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Abstract

Clinical studies have suggested that Nigella Sativa (N. sativa) supplementation may

effectively reduce blood pressure, but the findings are controversial. Therefore,

this study aimed to examine the effects of N. sativa on blood pressure in adults.

PubMed, Cochrane Library, Web of Science, Scopus, Embase databases, and Goo-

gle Scholar were searched till August 2022. To analyze weighted mean differences

(WMDs), a random-effects model was utilized. Nonlinear dose–response analysis

and a meta-regression were conducted. N. sativa supplementation was effective

in reducing both systolic (WMD: �3.06 mmHg; 95% CI: �3.89 to �2.22,

p < 0.001; I2 = 84.7%, p < 0.001) and diastolic blood pressure

(WMD = �2.69 mmHg; 95% CI: �3.72, �1.66, p < 0.001; I2 = 97.3%, p < 0.001).

The current meta-analysis suggests that N. sativa supplementation can improve

blood pressure and claims that N. sativa could be used as an effective approach to

blood pressure management.
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1 | INTRODUCTION

High blood pressure, also known as hypertension (HTN), is defined as

systolic blood pressure (SBP) ≥ 140 mmHg and/or diastolic blood

pressure (DBP) ≥ 90 mmHg (Nugroho et al., 2022). HTN is an estab-

lished risk factor for stroke, ischemic heart disease (Burnier &

Egan, 2019), and renal dysfunction (Hall et al., 2019). HTN is one of

the main causes of cardiovascular mortality and morbidity worldwide,

it is preventable and affects over one billion adults, and the most com-

mon reason for medical consultation (Valente Silva et al., 2022). Diet

and lifestyle modification can regulate BP to control HTN or its

associated outcomes (Carey, Whelton, & Committee, 2018). Although

various antihypertensive drugs are available, there has been a spread-

ing interest and need for non-pharmacological interventions like medi-

cal plants which have a critical role in BP reduction (Mahmood

et al., 2019).

Nigella sativa L. (N. sativa), as black cumin, has been used for cen-

turies, especially in the Middle East, India, and Northern Africa. This

plant flowers every year and have black seeds which are the most pre-

cious part with important health effects. N. sativa is a natural remedy

that is recommended for health conditions such as diabetes, cancer,

hypercholesterolemia, inflammation, arterial HTN, and gastrointestinal

disorders. N. sativa's BP-lowering effect has been reported in animals

(Ahmed & El-Mottaleb, 2013; Jaarin et al., 2015) and human studies

(Amin et al., 2015; Bin Sayeed et al., 2013; Datau et al., 2010;
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Dehkordi & Kamkhah, 2008; Fallah Huseini et al., 2013; Ibrahim

et al., 2014; Latiff et al., 2014; Mahdavi et al., 2015; Najmi

et al., 2013; Qidwai et al., 2009; Sayeed et al., 2014).

Numerous randomized controlled trials (RCTs) have shown that

N. sativa can lower BP. Despite growing study on N. sativa, there is

inconsistency among trials examining the effects of N. sativa on BP,

with some demonstrating favorable effects and others not. A previous

meta-analysis published in 2016 assessed the antihypertensive effects

of N. sativa on BP in adults using 11 studies, although some did not

examine changes in BP in detail (Sahebkar et al., 2016). We have fur-

ther researched N. sativa effects on BP in adults due to the contradic-

tory results of these studies and the lack of a thorough meta-analysis.

Thus, we performed a meta-analysis of RCTs, as studies with the high-

est quality of evidence, to better quantify the effect of N. sativa on BP.

2 | METHODS

This study was performed based on the guidance of the Preferred

Reporting Items for Systematic Reviews and Meta-analysis (PRISMA)

(Moher et al., 2009). Moreover, the protocol of this study is registered

in PROSPERO under the number CRD42022347964.

2.1 | Search strategy

We conducted a detailed literature search using online databases

including PubMed, Cochrane Library, Scopus, Web of Science, Embase,

and Google Scholar until August 20, 2022 without restriction time to

discover related articles on the impact of N. Sativa supplementation on

BP in adults. In the search strategy (Table S1), the following Medical

Subject Headings (MeSH) and subject terms or keywords were used.

References from all relevant peer-reviewed research were con-

sulted and cross-referenced through databases to make sure that no

articles were missed. Duplicates were excluded from consideration and

following citations were included in the Endnote screening software.

2.2 | Inclusion and exclusion criteria

The considered criteria for this meta-analysis were: (i) parallel or

cross-over designed RCTs, (ii) examination of the effectiveness of

N. sativa on BP, (iii) providing baseline and end-of-trial values of BP in

both groups of intervention and control, and (iv) supplementing (with

N. sativa) period of at least 2 weeks. Experimental studies, case

reports, animal studies, observational studies, in vitro studies were

excluded from the meta-analysis.

2.3 | Quality assessment and certainty assessment

The risk of bias assessment in the selected studies was evaluated

using the Cochrane Collaboration's risk of bias tool (Higgins

et al., 2011). The quality of the studies was assessed by two indepen-

dent authors (ZK and SSA) based on the following criteria: random

sequence generation, allocation concealment, reporting bias, perfor-

mance bias, detection bias, attrition bias, and other potential sources

of bias. Therefore, each domain of study bias was categorized under

terms such as “low,” “moderate,” and “unclear.” A corresponding

author evaluated and found differentiations in study bias between

two reviewers in each domain (VM). We assessed the overall certainty

of evidence in studies according to the Grading of Recommendations

Assessment, Development, and Evaluation (GRADE) guidelines work-

ing group (gradeworkinggroup.org) (Guyatt et al., 2008). Quality of

evidence was divided into four categories considering the evaluation

criteria and categorized as high, moderate, low, and very low.

2.4 | Study selection and data extraction

Each of the qualified studies was screened and two independent

investigators (ZK and ES) extracted the data. Name of the first author,

publication year, country of origin, study design, sample group size

(placebo/control and intervention), participant demographics (mean

± standard deviation [SD], gender, mean age, and the baseline of body

mass index [BMI]), N. sativa dosage, intervention duration, mean± SD

of BP (SBP and DBP) changes for both groups (intervention and con-

trol), and type of N. sativa supplement and control were contained in

data extracted. For conducting data analysis, whenever possible, data-

set values were transformed to the most common units of expression.

2.5 | Quantitative data synthesis

To examine the effect size for markers of BP, mean differences and

SD for control and intervention groups were collected. Additionally,

random-effects models were used to estimate weighted mean differ-

ences (WMDs) with 95% confidence intervals (CIs) (DerSimonian &

Laird, 1986). In studies reporting standard errors (SEs), 95% CIs, and

interquartile ranges (IQRs), the means + SD values were calculated.

All BP units were collected in mmHg. Cochran's Q test and an I-square

(I2) statistic was utilized to determine the heterogeneity between

studies where I2 > 50.5% or p < 0.1 was considered as having high

heterogeneity between studies. To find potential sources of heteroge-

neity, we conducted a subgroup analysis in conformity with the base-

line BMI, duration of the study, intervention dosage, health condition,

mean age, type of N. sativa product, study quality, gender, and sample

size. To determine the effect of individual studies on the overall esti-

mation, a sensitivity analysis was carried out. Egger's regression asym-

metry test and Begg's adjusted rank correlation were conducted to

analyze small study effects (Begg & Mazumdar, 1994; Egger

et al., 1997). Using funnel plots, the publication bias assessment was

carried out. In order to impute potentially missing studies in case of

finding publication bias, we used the “trim and fill” method. A meta-

regression analysis was conducted to investigate probable association

between alterations in BP corresponding to N. sativa supplementation
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and relevant moderator factors such as N. sativa dosage, duration of

the intervention, and sample size. Performed fractional polynomial

modeling also was utilized to explore nonlinear potential effects of

N. sativa dosage (g/day) and intervention duration (weeks). For statis-

tical analysis STATA software, version 16 (Stata Corp, College Station,

TX), was used. p < 0.05 were considered statistically significant for all

analyses.

3 | RESULTS

3.1 | Study selection

The initial search yielded 2231 studies; however, 368 of those were

removed due to duplication. Another 1834 studies due to unrelated

titles and abstracts (n = 1315) and animal studies (n = 519) were

excluded. In the end, 29 relevant studies were left to be reviewed in

full text. As a result of the did not provide sufficient information, and

in-appropriate design, seven studies were excluded. Finally, 22 studies

were included in the current meta-analysis (Figure 1).

3.2 | Characteristics of the studies

A summary of the characteristics of the included studies is provided in

Table 1. Totally, 1527 subjects were included, and the dates of publi-

cations were between 2008 and 2022. Among the 22 studies, 19 were

parallel studies (Amin et al., 2015; Bin Sayeed et al., 2013; Datau

et al., 2010; Dehkordi & Kamkhah, 2008; Fallah Huseini et al., 2013;

Hadi et al., 2021; Ibrahim et al., 2014; Mahdavi et al., 2015; Naeimi

et al., 2020; Qidwai et al., 2009; Rachman & Darmawan, 2017;

Rashidmayvan et al., 2019; Rashidmayvan et al., 2022; Rizka

et al., 2018; Salem et al., 2021; Sayeed et al., 2014; Shoaei-Hagh

et al., 2021; Siddiqui et al., 2022; Tavakoli-Rouzbehani et al., 2021),

and three were crossover (Latiff et al., 2014; Mohtashami, 2019;

Razmpoosh et al., 2021). The sample size ranged from 32 to 200 par-

ticipants and the duration of the study ranged from 4 to 16 weeks.

The baseline BMI varied between 21.8 and 32.4 kg/m2. Studies were

conducted in the following countries: Iran (Dehkordi &

Kamkhah, 2008; Fallah Huseini et al., 2013; Hadi et al., 2021; Mahdavi

et al., 2015; Mohtashami, 2019; Naeimi et al., 2020; Rashidmayvan

et al., 2019; Rashidmayvan et al., 2022; Razmpoosh et al., 2021;

Shoaei-Hagh et al., 2021; Tavakoli-Rouzbehani et al., 2021),

Saudi Arabia (Badar et al., 2017; Salem et al., 2021), Indonesia (Datau

et al., 2010; Rachman & Darmawan, 2017; Rizka et al., 2018), Pakistan

(Amin et al., 2015; Qidwai et al., 2009; Siddiqui et al., 2022), Malaysia

(Ibrahim et al., 2014; Latiff et al., 2014), and Bangladesh (Bin Sayeed

et al., 2013; Sayeed et al., 2014). N. sativa in forms of powder (doses

from 0.5 to 3 g/day) and oil (doses from 0.1 to 4.2 g/day) were used

in the studies.

3.3 | Risk of bias and grade assessment

The risk of bias assessment of the included studies using Cochrane

criteria is shown in Table 2. Using the GRADE approach, both out-

comes were rated moderate for evidence quality (Table 3).

3.4 | Effect of N. sativa supplementation on SBP

The overall estimate that was carried out on 22 studies with 29 arms

revealed that N. sativa had a significant effect on SBP (WMD:

�3.06 mmHg; 95% CI: �3.89 to �2.22; I2 = 84.7%, p < 0.001)

(Figure 2). From these analyses, we found a significant decreasing

effect of N. sativa oil supplementation on SBP in RCTs with prescribed

≥2 g/day of N. sativa, mean age ≥50 years old, sample size of ≤60 par-

ticipants, and duration of intervention ≤8 weeks in both sexes

(Table 4).

3.5 | Effect of N. sativa supplementation on DBP

The results of our analysis of 22 studies with 29 arms indicated

that N. sativa supplementation substantially reduced DBP

(WMD = �2.69 mmHg; 95% CI: �3.72, �1.66, p < 0.001; I2 =

97.3%, p < 0.001) (Figure 3). N. sativa powder supplementation

resulted in a significant decrease in DBP at the dosage of ≤1.5 g/

day, in RCTs with a sample size of ≤60, and those trials that were

conducted on patients with HTN and healthy subjects with a BMI

of 25–30 kg/m2, and mean age over 50 years old in duration of

intervention ≤8 weeks (Table 4).

Total records identified through 

database searching  

(n=2231) 

Records screened by 

title/abstract 

(n=1863) 

Full-text articles evaluated for 

eligibility  

(n=29) 

Included studies 

(n=22) 

Records excluded (n=7) 

Records excluded (n=1834) 

-did – Did not provide sufficient information (n=5)

- GG- Non appropriate design (n=2)

-Unrelated title and abstract (n=1315)

-Animal studies (n=519)

Duplicates excluded 

(n=368) 

F IGURE 1 Flow diagram of study selection.
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3.6 | Sensitivity analysis, meta-regression, and
publication bias

Based on sensitivity analysis, the exclusion of any individual study did

not affect the pooled estimate of the impact of N. sativa supplementa-

tion on SBP and DBP. Meta-regression analysis did not reveal a linear

relationship between dosage, sample size, duration, and absolute

change in outcomes.

Egger's (p < 0.05) but not Begg's (p > 0.05) tests revealed a signif-

icant small-study effect for SBP and DBP. Since the results of the

visual inspection of the funnel plot (Figure S1, S2) assessment demon-

strated an unequal distribution of studies, thus, we performed the trim

and fill method, no imputed studies were added.

3.7 | Nonlinear dose–responses between dosage,
and duration of N. sativa supplementation and BP

Dose–response analysis indicated that N. sativa supplementation did

not change SBP and DBP based on dose and duration (P-nonlinear:

0>05) (Figures 4, 5 and S3, S4).

4 | DISCUSSION

The current systematic review and meta-analysis of 22 available RCTs

investigated available evidence on the BP-lowering effect of N. sativa

supplementation in adults. The pooled analysis revealed a significant

effect of N. sativa in lowering DBP and SBP when compared with pla-

cebo/control. This favorable effect was more discernible when

excluding studies with a high risk of bias. The subgroup analysis dem-

onstrated that N. sativa supplementation for ≤8 weeks in ≥50-year

subjects with a BMI 25–30 kg/m2 led to more favorable effects

regarding both components of BP.

Functional foods and nutraceuticals have recently been identi-

fied as promising adjunctive therapy for the treatment of cardiovas-

cular risk factors (Sosnowska et al., 2017). Nutraceuticals, the foods

or dietary components that have medicinal or therapeutic advan-

tages, are considered variables in the management of chronic ill-

nesses, glycemic and lipid metabolic disorders, and elements of

metabolic syndrome (Cicero et al., 2017; Patti et al., 2018). Recently,

the role of N. sativa as a nutraceutical in the management of BP is

the subject of intense controversy. Our results were in accordance

with a systematic review and meta-analysis by Sahebkar et.al in

2016. However, the subgroup analysis in their study was performed

only based on intervention type (Sahebkar et al., 2016). Besides, our

results build upon another previously published meta-analysis

regarding the BP-lowering effects of N. sativa. Despite obtaining

similar results, our study might better illustrate statistical differences

due to the inclusion of six studies and increasing sample sizes by

36% (Golpour-Hamedani et al., 2022). Further, based on the GRADE

system, they suggested that the quality of evidence of the included

studies was high, while in our study, a moderate quality of evidence

was documented due to serious limitations in inconsistency

(Table 3).

The potential mechanism explaining the BP-lowering impact of

N. sativa is so far unknown, and deeper research is required. How-

ever, several studies have postulated a variety of biological path-

ways that may play a role in the antihypertensive activities of

N. sativa. Accumulating data indicates that oxidative stress plays a

crucial role in the pathophysiology of HTN (Griendling et al., 2021)

N. sativa's robust antioxidant capacity, which can be linked to the

presence of thymoquinone (TQ), flavonoids, nigellicine, transanet-

hole, and limonene, reduces BP via enhancing endothelial function

(Doménech et al., 2014; Fallah Huseini et al., 2013). BP-lowering

benefits of N. sativa are also attributable to its polyphenol concen-

tration (Kart & Aydın, 2021). Furthermore, it has been shown that

flavonoids exert an inhibitory effect on the angiotensin-converting

enzyme (ACE), which may improve normal endothelial function and

hence reduce BP (Muchtaridi et al., 2020). A significant amount of

unsaturated fatty acids, notably linoleic and oleic acids, also con-

tributes to N. sativa's antihypertensive properties (Shoaei-Hagh

et al., 2021).

Previous investigations have revealed the beneficial association

between dietary linoleic and oleic acid intake and BP (Kaikkonen

et al., 2021). Thymol, another active component of N. sativa, has

been demonstrated to reduce BP via modifying Ca2+ ion channels. It

is possible that inhibition of Ca2+ release from the sarcoplasmic

reticulum, reduced Ca2+ sensitivity of the contractile system, and

inhibition of Ca2+ influx across the smooth muscle cell membrane, all

contribute to N. sativa-induced endothelial relaxation (Peixoto-

Neves et al., 2010). One of the other hypothesized mechanisms is

N. sativa's diuretic activity via an increase in electrolyte and urea

excretion, followed by a decrease in electrolytes, water, and blood

volume, hence a decrease in cardiac output and BP (Zaoui

et al., 2000). In a separate investigation, the N. sativa oil-induced

decline in BP was associated with plasma nitric oxide loss inhibition,

enhanced heme oxygenase activity, and diminished malondialdehyde

and ACE activity (Jaarin et al., 2015). Figure 6 displays the mecha-

nism of action of N. sativa on BP.

Based on subgroup analysis, our results indicated that N. sativa

supplementation for ≤8 weeks in ≥50-year subjects with a BMI 25–

30 kg/m2 led to a more significant decrease in SBP and DBP. The

more desirable effects of N. sativa supplementation in the elderly

might be due to functional and structural alterations to the vascula-

ture, which is responsible for the high prevalence of HTN in the

elderly (Denker & Cohen, 2013). Moreover, aging is associated with

increased risk for low consumption of vitamins and antioxidants. At

the same time, high levels of oxidative stress in older adults are

involved in several health conditions such as cardiovascular diseases.

Therefore, use of antioxidant supplements in the elderly compared to

young people might have a more positive effect on chronic diseases

like HTN. We also found supplementation with N. sativa had more sig-

nificant effects on SBP in hypertensive adults compared with other

patients. In terms of SBP, supplementing with N. sativa had more sig-

nificant effects in healthy population. This might be explained by

6 KAVYANI ET AL.

 10991573, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ptr.7891 by C

ochrane N
etherlands, W

iley O
nline L

ibrary on [22/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



higher sample size or high number of the included studies in these

subgroups, which provided increased statistical power to detect sig-

nificant effects. Overall, more studies are needed to investigate the

effect of N. sativa on BP in other patients.

Besides, observing less significant effects in longer intervention

duration might be due to the body's adaptation and compensatory

mechanisms that could take place over time. Moreover, low adher-

ence to study intervention in long-term trials could be another

explanation for these findings. In subgroup analyses, we could not

clarify which various forms of N. sativa (powder, oil) are better.

However, a significant difference in SBP and DBP reduction

between N. sativa versus control groups could be seen for N. sativa

powder supplementation in a dosage of ≤1.5 g/day. Also, N. sativa

oil supplements in a dosage of ≥2 g/day reduced SBP and DBP

compared to a control, with the difference being that the effect of

the N. sativa oil on DBP was not significant. In oil, TQ is a solvent,

so its pharmacological properties are more clearly observable than

in powders. Considering the studies in which powder and oil prod-

ucts were directly compared, we can suggest that only N. sativa

powder may have a beneficial effect on SBP and DBP changes com-

pared to the control treatment, while the evidence for N. sativa oil

is not solid enough to draw any conclusion. However, this finding

should be interpreted with caution since of the limited statistical

power of subgroup analyses. More desirable effects were also

obtained from high-quality studies regarding both components of

BP. The quality of obtained evidence for both SBP and DBP was

TABLE 2 Results of risk of bias assessment for randomized clinical trials included in the current meta-analysis on the effects of N. sativa on
blood pressure.

Study

Random sequence

generation

Allocation

concealment

Reporting

bias

Other sources

of bias

Performance

bias

Detection

bias

Attrition

bias

Dehkordi & Kamkhah,

(2008)

L U L H L L L

Qidwai et al., (2009) L L L H L L L

Datau et al., (2010) L U L H L L L

Fallah Huseini et al.,

(2013)

L L H H L L H

Bin Sayeed et al., (2013) L L H H L H L

Ibrahim et al., (2014) L L H H U U H

Amin et al., (2015) L L L L L L L

Bin Sayeed et al., (2014) L L L L L L L

Mahdavi et al., (2015) L L L L L L L

Latiff et al., (2014) H H L H H H L

Rashidmayvan et al.,

(2019)

L U L H L L H

Hadi et al., (2021) L L L L L L L

Tavakoli-Rouzbehani

et al., (2021)

L L L L L L L

Razmpoosh et al.,

(2021)

L L L L L L L

Rizka et al., (2018) L L L U L L L

Shoaei-Hagh et al.,

(2021)

L L L L L L L

Mohtashami, (2019) L U H H L L L

Rashidmayvan et al.,

(2022)

L U L U L U U

Salem et al., (2021) L L L L L U L

Siddiqui et al., (2022) U U L H U U U

Naeimi et al., (2020) L L L U U L L

Rachman & Darmawan,

(2017)

L U L U U L U

Note: Each study was assessed for risk of bias using the Cochrane Risk of Bias Assessment tool. Domains of assessment were included random sequence

generation, allocation concealment, reporting bias, performance bias, detection bias, attrition bias, and other sources of bias. Each domain was scored as

“high risk” if it contained methodological flaws that may have affected the results, “low risk” if the flaw was deemed inconsequential, and “unclear risk” if
information was insufficient to determine. If a study got “low risk” for all domains, it is considered as a high-quality study with totally low risk of bias.
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high. While there was a considerable risk of bias in some included

studies, both high and low qualified studies confirmed the antihy-

pertensive effects of N. sativa. This means that the presence of bias

in some included studies could not change the real effects of

N. sativa on BP components. Therefore, our interpretations were

based on appropriate evidence.

This is not the first meta-analysis to examine the hypotensive

effects of N. sativa supplementation, but it is the most extensive and

TABLE 3 The results of quality of evidence assessment using the GRADE approach.

Outcome
measure

Summary of findings Quality of evidence assessment (GRADE)

No of
patients
(trials) WMD (95% CI)

Risk of
biasa Inconsistencyb Indirectnessc Imprecisiond

Publication
biase

Quality
of
evidencef

Blood pressure

SBP (mmHg) 1527 (22) �3.06 (�3.89, �2.22) Not serious Serious Not serious Not serious Not serious Moderate

DBP (mmHg) 1527 (22) �2.69 (�3.72, �1.66) Not serious Serious Not serious Not serious Not serious Moderate

Abbreviations: DBP, Diastolic blood pressure; SBP, Systolic blood pressure.
aRisk of bias based on the Cochrane of risk 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.
doptimal information size was not met, or the 95% CI include the null value lower and upper bounds of the 95% CI were <0.95 and >1.05, respectively.
eDowngraded if there was an evidence of publication bias using funnel plot.
fSince all included studies were RCTs, 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, and very low.

F IGURE 2 Forest plot detailing mean difference and 95% confidence intervals (CIs) the effects of N. sativa supplementation on SBP levels.
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TABLE 4 Subgroup analyses for the effects of N. sativa supplementation on blood pressure.

No WMD (95% CI)a P-withinb I2 (%)c P-heterogeneityd

N. sativa supplementation on SBP

Overall 29 �3.06 (�3.89, �2.22) <0.001 84.7 <0.001

Age (year)

<50 18 �1.78 (�2.43, �1.13) <0.001 59.3 <0.001

≥50 11 �4.13 (�5.99, �2.27) <0.001 85.8 <0.001

Gender

Men 6 �1.85 (�3.04, �0.65) 0.002 53.9 0.055

Women 4 �0.62 (�2.94, 1.69) 0.598 0.0 0.499

Both 19 �3.70 (�4.81, �2.60) <0.001 89.4 <0.001

Intervention duration (week)

≤8 24 �3.41 (�4.50, �2.33) <0.001 85.1 <0.001

>8 5 �1.82 (�3.45, �0.20) 0.028 61.5 0.034

Intervention type

Powder 17 �1.62 (�2.43, �0.81) <0.001 57.4 <0.001

Dosage of N. sativa powder (g/day)

≤1.5 11 �1.61 (�2.36, �0.85) <0.001 54.3 0.016

>1.5 6 2.99 (�6.61, 0.63) 0.105 67.2 0.009

Oil 12 �3.84 (�5.31, �2.36) <0.001 88.7 0.003

Dosage of N. sativa oil (g/day)

<2 7 �3.90 (�6.07, �1.74) <0.001 92.2 <0.001

≥2 5 �4.10 (�5.45, �2.75) <0.001 52.8 0.076

Study population

Hypertension 8 �2.53 (�3.37, �1.68) <0.001 87.7 <0.001

Healthy 6 �6.30 (�12.85, 0.26) 0.061 72.3 0.003

Metabolic syndrome 4 �1.78 (�3.61, 0.05) 0.057 58.2 0.012

Obese and overweight 3 �2.73 (�8.87, 3.40) 0.382 76.9 0.013

Menopausal 2 �2.31 (�6.29, 1.67) 0.237 5.7 0.303

NAFLD 2 �2.45 (�4.29, �0.60) 0.009 0 0.978

Coronary artery disease 1 �9.52 (�11.26, �7.78) <0.001 – –

PCOS 1 �3.00 (�5.38, �0.62) 0.014 – –

Hypercholesterolemia 1 �8.18 (�15.62, �0.74) 0.031 – –

T2DM 1 �9.50 (�14.81, �4.19) <0.001 – –

Sample size

≤60 17 �4.18 (�6.06, �2.29) <0.001 83.7 <0.001

>60 12 �1.72 (�2.25, �1.19) <0.001 53.1 0.015

BMI

≤25 9 �1.97 (�2.89, �1.04) <0.001 48.2 0.051

25–30 15 �4.66 (�6.49, �2.83) <0.001 81.5 <0.001

> 30 2 0.45 (�2.55, 3.45) 0.770 0.0 0.745

NR 3 �1.40 (�2.14, �0.66) <0.001 77.7 <0.001

Quality

Low 11 �1.53 (�2.15, �0.90) <0.001 54.0 0.016

High 18 �4.23 (�5.80, �2.65) <0.001 84.9 <0.001

N. sativa supplementation on DBP

Overall 29 �2.69 (�3.72, �1.66) <0.001 97.3 <0.001

(Continues)
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TABLE 4 (Continued)

No WMD (95% CI)a P-withinb I2 (%)c P-heterogeneityd

Age (year)

<50 18 �1.37 (�2.14, �0.60) <0.001 91.5 <0.001

≥50 11 �4.16 (�7.06, �1.27) 0.005 97.9 <0.001

Gender

Men 6 �1.74 (�2.48, �1.00) <0.001 19.2 0.228

Women 4 �4.64 (�8.64, �0.64) 0.023 95.9 <0.001

Both 19 �2.64 (�4.31, �0.96) 0.002 97.5 <0.001

Intervention duration (week)

≤8 24 �3.06 (�4.32, �1.81) <0.001 97.8 <0.001

>8 5 �0.93 (�2.35, 0.50) 0.203 53.6 0.072

Intervention type

Powder 17 �2.67 (�3.77, �1.57) <0.001 87.9 <0.001

Dosage of N. sativa powder (g/day)

≤1.5 11 �3.17 (�4.60, �1.74) <0.001 91.4 <0.001

>1.5 6 �1.90 (�3.74, �0.06) 0.043 63.7 0.017

Oil 12 �2.25 (�4.41, �0.09) 0.041 98.7 <0.001

Dosage of N. sativa oil (g/day)

<2 7 �1.77 (�4.54, 1.00) 0.211 95.6 <0.001

≥2 5 �2.89 (�6.68, 0.90) 0.135 99.4 <0.001

Study population

Hypertension 8 �3.29 (�5.13, �1.44) <0.001 98.4 <0.001

Healthy 6 �6.09 (�10.49, �1.69) 0.007 83.0 <0.001

Metabolic syndrome 4 0.59 (�3.04, 4.22) 0.750 95.3 <0.001

Obese and overweight 3 �2.12 (�5.57, 1.34) 0.230 92.5 <0.001

NAFLD 2 2.36 (0.67, 4.05) 0.006 0.0 1.00

Menopausal 2 �8.48 (�22.97, 6.01) 0.251 96.7 <0.001

Hypercholesterolemia 1 0.38 (�4.59, 5.35) 0.881 – –

Coronary artery disease 1 �8.10 (�9.48, �6.72) <0.001 – –

PCOS 1 �0.30 (�3.51, 2.91) 0.855 – –

T2DM 1 �5.25 (�8.95, �1.55) 0.005 – –

Sample size

≤60 17 �4.30 (�6.19, �2.40) <0.001 94.4 <0.001

>60 12 �0.91 (�1.82, 0.00) 0.052 95.7 <0.001

BMI

≤25 9 �1.29 (�3.64, 1.06) 0.281 94.8 <0.001

25–30 15 �4.41 (�6.49, �2.34) <0.001 95.0 <0.001

>30 2 �1.92 (�5.84, 1.99) 0.336 96.1 <0.001

NR 3 �0.89 (�2.57, 0.80) 0.301 95.5 0.952

Quality

Low 11 �1.07 (�2.58, 0.44) 0.163 95.5 <0.001

High 18 �3.99 (�5.90, �2.08) <0.001 98 <0.001

Abbreviations: CI, confidence interval; NAFLD, Nonalcoholic fatty liver disease; PCOS, Polycystic ovary syndrome; T2DM, Type 2 diabetes mellitus; WMD,

Weighted mean difference.
aObtained from the random-effects model.
bRefers to the mean (95% CI).
cInconsistency, percentage of variation across studies due to heterogeneity.
dObtained from the Q-test.
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F IGURE 3 Forest plot detailing mean difference and 95% confidence intervals (CIs) the effects of N. sativa supplementation on DBP levels.

F IGURE 4 Nonlinear dose–response relations between dose of
N. sativa supplementation (g/day) and absolute mean differences
in SBP.

F IGURE 5 Nonlinear dose–response relations between dose of
N. sativa supplementation (g/day) and absolute mean differences
in DBP.
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up-to-date analysis in this field. Our meta-analysis included an ade-

quate number of RCTs. We discovered considerable heterogeneity in

our findings. As a result, the random-effects model was utilized to

account for study heterogeneity. A visual inspection of the funnel plot

also revealed publication bias. Consequently, we carried out trim and

fill analysis with no imputed studies. Additionally, subgroup analysis

F IGURE 6 The mechanism of action of N. sativa on blood pressure.
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was employed to provide more precise results. Nevertheless, some

limitations should also be viewed in light of our findings. First, the

characteristics of the research participants were diverse (i.e., healthy

people, patients with T2DM, metabolic syndrome, HTN, etc.). Second,

the majority of the trials included were conducted on populations

with normal BP. Therefore, the genuine normotensive impact of

N. sativa on individuals with HTN could not be determined. There are

several differences across trials, including the duration and stage of

HTN, other health conditions of the participants, medication used,

degree of adherence to study interventions, physical activity level, life

habits, dietary intakes, and excess body weight. Lack of controlling for

these confounding factors in the statistical analyses might affect the

independent effect of N. sativa on BP and may result in large differ-

ences across trials.

5 | CONCLUSION

The present meta-analysis confirms the potential benefits of N. sativa

supplementation in BP management and shows that N. sativa can be

used for controlling high BP, especially in older ages (≥50 years),

patients diagnosed with HTN with a BMI 25–30 kg/m2, and interven-

tions with duration ≤8 weeks. In addition, the use of N. sativa along-

side antihypertensive medicinal agents as well as bioactive

components with BP lowering effects requires high-quality clinical tri-

als to clarify the possible beneficial use of N. sativa as a clinical

approach.
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