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A B S T R A C T

Background: Black seed is known for its health benefits in traditional medicine. While recent studies suggest it 
may improve cardiometabolic health, its impact on type 2 diabetes mellitus (T2DM) remains unclear. This study 
aims to meta-analysis randomized controlled trials (RCTs) to assess the effects of black seed supplementation on 
cardiometabolic indices in T2DM patients.
Methods: Following PRISMA guidelines, a comprehensive database search was conducted up to January 2025, 
and data were extracted from relevant RCTs. Mean differences (MD) and standard deviations (SD) were analyzed 
using a random-effects model, heterogeneity was assessed, and publication bias was evaluated.
Results: The pooled meta-analysis of 16 RCTs showed that black seed supplementation significantly reduced 
fasting blood glucose (FBG) (MD: − 21.43 mg/dL; p = 0.005), hemoglobin A1c (HbA1c) (MD: − 0.44; p = 0.01), 
total cholesterol (TC) (MD: − 18.80 mg/dL; p = 0.04) and low-density lipoprotein (LDL) (MD: − 19.53 mg/dL; 
p = 0.003). No significant effects were observed for 2-hour postprandial glucose (2-hpp), fasting insulin, ho-
meostatic model assessment (HOMA), triglycerides (TG), high-density lipoprotein (HDL), aspartate amino-
transferase (AST), alanine aminotransferase (ALT), creatinine, and body weight, or body mass index (BMI). 
Subgroup analyses revealed that black seed supplementation effectively reduced FBG for longer than 8 weeks; 
additionally, HbA1c, HOMA, and LDL in higher doses (>1 g/day), shorter durations (≤8 weeks), and use of the 
oil form.
Conclusion: Black seed supplementation appears to significantly improve FBG, HbA1c, TC, and LDL levels in 
patients with T2DM. However, no significant effects were observed on other metabolic parameters, including 
insulin, TG, liver enzymes, kidney function, or body weight. These findings suggest that black seed may be a 
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beneficial adjunct therapy for glycemic and lipid control in T2DM patients but require further research to 
confirm its broader metabolic effects.

1. Introduction

Type 2 diabetes mellitus (T2DM) represents one of the most wide-
spread metabolic disorders around the world. In 2022, it was estimated 
that about 10 % of adults globally were affected by diabetes, totaling 
approximately 828 million people.1 T2DM markedly increases the 
likelihood of various metabolic complications such as neuropathy, ne-
phropathy, coronary heart disease, and dyslipidemia.2 As a result, 
enhancing glycemic control and lipid levels is deemed a vital approach 
for managing complications related to diabetes. It is recommended that 
individuals with T2DM adopt dietary changes, utilize oral hypoglycemic 
medications, and engage in regular physical activity to improve meta-
bolic results.3 Due to concerns about the possible adverse effects of 
certain anti-diabetic medications and the tendency for individuals to 
resort to herbal remedies, the World Health Organization (WHO) has 
identified a significant lack of information necessary to investigate the 
efficacy and safety of herbs that may have healing properties.4 Com-
plementary and alternative medicine, including herbal products, plays a 
vital role in enhancing overall health outcomes, reflecting the growing 
interest in holistic approaches and their integration into modern 
healthcare practices.5–7 Research has shown that herbal medicines may 
offer benefits in improving the metabolic profile of individuals with 
overweight and T2DM.8–10

Black Seed (Nigella sativa L.) is a member of the Ranunculaceae 
family and is recognized worldwide as a medicinal plant.11 Tradition-
ally, it has been utilized to treat various health issues, including rheu-
matoid arthritis, digestive problems, hypertension, imbalanced lipid 
levels, and deficiencies in the immune system.12,13 The primary active 
components found in black seed include thymoquinone, thymohy-
droquinone, dithymoquinone, p-cymene, and carvacrol.11

Multiple studies have indicated that treatment with black seed 
improved glycemic control and diminished insulin resistance in in-
dividuals with T2DM.14,15 Furthermore, previous clinical research has 
demonstrated that the use of black seed resulted in significant en-
hancements in lipid profiles.16 Black seed has several properties that 
contribute to its antidiabetic, antihyperlipidemic, gastroprotective, 
hepato-protective, and antihypertensive effects. It improves insulin 
sensitivity, decreases intestinal glucose absorption, and inhibits 

enzymes responsible for carbohydrate breakdown.17–19 Moreover, it 
influences glucose production in the liver as well as lipid metabolism.20

Recent investigations have indicated that black seed elevates the levels 
of components related to glycemic control.21 It may enhance hepatic 
protective effects by impacting liver enzymes.22 Nevertheless, there are 
variable findings.23,24 Another meta-analysis examined the effects of 
black seed supplementation on cardiometabolic parameters, but it was 
based on a limited number of studies and did not evaluate certain 
markers, such as liver enzymes.25

Due to the inconsistency in clinical trial results and the lack of large 
studies, a meta-analysis is required to fill the knowledge gap on black 
seed health outcomes. Hence, this review aims to meta-analyze the 
randomized controlled trials (RCTs) investigating the effects of black 
seed on cardiometabolic indices in participants with T2DM.

2. Methods

2.1. Study protocol and registration

This study adhered to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines, ensuring clarity, 
transparency, and comprehensive reporting.26 To enhance methodo-
logical rigor and reproducibility, the research protocol was registered 
with the International Prospective Register of Systematic Reviews 
(PROSPERO) under registration number CRD42024572908.

2.2. Search strategy

A comprehensive, advanced search across major scientific databases, 
including PubMed, Web of Science, Scopus, and Embase, covering all 
records up to January 2025, to identify RCTs investigating the impact of 
Black seed supplementation on cardiometabolic indices in individuals 
with T2DM. The search strategy employed a combination of relevant 
Medical Subject Headings (MeSH) terms and non-MeSH keywords, using 
Boolean operators (AND, OR) within [Title/Abstract] fields, with no 
time restrictions applied. Only articles published in English were 
considered. Furthermore, reference lists of all identified articles were 
manually screened to capture additional eligible studies, including grey 
literature, that might have been overlooked in the database search. The 
specific keywords used in the search strategy are detailed in Table 1.

The research question was constructed carefully using the Patient, 
Intervention, Comparison, and Outcome (PICO) framework, ensuring a 
clear and systematic approach to the study’s objectives, as detailed in 
Table 1.

2.3. Inclusion and exclusion criteria

This review included original RCTs that assessed the effects of Black 
Seed supplementation on cardiometabolic health in individuals with 
T2DM. Studies were required to involve adult participants aged 18 years 
or older, follow a randomized design, and incorporate a placebo or 
control group to ensure methodological reliability. Only trials that re-
ported relevant cardiometabolic outcomes, such as blood glucose levels, 
lipid profiles, blood pressure, or insulin resistance, were considered. 
Additionally, studies published in peer-reviewed journals and written in 
English were included to maintain consistency and accessibility of the 
findings.

Studies that did not align with these criteria were excluded. This 
included animal studies, ecological studies, and observational research 
such as cross-sectional, case-control, and cohort studies. Trials that 
involved participants under 18 years old or those without diabetes were 

Table 1 
The population, intervention, comparison, outcome (PICO) od study.

Domain Selection Criteria

Participants Adult patients with type 2 diabetes mellitus (T2DM)
Intervention Oral supplementation with Black Seed (Nigella sativa L.)
Comparison Placebo, Control
Outcomes Cardiometabolic indices include: 

− Glycemic markers (FBG, 2-HPP, fasting insulin, HbA1c, HOMA- 
IR, HOMA-β)

− Lipid profile (TC, TG, HDL, LDL)
− Liver enzymes (AST, ALT) and Creatinine
− Antropometric: BMI, body weight

Search 
Keywords

(“Nigella sativa” OR “N. sativa” OR “Nigella” OR “black seed” OR 
“black caraway” OR “black cumin” OR “kalonji” OR “charnushka” 
OR “Roman coriander” OR “fennel flower”) AND (“Diabetes” OR 
“Diabetes mellitus” OR “Type 2 Diabetes Mellitus” OR “Type II 
diabetes mellitus” OR “T2DM” OR “Diabetic” OR “noninsulin- 
dependent”)

(FBG: fasting blood glucose, HbA1c: hemoglobin A1c, 2-hpp: 2-hour post-
prandial blood glucose, HOMA-IR: homeostatic model assessment for insulin 
resistance, HOMA-β: homeostasis model assessment-beta cell, BMI: body mass 
index, TG: triglyceride, TC: total cholesterol, LDL-C: low-density-lipoproteins 
cholesterol, HDL-C: high-density-lipoproteins cholesterol, AST: aspartate 
aminotransferase, ALT: alanine aminotransferase).
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also omitted. Furthermore, studies that lacked randomization, a pla-
cebo, or a control group were not considered. Non-human research, 
including in vitro and in vivo studies, as well as reviews, abstracts, let-
ters to the editor, and articles published in languages other than English, 
were also excluded to ensure clarity and relevance in the review.

2.4. Data extraction

The data from the included studies were meticulously screened and 
independently extracted by three reviewers (S.P. & B.D. & R.A.B) in 
accordance with the predefined inclusion criteria outlined above. Any 
discrepancies or disagreements encountered during the data extraction 
process were resolved through thorough discussion with a project su-
pervisor (M.K.) to ensure accuracy and consistency. The extracted data 
encompassed several key variables, including the name of the first 
author, year of publication, study design, characteristics of participants 
(mean age, gender), sample sizes, country setting, and the mean 
± standard deviation (SD) of changes observed in cardiometabolic 
indices. These indices included fasting blood glucose (FBG), 2-hour 
postprandial glucose (2-hpp), insulin levels, hemoglobin A1C (HbA1c), 
homeostasis model assessment (HOMA-IR), homeostasis model assess-
ment of pancreatic beta cell function (HOMA-β), triglyceride (TG), total 
cholesterol (TC), low-density lipoproteins cholesterol (LDL-C), high- 
density lipoprotein cholesterol (HDL-C), aspartate aminotransferase 

(AST), alanine aminotransferase (ALT), body weight, and body mass 
index (BMI) were extracted for both intervention and control groups. 
This comprehensive data collection approach was critical to enable a 
robust analysis of the studies.

2.5. Quality assessment

Three researchers (S.P., B.D., and R.A.B.) evaluated the methodo-
logical quality of the included studies using the Revised Cochrane Risk- 
of-Bias Tool for RCTs (RoB-2). Discrepancies were resolved through 
discussion, with a fourth reviewer (M.K.) providing final decisions when 
needed. The RoB-2 tool assesses multiple bias domains, including 
randomization, intervention deviations, missing data, outcome mea-
surement, and result selection, ensuring the reliability and validity of the 
studies.

2.6. Statistical analyses

The difference between the mean values of the baseline and endpoint 
variables in each arm was extracted, and the mean difference (MD) 
along with the standard deviation (SD) of the difference between the two 
arms was selected as the effect size.27 If the difference between baseline 
and endpoint values was not directly reported in the study, the change in 
mean and related SD was calculated using the following formula: SD 

Fig. 1. PRISMA Flow chart of study selection for inclusion trials in the systematic review.
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change = square root [(SD baseline² + SD final²) - (2 × 0.5 × SD baseline 
× SD final)].28 The MDs were pooled using the random-effects model 
with restricted maximum likelihood estimation. Heterogeneity across 
the articles was evaluated using Cochrane’s Q statistic and Hedges’ I² 
estimation.29 The observed between-study heterogeneity was classified 
based on the I² estimation into low (I² less than 40 %), moderate (I² 
between 40 % and 60 %), substantial (60–80 %), and high (I² more than 
80 %) heterogeneity. Subgroup analysis was performed based on black 
seed form, intervention duration, and dosage to identify potential 
sources of heterogeneity.

The risk of publication bias was assessed visually through funnel 
plots and statistically using Begg’s30 and Egger’s31 tests. If a high 
probability of publication bias was detected, the trim-and-fill method 
was applied to address potential bias and missing studies.32

Meta-regression analysis was conducted to examine the impact of the 
year of publication, sample size, dosage, and duration of treatment on 
the pooled effect sizes. Statistical tests with a p-value of less than 0.05 
were considered significant. All analyses were performed using R Sta-
tistical Software with the “meta” package (v4.4.2; R Core Team 2023).

3. Results

3.1. Study selection

The initial electronic search yielded 1353 articles, of which 294 were 
excluded due to duplicate titles. Then, 1024 of the 1059 studies were 
excluded because of unrelated topics. The remaining 35 studies were 
retrieved for further full-text evaluations, and 19 were excluded, mainly 
due to insufficient or missing data. Finally, 16 RCTs were selected for the 
systematic review, all used in the final meta-analysis. The details 
regarding the literature search and study selection process are presented 
in Fig. 1.

3.2. Basic characteristics

The characteristics of the included RCTs are presented in Table 2. 
Data were collected from 16 eligible studies involving 18 effect sizes. In 

total, there were 1215 participants (579 in the intervention group and 
636 in the control group), with a range age of 18–60 years. All articles 
employed a parallel design and included participants of both genders. 
These RCTs were conducted in Iran,14,21,33–38, Egypt,39,40 India,41–43

and Saudi Arabia15,44 and were published between 2010 and 2024. The 
dosage of black seed supplementation varied from 0.5 to 5 (gr/day or 
ml/day), with intervention trial durations ranging from 8 to 48 weeks, 
administered the supplement in oil form, while others utilized black 
seed powder.

3.3. Quality assessment

The quality assessment of the included studies reveals that most trials 
exhibited a low risk of bias across the evaluated domains, indicating 
high methodological rigor. However, a few studies, such as Bamosa et al. 
(2015),15 had a high risk of bias in domains related to the randomization 
process (D1) and selection of the reported result (D5). Overall, the 
majority of studies demonstrated robust quality, supporting the reli-
ability of the meta-analysis findings (Fig. 2).

4. Meta-analysis of black seed on cardiometabolic indices in 
patients with T2DM

4.1. Effect of black seed on glycemic markers

The pooled analysis, conducted using a random-effects model, 
demonstrated that black seed supplementation significantly reduced 
FBG (MD: − 21.43 mg/dL; 95 % CI: − 35.28, − 7.57; p = 0.005; I2 =

93.5 %)21,33–45 and HbA1c (MD: − 0.44; 95 % CI: − 0.80, − 0.08; 
p = 0.01; I2 = 69.6 %) levels.15,21,33,34,36,37,39–41,44 However, no signif-
icant differences were found in the 2-hpp (MD: − 4.15 mg/dL; 95 % CI: 
− 33.75, 25.43; p = 0.73; I2 = 76.2 %),33,39–43 fasting insulin (MD: 0.16; 
95 % CI: − 5.08, 5.41; p = 0.93; I2 = 90.8 %),21,34,36,38,39 HOMA-IR 
(MD: − 0.39 mg/dL; 95 % CI: − 1.74, 0.95; p = 0.50; I2 = 80.1 %),34,36, 

38–40,44 and HOMA-β (MD: 1.07 mg/dL; 95 % CI: − 11.93, 14.09; 
p = 0.82; I2 = 49.8 %)38–40,44 among the intervention and control 
groups (Fig. 3).

Table 2 
General characteristics of included studies in the meta-analysis.

Study Country Study 
design

Participants Sample size 
(Int. / Cont.)

Gender 
(male/ 
female)

Age 
(Int./ 
Cont.)

Type of 
Nigella

Dose 
(gr/ 
day)

Duration

Ghods et al. 2024 Iran RCT, DB T2DM 79 (39 / 40) M: 34 / F: 35 57 / 58 Oil 2 12
Rahmani et al. 2022 Iran RCT, DB T2DM, Diabetic 

Hemodialysis
41 (20 / 21) M: 23 / F: 18 49 / 48 Oil 2 12

Assaad-Khalil et al. 
2022

Egypt RCT, DB T2DM 198 
(65 +69 [134] / 
64)

M: 32 / F: 23 50 / 49 Powder 1 & 
1.25

12

Hadi et al. 2021 Iran RCT, DB T2DM 43 (23 / 20) M: 20 / F: 23 51 / 56 Oil 1 8
Jangjo-Borazjani et al. 

2021
Iran RCT, DB T2DM 20 (10 / 10) M: 0 / F: 20 44 / 42 

43 / 44
Crushed seed 2 8

Kooshki et al. 2020 Iran RCT, DB T2DM 50 (27 / 23) M: 16 / F: 34 52 / 55 Oil 1 8
Moustafa et al. 2019 Egypt RCT, DB T2DM 44 (21 / 23) NR NR Oil 1.35 12
Alam et al. 2019 India RCT, DB T2DM, Diabetic 

Nephropathy
62 (30 / 32) M: 29 / F: 33 47 / 47 Oil 2.5 12

Ansari et al. 2017 India RCT, DB T2DM 63 (32 / 31) NR 53 / 48 Oil 2.5 12
Kaatabi et al. 2015 Saudi 

Arabia.
RCT, SB T2DM 114 (57 / 57) M: 63 / F: 51 46 / 46 Powder 2 48

Heshmati et al. 2015 Iran RCT, DB T2DM 72 (36 / 36) M: 33 / F: 39 45 / 47 Oil 3 12
Bamosa et al. 2015 Saudi 

Arabia.
RCT, SB T2DM 60 (30 / 30) NR 46 / 47 Powder 2 48

Hosseini et al. 2013 Iran RCT, DB T2DM 70 (35 / 35) M: 30 / F: 40 48 / 50 Oil 5 12
Najmi et al. 2012 Iran RCT, DB T2DM 80 (40 / 40) M: 42 / F: 38 NR Powder 0.5 8
Memon et al. 2012 Pakistan RCT, DB T2DM, MetS (HbA1C 

>7 %)
100 (50 / 50) M: 50 / F: 50 48 / 51 Powder 0.5–1 12

Memon et al. 2010 Pakistan RCT, DB T2DM 100 (50 / 50) M: 50 / F: 50 48 / 51 Powder 0.5–1 12

(Ref.: references, RCT: randomized clinical trial, SB: Single-blind, DB: Double-blind; Int: Intervention; Cont: Control; T2DM: type 2 diabetes mellitus, MetS: metabolic 
syndrome, NR: not reported).
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Subgroup analyses revealed that black seed supplementation effec-
tively lowered FBG when administered for more than 8 weeks, at a 
dosage exceeding 1 gr/day, and in oil form. Additionally, a significant 
reduction in HbA1c was observed when the black seed dosage was 
greater than 1 gr/day. Moreover, a notable decrease in HOMA-IR was 
evident when the duration of intervention was 8 weeks or less (Table 3, 
Supplementary Figure).

4.2. Effect of black seed supplementation on lipid profile

Overall pooled analysis reported a significant effect of black seed 
supplementation on TC (MD: − 18.80 mg/dL; 95 % CI: − 37.09, − 0.51; 
p = 0.04; I2 = 73.5 %)33–36,38,39 and LDL-C (MD: − 19.53 mg/dL; 95 % 
CI: − 30.41, − 8.66; p = 0.003; I2 = 67.5 %)33–36,38,39,41 in patients with 
T2DM. However, there was no significant difference in TG (MD: 
− 13.88 mg/dL; 95 % CI: − 39.56, 11.79; p = 0.24; I2 = 85.2 %)33–36,38, 

Fig. 2. Quality assessment of studies according to Cochrane risk-of-bias 2 (RoB-2).
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Fig. 3. Forest plot demonstrating the mean difference (MD) with 95 % confidence intervals (CIs) for the effects of black seed supplementation on glycemic markers, 
including fasting blood glucose (FBG), 2-hour postprandial glucose test (2-hpp), Hemoglobin A1c (HbA1c), Insulin, Homeostasis model assessment of insulin 
resistance (HOMA-IR), homeostasis model assessment of pancreatic beta cell function (HOMA-β).
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Table 3 
Meta-analysis findings for the effects of black seeds supplementation on cardiometabolic indices in individuals with type 2 diabetes.

Group No. of 
effect size

Mean difference 95 % CI 
(Lower – Upper limits)

P value1 Heterogeneity (I2) P value2

FBG (mg/dl)  
Overall 15 − 21.43 (− 35.28 – − 7.57) 0.005 * 93.5 % < 0.01
Oil 11 − 20.75 (− 38.92 – − 2.57) 0.03 * 94.8 % < 0.01
Powder 4 − 23.73 (− 59.01 – 11.54) 0.12 80.2 % < 0.01
> 8 weeks 10 − 18.85 (− 34.23 – − 3.47) 0.02 * 94.8 % < 0.01
≤ 8 weeks 5 − 27.86 (− 70.70 – 14.96) 0.15 87.4 % < 0.01
> 1 gr 11 − 20.54 (− 38.61 – − 2.47) 0.03 * 94.8 % < 0.01
≤ 1 gr 4 − 24.37 (− 60.26 – 11.51) 0.12 80.3 % < 0.01
HbA1c (%)  
Overall 10 − 0.44 (− 0.80 – − 0.08) 0.01 * 69.6 % < 0.01
Oil 6 − 0.47 (− 1.12 – 0.17) 0.14 67.4 % < 0.01
Powder 4 − 0.42 (− 1.10 – 0.26) 0.12 75.2 % < 0.01
> 8 weeks 8 − 0.35 (− 0.71 – 0.01) 0.06 67.7 % < 0.01
≤ 8 weeks 2 − 0.97 (− 6.69 – 4.73) 0.27 77.7 % < 0.01
> 1 gr 7 − 0.44 (− 0.77 – − 0.11) 0.02 60.4 % < 0.01
≤ 1 gr 3 − 0.57 (− 2.75 – 1.61) 0.38 86.1 % < 0.01
2-hpp (mg/dl)  
Overall 6 − 4.15 (− 33.75 – 25.43) 0.73 76.2 % < 0.01
Oil 4 1.07 (− 55.98 – 58.13) 0.96 84.6 % < 0.01
Powder 2 − 15.04 (− 63.53 – 33.45) 0.16 0.0 % 0.58
> 8 weeks 5 − 0.95 (− 39.76 – 37.86) 0.95 79.5 % < 0.01
≤ 8 weeks 1  
> 1 gr 4 1.078 (− 55.98 – 58.13) 0.96 84.6 % < 0.01
≤ 1 gr 2 − 15.04 (− 63.53 – 33.45) 0.16 0.0 % < 0.01
HOMA-IR  
Overall 7 − 0.39 (− 1.74 – 0.95) 0.50 80.1 % < 0.01
Oil 5 − 0.35 (− 2.66 – 1.96) 0.70 86.7 % < 0.01
Powder 2 − 0.44 (− 1.07 – 0.18) 0.07 0.0 % 0.63
> 8 weeks 4 − 0.48 (− 1.22 – 0.25) 0.13 56.2 % < 0.01
≤ 8 weeks 3 0.18 (− 5.34 – 5.71) 0.90 91.2 % < 0.01
> 1 gr 5 − 0.81 (− 2.24 – 0.60) 0.19 77.9 % < 0.01
≤ 1 gr 2 0.88 (− 16.84 – 18.60) 0.64 90.3 % < 0.01
Overall 5 1.07 (− 11.93 – 14.09) 0.82 49.8 % 0.04
Oil 3 − 3.58 (− 9.85 – 2.68) 0.13 0.0 % 0.78
Powder 2 6.31 (− 132.29 – 144.91) 0.67 70.6 % < 0.01
> 8 weeks 3 3.253 (− 33.44 – 39.95) 0.74 58.2 % < 0.01
≤ 8 weeks 2 − 3.05 (− 3.71 – − 2.39) 0.01 * 0.0 % 0.49
> 1 gr 4 2.34 (− 15.27 – 19.96) 0.70 57.8 % < 0.01
≤ 1 gr 1  
Fasting Insulin  
Overall 6 0.16 (− 5.08 – 5.41) 0.93 90.8 % < 0.01
Oil 6 0.16 (− 5.08 – 5.41) 0.93 90.8 % < 0.01
Powder 0  
> 8 weeks 3 − 0.47 (− 10.62 – 9.66) 0.86 89.6 % < 0.01
≤ 8 weeks 3 0.92 (− 15.68 – 17.52) 0.83 93.4 % < 0.01
> 1 gr 5 − 1.22 (− 6.09 – 3.64) 0.52 90.9 % < 0.01
≤ 1 gr 1  
TG (mg/dl)  
Overall 9 − 13.88 (− 39.56 – 11.79) 0.24 85.2 % < 0.01
Oil 7 − 22.12 (− 51.62 – 7.38) 0.12 82.6 % < 0.01
Powder 2 13.45 (− 247.67 – 274.57) 0.63 83.6 % < 0.01
> 8 weeks 4 − 2.77 (− 34.03 – 28.47) 0.80 62.7 % < 0.01
≤ 8 weeks 5 − 22.68 (− 75.11 – 29.74) 0.30 90.8 % < 0.01
> 1 gr 6 − 20.17 (− 56.46 – 16.10) 0.21 84.5 % < 0.01
≤ 1 gr 3 − 2.32 (− 87.05 – 82.40) 0.92 88.9 % < 0.01
TC (mg/dl)  
Overall 7 − 18.80 (− 37.09 – − 0.51) 0.04 * 73.5 % < 0.01
Oil 7 − 18.80 (− 37.09 – − 0.51) 0.04 * 73.5 % < 0.01
Powder 0  
> 8 weeks 3 − 10.82 (− 55.62 – 33.96) 0.41 75.0 % < 0.01
≤ 8 weeks 4 − 25.37 (− 59.54 – 8.80) 0.10 74.7 % < 0.01
> 1 gr 6 − 19.23 (− 42.21 – 3.73) 0.08 77.6 % < 0.01
≤ 1 gr 1  
LDL-C (mg/dl)  
Overall 8 − 19.53 (− 30.41 – − 8.66) 0.003 * 67.5 % < 0.01
Oil 7 − 16.39 (− 27.25 – − 5.53) 0.01 * 48.7 % 0.19
Powder 1  
> 8 weeks 3 − 13.64 (− 54.63 – 27.34) 0.29 56.5 % < 0.01
≤ 8 weeks 5 − 22.07 (− 36.87 – − 7.27) 0.01 * 71.8 % < 0.01
> 1 gr 6 − 14.93 (− 28.65 – − 1.21) 0.04 * 48.9 % 0.29
≤ 1 gr 2 − 28.28 (− 109.98 – 53.41) 0.14 69.7 % < 0.01
HDL-C (mg/dl)  
Overall 9 1.97 (− 1.14 – 5.09) 0.18 71.1 % < 0.01

(continued on next page)
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39,41,46 and HDL-C (MD: 1.97 mg/dL; 95 % CI: − 1.14, 5.09; P = 0.18; 
P-heterogeneity < 0.01, I2 = 71.1 %)33–36,38,39,41,46 levels between the 
intervention and control groups (Fig. 4).

The results of the subgroup analyses indicated that LDL-C reduction 
significantly in those who intervened with the oil form of the black seed 
and ≤ 8 weeks (Table 3, Supplementary Figure).

4.3. Effect of black seed supplementation on AST, ALT, and creatinine

The findings from the random-effect model revealed that AST (MD: 
0.52 mg/dL; 95 % CI: − 2.34, 3.39; p = 0.59; I2 = 17.9 %),33,38,39 ALT 
(MD: − 3.28 mg/dL; 95 % CI: − 9.81, 3.25; p = 0.20; I2 = 71.6 %)33,38,39

and creatinine (MD: − 0.07 mg/dL; 95 % CI: − 0.18, 0.03; p = 0.12; I2 =

56.9 %)33,39,42,43,46 didn’t change after black seed supplementation 
(Fig. 5). In addition, no significant change was seen after subgroup an-
alyses (Table 3, Supplementary Figure).

4.4. Effect of black seed supplementation on body weight and BMI

No significant effect of black seed was revealed on body weight (MD: 
− 0.25 mg/dL; 95 % CI: − 3.46, 3.14; p = 0.84; I2 = 48.1 %)34,38–40 BMI 
(MD: − 0.60 kg/m2; 95 % CI: − 1.51, 0.30; p = 0.16; I2 = 0 %)15,33,34,36, 

38,39 (Fig. 6). Furthermore, we observed no significant changes between 
groups on subgroup analyses (Table 3, Supplementary Figure).

4.5. Sensitive analysis

Sensitive analysis for 2-hpp and HOMA-β indicated that the overall 
effect size was changed by excluding studies performed by Moustafa 
et al.39 (MD: − 12.40; 95 % CI: − 23.40, − 1.32) and Kaatabi et al.44 (MD: 
− 4.04; 95 % CI: − 8.02, − 0.05) respectively. In addition, the overall 
effect size of TC was influenced by removing Hosseini et al.33 (MD: 
− 20.02; 95 % CI: − 43.04; 3.01) Heshmati et al.34 (MD: − 17.59; 95 % CI: 
− 39.77; 4.59), Kooshki et al.35 (MD: − 13.03; 95 % CI: − 26.92, 0.87), 
Hadi et al.36 (MD: − 19.24; 95 % CI: − 42.22, 3.74) Jangjo-Borazjani 

Table 3 (continued )

Group No. of 
effect size 

Mean difference 95 % CI 
(Lower – Upper limits) 

P value1 Heterogeneity (I2) P value2

Oil 7 2.39 (− 2.06 – 6.85) 0.24 76.4 % < 0.01
Powder 2 1.26 (− 10.33 – 12.87) 0.40 11.3 % 0.42
> 8 weeks 5 2.57 (− 2.68 – 7.83) 0.22 68.5 % < 0.01
≤ 8 weeks 4 1.66 (− 4.55 – 7.88) 0.50 73.5 % < 0.01
> 1 gr 6 2.93 (− 2.47 – 8.34) 0.22 78.2 % < 0.01
≤ 1 gr 3 1.04 (− 2.02 – 4.11) 0.28 0.0 % 0.42
AST (mg/dl)  
Overall 4 0.52 (− 2.34 – 3.39) 0.59 17.9 % 0.66
Oil 4 0.52 (− 2.34 – 3.39) 0.59 17.9 % 0.66
Powder 0  
> 8 weeks 2 0.52 (− 4.35 – 5.39) 0.40 0.0 % 0.79
≤ 8 weeks 2 0.23 (− 25.22 – 25.6) 0.93 71.6 % < 0.01
> 1 gr 4 0.52 (− 2.34 – 3.39) 0.59 17.9 % 0.66
≤ 1 gr 0  
ALT (mg/dl)  
Overall 4 − 3.28 (− 9.81 – 3.25) 0.20 71.6 % < 0.01
Oil 4 − 3.28 (− 9.81 – 3.25) 0.20 71.6 % < 0.01
Powder 0  
> 8 weeks 2 − 0.33 (− 7.11 – 6.44) 0.64 0.0 % 0.70
≤ 8 weeks 2 − 6.58 (− 28.61 – 15.44) 0.16 8.1 % 0.69
> 1 gr 4 − 3.28 (− 9.81 – 3.25) 0.20 71.6 % < 0.01
≤ 1 gr 0  
Creatinine (mg/dl)  
Overall 5 − 0.07 (− 0.18 – 0.03) 0.12 56.9 % < 0.01
Oil 4 − 0.09 (− 0.20 – 0.01) 0.07 50.8 % < 0.01
Powder 1  
> 8 weeks 5 − 0.07 (− 0.18 – 0.03) 0.12 56.9 % < 0.01
≤ 8 weeks 0  
> 1 gr 4 − 0.09 (− 0.20 – 0.01) 0.07 50.8 % < 0.01
≤ 1 gr 1  
Weight (Kg)  
Overall 5 − 0.25 (− 3.64 – 3.14) 0.84 48.1 % 0.10
Oil 4 − 1.03 (− 7.84 – 5.78) 0.66 60.8 % < 0.01
Powder 1  
> 8 weeks 3 − 0.02 (− 5.17 – 5.12) 0.96 53.4 % < 0.01
≤ 8 weeks 2 − 2.89 (− 67.14 – 61.36) 0.67 69.2 % < 0.01
> 1 gr 4 − 1.03 (− 7.84 – 5.78) 0.66 60.8 % < 0.01
≤ 1 gr 1  
BMI (Kg/m2)  
Overall 8 − 0.60 (− 1.51 – 0.30) 0.16 0.0 % 0.45
Oil 6 − 1.20 (− 2.42 – 0.02) 0.05 0.0 % 0.49
Powder 2 0.10 (− 0.63 – 0.84) 0.32 0.0 % 0.55
> 8 weeks 5 − 0.51 (− 1.67 – 0.64) 0.29 0.0 % 0.43
≤ 8 weeks 3 − 1.26 (− 6.33 – 3.79) 0.39 20.9 % 0.19
> 1 gr 7 − 0.56 (− 1.59 – 0.45) 0.23 7.7 % 0.40
≤ 1 gr 1  

(FBG: fasting blood glucose, HbA1c: hemoglobin A1c, 2-hpp: 2-hour postprandial blood glucose, HOMA-IR: homeostatic model assessment for insulin resistance, 
HOMA-β: homeostasis model assessment-beta cell, BMI: body mass index, TG: triglyceride, TC: total cholesterol, LDL-C: low-density-lipoproteins cholesterol, HDL-C: 
high-density-lipoproteins cholesterol, AST: aspartate aminotransferase, ALT: alanine aminotransferase)
1 p-value of MD between surgical and non-surgical treatments of variables based on the random effect model
2 p-value of heterogeneity based on Cochran’s Q
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et al.38 (MD: − 17.59; 95 % CI: − 43.04, 3.01), studies. However, the 
overall effect size didn’t alter after sensitive analysis for FBG, HbA1c, 
insulin, HOMA-IR, TG, LDL-C, HDL, AST, ALT, creatinine, BMI, and 
weight (Fig. 7).

4.6. Publication bias

The funnel plot exhibited asymmetry for FBG and HbA1c 
(Supplementary Figure). Although, the results from Egger’s and Begg’s 
tests did not indicate publication bias (Fig. 8).

4.7. Meta-regression analysis

The meta-regression finding indicated no significant association be-
tween the year of publication, sample size, age, FBG, and HbA1c levels 
(Supplementary Table).

5. Discussion

This meta-analysis assessed the impact of black seed supplementa-
tion on cardiometabolic factors in individuals with T2DM. The results 
suggest that black seed supplementation may contribute to improved 
glycemic control, as evidenced by reductions in FBG and HbA1c levels. 
Additionally, beneficial effects on lipid metabolism were observed, with 
significant decreases in TC and LDL cholesterol. Interestingly, when the 
supplementation period was 8 weeks or less, an increase in HOMA-β was 
noted, indicating a potential short-term enhancement in pancreatic 
β-cell function. Despite these promising findings, no significant effects 
were detected on 2-hpp, triglycerides, HDL-C, liver enzymes, creatinine 
levels, body weight, or BMI. These results suggest that while black seed 
supplementation may support certain aspects of cardiometabolic health, 
its effects may be limited to specific biomarkers and dependent on the 
duration of use. Further research is needed to explore the long-term 
impact, optimal dosage, and mechanisms underlying these effects to 
better understand its potential role as a complementary therapy for 

Fig. 4. Forest plot demonstrating the mean difference (MD) with 95 % confidence intervals (CIs) for the effects of black seed supplementation on lipid profile, 
including triglycerides (TG), total cholesterol (TC), low-density lipoproteins cholesterol (LDL-C), high-density lipoproteins cholesterol (HDL-C).
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T2DM management.
Our findings were consistent with previous studies, including the 

study conducted by Khotbehsara et al., which demonstrated the hypo-
glycemic effects of black seed.47 and Saadati et al.25; black seed 

intervention led to a decrease in FBG and HbA1c levels in T2DM. 
Moreover, in another meta-analysis on diabetic and non-diabetic in-
dividuals, FBG and AbA1c declined after black seed supplementation.48

Literature has exhibited the significant anti-inflammatory and anti- 

Fig. 5. Forest plot demonstrating the mean difference (MD) with 95 % confidence intervals (CIs) for the effects of black seed supplementation on aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), and Creatinine.

Fig. 6. Forest plot demonstrating the mean difference (MD) with 95 % confidence intervals (CIs) for the effects of black seed supplementation on body weight (BW) 
and body mass index (BMI).
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oxidative properties of black seed,49,50 which may influence glycemic 
metabolism through several mechanisms. First, the antioxidant effects of 
thymoquinone, the bioactive compound found in black seed, improve 
pancreatic beta cells, leading to increased insulin secretion and 
enhanced glucose uptake by tissues.51 Second, thymoquinone may 
reduce the expression of fructose 2,6-bisphosphatase and glucose 
6-phosphatase, which helps decrease gluconeogenesis.52 Third, it acti-
vates the AMP-activated protein kinase (AMPK) pathway, which im-
proves insulin release.53 Fourth, thymoquinone reduces glucose 

absorption by inhibiting sodium-glucose co-transporters and decreasing 
intestinal glucose absorption.18 Notably, since thymoquinone is 
fat-soluble, black seed oil may be more effective than its aqueous 
extract.

It is suggested that individuals with T2DM are prone to developing 
dyslipidemia. However, the beneficial effect of black seed on dyslipi-
demia is controversial.54–56 Our findings demonstrate a significant 
reduction in TC and LDL after black seed consumption. However, we 
found no significant changes in TG and HDL cholesterol. This is 

Fig. 7. Sensitive analysis of 2-hour postprandial glucose test (2-hpp), homeostasis model assessment of pancreatic β cell function (HOMA-β), and total choles-
terol (TC).

Fig. 8. Funnel plot of publication bias of fast blood glucose (FBG), hemoglobin A1c (HbA1c).
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consistent with recent meta-analyses which reported a significant effect 
of black seed on decreasing TC and LDL without affecting TG and HDL 
cholesterol levels.25,47

Contrary to our findings, previous meta-analyses on healthy and 
unhealthy individuals indicated a significant reduction in TG levels after 
black seed intervention.48 An additional meta-analysis of 8 RCTs showed 
that black seed intervention decreased TC and LDL while increasing HDL 
cholesterol levels in patients with T2DM.57 These discrepancies may be 
attributed to variations in the number of included articles and differ-
ences in the study populations. The lowering effect of black seed on lipid 
profile may be attributed to its ingredients. Polyunsaturated fatty acids 
(PUFAs) such as linoleic acid could inhibit the release of very 
low-density lipoproteins and hormone-sensitive lipase. It can also 
enhance fatty acid oxidation and destroy apo-B100.58 Additionally, the 
ethanol extract of black seed can activate the PPAR-gamma gene,59

which increases the expression of CD36 (a cellular scavenger receptor 
for atherogenic LDL)60 and ATP-binding cassette transporter A1 
(involved in cholesterol efflux from macrophages).61 Black seed is also 
known to regulate insulin receptors in hepatocytes and improve LDL 
uptake.62 Furthermore, the highly soluble fibers and sterols of black seed 
can reduce cholesterol absorption and increase bile production.63,64

Flavonoids and thymoquinone in black seed decrease cholesterol by 
inhibiting the expression of the HMG-COAR gene.65

Inflammatory, oxidative stress, and insulin resistance are involved in 
diabetic complications that can lead to hepatic and renal dysfunction.66, 

67 Elevated liver enzymes, such as ALT and AST, indicate liver damage.68

Some studies have suggested that black seed may help reduce these 
enzymes.22,38 An RCT found that consuming 2 g per day of black seed 
reduced inflammatory biomarkers in NAFLD patients.50 However, pre-
vious meta-analyses of both healthy and unhealthy participants have not 
shown any effect of black seed intervention on ALT and AST23,24Our 
results agree with the previous meta-analysis. Differences among studies 
may be due to participant variations, black seed dosage, and duration of 
consumption.

Additionally, elevated creatinine levels have been associated with 
renal failure.69 It has been suggested that thymoquinone, an active 
component of black seed, may prevent the development of renal 
dysfunction by reducing oxidative stress and preserving the activity of 
antioxidant enzymes.70 However, our meta-analysis found that black 
seed supplementation didn’t change creatinine levels. Similar results 
have been shown in previous studies.33,39

Available studies suggest that black seed supplementation may have 
an anti-obesity effect by suppressing appetite.71,72 Two previous 
meta-analyses indicated that black seed supplementation in the general 
population decreased weight and BMI.73,74 However, our findings did 
not demonstrate a beneficial effect on them, which was consistent with 
another meta-analysis conducted by Saadati et al.25 which also did not 
show a reduction in BMI among patients with T2DM. The discrepancies 
in results may be attributed to differences in the populations studied and 
the measuring method. Furthermore, to obtain accurate results, it is 
advisable to assess calorie intake before and after the intervention.

In the current meta-analysis, we included 16 RCTs with various 
cardiometabolic factors. Moreover, subgroup analyses were conducted 
according to dose, duration, and form of blackseed supplementation. In 
addition, we evaluated publication bias by the results of Egger’s test, and 
no evidence of publication bias was revealed, which caused more reli-
ability in our results. However, some limitations should be acknowl-
edged. Most of the studies were conducted in Asia, which may limit the 
generalizability of the results. Additionally, there was a high degree of 
heterogeneity among the studies; these variations could be attributed to 
differences in methodologies, sample sizes, the ages of participants, 
dosages, durations, and forms of black seed used. Furthermore, we could 
not consider some confounders, such as smoking status, types of medical 
treatment, and duration of diabetes, due to a lack of sufficient 
information.

6. Conclusion

In conclusion, this meta-analysis suggests that black seed supple-
mentation can favorably affect some cardiometabolic factors. Black seed 
supplementation improved glycemic factors and lipid profiles by 
enhancing FBG, HbA1c, TC, and LDL in adults with T2DM. However, 
there were no significant changes in TG, HDL, liver enzymes, creatinine, 
and anthropometric factors after black seed supplementation. Further 
studies involving diverse populations are necessary to validate these 
findings.
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