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Abstract 

Background  Cardiovascular diseases (CVDs), which encompass a range of disorders impacting the heart and blood 
vessels, continue to pose a significant global public health challenge. Ginger (Zingiber officinale) has attracted atten-
tion among various treatment options for its potential advantages in promoting cardiovascular well-being. Renowned 
for its anti-inflammatory, antioxidant, and anti-hypertensive properties, ginger is a widely used culinary and medicinal 
plant. The objective of this research is to provide a comprehensive summary and systematic analysis of the existing 
scientific literature pertaining to the effects of ginger supplementation on glycemic profile, lipid profile, anthropomet-
ric measures, blood pressure, inflammatory markers, liver function tests, oxidative stress parameters, and adipokines. 
This analysis aims to establish a foundation for clinical interventions.

Methods  A methodical electronic exploration will be carried out to discover articles in various databases such 
as Scopus, PubMed, EMBASE, CENTRAL, and Web of Science. The search will specifically target randomized controlled 
trials (RCTs) that include both healthy and diseased individuals. Two evaluators will independently review articles, 
extract information, and evaluate the quality of the studies using the Cochrane risk of bias assessment tool (RoB 2). 
Any discrepancies will be addressed by involving a third reviewer. The quality of cumulative evidence will be evalu-
ated using the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) criteria. Should 
a sufficient quantity of suitable studies be found, a meta-analysis will be conducted on the chosen outcomes.

Discussion  This protocol outlines a comprehensive approach for systematically reviewing and conducting a dose–
response meta-analysis on the effects of ginger supplementation on CVD risk factors. The proposed methodologi-
cal rigor, including independent evaluation and GRADE assessment, will ensure high-quality evidence synthesis 
from available RCTs. The findings from this planned review will help inform future research directions and potentially 
guide clinical recommendations regarding ginger supplementation for cardiovascular health.

Systematic review registration  PROSPERO: CRD42024571362.
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Introduction
Cardiovascular diseases (CVDs) persist as a major 
worldwide health challenge, inflicting numerous annual 
fatalities and imposing a considerable societal burden. 
The year 2021 witnessed CVDs causing 20.5 million 
deaths globally, underscoring their extensive impact on 
public health [1]. The global burden of CVDs exhibits 
significant disparities across regions and income lev-
els, with age-standardized CVD mortality rates rang-
ing from 157 per 100,000 in high-income countries to 
460 per 100,000 in low-income countries [2]. In 2019, 
ischemic heart disease alone affected approximately 
197 million individuals worldwide, with annual inci-
dence rates of 1655 per 100,000 in middle-income 
countries compared to 696 per 100,000 in high-income 
regions [3]. These disparities are further evidenced by 
the disproportionate impact of premature CVD deaths, 
with over 80% occurring in low- and middle-income 
countries, where healthcare resources for prevention 
and treatment are often limited [4]. Despite advance-
ments in treatment approaches, CVDs remain primary 
causes of death on a global scale and within the USA 
[5]. CVDs encompass a wide range of ailments includ-
ing hypertension, heart failure, and coronary artery 
disease, and entail intricate pathophysiological pro-
cesses such as inflammation, oxidative stress, and dys-
lipidemia, collectively presenting substantial risks to 
human well-being [6, 7].

The World Health Organization (WHO) has increas-
ingly recognized the role of traditional and comple-
mentary medicine in healthcare systems worldwide, 
establishing the WHO Traditional Medicine Strategy 
2014–2023 to promote safe and effective integration of 
these approaches into national health policies [8]. This 
aligns with the United Nations Sustainable Develop-
ment Goal 3 (SDG 3), which aims to ensure healthy lives 
and promote well-being for all ages through accessible 
and affordable healthcare interventions [9]. Within this 
framework, natural products represent potential tools to 
help manage several cardiovascular and metabolic risk 
factors [10–14]. The WHO has emphasized evidence-
based evaluation of herbal medicines to determine their 
safety, efficacy, and quality in managing chronic diseases 
[15]. Ginger, with its long history in traditional medi-
cine systems across diverse cultures, exemplifies a natu-
ral remedy that warrants rigorous scientific investigation 
for its potential to contribute to cardiovascular health 
improvement goals outlined in global health agendas 
[16]. As countries work toward meeting SDG 3 targets, 
investigating cost-effective interventions such as ginger 
supplementation could provide valuable strategies for 
addressing cardiovascular disease burden, particularly in 
resource-limited settings [17, 18].

In recent years, there has been a growing focus on 
nutritional and pharmacological approaches designed to 
lower the risk factors associated with CVDs and enhance 
cardiovascular outcomes [19, 20]. Notably, the use of 
functional foods and herbal medicines have gained a 
wide popularity in both public and scientific communi-
ties. Among medicinal plants, ginger (Zingiber officinale) 
has garnered attention due to its potential cardioprotec-
tive properties, which are attributed to its bioactive com-
pounds like gingerols and shogaols [21]. As a widely used 
spice and medicinal plant, ginger is known for its anti-
hypertensive, antioxidant, and anti-inflammatory prop-
erties [22, 23]. These characteristics suggest that ginger 
supplementation could play a crucial role in mitigating 
risk factors associated with CVD [24, 25].

The numerous pharmacological and physiological 
effects associated with ginger have prompted a significant 
rise in research efforts investigating its potential health 
benefits. There is an increasing amount of research that 
highlights the effectiveness of ginger in enhancing human 
health from a clinical perspective. A substantial number 
of randomized controlled trials (RCTs) have been car-
ried out to explore the therapeutic advantages of ginger 
in alleviating symptoms. For instance, various RCTs have 
focused on assessing the impact of ginger supplemen-
tation on reducing CVD risk factors in adults [26, 27]. 
Furthermore, a number of systematic reviews, meta-anal-
yses, and umbrella reviews have been conducted to eval-
uate the clinical effectiveness of ginger. Notably, Li et al. 
and Anh et al. conducted systematic reviews (not meta-
analyses) on the correlation between ginger supplemen-
tation and human health outcomes [28, 29]. In addition, 
an umbrella review demonstrated the significant posi-
tive influence of ginger on inflammatory indices, blood 
pressure, blood lipid profile, glycemic control, oxidative 
stress biomarkers, and weight [30]. Additionally, recent 
meta-analyses have highlighted ginger supplementation 
as a promising intervention for enhancing cardiovas-
cular health outcomes, with initial evidence suggesting 
favorable effects on lipid profiles, glycemic control, blood 
pressure regulation, and biomarkers of inflammation and 
oxidative stress [31, 32].

Despite the existing body of literature, there is a notice-
able lack of a comprehensive systematic review and 
meta-analysis that specifically focuses on the impact 
of ginger supplementation on cardiovascular health 
indices and risk factors. Our research aims to fill this 
gap by conducting an updated systematic review and 
dose–response meta-analysis, exclusively utilizing high-
quality evidence from RCTs and employing the GRADE 
approach. This approach ensures a meticulous assess-
ment of ginger’s effectiveness across diverse popula-
tion groups, including individuals with different health 
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conditions, ages, and genders. By combining all reported 
cardiovascular risk factors in a single review and apply-
ing meta-regression and dose–response analyses, we aim 
to provide detailed insights into the relationship between 
ginger supplementation dosage, duration, and cardiovas-
cular outcomes. Consequently, this protocol establishes a 
robust methodological framework for synthesizing evi-
dence in accordance with globally recognized standards. 
Through a comprehensive evaluation of existing data, 
our meta-analysis seeks to enhance our understanding 
of ginger supplementation as a potential complementary 
treatment in the prevention and management of CVDs, 
thereby influencing clinical practices and shaping future 
research initiatives.

Our comprehensive meta-analysis aims to assess the 
effectiveness of ginger supplementation in modifying 
cardiovascular risk factors in a wide range of populations, 
including both individuals with poor health and those 
who are healthy. Our main objective is to investigate the 
impact of ginger on factors including adipokines, anthro-
pometric indices, lipid levels, blood pressure, markers of 
inflammation, glycemic factors, oxidative stress param-
eters, and liver function tests. Furthermore, we will 
examine differences in outcomes across various primary 
studies and sources.

Methods
The methodology utilized in this systematic review fol-
lows the prescribed criteria outlined in the 2015 Pre-
ferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) checklist [33]. Moreover, 
the review protocol strictly adheres to the guidelines 
established by the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses for Protocols 2015 
(PRISMA-P 2015) (Supplementary Table 1) [18], and the 
PROSPERO registration number is CRD42024571362.

Eligibility criteria
Study design/characteristics
The systematic review includes RCTs with either paral-
lel or crossover designs. These studies must include con-
trol groups and be written in English. Excluded from the 
review are non-RCT research designs involving human 
participants, such as literature reviews, individual case 
reports, case series, and various types of observational 
studies. Also excluded are experimental studies carried 
out on animals or in vitro, as well as conference papers, 
opinion articles, commentaries, and documents lacking 
adequate baseline or follow-up data on cardiometabolic 
variables. These variables include lipid profile, glyce-
mic control, anthropometric measurements, markers of 
inflammation, hormones related to adipose tissue, blood 
pressure, oxidative stress, and liver function within each 

study group. Moreover, studies that discuss the combined 
use of ginger with other substances are not considered in 
this review.

Subject types
The criteria for inclusion cover original research explor-
ing interventions targeting individuals who are 18 years 
old and above, regardless of their gender.

Intervention(s)
This analysis focuses on RCTs that investigate the daily 
use of ginger supplements, administered in the form of 
powder, tablets, capsules, or other variations. The dos-
age may differ in terms of frequency and amount, and the 
duration of the interventions will vary among different 
research studies.

Comparator(s)/control
To be considered for inclusion, studies must compare 
the impact of ginger supplementation with a placebo, no 
intervention, or standard care in a control group.

Outcome(s)
The selected studies should present the average changes 
and standard deviations (SDs) of adipokines, inflam-
matory biomarkers, glycemic regulation parameters, 
anthropometric measurements, liver function markers, 
blood pressure, and the lipid profile components over 
the course of the trial for both the intervention and con-
trol groups, or provide sufficient information to compute 
these effect sizes.

Data sources
The systematic review will methodically explore elec-
tronic bibliographic databases. Specific keywords related 
to ginger will be utilized in various databases such as 
EMBASE (Embase.com), Cochrane Central Register of 
Controlled Trials, Web of Science, SCOPUS, and Med-
line (Supplementary Table 2). Moreover, manual searches 
of pertinent scholarly journals and references of relevant 
review publications, meta-analyses, and articles will be 
carried out. Gray literature, which includes theses and 
conference abstracts, will also be carefully examined. 
Communication with study authors via email will be uti-
lized to acquire unpublished data, ensuring a compre-
hensive approach.

Search strategy
The objective of our strategy for reviewing literature is 
to pinpoint every pertinent randomized controlled trial 
(RCT) carried out on human participants. We will uti-
lize a meticulously chosen collection of important search 
terms to clarify the concepts of “ginger” and “RCTs.” 
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These terms are strategically combined to guarantee a 
thorough search that encompasses all relevant research 
works, in line with the concept of search inclusive-
ness. Each research work will be subjected to a detailed 
individual evaluation in the initial screening stage, with 
only those that meet the specified criteria advancing to 
the analysis stage. A customized search method will be 
developed for each database, with comprehensive expla-
nations of the search methodology and syntax used being 
provided in Supplementary Table 2.

Study records
Data management
Two researchers will carry out preliminary searches on 
electronic databases using the methodology specified in 
the PRISMA-P statement. Furthermore, two scholars will 
thoroughly examine the sources referenced in all selected 
studies. Data organization will be facilitated through 
the application of EndNote X7 software. The primary 
reviewer will transfer search outcomes to an EndNote 
library.

Selection process
The process of selecting studies for this systematic review 
will follow the guidelines outlined in the PRISMA frame-
work. A three-step approach will be used to identify rel-
evant studies. Initially, two reviewers will independently 

assess abstracts and titles of all records found in database 
searches, using specific criteria to determine suitable 
articles. Any discrepancies in the inclusion process at dif-
ferent stage will be resolved by consulting with a research 
supervisor specializing in nutritional and pharmacoepi-
demiology. Following this, the full texts of articles that 
meet the criteria will be obtained for further examina-
tion. Two evaluators will individually review the full texts 
of the selected abstracts. Detailed documentation of the 
reasons for excluding specific studies will be maintained 
during the selection process and compiled into a table 
for inclusion in the primary publication. A PRISMA flow 
chart (Fig. 1) will visually illustrate the number of stud-
ies that have been excluded or included in the review 
process.

Data extraction
A data extraction form will be developed by the main 
reviewer and the statistician to extract data from all 
selected research studies. Before fully implementing the 
form, the research team plans to conduct a preliminary 
trial run on a sample of five studies. The goal is to iden-
tify any potential issues and make necessary adjustments 
to ensure consistency and accuracy in the data extrac-
tion process. Two reviewers will independently gather 
information from the selected studies. Data extraction 
will include details from published reports or direct 

Fig. 1  PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of study selection
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communication with study authors if the information in 
published articles is insufficient. If discrepancies arise 
during the data extraction phase and cannot be resolved 
through team discussion, these issues will be escalated to 
the project supervisor for further examination and reso-
lution. This systematic approach to data extraction aims 
to improve the reliability and validity of the research 
findings by ensuring a consistent and rigorous data col-
lection process.

Data items
Data retrieval will be systematically structured and con-
ducted by adhering to the PICOS criteria, which serves 
as a comprehensive framework for organizing and cat-
egorizing the relevant information necessary for the 
research process:

a)	 The summarization of study characteristics will 
involve identifying the primary author, explaining the 
research design employed, and specifying the study 
location, duration, country of origin, and publication 
year, as well as classifying the sample size into various 
distinct groups. This comprehensive analysis aims 
to provide a detailed overview of the essential com-
ponents that contribute to the overall structure and 
context of the research being conducted. By delv-
ing into these specific details, researchers can gain 
a deeper understanding of the study’s background 
and framework, which is crucial for interpreting and 
evaluating its findings accurately.

b)	 The sociodemographic details of the participants 
will include a wide range of information such as age, 
gender, total number of individuals involved, spe-
cific type of disease being investigated, and their ini-
tial health condition at the start of the study. These 
details are important for establishing the baseline 
characteristics of the study population and for assess-
ing the potential impact of these factors on the out-
comes of interest. Understanding the sociodemo-
graphic profile of the participants can also assist 
researchers in identifying any potential confounding 
variables that may influence the results and conclu-
sions drawn from the study.

c)	 The implemented interventions and their distinct 
characteristics will offer a comprehensive overview 
of the treatment protocols being evaluated, including 
specific details about the sample size of the treatment 
group, method of administration, dosage adminis-
tered, and duration of intervention. These details are 
essential for replicating the study and for assessing 
the feasibility and effectiveness of the interventions 
in different settings or populations. By documenting 
these intervention-related factors in detail, research-

ers can ensure transparency and reproducibility in 
their findings, thereby enhancing the credibility and 
validity of the study outcomes.

d)	 The outcomes to be examined will encompass a wide 
array of definitions and measurements related to 
cardiovascular health indicators. These may include 
inflammatory biomarkers such as CRP and IL-6, gly-
cemic markers like FBG and HbA1c, components of 
the lipid profile such as LDL-C and TG, blood pres-
sure readings, liver function markers, and various 
anthropometric measurements. By evaluating these 
diverse outcomes, researchers can obtain a compre-
hensive understanding of the impact of the interven-
tions on different aspects of cardiovascular health 
and overall well-being. This multifaceted approach 
to outcome assessment can provide valuable insights 
into the mechanisms underlying the observed effects 
and inform future research directions in the field of 
cardiovascular health promotion and disease preven-
tion.

Variability in primary studies will be assessed by exam-
ining the mean and standard deviation values of car-
diovascular risk factors at various time points, including 
pre-intervention, post-intervention, and changes within 
each group. This comprehensive evaluation aims to pro-
vide a detailed understanding of the variations in the data 
and how the intervention may have influenced these fac-
tors over time. Additionally, the analysis will delve into 
other relevant aspects that could impact the interpreta-
tion of the results, ensuring a thorough examination of 
the study findings.

Missing data
Adhering to protocols outlined by the Cochrane Institute, 
our group will begin communication via email with the 
authors of selected studies to request further details if the 
data presented in their research publications are deemed 
insufficient. If the initial email inquiries go unanswered, 
a maximum of three subsequent reminders will be sent 
electronically. Failure to receive a response after these 
follow-up efforts will lead to categorizing the requested 
information as missing data.

Risk of bias assessment
The evaluation of bias within individual studies will be 
conducted by two separate reviewers using the Cochrane 
Collaboration tool, which is a reliable method for this 
purpose [34]. Before fully adopting this tool, a prelimi-
nary trial will be carried out on a selection of five primary 
articles to verify the consistency and reliability of the 
assessment process. In cases where discrepancies arise 
between the two reviewers, a third independent reviewer 
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will intervene to facilitate consensus and ensure the accu-
racy of the evaluation. The categorization of bias within 
each specific domain will be based on the degree of its 
impact, classifying it as either low, moderate, or high. 
This allows for a comprehensive analysis of the potential 
sources of bias within the studies under review. The risk 
of bias will then be classified as low, moderate, or high, 
according to our findings and utilizing the Risk-of-bias 
VISualization (robvis) tool [35].

Meta‑analysis plan
Meta-analysis will be performed using Stata software 
(version 15.0; Stata Corp, College Station, TX), allowing 
for a comprehensive synthesis of data from the included 
studies. Data on pre- and post-treatment means, stand-
ard deviations (SDs), and participant numbers will be 
meticulously extracted for both intervention and placebo 
groups across various clinical outcomes, including adi-
pokines, oxidative stress, inflammation, anthropometric 
indices, glycemic control, liver function, blood pressure, 
and lipid profile.

The effects of ginger supplementation will be assessed 
through a comparative analysis of the intervention and 
control groups. If feasible, the analysis will utilize the 
weighted mean difference (WMD) model for unit conver-
sion between variables. In cases where unit conversion is 
not possible, the standardized mean difference (SMD) 
model will be implemented to account for differences in 
measurement units with a random-effects model applied 
to account for variability in populations and study set-
tings. The DerSimonian-Laird weighting method will be 
utilized to estimate the overall effect from the SMDs. To 
ensure accuracy, the SDs of the change difference will be 
calculated using the formula: (SD = square root [(SD pre-
treatment)2 + (SD post-treatment)2 − (2R × SD pre-treat-
ment × SD post-treatment)], where R is the correlation 
coefficient, which will be derived from the data where 
available. If only standard errors (SEs) are reported, SDs 
will be calculated using the formula: SD = SE × sqrt (n).

Heterogeneity among studies will be assessed using 
the I2 statistic and Cochran’s Q test, with significant 
heterogeneity indicated by an I2 value exceeding 50% or 
a p value < 0.05. Subgroup analyses will explore poten-
tial sources of heterogeneity, such as study population, 
follow-up duration, ginger dose, and the nature of the 
control group allocation (e.g., placebo or standard care). 
Meta-regression will be employed to examine the influ-
ence of ginger dosage (mg/day) and duration of supple-
mentation on cardiovascular risk factors.

Additionally, non-linear models will be used to assess 
dose–response relationships across studies [36]. Sensi-
tivity analyses, including the leave-one-out method, will 
evaluate the robustness of the findings by systematically 

excluding each study to assess its impact on the overall 
effect size. To explore potential publication bias, tech-
niques such as funnel plots, Begg’s, and Egger’s regres-
sion tests will be applied to ensure the reliability of the 
results.

Assessment of possible reporting bias
To evaluate the presence of reporting bias, including pub-
lication bias and other forms of outcome reporting bias, 
several techniques will be employed. A funnel plot will 
be used to visually assess asymmetry, provided that there 
are at least 10 studies included in the meta-analysis. For a 
more formal assessment, Begg’s rank correlation test and 
Egger’s regression test will be conducted to detect statis-
tical asymmetry in the funnel plot.

A significance level of p ≤ 0.05 will be used to deter-
mine statistically significant bias. Additionally, the “trim 
and fill” method will be applied to adjust for any detected 
publication bias, thereby enhancing the robustness and 
reliability of the results. Sensitivity analyses, including 
the leave-one-out approach, will be conducted to assess 
the impact of individual studies on the overall effect size, 
ensuring that the findings are not unduly influenced by 
any single study.

Assessing the quality of the evidence
The evaluation of the quality of evidence regarding the 
impact of ginger on CVD risk factors will be conducted 
based on the established GRADE guidelines [37]. This 
comprehensive assessment will consider various key 
elements, including the study’s design, susceptibility to 
biases, coherence of findings, relevance to the research 
question, precision of the results, and the potential influ-
ence of publication bias on overall conclusions. Adher-
ing to these rigorous guidelines is crucial to ensure a 
thorough and reliable evaluation of the effects of ginger 
on CVD risk factors. This, in turn, contributes to the 
advancement of evidence-based practice in cardiovascu-
lar health.

Discussion
Systematic reviews and meta-analyses are essential 
for synthesizing high-quality evidence and translating 
research findings into clinical practice [38]. This sys-
tematic review and meta-analysis is poised to make a 
significant impact by addressing the effects of ginger sup-
plementation on cardiovascular risk factors with several 
key strengths. Our approach features a comprehensive 
and updated search strategy that ensures the inclusion of 
the latest and most relevant randomized controlled trials 
(RCTs), providing the most current evidence available. By 
focusing exclusively on RCTs, we mitigate biases inherent 
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in observational studies, thereby strengthening the valid-
ity of our findings.

Moreover, this review will integrate a wide range of 
cardiovascular risk factors into a single analysis, offer-
ing a holistic assessment of ginger’s effects. The applica-
tion of the GRADE approach will enhance the rigor of 
our evidence evaluation, ensuring a clear understand-
ing of the quality and strength of the recommendations. 
Additionally, through advanced meta-regression and 
dose–response analyses, we will explore how different 
doses and durations of ginger supplementation influence 
cardiovascular outcomes, adding depth and precision to 
our insights. Collectively, these methodological advance-
ments position this review to provide actionable, evi-
dence-based recommendations for clinical practice and 
public health strategies.
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