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Introduction: Cumin (Cuminum cyminum L.) is recognized for its anti-diabetic, 
anti-inflammatory, and antioxidant properties, which may influence components 
of metabolic syndrome (MetS) in adults with metabolic disorders. However, 
previous studies have reported inconclusive and sometimes conflicting 
results. Therefore, this meta-analysis aimed to evaluate the effects of cumin 
supplementation on MetS components in adults with metabolic disorders.
Methods: A systematic search of electronic databases, including Web of Science, 
Scopus, Embase, and PubMed, was conducted up to April 2025 to identify 
randomized controlled trials (RCTs) evaluating cumin supplementation in adults 
with metabolic disorders. Subgroup and sensitivity analyses were performed to 
explore heterogeneity. The search was restricted to studies published in English. 
Publication bias was assessed using Begg’s test.
Results: A total of nine studies published between 2013 and 2020, with intervention 
durations ranging from 8 to 24 weeks, were included in the meta-analysis. 
The results indicate that cumin supplementation significantly affected several 
components of MetS. Specifically, cumin demonstrated a significant reduction in 
fasting blood sugar (FBS) (SMD: −1.38; 95% CI: −2.26 to −0.50, p = 0.002; I2 = 94.6%, 
p  < 0.001), triglycerides (TG) (SMD: −0.58; 95% CI: −1.14, −0.02, p  = 0.044; 
I2 = 88.7%, p < 0.001), and waist circumference (WC) (SMD: −0.46; 95% CI: −0.87, 
−0.04, p = 0.033; I2 = 56.1%, p = 0.077). Additionally, cumin was associated with 
a significant increase in high-density lipoprotein cholesterol (HDL-C) (SMD: 0.77; 
95% CI: 0.02 to 1.52, p  = 0.045; I2  = 92.3%, p  < 0.001). Furthermore, subgroup 
analysis revealed that cumin could have more beneficial effects in older adults 
(>50 years old) in term of FBS and TG. Also, lower doses of cumin supplementation 
were responsive for improvement in FBS and HDL-C levels.
Conclusion: This meta-analysis suggests that cumin supplementation may have 
beneficial effects on several components of MetS, including FBS, lipid profile (TG and 
HDL-C), and WC, in adults with metabolic disorders. However, further high-quality, 
large-scale trials are needed to strengthen the evidence and confirm these findings.
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1 Introduction

Metabolic syndrome (MetS) is a complex condition influenced 
by aging, genetics, and lifestyle factors such as physical inactivity, 
poor nutrition, and obesity, contributing to its increasing global 
prevalence (1, 2). MetS shares many pathophysiological features 
with type 2 diabetes (T2DM), obesity, prediabetes, and 
non-alcoholic steatohepatitis (NASH), including insulin resistance, 
dyslipidemia, and chronic low-grade inflammation (3). 
Epidemiological studies estimated that the incidence of MetS will 
reach 53% by the year 2035 (4). The most widely used diagnostic 
criteria for MetS are provided by the National Cholesterol 
Education Program Adult Treatment Panel III (NCEP-ATP III) 
and the International Diabetes Federation (IDF) (5, 6). These 
criteria include elevated fasting blood sugar (FBS), blood pressure 
(BP), triglycerides (TG), waist circumference (WC) (central 
obesity) and reduced high-density lipoprotein cholesterol (HDL-C) 
(7). Likewise, it is crucial to halt its growing prevalence using 
preventive strategies. In this context, Cumin (Cuminum cyminum 
L.) has been demonstrated to be effective in metabolic panel.

Cumin is a medicinal plant from the family Apiaceae, native 
to the Eastern Mediterranean and South Asia (8). The dried seeds 
of cumin are used as a culinary spice in many countries (9). 
Cumin seeds contain over 100 different chemicals, including 
fixed oil, volatile oils, essential fatty acids, protein, vitamins and 
minerals. Previous research has shown that this spice has anti-
inflammatory, antioxidant, anti-diabetic, and immune-
modulating activities (10, 11). Anti-inflammatory effects are 
mediated with downregulation of pro-inflammatory cytokines 
[e.g., tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6)] (12). 
In addition, bioactive compounds found in cumin have been 

shown to mitigate the oxidative stress by neutralizing free radicals 
(9, 13). Enhanced insulin secretion following cumin 
supplementation supports its insulin-sensitizing properties (14). 
Some studies also suggest that cumin may promote weight loss 
through increased adiponectin levels and reduced leptin 
resistance, which may suppress appetite and enhance energy 
expenditure (15, 16).

Several randomized controlled trials (RCTs) have investigated 
the effects of cumin supplementation on adults with metabolic 
abnormalities. However, most included trials focused on 
individuals with T2DM, overweight/obesity, prediabetes, or NASH, 
with only a limited number of studies specifically enrolling 
rigorously defined MetS patients (15, 17, 18). This discrepancy 
introduces indirectness and internal inconsistency between the 
stated research question, eligibility criteria, included populations, 
and conclusions.

Nonetheless, there is inconsistency among trials investigating the 
effects of cumin on components of MetS (19, 20). Samani and Farrokhi 
(21) administered 25 mg of cumin per day for individuals with 
MetS. This study was accompanied with significant improvement in 
term of glycemic state and lipid profile (TG and HDL-C). While, some 
other studies failed to show significant changes in term of FBS 
following cumin supplementation (15, 22). Similarly, Kazemipoor et al. 
(37) administered cumin for 12 weeks for obese subjects and illustrated 
a significant reduction in WC level. Whereas, other study failed to 
show positive effects for cumin regarding WC improvement in 
pre-diabetic patients. Also, none of these studies performed a Grading 
of Recommendations Assessment, Development and Evaluation 
(GRADE) assessment, making it impossible to comment on the quality 
of the obtained evidence. Third, none of these studies have focused on 
patients with MetS. Therefore, this study aims to systematically 
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evaluate the impact of cumin supplementation on MetS components 
in adults with metabolic disorders through a meta-analysis of RCTs, 
while assessing the quality of evidence using the GRADE approach. By 
integrating these methodologies, this research seeks to provide 
comprehensive insights into cumin’s efficacy in managing metabolic 
disorders and identify areas for future investigation.

2 Methods

2.1 Trial registration

The present systematic review and meta-analysis were carried out 
in accordance with the guidelines provided by the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) and 
followed the methodology outlined in the Cochrane Handbook of 
Systematic Reviews of Interventions (23). The systematic review and 
meta-analysis was registered in advance in the International 
Prospective Register of Systematic Reviews (PROSPERO; ID: 
CRD42024425894).

2.2 Search strategy

A thorough search of electronic databases including Web of 
Science, Scopus, Embase, and PubMed was conducted to identify 
relevant articles. Two reviewers independently screened and selected 
published articles up to April 2025. The search was restricted to 
articles published in English and studies involving human participants. 
There was no limit on publication dates. The detailed search strategy 
for each database is provided in the Supplementary material. 
Reference lists of included studies were also screened to identify 
additional relevant articles.

2.3 Eligibility criteria

Studies were eligible for inclusion if they met the following PICO 
(population, intervention, comparison, and outcome) criteria: (1) 
participants of adult ages (>18 years) with MetS; (2) for intervention, 
studies using cumin; (3) for comparison, studies examining the effects 
of cumin supplements versus a control or placebo group; and (4) for 
outcomes, studies that reported FBS, TG, HDL-C, and WC measured 
using a fully validated method. Nevertheless, studies were excluded if 
they: (1) did not include a control group; (2) were observational (case–
control or cross-sectional), animal, or review studies; or (3) lacked 
adequate data or contained duplicate data.

2.4 Study selection

After eliminating duplicate records, the titles and abstracts of the 
remaining articles were evaluated independently by two reviewers to 
assess their relevance. Subsequently, the full texts of potentially eligible 
studies were thoroughly examined by the same reviewers to determine 
their eligibility for inclusion in the systematic review. In the event of 
any disagreements, resolutions were determined through discussions 

involving another author. The kappa coefficient measures the 
agreement between two reviewers, and in this study, the kappa statistic 
was approximately 0.8. Study selection was independently conducted 
by two reviewers.

2.5 Data extraction

The extracted study characteristics included the following: 
participant details such as biological sex, age, health conditions, and 
sample size; information regarding the dose of cumin used and the 
duration of the interventions in weeks. To analyze each outcome (FBS, 
TG, HDL-C, and WC), the pre- and post-intervention means and 
standard deviations, or mean differences and their corresponding 
standard deviations, were extracted. These data were then utilized in 
the meta-analyses to generate forest plots. In cases of missing or 
incomplete data, attempts were made to contact study authors for 
clarification. When studies reported medians and interquartile ranges 
(IQR), means were approximated by the median, and standard 
deviations (SD) were estimated by dividing the IQR by 1.35. If SDs 
were not reported but standard errors (SE) or confidence intervals 
(CI) were available, SDs were calculated as SD = SE × √n or, for 95% 
CIs, as SD = (upper CI limit − lower CI limit)/(2 × 1.96). For studies 
reporting only ranges, SDs were approximated by dividing the range 
by 4, assuming a normal distribution (24–26).

2.6 Quality evaluation and meta-evidence

The risk of bias was evaluated using the Cochrane RoB 2 tool to 
evaluate the quality of the included studies (27). This scale consists of 
five items: randomization, deviations from intended interventions, 
missing outcome data, outcome measurement, and selective reporting, 
with each domain rated as low, some concerns, or high risk. The 
quality of evidence was assessed using the GRADE approach (28). 
Two researchers independently assessed the certainty of the evidence 
as high, moderate, low, or very low, and any disagreements were 
resolved through discussion or, when necessary, consultation with a 
senior researcher.

2.7 Statistical analyses

All analyses were conducted using Stata software-16 (Stat Corp, 
College Station, TX, USA). Standardized mean difference (SMD), and 
95% confidence intervals (CIs) were calculated for variables that had 
the same measurement unit. Heterogeneity was evaluated by using the 
I2 statistic and Q-test. Significance was set at I2 values >50% or the 
Q-test with p < 0.1 (29). Pooled estimates were obtained using a 
random-effects model (DerSimonian–Laird method), given the 
potential for clinical and methodological heterogeneity across studies 
(30). To find probable sources of heterogeneity, subgroup analyses 
were performed according to the predefined variables, including the 
duration of the interventions, age, dose, and health conditions. 
Additionally, sensitivity analysis were performed by excluding each 
study one by one to assess their individual impact on the overall 
results (31). Due to fewer included studies than ten, Begg’s test was 
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used to assess publication bias (32). Significant value was set as <0.05 
in all analyses.

3 Results

3.1 Study selection and characteristics of 
the studies

Our rigorous database searches uncovered 120 records, from 
which 104 were carefully selected after removing duplicates. 
Subsequently, 91 records were eliminated after the initial 
evaluation, leaving us with 13 records for full-text screening. 
During the second screening, four articles were excluded based on 
reasons detailed in Figure 1. Our comprehensive analysis included 
nine studies in the meta-analysis (Figure 1).

Based on the type of studied indices, the total number of included 
RCTs was as follows: eight for FBS, and TG; seven for HDL-C; and 
four for WC. A total sample size of 531 were included in current meta-
analysis. Publications ranged from 2013 until 2020. Mean age of 
samples were ranged between 37 and 60 years. Administered cumin 

dosage in studies were between 0.025 g/day and 2 g/day in the form 
of oil or powder. Location of all included articles were in Iran (15, 17, 
20, 22, 33–37). Table 1 provides a summary of the characteristics of 
the included studies.

3.2 Risk of bias and grade assessment

Table 1 provides the results of the quality assessments of the 
included studies. Out of the nine RCTs included in the present review, 
five RCTs were of high quality. Using the GRADE approach, FBS, 
HDL-C, and TG outcomes were rated low, and WC was rated 
moderate for evidence quality (Table 2).

3.3 Effect of cumin supplementation on 
FBS

Our finding revealed that cumin had a significant effect on FBS 
(SMD: −1.38; 95% CI: −2.26 to −0.50, p = 0.002; I2 = 94.6%, p < 0.001) 
(Figure 2). Mean age, health condition, dosage and duration were 

FIGURE 1

Flow diagram of study selection.
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recognized as sources of high heterogeneity following subgroup analysis 
(Table 3). Performing subgroup analysis showed that the effect of cumin 
supplementation in dosage <100 mg/day on FBS in studies with an 
intervention duration of >8 weeks, a mean age >50 years, and subjects 
with T2DM were more robust than the entire sample (Table 3). 
Sensitivity analysis confirmed the robustness of the findings, with no 
single study exerting undue influence on the overall results. No 
significant publication bias was found in the Begg’s tests (p > 0.05).

3.4 Effect of cumin supplementation on TG

The results of our analysis indicated that cumin 
supplementation substantially decreased TG levels (SMD: −0.58; 
95% CI: −1.14, −0.02, p = 0.044; I2 = 88.7%, p < 0.001) (Figure 3). 
Subgroup analysis identified mean age, health status, dosage, and 
intervention duration as source contributors to the observed 
heterogeneity (Table 3). Subgroup analysis indicated that cumin 
supplementation with an intervention duration of ≤8 weeks, a 
mean age >50, and in patients with T2DM contributes to a greater 
effect in lowering TG (Table 3). The sensitivity analysis 
demonstrated strong and consistent findings, with no individual 
study significantly impacting the results. Begg’s tests found no 
significant publication bias (p > 0.05).

3.5 Effect of cumin supplementation on 
HDL-C

Our finding revealed that cumin had a significant effect on 
HDL-C level (SMD: 0.77; 95% CI: 0.02 to 1.52, p = 0.045; I2 = 92.3%, 
p < 0.001) (Figure 4). Subgroup analyses revealed that mean age, 
health condition, intervention dosage, and duration were significant 
sources of heterogeneity (Table 3). Performing subgroup analysis 
showed that the effect of cumin supplementation in dosage <100 mg/
day on HDL-C in studies with an intervention duration of >8 weeks 
were more robust than the entire sample (Table 3). Sensitivity analysis 
confirmed the robustness of the findings, with no particular study 
exerting undue influence on the overall results. Begg’s test did not 
show any significant publication bias (p > 0.05).

3.6 Effect of cumin supplementation on 
WC

The results of our analysis indicated that cumin supplementation 
substantially reduced WC levels (SMD: −0.46; 95% CI: −0.87, −0.04, 
p = 0.033; I2 = 56.1%, p = 0.077) (Figure 5). Sensitivity analysis showed 
that no individual study significantly influenced the results. Begg’s 
tests found no significant publication bias (p > 0.05).

TABLE 1  Study characteristics of included studies.

Author, 
year, 
country

Study 
design 

(blinding)

Location Participants, 
n

Health 
condition

Duration 
(week)

Age, 
year

Baseline 
BMI (kg/

m2)

Intervention/
control

Quality 
of 

study

Morovati et 

al. (18, 22), 

(2019)

Parallel, RCT 

(triple)

Iran M/F: 44 Metabolic 

syndrome

8 41 30 225 mg/day of 

cumin essential oil/

placebo

High

Samani 

Keihan et al. 

(33) (2016)

Parallel, RCT 

(double)

Iran M/F: 63 T2DM 12 59 29 25 mg/day of cumin 

essential oil/placebo

Low

Jafari et al. 

(17) (2018)

Parallel, RCT 

(double)

Iran M/F: 45 T2DM 8 47 27 100 mg/day of 

cumin essential oil/

placebo

High

Jafari et al. 

(17) (2018)

Parallel, RCT 

(double)

Iran M/F: 54 Pre-diabetes 10 49 31 75 mg/day of cumin 

essential oil/placebo

High

Froghi et al. 

(35) (2018)

Parallel, RCT 

(double)

Iran M/F: 80 T2DM 8 55 27 75 mg/day of cumin 

essential oil/placebo

Low

Taghizadeh 

et al. (15) 

(2015)

Parallel, RCT 

(double)

Iran M/F: 52 Overweight 

subjects

8 37 31 300 mg/day of 

cumin essential oil/

placebo

Low

Shavakhi et 

al. (20) 

(2015)

Parallel, RCT 

(double)

Iran M/F: 81 NASH 24 38 30 75 mg/day of cumin 

essential oil/placebo

High

Kazemipoor 

et al. (37) 

(2013)

Parallel, RCT 

(triple)

Iran F: 60 Obesity 12 50 30 30 mL/day of cumin 

essential oil/placebo

Low

Jafari-

Maskouni et 

al. (36) 

(2020)

Parallel, RCT 

(double)

Iran M/F: 52 T2DM 8 52 29 2000 mg/day of 

cumin essential oil/

placebo

High

BMI, body mass index; RCT, randomized controlled trial; M, male; F, female; T2DM, type 2 diabetes mellitus; NASH, nonalcoholic steatohepatitis.
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4 Discussion

The current meta-analysis summarized the results of nine RCTs 
involving 531 participants. It demonstrated that cumin 

supplementation may exert beneficial effects on the management of 
metabolic syndrome. Subgroup analyses revealed that age, baseline 
health condition, intervention dosage, and duration were key sources 
of heterogeneity among the included studies. It is important to note 

TABLE 2  Summary of findings and quality of evidence assessment using the GRADE approach.

Glycemic 
measures

Summary of findings Quality of evidence assessment (GRADE)

No of 
patients 
(trials)

SMD (95% 
CI)

Risk 
of 

biasa

Inconsistencyb Indirectnessc Imprecisiond Publication 
biase

Quality of 
evidencef

FBS 489 (8) −1.38 (−2.26, 

−0.50)

Not 

serious

Serious Serious Not serious Not serious Low

TG 486 (8) −0.58 (−1.14, 

−0.02)

Not 

serious

Serious Serious Not serious Not serious Low

HDL-C 416 (7) 0.77 (0.02, 

1.52)

Not 

serious

Serious Serious Not serious Not serious Low

WC 210 (4) −0.46 (−0.87, 

−0.04)

Not 

serious

Not serious Serious Not serious Not serious Moderate

FBS, fasting blood sugar; TG, triglyceride; HDL-C, high-density lipoprotein-cholesterol; WC, waist circumference.
aRisk of bias based on the Cochrane risk of bias tool. This tool assesses selection bias, performance bias, detection bias, attrition bias, and reporting bias. Five of eight included studies had 
incomplete outcome data (attrition bias). Half of included studies had performance bias.
bDowngraded if there was a substantial unexplained heterogeneity (I2 > 50%, p < 0.10) that was unexplained by meta-regression or subgroup analyses.
cDowngraded if there were factors present relating to the participants, interventions, or outcomes that limited the generalizability of the results.
dDowngraded if the 95% confidence interval (95% CI) crossed the minimally important difference (MID) for benefit or harm.
eDowngraded if there was an evidence of publication bias using funnel plot that affected overall results detecting by trim and fill analysis.
fSince all included studies were randomized controlled trials, the certainty of the evidence was graded as high for all outcomes by default and then downgraded based on prespecified criteria. 
Quality was graded as high, moderate, low, very low.

FIGURE 2

Forest plot for the effects of cumin supplementation on FBS levels.
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TABLE 3  Subgroup analyses for the effects of cumin supplementation on components of metabolic syndrome.

Outcomes Number of studies SMD (95% CI) p-within I2 (%) p-heterogeneity

Cumin on FBS

 � Overall 8 −1.38 (−2.26, −0.50) 0.0002 94.6 <0.001

Age (year)

 � ≤50 5 −0.74 (−1.51, 0.03) 0.059 89.7 <0.001

 � >50 3 −2.77 (−5.36, −0.19) 0.036 97.8 <0.001

Dose (mg/day)

 � <100 4 −1.91 (−3.50, −0.33) 0.018 96.8 <0.001

 � ≥100 4 −0.98 (−1.97, 0.01) 0.053 90.9 <0.001

Intervention duration (week)

 � ≤8 5 −0.82 (−1.59, −0.05) 0.036 89.5 <0.001

 � >8 3 −2.64 (−5.21, −0.07) 0.044 97.8 <0.001

Health conditions

 � T2DM 5 −2.22 (−3.71, −0.73) 0.003 96.5 <0.001

 � NASH 1 −0.16 (−0.60, 0.27) 0.464 – –

 � Obesity 1 −0.34 (−0.88, 0.21) 0.229 – –

 � MetS 1 −0.17 (−0.76, 0.42) 0.575 – –

Cumin on HDL-C levels

 � Overall 7 0.77 (0.02, 1.52) 0.045 92.3 <0.001

Age (year)

 � ≤50 5 0.50 (−0.01, 1.01) 0.055 78.6 <0.001

 � >50 2 1.56 (−2.05, 5.17) 0.397 98.2 <0.001

Dose (mg/day)

 � <100 4 1.43 (0.36, 2.50) 0.009 93.2 <0.001

 � ≥100 3 −0.10 (−0.43, 0.22) 0.528 0.0 0.657

Intervention duration (week)

 � ≤8 3 −0.10 (−0.43, 0.22) 0.528 0.0 0.657

 � >8 4 1.43 (0.36, 2.50) 0.009 93.2 <0.001

Health conditions

 � T2DM 3 1.31 (−0.60, 3.21) 0.178 96.5 <0.001

 � Obesity 2 0.13 (−0.31, 0.57) 0.562 33.1 0.221

 � Others 2 0.71 (−0.45, 1.86) 0.229 89.1 0.002

Cumin on TG

Overall 8 −0.58 (−1.14, −0.02) 0.044 88.7 <0.001

Age (year)

 � ≤50 5 −0.10 (−0.35, 0.15) 0.431 12.6 0.334

 � >50 3 −1.37 (−2.69, −0.05) 0.042 93.8 <0.001

Dose (mg/day)

 � <100 5 −0.78 (−1.68, 0.12) 0.089 93.3 <0.001

 � ≥100 3 −0.27 (−0.59, 0.06) 0.107 0.0 0.858

Intervention duration (week)

 � ≤8 4 −0.44 (−0.76, −0.12) 0.007 31.7 0.222

 � >8 4 −0.77 (−1.95, 0.41) 0.199 94.8 <0.001

Health conditions

 � T2DM 4 −1.15 (−2.11, −0.19) 0.019 91.5 <0.001

(Continued)
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that the subgroup findings (e.g., age >50 years, dose <100 mg/day, 
duration >8 weeks, T2DM) are exploratory and hypothesis-generating 
rather than definitive. Given the small number of studies per subgroup 
and persistent heterogeneity, these results should not be interpreted 
as prescriptive clinical recommendations. The observed trends in 
specific subgroups may suggest potential mechanisms or populations 
that could benefit more from cumin supplementation, but further 
high-quality trials are needed to confirm these findings. For instance, 
participants >50 years exhibited a greater reduction in FBS levels 
compared to younger individuals, possibly due to the increased 
prevalence of insulin resistance in older adults. This supports the 

hypothesis that cumin supplementation may exert more pronounced 
effects in populations with impaired glucose metabolism. Additionally, 
participants with T2DM showed significantly greater improvements 
in FBS, further reinforcing the relevance of Cuminum cyminum L. as 
a potential adjunctive therapy in this subgroup. Interestingly, a 
significant hypoglycemic effect was also observed at lower doses 
(<100 mg/day), suggesting that even minimal supplementation may 
yield metabolic benefits. Nonetheless, given the high heterogeneity in 
both subgroups, it is crucial to interpret these findings cautiously. 
These findings highlight the importance of considering participant 
characteristics and intervention parameters when interpreting the 

TABLE 3  (Continued)

Outcomes Number of studies SMD (95% CI) p-within I2 (%) p-heterogeneity

 � Obesity 2 −0.03 (−0.40, 0.35) 0.892 0.0 0.335

 � Others 2 0.02 (−0.33, 0.37) 0.898 0.0 0.415

Cumin on WC

Overall 4 −0.46 (−0.87, −0.04) 0.033 56.1 0.077

Dose (mg/day)

 � <100 2 −0.67 (−1.48, 0.14) 0.106 77.8 0.034

 � ≥100 2 −0.23 (−0.64, 0.17) 0.254 0.0 0.974

Intervention duration (week)

 � ≤8 2 −0.23 (−0.64, 0.17) 0.254 0.0 0.974

 � >8 2 −0.67 (−1.48, 0.14) 0.106 77.8 0.034

FBS, fasting blood sugar; TG, triglyceride; HDL-C, high-density lipoprotein-cholesterol; WC, waist circumference; T2DM, type 2 diabetes mellitus; NASH, nonalcoholic steatohepatitis.

FIGURE 3

Forest plot for the effects of cumin supplementation on TG levels.
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FIGURE 4

Forest plot for the effects of cumin supplementation on HDL-C levels.

FIGURE 5

Forest plot for the effects of cumin supplementation on WC levels.
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effects of cumin supplementation, and they underscore the need for 
more stratified analyses in future trials. This finding suggests that the 
bioactive compounds in cumin may exert their effects through 
modulation of cellular signaling pathways at low concentrations, 
potentially via mechanisms such as enhanced insulin sensitivity. 
Nonetheless, given the high heterogeneity in both subgroups, it is 
crucial to interpret these findings cautiously. The antidiabetic effects 
of cumin are attributed to its aldehyde compounds, especially cumin 
aldehyde, which can inhibit alpha-glucosidase and thus reduce glucose 
absorption in the small intestine (38, 39). In addition, cumin aldehyde 
can inhibit the function of aldose reductase, which increases the 
production of reactive oxygen species (ROS) in tissues (39). Through 
its antioxidant compounds, cumin reduces serum levels of tumor 
necrosis factor-α, a pro-inflammatory cytokine that inhibits insulin 
signaling and its biological actions, which can improve insulin 
sensitivity (40, 41). Notably, Jafari et al. (17) found that a 100 mg 
dosage of cumin resulted in a significantly greater reduction of FBS 
compared to a 50 mg dosage. However, both short- and long-term 
treatment showed significant effect on FBS. Likewise, it is important 
to pay attention to doses of cumin supplementation irrespective of 
treatment duration. Literature review showed supportive studies in 
line with our findings to improve components of MetS in patients with 
T2DM (33, 36, 42). While, several studies reported contradictory 
results in this regard (20, 22). It may be attributed to various cumin 
preparation, dosage, study population and severity of health condition.

In addition, cumin had ameliorative effects on TG level too. 
Moreover, subgroup analysis showed significant reduction in older 
adults (>50 years old) as expected. Due to significant metabolic 
changes associated with aging, older adults often need more carefully 
adjusted and targeted therapeutic interventions to achieve desired 
treatment effects. Short-term treatment demonstrated beneficial 
effects in reducing TG levels. However, this improvement may reflect 
transient metabolic adaptation, as long-term interventions could lead 
to different outcomes. Bioactive compounds found in cumin may 
activate the peroxisome proliferator-activated receptors (PPARs) 
pathways. PPAR-α activation promotes fatty acid oxidation while 
suppressing TG synthesis in hepatocytes, contributing to reduced 
hepatic lipid accumulation (15, 43). Also, T2DM patients may 
experience some degree of dyslipidemia. In that case, the lipid-
lowering effect of cumin may be pronounced in T2DM patients based 
on subgroup analysis. In this context, 10-week administration of 
cumin essential oil improved lipid profile except total cholesterol level 
in prediabetes patients (17).

Furthermore, the present study demonstrated that cumin 
increased HDL-C level significantly. However, this significant effect 
was most pronounced at lower doses and with long-term intervention, 
suggesting a dose- and duration-dependent interaction in cumin’s 
modulation of lipid metabolism (21). The HDL-C raising effect of 
cumin, especially at lower doses over longer periods, is indicating that 
formation of HDL-C through LCAT pathway require longer periods 
of metabolic adjustment. Cumin is rich in polyphenols, which have 
antioxidant properties. These properties of cumin may protect HDL-C 
from oxidation (19, 21). A possible mechanism for the 
hypocholesterolemic effects of cumin may be related to the stimulation 
of cholesterol 7 alpha hydroxylase in the liver, which converts 
cholesterol to bile acids. And the presence of saponin in cumin, which 
interferes with the liver-intestinal circulation of cholesterol, reduces 
its absorption. Also, these results may be explained by the possible role 

of cumin in regulating the action of β-hydroxy-beta-
methylglutaryl-CoA reductase, which is the main enzyme in 
cholesterol synthesis (44, 45). In addition, cumin has a significant 
amount of certain phytosterols that reduce the absorption of 
cholesterol (46). Finally, the antioxidant content of cumin, e.g., 
vitamin C, carotenoids, vitamin E, and polyphenols can moderate 
LDL oxidation and reduce LDL-C levels (21, 47). Consistent with our 
finding, Jafarnejad et al. (42) demonstrated that cumin significantly 
affected the HDL-C level in overweight and T2DM patients.

On the other hand, cumin supplementation was associated with a 
significant reduction in WC, indicating its potential in addressing 
central obesity. As mentioned previously, the antioxidant and anti-
inflammatory properties of cumin play a key role in triggering the 
reduction in WC, likely by mitigating oxidative stress and 
inflammation, which are major contributors to abdominal fat 
accumulation (40).

It is important to highlight that while this meta-analysis 
demonstrates the potential of cumin supplementation in improving 
metabolic outcomes, substantial heterogeneity was observed across 
the included studies. Therefore, the interpretation of subgroup 
findings should remain cautious, and the results should be considered 
exploratory rather than definitive. This variability in results may be 
attributed to both methodological and biological factors. Notably, 
differences in cumin formulations and dosages appear to be key 
contributors to this heterogeneity. To address this issue, a subgroup 
analysis was conducted. However, it is recommended that future 
studies be performed with larger, more homogeneous populations to 
enhance the reliability and generalizability of the findings. Therefore, 
future RCTs employing varied dosages and assessment approaches 
across diverse regions are needed to strengthen and broaden the 
evidence base.

The quality of obtained evidence for outcomes was moderate to 
high. Although, there was a considerable risk of bias in some included 
studies, both high and low-qualified studies approved beneficial effects 
of cumin. Furthermore, the use of the GRADE approach in our study 
allowed for a more rigorous evaluation of the evidence quality, which 
evidence rated moderate to high. Registered protocol in PROSPERO, 
adherence to PRISMA guidelines, performing comprehensive 
subgroup analyses, low risk of publication bias, and grade approach 
were the strengths of our study. The novelty of this study lies in its 
focused examination of the effects of cumin specifically within MetS 
populations, distinguishing it from prior research. Our meta-analysis 
study has limitations that should be noted. First, due to the limited 
number of studies, subgroup analysis was not possible for 
WC. Secondly, in most of the included studies, the duration of 
supplement use was short. In addition, most of the included studies 
had incomplete outcome data. Therefore, further long-term clinical 
trials focusing on different forms of cumin are needed to clarify this 
issue. All studies included in this review were conducted in Iran, 
which may limit the generalizability of the findings. Variations in 
dietary habits, genetic backgrounds, and clinical management of 
metabolic syndrome within the Iranian population could affect the 
observed effects of Cuminum cyminum L. supplementation and may 
not reflect outcomes in other populations. Therefore, this geographical 
focus is considered a limitation of our study. To enhance the external 
validity of these results, future randomized controlled trials from 
diverse regions, such as Asia, Europe, and North America, are needed 
to evaluate the cross-cultural applicability of the findings. Due to the 
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very limited number of studies reporting BP, this core component of 
MetS could not be included in the meta-analysis, which limits the 
comprehensiveness of the findings. In addition, smaller number of 
studies were included for each outcome, which suggests that funnel 
plots and Begg/Egger tests may present insufficient power. 
Accordingly, the findings should be interpreted with cation.

5 Conclusion

Cumin has improved and had favorable effects on components of 
MetS. Long-term (>8 weeks) supplementation cumin (<100 mg/day) 
in the age of more than 50 years is a more efficacious approach in this 
review. According to the present study, cumin can be used as an 
effective adjuvant agent, particularly for patients with T2DM. Due to 
the limitations of our research, it is essential to interpret the results 
with caution.

Data availability statement

The datasets presented in this study can be found in online 
repositories. The names of the repository/repositories and accession 
number(s) can be found in the article/Supplementary material.

Author contributions

ML: Conceptualization, Data curation, Formal analysis, Funding 
acquisition, Investigation, Methodology, Project administration, 
Resources, Software, Supervision, Validation, Visualization, Writing – 
original draft, Writing – review & editing. SW: Conceptualization, 
Data curation, Formal analysis, Funding acquisition, Investigation, 
Methodology, Project administration, Resources, Software, 
Supervision, Validation, Visualization, Writing  – original draft, 
Writing – review & editing. MF: Conceptualization, Data curation, 
Formal analysis, Methodology, Project administration, Resources, 
Writing – original draft, Writing – review & editing.

Funding

The author(s) declared that financial support was not received for 
this work and/or its publication.

Conflict of interest

The author(s) declared that this work was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Generative AI statement

The author(s) declared that Generative AI was not used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1618108/
full#supplementary-material

References
	1.	Bovolini, A, Garcia, J, Andrade, MA, and Duarte, JA. Metabolic syndrome 

pathophysiology and predisposing factors. Int J Sports Med. (2021) 42:199–214. doi: 
10.1055/a-1263-0898

	2.	Saklayen, MG. The global epidemic of the metabolic syndrome. Curr Hypertens 
Rep. (2018) 20:1–8. doi: 10.1007/s11906-018-0812-z

	3.	Neeland, IJ, Lim, S, Tchernof, A, Gastaldelli, A, Rangaswami, J, Ndumele, CE, et al. 
Metabolic syndrome. Nat Rev Dis Primers. (2024) 10:77. doi: 10.1038/s41572-024-00563-5

	4.	Engin, A. The definition and prevalence of obesity and metabolic syndrome In: 
Obesity and lipotoxicity (2017). 1–17. doi: 10.1007/978-3-319-48382-5_1

	5.	Sirdah, MM, Ghali, ASA, and Al Laham, NA. The reliability of the National 
Cholesterol Education Program’s adult treatment panel III (NCEP/ATP III) and the 
International Diabetes Federation (IDF) definitions in diagnosing metabolic syndrome 
(MetS) among Gaza strip Palestinians. Diabetes Metab Syndr Clin Res Rev. (2012) 6:4–8. 
doi: 10.1016/j.dsx.2012.05.017

	6.	James, M, Varghese, TP, Sharma, R, and Chand, S. Association between metabolic 
syndrome and diabetes mellitus according to international diabetic federation and 
National Cholesterol Education Program Adult Treatment Panel III criteria: a cross-
sectional study. J Diabetes Metab Disord. (2020) 19:437–43. doi: 10.1007/
s40200-020-00523-2

	7.	Çin, NNA, Yardımcı, H, Koç, N, Uçaktürk, SA, and Ok, MA. Triglycerides/high-
density lipoprotein cholesterol is a predictor similar to the triglyceride–glucose index 

for the diagnosis of metabolic syndrome using International Diabetes Federation criteria 
of insulin resistance in obese adolescents: a cross-sectional study. J Pediatr Endocrinol 
Metab. (2020) 33:777–84. doi: 10.1515/jpem-2019-0310

	8.	Hakimi, L, and Nasrollahzadeh-Asl, N. Cumin seeds (Cuminum cyminum) In: 
Medicinal spice and condiment crops: CRC Press (2024). 264–76.

	9.	Nadeem, M, and Riaz, A. Cumin (Cuminum cyminum) as a potential source of 
antioxidants. Pak J Food Sci. (2012) 22:101–7.

	10.	Chaudhry, Z, Khera, RA, Hanif, MA, and Ayub, MA. Cumin In: Medicinal plants 
of South Asia: Elsevier (2020). 165–78.

	11.	Sahana, K, Nagarajan, S, and Rao, LJM. Cumin (Cuminum cyminum L.) seed 
volatile oil: chemistry and role in health and disease prevention In: Nuts and seeds in 
health and disease prevention: Elsevier (2011). 417–27.

	12.	Kang, N, Yuan, R, Huang, L, Liu, Z, Huang, D, Huang, L, et al. Atypical nitrogen-
containing flavonoid in the fruits of cumin (Cuminum cyminum L.) with anti-inflammatory 
activity. J Agric Food Chem. (2019) 67:8339–47. doi: 10.1021/acs.jafc.9b02879

	13.	Bettaieb, I, Bourgou, S, Wannes, WA, Hamrouni, I, Limam, F, and Marzouk, B. 
Essential oils, phenolics, and antioxidant activities of different parts of cumin (Cuminum 
cyminum L.). J Agric Food Chem. (2010) 58:10410–8. doi: 10.1021/jf102248j

	14.	Tahir, HU, Sarfraz, RA, Ashraf, A, and Adil, S. Chemical composition and 
antidiabetic activity of essential oils obtained from two spices (Syzygium aromaticum 

https://doi.org/10.3389/fnut.2025.1618108
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2025.1618108/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2025.1618108/full#supplementary-material
https://doi.org/10.1055/a-1263-0898
https://doi.org/10.1007/s11906-018-0812-z
https://doi.org/10.1038/s41572-024-00563-5
https://doi.org/10.1007/978-3-319-48382-5_1
https://doi.org/10.1016/j.dsx.2012.05.017
https://doi.org/10.1007/s40200-020-00523-2
https://doi.org/10.1007/s40200-020-00523-2
https://doi.org/10.1515/jpem-2019-0310
https://doi.org/10.1021/acs.jafc.9b02879
https://doi.org/10.1021/jf102248j


Liu et al.� 10.3389/fnut.2025.1618108

Frontiers in Nutrition 12 frontiersin.org

and Cuminum cyminum). Int J Food Prop. (2016) 19:2156–64. doi: 
10.1080/10942912.2015.1110166

	15.	Taghizadeh, M, Memarzadeh, MR, Asemi, Z, and Esmaillzadeh, A. Effect of the 
Cumin cyminum L. intake on weight loss, metabolic profiles and biomarkers of oxidative 
stress in overweight subjects: a randomized double-blind placebo-controlled clinical 
trial. Ann Nutr Metab. (2015) 66:117–24. doi: 10.1159/000373896

	16.	Zare, R, Heshmati, F, Fallahzadeh, H, and Nadjarzadeh, A. Effect of cumin powder 
on body composition and lipid profile in overweight and obese women. Complement 
Ther Clin Pract. (2014) 20:297–301. doi: 10.1016/j.ctcp.2014.10.001

	17.	Jafari, T, Mahmoodnia, L, Tahmasebi, P, Memarzadeh, MR, Sedehi, M, Beigi, M, 
et al. Effect of cumin (Cuminum cyminum) essential oil supplementation on 
metabolic profile and serum leptin in pre-diabetic subjects: a randomized double-
blind placebo-controlled clinical trial. J Funct Foods. (2018) 47:416–22. doi: 10.1016/j.
jff.2018.06.009

	18.	Morovati, A, Pourghassem Gargari, B, Sarbakhsh, P, Azari, H, and Lotfi-Dizaji, L. 
The effect of cumin supplementation on metabolic profiles in patients with metabolic 
syndrome: a randomized, triple blind, placebo-controlled clinical trial. Phytother Res. 
(2019) 33:1182–90. doi: 10.1002/ptr.6313

	19.	Hadi, A, Mohammadi, H, Hadi, Z, Roshanravan, N, and Kafeshani, M. Cumin 
(Cuminum cyminum L.) is a safe approach for management of lipid parameters: a 
systematic review and meta-analysis of randomized controlled trials. Phytother Res. 
(2018) 32:2146–54. doi: 10.1002/ptr.6162

	20.	Shavakhi, A, Torki, M, Khodadoostan, M, and Shavakhi, S. Effects of cumin on 
nonalcoholic steatohepatitis: a double blind, randomised, controlled trial. Adv Biomed 
Res. (2015) 4:212. doi: 10.4103/2277-9175.166149

	21.	Samani, KG, and Farrokhi, E. Effects of cumin extract on oxLDL, paraoxanase 1 
activity, FBS, total cholesterol, triglycerides, HDL-C, LDL-C, Apo A1, and Apo B in in 
the patients with hypercholesterolemia. Int J Health Sci. (2014) 8:39–43. doi: 
10.12816/0006070

	22.	Morovati, A, Pourghassem Gargari, B, and Sarbakhsh, P. Effects of cumin 
(Cuminum cyminum L.) essential oil supplementation on metabolic syndrome 
components: a randomized, triple-blind, placebo-controlled clinical trial. Phytother Res. 
(2019) 33:3261–9. doi: 10.1002/ptr.6500

	23.	Moher, D, Liberati, A, Tetzlaff, J, and Altman, DGthe PRISMA Group*. Preferred 
reporting items for systematic reviews and meta-analyses: the PRISMA statement. Ann 
Intern Med. (2009) 151:264–9. doi: 10.7326/0003-4819-151-4-200908180-00135

	24.	Wan, X, Wang, W, Liu, J, and Tong, T. Estimating the sample mean and standard 
deviation from the sample size, median, range and/or interquartile range. BMC Med Res 
Methodol. (2014) 14:1–13. doi: 10.1186/1471-2288-14-135

	25.	Hozo, SP, Djulbegovic, B, and Hozo, I. Estimating the mean and variance from the 
median, range, and the size of a sample. BMC Med Res Methodol. (2005) 5:1–10.

	26.	Higgins, J.P., and Green, S., Cochrane handbook for systematic reviews of 
interventions. 2008.

	27.	Flemyng, E, Moore, TH, Boutron, I, Higgins, JPT, Hróbjartsson, A, Nejstgaard, CH, 
et al. Using risk of Bias 2 to assess results from randomised controlled trials: guidance 
from Cochrane. BMJ Evid Based Med. (2023) 28:260–6. doi: 10.1136/
bmjebm-2022-112102

	28.	Guyatt, GH, Oxman, AD, Vist, GE, Kunz, R, Falck-Ytter, Y, Alonso-Coello, P, et al. 
GRADE: an emerging consensus on rating quality of evidence and strength of 
recommendations. BMJ. (2008) 336:924–6. doi: 10.1136/bmj.39489.470347.AD

	29.	Schulzke, S. Assessing and exploring heterogeneity In: Principles and practice of 
systematic reviews and meta-analysis: Springer (2021). 33–41.

	30.	Tufanaru, C, Munn, Z, Stephenson, M, and Aromataris, E. Fixed or random effects 
meta-analysis? Common methodological issues in systematic reviews of effectiveness. 
JBI Evid Implement. (2015) 13:196–207. doi: 10.1097/XEB.0000000000000065

	31.	Copas, J, and Shi, JQ. Meta-analysis, funnel plots and sensitivity analysis. 
Biostatistics. (2000) 1:247–62. doi: 10.1093/biostatistics/1.3.247

	32.	Higgins, JP, and Green, S. Cochrane handbook for systematic reviews of 
interventions version 6.2. Cochrane; (Updated February 2021. Reference Source) (2021).

	33.	Samani Keihan, G, Gharib, MH, Momeni, A, Hemati, Z, and Sedighin, R. A 
comparison between the effect of Cuminum cyminum and vitamin E on the level of 
leptin, Paraoxonase 1, HbA1c and oxidized LDL in diabetic patients. Int J Mol Cell Med. 
(2016) 5:229–35.

	34.	Jafari, S, Sattari, R, and Ghavamzadeh, S. Evaluation the effect of 50 and 100 mg 
doses of Cuminum cyminum essential oil on glycemic indices, insulin resistance and 
serum inflammatory factors on patients with diabetes type II: a double-blind 
randomized placebo-controlled clinical trial. J Tradit Complement Med. (2017) 7:332–8. 
doi: 10.1016/j.jtcme.2016.08.004

	35.	Froghi, M, Samani, KG, Heidarian, E, Nikokar, M, and Fazeli, S. Study effects of 
resveratrol, Cuminum cyminum, essence and vitamin C on blood sugar, lipid, insulin 
resistance and advanced glycated end product (AGEs) in type 2 diabetic patients. Iran J 
Endocrinol Metab. (2018) 20:169–76.

	36.	Jafari-Maskouni, S, Shahraki, M, Daneshi-Maskooni, M, Dashipour, A, 
Shamsi-Goushki, A, and Mortazavi, Z. Metabolic and clinical responses to Bunium 
persicum (black caraway) supplementation in overweight and obese patients with type 
2 diabetes: a double-blind, randomized placebo-controlled clinical trial. Nutr Metab. 
(2020) 17:74. doi: 10.1186/s12986-020-00494-4

	37.	Kazemipoor, M, Radzi, CWJBM, Hajifaraji, M, Haerian, BS, Mosaddegh, MH, and 
Cordell, GA. Antiobesity effect of caraway extract on overweight and obese women: a 
randomized, triple-blind, placebo-controlled clinical trial. Evid Based Complement 
Alternat Med. (2013) 2013:928582. doi: 10.1155/2013/928582

	38.	Mnif, S, and Aifa, S. Cumin (Cuminum cyminum L.) from traditional uses to 
potential biomedical applications. Chem Biodivers. (2015) 12:733–42. doi: 10.1002/
cbdv.201400305

	39.	Jagtap, A, and Patil, P. Antihyperglycemic activity and inhibition of advanced 
glycation end product formation by Cuminum cyminum in streptozotocin induced 
diabetic rats. Food Chem Toxicol. (2010) 48:2030–6. doi: 10.1016/j.fct.2010.04.048

	40.	Allaq, AA, Sidik, NJ, Abdul-Aziz, A, and Ahmed, IA. Cumin (Cuminum cyminum 
L.): a review of its ethnopharmacology, phytochemistry. Biomed Res Ther. (2020) 
7:4016–21. doi: 10.15419/bmrat.v7i9.634

	41.	Patsalos, O, Dalton, B, Leppanen, J, Ibrahim, MAA, and Himmerich, H. Impact of 
TNF-α inhibitors on body weight and BMI: a systematic review and meta-analysis. Front 
Pharmacol. (2020) 11:481. doi: 10.3389/fphar.2020.00481

	42.	Jafarnejad, S, Tsang, C, Taghizadeh, M, Asemi, Z, and Keshavarz, SA. A meta-
analysis of cumin (Cuminum cyminim L.) consumption on metabolic and 
anthropometric indices in overweight and type 2 diabetics. J Funct Foods. (2018) 
44:313–21. doi: 10.1016/j.jff.2018.03.026

	43.	Febrina, D, Haq, MS, Nurfitriani, RA, Barkah, NN, Sholikin, MM, Qomariyah, N, et al. 
Effect of dietary black cumin seed (Nigella sativa) on performance, immune status, and 
serum metabolites of small ruminants: a meta-analysis. Small Rumin Res. (2021) 204:106521

	44.	Andallu, B, and Ramya, V. Antihyperglycemic, cholesterol-lowering and HDL-
raising effects of cumin (Cuminum cyminum) seeds in type-2 diabetes. J Nat Remedies. 
(2007) 7:142–9.

	45.	Ramadan, MF. Nutritional value, functional properties and nutraceutical 
applications of black cumin (Nigella sativa L.): an overview. Int J Food Sci Technol. (2007) 
42:1208–18. doi: 10.1111/j.1365-2621.2006.01417.x

	46.	Singh, RP, Gangadharappa, H, and Mruthunjaya, K. Cuminum cyminum–a 
popular spice: an updated review. Pharm J. (2017) 9:292–301. doi: 10.5530/pj.2017.3.51

	47.	Bamosa, A, Ali, BA, and Al-Hawsawi, ZA. The effect of thymoquinone on blood 
lipids in rats. Indian J Physiol Pharmacol. (2002) 46:195–201.

https://doi.org/10.3389/fnut.2025.1618108
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1080/10942912.2015.1110166
https://doi.org/10.1159/000373896
https://doi.org/10.1016/j.ctcp.2014.10.001
https://doi.org/10.1016/j.jff.2018.06.009
https://doi.org/10.1016/j.jff.2018.06.009
https://doi.org/10.1002/ptr.6313
https://doi.org/10.1002/ptr.6162
https://doi.org/10.4103/2277-9175.166149
https://doi.org/10.12816/0006070
https://doi.org/10.1002/ptr.6500
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.1186/1471-2288-14-135
https://doi.org/10.1136/bmjebm-2022-112102
https://doi.org/10.1136/bmjebm-2022-112102
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1097/XEB.0000000000000065
https://doi.org/10.1093/biostatistics/1.3.247
https://doi.org/10.1016/j.jtcme.2016.08.004
https://doi.org/10.1186/s12986-020-00494-4
https://doi.org/10.1155/2013/928582
https://doi.org/10.1002/cbdv.201400305
https://doi.org/10.1002/cbdv.201400305
https://doi.org/10.1016/j.fct.2010.04.048
https://doi.org/10.15419/bmrat.v7i9.634
https://doi.org/10.3389/fphar.2020.00481
https://doi.org/10.1016/j.jff.2018.03.026
https://doi.org/10.1111/j.1365-2621.2006.01417.x
https://doi.org/10.5530/pj.2017.3.51


Liu et al.� 10.3389/fnut.2025.1618108

Frontiers in Nutrition 13 frontiersin.org

Glossary

MetS - metabolic syndrome

NCEP-ATP III - National Cholesterol Education Program Adult 
Treatment Panel III

IDF - International Diabetes Federation

FBS - fasting blood sugar

BP - blood pressure

TG - triglycerides

WC - waist circumference

HDL-C - high-density lipoprotein cholesterol

TNF-α - tumor necrosis factor-α

IL-6 - interleukin-6

RCTs - randomized controlled trials

TG - triglyceride

GRADE - Grading of Recommendations Assessment Development 
and Evaluation

PRISMA - Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses

IQR - interquartile ranges

SD - standard deviations

SE - standard errors

CI - confidence intervals

SMD - standardized mean difference

ROS - reactive oxygen species

PPARs - peroxisome proliferator-activated receptors
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