. The protocol for this review was
registered in PROSPERO with the registration
number CRD 42024603099.

Selection of studies

Two researchers independently conducted the
screening and assessment of eligible studies, with a
third researcher providing oversight to maintain
accuracy and consistency throughout the process. All
relevant articles were obtained in full text and
carefully examined to ensure thorough evaluation.
The step-by-step selection procedure is illustrated in
the PRISMA flow diagram (Figure 1).

Data extraction

Two researchers independently extracted data
using a standardized form based on the Cochrane
Handbook recommendations [17]. The extracted
information included the authors and year of
publication, study location, participant eligibility
criteria, demographic characteristics such as sample
size and age range, study design, intervention details,
measured outcomes, and the assessment methods
used.

Outcomes

The primary outcomes assessed in this study
included systolic and diastolic blood pressure, fasting
blood glucose, body weight, and body mass index.
Secondary outcomes encompassed liver enzymes
(ALT and AST), lipid profiles (total cholesterol,
triglycerides, HDL, and LDL), fasting plasma insulin,
HbAlc, HOMA-IR, and inflammatory markers such
as TNF-qa, hs-CRP, and IL-6.

https://www.medsci.org



Int. J. Med. Sci. 2026, Vol. 23

790

Records identified through
database searching
(n=320)

Records identified through
registry or other sources

(n=1)

Records identified (n=321)

Duplicated records excluded (n=233)

Records after duplicates

removed (n=88)

Excluded by title and abstract (n=44)
Excluded by animal studies (n=18)

Full-text articles assessed

for eligibility (n=26)

Studies included in
qualitative synthesis (n=10)

Studies included in
meta-analysis (n=10)

Articles excluded

5: studies without related out come
1: redundant publication

2: full-text not available

8: no placebo

Figure 1. A flowchart illustrating the study selection process for the systematic review and meta-analysis on the effects of sesame supplementation in
managing cardiometabolic risk factors. Of the 321 records initially identified, 10 studies met the eligibility criteria and were included in the final analysis.

Assessment of methodological quality

Two independent researchers carefully assessed
the risk of bias in the included studies using the
Cochrane Collaboration’s Risk of Bias tool to evaluate
methodological quality. Any differences in their
evaluations were resolved through discussion with a
third reviewer to reach agreement. Studies were
classified as having a high risk of bias if concerns were
noted in one or more of the tool's assessment
domains.

Data analysis

Quantitative synthesis was conducted using
Standardized Mean Differences (SMDs) with
corresponding 95% Confidence Intervals (CIs) to
compare outcomes between the intervention and
control groups. A random-effects model was applied
to account for variability across studies. All statistical
analyses were performed using Comprehensive
Meta-Analysis  software, version 3  (Biostat,
Englewood, NJ, USA). Heterogeneity was evaluated
using the [* statisticc with values above 50%
considered indicative of substantial heterogeneity.
Publication bias was assessed through funnel plot
inspection and Egger’s regression test, applying a
significance level of p < 0.05 for most outcomes and p
< 0.10 for bias detection. Subgroup analyses were
conducted to explore potential sources of

heterogeneity, and sensitivity analyses were carried
out by sequentially removing individual studies to
test the robustness of the findings.

Results

Study search and characteristics of included
patients

The process of study screening and selection is
presented in Figure 1. Initially, a systematic search
conducted in four databases (PubMed, Embase,
Cochrane Library, and Web of Science) identified 321
potentially relevant studies. After duplicates were
removed, 88 articles underwent title and abstract
screening, resulting in 62 exclusions. The remaining
26 studies were further evaluated through
comprehensive full-text assessments, leading to the
exclusion of 16 trials due to unrelated outcomes (5
studies [18-22]), duplicate publications (1 study [23]),
lack of accessible full texts (2 studies [24, 25]), and
absence of a placebo-controlled group (8 studies
[26-33]). Ultimately, 10 RCTs published in English
between 2009 and 2022 were included in the
meta-analysis, comprising a total of 441 participants
[12-16, 34-38]. These studies primarily investigated
the effects of sesame-based interventions on liver fat
content and lipid profiles. Key characteristics of the
included studies are summarized in Table 1.
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Table 1. Characteristics of included studies

Author Diagnosis Inclusion Exclusion criteria ~ Sample Study Placebo Intervention Main Results Secondary
(year) / criteria size design using / Duration Results
Country (% of
male)/ age
~8 weeks
Wueetal. Cardiovascular 1. BMI > 25 BMI > 35, recent N=33 RCT/single-blind/ crossover trial. ~ Iso-caloric 25 g/day No significant  Significant
(2009) / disease risk in 2. At least one cardiovascular or  (55)/ placebo sesame seed effects on: Blood increase
Australia  overweight metabolic syndrome cerebrovascular Mean age: bar. via breakfast lipids (total (~8-fold) in
and obese risk factor or LDL > events (<6 months). 54.7 + 8.6 bar (~50 cholesterol, urinary
adults 3.4 mmol/L Type I diabetes or mg/day LDL, HDL, mammalian
insulin use. sesame triglycerides),  lignans
Chronic lignans)/ 5  Blood pressure, (enterolactone,
inflammation, weeks Markers of enterodiol) after
arthritis, NSAIDs, inflammation sesame
vitamin E use. (IL-6, TNF-a, supplementatio
Lipid-lowering hs-CRP), and n
medications, Oxidative stress
Smoking, Alcohol > (F2-isoprostanes
40 g/day (men) or )-
>30 g/day
(women), and
Abnormal
liver/renal
function.
Miyawaki ~ Mild Mild hypertension ~ Presence of P:13/ 47.3 RCT/double-blind/placebo-controll Placebo 60 mg of 1. Systolic BP 1. No adverse
etal. hypertension ~ (SBP:137.3 £1.9 secondary +9.51:12 / ed trial capsules  sesamin decreased from  events reported.
(2009)/Japa mmHg; DBP: 87.3 + hypertension, use  51.0+8.2 contained daily (3 137.6+2.2to 2. No significant
n 1.2 mmHg), no of any medications 180 mg of ~capsules 1341+1.7 change in BP
secondary or supplements wheat twice daily; mmHg (13.5 during placebo
hypertension, no affecting blood germoil  each capsule mmHg, p = periods.
other diseases, and  pressure. contained 10  0.044).
not using any mg sesamin 2. Diastolic BP
medication. + wheat decreased from
germoil)/ 4 87.7+13t085.8
weeks +1.0 mmHg
(119 mmHg, p =
0.045).
Wichitsrano Prehypertensio Middle-aged adults Any medication or P:15 RCT/double-blind/placebo-controll Capsules 252 g/day  1.SBP No side effects
ietal. n (SBP: 120-139 (~50 years), supplement (73)/50.3 £ ed trial with of black decreased reported.
(2011)/ mmHg or DBP: prehypertension affecting blood 561:15 identical ~ sesame meal significantly in
Thailand 80-89 mmHg) only (no other pressure. (73) /49.3 appearanc (6 sesame group
medical conditions), +77 eand capsules/da (129.3+6.8 —
no use of contents y,042¢g 121.0£9.0
medications or excluding each)/ 4 mmHg; p <
supplements black weeks 0.05).
affecting blood sesame 2. No significant
pressure, and not meal. BP change in
pregnant. placebo group.
Bahadoran T2DM 1. Clinical diagnosis 1. Severe P:16 RCT/double-blind/Parallel-group ~ Usual Replaced 1. Significant No adverse
etal. of type 2 diabetes ~ impairment of (25)/52+9 design breakfast regular decrease (21.1%) effects reported;
(2015)/ Iran mellitus for at least  cardiac, hepatic, or  I: 20 (20) (without  breakfast in hs-CRP compliance was
one year, no severe renal function. /50+10 Tahini) with 28 (inflammation  good (>88%).
impairment of 2. Pregnancy or g/day marker; p <
cardiac, hepatic, or  lactation. Tahini 0.05).
renal function. 3. Insulin therapy. (ground 2. Slight,
2. Not receiving 4. Antioxidant un-hulled non-significant
insulin injections or  supplementation sesame improvements
antioxidant use. seeds)/ 6 in fasting
supplements. weeks glucose, insulin,
insulin
sensitivity
index, and
HOMA-IR.
Hellietal. Rheumatoid 1. Women with RA 1. Pregnancy or P:22/48.0 RCT/double-blind/placebo-controll Placebo 200 mg/day 1. No adverse
(2016)/ Iran Arthritis according to the lactation, smoking, +9.81: ed clinical trial capsules  of sesamin/ HDL-cholestero effects reported
2010 American use weight-loss 22/49.6 £ contained 6 weeks 1 significantly during the
College of medications. 9.7 200 mg increased study.
Rheumatology 2. Use of starch (p=0.007,
criteria. antioxidants or compared to
2. BMI: 25-35 vitamin placebo). 2. No
kg/m2 supplements (in statistically
3. Stable last 6 months). significant
pharmacological 3. Participation in differences
treatment exercise/ weight between
(methotrexate, reduction sesamin and
prednisone, programs. placebo groups.
sulfasalazine, 4. Presence of
hydroxychloroquin  diabetes,
e). cardiovascular
disease,
hypertension,
infections, other
inflammatory
disorders, liver or
kidney disorders.
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Author Diagnosis Inclusion Exclusion criteria ~ Sample Study Placebo Intervention Main Results Secondary
(year) / criteria size design using / Duration Results
Country (% of
male)/ age
Shahi etal. T2DM 1. Clinical diagnosis 1. Severe cardiac, ~ P:22/51.72 RCT/double-blind/placebo-controll Placebo 200 mg/day 1.FBS (p=0.016 No adverse
(2017)/ Iran of Type 2 Diabetes  hepatic, thyroid, or +12.241:  ed trial capsules  of sesamin  vs. placebo) effects reported.
Mellitus for >1 year. renal impairment,  22/50.00 + containing /8 weeks 2. HbAlc
2. BMI <30 kg/mz,  Pregnancy or 1213 200 (p=0.002 vs.
lactation, and mg/day placebo)
smoking. starch 3. TNF-a
2. Use of insulin (p=0.005 vs.
injections, placebo)
multivitamins, 4. No significant
antioxidants, changes in
omega-3, fiber insulin or
supplements. HOMA-IR
3. Use of compared to
corticosteroids, placebo.
NSAIDs,
immunosuppressiv
e drugs, or
antibiotics.
4. Participation in
weight-loss or gain
programs.
Farajbakhsh Metabolic Metabolic 1. Allergy/adverse P:23 RCT/single-blind/ placebo-controll ~ Sunflower Group A: Sesame oil alone 1. No significant
etal. syndrome syndrome reaction to sesame, (41.9)/50.1 ed trial (3 arms) oil Sesame oil  significantly changes in
(2019)/ Iran according to sunflower oil, or 7+761 (30 mL/day) improved anthropometric
harmonized criteria vitamin E (sesame +vitamin E  (p<0.025 vs. measures (BMI,
(>3 of the 2. Thyroid, liver, oil): 24 (400 baseline): weight, waist
following): Central ~ kidney, (30.2)/48.0 mg/day) | Total circumference)
obesity (waist autoimmune, or 447671 Group B: cholesterol, among groups.
circumference >102 neoplastic diseases. (sesame oil Sesame oil  triglycerides, 2. Good dietary
cm for men, >88 cm 3. Smoking or + vitamin only (30 fasting blood adherence: no
for women), FBS alcohol E): 23 mL/day) glucose, adverse events
>100 mg/dL, TG consumption. (35.0)/ Group C: HOMA-IR, reported.
>150 mg/dL, HDL 4. Use of 4930 Sunflower  systolic &
<40 mg/dL (men)  antioxidants, 10.03 oilonly (30  diastolic BP,
or <50 mg/dL vitamin/mineral mL/day)/ 8 MDA.
(women), and SBP  supplements, weeks
>130 mmHg or NSAIDs, insulin,
Diastolic BP >85 antihyperglycemic,
mmHg. antihypertensive,
or lipid-lowering
medications.
5. Pregnancy or
lactation.
Ghoreishi et T2DM 1. FBS: 120-250 1. Insulin therapy, P:30 RCT/open-label/ parallel-group usual care Sesame Significant 1. No significant
al. (2022)/ mg/dL hypertension, (36.7)/56.0 design seeds: 60 reductions in changes
Iran 2. Serum cardiovascular, 0£6.111: grams/day/ sesame group  observed in
cholesterol: 210-250 liver, kidney 30 8 weeks compared to AST enzyme.
mg/dL diseases, thyroid ~ (33.3)/52.4 control: 2. No adverse
3.TG: >200 mg/dL  disorders. 8+£5.72 1.FBS: (p < effects reported.
4. Not using lipid- 2. Previous sesame 0.001)
or glucose-lowering consumption. 2. HbAlc: (p <
medications. 3. Pregnancy, 0.001)
lactation, use of 3.TC: (p <0.001)
oral contraceptives. 4. TG:(p < 0.001)
4. Smoking, alcohol 5.LDL-C: (p <
use, narcotic use. 0.01)
5. Change in diet or 6. ALT enzymes:
physical activity (p <0.05)
during the study.
>8 weeks
Aslam etal. T2DM 1. Clinically 1 P:231:23  RCT/double-blind/placebo-controll Soybean  White 1.FBS (p<0.05 1. Improved
(2019)/ diagnosed Type2  Insulin-dependent ed clinical trial oilasa Sesame Seed vs. placebo ) hepatic function
Pakistan Diabetes Mellitus diabetes. placebo, Qil: 30 2. HbAlc (p< markers (ALT,
and participants not 2. Uncontrolled identical ~mL/day 0.05 vs. placebo) AST, ALP
on insulin therapy.  diabetes, coronary appearanc consumed as 3. Insulin levels significantly
2. Stable medication artery disease, eand part of significantly reduced)
dosage for at least 3 renal diseases. quantity  regular diet/ increased (p< 2. Improved
months prior to the 3. Pregnancy or tosesame 90 days 0.05 vs. placebo) renal function
study. lactation. oil. markers (urea,
3. BMI not 4. Planned changes creatinine, uric
exceeding 30 kg/m?2. in physical activity acid
or dietary patterns. significantly
5. Use of dietary reduced)

supplements or
allergies to
plant-derived
foods.
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Author Diagnosis Inclusion Exclusion criteria ~ Sample Study Placebo Intervention Main Results Secondary
(year) / criteria size design using / Duration Results
Country (% of
male)/ age

Vahediet NAFLD 1. Women aged 20- 1. Smoking, alcohol P:26/39.35 RCT/double-blind/placebo-controll Sunflower 1.Sesame Oil Significant No adverse
al. 50 years and use, menopause, +5891: ed clinical trial oil (SO): 30 improvement effects were
(2022)/Iran diagnosed NAFLD  pregnancy, or 27/38.89 + g/day. with placebo reported.

by ultrasonography. lactation. 6.91 2. Control:  after adjusting

2. BMI between 25 2. Insulin therapy, Sunflower for confounders:

and 40 kg/m2. use of hepatotoxic oil: 30 1. ALT levels

3. Regular drugs, g/day. significantly

consumption of lipid-lowering 3. All reduced

sunflower oil as medications, or
dietary oil before drugs affecting
study. liver enzymes.
3.
Hormone-depende
nt cysts, breast
cancer history.
4. Autoimmune
diseases, renal
failure, severe liver
diseases, hereditary
diseases.
5. Recent special or
weight-loss diets,
multivitamin or
omega-3
supplements.

participants  (p<0.05)

received a 2. AST levels

hypocaloric  significantly
diet (-500 reduced
kcal/day)/  (p<0.05)

12 weeks 3. Fatty liver
grade
significantly
improved
(p<0.05)

ALT: alanine transaminase; AST: aspartate aminotransferase; BMI: body mass index; DBP: diastolic blood pressure; FBS: fasting blood sugar; HbAlc: glycated Hemoglobin;
HDL: high-density lipoprotein cholesterol; hs-CRP: high-sensitive C-reactive protein; LDL: low-density lipoprotein cholesterol; NAFLD: non-alcoholic fatty liver disease; P:
placebo; I: intervention; SBP: systolic blood pressure; T2DM: type 2 diabetes mellitus; TC: total cholesterol; TG: triglycerides.

Quality assessment

The methodological quality of the ten included
studies was evaluated using the Cochrane
Collaboration’s Risk of Bias 2 tool. Most trials
demonstrated a generally high methodological
standard, with randomization methods and allocation
concealment clearly described and baseline
comparability established in nearly all cases. Biases
arising from the randomization process were
minimal, reflecting the strengths of RCT design.
However, some concerns were identified in several
studies, particularly relating to deviations from
intended interventions. This was most commonly due
to practical limitations in blinding participants to the
intervention, especially in studies involving visible
dietary changes (e.g., sesame oil versus control oils, or
sesame-containing foods). Despite double-blind or
single-blind designs being used in most trials, true
participant blinding was not always feasible, leading
to potential performance bias. Missing outcome data
were generally infrequent, and attrition was low
across studies, with reasons for withdrawal typically
unrelated to intervention or outcome. Outcome
measurements were based on objective laboratory or
clinical parameters and were assessed with
standardized protocols, reducing the risk of detection
bias. Selective reporting bias was also low, with most
studies reporting all pre-specified outcomes
according to their analysis plans. These assessments
are visually represented in Figure 2, with Figure 2A
displaying each study's risk of bias across all domains

and Figure 2B summarizing the proportion of studies
at each risk level within each domain. In summary,
the included RCTs were of reasonable methodological
rigor, with minimal risk of bias in randomization and
outcome measurement.

Effect of sesame on blood pressure

Sesame supplementation demonstrated a small
yet statistically significant reduction in systolic blood
pressure (Figure 3A, SMD -0.425, 95% CI —0.669 to
-0.180, p = 0.001; 12 < 0.001%, p = 0.571) and diastolic
blood pressure (Figure 3B, SMD -0.405, 95% CI -0.687
to —0.123, p = 0.005; I? = 22.784%, p = 0.263). In
subgroup analyses stratified by intervention duration
(Figure 4A), sesame supplementation showed a small
but significant effect on systolic blood pressure in
studies lasting <8 weeks (SMD —0.420, 95% CI —0.694
to —0.147, p = 0.003; I? < 0.001%, p = 0.427), whereas no
significant effect was observed in studies exceeding 8
weeks (SMD -0.442, 95% CI —-0.987 to 0.103, p = 0.112;
12 <0.001%, p > 0.999). When evaluating the different
types of sesame preparations (Figure 4B), sesamin
exhibited a moderate effect on lowering systolic blood
pressure (SMD -0.519, 95% CI -1.001 to —0.038, p =
0.035, I? < 0.001%, p = 0324). Sesame oil
supplementation resulted in a smaller but still
significant reduction (SMD -0.476, 95% CI -0.874 to
-0.078, p = 0.019; I? < 0.001%, p = 0.858). Conversely,
sesame seeds showed mno statistically significant
impact (SMD -0.383, 95% CI —1.044 to 0.278, p = 0.256;
I2=56.479%, p = 0.130).

https://www.medsci.org



Int. J. Med. Sci. 2026, Vol. 23 794

A

Risk of bias domains_

Domains: Judgement

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention. = Some concerns
D3: Bias due to missing outcome data. . Low

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported resuilt.

©
®
@
©
®
®
©
®
©

0000000000

® @
® @
® ©
® @
® @
® @
® O
® @
® O
® @

Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

o
&8

25% 50% 75% 100%

| B wowisk ] someconcems

Figure 2. Evaluation of the methodological quality of the included trials. (A) Individual risk of bias assessment for each selected study, based on the Rob 2.0 tool
(https://mcguinlu.shinyapps.io/robvis/). (B) Overall risk of bias summarized as a percentage, considering intention-to-treat and perprotocol analyses. The primary sources of high
risk of bias across the studies were deviations from intended interventions, followed by issues related to missing outcome data and deficiencies in the randomization process.

A

Study name istics for each study

Std diff Lower  Upper Relative

in means limit limit p-Value weight
Wu 2009 -0.101  -0.584 0.382 0.681 —a— 25.63
Miyawaki 2009 -0.853 -1.673 -0.034 0.041 8.90
Wichitsranoi 2011 -0.787 -1.529  -0.044 0.038 10.83
Helli 2016 -0.343  -0.938 0.252 0.259 = 16.86
Farajbakhsh 2019 -0.515  -1.096 0.066 0.083 17.68
Vahedi 2022 -0.442  -0.987 0.103 0.112 20.11

-0.425 -0.669 -0.180 0.001 <
-2.00 -1.00 0.00 1.00 2.00
Favor Sesame Favor Placebo
B

Study name Statistics for each study

Std diff Lower  Upper Relative

in means limit limit p-Value weight
Wu 2009 0.026 -0.457  0.508 0.917 —— 23.27
Miyawaki 2009 -0.849 -1.668 -0.030 0.042 10.19
Wichitsranoi 2011 -0.479  -1.205 0.247 0.196 12.50
Helli 2016 -0.153  -0.745 0.438 0.611 —— 17.31
Farajbakhsh 2019 -0.566  -1.150 0.017 0.057 = 17.70
Vahedi 2022 -0.725 -1.281 -0.169 0.011 —i— 19.02

-0.405 -0.687 -0.123 0.005 -

-2.00 -1.00 0.00 1.00 2.00
Favor Sesame  Favor Placebo
Figure 3. Forest plots showing the effects of sesame supplementation on blood pressure. Panel (A) illustrates the effects on systolic blood pressure, and panel (B)

presents the effects on diastolic blood pressure. Individual studies are represented by squares, with horizontal lines indicating 95% confidence intervals. Diamonds at the bottom
represent the pooled effect sizes for each blood pressure outcome.
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A

Group by Study name Statistics for each study Std diff in means and 95% CI
Duration

Std diff Lower Upper Relative

in means limit limit p-Value weight
a. ~8 weeks Wu 2009 -0.101 -0.584 0.382 0.681 —_— 32.08
a. ~8 weeks Miyawaki 2009 -0.853 -1.673 -0.034 0.041 11.14
a. ~8 weeks Wichitsranoi 2011 -0.787 -1.529 -0.044 0.038 13.55
a. ~8 weeks Helli 2016 -0.343 -0.938 0.252 0.259 21.10
a. ~8 weeks Farajbakhsh 2019 -0.515 -1.096 0.066 0.083 22.13
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Figure 4. Subgroup analyses corresponding to the effects presented in Figure 3A. Panel (A) assesses differences according to the duration of sesame
supplementation, and Panel (B) evaluates effects based on sesame component type. Individual effect sizes are shown as squares, with their position indicating the standardized
mean difference; squares positioned to the left indicate a reduction in blood pressure. Horizontal lines represent the 95% confidence intervals, and the diamond at the bottom

illustrates the pooled effect size for each subgroup analysis.

Impact of sesame supplementation on fasting
blood glucose, fasting serum insulin, HbAlc,
and HOMA-IR

Sesame supplementation was associated with a
modest but significant reduction in fasting blood
glucose levels (SMD -0.300, 95% CI -0.560 to —0.040;
I? < 0.001%, p = 0.531; Figure 5A) and exhibited a
moderate effect on HbAlc (SMD -0.658, 95% CI
—-1.163 to —0.154; I? = 56.273%, p = 0.102; Figure 5C).
However, sesame had no significant impact on fasting
serum insulin levels (SMD -0.125, 95% CI —0.463 to
0.214; I? = 20.494%, p = 0.287; Figure 5B) or on
HOMA-IR values (SMD -0.019, 95% CI -0.368 to
0.329; 12 <0.001%, p = 0.867; Figure 5D).

Impact of sesame on body weight, BMI, body
fat, waist circumference, and hip
circumference

Sesame supplementation showed no significant
effects on body weight (SMD -0.111, 95% CI —0.384 to
0.162; I? < 0.001%, p = 0.837; Figure 6A), BMI (SMD
-0.137, 95% CI -0.468 to 0.195; I> < 0.001%, p = 0.436;
Figure 6B), body fat percentage (SMD -0.175, 95% CI
—0.667 to 0.316; I? = 53.803%, p = 0.115; Figure 6C),
waist circumference (SMD -0.054, 95% CI -0.396 to
0.288; I? = 5.879%, p = 0.346; Figure 7A), or hip
circumference (SMD —0.096, 95% CI —0.427 to 0.235; I?

<0.001%, p = 0.538; Figure 7B).

Influence of sesame on blood lipids,
lipoproteins, and liver injury markers

Sesame supplementation did not significantly
affect serum cholesterol levels (SMD —0.480, 95% CI
-1.047 to 0.088; I> = 80.983%, p < 0.001; Figure 8A),
triglycerides (SMD -0.333, 95% CI -0.777 to 0.111; I? =
69.801%, p < 0.001; Figure 8B), LDL cholesterol (SMD
-0.380, 95% CI —0.766 to 0.006; I = 59.978%, p = 0.041;
Figure 8C), or HDL cholesterol (SMD 0.178, 95% Cl
-0.236 to 0.591; I? = 55.758%, p = 0.079; Figure 8D).
Regarding liver function indicators, sesame
supplementation showed a moderate and significant
reduction in ALT levels (SMD -0.636, 95% CI —0.956
to —0.316; 12 < 0.001%, p = 0.994; Figure 9B), whereas
no significant effect was observed on AST levels (SMD
—0.384, 95% CI —-0.829 to 0.062; I? = 49.039%, p = 0.141;
Figure 9A). These results indicate that sesame
supplementation may selectively improve certain
aspects of liver function but has limited effects on
lipid profiles.

Influence of sesame on inflammatory markers

Sesame supplementation did not significantly
influence the levels of pro-inflammatory cytokines,
including TNF-a (SMD -0.421, 95% CI -1.199 to 0.356;
I2=74716%, p = 0.047; Figure 10A), IL-6 (SMD —0.285,

https://www.medsci.org



Int. J. Med. Sci. 2026, Vol. 23

796

95% CI —0.662 to 0.091; I < 0.001%, p = 0.390; Figure
10B), or hs-CRP (SMD -0.203, 95% CI -0.487 to 0.080;
I? < 0.001%, p = 0.984; Figure 10C). These results
suggest that sesame supplementation has minimal or
no impact on inflammatory markers associated with
cardiometabolic risk.

Publishing bias

Egger’s regression analysis revealed significant
publication bias in the dataset (p = 0.00862; Figure
10D). Funnel plots illustrating the standardized mean
differences for the effects of sesame supplementation
on systolic blood pressure levels are presented in
Figure 3A.

Discussion

This meta-analysis provides an updated and
comprehensive evaluation of the effects of sesame
supplementation on a wide range of cardiometabolic
risk factors, including blood pressure, glycemic
indicators, anthropometric measures, liver enzymes,
inflammatory markers, and retinopathy. The findings
indicate that sesame supplementation yields modest
but statistically significant improvements in systolic
and diastolic blood pressure, fasting blood glucose,
HbA1lc, and ALT levels. In contrast, no significant
effects were observed for outcomes such as body
weight, BMI, body fat percentage, lipid parameters,
AST, or inflammatory cytokines. In comparison to

previous meta-analyses [7, 39] which primarily
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Figure 5. Forest plots depicting the impact of sesame supplementation on glycemic control outcomes. Panel (A) presents the effects on fasting blood glucose,
Panel (B) fasting insulin, Panel (C) HbAlc levels, and Panel (D) HOMA-IR. Each square represents the standardized mean difference of individual studies, accompanied by
horizontal lines indicating the 95% confidence intervals. The diamond at the base of each panel shows the pooled effect size, summarizing the overall effect of sesame
supplementation on each glycemic marker.
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Figure 6. Forest plots demonstrating the effects of sesame supplementation on anthropometric outcomes. Panel (A) illustrates the impact on body weight, Panel
(B) shows the effect on body mass index (BMI), and Panel (C) presents the changes in body fat percentage. Individual effect sizes are represented by squares, with horizontal lines
indicating the 95% confidence intervals. The diamonds at the bottom of each panel represent the pooled effect sizes, summarizing the overall influence of sesame supplementation
on these anthropometric measures.

https://www.medsci.org



Int. J. Med. Sci. 2026, Vol. 23

797

emphasized lipid and glycemic outcomes, the present
study expands the scope by incorporating additional
clinical endpoints, such as liver function,
inflammation, and liver injury enzymes. It also
provides more detailed subgroup analyses that
examine the effects of different forms of sesame,
including seeds, oil, and sesamin extract, as well as
the influence of intervention duration. The analysis
shows that shorter interventions, lasting eight weeks

or less, are more likely to result in noticeable
reductions in blood pressure, suggesting that sesame
supplementation may have a quick effect on blood
pressure. By incorporating recent studies published
through early 2025, this review updates and broadens
the available evidence on the clinical potential of
sesame supplementation, particularly in managing
cardiometabolic disorders and retinopathy associated
with cardiometabolic risk factors.
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Figure 7. Forest plots illustrating the impact of sesame supplementation on waist and hip circumference. Panel (A) shows changes in waist circumference, while
Panel (B) depicts changes in hip circumference. Squares represent individual study effect sizes, with horizontal lines indicating their respective 95% confidence intervals. The
diamonds at the bottom summarize the pooled effect sizes, reflecting the overall effects of sesame supplementation on these anthropometric outcomes.
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Figure 8. Forest plots presenting the effects of sesame supplementation on lipid profile parameters. Panel (A) shows the impact on total cholesterol, panel (B)
illustrates changes in triglyceride levels, panel (C) depicts effects on LDL cholesterol, and panel (D) examines alterations in HDL cholesterol. Individual study effects are
represented by squares, with horizontal lines indicating the corresponding 95% confidence intervals. The diamonds at the bottom of each panel represent the pooled effect sizes,

summarizing the overall impact of sesame supplementation on these lipid outcomes.
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Figure 9. Forest plots demonstrating the effects of sesame supplementation on liver injury markers. Panel (A) presents the effects on AST levels, and panel (B)
shows changes in ALT levels. Individual study results are indicated by squares, accompanied by horizontal lines denoting the 95% confidence intervals. Diamonds at the bottom
of each panel summarize the overall pooled effect sizes, representing the cumulative impact of sesame supplementation on liver function parameters.
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Figure 10. Forest plots illustrating the effects of sesame supplementation on inflammatory markers. Panel (A) presents the effects on TNF-a levels, Panel (B)
depicts changes in IL-6, and Panel (C) summarizes findings for hs-CRP. Squares indicate the standardized mean differences for individual studies, with horizontal lines representing
the 95% confidence intervals. Diamonds at the bottom of each panel reflect the overall pooled effect sizes. Panel (D) displays a funnel plot assessing publication bias among studies
evaluating systolic blood pressure (as shown in Figure 3A). Each circle represents an individual study, with circle size corresponding to the study's relative weight or sample size.
The lines denote confidence intervals around the pooled effect size, while the central diamond illustrates the overall effect estimate and its 95% confidence interval.

Our meta-analysis demonstrated that sesame
supplementation modestly reduces both systolic and
diastolic blood pressure. This antihypertensive effect
is supported by mechanistic evidence from both
clinical and experimental studies [36, 40]. Sesame
seeds and sesame meal are rich in lignans, particularly
sesamin and sesamolin, as well as vitamin E
compounds such as gamma-tocopherol. These
constituents have been shown to lower blood pressure
through several biological pathways [40]. Clinical
trials in prehypertensive individuals indicate that
black sesame meal supplementation can decrease

systolic blood pressure and oxidative stress markers,
while increasing plasma vitamin E concentrations
[36]. The antioxidant activity of sesame lignans and
vitamin E likely contributes to improved endothelial
function, enhanced nitric oxide bioavailability, and a
reduction in lipid peroxidation, all of which are
important in vascular health and blood pressure
regulation [35, 41, 42]. In addition to seeds, recent
animal studies have highlighted the potent
antihypertensive activity of sesame leaves. Key
phytochemicals such as acteoside and pedaliin, which
are present at high levels in the leaves, exhibit
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significant angiotensin I-converting enzyme (ACE)
inhibitory activity [43]. Inhibition of ACE can decrease
the formation of angiotensin 1II, a major
vasoconstrictor, thus leading to reduced peripheral
resistance and lower blood pressure [43].
Experimental = evidence from  spontaneously
hypertensive rat models demonstrates that sesame
leaf extract not only inhibits ACE activity in vitro but
also significantly attenuates the progression of
hypertension in vivo [42, 43]. Together, these results
support the potential of sesame supplementation as
an adjunctive dietary strategy for blood pressure
management, although further studies are needed to
clarify the relative contributions of different
sesame-derived compounds and their mechanisms of
action in humans.

Regarding glycemic control, sesame
supplementation exhibited beneficial effects on
fasting blood glucose and HbAlc, reflecting potential
improvements in insulin sensitivity and glucose
metabolism. Previous experimental studies have
attributed these beneficial effects to bioactive
components such as sesamin, which may modulate
glucose uptake and insulin signaling pathways in
peripheral tissues [44, 45]. However, despite these
promising findings, sesame supplementation did not
significantly affect fasting insulin levels or insulin
resistance as measured by HOMA-IR, suggesting the
observed glycemic improvements might involve
mechanisms independent of direct insulin sensitivity
enhancement [45]. Further mechanistic investigations
are needed to clarify these relationships.

Our  analysis showed  that  sesame
supplementation produced a moderate reduction in
ALT, an important biomarker of liver injury and
hepatic function. This result is consistent with
preclinical and clinical evidence supporting the
hepatoprotective  properties of sesame-derived
constituents, which may act through antioxidant and
anti-inflammatory pathways [23]. In a randomized,
double-blind, controlled trial involving women with
nonalcoholic fatty liver disease (NAFLD), daily intake
of 30 grams of sesame oil for 12 weeks, combined with
a hypocaloric diet, led to significant decreases in
serum ALT and AST compared with sunflower oil.
The study also reported improvements in hepatic
steatosis grade, highlighting the potential of sesame
oil to attenuate liver fat accumulation and improve
liver health [23].

Sesamin, a lignan found in sesame, has been
shown to protect against carbon
tetrachloride-induced oxidative liver injury in rats by
reducing serum liver enzyme levels and enhancing
antioxidant enzyme activities. Another study
demonstrated that sesamin administration mitigated

acetaminophen-induced acute liver injury in mice,
highlighting its role in attenuating oxidative stress
and inflammatory responses [46, 47]. Moreover,
research indicates that sesamin can alleviate
nonalcoholic steatohepatitis (NASH) by inhibiting
hepatic pyroptosis, a form of programmed cell death
associated with inflammation, thereby reducing liver
enzyme levels and improving liver histology in
high-fat diet-induced NASH models [48]. These
studies collectively suggest that sesame and its
constituents, such as sesamin, possess
hepatoprotective properties that may be beneficial in
managing liver disorders like NAFLD and NASH.

Our results revealed no significant impact of
sesame supplementation on body composition
parameters, including body weight, BMI, body fat
percentage, waist  circumference, and  hip
circumference. The limited effect observed in these
anthropometric measures suggests that sesame alone
may be insufficient as a standalone intervention for
weight management. The heterogeneous nature of
body composition outcomes, combined with
variations in dietary control, lifestyle factors, and
baseline body composition among study populations,
might partially explain these findings. Similarly,
sesame did not exhibit significant effects on lipid
profile parameters, including total cholesterol,
triglycerides, LDL, and HDL cholesterol. Previous
research has suggested that sesame lignans may have
lipid-modulating  properties by  influencing
cholesterol synthesis pathways or increasing hepatic
cholesterol clearance [49, 50]. The absence of
significant findings in our meta-analysis may reflect
substantial heterogeneity among studies in terms of
sesame dosage, formulations, and participant baseline
lipid levels. Future studies should investigate the
impact of sesame supplementation stratified by
baseline lipid profiles and varying sesame
preparations to provide clearer insights.

Although sesame supplementation did not
produce significant effects on inflammatory markers
such as TNF-a, IL-6, and hs-CRP, this finding
contrasts with preclinical evidence indicating that
sesame compounds possess anti-inflammatory
activity. Experimental studies have shown that
constituents  like = sesamin may  modulate
inflammatory responses by suppressing key
pro-inflammatory signaling pathways [51, 52]. The
lack of consistent effects observed in the present
analysis could be attributed to limitations such as
short intervention durations, suboptimal dosages, or
the inclusion of participants with low baseline
inflammation. To better assess the anti-inflammatory
potential of sesame, future trials should target
populations with elevated inflammatory markers and
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employ sufficient treatment durations and doses. The
observed cardiometabolic benefits of sesame may be
partially explained by its influence on molecular
mechanisms involved in energy metabolism and
inflammation. Sesamin has been reported to activate
AMP-activated protein kinase (AMPK), which plays a
central role in enhancing insulin sensitivity and
reducing  hepatic  lipid  accumulation by
downregulating lipogenic pathways including
SREBP-1c [50]. In addition, it may promote the
expression of peroxisome proliferator-activated
receptor gamma (PPARYy) [53], a key regulator of
glucose metabolism and adipocyte differentiation,
potentially contributing to improved glycemic
control. From an immunometabolic standpoint,
sesamin has also been shown to suppress Toll-like
receptor 4 (TLR4)-dependent activation of the NF-xB
pathway [48], thereby reducing the production of
pro-inflammatory cytokines. These mechanistic
insights are consistent with the trends observed in our
clinical findings and provide biological plausibility,
although  confirmation through larger and
well-controlled human studies is still needed.
Notably, our analysis identified significant
publication bias as indicated by Egger's regression,
suggesting that studies with negative or inconclusive
findings may be underrepresented in the current body
of published literature. This bias can artificially inflate
the perceived effectiveness of sesame
supplementation by overemphasizing favorable
outcomes, thereby limiting the validity and
generalizability of the pooled effect estimates. Such
distortion is particularly concerning in nutritional and
complementary medicine research, where small
sample sizes and selective reporting are common. The
presence of publication bias underscores the need for
cautious interpretation of our findings. Readers
should be aware that the observed benefits of sesame
may not fully reflect the true range of clinical effects,
especially in real-world settings where study designs,
dosages, and participant characteristics vary widely.
It also highlights a broader systemic issue in evidence
synthesis, where unpublished data—especially from
industry-funded or underpowered trials—are often
inaccessible or omitted from analysis. To address this
issue, future research should prioritize the
prospective registration of clinical trials, adherence to
standardized reporting guidelines such as CONSORT,
and the publication of all results regardless of
statistical significance. Data-sharing initiatives and
open-access repositories may also facilitate a more
balanced and transparent evidence base. Ultimately,
minimizing the influence of publication bias is
essential for generating reliable conclusions and
informing evidence-based dietary and clinical

recommendations
supplementation.

The observed antihypertensive and metabolic
benefits of sesame supplementation in our analysis
may have important implications for the prevention
and management of retinopathy associated with
cardiometabolic risk factors. Elevated blood pressure,
impaired glycemic control, and increased oxidative
stress are well-established contributors to the
development and progression of retinopathy [54],
particularly in individuals with diabetes and other
cardiometabolic disorders [55, 56]. By demonstrating
that sesame supplementation can modestly lower
systolic and diastolic blood pressure and improve
metabolic markers, our findings suggest that
incorporating sesame into dietary interventions could
help mitigate microvascular complications affecting
the retina. Furthermore, the antioxidant properties of
sesame lignans and vitamin E may reduce oxidative
damage to retinal vessels [36]. Experimental research
has also identified specific compounds in sesame
leaves that inhibit angiotensin-converting enzyme
(ACE) activity, which parallels the established
protective role of ACE inhibitors in diabetic
retinopathy [43, 57]. ACE inhibition can attenuate
vascular endothelial growth factor (VEGF) expression
and help maintain the integrity of the retinal vascular
barrier, thereby supporting the potential vascular
protective effects of sesame leaf constituents [57].
Taken together, these mechanisms support the
possible role of sesame supplementation as an
adjunctive nutritional approach for reducing the risk
or slowing the progression of retinopathy among
individuals with cardiometabolic risk factors.

Several limitations should be considered when
interpreting the findings of this meta-analysis. First,
the number of included randomized controlled trials
(RCTs) was relatively small for certain outcomes, such
as inflammatory markers and liver function enzymes,
limiting the statistical power and generalizability of
these specific results. The subgroup analyses,
particularly those stratifying by intervention duration
and sesame type, may be underpowered due to the
limited number of studies available in each subgroup.
Second, substantial heterogeneity was observed in
several pooled estimates, including those related to
lipid profiles and body composition outcomes. This
heterogeneity likely stems from variations in study
design, population characteristics, intervention
duration, sesame formulations (e.g., seed, oil, extract,
or sesamin), and dosage. Although we conducted
subgroup analyses to explore potential sources of
heterogeneity, not all confounding factors could be
fully accounted for due to limited reporting in the
original studies. Third, several studies included in the

regarding sesame
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analysis lacked comprehensive reporting of blinding
methods, allocation concealment, or adherence
monitoring, which may have introduced bias.
Although the Cochrane Risk of Bias assessment was
used, some studies were judged as having “some
concerns” in one or more domains, which may have
influenced the pooled effect estimates. Fourth, the
duration of most included trials was relatively short,
with the majority lasting less than 12 weeks. This
limits our ability to evaluate the long-term efficacy
and safety of sesame supplementation, especially for
chronic outcomes such as glycemic control, lipid
modulation, and liver function. Fifth, publication bias
was identified in certain outcomes, as suggested by
Egger’s regression and funnel plot asymmetry. This
indicates the possible underreporting of studies with
neutral or negative findings, potentially leading to an
overestimation of sesame’s beneficial effects. Lastly,
while this meta-analysis aimed to comprehensively
evaluate the cardiometabolic risk effects of sesame
supplementation, the included studies varied in their
control conditions. Some used placebo, others used
alternative oils or active comparators, which may
have influenced the results. Additionally, dietary
background and lifestyle factors were often not
controlled or reported, further limiting the
interpretation of causality. Future well-designed
RCTs with larger sample sizes, standardized sesame
interventions, longer follow-up durations, and
rigorous methodological quality are needed to
confirm the observed findings and to better define the
adjunctive  therapeutic role of sesame in
cardiometabolic health and its emerging application
in retinopathy associated with metabolic risk factors.

Conclusion

In conclusion, sesame supplementation may
serve as a promising adjunctive strategy in the
comprehensive management of cardiometabolic risk
factors, including hypertension, glycemic control, and
liver health. Additionally, its potential role in
managing retinopathy associated with
cardiometabolic ~ disorders = warrants  further
exploration. However, additional well-designed
randomized controlled trials with standardized
sesame formulations, optimal dosing, longer
follow-up periods, and clearly defined patient
populations are necessary to fully understand its
therapeutic potential and the underlying mechanisms
of its cardiometabolic effects.
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